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PREFACE

This technical document has been grepared for eventual publica-
tion as the second section of the Naval Ship Systems Command Display
Hlumination Design Guide.

When completed, the Guide itself will deal extensively with
same of the special sorts of optical systems that have been developed
for the intersal illumination of indicating instruments and of control
and monitoring panels and their color-coded signal devices. It is planned
that there will also be a practical treatinent of specification and design
evaluation crieriu.

The fir.t section of the Guide, “introduction of Light and
Color,™ has been published by the Naval Ship Research and Deveiop-
ment Center, Aanapolis Laboratory. It is a highly summarized treat-
ment that preseits coneepts to support 4 working understandiag of the
sections that follow.

The intenr of this second seetion is to provide human tactors
guidelines for use .n design of visual displays - suvported by rescarch
data, tables, graphs, and charts for general reference and foliowed by
apolication specification materials that offer standards and tolerance
limits. 1t is not posaible in @ wock such as ihis to entirely support the
various cxisting (and constantly changing) applicable military snd indus-
try standards and spccifications. Where contracts demand departures
from the guidelines given, this section’s principal utility may be as
busis for evaluating refated design or performance tradeoffs,

It was not teasible to bring all terminolcgy of this edition of
Section I into strict cgreement with that of Section 1, which was more
oricnted to physics and illuiminating engineering, Itis hoped that in an
carly revision many Jifferences will be resolved.

Human-factors-oriented design of iiluminated displays must
consider the merits of at least four types o illumination - some antag-
onistic to the others:

1. Ambient illumination in the display arca. This can vary from
completely controfled, uniform, nenglare illumination, such as that avail-
abic in a windowless submarine control center, to that of a cockpit in
an air- or spaceeraft with widely varying incident light and practical
illumination control restraints.

2 Local itheinination Cor the display area itsell, such as flood
lighting.
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3. Self-emanating { transilluminated) illumination displays, such
as rear-illuminated legends and graphics, directly viewed electrolnmin-
escent elements, and light-emitting diode patterns; cathode ray tubes;
aad television raster scan tube devices, This category includes “‘edge-
lighted,” tungsten-lamp-cquipped displays.

4. Projected displars, small and large scale.

A rather wide area beyond strict illumination requircments is
covered in this section. This will allow the illumination designer to ade-
quately consider interaction with other related design requirements and
constraints, such as layout, legibility of characters, pointer size, coding
options, ctc. Also, particularly in the first chapter on human vision,
display user-operator capabilities, limitations, habit patterns, and natural
praferences are discussed since they are basic to effective use of illumina-
tion,

Maintenance and accessibility are not emphasized because guide-
lines for these are generally available in other references. Basically, any
light source which requires frequent replacement should be readily ac-
cessible and easily replaced with conventional or readily available spe-
cial tools.

Safety is relevant but also assumed to be coverca in other refer-
ences and standards. Any illumination scheme shouid, of course, pre-
sent minimal hazard to the display user or maintainer with adequate
protection from high-voliage, cheimical, or radiation hazards or break-
age in the intended environment.

Some chapters of this scction of the NAVSHIPS Displuy: filum-
ination Design Guide have aireraft or other nonshipboard design ongins,
but the principles involved are nevertheless valid.
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CHAPTER |

HUMAN VISION CAPABILITIES AND LIMITATIONS

This chapter attempts to impart to the reader some insight into some aspects of this visual
system directly relevant to display illumination. It is assumed that those using the NAVSHIPS Dis-
play INlumination Design Guide are familiar with basic vision anatomy and physiology to some extent
and that Section 1 of this Guide, “"An Introduction to Light end Color,” has provided the other intro-
ductory material required.

The following presentation of special vision phenomena is excerp ted from Woodson and Con-
over (1964), % with minor deletions and additions by the author of this cocment #* This source
provided an excellent and concise coverage that would not benefit from paraphrasing.

“VISION”

Visual impressions depend upon light and upon its reeeptor, the eye. The visual processes
enable us to perceive form, color, brightness, and motion. it has been estimated that 80 percent
of our knowledge comes to us by way of the eye.

The light-sensitive part of the cye is generatly conceded 1o be an extension of the brain and its
neural network is nearly as complex as that of ihe brain. Before the visual impression > attained. light
energy must set off a chain of chemical, neural, and “mental™ processes. The impressions transmitted
through the eyes are carried to the visual centers of the brain for integration. evaluation, and inter-
pretation.

ACCOMMODATION

Accommuodation is the action of focusing the lens on neas or distant objects. Because the lens
Jloses its elasticity with ape, a child, who can focus on an object as near as 2.4 irches. will grow into an
adult of, say. 40, who generally cannoi focus on an object nearer than 6 inches. (This increase of min-
imum focusing distaince with age is shown in figure [-1.) This hardening-of-the-lens condition which
occurs with increasing age and prevents normal accommodation is known as presbyopia. Objects at
distances of about 20 feet or more are essentiatly at optical indinity and no sccommodation is neces-
sary to focus on them. (The accommodation mechanism is given in figuie 1-2))

The size of the retinal image of an object may readily be caleulated by means of the equation
ABab = Anfar when the size of the object and its distance from the eve are known, Take an as 0.8
inch. Image sizes. however, are usually given in terms of visual angle, in this case. angle a.

RENCLSAND BIBLIOGRAPHY
“FEoruniformity of prosentation, minor editorial charees arz alse made in material Guoted in this and subsequent
chapters.
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Figure 1-1
Amplitude of Accommodation
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Figure 1-2
Accommodation Mechanism

INTENSITY RELAT!ONSHIPS

The minimuin intensity of light that can be seen, after complete dark adaptation, is called
ABSOLUTE THRESHOLD of vision. It takes only an extremely minute quantity of light to excite
the eye -- roughly only 1/1,000,000,000 of a lambert. It has been theoretically calculated that as
few as half a dozen quanta, or less, of light reaching the retina have a good probability of yielding a
visible sensation. The absolute threshold, however, is not of major concern here. The problem is that
of detecting a light against a background of lower level., The ratio of light intensity to background in-
tensity is the CONTRAST RATIO. The minimum ratio at which the light can be seen is called the
CONTRAST THRESHOLD.

A light of low intensity may e clearly scen against a dark background. To be scen against a
bright background, however, the light must have much higher intensity. as shown by table i+
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TABLE I-1
CONTRAST AND VISION

LOG CF LLUAINANCE LOG OF BACKGROUND
JUST VISIBLE AY EYE (FT-C) LUMINANCE (mt)

—5

PHOTOPIC

-6

TOTAL DARKNESS

Visibility of light depends not only on contrast between ficld and background luminances, but
upon area (visual angle) of the light surfuce being observed. Table I-2 (Blackwell, 1946) shows the
effect of field size on its visibility when thie background is completely dark. The numerical values
shown are for different dimmeters (given in minutes of arc) of surfice at the same distance from the
eye,

TABLE [-2
ILLUMINANCE AND SIZE

As brightness diminishes, size must increase to be seen,
JUST VISIBLE
BRIGHTNESS (LOG FT-L) =22 27 -32% -45 -4.75 -56 -58

DIAMETER OF
SURFACE (MIN OF ARC) 03 06 1 10 60

Figure [-3 (Sloan, 1947) shows the sensitivity of different parts of the retina at night. The
greatest sensitivity is shown to be about 40 degrees from the rovea on the nasal side of the retina
and about 20 acgrees from the tovea on the temporal side.

I order to see short flashes of light we must have much more intense light than we need
to see longer flashes, Beiow 0.10-secoud duration, isoluted flashes are equally visible if they contain
equal energy.

‘Threshold visibility tor a short tlash of light depends on the total energy in the flash: the
intensity of the flash multiplicd by the duration. Thus the shorter tlash must be at a greater inten-
sity than the longer one in ovder to be visible. This reciprocal relationship between intensity and
time, however, holds only up to w critical duration of about 0.1 second. For fashes longer than 0.1
second. threshold visibility depends on intensity alene and is independent of time. In figure 1-4 the
horizontal line shows the range ol durations within which the product of ittensity and time is
constant. (Graham and Margaria, 1935)
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Figure 1-4
Flash Intensii and Duration

The intensity of the dimmest light which can just be seen is shown in figure [-5 as a function of
time in the dark following the original exposure pericd . to red and white light of the brightnesses indi-
cated (Hecht and Hsia, 1945). Data arce for the avera: s of ten subjects. The subject exposed to red
light vegains his response to fainter light sources more quickly than does the subject exposed to white
light and reaches the level of “complete™ adaptation much sooner also.
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Figure 1-3
Luminance of Just Visible Light (FT-L} tindicated in rectangles)

The just noticeable difference (N1 between two inteisities is termed the DIFFERENCE
THRESHOLD. 7The magnitude ol this threshold depends somew ! on the wavelengths of the lights
for which Juminosity-diffcrence jadaments are being made. T depends more, however, on the inten-
sity of the standard with which another intensity s being compared. In the nonnal intensity range,
contrast sensitivity improves when hight levels are raised

Glare recovery times and fLsh recovery times are shown in tigures -0 and 1-7. tIn fieare 17,
recovery time is given tor yisaad task performance following brief (0.1 seed exposure to vartous light
mtensitios. The solid curve imdicates vistal task porfoomance with object lominanee ol Q.07 -1 and
the dotted lines indicate perfore e woth Brehor lominances, Phe flaslointemstty s indicated in the
ordinites.)

The ratio berween the hrighies of - contral displas Ficld and the brighitness of an area sur-
rounding it has an important efect upon brishiness discermmations for tine detatds of the visual task
within the display Yeld (Cocerman, 1) A the surroandimg-arca brightiness approaches that ot the
display Okl brightness daference sensitnoaiy swthin the diplay ticki amiproves, Best ditlerential
brightiess sensitivity for traces onacaibiode rec tabe tscoper, Tor exampice, s obinred when the
brightness of the arca surrotnding tic scope is abouai caual ic that ot the scope tsell. When suground
brightness exceeds scope brightiness by g tactor of more thae cens difterendial brighiness seasinivity on
the scope is impaired. The same oo holds cbtineel ooy comsiderably sovaller extent, when sar-
round brivhiness is dess than that ot the wope Thowe - trocie apply ooy display whacl requires
fine divterentisd brightness juaeinent.
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Figure -7
Flash Recovery Fimes Tor Various Intensities®
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FLICKER-FUSION FRECQUENCY is the point at which successive light flashes blend into a
continuous light; it increases with increasing flash intensities and with decreasing proportion of the
light-dark cycle occupied by the flash. It reaches 50 to 60 cycles per second at high intensities. When
a flickering light — on 50 percent of the time, off 50 percent — flashes at the rate of 10 cycles per
second, it appears to be twice as bright as a steady light of the samwe intensity. This phenomenon is
of interest because it occuirs at the same frequency as the brain’s alpha-rhythm, a fluctuation around
10 cycles per second in the brain’s clectrical potential. The brightness enhancement may possibly be
due to synchrony of impuises from visual stimuli with brain alpha waves (Bart!ey, 1939). Figure 1-8
indicates the brightness of a flickering light with a lgnt-dark time ratio of 1 to | and at rates of 0 to
20 cycles per second, as compared with the brightness of a steady light, and also shows the relation-
ship of the 10-cycles-per-second point with the alpha-rhythm pattern,

200%

)

BRIGHTNESS OF \
STEADY ILLUMINATION
30%

FLASHES PER SECOND
4 ) 12

sy TE PRI "N ety Sre

ALPHA RHYTHM ‘

Figure 1-8
Flicker Fusion and Brightness

ACUITY

Visual acuity can be defined and measured in several ways., with different results, depending
upon the conditions of its measurement. One of the more commonly used standards is that acuity is
the reciprocal of the visual angle in minuies subtended by the smallest diseriminable visual detail at the
nodal point of the eye, tor all practical purposes the center of the lens.
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The resolving power of the eye is the ability of the eye to detect small objects and distinguish
fine detail. It varies greatly, depending upon the object, spectral distribution of rediant energy, lum-
inogity of background. contrast between object ané background, duration of the visual stinnulus, and
the criterion used to determine whether the object is or is ot seen.

There is a marked relationship of visual acuity with the number of rods and cones and their
distance from the lovea (figure -9). Because the fovea (the central arca of the vetina, on which light
from fixated objects falls) contains dnly cones, acuity is best there under photopic light conditions
and poorest there under scotopic seeine conditions (Osterberg, 1935; Wertheim, 1894).
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Figure 19
The Relationship of Visval Acuity
to the Distribution of Rods and Conces

The retationship between {icld brightness and minimum pereeptible brightness difference
{which is, in fact, a wmeasure of acuity) for ihe vods and cones, is shown. Note that there is no appre-
ciable change in sensitivity of the cones, which are used i dayvlight, while extreme change ocaois in
the sensitivity of vhe rods, used in darkened situctions (Hecht, 1943).

At lowest intensities of light, the eve can just sce a line whose thickness subtends g visual angle
ot about 10 minutes, while at high intensitics. the justaresolvable line subtends less than 1 second of
vistad angle - less, in tact, than the width of an individual cone in the retina, Al experimienters oe¢
agreed on the increase of visual acuty with increased illumination. Speed of recopnition increases
with incrrased ithimination as well. When rapid discrimnnazion ot very stall objects is eeauived, high
intensitios of light and large contrast between biackpround and object are necossary
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The relationship between contrast and size for threshold visibility of a standard parallel-bar test
object under a brightness level of 30 millitamberts is indicated in figure 1-10. As coontrast is increased.
minimum size and spacing betweeit parallel bars may be decreased without rendering the spacing in-
visible. As contrast is decreased, size must be increased, especinlly for lower contrast percentages, in
otder to maintain threshold acuity.
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Figure 1-10
Acuity as a Function of Size and Contrast

An experiiment ot a threshold nature was conducted to determine whether the amount of -
crease in visual acuity, with mcrease of brightness on targets, differs more for persens with initial sub-
normal acuity than tor those with inittal nonnal acuity. The subjects located checkerboard targets
ander six levels of tarzet luminance varying from 3,16 to 1000 foot-lamberts. It was found that the
sub»ormal group gained significantly more in visual acuity terms with an increase in target lnminaeoce
than did the normat gioup. The data show that adequate light for secing detailis between 10 and 30
foot-lamberts for those with normal vision, somewhere between 30 and 40 foot-lauberis for subnor-
mal subjects. Al tw 2lve subjects in cach group, age 20 to 25 years, were tested monocularly (Kuntz
and Sleight, 1949).
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Visual acuity has been tested under different spectral ifluminants, as shown in figure I-11.
C-figures were used, with exposure times of | second (Ferree and Rand, 1931). In this study, ys=llow
illumination was found to permit the best acuity. Given adequate ambient illumination, however, there
is negligible relationship between the illuminant cotor and acuity for black-and-white figures. Lumi-
nance contrast, color contrast, illumination level, and exposure time are much more impoitant factors
in acuity than color of illuminant.

WAVELENGTH (mp) 485

VISUAL ACUITY 52 70 75 68 63
(%1 BLUE LIGHT YELLOW LIGHT RED LIGHT

Figure I-11
Wavelength and Visual Acuity

Whea a visual image passes over successive receptor eicments of the retina, that stimulus is per-
ceived to be in motion. Visual acuity, for Landoit-ring test stimuli moving on a horizontal plane
around the observer’s head, decreases with increasing angular velocity of the test object. Figure I-12
shows that the gaps must increase in size in order to be distinguished at the higher speeds (Ludvigh,
1948). 1t was also shown that an object such as the Landolt ring seen 30 degrees from the line of
vision is perceived only 60 percent as well when in motion as when stationary.

YELCCITY
{DEG/$EC)

VISUAL ACYITY
(%)

Figure 1-12
Yelocity and Visual Acuity
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OTHER FEATURES OF SEEING
Summation and Interaction

‘T'he retina iz composed of complex neural interconnections which may produce a summation
cifect between closely adjacent receptors (retinal sumumation). Thas, two test patches of tight, cither
of which is below the threshold of vision, may become visible if presented simultancously to adjacent
parts of the retina. The threshold of a light may be lowered ty increasing its area, because more inter-
connected receptors are stimulated. Another type of interaction may take place between the two eyes
(binocular interaction) as 4 result of processes occurring in higher neural centers, including the brain.
This phenomenon accounts for the slightly increased probability of binocular detection of small
amounts of light as comparad with monocuiar detection of the same amount of light. These and sim-
Jar phienomena may alternatively be explained by physical optics, the mechanics of the eye, or prob-
ability theory.

Stereoscopy

When an object is fixated, a different view of it is scen in each eye. This featurc of binocular
vision is a major cuc for the perception of depth. In the instrument known as the stercoscope, views
of the object as scen by cach eye are presented separately to them (figure i-13)  Both two-dimensional
views may then be fused, resulting in three-dimensional perception of a single object. Very fine dif-
ferences between views can give this depth impression.

Figure 1-13
Stercoscopic Vision

Single and Double images

When an object is fixated, it is. of course, seen as a single image, Most other features of the
visusi ficid are, however, “seen’ double, afthough our experience has taught us to disregard this im-
pression. Many people are not even aware of the existence of double images. One can casily demon-
strate them. however, by fixating on a pencil held in front of the cyes. A second pencit held behind
the first is scen double,

f-or every fixation point in the horizontal plane there is a circle passing through that point
and throngh the opticad centers of the two eyes (figure 1-14): with the exception of points very <lose



to the eyes any point on or near this circle, including. of course, the fixation point, is seen singly
(Boring, 1942). Points off the horizontal plane may also be seen singly: these points fall on rather
complex curves with reference to the tixation point. Points on the plane but not on the circle are
seen as double,

Figure I-14
Double Image Viewing

Apparent Motion

Lights presented in steecession ai the proper time interval, distance frot cach other, and inten- =
sity, give the impression of movement from one to the other. =

If the second flash is more intense than the first, a backwards motion tfrom tlhie second to the
first flash may be seen.

With alternate presentation of certain shapes in appropriate positions. the object may appear
te move through three dimensions.

These etfects, known as APPARENT MOTION (figure 1-15), are utilized in motion pictures.

Figure 1-15
Apparent Mution
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After-images

It has been known for many years that visual activity continues after stimulation of the retina
has ceased. In positive after-images, the black areas will appear as black and the white areas as white.
In negative aftei-images, however, the colors will be reversed ; in the case of other colors, negative
after-images will produce colors which are complementary to those of the actual picture.

Relevant Physical Varisbles

B The features discussed above and other related physical variables are summarized in table 1-3.

TABLE [-3
VARIABLES WHICH MUST BE CONTROLLED WHEN MEASURING

SOME OF THE PRINCIPAL KINDS OF VISUAL PFRFORMANCE
(WULFECK ET AL, 1958)*

VARIABLES TO BE CONTRGLLED

z )
= g 2
El R~ Z £ 3
= n = w & g = = 3
= = 0= o~ e 04 e - 2
Z v =2 3 = = 2 3
g % - = 2 Z < o 2
g Z 3% 2 & 3 2 g & )
= = . = 22 2 & = 3 - . 2
TYPE OF - ] o B K] = & &i) = = < 3 z 2
B = . L [ = 4 “ - e — A [
VISUAL = = v - °EZ ¢ it e z = &5 5 <
iRk e = = = a3 Z Z 5 b = o =3 =
PERFORMANCE | 2 & = 2 %22 2 2 : 8 2 8 =
K B Z = 22 ¥ g 3 £ 4 2 Z =
% = o = T 0 ) = 4 ) = = ) =
B ~ =4 7 w0 oo < a o Z = o b w
Visual acuily X X [omvy | X X X X X X X
Depth
discriminaticn X X X X X X X X X X X
Movement
discrimmation X X X X X X X X X MV X X
Flicker
discriminatien X X X X X X X
Brightness
diserinnitiation X X X X [MVY] X X X X X
Brghitness '
sensitivity X X X rMV)'l X fX X X
g Color i
discrimination X L v X xR x N X

'Wariable being measured

Flable oxeerpted from Kubakawa et al (1969),

e 1N RE S AP S e




i 1 Lord 31:55‘“” 3
I

>
i
i

GRS

fritt

[l

ot ey oy

COLOR

Light can be defined as physical energy in the form of electromagnetic radiations. The eye is
sensitive 1o only a relatively narrow band of these radiations - wavelengrhs from 400 to 720 millimic-
rons, approximately. The light travels through the lens and is focused on the retina, where it is ab-
sorbed in quantal units of energy.

The solar spectrum (radiation from the sun) contains all the visible waveiengths. Physical ob-
Jjects selectively absorb this radiation, so that the energy they transmit or reilect has a different energy
distribution ner wavelength than that of the original light. This difference provides the key to color
vision.

The central nervous system of man is able to classify the distributions of light encrgy that fall
upon his eyes; these classes of distribution are seen as colors. There are an infinite number of distribu-
tions of light energy which may be experienced as the same color. The eyes do not analyze oui the
scparate wavelengths, as does a prism. The nervous system simply classifies impulses from groups of
wavelengths and labels them colors fro.n experience. Color is a psychological experience; it is not a
property of the electromagnetic energy we see as lisn(, but a perceptual response of the human boing
to that energy.

Sensitivity Zones

Not all zones of the retina are equally s:nsitive to color. Toward the periphery, objects can
still be distinguisned while their color cannot. Some colors are recognized at greater angles away
from the fovea than others. Figure 116 shows the limits of the retinal zones in which the various
colors can, under normal ilumination, be correctly recognized.
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Figure 1-16
Retina Color Sensitivity
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Formation

Normal color vision is called trichromatism because any one of the 160 or more distinguishably
different hues may for the most part be produced by variously mixing three independently adjustable
priimary colors, such as red, green, and blue, Mixing colors is often confused with mixing pigments.
The formeris an additive combination while the latter is subtractive,

SR When yellow and blue lights in proper proportion are thrown on a screen, the mixture appears
white (figure I-17); the yellow and blue are said to be complementary colors.

\\l

O aiiow =
//';;,\”\ WHIT

: o BLVE —~

Figure I-17
Light Color Mixture

Color mixing may also be accomplished by using a “color wheel.” The colors to be mixed
occupy different seciors of the wheel, which when rotated at sufticient speed produces new colz, s
inaccordance with the rules of additive color mixture. This principle has been applied in expe i-
mental color-TV systems,

When artists mix yeliow and blue pigments, however, a green results (figure I-18). This is
done by double subtraction. The yellow pigment absorbs certain rays. while those remaining give
it its yellow color. The same applies 1o the biue piginent. The light remaining after the vellow and
blue pigments have both absorbed their respective wavelengths may be so balanced as to give o sen-
sation of green,

BLUES  GREENS YELLOWS  REDS

YELLOW
PIGMENT

BLVE T
PIGMENT (WSS——

GREEM LEF?

Figure I-18
Pigment Color Mixtwre
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Color Abnormalities

The term “color blindness™ is one frequently misused in connection with color abnormal-
1tivs. [n the absolute sense, color blindness should refer to a complete absence of psychological
color experience. Because the so-called *‘color-blind™ person usually does experience certain colors,
it 15 suggested that the term “color deficient” be moie applicable in most cases.

Trichromatism is usually considered normal color vision (Chapanis, 1951). (See figtre 1-19.)
There are color-weak individvals, however, cven among the trichromats; their impairment may be so
slight that only very sensitive tests will reveal it. The largest proportion of color-deficient people have
this type of color weakness, which is called “anomalous trichromatism.” Though resmbling normals
in that they require three primaries to match spectrum colors, they may need them in abnormal
amounts. Color deficiency is almost always hereditary in origin, present to some degree in about 8
percent of the male population. Females, however, are seldom afflicted.

The next most common form of color deficiency is red-green dichromatisim,, Dichromats have
been divided into two principal subgroups — pratanopes (red blind) and deuteranopes (green bli-d).
For all dichromatir observers, color is restricted to two basic color groups, yellows and blues, which
are not confused with each other, Dichromats can usually match all spectral colors, as they sce them,
by suitable combinations of the two independently adjustable primaries.

There are several important difterences Letween protanopes and deuteranopes. For protaronpes,
the red end of the spectrum, seen as yellow, is foreshortened, whereas deuteranopes are able to see hue
(though again yellow) out to nornul limits of the spectrum. In figure [-19, the colors seen by a protan-
ope are compared with those seen by a normai irichromat. The protanopes have a gray band centered
around 493 mitlimicrons and cannct distinguish red or blue-green from gray : deuteranopes, on the other
hand, have a neutral point around 500 millimicrons but cannot distinguish green or reddish-purple
from gray. These differences are small but reliable and serve as one means of distinguishing betweer the
two types of dichromats.

Monochromatic vision is extremely rare. Qbservers with this deficiency see only in terms of
shades of gray. Acuity is poor in monochromats; thei- vision approximates black and white photo-
graphy with poor definition,

Color and Huminance

Satisfactory color selection can be made only il it is done under the proper illuminance con-
ditions. Colors selected under an incandescent light will not appear the same if they are inspected
under a fluorescent luminaire. (Sce tables 1-4 and 1-5.)

I-16
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Color Perception Abnormalities
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TABLE 14

APPEARANCE RATINGS OFF TYPICAL COLORS UNDER
ARTIFICIAL LIGHT SOURCES
{DEPARTMENT OF THE NAVY, NAVDOUCKS DM-1, 1902)

e BRI

Good - Color appears most nearly as it wouid under an ideal white-tight source, such as north skyhight.
Fair - Color appears about as it would under an ideal white-hght source, but is less vivid.

Dull - Color appears less vivid,

Brown — Color appears to be brown because of small aimount of blue light emitted by famp.

Yellowed - Color appears yellowed because of small amount of blue hight emitted by lamp.

Soft - Surface takes on a pinkish cast because of red light emitted by tamp.

FLUORESCENT LAMPS .
STANDARD DELUXE STANDARD DELUXE INCAN-
COOL COooL WARM WARM DESCENT
COLOR DAYLIGHT WHITE WHITE WHITE WEITL: LAMPS
Maroon Dul! Dull Duil Dull Fair Good
Red Fair Duli Dull Fair Good Goad
Pink Fair Fair Fair Fair Good Good
Rust Dull Fair Fair Fair Fair Goaod
Orange Dull Dull Fair Fair Fair Good
Brown Dull Fau Good Good Fair - Good
Tan Dull Fair Good Good Fair ! Good
Golden yellow Dull Fuir Fair Goad Fair i Good
Yellow Dull Fair Guod Good Dull ' Fair
Olive Good Fair Fair Fair Brown , Brown
Chartreuse Good Good Good Good Yellowed | Yellowed
Dark green Good Good Good Fair Dull ' Duli
Light green Good Good Good Fair Duli Duil
Peacock blue Good Good Duil Dull Dull y o Dull
Turquoise Good Fair Dull Dull Dull i Dull
Royal blue Good Fair Duil Dull Duli Dull
Light blue Good Fuir Dull Dull Duli Dull
Purple Good tair Dull il Good Dull
Lavender Good Gouod Dull Dull Goud Dull
Magenta Good Good Fair Dull Goud Dull
Gray Good Good trair Soft Soit Dull




TABLE 15

EFFECT OF SOME VARIETIES OFF COLORED LIGHT
ON SOME COLORED OBJECTS*

OBJIECT COLOR RED LIGHT BLUE LIGHT GREEN LIGHT YELLOW LIGHT
White Light Pink Very Light Blue Very Light Green Very Light Yellow
Black Reddish Black Bluc Black Greemsh Black Orange Black
Red Brifliant Red Dark Biuish Red Yellowish Red

Bright Red

Light Blue

Reddish Blue

Bright Blue

Greenish Blue

Light Reddish Blue

Dark Blue

Dark Reddish Purple

Brilliant Blue

Dark Greenish Blue

Light Reddish Purple

Green Olive Qrccn Green Blue Brilliant Green Yellow Green
Yellow Red Orange Light Reddish Brown { Light Greenisk Yellow | Brilliant Light Orange
Brown Brown Red Bluish Brown Dark Olive Brown

Brownish Orange

PSYCHOPHYSICAL RELATIONS

Let us v v point out the relation between certain physical, psychophysical, and psychologi-
cal aspects of sceng which we often nusunderstood.

The physical stioatus, light, is radiant eivigy (ucasured in pitysical unils, suchas the evgd
ustally distributed over a wide bang of the spectrum. When this phiysical energy acts on the organisin,
fenniiows energy resubts. ts magnitude is not in one-to-one reiationship to the jadiant energy. bat is
adifferential function of the spectral composition of that radiant cocrey. I, for example, vadiant en-
ergy is all wbove 750 millimicrons, no luminous energy results. Luminous energy, then, is a psycho-
physical concept, measured in such units as the candle, the lumen, and the lambert. Given the spec-
tral 1adiant energy distribution of light and the well established response curve of the “average™
observer. it is possible to convert radiant to luminous energy. Brigirness is the psychological counter-
part of luminous ¢nergy but, again, is not in one-to-one relation 1o it. It is a sensation which depends,
for example. on the eye’s state of adaptation and on the background of the luminous object.

T'he refationship of wavelength to color is even less precise than the above. 1t has been
pointed ont that an infinite number of frequency distributions may yield the same color. On the
other hand, any particutar frequency distribution of light may give rise to the perception of a large
aumber of colors, depending upon field conditions as well as on the person’s set and adaptation. A
distinction between sources of light and reflecting surfaces is helptul in deciding what colors wili be
seen. The perception of a source color is fuirly well correlated with its spectial wavelength distri-
bution. Reflecting surfiuces will, tor the most part, be seen as the color which they would appew
under “normal’ (white) illumination. regardless of the character of the hght iluminating and bemg
reflected from them. This phenomenon is called “color constancy . When the color of the illum-
ination is unknown to the observer, this color constancy breaks down, and the color of a surface
tiren does depend to a large extent on the kind of light reflected from it: that is, the surfuce s now
seen as il it were i source.

The cnaractectstics of vision e summarized in table [-0.

Frrom Kubakawa et al (1969)
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TABLE -6
CHARACTERISTICS OF VISION®*

N NN I R AT S

VISION

A
3
%

I PARAMLTER
- Sufticient stimulus
f Spectral range

N
] Spectral resolution
é Dynamie range

Amplitude resolation
Al

1
Response rate for
successive stimuli
Reaction time for simple
muscular movement

3, g PSR 3 ey iagrea
Best operating g

Indications for use

RO A T RV

Retferences

#rom Kubakiawa ctal (1969).

Light-radiated electromagnetic
cnergy in the visible spectrum
Wavelengths from 400 to 700u
(violet to red)

120 to 160 steps in wavelength
(hue) varying from | to 20

~ 90 dB (useful range) for
rods = 0.00001 mL to 6.004
mL; cones = 0.004 mL to
10.000 m1L.

contrast =% =0.015

~ Q0.1 see
~0.21 sec

500 (o 600 {grecni-ycliow)
10 to 200 t1-C

1. Spatial orientation required.
X, Spatiat scanning or search
required.

3. Simultancous comparisons
4 Multidimensional materiat
presented.

S, High ambient noise levels,
Bakerand Grether, 1954
Chapanis, 1949

Woodson, 1964

Wulfeck ¢ wl, 19538
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CHAPTER I
ILLUMINATION, LAYOUT, AND VISUAL DISFLAYS

This chapter presents i cellection of guidelines for display use which are basic to consideration
of illumination designcrs. Woodson and Conover (19a4) and Woodson (1963) have condensed consid-
crible information on visual display human factor requirements into a few pages, which are excerpted
- below. The illumination aspects are dircet in some applications - c.g.. hoaded consolces to control R
incident light - and interactive in others — c.g., scale-pointer indicator design -- where rationale for
human tactor design may place constraints on illumination design options. In some instances, *“bright-
ness’” or luminance conirols may be mandatory for a single instrument. In others, a single adjustment
ay be advisable for a complete pancel.

ILLUMINATION AND LAYOUT CONSIDERATIONS*

Good illumination is necessary {for most human operator tasks. [t is not attained, however.,
merely by adding tight in large quantities, The type of task that is to be iluminated. the speed and
aceuracy with which it must be performed, the length of time it is to be performed. and variations in
operating conditions must be known before a suitable Lighting system can be designed. There are
several important factors that should be considered in the design of any lighting system:

1. Suitable iHuminance for the task at hand.

2. Uniform luminance (f-C) on the task at hand.

3. Suttable itluminance contrast between task and background.

<o Lack of glare from either the light souree or the work surtace.

S. Suitable color rendering quality of dluminants and colors of lluniinated surfaces.

Ttis difficalt to specify exact levels and limitations tor all the problems that may arise in de-
signing an eflicient highting system, but analysis of the Tollowing recommendations will undeubtedly
serve as a sate gaide to better seeing for most applications. Design and placement of all lighting cle-
rients should facititote maintenance and cleaning in order to retain optimum iflumination character-
istics.

Variations in the time of day or night (fig, 11 bright or cloudy days. or complexity of tiw
seeing task  such ws feoking out of an atrplane cockpit alternating with observation of instruments

within the cockpit - make illunimation solutions extremely difficult. Don’t assume that good lighi-
iy for o day time operation is eqiaaily good for night operation and vice versa.

The human eyve adapts to general iiumination fevels, thus making it necessary to provide dif-
= fevent hghting solutions  Tor example, daytime vs nighttime viewing (hg, -2, To emphasize this
: paint, try looking out of o window at night with g lighted bulb behind you. You will probably sec
nothing outside the window, and mstead see only the light budk reflecting brightly on the window
surface. However il vou repeat this observation in the davame, the brightiess ol the outside scene
is raised to such a high tevel because of the suniight that vou arve hardly aware of the tight buib

_ reflecting on the window surface at all. Tt is practically impossible to compete with the brighiness
of the sun rettecting on g surface  even i the surface is paiinted a dull black cotor,

Hlrom Woodson and Conover (1904).
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Figure 11-1
Ouitside Lighting Eftects
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Figure 11-2
Day-Night Contrast

A common error to avoid is direction of a light source at the observer instead of at the object
to be itluminated (fig. 11-3). Even a small amount of light so dirceted in the observer's eyes will change
his adaptation level to the point that he will be unable to see the object you have tried to illuminate
as well as you had planned.

Another illumination ervor to avoid is to plan a general lighting system for an interior area
without regard to what will be buil into the area after it is occupied. Partitions. larpe cabinets, and
even people may absorb, obstruct, or shut off patural paths ot light from the fistures you have pro-
vided.

Some special activities are not at all appropviite to the generat lighting approach. For example,
a room where some of the occupants have to monitor displays which have low conirast characteristics,
such as on cathode-ray presentations, must be reasonably darkened, In the meantinie, other occupants
in the same room may have to work on chirts or colored maps and theretore vequice fairly high dilum-
ination fevels (sec figure 11-4),




Figure 11-3
huportance of Light Placement

Figure -4
Area Lighting

Adequate <olutions to lighting vroblems such as the one just mentwoned cannot always be
worked out by the use of charts and illumination-level tables. Such problems call tor an cxpen-
mental approach. Use of portable taminaries with variable-intensity confrols is suggested (fig. 1-5)
Such experimental lights are vasy to move about and will allow measureiments 1o be taben  as wull
as give @ chance 1o observe side effects, such as reflection and ghare problems.
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Good lighting solutions cannot be obtaimed by concerning otirselves witls the source only. We
must also consider the interaction of surface texture, color, and the characteristics of objects which
may be introduced into the “'secing task™ (fig. [1-6). For example, a glossy white sheet of paper viewed
on a dark desktop in a dimly lit room beconies a disturbing glare source to the observer.

aiossy MATTE

Figure 11-6
flluminated Surface Effects

iLighting is also a psychological tool. Mood lighting can create feelings ranging all the way from
rest to excitement. Creating an “atmosphere™ by means of lighting should, however, not be allowed
to interfere with adequate “seeing’ reauirements.
General Hecommendations for Ambient lilumination*

1. Provide unitorm lighting for all indicators and control panel arcas.

2. Avoid direct view of light sources or speetral reflectances from these sources. Arrange dirvect
light source so viewing angle of visual work arca is not equal to angle of incidence from the source, Use

diffuse light sources and provide matte finish (rathes than glossy) op all surfaces in the field of view.

3. Where eqaipment is used in enclosures and not subject to blackout requirements, ambient
illumination levels should be between 25 and 50 fi-C.

Maximum allowable luminance ratios ame given in table -1,

TABLE 11-1
MAXIMUM ALLOWABLE LUMINANCE RATIOS

RATIO {ONDITION
S0 Between task and adjacent surroundings
7:1 Between dimmest and brightest instruments
20:1 Between task and remote surfaces
40): 1 Between light source (or sky ) and surfaces adjacent Lo it
80: 1 Between the immediote work ares and remuinder of the envirenment
Note:  In the illumination of work ureas, sharp gradients (ratios of §0:1 or

grcater) should be avoided.

From Woodson (1963).
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General Recommendations for Specific Station lllumination*

1. Light sources (or reflection from these) should not be visible to the operator in his normal

working position.

2. Cover glass on instruments should be antiglare coated.

3. Lamp replacement should be from the front, without need for special tools.

4.

Transilluminated markings should be sharply defined and readable when viewed at any

angle up to and including 60° from the normal to the plane of the front face of the panel.

5. Sufficient control circuits should be provided to allow operators te “halance’ various
pancels for apparent cqual brightness.

Lighting recommendations for work place, instrument panel, and living spaces are shown in

table II-2.

TABLE 11-2
LIGHTING RECOMMENDATIONS FOR WORK PLACE,
INSTRUMENT PANLL, AND LIVING SPACES

C ()M)l I ION Ol“ USE

Goeneril arce illunsination

LIGHTING
SYST l M

White ﬂ()od.

diffused

indircct andfor

LUMINANCE (FT-1.3

A

DIUSTMENT

1S minimum

Fixed

( |mrl reading and other
pr m(c(l m.ltcrml mspcctlon

Instrument panel (no
infegral hghlmg dVdIIdblL)

Inlugml pmwl lnl.,hluw
( lI.ll]\lllllllulhl(l()n)

W dlmng, mdlmt(nx

KILLER

Warning

Caution
Other

“Fom Woodwon (1903),
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c“rll instrument huhtmg,

White

duca.

Whltu ﬂ()()d
dif’ .u';cd

flood,

- (lmusud

15 to 5C

0 10 100 (or .Ib()V(.;- i
possible)

WhllL

Whllu

Red
Redl

Amber
Other

Continuous

Continuous

0to 100

Continuous

0o 100

150

150 (bright) }
75 (dinn

(Same as warn)
100 (bright)
50 (diny)

C ontmuou«

Fixed
Adjustable
Adjustable

Adjustable




Chromaticity Considerations*

It is necessary to regard each console signal light as a complex optical system in which cach
component interacts with the other. The signal in turn becomes part of a console or other control
cquipment that s immersed in the general illumination of the contro: room. (Figure 1-7 shews a
Navy console mockup used for lighting evaliuition.) This environment not only interacts physically
with the signal, but it also sets the patters for the visual response of the (aiso immersed) observer -
his luminance and chromatic adaptaticn. =

In order to describe the stimuluts for the sensation of color which results from lighting an
indicator, the light reflected by the indicator diffusing screen and the light transmitted through the =
diffusing screen must each be weighted for their individual contributions. The chromaticity which -
can be plotted in the CIE system by treating these two cemponents as additive is an accurate descrip-
tion of the chromaticity of the light emanating from the indicator. It is not, however, an accurate _
description of all the relevant elements of the luminous environment and cannot be expected to =
perit an accurate prediction of how the color of the indicator will be perceived. The difference
between the response to a color which includes reflected ambient light and the same color composed
of only source light is duc to the observer’s ability to appreciate, to some extent, the contribution of
the ambient illumination to the total brightness of the indicator. He is apparcntly able to report the
indicator color somewhat independently. Aside from chromatic adaptation there is a degree of color
constancy which is a funciion of the observer's ability to structure nis visual field and of his familiarity
with the color of the general illuminant.

For example, confusion betweea some “pale” c¢olors and the achromatic condition of the
indicator (off or white) arc considerably more frequent than confusions resulting from desaturation
of colors caused hy the gmbient illumiration,

For this reason. chromaticity calculation which includes the reflected ambicent sHumination
can only be considered as a description of indicator chromaticity in this particular situation and for
purposes of demonstrating the difference between indicator elements, such os different diffusing -
screens.

Assuming the ahility to discriminate a stimulus as a particular luminous color under given
environmental conditions to be a function of its luminance and chromaticity, an adequate specifica-
tion of minimum brightness for indicator lights must take mto account both of these parameters.
The practical restraints on the design of the experiment ¢id not permit the parameters to be varicd
systemadcally to synthesize an accurate general model for minimumn brightness.

LR T

R The following considerations are important in the interpretation of the data and in consider-
: ing the differcncees in the present data and the dats of previous studies ...

= 1. Responses were restvicted (o predesignated categories. This is important inasmuch as

' some cologs may have been highly distinguishable as orange. blue-green, ete.: butsinee these re-
sponses were not altowed, such colors were necessarily classificd, although with less confidence. in
one of the aceepiabie categories.

2. The color categories selected were those already adopted for the Fleet Ballistic Missile
(FBM) system largely to take advantage of inherent meaning associated with such colors as red. green,
and yellow, rather than o take advantage ol maximtm color spacing.

“From Winterhe rg_(mll‘-)b'l ).
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3. Neither luminance, nor chromaticiiy tin the sense of variation of purity, or dominant wave-

length) were varicd systematically. Because of this, precise formulation which takes these variables
mto account is not possible.

These considerations are believed to account for the differences between these experimental
data and what might be expected from an inspection of existing outdoor colored light standards.
Furthermore, they are the basis on which these data will be interpreted in posing new preliminary
standards and implying arcas needing additional refinement study . ..

From the results ol this study, il is possible to define chromaticitics representing five console
signal light color categorics which can be distinguished from one another and can also be distinguished
from the ““failed” or *not-lighted™ condition under the ambient conditions of interest. Such a selee-
tion of chromaticities would be applicable to ambicnt conditions...: not less than 72 {7F-L white
screen signal luminances (darkroom determined) and not more than 7.2 FT-L of screen luminance
caused by the reflections of ambient light in the actual working environment.

This study also suggests that the ratio of 11 to | for white-screen-signal to no-signal luminance
will result in satisfactory recognition of the not-lighted condition as distinguishable from the lowest
luminance colored light signals in a sclected set of colors. The minimum limiting ratio was not cstab-
lished but it was found that a ratio of 4.3 to | was inadequate. It should be emphasized that the
colored-signal/no-signal luminance ratios associated with the presentation of colors obtained by the
use of color filters of low luminosity factors would be very much lower. While the results of this
study do not support a simple explanation of these luminance ratio values, it appears that the mini-
mum luminance ratio would vary as some function of the chromaticity of the colored signal. ..

USE AND CONTROL OF NATURAL DAYLIGHT*

Proper use and control of natural daylight is desirable not only from the standpoint of ¢ccon-
omy, but also for the sake of the general efficiency of people. Some people become irritable when
they are shut off from the outside sunlight for very long.

It is desirable to consider the position of the sun in orenting a new building. Take advantage
of the natural light. This means that one must consider the path of the sun for the particular latitude
and cven altitude of the building site.

The construction of buildings should be considered in lerms of how best to introduce natural
light into the work arca.

In addition, consideration should be given to transparent and/or transtucent m(llL‘Ildl\ in
terms of filtering and equalizing the distnibution of natural light.

Certain desipgn configurations may create shadow ditticultics - ¢.p.. eveessively deep window
headers or sills. These shouid be avoided witenever possible.

Temporary light-conrol devices can also be added. These devices may create mainfenance
problems if they are not designed carefuliy to simplity the job of adjustment and cleaning.

The reflectunce characteristics of internal walls, flooes, and ceilings should be considered
along with the desizn of the window openings. For example. a dark wall around a bright window
will cause glare because of the extreme contrast between the wall and the window area. In general,
ligh ¢ reflecting colors are recommended for most apphcations. Shiny surfaces, however. should be
avoided.

o om Woocson and Cotover (1964)
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One exception that must be considered, in terms of light interiors, is that case where a night
operation requires the worker to see out the window. In this case, a light interior js a potential source
of reflectance on the window glass and is quite difficult to control.

PROBLEMS OF GLARE*

Glare is the most harmful effect of iliumination. There is a direct glare zone which can be elim-
inated, or at least mitigated, by proper placement of luminaries and shielding, or. if luminaries are fixed,
by rearrangement of desks, tables, and chairs. Overhead illumination should be shiclded to about 45
degrees to prevent direct-glare. Reflected glare from the work surface interferes with most efficient
vision at a desk or table and requires special placement of luminaires.

Eycglasses cause disturbing reflections unless the light source is 30 degrees or more above the
linc of sight, 40 degrees or more below, or outside the two 15-degree zones, as shown in ftigure 11-8.

AWLQWABLE

~
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Figure 11-8
Glare from Light Placement

“Irom Woodson and Conover (1964).
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Instruments are normally protected by a glags cover. This glass cover often becomes a source
of glare -- making it practically impossible to sce the markings on the instrument face. The worst
situation occurs on panels which are used in high ambient-light conditions, such as in the cockpit of 5
an airplane. Here the sunlight illuminates the pilot’s shirt front to the point that if it is reflected in the :
glass cover of the instruments in front of the pilot, he cannot read the indications at all. Although it is
recommended as 2 general rule that instruments should be normal to the line of sight, this actually
creates the worst situation for self-reflection (tigure 11-9). Therefore it is desirable to slope the instru-
ment faces slightly off the normal line of sight, as shown in figure 1-10.

Figure 11-9
“Self” Reflection
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EYE REF POINT
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Figure 11-10
Slope of instrument Faces
to Avoid Self-Reflection

PANEL LAYOUT*

Some manufacturers develop a standard panel design in order to make their equipment appear
distinctive. This also has the advantage of making it simple to group several equipments together and
yet nicke them look as though they were designed as a complete unit. Modular panel-design techniques
increase the discriminability of functional groups of displays and controls. For example, a dark-colored
module contrasted against a light-colored background produces an association among the components
within the module.

A typical modularized panea <oecification is shown in figure U-11.

The punel titles are centered at the top of each panel. The panel modules are located in an
arca Y inch from the top of the panel, 1 inch from tne sides, and 3/16 inch from the bottom of the
pancl. The module title is aiso centered within the module, as shown. Naturally, space limitations
may sometimes require modifications, but the manufaciurer attempts to roaintain the specifications
as nearly as possible in cach new layout.

Figures 11-12 through Ul-14, from Woodson (1963), summarize panel layout considerations.

1 rom Woaodson and Conover (1964).
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Figure Hi-11 -
Dark-Light Module Effects

In addition to the general layout, color specifications are usually provided in order that all
equipments may maintain a uniform color scheme -- even when newer equipments are added at a -
later date. Table II-3 is a typical color specification.

Lettering styles and sizcs are also specified and usually a style guide of type fonts is made a
part of the specification.

Finaliy., conlroi types are specificd, generally refated (o a given manufaciurer's fine ol knobs. -
Colors, sizes, methods of mounting, ete.. are all included in the specification.

CAUTION: Although the basic objective of standardization is commendable, the designer
is reminded not to be led astray by aesthetic or “arty™ concepts which destroy good human-
engineering practices. Remembzr *hat a bad standard is worse than no standard at all! First
analyze your present and future needs, then apply good huiman-engineering principles in developing
astandard. The end result cen be beneficial both to the operator and the veputation of the company.




HORIZONTAL SHAPZ FOR
SEATED OPERATOR VERTICAL SHAPE FOR
STANDING OPERATOR

ALL CONTROLS WITHIN REAC!H -
DISPLAYS AT PROPER VIEWING DISTANCE

VIEWING DISTANCE
(MINIMUM = 1G6”)
ARM REACH

DISPLAYS NORMAL
TO LINE OF SIGHT

Figuie 11-12
Panel Shape, Size, and Orientation
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Figure il-13
Scated Operator Station
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TABLE 11-3
TYPICAL MODULAR-PANEL COLOR SPECIFICATION

UNIT COLOR FEDERAL STANDARDS 595
Rusic pavel Light gull gray 364972
MNouncritical moduie Dark gull gray 36231
Emergency or eriticai~operaticn ma:tules Red 31136
Lettering on modules White 37875
Leteering on panel vutside modules Dark gull gray 36231

PANEL FINISH TREATMENT AND PANEL iLLUMINATION*
Finish

Ali vancl finishes shouid be such as to minimize spectral reflectance.
Glare from Transparent Materials

Transparent display covers are a setious source of light reflection, and require consideration of
the following:

1. Antireflection coating.

2. Proper mounting with iespect to the operator’s line of sight (i.e., instrament glass cover
should not be exactly perpendicular to the line of sight it there is a possibility of “operator self-
reflection™).

3. Avoidance ol a single, large-area lransparent cover ovet several instruments. This require-
ment also affects safety.
(Himination

Panel color, finish, and illumination should be considered as a system problem in order to
effect (he best trade-offs between visibility and power.

General Appearance

X trancous, visible panel elements, such as screws, fasteners, instrument bezels, hancdles, cte.,
should be treated to minimize their distracting influence on the operator’s attention from principal
operating ciciments of the pancl. This may be accomplished by climinating extended screw heads.,
painting items the same colov as the basic panel, and by location of such itcws in inconspicuous places
wherever possible. Care should be taken, however, not to amplify maintenance difficuities.

*From Woodson (1963).
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VISUAL DISPLAY APPLICATIONS* o

Design or selection of visual displays is one of the most important problems to face the de-
siguer in developing an efficient man-machine system. Since the human eye is the medium through
which man receives the greater share of his inforination about the world in which he lives, effective T
transter of this information is vital to his operational efficicacy. The following general recommen-
dations are presented as an aid in the selection of the most suitable type of indicator for 4 given
purpose. (Typical indicators are shown in figure 11-13; table 11-4 is a guide 1o visuai display selec-
: tion; and key operator/dispiay system interactions are shown in tatie H-5.)

CHECK READING

o 5
GUALITATIVE —
Y 7o " E 10 20 30
D O ~) =
! HOIS ON \\'ﬂ/
! ~
i o @\ PICTORIAL
OFF e .
QUANTITATIVE '
s

el
ve—

&7 bn

Figure 11-15
fReadout Variations

Fora fow, discrete conditions, use an indicator which presents large differences in position,
brightness, or color. Use of two or more variables together narmally incicases cperator reliability -
¢.g. colot plus position.

For precise numerical values, with no need for interpolation between nuimbers, or for rate or
directional indication, use a digital or counter indicator. Use a scalar indicator, however, when values
are to be set into the equipment.

For numerical valae plus orientation in time, space, magnitude, or rate. use a scatar indicator
Avoid multiple pointers or moving scales whenever possible. A pointer plas an adjacent counter is
best when scale expansion is necessaty,

For multidimensional'intformation, wie compinadon: of single-value indicators or composite
graphic or pictorial represenditions,

For qualitative check reading, use womoving pointer aamst a tived seale. Toseveral dials are to
2 !
be scanned rapidiy, orient pointetrs so the “aormal™ position of the pomter is at Y o'clock.

*From Wouodson und Conover (1964)
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To Display

GUIDE TO ViSUAL DISPLAY SELECTION

Select

TABLE 11-4

Because

Examplc

Go, No Go, Start, Stop
On, Off

Light

Normally easy to tell if it is
on or off

@ O

~Identification - -

-Light

Easy tosee (may be ceded by
spacing, color, lucation, or
Nashing rate; may also have
label for panel applications)

Warning or Caution

Light

Attracts attention and can be
seen at great distance if bright
cenough (may flash intermil-

tently to increase conspicdity).

Verbal instruction
(operating sequence)

Enunciator light

Simple **action instruction”
reduces time required tor
decision making

Exact quantity

Digital counter

Approximate quantity

Moving pointer against

fixed scale

Only one number can be seen,
thus reducing chance of
reading error

General position of pointer
gives rapid clue to the
quantity plus relative rate
of cliange

Set-in quantity

Data pick-off

Moving pointer against
fixed scale

Elecironic “hook™ or
electromechanical pan-
tograph over CRT
target presentation;
coordinatey tianslerred
to a digital counter
automatically

Natural relationship be-
tween control and
display motions

Provides simple means for
“pointing™ at the position
without interpreting or
calculating actual values
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TABLE 114

(CONTINUED)
To Dispiay Select Because Example
R Tracking Single pointer or Provides error information

cross prointers against
fixed index

for casy correction

Vehicle attitude

Either mechanical or
clectronic display of
position of vehicle
against esteolished
~meference (inay be
graphic or pictorial)

Provides direct conriparison
of “awn position’” against
known reference or base
iine

- Geographical position

Plan-position analogue

Shows direct relationship
to natural geographical
features

Commuand guidance

Equipmenperformance
analy sis

Analoguce of “predicted””
position or path

Meter

CRT (wave form)

Yen recording

I U YUV

Allows obseiver to see or
anlicipate what is going
to happen in advance

Single parameter simple
to interpret

Muitiple parumcter shows
interrelationship

Provides permanent record
for later analysis

NOTE: Combinations ol any of the above are possible and often desirable. Care should be taken not te
introduce ambiguitics, extieme complexity, or crowding, since these will increase operator-
response time.

Checklist for a Good Misual Display

1o Can the display be read quickly in the manner required (that is, quantitative, qualitative,
or check reading)?

2 Can the divplay be read accurately within the needs of the operator (preferably no more
accuraton )’

1f-19
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3. Is the instrument design free of teatures which might produce ambiguity or invite gross
reading crrors?

4. Arc the changes in indication easy to detect?

5. Is the information presented in the most meaningful form requiring the minimum of mental
translation to other units?

6. Is the relationship of the required controi movements natural to the expected instrument
movement?

7. 1s the information up to date with relation to the need?
8. Is the instrument distinguishable from other displays?
9. Will the operator be aware of an inoperative condition?
10. Is ittumination satisfactory under all conditions of expected operation?
11. Is the display frce of parallax or other potentially distorting characteristics?
Characteristics of Effective Displays*
tndividuai characlers highiy icgibic
Mcaningful groups of characters (e.g., words) casily recognizable
Weak signals detectable at all display range scales
. Characters readily discernible from cach other
Display can be viewed equally well at any requiced viewing angle
Minimum foss of signal detectability at long and short ranges
Minimum fall-off in screen/scope brightness
Maximum contrast
Minimum image distortion
Fastest possible observer respoase time, where time is a factor in cfficiceney
Highest possible observer accuracy in performing visual function
No orvery slight flicker

Display can be viewed efficiently in entire operating range of wmbicn? lluminzation

o Merster and Sullivan ( 1969),




14, Miniraum equipment delay in responding to user's request for display Cis in information-
retrieval system)

15. Display parameters (e.g., liminance) adjustable by the user
INDICATOR LIGHTS — LEGEND*

Visibility

The brightness of an indicator shoutd be sufficient to discern the “ON" condition under all
expected ambient illumination conditions. When used under varying iilumination conditions, a dim-
ming con “rol should be provided (the range being limited by means of an automatic “night/day"
switching system) to insure viibility under the brightest ambient condition. Dimming should never
be used for KILLER, Master Warning, and Master Caution lights, however. I indicators are subject
to “outdoai” light, provisions should be made to prevent reflected sunlight from making the indicator
appear *“illuminated”. [t should not be possible to see the source of the light, i.c., the indicator
screen brigihtness shall be as uniform as possible.

Fixture Design

1. A dual lamping system should be uscd for reliability {(cxcept for clectroluminescent design),
2. Lamp replacement should be from the front of the panel.

3. Failure of a “flasher” should result in a steady light. Failure of an indicator should not -
cause failure of circuit being monitored. =

4. Incandescent lamps should operate below rated voltage.

5. A method for lamp testing should be provided.

Legend Design =
1. Use optimum letter/numeral design.

2. Use standard abbreviations only.

3. Usc captive screens, coded keyways, ete., to prevent loss of, or inversion of leaends.

4. VUse dark lettering on light background for KILLER, Master Warning, and Master Casition
indicators. Either dark or light lettering may be used for others i dark adaptation is required, tse
lignt Iz ttering to reduce over-all brightness of noncritical indicators.

5. Engraving should be resistant to wearing of [ or filling with dirt.
6. Legends should not be visible when the indicator is not lighted. That s alegend such as

“stop” should not he displayed unless the indicator is also the stop button. Other exceptions involve
coding of colored lights to back-illuminate a visihle legend such as “No. | Torpedo.”

From Woodson (1963).




WARNING LIGHTS*

When Should these Be Used?
To warn of an actual or potentially dangerous condition.
How Many Warning Lights?

Ordinarily only one. If several warning lights arc 1equired, use a master warning or caution
light and a word panel to indicate specific danger conditions.

Steady State or Flashing?

Flashing lights should be reserved only for extreme emergencies, since they are distracting.

Flash Duration

If tTashing lights are used, flash rates should be from 3 to 10 per second (4 is best), with equal
light/dark intervals,

Warning Light Intensity

The intensity of the warning light should be at least twice as bright as the immediate back-
giround, The background should be dark in contrast to the display and should be in a dull finish.
Make provision for dimming the waraing light if it is to be used in dim surroundings.
Light Size

The warning light should ordinarily be 1% times the size of other indicators on the console.
A masler warning or other extreme emergency light should be twice the size of other console
indicators.
Warning Light Location

The warning light should be located witiin 30° of the operator’s normal line of sight.

Color

Warning lights are normally red because red means danger 1o mos! people. Any other signal
lights in the operator’s vicinity should be of other colors.

Location and ldentification
Warning lights become less effective as they are moved out of the center ol the operator's

fictd of vision: urgent warnings should always be within 30 of the operator’s normal line of sight.
FFor very wrgent warnings the warning light should be supplemented by an auditory warning.

FFrom Meister and Sullivan (1962).




INDICATOR DETAIL*

Many seemingly minor details can aftect the ease with which a visual display will be seen, read,
and interpreted. Even the best choice of presentation type will suffer if the principles of this section
are neglected. Frequently the desiguer fecls that he has finished his job after specifying the gencral
characteristics of the indicator face - leaving the details to a draftsman, artist, silk-screen specialist,
or photo-lab technician. These details are extremely important to the designer, however, and he
must see that they arc rccognized and followed if the results of his initial design are to be really
effective.

IMPORTANT GENERAL CONSIDERATIONS

1. Distance of the observer from the display.

(25

. Position of the observer relative to the display.

3. Type, color, and amount of illumination available to the display.

Design of Numerals, Letters, and Indices -- General

In general. the larger the size of letters and numerals, the less we have to worry about back-
grounds and ithumination.

Capital letters are recommended tor most panel labels, although upper- and lower-case fetters
arc suggested for extended instructional material.

All labels should be normatly oriented so that they can be read from left to right. Special
cases of vertical orientation are permissible when the label is generally ignored and confusion might
arise if it were adjacent to more critical labels.

(Cinstruments or observers are subject to vibration, dials and markings must be larger than -
they would be otherwise, Dial detail should also be simplified.

Scale indices should be limited in number to the accuracy required and no more. The smallest
reaclabic division should never be tiner than the probable error in the metering device. Indices may be
spaced as close together as 0.04 inch, although the distance should not be less than twice the stroke
width of a “light™ index mark on a dark background nor less than one stroke width when the index
is darker than the background (fig. 1I-16). A minimum of ¥z inch is recommended for the distance
between “major” indices. (Dimensions for major. intermediate, and minor indices are given in
figure 1-17.) These figures are for the nornal instrement-panel reading distances, 14 to 28 inches.
The nurber of graduation marks between numbered scale points should not exceed nine.

*rom Woodson and Conover (1964),
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Figure 1I-16

Stroke Width and Viewing Distance

MINIMUM INDE X DIMENSIONS (28-INCH VIEWING)

MAJOR

INTEF MEDIATE -mr—me——

MINOR
0. 045'
0.005" min.

m"‘
' ||:||||||

e T T e e
0.5 min,

RECOMMENDED FOR AIRCRAFT INSTRUMENTS

| I"" ___S_OSL
! B heysu
[Junrﬂnﬂuu
1 () =l

INDEX HEIGHT (IN.)
VIEWING DISTANCE (FT) MAJOR INTERM.  MINOR
12/3 or less 0.22 0.16 0.09
12/3t0 3 0.0 0.28 0.17
31c 6 0.78 0.56 0.34
St 12 1.57 112 0.68
12 10 20 263 1.87 113

Figure 11-17

Legend Readout Dimensions
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Design of Numerals, Letters, and Indices — Specific*

STRCKE

(See figwia 11-18 and table 11-6)

[1-.-_-

Figure 1-18

Number/Letter Style and Size

TABLE 11-6

HEIGHY

i At e

NUMERAL/LETTER HEIGHT FOR 28-INCH VIEWING DISTANCE

(For other viewing distances, multiply the value by distance in inches/28.)

HEIGHT O¢ NUMERALS AND LETTERS (IN))

Low Luminance
(down te 0.03 ft-L)

High Luminance
(1.0 ft-L. and above)

Critical markings -- position variable
(numerais on counters and scttable or
moving scales)

0.20 to 0.30

0.12t00.20 -

Critical markings — position fixed
(numerals on fixed scales, control
and switch markings. cmergency
instructions, etc.)

0.15 to 0.30

0.10 10 0.20

Noncritical markings
{instrument identification labels,
routine instructions, any marking
required only for initial familiari-
zation)

0.05 to 0.20

0.05 t0 0.20

Style, Letters and numerals should be simple block type without serits. (Do not use steacils,)

1. Typical fonts for engraving: Gorton Extended, Gorton Normal, and Gorton Condensed.

2. Typical fonts for printing:  Airport Semi-Bold, Futuva Demi-Bold, Vogue Medium, and

Lining Gothic 66.

N Phirai i TR s

*rom Wnod-s—nn (1963}, Secalso Chapter VI, DISPLAY LEGIBILITY .
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Height/Width Ratio. 3.5 to 1:1 (1:1 used for mechanical counters only).

Stroke Width.
1. Dark figure on light background = 1/6 of letter height.

2. Light figure on dark background = 1/8 of letter height.

B, - B
Light/Dark Contrast. Contrast between figure and background should be 12 or greater. C= —-:—]-3"-'-,
1

where B is brightness of light color, and B is brightness of darker color.

READOUTS*
Incroduction

The material included in this chapter deals with relatively small alphanumeric indicator dis-
plays. including the following general types:

1. Cold cathode glow discharge

2. Electroluminescent

3. Projected imoge {ncandescent)

4, Electro-mechanical (incandescent)

5. Edge-lighted (incandescent)

6. Spherical optic (incandescent)
Maximum Viewing Distance

This is defined as the maximum distance at which observers are able to correctly read a given
readout 907 of the time. Figure 1-19 indicates that for character heights up to approximately 3
inches, all readouts exhibit a linear incrcase to a maximum viewing distance. Therefore, character
height (visual size) more than any other parameter determines the maximmm vicwing distance in
norniial ambient Yight. Brightness alone fas little or no effect on viewing distance: cold cathode
(300 ft-1.3, electro-mechanical (30 ft-L), and projected image (50 fi-L)Y all have approximately equal
viewing distance limits.
Brightness

Because of centrast considerations display brightness is important in high ambient illumination.
Electromechanical readouts which depend on reflected light for viewing are most readable under these
conditions. Cold cathode, electroluminescent (EL). and incandescent readouts start washing out as

ambient light increases. A bright readout, however, can be read in high ambient light casier thai one
with low brightness.

Erom Meister and Sullivan (1969).
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Figure 11-19
Maxinmwum Viewing Distance vs Character Height

Slectro-mechanical readouts which depend on external lighting are difficult to see in low am-
bient illumination. Cold cathode types and other light emitting devices retain about the same viewing
distance as in normal lighting.

Some readouts which use bulbs ot 2L tade with use; the glow discharge type does not. More
brightness can be achieved with incandescent bulb readouts by increasing lamp voltage, but this
shortens lamp life.

Stroke Thickness

A goaed ratio of stroke to height is 1/6 of the character height. 1 the stroke is too wide, the
characters tend to run together. 1f too thin, the characters tend to break as viewing distance increases.

Viewing Angle

Viewing angle is approximately the same for ali readouts except tor electro-mechanical and
edge-lighted types. For these two types intensity and contrast diminish as viewing angle increases
abeve 30°, and at large viewing angles ambicn light reflections obscure the readout.

For cold cathode displays the maximum viewing angle 1s determined »y the requirement that

characters near the bottom of the stack be visibie over the next tube in the display. A maximum view-
ing angle of 135-160° is possible.

1-2¥
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PICTORIAL INDICATORS*

Pictorial indicators (fig. 11-20) arc usctul for clarifying spatial relationships. They are niinia-
ture representations of the world outside the cockpit or control room. They may be either electronic

or mechanical in design.

e

670

0
»
180

OUTSIOE FIXED — e

INSIDE FIXED ————

N
Ly~

0L

TRANSDUCER

Figure {1-20
Geographical Indicators

The design of mechanical as well as electronic picrorial displavs poses the diffwealt quesiion of
which parts are to be fixed and which parts are to move, The problem s furtaer complicated by the
fact that matural visual-motor relationships enter into the picture if the operator affects the displin by
his own manipulative eftorts. In general it can be said that as an oporator’s vehicle moves about in
space, he can best comprehend a display that gives a representation of his movement with the fixed
portions of the instrwnent reprisenting the space within which he has moved. Conversely it is gen-
crally true that, when an operator s interested in the movement of some other object that is moving
about hine, he will best comprehend the display that gives his own representation as vhe fixed postion
of the instrument, and the moving portions representing objects moving about him, Spectad care
should be taken in the choice of these oppuosing points of view. 1t is especially important that the

two opposing conditions do not appear on the same panel.

*Pom Woodson and Conover (196:1).
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COMBINED DISPILAYS

The combination of ditterent types of visual displays within one instrument, or of several
instruments into an array or within a single frame such as a projection or television sereer, should
be governed by the following principles:

1. Combine only those forms of information which bear a common relationship.

2. Keep the common factor of interpretation (fixed and moving parts, scale values, ete.)
the same,

3. Minimize paratlax between successive layers of overlays.
4. Do not confuse the operator by unnecessary information.

Single-Instrument Combinations

The sitigle frame of one institument for more than one item of information saves the operator

time which would be taken in locating parts of a total picture (fig. 1121 A),

Scale range may be increased by combining pointers and counters. T total range may be

imcreased by extension (pointer plus counter) oy the range may be given with more precision (pointer

plus subdial and pointer) {fig, -2iB),

MOTE: This type of scale expansion it to be used only when some qualitative information
relative to rate or normal operating range is needed. The counter is best when only quantitative
information is necded,

Do not use multipte-pointer displays with more than two pointers (fig, 1-210),

Typical combined instrument displays for aireratt are shown in figure 1122,

FACTORS TO CONSIDER IN DECIDING WHETHER THE SCALE
OR POINTER (INDEX) SHGULD BE THIE MOVING ELEMENT IN YOUR DISPLAY

—

In general, o pointer moving against o fixed scale is preferred.

[£%4

It you wish to have a numerical value readily available, however, a moving scale appear-
ing in an open window can be read more quickly.

W numervical increase is typically related to some other natural interpretation, such as
more or less, or up or dows | it is casier to interpret a straight-line or thermometer scale
with a moving pointer becanse of the added cue of pomter position relative 1o the zero
I ot null condition,

e

4. Normally you shoula not mis ty pes ol pointer-scale (moving element) indicators when
they are used tor related functions Lo avoid reversal errors io reading.

5. 1 a manual control over the moving clemient s cxpected, there is tess ambiguity be-
tween the ducction of motion of the control and the display if the control moves
the potnter rathier than the saale.

i, Wsiight, variable movertaents or Chatiges in gerrantity are important to the cbserver,

these will be more apparent if 2 nwoving pomter is used.

11-20
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Combined Instrument Displays
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Figure 11-22
Rolling Ball and Moving Map Displays
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The Whale-Panel Concept

The instrument panel sheould always be considered as a whole (fig. 1%-23). In many cases this
can be accomplished by simple analysis of the operational sequence and arrangemeiit of avaitable
instruments to reduce scanning distances and “backtracking.” The ideal approach, however, is to
analyze the functions to be accomplished and develop an integrated instrumentation layour. This
approach quite often leads to entirely new displays and usually reduces the actual number of instru-

““ments required,

INTEGRATION AROUND A VERTICAL-
HORIZONTAL REFERENCE MAY BE USED
TO REDUCE THE OVER-ALL SCANNING PROFILE,

ATTIIUDE

- THGINE IHING
MINITOND

]

i

I

MONITOQ
el
SIECTHON

WAINING 4
<\

HIADING

TEN VERTICAL-SCAL:  NCATORS REPLACE 32
ROUND-DIAL INDICAY.3it5 FORMERLY USED FOR
CONTROL OF A PROPULSION SYSTEM THAOUGH THE
USE OF ADVANCED DIGITAL COMPUTING TECHNIQUES
(AFTER WRIGHT, 195f, AND BENDIX COF PORATION,
NO DATE).

Figure 11-23
Whole-Panel Concept

Frequently it is desirable to provide semi-permanent overiays with sciles or quantitative sym-
bology to be referenced to a CRT display. Owing to the disparity between the plane of the CR'T and
the overlay. extreme parallax can become a severe problem for the observer. This can be overcoine
by the use of ar arrangement of independently lighted plates which are reflected in a halfsitvered
plate mounted 45 degrees to the line of sight. This makes the image from the edge-lighted overlay
appear at tac same plane as the surface of the CRT.

A combination of permanent, semipermanent, and dynaniic elements can be displayed
simultaneously by means of back-projection techniques, This is parti:cularly good from the observer’s
point of view since there is no parallax between ciements. Careful control of contrasts and ambient
glare is required, however.,




Lo u/ihy Fon it O i o o

B frloc Ford s Leih ot e e

Closed-circuit television systems are an excellent solution to the problem of bringing a picture
of a remote operation into the crew work-area. When operator panel space is limited, and certain
instruments are referred to only intermittentiy  these instruiments can be mounted elsewhere and
called into view on the TV screen as required. The closed-loop TV technique is especiaily useful for
observing remote hazard-areas, such as may occur with nuclear engines, or for control ol “slave”
manipulators in atomic research laboratories.

A principal consideration in all of the above types of disprlay techniques is proper control of
ambient lighting conditions at the operator’s viewing screen. Since the illuminance of these indircctly

viewed images is not high, ambient light should be filtered or blocked from the screen wherever
possible,

Design Considerations Associated With Combined Displays

Most of the combination displays discussed in this section have a serious problem with re-
flected light because of the necessity for large areas of glass which cover the faces of the instruments.

Hoods may be used to prevent direct ambient lighe rays from falling on the display cover glass
(fig. 11-24). Such hoods should be painted dull black on the inner side.

Figure 11-24
Hood for Eliminating Ambient Reflection

Panels which have a great amount of glass are prone to reflect the operator’s face, and if he
is wearing light-colered clothing, this too will interfere with his seeing the display. Although we

emphasize mounting instruments normal to the line of sight, this actually creates the worst condition =
tor “self reflection.” Therefore, instruments should be mounted at angles slightly off the normal line b
z of sight.

RITRIA

Integrally lighted instruments, because of the differences in amount of reflecting or encr-
gized markings, tend to appear unevenly bright to the observer. This, in addition to large glass-
covered arcas, suggests use of other than black instrument-face backgrounds, Medium gray tends to

: help maintain an over-all balance in the brightness emitted from the several displays.

Some integrated displays have the problen: of symbols appearing over more than one shade
or color of background. Ttis impeortant to recognize this and take steps to create a symbol that is
cqually visible under all conditions. In figure J1-25 note that the airplane symbol has been outlined
so that it can be scenin either the dark or light vackground.
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Figure 11-25
Integrated Display Contrast

When usivg off-the-shelf instruments {rom different manufacturers on the same panel, be
sure there are no inconsistencies between them. A good case in point occurs with combination
instruments which use a pointer with digital-counter insert. In figure [1-26A, on one instrument the
counter presents gross value with vernier on the scale, while on the other the arrangement is reversed.

Integrated instrument designs usually involve more than one type of pointer, and these are
generally coded by shape, size, color, or other special scheme of marking. Care must be taken to N
maintain a constant code throughout the panel. In other words, a command marker should appear :
in the same configuration on cach instritment, j

I

it

The importance of pointers. index markers, and lubber lines varies with different instruments
(fig. [1-26B). Care should be taker to make this difference apparent. Variation in size and stroke
width are the most acceptable methods for accomplishing this,

T

There is a tendency when combining or integrating instruments 10 create a severe maintenance
probiem owing to the neeessity for miniaturization and dense packaging. Modularizing techniques are
recommended to alleviate this problem. Avoid use of large numbers of screws i possibie. Special
fasteners for quick release are desirable - as are quick-disconnecet ¢able connectors.

Integrally lighted instruments ave fine when they are operating, However, special care must
be taken in the design »f the instrument for lamp replacement (fig. H-27). Proper selection of fong-
life lamps operated slightly below rated voltage often provides sufficient lamp reliability to outiast
the required life of the instrument. Electroluminescent materials are sugeested also. This approach
reducys the problem of uneven illumination, and will not be subject to “all at once™ loss of light.
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Combined Displays
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Figure 11-27
integral Lighting Access
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GRAPHIC PANELS

A graphic representation of a complex control system can be made to convey operational
status to an operator more clearly than the typical array of abstract meters and controls. The graphic
panel, as it is called, pictorializes the salient features of a system directly on the panel, so that the
operator has a better appreciation for the parts, direction of flow, and subsystem relationships. The
extent to which the clements of the display are static or dynamic will depend, of course, upon how
much ihe designer has to spend on the panel. In the simplest case, elements of the system can
merely be painted on the panel. For more complex or exotic renditions, the elements, including
flow lines, can be made to appear dynamic by means of illuminated indicators, edge- or back-lighted
lines, or by use of electroluminescent panels and strip elements. Color coding is quitc uscful in segre-
gating various subsystems or for emphasizing certain critical elements of the display. Another tech-
nique which is useful is the flashing light for attracting atiention to important elements of the display —
especiaily when it is important for the operator to react to the signal quickly.

A typical application used aboard submarines is the panel which displays open or closed hatch
conditions. In figure II-28A, the circles (when iluminated) indicate that a particular hatch is still
open. Not until all bars are illuminated can this command be given fo submerge.

In figure 11-28B, missile tubes are pictorialized, showing when the hatch is open and also when
a missile tube is being flooded. Electroluminescent panels are very useful in making up displays of
this type.

Combinations of edge-lighted lines, areas, symbol and indicator lights, annunciators, or illu-
minated instruments are useful in developing a graphic layout of complex systems (see figure 11-29).

In the design of graphic panels using edge-lighting techniques, it is important to control the
spread of ight in the plastic transilluminsting medium. Barriers inust be provided between elements
to avoid having stray light from one part of the graphic affect another. Also, it is importani v posi-
tion the lamps in such a way that there is a good balance among various parts of the display. If it is
impossible to locate the lamps in an optimum position, it is sometimes possible to balance the illumi-
nation by means of fil{ers.
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Figure 11-28
Graphic Panels
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AUTOMATIC PRINTERS AND GRAPHIC RECORDERS

Design of chart paper to be used in automatic pen-recording equipment should consider visi-
bility and legibility. Under normal lighting conditions, the paper should be white, graph lines black,
and pen tracing red, green, or some other color which shows up well against the black graph lines.

Pen-recording devices should be designed so that the pen assembly covers no more of the
chart than is absolutely necessary.

Captive-paper storage should be provided so that the operator isn’t required to provide some
make-shift method for collecting the paper as it comes from the machine. The method for reloading
chart paper should be made as simple as possible.

Pen assemblics should be designed so that they are easy to vefill and de not leak or lead 1o
spillage because the operator did not adjust the assenbly properly.

Recording devices should be designed so that it is yossibie for the operator to make notes
U !

dircctly on the chart. Continuously variable paperspeed control is recommended. Manual controls
should be placed so that the operator does not cover the tracing as he adjusts the control knobs.

Provide a simple, sure method for tearing or cutting off{ finished chart-paper segments.

For single-sheet chart systems, the pen should always move from lelt to right. For moving-
chart systems, the paper should move from right to left. For printers (e.g., teletype), the paper
should move tfrom bottcm Lo top.

NAVY UYA-4 STANDARD CONSOLE

A standard console for multiple applications in shipboard use is shown in figure 11-30. 1t
incorporates a large CRT, direct readouts (DRO), quick action controls, and selectable display modes.
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UNDERWATER DISPLAY ILLUMINATION

It is common knowledge that the human eye is incapable of focusing properly when im-
mersed in watee, This is primarily due to the fact that the normal air-cornea interface is replaced
by a water-corniea boundary. Since the curnea and water have similar densities, little refraction occurs
and the leiis cannot adequately focus.

Most undcerwater display vision, however, will involve viewing through a facemask. This allows
focusing but adds refraction at the water-air interface. The refraction index of water is 1.34 as com-
pared to 1,0 for air. The apparent distance from a viewed object would be 1/1.34, or 0.75 times its
true distance. Vision should therefore te clearer since the image is magnified 25 to 30 percent. How-
ever, underwater viewing capability is limited due to scattering of particles between the light source
and the object viewed, causing reduction in contrast. Both refractive and reflective particles are
involved, particularly in coastal waters wherc micros:opic marine organisms, debris, and scdimeants
are stirred up by tidal action near shores.

The facemask structure also is limiting, Incident light is totally refiected at approximately
48.6° (the critical angle). This sets a limit for the cone-of-vision, about 48.6° half angle and 97.2°
total, as compared with a 135° vertical and 188° horizontal field of view in air without a mask.

Even in perfectly clear water, mask fogging tends to :ecuce visual resolution capability.

Another consideration is that, when the image is magnitied, its tota)l arca is increasced and thus
luminance of any one part viewed is reduced. Increased area equals (1.34)~, or 1.8, and luminance
of a vicwed object is decieased 1/1.8, or 0.55.

Color differences are aiso significant, Beam and Shannon (1967) tested subjects viewing dis-
plays with white, red, and green lighting. Subjects geaerally preferred green but, although green pio-
duced faster response time than white, it also generated the greatest number of errors, They found
that red provided a lower cerror rate than green, the same reaction time as green, and had the added
advantages of preserving operator dark adaptation for external viewing (important for swimmer-
diver vehicle (SDV) mission functions such as rendezvous and docking with a transport submariney.
Green also required more clectrical power than yed or white. However, it has the advantage that,
in water “highly contaminated with suspended particles,” green would be the least attenuated and
absorbed.,

Beam and Shannon concluded that, in general, white ilumination should be used for under-
water display, but indicated further study should be made.

-
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Chapters Il through VI are excerpted from Meister and Sullivan (1969). Their guide was
intended for ease of use by designers and y2t is thorough in backing recommendations with referenced
empirical evidence to assure user confidence. Meister and Sullivan state that they are writing 1o meet i
the following ctiteria:

6
*“1. Emphasis on substantive design-relevant data fy
2. Minimal verbal material
3. Emphasis on pictorial illustrations and graphs
4. Inclusion of equipment factors aftecting display parameters E
ot
5. Simplified presentation”
Although style differences from Woodson and Conover wiil be appatent, they are attempting to ac-
complish the same goals ~ ready reference and clear communication. As it happens, the chapters
selected for inclusion here supplement the Woodson and Conover selections quite well, with mini- g
mal need for additions, deletions, paraphrasing, or transitional material, R
Chapters III through VII deal only with visual displays of the command control type - that 3
is, displays commonly used in:
1. Detection, identification, and tracking of targets
2. Weapons assignment and firing e
3. Strategic and tactical planning
=
4.  Transmission of cemmand information o
5.  Status of equipments and forces R
6.  Communications &
7. Logistics
The following types of display devices are described: “;-':
1. Plan position indicators (PPIs) of the cathode ray tube {(CRT) type (A and B scan de- '
vices and their characteristics hiave not been considered due to the lack of substantive data in this Ry
area.)
3 2. Console-type televised or projected displays -

3. lLarge screen televised or projected displuys
4. Warning signals

5. Readouts

-




CHAPTER il

CATHODE RAY TUBE DISPLAYS (PPI)
INTRODUCTION

This chapter describes certain human characteristics and their interrelationships with CR™-
type display devices. Most of the performance data and the display characteristics referred to in
this chapter are based on PPl-type displays. This is duce entirely to the lack of data about human per-
L formance on A-scan. B-scan, and other types of devices,

- The data presented here can, where applicable, be applied to scan types other than PPIs, but
only with extreme care and judgment.

The design questions covered in this chapter deal with the detection (unction only.
1.  How large should:

a.  The PPl scope be

b.  The display be

¢.  The target pip be
2, What is the most desirable:

a. Scanning rate

b. Viewing distance
¢.  Viewing angle

‘v

What is the effect on pip visibility of:

a.  Display brightness

b.  Background brightness
¢.  Target brightness

d.  Target duration

¢.  Contrast

f. Noise

g, CRT bias

h.  Ambicnt ilumination

4. What phosphors are the best to employ.
5. Operator performance and equipment char:cteristics.
HOW LARGE SHOULD THE SCOPE BE?

No single recommendation is very safe. All the evidence indicates that optimal size Tor detee:
tion is 7 inches diameter.

Figure TH-1 shows search time as a function of search aica under conditions comparable to
real-world display conditions.
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Figure 11-1
Search Time vs Search Arca

: Figure 112 shows that the 77 scope issuperior to a 107 and 107 to a 147 scope af curer ranges
(best for long-range detection). Detection is degraded as search area is increased. Ranking is re-

versed at inner ranges (Baker, C.HL. 1962). Additional evidence suggests that detection on a 6

or 9" display is superior to cither a 37 or 127 and 147 display (fig. 11-3) (Horowitz, P.. 1965).
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Figure H1-2
Target Detectability as a Funciion of Range tor Three
Sizes of Radar Scope (Baker, C.H.O{962)
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Figure 113-3
The Percentage of Targets Detected on Each
of Five Sizes of Displays (Baker and Earl)

Considerations -~ The 7" recommendation applies only when smaller target sizes (2-8 mm)
are used. When larger target sizes (12-16 mm) are used, the advantage of the 77 scope disappears

(fig. 111-4).
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The tradeoft is between pis size and scope size. Radar detection improves as pips gei larger
up to about 60 minutes of visual angle, but decreases continuously as the scope gets larger. The prac-
tical tradeofT suggests a scope size of 17.5 to 28 inches. Probably the 77 scope wouid stili be the best
for different detection functions, but only if the pip could be enlarged without enlarging the scope.

G

F5

- — Best Guess — As long as pip size is between {2 and 16.mm. the best size is in the range 12 1o
16 inches diameter, differences in this range being unimportant. The larger CRT scopes. which atuo-
matically magnify pip size, appear to be more effective for detection. There are also techniques for
clectronically amplifying pip size.

1
.

o
W

Predicting Detectability from Display Geometry

Pip det-  *ability thresholds, usually expressad in terms of decibels attenuation of a reference
voltage, can b: dicted from display geometry using the regression equation below: adding regres-
sion terms for scope area and pip size does not improve the overall prediction.

r
thed

& Y = 26,024 3.33x - 0.22%7 - 0.40x/ 4+ 2,092

Y = mean detectibility threshold in decibels

of attentuation of o reference voltag:

~ad iaal/

i
¥

2 X = target ramge w lenths of PP radius

H . . - -

: z = usable display Jiameter in units of 7 inches
¥ (Baker. C.11..1062)

§

IOW LARGE SHOULD THE PIP BE?

Pip size is governced by a lurge number of tactors which are ordimarily outside the control of
tiwe display designer. Primary wmong these o

1. Pulse ength

[ %]

Target extent Galong the axi of the beam ) n anye =

3. Target extent in beariy

4. Scan rate

5. Echolevel

¢ SNR

7 Bandwdti:

2. P osphior chatactendic -

oaolution reguareny nt -
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Within the constraints imposed by these factors, figure 11-5 suggests that the minimumn ter-
get size for recognition is 12 minutes of arc. ‘This assumes high contrast and ideal viewing condi-
tions. To design operational equipment, a safer bet is that the minimum visual angle should be
approximately 26 minutes.
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Figure 111-5
Retative Increase or Decrease in Search Time
and Errors 4s 2 Function of Target Size

Within the range of 7 to 28 inches of scope diameter and 2 to 16 mm of pip diameter. the
larvger the pip, the less important is scope size. Mcdiunt and sinail scopes can be at least as cfficient
as lurge scopes ut the sume level of resolution. (Colman et al, 1958.)

The minimum detectable separation between targets is one minute of are, which is beyond the
cepabilitics of most prescnt tubes.

Assuming o 1 2-inch viewing distance from the target, = target must have a minimum size of
(3.042 inch as displayed in order to expect selatively accurate w1 rapid recognition, Given these
values (visual angle of 12 minutes. viewing distazce 1.2 inches), one can plot display size against tar-
et sie i accordznee with the U & formuia.

Pfpluy size  groun range 4 4
M i, target sore

tsee liguae Hi-6). 3 v e i the smallest taroed one acdds fo recogize 1s 1000 feet in its greatest
dimensyon. ard the oo s displays G target rany-2 ) ai matoges of o striv of proand 40 miles wide,
the cisplay must Gave coe duimensicn of not less than 1002 Guetie (Steeaman and Baker, 1960).

1HI-5

]

"
|
E;‘- fig AL Y e N




Bl s

T

o

TR,

T TR

(RN I el

REQU!RED DISPLAY SIZE (1N}

N SRR L .
= 3 50 100 500 1000 5000 10,000

LARGEST DIMENSION OF TARGET (FT)

E Figure 111-6

- Required Display Size Plotted Against Target Size for
Yarious Ground Ranges Displayed to the Observer

- (Bendix Corp.. 1959)

Considerations  Detectability varies wiln the size of the signal. Froin signals of approxi-
mately 1 mm? to those of approxinmately 2 cm? . the siope of e size-detectability relationship is
essentially lincar ((ig. 1H-7). Beyond signals of 2 em=. the slope levels off. This is true for both
bright and dim background luminance (Deese, [954).
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Figuie 1N-7
Detectability as a Fune  snoof Signal 3ize Tor a CRT Bias of 2 V below VRIF (=22 V),
The background luminance is approximately 0.01 millikanberts a 10° behind the
sweep. A similar curve is found for a CRT bias of 10V below VRIE (=16 V) (Deese, 1954)

FVRI = Visual reterence index, debined as “adinn sorcen an winel the sweep e s barely visibic™ (Baker, C. 1)
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HOW PERSISTENT SHOULD THE PIP BE?

In order for the eye to detect the presence of a signal on a CRT, the signal must be suffi-
ciently bright (see luminance), large erough (sce preceding section) or be present for a long enough
period of time. For detection of weak signals on a CRT. the signal must appear for a minimum of
0.1 second. Maximum visual sensitivity of the eye occurs between 0.2 and 0.3 seconds of observa-
tion time. Figure [II-8 indicates that for detection of relatively weak signals, 0.1 second is the min-
ilsum level of acceptable exposure time (Mirabella and Goldstein, 1967).

For every increase in unit log area visuai angle of signals, one can expect about 8-dB increase
in detectability. By doubling the arca of a display, assuming resolution is constant, one gets about a
2-dB ingrease in detectability for all but the very largest signals (Baker, C. H., 1963).
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Figure HI-8
2 Signal Persictence

- WHAT IS THE MOST DESIRABLE SCANNING RATE?

The PPI scanning, rate for the optimal 7" tube in a radar application should be not less than
12 ipm, preferably higher (Kober. 1952). However. data on larger tubes are lacking.
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WHAT IS THE MOST DESIRABLE VIEWING DISTANCE?

For consolc viewing, /8 inches is the recommended viewing distance. Performance has been
acceptable in the range of 14 to 18 inches; however, viewing distances of less than 16 are not recom-
mended due to eye strain and fatigue effects. Armreach (28 max.) is an importani consideration
\ivhcn the operator must use controls on the console surface. This deiermines maximum viewing
distance.

b
S

WHAT IS THE MOST DESIRABLE VIEWING ANGLE?

Optimaily. the most desirable is at right angles (90°)* to the PPl screen. Viewing angles up to
30° from optimum can be tolerated. if necessary, but result in some loss of pip visibility, Between
90° and 60° visibility is unimpaired. At 45° there is a drop off of 3 dB, and at 30° a further drop of
3 dB (Kober, 1952).

LUMINANCE

For a dark adapted area, scope luminance should be between 10 and 100 ft-L depending on
the type of display and ambient illumination. The ideal background scope luminance for high ambient
illumination should be about /00 ft-L (Dyer and Christman, 1965).

Considerations — The visibility of the radar pip increases with display luminance. This indi-
cates that, as background liminance increases, the visual angle which can be resolved becomes smaller
and smaller.

Data more specific to the CRT pip is shown in figures 111-9 and 111-10, which indicate that
not only is the visibility of the pip increased with luminance, but also the range at which it is detected
(Baker, C. H., 1962).
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Figure 1119
2ip Visibility Threshold and Display Luiminance (CRT bias) on a PP (Williams. 1949)

#*This is only theorctically true. Since antireflective coatings have not been perfected, viewing nommal to the scope
surface will most probably present the observer’s own reflection. Viewing slightly off from 00° reduces this problem.
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Figure 11I-10
Percentage of Maximum Range at Which a Pip is Visible as a Fuaction
of Display Luminance (data translated from figure i11-6) (Thornton, 1954)

VISIBILITY, CRT BIAS, AMD GAIN

The most effective pip visibility occurs with a low to moderate gain, as shown in figure 1i-11
(Baker, C.H., 1964).

Optimum detectability — i.¢., detection of weak pips -- oceurs at an intensity and bias in the
middle range of values (Grant ct al, 1961).

Investigation of B-scan bias levels indicates that optimum bias level is independent of noise.

Considerarions — In general, the higher the beam current, the longer the visual persistence of
the strong signals. Maximum visibility of a signal during the first 7 seconds after excitation is obtained
with a CRT bias in which the sweep is fairly dim yet clearly detectable.  or timages having decayed
more than 7 seconds, best visibility occurs at a higher bias furnishing a less bright sweep (Baker, C.H.,
1962). These effects are shown in figure 111-12.

Luminance Adjustment - Operators are commonly allowed to adjust the brightness setting of
their displays. There is evidence, however, that they cannot do this efliciently (figure 111-13), Analyti-
cally determined luminance adjustments give better pip visibility. A simplc technique which is
recommended is to use a light filter of such a density that making the sweep line just visible through
it provides optimum luminance or noise level. Such a filter would be specific to a particular scope
(Baker, C.H., 1963}
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Targer Visibility Thresholds and CRT Bias
for Thre Levels of Gain (Baker, C.H., 1963)

Therc is a gradient of scopc luminance in the radial dimension on a PPL. Detectability threshold
signal/noise ratios are a function of 1adial range. Because of this, the setting of optimum luminance
shonld be made with reference to that radial position which is of greatest ‘mportance in detection. In
early warning radars optimum brightiess should be set near the periphery of the scope. Whenever
radar range scales are changed, scope luminance changes and therefore must be reset (o restore opti-

B mum luminance. The grid voltage required to generate optimum luminance changes as tive CRT ages:
hence luminance must be adjusted periodically (Baker, C. H., 1962).

Figure 111-14 shows that a reduction in any one factor — background luminance, symbol size,
or contrast -- may be compensated ior by an increase in one or more of the others. As an example,
the chief effect of reducing contrast is a shift of the curve upward in the direction of increased target
size for a given probability of detection (Lovelace Foundation, 1968).
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Figure 1H-14
Relation Between Target Size, Thresheld Background Luminance, and Contrast
(Lovelace Foundation, 1968). Thresholds are at the 509 probability of detection
level; multiplying the values by 2 {log 0.3), the values cawu be converted
to about the 95% probability of detection.

Figure H1-15 shows that with large tirgets on brigbt backgrounds (curves for 121 and 360
minutes of visual angle), the brightness contrast can be low and still provide a high probability of de-
tection. (The curves in the figuire are the contrast required for 507 detection probability )

Contrast enhancement by cdge sharpening techrigques which tend to increase both resolution

and contrast has been found to increase probabilities ¢f detection, recognition, and designation. and
to increase the speed with which these events occur (Humes and Bauerschmidt, 1968).
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Figure 1115
Contrast Thresholds for Different Target Sizes and Background Luminances
{Lovelace Foundaiion, 1968). Theesholds are at the S0 probability of
detection level; multiplying the values by 2 (log §.3). the values can be
converted 1o about the 957 probability of detection

NOISE EFFECTS

The effect of gaussiuzn noise on pip visibility is shown ie figure Hl-10. Noise reduces the
amount of improvement found in operating at optimum luminance, but the improvement stitl persists
(Baker, C.H., 1962).

50

VISIBILITY (gB)

-20 -16 12
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Figure Hi-16
Etfect of Noise on Pip Visibility (Willims, 1949)

12

T YT BPRATG IWRSK) (AR CANS T8 K AT TS e




CRT detection is degraded. ws une would expect, with an increase in display noise. Figure 11-17
mdicates that at optimum scope brizhitness noise impairs visibility, but with dim scope it actually adds
visibility . since the noise adds needed luminance to the scope (Baker, CLLL, 1962),
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Figure HI-17
Pip Visivility Threshold and Scope Luminance for Pips of
Three Sizes Under Notse and Noise-Free Conditions

Detection and localization performance as a tunction of §/N ratio and ambient illumination
for severat common phosphors is shown in figure HI-18 (Sonn and Carr, 1907), The curves presented
show a strong dependence tor dotection probabiuty with S/N ratio.
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Figure 111-18
Detection-and-Localization (DAL) Accuracy as a Function of
Signal-to-Noise Ratio with Ambient Lighting as the Parameter
TARGET SYMBOLS

The ability toidentify (as opposed to detect) different target shapes on a PPl scope varies as
a function of the shape used. Table 11)-1 shows accuracy of identification of common geonetiic

shapes under conditions of low and high noise (Baker, C.H.. 1962).

{I-15

TR




TABLE HI-
ACCURACY OF IDENTIFICATION OF
GEOMUETRIC SHAPES UNDER LOW/HIGH
NOISE CONDITIONS

Correct
Target Shape ldentification (%)
Low High
o Noise Noise
Trinngle 838 (1) 56 (1)
Square 20 (4) 35 (2)
Circle 76 (2) 27 (3)
Cross 24
Trapezoid 70 (3)
Rectangle 37 (5) ---
Ellipse 20 (6) -
; Another study showed that the following four symbols are most legible:
; At viewing distances up to 10 feet, symbols should be 0.4 inch orv larger - i.e.. fit intoa
z square 0.4 X 0.4 inch. Stroke width-to-height ratios should be between 1:6 and 1:10. The symbols
should subtend at least 22 minutes of arc at the observer’s eye. (Baker, C. H., 1962).
¢

The above data should be applicable 1o the selection of symbols for such equipiments as aic
traffic control radar where aircraft must be identified and tracked.

ERE T

HER IR

AMBIENT ILLUMINATION

Ambient illumination up to a level of 0.1 footcandle does not impatr pip visibility. Humina-
tion of higher than this docs impair detectability (see figures 111-19 and (11-20) (Adler et al, 1953).
This applies regaidless of the color (e.g., red) of the ambient lighting,.

[Tt

Scope brightness should be adjusted so that the higher levels of Hllumination that must be
- tolerated are not more than 100 tiimes the average scope brightness. Except for radar used in aircraft,
the brightness levels of the scope and the physical surroundings should be similar (Baker, C.H., 19062).
This s often difficuit to accomplish.
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Figure 111-19
Visibility and Ambient Hllumination (Baxer, C.1., 1960)
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Figure 111-20
Decrease is Target Visibility at Righer Light Levels (Baker, C.H., 1960)
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PHOSPHORS

Table 1112 presents information on the characteristics of phosphors available for display
applications (Luxenberg and Kuehn, 1968; Gould, 1968).
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OPERATOR PERFORMANCE CHARACTERISTICS

There are large indiidual differences among operators in detecting turgets on PPI displays.

2. The requirement to scarch the entire PPI scope results in about 13% fewer detections on

4o

the average than when the operator is alerted to the target's probable bearing.

3. Detection of targets at midrange on the PPl is more rapid than at close or far range.

4. Repeated presentations of a target (up to 5 echoes) are often necessary to elicit valid =
dz2tection reports.

5. The range between 0% and 90% robability of detection on a PPl is only about 4.5 dB.

6.  Sctting the PP ~:opce brightness at the visual reference intensity (VRD, as often recom-
mended, adversely affects target detection, The optimum brightness for detection is well above this
setting.

7. Operators typically do not adjust CRT bias and gain optimally for detection. Weak sig-

nals can be dat-cted much more frequently using experimentally determined optimum settings than
when the operaior uses his own setiing.

8.  Signals can be missed even when the eyes are {ixated on the PPLL
EQUIPMENT CORNSIDERATIONS

1. Pulse length: Increasing pulse length of short pulses improves detection very markedly,
the effect on longer pulses is not as significant.

2. Antenna rotation rate: If the rotation rate is sutficieni to paint a aniform backgroand on
the scope, detectability is essentially indepeadent of rotation rate. If the background is discontinuous
and ““grainy,” the slower rotation rates ave slightly advantagcouds, over a range of about 1 to 70 rpnn.

3. Sweep rotation rate: ‘The slower the sweep rotation rate. tie higher the detectability
of the signal.

3 : 4. Beam widih: The beam width of the antenna largely determsines the angular dimension
ol the pip. From 2 to 12 degrees. detection improves as the 2/3 power of beam width.

5. Videc bandwidth: No eftect of video bandwidth on detection has been found.

6. Sweep directinn: No significant dif'erence between clockwise and counterclock wise
direction of movement of the sweep line.

7. Uhe higher the video gain, up to maximum, the casicr it is to detect the target (low ered
detectability threshold) within a deviee™s dynamie range.

& Interaction between gain and CRE bias: a more positive bias can help compensase Tor
fow gain, end a high gain can help compensate for low bias.

9. Pulse cepetition frequency PRE): This is a messure of the frequency with svhich the
electron beam excites the CRT phesphor. The probability of detection itercases with increases in PRE,

(1-20
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CHAPTER IV

RANDOM POSITION AND TELEVISION TYPE
DISPLAYS (SINGLE OBSERVER VIEWING)

INTRODUCTION

= This chapter discusses random position and raster scan displays of the console type (single
- observer view . ng).

LI

l.

5

|
g ~

The following topics are covered:

Minimal acceptable symbol resolution

Minimal acceptable symbol size

Relation between symbol size and resolution

How to determine acceptable symbol size

How to determince the number of symbols that can be presented
Effect of signal bandwidth on symbol identification

Viewing distance

Alphanumerics

a.  Recommended character height as a function of viewing distance
b.  Tvpesof symbols

¢.  Special character shapes

d.  Aspeci ratio

Effect of TV quality on legibility

Light/dark contrast

Viewing angles

Flicker

Summary of Recomirnendations

Luminance ratio: 2:1 (display: su;round)
Symbol resolution (minimum): 10TV lines
Symbol size (minimuni); {2-15 minutes of aic
Symbol aspect ratio: 5:7 or 2:3

mbol stroke width: 1/6to 1710 character height

V-]
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6. Geometric distortior.: not more than 2-3% of picture height
7. Acceptable bandwidth: 4.5 MHz at least
8. Viewing distance (average): 18 inches
9. Screen luminance (acceptable): 50% fall off
10. Direction of light/daik contrast: not important fo - legibility
I1. Viewing angle: not smaller than 45°
12, Frame rate: not less tnan 30-35 Hz, depending upon phosphor
13. Signal-to-noise ratio: 35 dB
SYMBOL RESOLUTION
Pertforinance studies indicate that for 99.5% accuracy of character recognition the minimal

aceeptable vertical symbol resclution is 10 TV lines per symbvol height (fig. IV-1 and 1V-2) (Xinney,
G.C.. 1965).
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@
1 L - | L J 1 I
SOLID 9 8 6 SOLID 40 8 6
CHAR CHAR
LINES PER SYMBOL HEIGHT LINES PER SYMBOL HEIGHT
Figure 1V-i Figure 1V-2
Speed of Operator Response as Operator Ervor as a Function
a Function of Number of Scan Lines of Number of Scan Lines

The percentage of correct responses to be expected as ¢ function of scan lines is shown in
figure V-3,
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SYMBGCL. SIZE

The accepted visual size for viewing televised symbols is between [2 snd 15 minutes of ar.
(Shunleff, 1967). This is shown by figures IV-4, V-5, and V-6, which show the accuracy of identi-

SCAN LINES

PER
SYMEOL
HEIGHT
1M X
10 - A

9 r ]

| 1 l I l L ) .
20 30 40 50 60 70 80 90 100

CORRECT RESPONSES (%)

Wk O NG
T
A

Figure V-3
Accuracy of Character Recognition as a Function
of Scan Lines (Davis, J.A., 1967)

fication as a function of visual stze and symbol resolution,

CORRECT IDENTIFICATION (%)

100
90

W40 LINES SYMBOL RESOLUTION

16 LINES SYMBOL RESOLUTION
12 ).INES SYMBOL RESCLUTION
R 8 ILINES SYMBOL RESOLUTION

no
70 8
60
50

3a 22 21 20 6 15 12 16 3 B 7 6 &
VISUAL SIZE (MIN OF ARC)
Figure 1V-4
Accuracy of ldentification as a Function of Visual Size
and Symbol Resolution (Shurtleff, 1966)
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Figure (V-5
Trade-off Bands for Angular Subtense vs Line Number
for Three Levels of Performance (Ericksen, R.A.. 1964)

RESOLUTION

=15 LINES
- 20 LINES H

CHARACTERS CORRECT (%)

VISUAL ANGLE (MIN)

Figure I'v-6
Relationship Between Visual Angle And Resolution




Note that where resolution is thadequate (8 lines), all visual sizes above 12 minutes of arc give
essentially the same perforniince for acceptable resolution.

SYMBOIL RESOLUTION

No. of Lines
10 8 0
Standard Leroy 13.15%  12.82 35.97
Revised Leroy 13.37 15.09 30.08

Determining the Size of the Display Element

The size of the display resolution element. in terms of its maximum dimension, and the max-
imum viewing distance D at which two adjacent elements can be discriminated is given vy the formula:

Character Height = H

H=0.003D

i’

Where the display format is comprised largely of sy mbology, the relationship of symbol size
to screen height is shown in figure 1V-7. Symbols 3 to § timsas the m: dmum size of 10 minutes of
arc are usually acceptable, but will degrade the maximum display data capability.

50 MIN OF ARC 10 MIN OF ARC 3.5 MIN OF ARC

10 =
< 1.0 et
w ot
N I
© -
o] -
2
>
)

0.1 /

1 / |
0.01 %ll U T N | S N U Y U Y WU AU N VY T T A0 O W | 1

1 10 100 1000
VIEWING DISTANCE (FT}

Figure 1V-7
Relation of Symbol Resolution to Viewing Distance
(Whitham, 1965)

*Size of symbol in minutes of are required for 9957 accuracy of identitication.
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It is also possible to determine maximum element size from the niamber of vertical cle-
ments or rastev lines and the display screen height (fig. 1V-8), Example: For 500 lire TV screen
with a height of 15 inches, the maxitaum element size is 25 mils. which is consistent with the spot
size of normal TV CR'ls.

!

/
N | A///
' 7

\\\
\
\

0.0t

LEMENT SIZE is) (N}

£

QISPLAY SCREEN HEIGHT (FT)

Figure V-8
Relation of Scicen Heigiit to Element Size and Number of Vertical Elements
or Horizuntal Lines (Whitham. 1965) -

HOW TO DETERMINE THE NUMBER OF SYMBOLS THAT CAN BE PRESENTED

The number N of clirnacters of Himiting resofution which can be accommodated for & squaiv
sereen having a side dimension § is given by the cquation:

D
N== X10°

N

where D = the viewing distance and § = screen size,

I character height visually subtends 10 minutes of are for limihing conditions, thon the total
symbol area will subtend 7.5 by 15 minutes ol arc.

It squate adjacent sympols. which visually subtend 10 minutes of are for cach side, aie used,
the maxinum nuraber is given by the equation:

N==— Xiixi1o

V.6
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Practical limits for the value of /S normally lie in the range buetween i and 5. Plots of the
equations above are given later in figure IV-11, which demonstrates that the maximum syinbol pop-
ulations are botween 4 X 10% and 10% for normal values of D/S.

GEOMETRIC Ti3TORTION

The combined effects of ail geometric distortion should not displace any point on the projected
display from its correct position by more than 2-5% of picture heght.

The projector should be capable of correcting keystone or trapezoidal distortion within a
range of =15 degrees off center.

EFFECT OF SIGNAL BANDWIDTH ON SYMBOL IDENTIFICATION

As long as the visual size of the alpharameric is 10 minutes of arc or more, there appears to be
no appreciable loss in identification accuracy as a function of reducing video bandwidtl, within the
range 4.0 to 1.0 MHz. There is, howeves, a sharp drop in performance between 100 MHz and 750 kHz.
The effect is most pronounced for alphanumerics of less than 10 minutes of arc (s«e figure V-9 below).

100 ——¥; X ¥
- B W
% o — [ N A

ICATION ACCURACY {%)
8

=4
b

IDENT!

1 L i 1
4.0 2.0 1.5 1.0
BANOWIDTH {Mtiz)

Figure V-9
Efrect of Bandwidth on Identification Accuracy {(Shurtief’ | 196.)

The «ype of symbol is important here. Fer nonmeaninglil vy mbals (e.g., Landoldt rings)
the reduction in bandwidth from 8 MHz to 2 or 1 MHz is much more proa-unced. See tables 1V-1
and 1V-2 below, which describe the perczatage of terget identification accuracy lost.
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FICATION ABILITY (SHANAHAN, 1964)

TaBLE V-2
FFFECTS OF TARGET CONTRAST
RATIO ON TARGEY IDENTIFICATION
VELOCITY (SHANAHAN, 1964)

TABLE V-]
EFFECTYS OF VIDEO SIGNAL
BANDWIDTH ON TARGET IDENTI-

Video Sigaal Target Contrast Ratio Target Video Signa! Bandwidth
Al g ot Contrast —_
N 0y |t T
__.\!Jnd:wdth l(‘: 7_7“_'_“;“ — Ratio L IMlz 1 MHz
$ to 2 Mitz il i - 100 to 81 | 1.4% 7 9% 1.8%
347 I 420 —— pae.
Sto IMHz 4% 527 100 to 27% 20 (8% 6.6%

VIEWING DISTANCE

Average viewing distance from the console is assumed to be 18 inches, in which case the mini-

mum element size would be 0.15 inches. Figure 1V-10 ¢ be used to determine optimum element

size as a function or viewing distance. The relationship among size of display screen, acceptable viewing
distance, and amount of detail or number of characters which can be displayed is shown in figure 1V-1 1.
This figure shows that for a civen viewing distance. display size must be increased i’ the amount of
detail displayed is to be increased.,

20,000

«
10,000 |~ 1 SH

NUMBER OR CHARACTERS
z
i

g ——

01H

0.65H~em

[=- 0.76H ——t
10

VIEWING DISTANCE %

DISPLAY SIZE 3

Figure tV-10
Relationship Between Display Detail (N} Display Size (S),
and Viewing Distance (1) (Whitham, 1965)

*CONDITIONS:
1. Square display 4. Increased viewms distance 2t display edges s neglested
2. Characrer slot as shown S Adeqguate brightness and contrast ¢nist
3. Charaeer height T subtends 10 man of are at 6. Viewing distance, D) ag greater than 13 inches

7. No margmn allowed at display edge

viewing distance, D (11 = 0.03D)
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SYMBOL CHARACTERISTICS

it el e LR 7S L T

FOR INSTRUMENTS WHERE THE POSITION
OF THE NUMERALS MAY VARY AND THE
HLLUMINATION IS BETWEEN 0.03 AND
1.0FT-L

FOR INSTRUMENTS WHC RE THE POSITION
OF THE NUMERALS IS FIXED AND THE
ILLUMINATION IS Q.13:1.0 FT.L AND THE
tLLUMINATION EXCEEDS 1.0 FT-L

FOR INSTRUMENTS WHERE THE POSITION
OF THE NUMERALS IS FIXED AND (HE
ILLUMINATION 18 ABOVE 1 O FT-L

(MINIMUM SPACE BETWEEN CHARACTERS,
1 STROKE WIDTH; BETWEEN WORDS,
6 STROKES WIDTHS)

Figure IV-11
Letter Height vs Viewing Distance and Hiumination Level

Recomamended Character Heights for Alphanumerics

{Barmuack, et al, 1669)

TABLIE 1V-3
RECOMMENDED MINIMUM ALPHANUMERIC CHARACTER HEIGHTS
AS A FRACTION OF VIEWING DISTANCE (SMITH, S.L.. 1962)

Typc of

High Display

Low Display

Dispiayed Lumitnance Luminance
Information (Down to 1.0 fi-L) (Down to 0.03 -1}

Critical Data Position 0.0045 to 0.007 to

on Display Variable 0.007 0.011

Critical Data, 0.00335 to 0.0055 to
Fosition Fixed o 0.007 ....__,_‘_.._,_-,__....0'0I 1
Nonceritical Dato 0.002 to 6.002 o
(Lavels, etc.) 0.007 0.007
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The eptiraum size of letters, and numerals on CRT shisplays is a function of viewing distance,
illwnination, and movement of nunerals. Figure IV-11 shows these relationships, although the data
are based on conventionally printed displays, nct CRTs. Considering 18 inches as the typical viewing
distanice, CRT letters shiould be from avout 0.08 inches t< §.28 ii.ches (Barmack.cet al, 1966).

Dot Mosaic: — The coarsest mosaic that is capabie of providing easily legible alphanumeric
symbols is a 5 by 7 dot mosaic (fig. IV-12). Only 35 decoded lines are required. If only numerics
and a limited number .3 symbols are required {e.g., -, =, |, etc.), some elements are 1ot required,
and the number of do  mav be veduced to 27, as shown in figure IV-13, Charactere penerated in

S X 7 dat matrices are probably marginal in comparison to those genera’2d in larger matrices.

0CG00C¢ 00000
00000 0 0O O
00000 0O O O
Q0000 00000
20000 O 0 O 2
020060 O O 0 .
0Ou>920 00000 f
Figure IV-12 Figure IY-13
Fu'ls X 7 Dot Mosaic (35 clements — Reduced 5 X 7 yot Mosaic (27 clements —

full alphanumeric) (Luxenberg and Kuehn, 19638) nmuneric only) (Luxenberg and Kuehn, 1968)

Sticke Mosdics - The bars. strokes, or segments «ie arranged in a pattern similar to the:
shown iy fizure IV-14. The c:emente may be clectroluminescent strips, clectrochemical cells, or
cathodes ir. a glow discharge tube, ~r they may be back lit or edge lit by neon or incandescent laieps
The characters are nearly as tegible as those made from a 5 by 7 dot mosaic, but logic (switching)
requirements are reduced from 35 inputs for the full 5 X 7 matvix to 16, 14,9, or 7, depending on
the type of font siyle choser:  The same height/width/stroke ratios apply as for shaped characiers.
16 and 23 segment fonts have been found to be more legible then 17, 27, or 38 segmcaut fonts
(Stephenson and Schiftler, 19638).

IV-i0
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Figure 1V-14
Stroke Mosaic (16 clements)

Recomimended Symbol Size {eiher than alphanumerics)

Highly skilled operators can accurately distinguish typical military map symbols at a rego-
lution of' 14 lines. However, Yor the identitication of symbol detail, a resolution of 17 lines is recom-
mended; this will allow intenor detail of the symbol to resalve 3-4 lines, and represent a visual size
of 5 o 6 minutes of arc (Marsetta, et al, 1966).

Confusion Amona Alphanumerics

Observers most commoaly confuse the toliowing alphanumerics (Kinney and Showman, 1967):

Mutual One-Way
Oand Q Ccealb:d G
TandY PDcatled B
Sand 5 H cailed M or N
{and L J, T calted 1
Xand K K called R
lTand 1 * 2 called 2*

Bcalled R, S, or 8*
Accuracy of Identification of Common 5-Letter Words
It is possibic to use as few as 7 liaes per word height and still retain 98%: aceuracy of word

identification. This is shown by table 1V4,

TABLE 1V4
IDENTIFICATION ACCURACY AS

- A FUNCTION OFF RESOLUTION

; ) IResolution )

3 Solid 10 7 5
stroke lines lines Iinci____

1007 DO D8 w7k
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ASPECT RATIO

Aspect ratios of 5:7 or 2:3 (width to height) are recommendcd for greatest legibility. Stroke
width should be in the range of 1/6 to 1/10 character height with the thinner widths used for illum
inated characters on a dark background (Poole, 1966). A wide stroke width should be used £or lower
symbol resolution (Shurtleff, 1966).

vARIATIONS IN TV QUALITY

At resolutions of 8, 10, and 12 lines, quality of TV equipment appears to have no significant effect

on accuracy and spced of identification of standard Leroy symbols (most commonly employed alpha-
numeric). At 6 lines, identification is superior for better quality TV (945 lines). Even high-quality TV
requires a minimal resolution of 10 lines (Shurtietf, 1966). See figure IV-15 below.

100

©o
o

S
lir”‘l‘l"lxﬁ‘llln

IDENTIFICATION ACCURACY (%)

0
9 [ 945 LINE TV
8
94 B25 LINETV
76
| ! 1
12 10 8 6

LINES PER SYMBOL HE\GHT

Figure 1V-
Accuracy of Symbol identifi ¢! Yor Good-Quality
vs Low-Cost T " nitiee 1966)

RATIO OF ACTIVE TO INACTIVE EL ™~

Where symbol resolution is lowered (5-7 lines). the ratio of widths of inactive TV to active TV
elements should be no imore than T:1. Ratios greater than these increase errors ol identification as
well as produce a raster which requires especialiy carctul registrition of scan lines (Shurtleff, 1965).

LIGHY/DARK CONTRAST

Light synivols on a dark background are recognized more accurately under low ambient lighting.
Dark sy mbols on a light background are recognized more readily under medium and high ambicat illum-
ination {table IV-5). For intermediate values of symbol and background brightness, the direct? s of
conlinst is not significant in legibility (Blackwell, 1959). Under high ambient illum: :ation, ide..dfication
aceuracy is so poor (66-737%) that the D/L condition would not be used anyway (Shurtleff, 1967),
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TABLE IV-5
ACCURACY OF IDENTIF;CATION IN PERCENTAGE CONTRAST
FOR TWO DIRECTIONS OF CONTRAST AND THREE
VALUES OF AMBIENT ILLUMINATICN

Direction _Ambicnt_{llumination
of

Contrast | 0.026 {t-C  186.4 ft- 6384 ft-C
D/L 8&% 81% 12%
L/D 939 77% 66%

Contrast Ratic

Contrast ratio should be maintained at 9C%.
DISFLAY FORMA™
Vertical vs Horizontal Arrangement

T effest of vertical vs horizontal arrangement of coded symbols is negligible (Coffey, 1961).
Spasiny

A low orightness (1 ft-LY spacing of characters (25% of character dim.nsions) does not affcct
acuity. At higher brightness (20 and 40 ft-L) wider spacing (200°% of character dimensions) produces
heiter acuity. Wider spacing produces better acuity for L/D symbols than for D/L symbnls (Shurtieft,
19G7).

VIEWING ANGLE*

Errors and reaction time in recognizing brietly exposad comimon S-ietter words increase
gradually as the viewing angle is reduced from 90° {straight on) to 45°. At 30° the crror rate cannot
¢ accepted (fig. 1V-16) (Kinrey, 1965).
Recommendation: Optimally, no viewer should be seated at a viewing angle smaller tha: 70°
orat a distance from which the height of the smallest symbol is smaller than 16 manutes of are. (Scu H
also figure [V-26) (Colman, et a'. 1958).

For 997 accurate identification. table IV-6 presents the minimum required vizual sizes, in
minutes of arc. for five viewing angles and two levels of symbol resolution.

TABLE V-6

VISUAL SIZES** REQUIRED IFOR VIEWING
TV DISPLAYS AT VARYING ANGLES

Symbol Viewing Anglc 7
Resolution
in Lines YQ© 75°  00° 45° 30°
10 20 24 28 36 63
& 24 28 32 44 -

4y minutes of arc,
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Figure IV-16
Mecan Reaction Time Plotted Against
Yiewing Angle for Two Symbol Sizes

EXPOSURE DURATION

WALt . e Tt vy a1y el il ety ot at O g MY . v, o tal
Minimum cxposure quration for maximuim visuad acuity is about .2 sce., with no appre abie

increase in acuity beyond this (Crumley et al, 1961).

FLICKER

The curves in tigure IV-17, represent the critical flicker frequeney (that value which is lowest
freqi.. acy which can be perceived as any thing but a steady light) for several comnien phosphors is a

function of display fuminance (beightavs),

P4

REFRESH RATE (CPS!

1.0 2 5 10 20 30 50
BRIGAHTNESS (FT L)

Figure tV-17
Flicker Threshe!d of Average Observer (Bryden et al. 1969}
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For character displays, the pulse rate should be greater than 30-40 Hz so ihat the characters
do not appear to bunk. Flicker can be eliminated from most electronic displays if the pulse rate is
35 Hez or more (Barmack et al, 1966). Some thicker is noticed with average display brightness unless
repetition rate is at least 50 Hz. Displays under 20 Hz are usually quite annoying to the observer
(Poole, 1966).

Flicker in TV cannot be noticed at 60 fields per secon<d unless display brightness exceceds 180
ti-1. 50 fields per second is acceptable if dispiay brightness drops to 20 ft-L.

THE EFFECTS OF SURIOUND LUMINANCE ON VISUAL COMFORT

Figure TV-18 presents mean values of surround brightiiess preferred by viewers of broadcast
television for three surround areas at ¢ach of five values of peak screen iuminance (Shurtlelf, 19606).

MREAN SCREEN LUMINANCE (FT-L)

5 10 18 20 25
d T T T P 7
3 SMAL: SURROUND /
L ,
w 6r
(&7
2
<
Z
2 er
r} /
g /’ MEOIUM SURROUND
3
o -
e/ /_«-—;;"//
: / LARGE SURROUND
0 R NS W RN SN N S R
0 20 40 60 80

PEAK SCREEN LUMINANCE (FT-L)

Figure {V-18
Niean Value of Surround Lusinance Preferred Ly Viewers of Broadceast
Televisicn. Plotted for three surround areas at each of five values of peak
screen luminance (Shurtleff, 1966).

TV display = 97 vertically, 12° horizontally
Small surround arsa = 12° vertically,
14° horizontaily
Medium surround arca = 17° vertically,
23° horizontally
Large surround area = 23° vertically,
32° horizontally
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One aspect of display quality affecting display acceprance and operator perforrmance is the
signal-to-noise ratio of the display. Quality of presentation has been judged satisfactory at 10:1,
good at 30:1, and excellent at 50:1 (“Sogatov. 1960).

In table IV-7 the percentage of comments in a specific category vs signal-to-noise 1atio is
given (Altman, M.. et al, 1963).

THE EFFECTS OF SIGNAL-TO-NOISE RATIO

TABLE 1V-7
PERCENTAGE OF COMMENTS IN A GIVEN CATEGORY
VS§ SIGNAL-TO-NOISE RATIO

SBW/ Nrms

SO dB

45 4B

30 dr

impairment only slight
(if at 2l

Not objectionable

Somewhat objectionabl-

Defimtcly objectionabic

98%

9%
to

100%

90%

Fu%

MR R 5]

TSN S

1V-16

s SR SRR By e

16%

30%




CHAPTER YV

TELEVISION DISFLAYS FOR GROULP VIEWING
INTRODUCTION

This chapter discuwises the parameters most important for group viewing of TV displays.
Parameters not discussed here will be found in Chapters IF and IX.

Summary of Recommens’ztions

1. Symbolsize - At least 10 minutes of arc at the eye of the observer in the worst position
in the viewing arca. This will give 95% accuracy. For 98% accuracy a visual angle of 14 minuqes is
requived,

2. Viewing angle — Maximum off-axnis angle of 30°.

3. Resolution — 15 ines per character heigha

b

Bandwidth - 2.5 MHz
5. Viewing distance — See section on choosing the maximuny viewiuy distance froun the screen

6. Determination of screen size and number of characiers as a function of viewing distance -
See 5. above.

r. Request regponse time - 1-3 seconds
8. Display generation response time - -2 seconds
9. Suoreen lumiinance - Not more than 35 ft-L for normal ambient lighiing
10.  Brightness contrast — 90%
1i. Kegistration accuracy — 10 seconds of arc at the nearest abscrver
SYMBOL SIZE
In a group viewing situaticn, letters must be large enough to produce at wecast 8 minutes of
visual angle (preferably 14 minutes) at the eye o0 the observer in the worst position in the viewing
atea (30° off-axis). This should produce 95% accuracy of identification of vandom characters
(Ncal. 19¢8).
VIEWING ANGLE
Under conditions where resolution (lines per character) and symbol size proeduce at least 90%
dentification accuracy at O degrees off-axis (90° straight on), there is a0 decrement in legibility until
the off-axis angle becomes 40°. Under less favorable size and resolution conditions. the effecy of the

off-axis angle 1s more severe. reducing legibility signiticantly at 20° (fig. V-1) (Neal, 1968). The muax-
i off-axis angle st:ould be 30°.

V-1
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Figure V-]
Average Legibility as a Function of Off-Axis Angle
for Five Representative Test Conditions

The adverse effect of oblique vicAving is not a straight conic projection t* »m the s¢1-en. but
rather is geomeirically described by ““the surface of a sphere tangent to the planc of the display ™
The diameter of that sphere equals the recommended viewing distance for that particular display size.
Figure V-2 presents the locus of marginal legibility for a constant visual angle (Lnxenberg and Kuchn,
1968).

SCREEN

» O

SCREEN

Figure V-2
iLoci of Marginal Legibility for Resobution Bars and Lett + D,
The symbols are displayed at eye level on a vertical sereen:
above in upright position, below turned horizontal. The locations
of the symbols arve indicated by the small circles,
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RESCLUTION

For group viewing, a minimum vertical resolution of 15 lines per character height is recom-
mended when small visual angles are involved. At 15 lines per character, the ratio of the character
heigh! to the total display height is 1/33, and 16 rows of characters can be put on the screen (as long
as the screen is smail enough to keep the visual angle within 8 min of arc) (Neal, 1968). (Sce figure
V-3 below; see also figure IV-7 and RECOMMENDED SYMBOL SIZE in chapter IV.)

MAXIMUM DISPLAYABLE ROWS OF CHARACTERS
24 16 12 8% 8
I v 1 1 1 1

RATIO OF CHARACTER HEIGHY TO DISPLAY HEIGHT

1/80 /33 1/25 /20 17
! T T |

27" MONITOR

24" MONITOR

21" MONITOR

17" MONITOR

MAXIMUM DISTANCE OF WORST SEAT
(N CLASSROOM {FT)
3
i

Ei(‘ 1 L L. L.
] 15 20 25 30
SC/.N LINES PER CHARACTER HEIGHT

Figure V.3

2 Maximum Viewing Distance for Worst Seat in Classroom

(maintaining a minimal 8 minates visual angle at the eye)
(Neal, 1968)
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BANDWIDTH z

c For group viewing of a large television screen (17 inches or more) : bandwidth of approxi-
mately 2.5 MHz is recommended. There is no improvement above this point but decrement below it P
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CHOOSING THE MAXIMUM VIEWING D:STANCE FROM THE SCREEN

Figure V-3 above shows the maximum viewing distainc: from various size monitors caleulated
to maintain the recommended minimum visua: angle (8 minutes). For a symbol resolution of 18 lines,
the recommended maximuns distances for various taonitor sizes are:

27-inch monitor - i8 feet
24-nch menitor -- 15 feet
2i-inch monitor — 13 fect
17-inch monitor - 11 fect

Another way to increase the maximuin viewing distar.cc is to choose larger characters, al-
though this will reduce the total number of characters that can be placed on the display. For ex-
ample, figure V-3 shows that as the character height increases from 1/33 of screen height (15 scan
lines) to 1/17 (30 lines) the maximum viewing distance mcreases from 18 feet to 35 ieet from a 27-
inch monitor or from 11 {0 22 feet from a 1 7-inch monitor. However, the maximum number of rows
of characters that can be placed on the screen decreases from 16 rews with the smaller charactes, to
8 tows with the larger (Neal, 1968).

RESPONSE TIME

Response time is the major, if not the only, justitication for automating disp:lny systems. Yhe
faster a requested display becomes available upon request, the greater the impact the display has on
system operations. Requesi response i chiould be on ilic order oi { to 2 secands (RADC, 1965),

Display generation response timie is defined as the time {rom: intitiation of comput.r output
until the complete display is available to the user. [ to 2 seconds is drsirable.

LUMINANCE

Luminance ratios required for comfortadie viewing of large screen displays may be determined
by locating two valaes: (1) the minimum ratie required for adequate viewing anc {2) the maximum
measure of luminance without annoying aftereffects. The maximum luminance {or group displays
should not be more than 35 ft-L. Higher juminance imay produce afterimages if the display is viewed
for an extended period of time. An increase in luminance over 15 £t-L up to the 35 ft-L maximum
contributes littic to acuity.

An optinuen luminance distsibution on the sutface of the display is approximately i7 ft-L
meastred feom central axis, and not less than 13 t-L measured at the targets angle of view off-:enter.
Assunmiing an ambicnt light level  f T £1-7 on the display, this permits viewing in about 10:1 cont:ast
for symbols with regard to background.

Luminance contrast should be maintained at 90%.

AMBIENT ILLUMINATION

To minimize plare, light sources should not be located within 607 ol the viewer's central
visual field. Light chould be diftused and distributed cvenly over the work arca. The ratio between
light and dark portions of work surtaces  bould not exceed 7:1.

V-4




REGISTRATION ACCUIRACY

The maximum symbol cegistration accutacy considered necessary is 10 seconds of arc with
respect to the nearest observer. Registration requirements more accurate than this are uantcessary,
sincz an observer cannot appteciate the difterence.
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CHAPTER Vi
CODING

INTRODUCTION
This chapter discusses the following topics:
1. When coding is required
2. Advantages and disadvantages of available codes

w

. Types of codes best for particular applications

(o8]

a, Color

v, Alphanueric
Shape

. Size

Flash

Special codes

—

™mRAac

. Amount of improvement produced by coding

Ut

. Coding in indicator displays

Definition

Coding is puttisi: inf romation in symbolic form to Increase rhe amouat of information supplied

while minimizing display space. In figure VI- the shape of the svinbols indicates the type of airport
facilities available.

AERODROMES WITH EMERGENCGY
AERODROMES WITH FAGILITIES HEL PO T OR NO FACILITIES
LAND WATER LAND  WATER

- o
@ civit ,L (SE.FC ED) C\'f?
O @ JOINT CIVIL . ND MILIYAR Y % L ARDING
i ANCHORAGE
/-\ /’FD i g
H - Y] )
\K‘ ) & ILITARY

a

AERODROMES WITH LAND-

N AERODROMES ¥YITH HARD-SURFACED TACE \
@ @ RUMWAYS AT LEASY 1500 FEET LONG R AL AN
Civil. MILITAR

Figure VI-1
Sample Coding (military map symbols)
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Codirg Requirements

il

Coding requirements differ for:
1. Projected dispiays: CR'T and slide piojocted displays
2. Indicato: displays: indicators, legend lights, and meters
and as a function of mission requirements.
Coding sheutd be used:
1. When much information must Le presented in a single display (100 or more characters)

2. When the observer's task may be difficalt (10% complexity — percenti of characters
which must be discriminated)

Y TR

3. When he must vespond quickly:
a. Inicss than 10 seconds — coding is regured
b. Within 10-20 scconds ~ coding is desirable
¢. Over 20 seconds -- coding is not pecessaty

Cosdding Criteria
Codes should be:
1. Visible
2. Legible

Discriminable (observers must de capable ¢; distinguishing between two or niote

‘wd

characters)

~

1. Compatible (see figure VI1-2)

QUALITATIVE CODES SHOULD REPRESENT
QUALITATIVE INFORMATION

/g = AIRFIELD
¥

QUANTITATIVE CODES SHOU ~RFVRESENT
QUANTITATIVE INFORMN" v

TWA 59 = AIRLINE ANC F GE 0 MEER

Figure v

Compatible Coding » 2 divements
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Coding Categories
Codes may be divided into the following categories:
1. Single coding
4 = 400 knots

"2. Redundant coding

4 | =400 knots (both numeral and square indicate 400 knots)

3. Compound coding

/3__\_\ =400 knots (numeral means 400 knots; triangle means jet powered aircraft)

ADVANTAGES ANC DISADVANTAGES OF AVAILABLE CODES

Figure VI-3 indicates most and least used codes.

MOST USED | LESS OF TEN USED [ LEAST USED
- S - - by -
! |
| I
COLOR GEOMETRIC | ViSUVAL ANGULAR | FLASHING DEPTH
FIGURES | NO, ORIENTATION |
‘ |
ALPHA.- I AREA LENGTH/ LUMINANCE MOTION LINE TYPE
NUMERICS | SI1ZE VIETH | 1DOTS.
OF LINE DASHES)

Figure VI-3
Most and Least Used Codes*

At any given time the observe: is capable of identifying about seven (£ two) alternatives aiong
asingle coding dinzension. As the number of alternatives increases, speed and accuracy decrease in a
lincar manner (Howell ei &, 1966).

*Does not inply a scaic of desirubility, only froquency of use.



DESIGN ANALYSIS
When Should Coding be Used?

RO ARATILE 2 LI AT e A

How Mary Data Points Must the Display Have Before Coding is Necessary? Factors tu be considered are:

L. Density — Number of characters/data points in display (100 or more).

2. Complexity ~ Percent of characters irrelevant to observer's task. (The designer may not be
able to define complexity in detail in advance of design. Where it is suspected, however, that as raany
as 10% of display characters may have to be disregarded by the observer, coding should be employed.)

ST R M

3. Speed of updating — The faster displayed information must be updated, the more coding
of that informiation is required. However, quantitative information-on speed requiremerits is not
available.

As density and complexity increase, observer accuracy is reduced and coding becomes impor-
tant. Figure V1-4 illustrates accuracy in updating information. Figuie VI-S illustrates percent of
observational cycles (trials) in error when counting clhiaracters. Note that these graphs and others in
this chapter represent data gathered under relatively ideal laboratory conditions.
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=
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| L |
e 54 72 o0

CHARACTERS PRESENTCD

Figure VI-4
Accuracy of Updating Displayed Diformation
as o Function ot Density (Hammer and Ringei, 1966)
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MUMBER OF DISPLAYED ITEMS

Figure VI-5
Counting Errors as a Function of Display Density
With and Witheut Color Coding (Smith, S. L., 1963)

Figure VI-6 shows how correct identification of alphanumerics decreased as complexity
increases (percent of task irrelevant characters) (Dyer and Christinan, 1965).

How $hort Must Display Exposure Time be Before Coding is Necessary? As display exposure time is
reduced, observer accuracy decreases corvespondingly. Figuie VI-7 demonstraies that the curve of correct
observer performance is almost a perfect linear relationship with exposure time.

90
.
80 - T~ _COLOR CODED
s 70} ~
2 60 0\
< 60
> oy
g or
® 401
Z 30t x\\\
W I
< - .
20 UNCODED ¥
10 P~
. L
0 10 20 30

COMPLEXITY (%)

Figure VI-0
The Effect of Complexity on Accuracy
(Dyer 2a¢ Christman. 1965)
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Figure VI-7
The Effect of Display Exposure Time on
Accuracy of 1dentification (Smith, 5. L., 1963)

What Tyvoe of Coding is Best for Particular Applications?
The designer must consider:
1. Code type (e.g., color, chape, alphanumeric)

2. Code characteristic (c.g . if color. which color: if geometric figure, which figure?)

3. Observer's task (locating, counting. identifying, updating)

Available information is incomplete. Comparisoas have been made between color and thiee =
shape codes (military symbols, geometric forms, and aircraft shapes) for counting. T'he codes used
in this study (Wolf and Zigler, 1959) are showin in figure VI-8.

Avcrage counting time for these codes is shown in figure VI-9, and percent of trials in crror
: is shuwn in figure VI-10. Color is superior at all density Ievels to even the best of the shape codes.
This applics, of conrse, ey to counting oy searching jor characiers.

Recommended Practice - -

1. Use alphanumerics when identification is most imporant,

[

Use color when scarchung or locating is mos( important.

3. Usce symbols/shapes when qualitative objects are represented.

VI-6




COLOR

(16YR €/10)

s

K

MILITARY IGEDMETRIC| AIRCRAFT
INoTarion:| SYMBOLS [ Forms | SHAPES
RADAR |TRIANGLE| C-54
GREEN
(.56 5/8) ,‘ A "?‘
GUN | DIAMOND |  G-47
BLUE
secas | B
AIRCRAFT [SEMICIRCLE|  F~100
WHITE .
(5Y 8/4) a
cep | MISSLE | ciReLE | Feico
(SR 4/9) x -] +
sHiP | STAR | B2
VELLOW I

e Er i A P U A et

Figure VI-8
Codes Used in Code Comparison Study
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Figure VI-9
Counting Errors as a Function of Display Density,
Comparing Color Coding With the Three Shape Codes
(Wolf and Zigler, 1959}
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Figure V»-10
Avzrage Counting Time as a Function of Display :
Density, Cemparing Color Coding with the -
Titree Shape Codes \Wolf and Zigler, 1959)

Individual vs Group Dis:ays

There is some evidence that individual displays aie slightly superior to group displays when
updating ncodced displays. However, this difference becomes insignificant when displays are coded
(fig. VI-11).

~——— INDIVIDUAL DISPLAYS

- —— OROUP DISPLAYS

140 [ T —r— = l

120} , /T
P

100 - ,C/Ul\"‘ODED

TIME (SEC)
x
=]
T
\
AN
\

ELEMENTS PRESENTED

Figure VI-11
Meain Time for Coded and Uncoded Charts at cach
Level of Elemems Presented (Allusi and Martin, 1958)
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Shou'd Single, Redundant or Compounrd Coding be Usad?

There is some cvidence (Allusi and Martin, 1958) that redundant coding is slightly morc
effective than single coding,.

How Many Coding Levels Stiould he Employed?

Coding level — Values within each code type (e.g., coloi) which are equaliy identifiatle (e.g.,
red, yellow, green).

General rule — Use as few coding levels as necessary. Code steps in table Vi-1 are maximum
values under laboratory conditions. For operational use, it is tesirable to halve these values. The
effect of increasing code levels on opetator performance is to reduce observer accuracy (fig. VI1-123.

TABLE VI-1
ADVANTAGES AND DISATTVANTAGLS CF AVAILABLE CODES
(Raker and Grether, ¢ <)

Maximum No.
Ceda Code Steps* Evaluation Advantages/Disadvantages

<'olor Slides — 5-7 Good Little space reauired. Objects easily
CRT - 35 identified, tow training requireme i,
Paint -~ 7-11

Ao Ualimuted Good Little space reguired if good contrast
nunerics combinations and resolution, Longer identification
time than color.

Shape 10-100 Good Little space required if pood resolution.
(geomeric pictorial
figuren)

Area/Size ; Far Requires considerable displav space.

Lenagth/width . Yair Clutters display.
of line

Visua' no. 6 Fair Requires considerable display space.

Angular Fair 95% of estimiutes will be in error by
orientation less than 15°,

Laininance 3- Foor Poor contrast reduces visibility, Diffi-
cult to distinguish between any two
brightness ratios.

Flash rate Distracting and {atiguing. Difficult
to distinguish between more than two
Nash rates unless the rates are very
ditferent. Extremely usefud as an
alerting or warning signal.

*Generally will Jive overal® acenracies oi 95% or better. All figures given are for faboratory conditions. For
overational Cisplays. it is better to be conservative.
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CODING?

MEAN NUMBER OF CORRECY
RESPONSES PER MINUTES
2]
L

0 1

L

2

NUMBER OF CODE LEVELS

Figure VI-12

Effect of Number of Code Levels un

TABLL VI-2
IMPROVEMENT IN OBSERVER PERFGRMANCE

WHEN DISPLAYS ARE CODED

H 8

Observer Performance (Anderson and Fitts, 1958)

HOW MUCH IMPROVEMENT IN OBSERVER PERFORMANCE CAN ONE EXPECT WITH

Table VI-2 indicates that coding produces marked imiprovemeant in obscrver performance.

Onginal Observer % Accuracy % Response Time
Displays Code Type IFanction Improvemnent Improvement
Alphanumerics Color Locating 44
Alphanumerics Colo: Counting 86 12
: Alphanumerics Size Update 50 65
Map Conspic- Inforn-ation 97
uity assimilation &
(border) and extraction 57
Alpianumeric Color Seatch 'S 528
and Shape and court 53
Alphanumeric Sive Update 4
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ADDITIONAL FACTORS TO BE CONSIDERED

Which codes to use and how depends in part on display parameters discussed in earlier sections.

Any parameter which reduces display visibility incieases display difticulty level and the need for coding.

The following factors are especially important,

Display Brightness/Resolution/Contrast ~ It display brightness or resolution are expected to be
significantly less than levels recommended earlier, alphanumeric coding is preferabie to color or shape
(geometric figure) coding. 1€ alphanumetic coding can't be used, then shape coding is preferable. (See
also figure V1-2 and .able VI-1.)

For tire display of color coded points or smal! syribois, an empirical ¢pacing of at least three
lines is requir J o prevent color fusing (Wolf Research and Developmen -, 1988).

The optimum range tor display contrast when a seven-color dizplay is being us:d is 20-30:1.
Bu, acceptable levels of performance have been recorded at as low as 10:1 for an additive co'or dis-
play (Rizy, 1967).

wisplay Formaiting — In formatted displays, characters are dist:ibuted by rows, columns, or
quadrants; in untormattea displays, characters are distributed randnmly. Coding is more likely to be
required in unformattecd displays.

The following s.ctions present detailed informaticn on cach of the major code types.
COLOR CODING
Wwhen Color Coding Shrouid Be Used

Use particularty when the observer must segrch for or pick out one or mo.  characters from a
matrix of displaved characters. On the other hand, for idenrificatics of characters (i.c., recognieing
their meaning) an alphanumeric codc is more useful (Avakian, 19645.

Which Coiors Should Be Used

The number of chromatic colors which can be absotutely identificd is 9-11 (paint chips). How-
.

cver. one would 1ot use more than 3-5 colors for CR(s and 5-7 7w projected shde displays. The nine
<h. ymatic and achromatic colors in common use are presented in table VI-3.

Color i Jsefuiness

For a three-category color code for CKTs, use red, vellow-orange, and green or green-blue
(Rizy, 1967).

For projected displays the colors of greatest effectivencss, with regard to observer performance,
are shown in figure V§-13.

Severai “less-than-seven” color systems might be employed in specialized circumstances whe cin
the full seven color complement is not required.

For example, a six-color <ubtractive display (without yvellow) might be used. The same recom-
mendations for apparent size and contrast would hold.

VI-11
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TABLE VI-3A

RECOMMENDED CHROMATIC COLORS

Federal Spec

Munsell Chromaticity Dominant 595 Equivalents
Color Name Book Nortation Coordinates Wavelength (nm) (paint chips)
Purpie 1.0 RP 4/19 x - 0.2884 430 27144
y -0.2213
Blue 2.5FB 4/i0 Xx~0.1922 476 {5123
y-0.1673
Green S0G 5/8 x - 0.0389 518 14260
v -08120
Yellow 50Y 8/12 x -0.5070 582 13538
y-04613
Orange 25 YR 6/14 x - 0.6018 610 ' 12246
y - 0.3860
Red SOR 4/14 % =0.0414 042 11105

y - 03151

RECOMMENDED ACHROMATIC COLORS

TABLE VI-IB

ISCC-NBS Munseli Chromaticity Federal Spec
Color Name Symbol Value Coordinates 595 Equivaients
Black B¢ N1.0 or lower £ ~03151 17038
y - 0.3425
Gray Gy - x~-03100 16187
vy - 0.3160
White Vhite N9.0 or higher x--0.3137 1 78806
y - 03222

A five-color additive cystera might be coipleyved, omitting blue and red, wlere optimum con-

trast cannot be maintained.

A four-color additive systeri, asing white, yellow, red, and magenta (where small symbol sizes,

below 26 minutes of arc. must be used}, ould also be employed (Rizy, 1967).

Disadvantages of C

Brightness/Resolution/Contrast, Ruading performance for celor ceded displays deteriorates when contrast

olor Coding

fevels drop below 10: 1. particularly for colors at the blue end of the spectrum (Baker and Grether, 1954,
Above this level, the use of color coding tends to reduce the overall contrast level required for the dispiay.

VIi2
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Figare V113
Relative Readability of the Seven Color Code in
Addidive and Subtractive Displays (Rizy, 1967)

Reading performince for color coded displays is aftected by the angular size and color ol the
sy mibology as shown in figure VI-14 (Rizy, 1967),

Ciipabilities. CRTs are presently not capable of producing miore than four colors, where 1007 reliability
of judging color is required. In addition, character size should be as large as possible (up te 20 minutes
of visual angie) since color perception tends to degrade as fisual angle decreases. Blue is seen as purple
and purple as yellow, ecc.

green,” and “aviation tlue,” as they are highily discriminabte for surface colors on white background at
moderate distances (Army-Navy Aeronautical Specification AN-C-56) (Beadix Corp.. 1963).

Misregistration iRizy, 1967). In displaying color additive displays. misregistration should not exceed 657
of stroke width (see fig. VI-15). This, however, is under relatively ideal laboratory conditions. For
opcrational use, a miore suitable vaiue would be 509%. The greatest impact of misregistration occurs with
blue and green (fig. YI-16).

Vi-13




N MAGENTA
s GREEN

MEAN NO. OF CHARACTERS CORRECT PER TRIAL

DISTANCE OF ;
OBSERVER FROM IR
SCREEN (FT)

AT 2 OV ERS YN TR

26 22 29
2B % 18
CHARACTER S1IZE (MIN OF ARC!
Figure VI-14
Subject Perfonnance in Reading Color-Coded
Alphainmerics as a Function of size and Color
(Reed, 1951
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Reaponse Time as o Function of Misregistration
{Snadowsky 2t al, 1964)
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Figure VI-16
Yiewst Perfermance as o Function of Misregistration
and Symboi Color (Simdowsky. ot ai, i964)

Anticipated Pestormance With Color Coding

The pertormance to be expected from color coding as a function of density and display expo-
sure time is shown in figure VI-17 (Dyver and Chiristiman, 1903) For the relationship between com-
plexity and color cading, see figure Vi-o.

Recommended Prastice

From the results shown in figure VI-17, color is recommended for e ding alphantmeric dis-
plays uader any of the followine single or combined conditions:

1. Density: 100 o more charpetors
2. Display exposure time: 1) seconds or fess
3, Complexity: 1077 or more

Although the data pertain nly 1o alphanumere displays. in the absence of anything clse, it is
recommended that the same standacds be applicd for odher display tynes.
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Figure V1-17
The Effect of Density und Display Exposure
Time on Accuracy (Dyer and Christman, 1965)

OTHER RELATIONSHIPS

1. Color would seem to place constraitts on acceptable symbol size. A lower limit of
16 minutes ot are was found to be inadequate for a readur 2 task. 26-27 minutes ot arc s recom-
mended {or color coded alphanumeric characters (Rizy, 1965),

2. Low aimbient (0.001 {t-CYor chromatic ithomination causes general observer parformance
decrement with surface colors. For exampie, green appears bluck under red ambicnt light.

3. For map type group displays. it the background is mottled or patterned, use:

. A volor which contrasts most with all colors in background
b. A brighiness which difters maximally trem the background
¢. A fluorescent cotor

d. Ag arge an arca of solid color as possible (stripes and checkerboards tead to
blend at distances and lose configuration)

- ¢. i the background color cannot be predicted, a target divided into two areas ot
solid contrasting color has increased chance of being visible. Suggested color pairs for two-toned
targets are:

white-yed

bright yellow-blue

bright vellow-black

bright preen-ied  (Leibowitz, 1967

Vi-10
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ALPHANUMERIC CODING
Witen Alphanumeric Coding Should be Used

Alphanumeric coding is particularly useful when the observer’s task is largely identification
of a character ¢ct. Outside of the particular advantage color codes have for locating the desired char-
acter set (shorter search time), alphanumerics arc about as effective as color codes (see tabie VI-4). [n
additica, they are much less expensive and technically difficult to display than cclor codes.

TABLE VI-4
THE EFFECT OF CODING METHODS ON OPERATSR TASKS

Rank Order of Code Categories

Tasks t 2 3 4 5

[dentify Nuineral Letter Shape Color Configuration
13.04* 13.02 12.53 12.34 11.77

Locate Color Numeral Letter Shape Configuration
8.40 742 7.25 6.94 4.03

Lount Nunseral Colo Shape Letter Configutation
12.60 12.22 11.49 1.t 7.07

Compare Numeral Color Shape Letter Configuration
0.85 672 6.56 A.33 4.76

Verify Numeral Color Shape Letter Configuiation

10.01 9.95 9.50 9.08 6.60

Aiphanumeric Code Levels

Unlike other forms of display coding (where levels within the code category are highly
restricted), there is no practical upper limit to the number of alphanumeric combinations which
can be used by the designers. Scarch time, however, increases with an increased number of alpha-
numetics (sce Smith, S. L., 1963 and figures VI-5 and VI-6).

Recammended Practice

Best use of letters and numbers is in short code words for items which gepresent one of a
kind (¢.g.. three-letter code names for cities).

For other alphanumeric recommendations, sce Chapter 1V,
SHAPE {SEOMETRIC FIGURES) CODING
When Shapz Codes Should he Used

Shape eoding should oe used when color is not feasible or too expensive, and particularly to
represent qualitative cbjects.

A sesiesreported in terms of mean correct response per minute,

ViI-17




Recommended Practices

Select shapes or symbols which are associated with the real objects they represent (e.g.,
airplances for aircraft, ships for ships). Ouly those symbols should be used whicnh are: simple, sym-
metrical, have a continuous contour, relatively large enclosed area, are familiar to observers, and have
a sharp angle or simple curves. The symbols showr in figure ¥1-18 (Silver and Cruikshank, 1965) have
been found to be identified 100% of the time if their maximum dimension subtends a visual angle of 10
minutes of arc and if contrast and definition are near optimal. These symbols are for slide projected
displays onty. For CRT symbols, sece Chapter I, TARGET SYMBOLS scction.

O(%{}GA_\ U a

6 7 8

Figure VI-18
Common Geometric Symbols

Ten different symbols are a good upper limit; however, the fewer shapes used, the more casily
they are recegnized. Under adverse dispiay conditions, 3o inore than six sheuid be used.

Che circle, rectangle, cross, and triangle are tiie most distinctive common geometric forms.

Squares, polygons, and ellipses should be avoided. Variations of a singie geometric form, such as sets
of round, pointed, and triangular characters, should be avoidad.

Stroke width/height ratios of 1:6 to 1:10 and symbols 0.4 inch or larger are best for vicwing
un to seven feet (sce table VI-S),

TABLE VIS

MINIMUM SATISFACTORY SIZES FOR VISUAL SYMBOLS
USED ON CRT BISPLAYS (HEL, 1965)

Symtnl Description Dimension (in.)
Spots and Circles Diamceter 0.02
Souaies and Length of shord 0.02
Pectangles RN
Laies Width 0.005 (for bright line

on dark background)

0.0 (for dark iine ci
bright background)
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CTHER CODES

Other codes are not recommended unless color, alphanumeric, and shape codes are not feasibic.
The available information concerninig these codes is as follows:

Size Zoding
Size coding is infrequently used. A safe upper limit on nomber of sizes is 3. Beyond that

number, errors becone unacceptable. Steps coded in logarithmic progression are more easily discrimi-
nated than steps coded in lincar progression (fig. VI-19) (Raker and Grether, 1954).

LOGARITHMIC AREA PRCGRESSION

-
A B

-

]

LINEAR AREA PROGRESSION

@@@-%\1

Figure VI-1¢
Steps Coded in Logarithmic Progression Are More
Easily Discriminable Than Steps Coded
in Linecar Progression

Size can also be used in combination with alphenumerics. That is, in matrix-tvpe alphanumeric
Gisplays, a larger type face can he used 10 emphasize purticular characters or items of information
(Hammer and Ringel. 1964; see figure VI-20).

When size is used in this way, the mean time to locate coded, updated information is 65%
less than for uncoded updates, and errors of omission are reduzed by 50%. As the number of char-
acters is increased from 36 to 90, the miean time to locaie coded updates is increased 1007, but that
of uncoded updates is increosed 150% (fig. Vi-4).

Flash Rate Coding

This type of coding has been used primarily as an atten tron-getting device and should be re-
served for emereency situations only,

Using suveral levels of flash rate information results in poor observer performance (Newman
and Davis, 1962). Three flash rates should be the limit in any practical situation. These rates are:
0, 1.Gysee. 2.5/sce, and 5.0/sec, assuming a 507%. on-off ratio.
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Figure VI1-20
Example of Size Coding Updated Alphanuneric
Information (Allusi and Muller, 1956)

Brightness Coding

Brightness coding is most eftfective when limited to tweo steps (dim and bright). 1t is net
ordinarily recommended because (1) observer cannot reliably discrinzinate more than two levels;
(2) ambicnt sllumination may “‘wash out” the brightness display.

Special Codes

In radar-type displays, when the information to be displayed is bearing, angular orientation
has been employed. With this coding, 50% of the course estimates were in error by less than 15°,

Inclinations of 0, 90, 180 and 270 degrees can be identified accurately, Inclinations of 45,
135, 225, and 315 degrees may be used if more bearing information must be displayed. Line length
should be between 0.2 and 0.3 inches (HEL, 19635: see figure VI-21). -

[ S——

— =

0° 90° 180°  270°

Figure VI-21
Inclination Coding

Angular rientation coding may o be used with banks of identical indicators in which
divection of the pointer for normal operation has been standardized. Deviations from this normal
direction indicate an abnormal condition. Minimum deviation of 45° from normal oricntation is

-

required for nigh probalbility of detection, 997 preferred (fig. VI-22).
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Figure VI-22
Angular Crientation Used
= with Indicators

Location Coding

Locaticn coding may be accomplished by color coding differcat locations or by outlines
arotind cach unique displayed object or group of displays. Au intensive border has also been uscsl
particularly with map displays (Hammer and Ringel, 1964)

This type of coding improved observer performance 97% when r
S7% wien response time was unlimited, over unaided pertormance.

esponse time was limited,

Coding Combinations

'

No more than «wo code

s should be combined where rapid. accurate reading of the displav is
required,

[ 5

Potentiol combaaations of coding technigues {compound coding) arc summarized in table V1-6.

VI-2]

i

b

N7

&t

RN

. J‘J‘;é'

platt

o
W

Bisikes

(!

AL AR s

el b

o
o

FEN PRI X3

i“ﬁ‘ﬁ:’&eu Dbttty



SR R S

W

w
“
=
=
5
&
g
=
=
=
L
7

TABLE VI-6

SUMMARY OF POTENTIAL COMBINATIONS
OF CODING TECHNIQUES
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CHAPTER Vi

OPTICAL PROJECTION LEVICES

UCTIOM

his chapter discugses the display characteristics of projected images (i.c., slides, fums, remotely

- projected CRT displays. ete.).

he following topics are covered;
. Seating arca and screen size

. Image lumainance

. Ambicat iHuinination

Proje ion screen types

Legibility of projected data

Summary of Recommendations

Symbol size -~ 10-15 minutes of arc resobvad at the viewer’s eye
Aspect Rutio - 1.33 to 1.48

. Symbol stroke width  1/6 to 1/10 character height

Viewing distance - 4 x image width

viewingangle - 207 t6 307 (from the centerline of the display
mage lurinance — 10 1t-L

Direction of light/dark contrast - not important for legibility

. Ambient light - 0.02 [t-L. (impinging on the center of the screen)

. Contrast ratio — SQO: 1 (measured with no film in the projector)

SYMBOL SIZE

The acceptable visual size for viewing projected alphanumeric characters is between 10and 1§
minutes of are resolved at the viewer’s cye. (Baker and Grethier, 1972) This follows from essentially the

formance determined from rescarch for TV displays (see Chapter [V, SYMBOL SIZF secticn).

RATIO

Aspect ratios of between 1,33 and 1.48 are recommended theight/wiath) for greatest legibility
Stroke width should be in the range of 1/6 to 1/10 character heipht. Figure V-1 presents screen dimen-

iunction of aspect ratio.

VIl-1
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= Figure V1I-1
Sereen Dimensions as a ifunction of Agpect Raiio (1ES, 1959)

VIEWING DISTANCE

Viewing distance tor projected dispiays is determined by a number ol factors inciuding resohttion
of picture detail, limitations of graininess and sharpness in the projected image, ete. Recommended viewing
distances for srmall viewing arcas (CICs, eteand auditoriums ete. are found in table VII-1 {IES, 1959).

TABLE VI
RECOMMENDID VIFWING DISTANCES (115, 1959)#

Sinall Rooms Auditorinms
Front Row of Scats 3.0 1.2
Minimum Viewing Distance® 3.0 1.2
Meximum Viewing Distanee 8.0 8.0

\TEWING ANGLE

The maximum recommended viewing angle lor grotp viewing of slides and motion pictures is be-
tween 20-30° off the centerline of the display (Baker and Grether, 1972). Objectionable geometric
distortions of the image on a Hat sorecn become apparent at angles beyond approxmmately 30° ofT-axis
to the screen.

FDimensions given are in multiples of s¢ cen hiewghi

V-2




The adverse etfect of oblique viewing is not a straight conic projection from the screen, but
iether is geometrically described by “the surface of a sphere tangent (o the plane of the display.™ The
diameter of that sphere equals the recommended viewing distance for that particular display size, Figuie
V-2 (Chapter V) presents the locus of marginal legibility for a constant visnal angle (Luxenberg and Kuehn,
B 968,

IMAGE LUMINALICE

3 Screen luminance l2vels (measured with no film in the projector) are approximately 10 times the

. average luminance level of the images projected from normal filme:. Numination falls oft from the centey
as a tunction of screcan type, decreasing as musch as 20 to 40% at the screen’s edge. The recommended
screen fuminamcee for small rooms is 10 ft-L with the recommended luminance for auditorivums amnd theaters
being 1079 &L (IES. 1959),

Luminance variation across the screen should be held to 1.5 ror:

Maximum IHumination
Minimum Hlumination

(sce projection screen types, below, for screon characteristics. )
DIRECTION OF LIGHT/OARK CONTRAST

Direction of contrast has not been proven to have any appreciable effect on detection performance.
CONTRAST RATIO

The recommended contrast ratio for viewing optically progected displays is 500: 1 measured with
ne film m the proieccor, (Maximum image highlight brightness will normally be 25-600% of sereen
brightness,)

PROJECTION SCREEN TYPES

One of the primary Factors responsible for the performance of optically projected systems is
the ty pe of projection screen used. Screens can be classified generallv as yeflective or transhecent, depend-
ing upoin whether the projected image is viewed from the same side as the projector (reflective) or from
the opposite side (translucent). Refiective types may be cither divectiona or non-directional depending
onwhether o not brightness changes with viewing angle ¢ 11S, 1959).

Mat Screens

Such screens are practically non-directional, Screen brightness is essentially the same at all view-
g angles. Practical reflective mad scieens have surfaces of figh reflectance. bt since the light i dis-
tributed throughout @ complete hemisphere the maximum attainable brightness s limited. Most mat
screens dare about 85-90% cfficient (iES, 1959).

Lenticular and Metallized Screens

Retlective or tronstucent sereens incorporating uniformly shaped and spaced leas elements and/
or metanized surfaces control the direction of fght reflection so that maximun brightness will be ab-
tained within certain specified viewing angles. The highest brightness for a given incident flumination is

-

obtainied witl screens having lenticulated surtaces. Gain is typically 1.5 (o 2.0 (JFS, 195¢),
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Beaded Surface
This may be cither a reflective or transtocend sereens such asereen will appear the brightest when
viewesd atong the axis of projection and will dork e guite rapidly as the viewing angle imcreases away

from the axis. Gain is typically 1.5 to 3.0 (IS, 17250,

Figure VIi-2 presents the effiowney of varioes tvpes ol screens s a function of viewing angle.

SCPEE™N GAIN

10 20 30 40 50
ANGLE OFF PRROJECTION AXIS (DEG)

Figure V112
Gain vs Yiewing Aogle tor 71 pecal Front Projection Screens
(Baker and Srether, In Press)

AUDIENCE SEATING*

[he modern trend tor auditonum desien s Erward special trearment for cach type of presenta
troi, ranging from small lecture rooms o the huee sports arena, We are here imiting our recomimenda-
tions to the lecture room and theater sunations

Inasmuch as shide and miovie puojectors are important elemats of dhass or lecture rooms and
theaters, the eriteria for optimum vicwane o) the progection soiecn should govern the planning of seating
arrangements,

o DISTANCE frasn the ~ocv o mocamm and nommmun, Opunum distances for viewing sinall
cereens are gisen in Fable VLD e o vew e distances are shown in Figore V-3

Y Erom Woodson and Conover (1460



2. ANGLE at which the screen can be viewed - maximun.

3. STAGGERING or stepping (or both) of seats so that cach person has as nearly unobstructed
view G f the screen as possible.

- TABLE VII-2
o SMALL SCRFEN YIEWING RISTANCE

TELEVISION
Yiewing
TV Scercen Distance
Qin. 18-30 in.
15—17 in, 30in~-6
17-19in, & 100
19-23 in. 10-20 04
2)--30in. 20--30 fr
MOVIES
w o
(5
, %)
&;
\1\.<
—__'___,,—-.——"‘"%__(;(;o /‘\
1 2XW
7/ ABSOLUTE
g2 - *ANIMUN

6 XW MAXIIMUM
FOR SATISFACTQORY
RESOLUTION

Figure V-3
Large Screen Viewing Distance
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SUMMARY OF TV AND PROJECTED DISPLAY DATA*

The following is o compilation of key performance characteristics and tynically accepted numeri-
cal values tor TV and projected displays.

1. Svinbol size (mintmwn visual angle) — 12-15 minutes of arc

2. Resolution (minimun number of TV scan lines per height of symibolic characters for ade-
atate recogrition) - 10

3. Stroke width to height ratios for symbols - 1:6 1o 1:10

4. Character width to heigiit catio -~ 0.75:should be closer to 1.0 it display is to be viewed at
large acute horizontal angles

5. Misregistration (maximun acceptable for additive color mixing) — £65% of strokewidth

6. Minimum framie rate for display of continuous motion 74215 frames per second

7. Geometric distortion - displacement of any picture element should not exeeed 1-2% (opti-
mum) of picture height from true position; veceptable geometric distortion is defined by display appli-
cation

8. Litcarity 2 x 1% acceptable, 0.29% desirable (depending upon application)

9. Display aspect ratio - commercial TV stundards call for 4:3 width-to-heiglit ratio: 5:7 or
23 are recommended for greatest legibility

10. Acceptable bandwidth - 4.0-10 Mt

1. Viewing distance (for incividuai displays) - 18 20 inches. Also sometimes given as 28 inches.
because tis is average avm reach. For 28 inches the size dimensions of an optimal console display would
be height — 13 inches above eye level, 20 inches below: width - 20 inclies on cither side of the seal

centerline

E2 Viewing angle - not less than 30% of{ perpendicular axis. For console displays, 30° down
from horizontal- { 57 cither side of direct line of sight.

13, Flicker  display pulse rate should be compatible with CFEF for the particudar poospbor and
driver combination being utilized

td. Display brightness  line brightness of 50 ft-L in noemal ambient lighting (lower intensitics
will be required tor very low ambicnt light levels)

tS. Contrast totio: 90 (optimal)

16. Equipment response time  should be in the range of 2-6 seconds: most desirable would be
less than 3 seconds at the display statiop

* Lrem Meister and Sullivan ¢ 1969)
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CHARTER Vili
DIPLAY LeaIBHATY

The material for this hapter was excerptod puimarily from a rather old but thorough study
conducted by human Lactors porsonnei at the Bendix Aviation Corporation, Radio Division, (Bendix,
1959). Once again a change m ctyle is evident sinee thas was primarily written as g rescarch reporl
rather than a desien guide. However, the selecte? material provides a well-balanced handling ol an area
in which considerable confusion uas prevailed. Its link to itlumination is direct in that theve are increased
requirements for luminance andfor contrast with decreased display tegihility. Furthermore, in suboptimal
cnvironments, such as aircraft cockpits, simultancous attention to legibility and illumination is necess-
ary for oy, nam viewing.

<terial excerpted from other sources is so indiwated,
DEFINITIONS

It has been repeatedly tound that conlusion in meaning causes much informanon 1 be hoest
ctlorts to communcate ideas concerning legibility of displays between the custoiner, priime contractors.
subcontractors, and vendors, The following terms are the worst olfenders and, henee, are here defined-

1. Visibility  the quality of an item wiich miakes it separately visible from its surroundings.
An example may be taken from the alphatet. The letter =8 has three horizontal strokes, with two
spaces between, making five clements i height 1o be seen. Likewise, it has vertical strohes at cach side
and @ space between which makes ithree elements irowid!h to be seen. I these three wid th clements
and tive height clements car be distinguished, we may say that the elements ol the letter are visible.
This example i g good indication ay to why the popular nominal width-to-heieht ratio of 1ype s

given as 3:5, Norgal human vision under average lighting can see air object sub

}

tending a vistad angle of
I minute, 1t follows then that wletwer to be visible as o letter must be S minutes of visual angle in
hetght. ihis is avout {/6dth ot an inch at normal reading distance, (This is a threshold, nota recom-
mendation)

2. Lewability  the quality of a letter or numerad which enables the observer to positively and

qu'ckly dentily i to the ex slusion of all other letiers and numerats. In figure VI it can be clearhy seen
that difterent type styles possess ditterent degrees of absolute legibility,

b Readibility  Figure VIH-2 was prepared originally as an illusteation of o study ot the
shorteomings of available digital indicators in the matter of readability . in essence. readability may be
defined as there qualities which contribute to casy recognition of words and whole numbers. Note that
ihe simall nuncerals of the lower right fuuad group are most casily readable as o whole nimber. Among
the many factors invoived are spacing of the individual characters, spaciiig of words., spacing of Lines,
and ratio of character area to background arca.

Frouve VI3 shows the distinetion between readability and legibility in that the quality of
read bty s mainly determined by the duneansions of surroundings of the indwidual characters in re-
lation ooother characters, whereas the quatity of legivility is maply determined by the dinensions and
stvle o the chwraeter itselt,

«. Gothie typ A composite or g summary of dicttonary detinitions ot the word “Gothie™
st chowe that, in Aanerjca. it means Tany character which is ol umiform stroke width ana whose
arokes ternanate without decorations or crnbellishments called sertts™ ™ In printer’s parkinee it alse in-
Clade s avles which have very manor serifs designed to provide very sharp terinations, (This oa el
ence to Copperplate Gothice styles) This American definitivag is spelled out here and there i Jovernmeni
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Airport Black ABCOEFGHIIK T2REZO739D

el R B o RSN SR R

. Franklin Gothic ABCOEFGHUKLMNO 1234567690
Squars Gothic ABCDEFGHIJKLMN 1234567850 "

- Futura Demibeid ABCDEFGHUKLMNOPORSTUVWY 1234567690 -
¢ Futura Mediun ABCDEFGHLKLMNOPQRSTU 1234567890 -
Tompo Medium ABCDEFGHUKLMNOPQ 1234567850
Nows Gothic Gandonsed ARCOEFGHLKLMNOPQRSTUVHAYZ 1234567690
Tammpo Bold Condonsad MSCDEFGHUIKLMNOPQRSTUVWYXY 1234567890

Gothie Medium Condonse ABCGEFGHIJKLMNOPQRSTUVWKYZ 1234557890

Figure ViI-|
Compariitive Legibitity
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Figure V-2
Readabilicv of Digital Indicators. A Typical Display Frobicin




Figure VIII-3
Dimensions Which Affect Readability and Legibility

specifications. Unfortunately, however, there is another older, traditional definition. In the iraditional
definition used both in America and Europe, Gothic means just about everything that the specification
dehnition does not. In this old definition, the strokes are not uniform, the strokes never terminate in a
rectangular form, and serifs are all over the letters. The old English Gothic is ovr familiar Christmas
style Much confusion has resulted from such a loose description of Gothic. but many earnest and com-
petent equipment designers have gratefully accepied the design fatitude thal such looseness has pro-
vidded them in solving difficult design problems.

S, Printer’s terms of measurcment - It is not necessary 1o go into all the terms of measuren-ent
used by printers, but one term, the “point.”" has caused much loss ol information in communication be-
tween interested parties in the field of disolays in cquipment design. The printer’s “point™is 1/72nd of
an inch. When used as a unit of measure it means just that, but when used as a measure of type size it
means the size of the slug upon which the charvacter is cast. Figure VIII-4 shows that the point meastre-
ment of the slug makes provision for fower-case characters to descend below the base line of the cap-
itals and also provides spacing between lines. it can be stated as a general rule that a close approximation
of character hcight expressed in points may be made by considering the point as being 1/100th
rather than 1/72ad of an inch.,

ACTUAL
ILETTER HEIGHT

DESIGNATED N e ARY SERIF
POINT SIZE e @

Figure VilL4
The Meanica of tne “Point™ as Used in Defining Type Size
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PREFERRED GOTHIC STYLES

i w il

A few of e Gothic styles are very archaic and should never be used. A tentative selection of
pieforred styles may be made. and such a sclection is shown in figure VI11-5. A number of ditferent
names have been given to identical type styles by various type founders and manufacturers of machines
and materials for various methods of preparation of copy for displays. Figure VIIJ-5 includes = pre-
liminary study of such equivalents. A complete and accurate tabulation of this data on cquivalents
should be miasde for guidance of procurement and inspection personnel. Many mun-hours an.d dollars
are being lost by lack of this concise information, and more imyportant, rejection of excelient work has
been known 10 cause delay, in order to procure less desirable work, all because of lack c? clear defin-
itions of specification terms such as Gothic, point, width-to-height ratios, cte.

Y e

VERY LIGHT STYLES
Futura Light; Headliner No. 48

Lining Metrothin

Metrolite ABCDEFGHIJKLMMOPQRS 1234567890
Sans Sorif Light ABCDEFGHIJKLM1234567890
Tumpo Light ABCDEFGHLIKLMNOPQRSTU 1234567890 ;
Vogue Light ARCDEFGHISKLMNOPOR 1234567890

LIGHT STYLES

Futura Book ABCDEFGHIJKIMNOPQRST 1234567890
Spartan Book

Sans Serif Medium ABCDEFGHIKLMNOFQ 1234567%

Sans Ser't Meaium Cond. s ABCDEFGHIIXKLMNOP 1234567890

Tamno Medium ABCDEFGHIJKLMNOPQ 1234567890

MEDIUM STYLES

Fotura My raen ABCDEFGHUKLMNOPQRST 1234567690
Auport Gothic: Headliner No, 50; Spartan Medium

Futura b edivm Condensed MEsizs CONDENSED cbedefghijkim 608

Sans Serif Bold ABCDEFGH! 1234567890

Figure VIS
Tentative Selection of Prcferred Styles (equivilents indented)
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There are occasions when wide characters should be used. A typical example is a digital indica-
tor using a wheel or tape to carry the characters to a position in a window. Generally, wheel diameter
or tape fenpth is restricted. This means timited character height, but space in width is usually available.
it is undoubtedly because of nonavailability of legible extended numerals that specification M1L-P-7788
suggests extended styles for Ietters, but wisely suggests nonextended styles For numerals, even though
extended (wide) numerals could be superior.

DESIGN OF TRANSILLUMINATED NUMERALS AND LETTERS*

Transilluminated types of displays require special height-width and streke width specifications. . . .
Special care must also be taken in engraving the sandwich materials, for the slightest variation in the en-
graving depth makes a great difference in the brightness of the emitted light. Designers are warned that
the thickness of commercially available plastic sheets varies considerably and the engraving techniques
ordinaiily used will not give satisfactory results. Engraving depth must be measured from the opaque
top surface.

Letters should be ol capitals, similar to Futura Demibold type or Groton Extended engraving.
Numerals should be similar to Futura Medium cr Tempo Rold type or Groton Condensed engraving.
For stroke width and height-width ratios, see figures VIII-6 and VIII-7.

Figure VIII-0
Recommended Numerals for Engraved Legeuds

Figure VU117
Recommended Letters for Engraved Legends

etters may be reduced insize to a heighit-width ratio of §:3 when there is not sufficient

space  for the ol ratio shown.,
|

f Ixeerpted from Woohon and Conover (1964),
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EXPERIMENTAL PSYCHOLOGY FINDINGS

Common sense would normally suggest that, onee the most legible type style has been generated
(for example, Futura Demibold), it weuld be best for all conditions ana environments. The stroke width-
to-letter hieight ratio of Futura Demibold is about 1+6. Is this optimum for aii types of display? Lxperi- -
ments by Berger disclose soinie interesting information. | .. '

Using a series of stroke widths, Berger tound th=t a 10-mm stroke was best for black letters on a
white background. Thisis a 1:8 ratio of rtroke to height. Further, Berger found that, when the characters
were white on a black background, the greatest distance for reading was achieved with a stroke width of
6 mm, approximately 1:13. However, before concluding that the 1:6 ratio of Futura Demibold for white -
letters on Biack recommended for airborne control pancls is incorrect, many other factors must be E
considered. Berger ’s experiments dealt with optimal conditions of lighting. Military aircraft depart
deliberately from optimal lighting, primarily becau ¢ there is an encmy. Commercial pilots also hav: an
“enemy™ and deviate from optimum conditions of cockpit lightirg to preserve their visual acuity for .
night flying . . .. -

This phenomenon o white letters on black requiring a narrowsr stroke than black lciters on
white is a familiar one; whit: arcas look bigger than dark arcas. Darkness cannot spread into light areas,
but light can be dispersed into datk areas. Everv “actor - such as bad eyesight: air, dust, or smoke inter-
vening between the display and the observerivibection: nervous stress: ote. - causes the light arcas to
appear larger than they ace. This eilfect is more enhanced as the intensity of the light is increased. . .

Just as it can be shown that very thin strokes are required for very highly luminous characters,
it can also be demonstrated that very thick strokes are preferred for black letters on a very highly lumin-
ous background. This can be illustrated casily with projection slides. but not on the printed page. . ..

A typical case of high iy luminous background is a warning light having its label engraved directly
on the lens, Heie, thick strokes are desirable, but there is a practical iimit.

LOW LEVELS OF ILLUMINATION AND CONTRAST

As illumination (or contrast) is reduced. thick letters become relatively more readable than
thin ones. This is true for both biack-on-white or whitc-on-black. . . .

It Las been determined that, for aptimal levels of illumination, white letters on black should
have a thinner stroke (i 13) than black letters on white (1:8Y and that this difference should inerease
as the light intensity is increased from 1:5 to 1:100 (4 20-to-1 range). However. as the illumination is

reduced from optimum and the consequent conlrast is reduced. a new rule comes o effect. There j
seeits 1o be a common meeting point gt very tow fevels of illumination and conivast of an optimum =
stroke width for both white-on-black and black-on-white characters. The complete answer has not yet ;
been found, but it is expected that the answer is in the experimental data which have been aceumulated. ?4
There are pood reasons te expect that the data will disclose that, for very low contrast or very low levels ;
of illumination. the most important Fuctor controlling legibility is arca the maximum legibility being '

achicved when the char ctev area is approximatels equal to the immediately surrounding backeround

areas. L.

r
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LEGIBILITY AT GREAT DISTANCE OR WiTH SMALL-SIZE CHARACTERS

There are good reasons to expect the data to discloge that, although stroke width is important,
the most itaportant factor goverring legibility of distant or very small type is geometric form. Somewhat
as with low itlumination or contrast, smallness of size is a visibility problem, That is, can the separate
clements of the character by which it is distinguished stiil be seen? Itis obvious that, as size is reduced
to the point where the eye can no longer separate the five clements jn height and the average of three
elements in width, there is still a pattern of geometric form left wherein it becomes difficn]t to make
sharp distinctions betwoeen individual characters, but words can still be recogmzed. If the individual

characters can be made sutticiently distinctive in geometric form, the downward ranee of legible size
can be extended.

WIDTH-TO-HEIGHT RATIO

Sincere effort has been expended by experimental psychologists to determin: an optimum width-
to-height ratio. Thi. effort has been rewarded with a valid finding that available styles are Loo narrow,
The experimentally derived optimum width for certain characters appears to be of the order of 1.3:1.6
(greater in width than in height), This is partly because many displays must be viewed from an unfavor-
able angle, which artificially reduces the apparent width, and is also partly due to the fact that there is
opportunity to emphasize the distinctive features of some characters by extension of the geometric
patterns in width,

In matters of proportion. the modern designer bows in admiration of the designers of 2000
years ago. The classic Roman alphabet shown in figure VI-8 has never been sarpassed for beauty. In
general, the vertical strokes were made thick a order that they would remain visible at wide viewing
angles. With careful artistry, when successive vertical strokes occur, the most sipnificant were alpote

AR L
for thickenmg. A natural patterts was followed. If you will visualize yoursell as trecing the chiarcters
from A to Z. you will find that the naturai pe

n or brush strokes you would make in an upwaid direc-
tion, and haverally, are thin. and the natural downward strokes are thick. Thus. the Romans enhanced
the Jegibitity of their architectural inscriptions without sacrificing one bit of their classic beauty.

ABC
GHK

NOP
TVF

Figure VIIf-8
Classic Roman, and the “Thick and Thin" Design
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Getting back to width-to-height ratios, one should be very skeptical ot accepting fiaed notions
that this or that ratio is best for all charicters of an alphabet. ... The most poorly legible stvles are often
the result of an attempt to “horse™ the design into a standard ratio and all ot the most legible type styles
are the result of pursuing good gcometric expression, utterly ignoring any concept of fixed ratios.

The character0” cannot be made more legible by departing from a perfect cirele. The charac-
ters AT and "V cannot be made more feaitie by departing from the proportions of an couilateral tri-
angle. The characters *C,” D" and “B” are recognized by their semicircular construction. Some gain in
legibility is possible by widening th-se characters as required to preserve the semicircular appearance
over 1 wide viewing angle.

COMMENTS ON SOME PROPOSED STYLES

The NAMEL style of nimerals was based partly upon « study by Mackworth in which an old
and a proposed new style were compared (see figure VIEH-9). Mackworth altered the geometric form
to gan higher legibility. With Mackworti’s new style reading errors were reduced (o about 50 percent
of the icading errors with the old style. Tt is fair to note, however, that the old style used for compari-
son was rather poor.

BICIDIEIFIG
KILIMN[O[P

‘-—-‘P

TUVWXY

12134567890

OLD CESIGN

i

J&DI
=]

4

ym

ABCDEFGH!]
JKLMNOPQR|
STUVW%YZ&;?
1 234547890 |-

i

i

{

L d —
NFW DESIGH

sl sl b e

Figure VIII-9
Mackworth's Paperiment

I
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Another experiment vsed numerals ol very radicai design, Typical torims are shown in figure %
VIHI-10. With this design, errors were reduced 1o near zevo. As i experiment this was a notable one. B
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Figure VIII-10
A Radical Departure in Geometric Form

The principles of legibility used in this experiment were sound, but to our present sensibilities, the char-
acters are rather shocking. . . . It is felt that the principies of this experimeat can be used to deve'op
pleasing, acceptedle numerals with a very high degree of legibility.

EXPERIMENTAL METHODS

We betlieve that the foregoing sketchy discussion ot the problem and a few of the many exper-
iments which have been performed will show that legibility cannot be maxinyized using only one style
of lettering, however good, for all applications, For exanple, no evidence has been discovered so far to
: indicate that the Futura styles recommendsd for airborne control pancels are anywhere near optimal.
Yet, other valid experiments. not discussed. show that there is nothing commercialiy available which is
any better for the peculiar conditions of both day and night flying. This is just a single fact and docs not
it any sense indicate that Futura is therefore optimal for all displays. . . .

It can be shown that legibility and beauty are not synonomous, but it also appears that they
should be close companions. A desirable geal is fo demonstrate how @ sty .¢ as highly legible as studies
_ heve shown is possible can be generated and st be attractive and acceptable as a pleasing example of
modern type design. Figure VII-1 1 represents a start in this direstion.

| 234567890

? 1234567890
12234567 890
g 1234567890

Figure VII-11
A Start Towa d Higher Legibility

SPECIFICATIONS

It veu with to look at the detailed requirements of the varions specifications . . . you will find
peshaps that yvore would like to change a few words or add sorae clarifying notes on the basis of the con
tent ol i fsiczoing discussions, This s not becaus: ol errors 1o be found in the specifications, but
ather thai seve crroncous inferences could casily be made from what is said  For example, MIHL-P-77X8
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appears to imply that numerals should have a thiuner stroke width than letters. The experimental data
show that white characters on black should have thinner strokes. Therefore, it would be desirable that
the letters also be thinner. But, unfortunately, the available thinner style letters have a fault. The A, M,
N, V, and W have pointed stroke terminations, causing poor apparent alignment which, due to short-
conings in the printing processes, ofien causes very poor results. This specification also appears {o be
saying that letiers should be wide, 1:1 ratio, and numerals should be narrow, 3:5 ratic. Experimental
data show that ail characters should be relatively wide for maximum wegibility. What MIL-P-7788 is
really saying is that there are wide letter styles available which are sazistactory, but in general, existing
wide numeral stvles have poor legibility, MIL-P-7788 further appeary. to be bmplying that uniform width-
to-height ratios are desirable. If so, it is a mistake, due probably to the ambiguous nature of some exper-
mental data and due to the fact that uniform width characters “look’ more orderly.

MIL-E-4158A, General Specification for Ground Electronic Equipment, says, on the subject of
lettering, “Vertical Gothic, minimum height 3/04-inch. . . .” Experience has shown that such a low
minimum is absolutely necessary in many cases. This is quite & “touchy’ question. Design engineering
organizations must meet some very complex problems and, in order to meet customer needs, must
get equipment out on the shipping platform. 1t is a human engineering objective to put sufticient infor
mation before procurerient officers, design engineers. and government inspoction officers to allow them
to determine it the customer needs have been met. However, some idea may be gained of how words
look when they arc made up of 3/64 inch letters from the fact that this is the size of the smallest type
shown in the book of sample readimgs an oculist will hand you to read with your new glasses,

In spite of the work that hos been done, there is still room tor improveinent in type design. The
word Gothic should never be used in specifications when it is desired to define a certain type face. Use
of the term point should be avoided, with letter heights specified in inches instead. There is nothing to
be gained by specifying width-to-height ratios; specification of a suitabie style is a much mere productive
step Perhaps most nuportaint of all, stroke width should be determined on the basis of contrast or of

one or the factors interrelated to it — illumination, size, or time of ¢xposure - the manner shown in
table V1tl-1.

TABLE VI1Ii-1
RECOMMENDED PRINT STYLES AND STROKE WIDTHS

Condition Variety of Style Stroke Width
Low level of iltumiration Bold I:5
Low contrast with background Bold 1.5

Contrast value of 1:12 and up
Black letteis on white Medium bold — medium

oto 8
White letters on black Medwira - light 18t 1:10

Dark letters on illuminated
background Bold 1:5
Muminated letters on dark
background Medium  light 1:81t0 1:10
Highly lumineus letiers Very light F1210:20
Churacters to be read ai great
distanices or of below aptimum
size Bold - medinm bold 1:510 1:6

Vili-10




Letter height as a function of viewing distance and illumination level is given in figure VINI-12.

IMINIMUM SPACE BETWEEN CHARACTERS, 1 STROKE WIDTH;
BETWEEN WORDS, 6 STROKE WIDTHS)
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Figure VII-i2
Letter Height vs Viewing Distance and Iflumination Level*®

== FOR INSTRUMENTS WHERE THE POSITION 9F THE NUMUERALS MAY VARY AND THE
ILLUMINATION IS BETWEEN 0.03 AND 1.0 FT-L.,
--- FOR INSTRUMENTS WHERE THE POSITION OF THE NUMERALS IS FIXED ANL THY
ILLUMINATION IS 0.3- 1.0 FT-L, OR WilERE POSITION OF THE NUMERALS MAY VARY AnD
= THE ILLUMINATION EXCEEDS 1.0 FT-1..
: —~ - — - FOR INSTRUMENTS WHERE THE POSITION OF T NUMERALS IS FINED AND
THE ILLUMINATION IS ABOVE {0 FT-L.

*EFrom Kubakawa ot al {1970).
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Chapters IX through X1 present “specifications’ covering hunian factors aspects of visual
displays. They are almost entirely from MIL-STD-1472A.* For avpiications where that specifica-
tion is not called out, these excerpts may provide useful benchmark data of interest to display
desighers in emphasizing proper man-machine interface.
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CHAPTER iX

VISUAL DISPLAYS —~ GENERAL SPECIFICATI{ON REQUIREMENTS

GENERAL

Visuul displays should be atilized to provide the operator with a clear indication of equipment
or system conditions for operation under any eventuality commensurate with the operational and
maintenance philosophy of the system under design (see table IX-1).

TABLE iX-1
RECOMMENDATIONS FOR DISPLAY LIGHTING

dark adaptation
not neeassary

CONDITION LIGHTING BRIGHTNESS BRIGHTNISS
OF USE TECHNIQUE OF MARKINGS ADJUSTMENT
(ft-L)

Indicator reading, Red flood, indirect, ¢.02-0.1 Continuous through-
dark adaptation or both, with oper- out range
necessary ator choice
Indicator reading, Red or low-color- 0.02-1.0 Continuous through-
dark adaptation temperature white out range
not necessary but floud, indirect, or
desirable hoth. with operator

choice
Indicator reading, White flood 1.0-20.0 Fixed or continuous
dariadaptation !
not necessary
Panel monitoring, Red edge lighting, 0.02-1.0 Continuous through-
dark adaptation red or white tlood, I out range ‘
necessary or both, with oper- l

ator choice 1
Pancl monitoring. White flood i0.0-20.0 Fixed or continuous
dark adaptation ;
not necessary !

I

Possible exposure White flood | 10.0-20.0 Fixed |
to bright flashes, 1
restrictel daylight }
Chart reading, Red or white flood 0.1-1.0 Continuous through-
dark adaptation with operator {on white portion { out range
necessary choice of chart) ;
Chart reading, White flood 5.0-20.0 Fixed or contimuvous

IX-1
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Display Nlumination

When the degree of dark adaptation required is not maximum, low-brightness white light
{preferably integral). adjustable as appropriate, shall be used; however, when the maximum degree
of dark adaptaticn is required, low-brightness red light (greater than 600 nm) shall be provided
(nm = nanomecters).

information

Content. The intormation displayed to an operator shall be limited to that which is necessary to per-
form specific actions or to make decisions.

Precision. Information shall be displayed enly to the degree of specificity and precision required for
a specific operator action or decision.

Forimat, Information shall be presented to the operator in a directly useable form. (Requirements
for transposing. computing, interpolating, or mental translation into other units shall be avoided.)

Redundancy. Redundancy in the display of information to a single operator shall be avoided unless it
is required to achicve specified reliability.

Combhined Information. Information necessary for parforming different activities (¢.g., operation and
troubivshooting) shall not simultancously appear in a single display unless they are comparable funce-
tions requiring the same information.

Display Failure Clarity. Displays shall be so designed that failure of the display or display circuit will
be timimediately appaieit (o the operitor.

Display Circuit Failure. Failure of the display circuit shall not cause a failure in the cquipment asso-
ciated with the display.

Unrelated Markings. Trademarks and company names or oither similar markings act related to the
panecl function shali not be displayed on the panel face.

Location and Arrangement

Accuracy. Displays shall be located and designed <o that they may be read to the degree of accuracy
reqetired by persopnel in the normal operating or servicing position

to gain aceess to or to read a display.

Orientation. Display faces shall be perpendicular to the operator’s normal line of sight whenever
teasible and shall not be tess than 437 trom the normat line or sight (fg. IX-1). Paraliax shall be
minimized.

Reflectance. Displays shall be constructed, arranged, and mounted to prevent ro action of informa-
don transfer due to the reflectance of the ambient illummation from the display cover. Retlection of
instruments und consoles in windshields and other « nclosures shali be avoided. M necessary. techniques
(such as shiclds) shall be employed to insure that system performance will ot be degraded.

PX-2
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Figure 1X-1
Lines of Sight

Vibration. 7anvion [visual displays shall not degrade user perrormance below the tevel requived
for mission cecompiichiment,

Grouping. Al disrlays necessary to support an operator activity or scquence of activities, shar be
grouped together.

Function and Sequernice. Displays shall be arranged in relation to one another according to their sequence
ot use or the functimal relatiors of the components they represent. They shall be arranged in sequence
within Dincuonal groups whenever possible to provide a viewing flow trem Ieft to righs or top to bottom,

Frequency of Use, Displays used maost frequently should be grouped toge der and placed in the opti-
mum visual zone (fie, IX-2).

projected vmu.l sone or othu wise lnghnghtcd.

Consistency. ‘e arrangement of displays shal! be consistent in principte from ap plication to ippli-
cation. within the nmics specitied herein.

Maxnnum Viewing Distance. The viewing distance to displays 1ocntad close to theit associated cont. ols
S imited b reach distance and shall not exceed 28 inches (71 em). Otherwise, there is no maxinram
Fmit other than that imposed by space limitations rrovided the display 1s properly designed. NOTE:

A 20-iach (76 cm) clearance s required when tsing ejection seats

Minimum Viewing Distance. The effective vicwing distance to displavs, with the exception of cathode ray
tebe display s tsee CATHODE RAY TUBE (CRT) DISPLAYS section betow) and collimated displays,
Al never b less than 13 nches (33 emd and preferably not fess thar 20 incues (51 cm).

Ancnew Station Signals. Signals tor aircrew stations shall be in wecordance with MIL-STD-411.
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Coding

Techniques, Displays shall be coded by color, size, location, shape, or lash coding, as applicable.

:

! Discrimination between individual displays

2. ldentification o1 functionally related displays

3. Indication of relationship between displays

4. Identification of critical information within a display.

Standardization. All coding within the system shall be uniform and shall be established by agreement
with the procuring activity.

TRANSILLUMINATED DISPLAYS

General
The following three general types of transilluminated displays should be considered:

. Single- and multiple-legend lights, which present informaticn in tire ferm of meaningful
words, numbers. symbols, or abbreviations.

2. Simple indicator lights, such as pilot, bull's-cye, and jewet lights,

3. Transiifuminated panel assemblics, which present qualitative status or system readiness
inforination,

Use. Transilluminate  adicators should be used to display qualitative information to the operator
(primunly, information that requires either an immediate reaction on the part of the operator or

that his attention be cailed to an important system status). Such indicators may also be used occasior:-
ally for maintenance and adjustment functions.

Ecuipment Response. Lights. including those used in illuminated push buttons, shall display equipment
resoonse and not mercly contio! position.

Information. Lights and related indicators shall be used sparingly and shail display enly that (+forma-

tion necessary lor effective system operation.

— ——— T T " oee

“ready.” o Cin-tolerance™ condition, nor shall such absence be used o denote o “malfunction,” “no-go,”
or “out-of-tolerance™ condition: however, the absence of a “power on™ sizudl or visual indication shall

be aceeptabie to indicate a “*power of ™" condition. Changes in display status shall signify changes in
functional status rather than results of control actuation alonc.

entire subsysten shall be set apart from e lignts which show the statvs of the subgystem components,
except as required under the LOCATION, CRITICAL FUNCTIONS paragraph below,
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Locstion. When a transilluminated indicator is assceiated with a control, the indicator lignt shall be so
located as to be inimediately and unambigtiously associated with the control and visible to the operator
during control operation.

Location, Critical Functions. For critical functions, indicators shall be located within 15° of the oper-
ator’s normal line of sight (see figure 1X-2). Warning lights shall be an integral part of, or located adja-
cent to, the lever, swiich, or ¢ ther coniro! device by which the operator is to take uction.

Maintenance Dispiays. Indicator lights used solely tor maintenance and admstment, and referred to
infrequently, shall be covered or nonvisible during normal equipment operation, but shall be readily
accessibie when required

Brightness. The brightncss of transilluminated displays shall be compatibie with the expected ambient

illumination level, and shall be at least 107 greater than the surround brightness: however, the indicator
brightness shall not exceed 300% of the surround brightness.

Reflection. Provision shall be made to prevent direct and/or reflected sunlight from making indicators
appear illuminated when they are not. or to appear extinguished when they are illuminated.

Brightness Contiol. When displays will be used under varied ambient illumination, a variable contro!
shall be previded. The range of the variable control shall permit the displays to be legible under all
expected ambient iltumination.

Contrast Within the Indicator. The brizhiness contrast of the figure-ground relationship within the

indicatos shaili be at least SO percent,

Lamp Redundancy. For incandescent displays or for ¢ther than airborne applications, famps shall be
provided that incorporate filamernt redundancy or duai buibs. so that when one filament or bulb fails,
the intensity of the light shall decrcase sutficiently to indicate the nced for lemip replacement, but
not so much as to degrade operator performance.

Lamp Testing. When indicator lights arc installed on a control pancl, a master-iight test contrel shall be
incorporated. When applicable, design shall allow testing of all control pancls at one time. Pancls con-
taining three or fewer lights may be desgned for individual press-to-test bulb testing. Whencver practi-
cable, circuitry should be designed to test the operation of the wotal indicator circuit, i dark adaptation
is a factor, a means for reducing total indicator circuit brightness during test operation shall be provided,

Lamp Removal, Method. Where possible, provisions shati be made for lamp removal from the front of
- the display pancel without the use of tools, or by some other cqually rapid a.:d convenicnt means.

| mp Removal, Safety. Display circuits shall be desianed so that bulbs may be removed and replaced
whiie power is applied withou causing failure of indicator circuit components or imposing nersonnel
safety hazards,

Indicator Covers. Legend sereen or indicator covers shall be designed to prevent inadvertent interchange.

Color Coding. With the exceplion of aivcrew station signals, which shall conform to MIL-STD-4 11, and
Alr Foree training cqiiipment, which shall conform te Miu-T-27474, transtthuminated incandescent
displays shall conform with the ivllowing color coding scheine, in accordance with Type | Avietion
Colors of MIL-C-23050:

o RED shaldl be used to alert an operator that tive system or any portion of the system is
inoperative and that a successtui mission is nat possible until appropriate corrective or override action

{X-6
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is taken. Examples ot indicators which should be coded RED are those which display such information

2y ‘no-go.” “error.” “tailure,” “malfunction,” etc.

2. FLASHING RED shall be used only to denote emergency conditions which require opes-

ator action to be taken without undue delay, to avert impending personnel injury, equipment damage,

or both. The flash rate shall be within 3 to 5 fiashes per sccond with approximately equal amounts of

ON and OFF time. The indicater shall be so designed that, if it is cnergized and the flasher Cevice fails,
the light will illuminate and burn steadily.

3. YELLOW shall be used to advise an operator that a condition exists which i~ marginal.
YELLOW shall also be used to alert the operator to situations where caution, recheck, or unexpected
delay is necessary.,

4. GREEN shall be used to indicate that the monitored equipment s in tolerance or a condi-
tion is satisfactory and that it is ail right to proceed (e.q., “go-ahead,”” “in-tolerance,” “ready,”
“function activated,™ etc.),

5. WHITE shali be used to indicate system conditions that do not have *“right” or “wrong”
implications, such as alternative functions (e.g., Missile No. 1 selected for launch, etc.) or transitory
conditions (¢.g.. action or test in prograsa, tunciioit available), provided such indication does not impiy
success or failure of operations,

6. BLUE may be used for an advisory light, but preflerential use of BLUE should be avoided.
Legend Lights

Use. Legend lights shall be used in preference to simple indicator lights except where design consicler-
ations demand that simple indic: tors be used,

Color Coding. Legend lights shall be color coded in conformance with the COLOR CODING parapraph
above and. where applicable, shall be further coded as to function by location, size, and flash coding.
Legend lights required to denote aersonnel or equipment disaster (FLASHING RED), caution or imipen-
ding danger (YELLOW), and masier summation - go (GREEN; or no-go (RED) - sball be discriminably
larger, and preferably brighter, thun all other legend lignts. . .

Visibility and Legibility. Ir other than aiicrew stations, and with the exception of waring and caution
indicators. the lettering on single legend indicators shall be visible and legible whethic: or not Ul 2 indi-
cator is encrgized,

Multiple Leyends. Multij.le-lcgena indicators (legend piates stacked one behind anotherj shall be
designed to conform with the follov/ing:

1. When a rear iegend is illuminated, it shall hot be obscured by the front legends.
2 Rear fegend plates shall he so placed as to minimize parallax,

3. Rear legends shall be equal in apparent brightness to {ront legends. and the contrast be-
tween rear legends and hackground shall be equal to that of front legend and background.

Matrix Displays. Matrix displays may be used when the symbology presented does not lead to ambiguity

nrinterpretation.
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Simple Indicator L.ights

Use. Simple indicator lights shoild be used when design considerations preciude the use of legend
lights,

Spacing. The spacing between adjacent edges of simple round indicator light fixtures shall be surfi-

——

cient to permit unambiguous labeling, indicator interpratation, and convenient bulb removai.

Coding. Simple indicator lights shall be coded in conformanse with table IX-2; however, the different
sizees shown are intended only for the attention-getting value that larger lights provide in relation to
indicator lights of lesser importance.

TABLE IX-2
CODING OF SIMPLE INDICATCR LIGHTS

SIZE/TYPE

%-INCH (12.7 mm)
DIAMETER or
SMALLER/STEADY

INCH (25.4 mm)
DIAMETER or
LARGER/
STEADY

I-INCH (25.4 iam)
DIAMETER or
LARGER/
FLLASHING

(3 to 5/sec)

COLOR
RED YELLOW GREEN WHITE
Malfunction; action Delay; check; Go ahead; in Functivnal or
stopped; failure; recheck. tolerance; accept- physical position;

stop action.

Master summation
(system or
subsystem).

Emergency condition
(impending personiel
or equipment
disaster).

Extreme caution
(impending danger).

able; ready.

Master summation

(system or subsystem).

action in progress,

Transillurainated Pan.l Assemblies

Transilluminated panel assemblies, which present whole patterns oi information. shoukl be
considered for presentation of data flow and complicated data organization.

CATHODE RAY TUBE (CRT) DISPLAYS

Signal Size

When a target of complex shape is to be distinguished from s nontarget shape that i also com-
plex, the target signal shall subtend no Jese than 20 manrutes of visual angle.




Viewing Distance

A 16-inch (41 cm) viewing distance shali be provided whenever practicable. When periods of
scope observation will be short, or when dim signals must be detected, the viewing distance may be
reduced to 10 inches (25 cm). Design should permit the ubserver to view the scope from as close as
he may wish. A degree of resolution consistent with the operator’s needs should be provided. Displays
which must be placed at viewing distances greater than 16 inches (41 cm) due to other considerations
shall be appropriately modified in aspects such as display siz:, symbol size, brightness ranges, line-pair
spacing, and resolution,

Screen Brightness

The ambient illumination shall not contribute more than 25% of screen brightness through
diffuse reflection and phosphor excitation.

Faint Signals

When the detection of faint signals is required and when the ambient illumination may be above
0.25 11-C, scopes shall be hooaed, shiclded, or recessed. (In some instances, a suitable filter sysvem ray
be employed.)
Brightness Range

The brightness range of surfaces immediately adjacent to scopes shall be between 10% and 100%
of screen background brighiness, With the exception of emervgency indicators, no Jight source in the
immediate surround shall be brighter than scope signals.

Ambient Hlumination

The ambient illumination in the CRT area shall be appropriate for other visual functions {e.g..
setting controls, reading instruments, maintenance, etc.), but shall not interfere with the visibility of
sienals on the CRT display.

Reflected Glare

Reflected glare shall be wintmized by proper placement of the scope :elative te the light source,
use of a heod or shield, or optical coatings or filter controt  =r the iight source.

Adjacent Surfaces

Surtaces adjacent io the scope shall have a dull matte finish. The reflectances of these sur-
faces shall be such that the resultant brightnesses will be consistent with the criteria established
above.
LARGF-SCALE DISPLAYS

Design

The design of Iunge-scale displays intended for group observation shali canform with the basic
vistal criteria in other paragraphs of this standard, and the additional requirements below.
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Legibil'ty

“he height-to-width ratio, stroke width, size, ar d spacing of display symbols shall be such that -
all charicters will be legible at the maxupum viewing sngle and distance.

UTHER DISPLAYS
Couritors

Wumination, Counters shall be seli-illuminated 'vhenever practicable.

Fnish. The surface of the counter drums and ‘urrounding areas shall have a dull {inish so as to mini-
ruze glare.

R AT o e R i s
I

Contrast. Color of the numerals and background shail provide high contrast (black on white, or
converse, as appropriate).

oy

Flotters

Use. Piotters should be uscd when » vicaal record of continuous graphic data is necessary or desirable.

Visibility. Plotting points shall be rez dily visible and shall not be obstructed by the pen assembly or arm.

Contrast, A minimum of 50% coni ast shall be provided between che plotted function and the back-
ground on which it is drawn, =
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CHAPTER X
CODING, LEGEND, AND LABELING SPECIFICATIONS
CODING
Methcds and Requirements

The sclection of a coding mode (e.g., size and color) for a particular application shall be deter-
mined Ly the relative advantages and disadvantages for cach type of coding. Where coding is selected
for the purposc of difierentiating among controls, application of the code shall be uniferm throughout
the system. (Sce table X-1 for advantages and disadvantages.)

TABLE X-1
ADVANTAGES AND DISADVANTAGES OF VARIOUS TYPES OF CODING

-
'

TYPE OF CODING
' MODE OF

ADVANTAGES

LOCATION

SHAPE

SIZE

OPERATION

LABELING

COLOR

X

7

X

X

tmproves visua: identification, X

tmproves nonvisual identifica-
tion (Lactuai and Kinesthetic).

Helps standardization. X X X X X X

Aids identification under low
leveis of illumination and
colored lighting. X X X X (When trans- |

iltuminated) !

(Waen trans-
illuininated)

May aid in identifying con-
trol position (settings). X X X

Requires dittle (if any)
training; is not subject to
forgetting. i X

DISADVANTAGLES

o

May require extra space. X X X X X

Aflects manipulation of the
control {ease of use)

b
>
B
=<

Limited in number of avail-
able cudling categorics, X X X X X

May be less effective if
operator wears gloves, pot X X

Controls must be viewed (i.c.,
must be wihin visual arcas
and with adequate illuni-
naticn present). X bt
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L.ocation Coding

Controls associated with similar functions should be in the same relative location from panel
to panel,

Size Coding

No more thaa three different sizes of controls shall be used in coding controls for discrinm-
ination by absolute size. Controls used for perforiming the same function on different items or
equipment shall be the same size.

Shape Coding

Control shapes shall be both visually and tactually identifiable and shall be designed (o be
free of sharp edges.

Color Coding

Choice of Colors. Controls shall be black (17038) or gray (26231). If color coding is required, only
the following colots identificd in FED-STD-595 shall be selected for control coding;

1. Red, 11105

2. Green, 14187

L)

Orange-Yellow, 13538
4. White. {7875
5. Blue, 15123, shall be used i an additional color is absolutely necessary.

Relation to Display, When color coding must be used to relate a control to its corresponding display,
: the sam» color shall be used for both the control and the display. 2

Contro! Panel Contrast. Tle color of the control shall provide contiast between the panel background
and the control.

s

Sy

Ambient Lighting and Color Coding Exclusion. Piior to seleciion of olor code, consideration shall be
given to anticipated ambiest lighting coordination throughout the mission. Color coding shall not be
used us a primary identification medium if the spectral characteristics of ambient light during the mis-
sion, or the operator’s adaptation to that light, varies as the result of such factors as solar glare, filtra-
tion of light, und variation from natural to artificial light, If red lighting is to be used during a portion
oi the mission, conwols which would otherwise be coded red shall be coded by orange-vellow and
black siriping.

I.LEGEND SWITCHES
Dimensions, Resistance, Dicplacement and Separation

Dimensions, resistance. displacement, and separation between adjacent edges of legend switches
shall conform o the critera in ligure X-1.




BARRIERS*
(in.)
S A
Size DISPLACEMENT RESISTANCE
(in) (in.} B, By (07)
Minimum 3/4 1/8 1/6 3/16 10
L Maximum 1-if2? t/4 1/4 1/4 45

# Bavriers will have rounde.d edges.

Figure X-1
Legend Switch

Barrier Feight
Banriier height {rom pancl surface shall conform te the criterinin figure X-1.
Other Requirements

1. Por positive indication of swirch activation, the legend swich shait he Hirovided witaa
detent or click.

2. The legend shall be legible whe.. oniv one lau,, 1€ operating withis the switch.

3. There shall be a press-to-test or duai lamp/filament reliabdity .
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4. Lamps within the iegend switch shall be replaccable from the front of the puvel by hand
and the legends or covers shatl be keyed to prevent the possibility of interchanging the fegend covers.

5. ‘There shall be a maximum of three lines of lettering on the legend plate.
LABELING
General
Genera! Requirements. Controls, displays, and any other items of equipment that must be located,
ientificd, read, oi manpulated shall be aporopiiately and clearly labeled te permit rapid and accurate
human performance. No label will be required on equipment or contiols whose use is obvious to the

user (e.g., atreraft control stick).

Label Characteristics, The characteristics of the libeling to b used shall be determined by such factors
as:

1. The accuracy of identitiation required

to

The time available for recognition or other responses

The distance at which the labels must be read

I

4. The illumination level ¢ nd color characteristics of the illuminant
5. Thecriticality of the function labeled
6. Consistency of iabel design within and between systems

Prototype and Production Equipment Labels. Labels for both prototype and production equipment
shall meet the criteria specified herein, Labels for production equipment shall be designed to mect the
criteria specified for the duration of equipment use. Since frequent design changes may be anticipated
in prototype cquipment, Izbels for such cquipment shall be designed so that they may be simply and
casily affixed. altered, and removed.

Crientation and Location

Orientation. {uabeis and information thercon should be oriented horizontally so that they may be read
quickly and cusily from left to rght. Verticel orientation shall be used only when labels are not eritical
for personnel safety or performance and where space is limited. When used, vertical labels shall vead
from tcp to bottom.

fusion witl, other items and labels.  Labels shall be located so as not to obscure any other information
needed by the operator. Controls shall not obscure labels.

Contents

Eauipment Functions. Labels should primarily deseribe the functions of equipment items. Second-
artly, the enginecring characteristics or aonsenclature may be deseribed.
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Capital letters shalt be used. Periods shall be omited exerpt when needed te preclude misinterpretation.
The same abbreviation shall be used for all tenses and for both singular and plural forms of @ word.

Irvefevant Information. Trade names and other irrelevant information shall not appear on labels or
placards,

Qualities

Brevity. Labels shall be as concise . pussible without distorting the intended meaning or information
and shail be unambiguous. Redundaicy shall be minimized. Where the general function is obvious, )
only the speciflic function shall be identified (e.g., frequency as opposed to frequency factor).

4
Familiarity. Words shall be chosen on the basis of operator tamiliarity whenever possible, provided j
the words express exactly what is intended. Brevity shall not be stressed if the results will be unfamil- 2
iur to operating personnel. For par«icular users (¢.g., maintenance technicians), common technical i
terims may be used even though they may be unfamiliar to nonusers. Abstract symbols (e.g., squares 5.
and Greek letters) shall be used only when they have a commouly accepted meaning to all intended B
read s, Commen, meaningful symbols (e.g., - and ) may be used as necessary.

Visibility and Legibility. Labels and placards shall be designed to be read easily and accurately at ) %
the antcipatcd operational reading distances, vibration/motion environment, and ilinmination levels, -
taking into consideration tise following factors:

1. Contrast between the lettering and its immediate backg:ound
2. Height, width, stroke width, spacine, and style of ietters and numerals

A Method ol applicatior (¢.g., etching, decal, and sitk screen)

4. Relativa legibility of alternative words

5. Specular reflection
Access. Labels shall not he covered or obscured by other urits in the equipment assen:bly.

Labe! Life. Labels shall be shaip, have high contrast, and be mounted so as to minimize wear or obscure-
ment by grease, grime, or dirt.

Design of Label Characters

Black Characiers, Where the ambient illvminatiop will be above | t-C, black characters shall be pro-
vided on a light background.

Dark Adaptation. Where dark adaptation is required, the displayed letiers or nunmerals shall be visibie
without interfering with night vision requirements. Where possible, markings shall be white on a
dark backzround,.

Style. Style of label characters shall conform to MIL-M-16012. Labels sh. i be prepared in capital
fetters. except that extended copy (e.g., instructionas; shall be in lower-case letters.




Label Size vs Illumination. The Leight of letters and numerals shal! Ue determined by the required
reading distance and illumination. With a 28-inch (71 ¢m) viewing distai.ce, the beight of numerals
anc letters shall be within the range of values given in table X-2 for “low™ ani “high” contro! display
brightaess conditions,

Label Size and Viewing Distance. For general dial and panel design, v ity the brightness normally above
1 ft-L, character height should approximate the values given in table X-2 ror vatious distanc.s.

TABLE X-2
LABEL SIZE VS ILLUMINATION

Height (in.)_
Low High

(below {1 ft-0) (above | ft-L)
For critical markings, with position variable 0.20-0.30 0.12-0.20
(¢.g.. nuinerals on counters and settable (5.1-7.6 mm) (3-5 1 mm)
ot moving scales)
For critical markings, with position fixed 0.15-0.30 0 10-0.20
(e.g., numerals on fixed scales, controls, (3.8-7.6 mm) 2.5-5.1 mn)
and switch markings, or ¢emergency
instructions)
For noncritical markings (¢.g., identifi- 0.05-0.20 0.05-0.20
cation labels, routine instructions, or (1.3-5. 1 mm) (1.3-5.1 mm)
markings required only for familiar-
ization)

TABLE X-3
LABEL SIZE: AND VIEWING DISTANCE

DISTANCE (in.)

HEIGHT (in.)

2051 em)or less
21-36 (5391 cm)
37-72 (94-183 cm)
73-144 (185-366 ¢m)
145-240 (368-610 cm)

|

l 009 (2.3 mm)

i 017 (2.3 mm)
0.34 (8.0 mm;
0.68 (17.3 mm)

| I3 (28,7 mm

Letter Width. ‘The width of letters shall preferably be 3/5 of the height, except for the 1" which shali

be one stroke in width, and the “M" and “W.” which shail be 4/5 of the height*

Numeral Width. The width of numerals shall plclsmbly be 3/5 of the height, except for the 4.7

which shall be one stroke width wider, and the 1,

“which shall be one stroke in width.

*1s recognized that these arbitrary ealiouts are debatable in some situations, as indicated in Chapter VIH. However,

they doetlect current specification requitements,

X-0
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Wide Characters. Where conditions indicate the use ol wider characters, as on a curved surfuce, the
b, cie Beirht-to-width ratio mayv be increased to 1:1in accordance with MIL-M-1801 2,

7 Stroke Width, Normal. For black characters on a white (or lighty neckground. the stroke widih shall
- be 176 of the height.

Stroke Width, Dark Adaptation. Where dark adaptation s required or legibility at night is a critical
tactor, and white characters are specificd on a black background. the stroke width of the characters
shall be from /7 to 1/8 of the height (fe., narrower than specified for normat davtime vision).

= Character Spacing. The minimunt spuce between characters shail be one stroke width.
Word Spracing. T'he minimum space between words shall ve the width of one chariic ter.
Equipment Labeling — Assemblies, Componerits, and Parts

General Requirements. Fach assembly, component, and pact shal’ be labeled with o clearly visible,
readable, and meaningiul name, number, or symbol.

Logation. The gross identilying label on an assembly or major component shalt be focated:
1. Externally in such a position that it is not obscured by adjicent assemblics or components
2. Qo the tlatrest, most uncluttered surface available

3. Ona main chassis of the equipment

’

4. Inoa way 1o minimize wear or obscurement by grease, gris.oc. or dirt

]

Ina way to preclude aceidental removal, obstruction, or handling damage g

Terms. Components, circuits, or asscimblics shall be laveled with terms descriptive of the test or
measurement applicable to therr test points (e.g.. demodualkator rather than erystal detector and power
ampliicr rather than bootstrg ainplificr).

Other Criteria, In addition to the eriteria herein, equipment labels and placards shatl conform .o MIL-

STD 12O MIL-STD-130. VIL-STI-195, MIL-STD-4 1 1. MIL-STD-783. ord MIL-STD-1247, as applicable.
Equipment Labeling -- Controls and Displays

General Requirements. “‘ontrols and displays shall be appropriately and elearly labeled with the basic
information needed for proper identitication. utilizzoon, actuation, or manipulation of the clement

Simplicity. Displays wnd controls shall be labeled in the simplest and most direct manner possible.
Abbreviations may e used when they are “amiliac to operators (C.p.. pai),

Functional Labeling. I'uciv control and d7splay shall be labeled according to function, and the foilowing

critema shall appiv:

1. Thghly simibior nasnes Tor different controls and display s shall be avoided.




2 fnstruments shell be labeled in terms of what is being measured o controlled, taking into

account the user and ;arpose.

and may include calibration data where applicable, Such information shall be visible during normal
weration of the control. N

3. Control labeling shall indicate the functional result of control movement {e¢.g.. increase)

4.  When controls and displays must be uscd together (in certain adjustment tasks), appro-
priate labels shall indicate their Functional velationship.

Location. The following criteria shall appiy to the location of control and display tabels:

1. Ease of control operation shall be given priority over visibility of control position
labels.

2 Labels should normally be placed above the controls and disptays they describe. When

e

the paneti is above cye level, labels may be located below if label visibility will be enhaanced thereby.

3. The units of measurcment (e.g., volts and psi) shall be located on the panel.
4. Labels shail be used to idgentity functionally grouped corntrols and displays. The labels shall

be lecated above the functional groups they identify. When a line is used to enclose a functional group

and define its boundaries, the inbel shall be centered «t the top of the group either in a break in the

fine or just briow the line. Wien eolore-d nads are used, the label shall be centered at the top within

the pad area.

5. Labellocation thronghaat a system and within punel groupings shall be uniforn

Size Graduatio 1. To reduce confusion and operator search time, labels shall be graduated in size. The
characters used in group Jabels shall be larger than those used to identify individual controls and dis-
plays. The characters identifying controls and displays shali be larger than the characters ideutitying
control positions. With the smallest character determined by viewing conditions, each labe! shall be
at least approximately 25 pzreent larger than the next smatler label.
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CHAPTER XI
LAYOUT SPECIFICATIONS

STANDING OPERATIONS

Display Piacement, Normal

Visual displays mounted on vertical panels and used in normai cquipment operation shall be
placad in an area between 41 inches (104 cm) and 74 inches (188 cm) above the standing surface.

Display Placement, Spec:al

Indicators that must be . precisely and frequently shall be placed in an area between 50
inches (127 em) and 69 inches {173 cm) above the standing surface.

SEATED OPERATIONS
Work Surface Width

A lateral workspace of at least 30 inches (70 cm) wide and 6 inches (41 omy) deep shall e
provided whenever practicable,

Waork Surface Height

Desk tops and writing tabies shali be 30 inches (70 cm) above the tioor, uniess otherwise
specified.

Writing Surfaces

Where a writing surface is required on equipment consoles, it shail be at least 16 inches (41 cm)
deep and should be at least 23 inches (61 em) wide.

Display Placement, Normal

Visual displays mounted on vertical panels and used in normal cquipment operalbem shall o
placed it narea between 6 and 48 inches (15 and 122 emdy above the sitting <urlace

Display Flacement, Special
Indicators that must be read procisely and fregu nthy shall be oo dm an grea besa

and 37 inches (36 and 95 ¢cm) above the sitting surbiace o e further thoe 2 jeci og v oy
laterally froin the centerline.

Warning Displays

For “sit™ consoles requiring bor-ontal viceon aver the top. crttical visnal warning displays
shall be mountea at feast 22 Siivh (57 sy abo the atting surtw e
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CHAPTER XII

AMBIENT ILLUMINANCE SPECIFICATIONS

Where equipment is to be used in enclosures and is not subject to black out or special low-level
lighting requirements, illumination levels shall be as specified by table X11-1 and shall be distributed
50 as to reduce glare and specular reflectior.. Capability for dimming shall e provided. Adequate
il'umination shall be provided for maintenarnice tasks. Gencial and supplementary lighting shall be used
as appropriate to insure that illuminaticn is compaibie with cach task situation. Portable lights
should be provided for personnel performing visual tasks in areas where fixed illumination is not

provided,
TABLE XlI-1
SPECIFIC TASK ILLUMINATION REQUIREMENTS
ILLUMINATION LEVELS (FT-C)#*
WORK AREA OR TYPE OF TASK RECOMMLNDED MINIMUM
Assembly, missile component 100 50
Assembly, general
Coarse 50 30
Medium 75 50 '
Fine 100 75
Precise 300 200 |
Bench wnik .
Rough 50 30
Medium g 50
Fiac 150 100
| Extra tine 300 200
I -
: Susiness .achine operation
(cal.ulator, digital, input. ctc.) 100 50
Conscle surface 50 30
Corridors 20 10
Circuit diagram 100 50
Dials 50 30
Flectrica! equipment testing 5 30
) ' o - R
. mgrgencey hgh ting
L memmency vy — N
! L rages 59 30
- [ fallways 0 10
| !aspection tasks, sencrel .
Loagh 30 30
' Mediura 10U 30
f Fine 200 100 !
* Lxtra fine 300 W00

FACmeastiied at the 1ask objeci o2 30 inches above the (loor
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TABLE XII-1 (CONTINUED)

WORK AREA OR TYPE OF TASK

ILLUMINATION LEVELS (FT-C)*
RECOMMENDED MINIMUM

Machine operation, automatic

50 30

Meters

50 30

Missiles
Repair and servicing
Storage areas
General inspection

100 50
20 10
50 30

Office work, general

70 50

Ordinary seeing tasks

50 30

Panels
Front 50 30
Rear 20 10
Passageways 20 10
Reading
Large print 30 10
Newsprint 50 30
Handwritten reports, in pencil 10 50
Small type 70 SO
Prolonged reading 70 50
Recording 10 50
Repair work
General 50 30
Instrument 200 100
Scales 50 30
Screw fastening 50 30
Service areas, general 20 10
Stairways 20 10
Storage
Inactive or dead S 3
General Warehouse 10 3
Live, rough or bulk 10 5
Live, medium 30 20
Live, fine 50 30
Switchtoards 50 B —’0
Tan! ;, containers 20 10

“r5 tacasured at the task objeei or 30 inches above the floor.
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TABLE XII-1 (CONTINUED)

I ILLUMINATION LEVELS (FT-C)* |
WORK AREA OR TYPE OF TASK RECOMMENDED MINIMUM
Testing
Rougi 50 30
Fine 100 50
Extra fine 100 100
Transcribing and tabulation 100 50

NOTES: 1. Some unusual inspection tasks may require up to 1,000 {t-C of light.

2. Asa guide in determining illumination requirements the use of a steel scale with
1/G4-inch divisions requires 180 {t-C of light for optimum visibility.

*As measured at the task object or 30 inches above the floor,
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MILITARY REFERENCE DOCUMENTS
(FOR CHAPTERS IX THROUGH Xil)*

ARMY PUBLICATICNS

Rezulations

AR 385-16 Safety for Systems, Asscaiated Subsysterms and Equipment
Pamphlets

AMCP 706-134 Maintainability Guide for Design

Design Criteric Handbooks

HEL STD-5-2-64 Human Factors Engineering Design Standard for Vehicie
Fighting Compartments

HEL STD-S-3-65 Human Factors Engineering Design Standard for Missile
Systems and Related Equipment

HEL STD-S-6-,6 Human Factors Engineering Design Standard for Wheeled
Vehicles

HEL STD-S-7-68 Human Factors Engincering Design Standard for Commun-

ications System and Related Equipment

NAVY PUBLICATIONS

Drawings
BUSHIPS Drawing Standard Dial Markings for Interior Communication Order
9000-65604-F-73687-k and Indicating Systems

Reports
NAVSHIPS 94324 Human Engineering Guideclines for Maintainability

Design Criteria Handbook

NAVWEPS OD 18413A Human Factors Design Standards for the Fleet Ballistic
Missile Weapon System

AlIR FORCE PUBLICATICNS
Manuals
AFM 127-201 Missile Safety Handbook

*From MIL-STD-1472A, 15 May, 1970
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Specifications

MIL-M-{8012B Markings for Aircrew Station Dispiays and Design Config-
uration of, 2 July 1964

Technical Documentary Reports

WADD TR 58-474 The Effect of Team Size and Intenmember Communication
g on Decision-Making Performance (AD 215 621)

RADC TDR-63-315 Criteria for Group Display Chains for the 1962-1965 Time
Period (AD 283 390)

R R A bR )
|

FDL TDR 64-86 Investigation of Aerospace Vehicle Crew Station Criteria
(AD 452 187)

s

Air Force Systems Command Design Handbooks

Capies of Air Force Systems < nmand design criteria handbooks may be obtained by non-
governrmental organizations when con.tisze.e therewith is requiied by a Government contract, or when
possession of the handbook will otherwise venefit the Government. Requests for the following hand-
books should be directed to ASD/ASNPS, Wright-Patterson AFB, Ohio 45433:

A, Wi R

AFSC Di 1-1 General Index and Reference
AFSC DH 1-3 Personnel Subsystems
AFSCDH -6 System Safety
AFSC DH 2-2 Crew Stetions and Passenger Accommodations : 3
AFSC DH 2-6 Ground Equipment and Facilities 7 -
ANSI
Copies of the following standards can be obtained at a nominal cost from the ANSI, 1440 : g
Broadway, New York, New York 10018. 3
Alll Practice for Industrial Lighting E
Cl National Electrical Code (NFPA 703
2 National Electrical Satety Code (NBS H30) J
Z35.1 Specifications for Industrial Accident Prevention Sigis ‘:
: MRD-2

|
|
::E‘K%J;‘;



gch:

o

REFERENCES AND BIBLIOGRAPKY

Adams, LA et al, “Monitoring of Compley Visuad Displavs: 1 Eftecis of Repeated Sessions
and Hearyv Visval Load on Haoman Viedanee,” Human Factors, Vol S, No. 4, 385-389,
August 1963

Adler, LY. et al, Masking of Cathode Ray Yube Displays by Ambient [Humination. Wright Air
Development Center. WADC Technraal Report £3-206, AD306-77, Noveniber 1953

Air Force Communication Service, US.. Operationl TesCand Evaluation Radar Scan Evaluation
System (RSCS), United States Air Foree Conmmunication Service, ADITH4,049, November
1961

Air Ferce-Navy Acronautical Bulledin, Plastie Lighting Plate Marking andg Centrol Design, 16 Maich
1953

Air Force Systems Command, U.S., Svsiem Safety cAEFSC DH -0, January 1969

Allusi, E.AL (Ed)), Lineal Inclination in Encoding Information Symbolicatly on Catlode Ray Tubes
and Similar Displavs, Acronautical System: Division, Wreight-Patterson Air Fores Base,
Dayton, Ohio, ASD-TR-0 -7, AD278-825, December 1901

Ablusi, ELAL and Marin, VLB 0 Inforniation Analvsis of Verbal and Motor Responses (o
Svholic aid Consentional Arabic Numerals,” . Appl. Psych. vol. 420 no. 2, 79-84, 1958

Allusi. AL and Muller, P17, Rates of Information Transfer with Seven Symbolic Visual Codes:
Motor and Verbal Responses, Wright Air Devetopment Center. WADC-TR-50-2 26, May 1956

Altman, P.L,and Dittmer, DS Environmental Biology, 6570th Acrospace Medical Research
Laboratories, AMRIL-TR-GO-194, ADG46-890. November 19606

Aduenican Standards Association, American Standard Practice for Industrial Lighting {sponsored by
Hluminating ingincering Socictv. American Standards Association, Report No. AllLD), 1952

Anderson, NS and Fitts, P.ML Amount of Information Gained During Bricl Exposure of
Numerals and Cofers,” ). Exp. Psveh,, vol 50, 362-369, 1958

Avakian, F AL and Jenison, FW. e, “Foice-Response and Visual-Display Ty chiigue for On-Line
lformation-tlandiing Svseems,” 4th Natioaal Sy mposium on Information Display,
Technical Proceedings, 307-333, October 1904

Baddiley. A.D.. "“Visual Acuity Underwarer o4 Review, " Underwater Association Report, 45-50,
1968

Baker, C.A.and Nicholson, RM., “Raster Scan Parameters and Tareet Identification,”” Proceedings
of 19t Annual National Aerospace iElectronics Conference, 383-290, May 1967

Baker, C. AL ctul. Target Recaognition on Complex Disptays, Wrieht At Development Center,
WADC-TR-59-4 6, AD22E-809, August 1959

K-




&
g
5
B
=

RN Xy L L A

[ IR

LRt

ERR LA U

i SRR

Ll

TR

Baket, U, A.. and Grether, W. ., Visua! Presentation of Information, Wright Air Development
Center, WADT-TR-54160, AD43-064, 1954

Baker, C. A., and Grether, W. F., Visual Presentation of Information, chapter 3 in Human Enginecring
Guide to Equipment Design, H.P. Van Cott and R. G. Kincade (Ed), U.S. Government
Printing Office, 1972

Baker, C.H.. and Favi, W.K., Visual Detection of Positive versus Negative Pips on a Radar PPI,
Human Factors Rescarzh, Inc.. Goleta, California, HFR-TM-750-1

Baker, C.H., ct al, Human Faciors Problems in Anti-Subiaarine Wartare: Sonar Operator
Detection Performance at Sea, Human Factors Research, Ine., Goleta, California,
HFR-TR-206-26, April 1964

Bakei, C.H., lmprovement in Sunar Operator Detection Ferformance Consequent to the Use of
Optimum Bias and Goin, Human Factors Researciy, Inc., Goleta, California, HFR-TR-206-
20, AD403-029, February 1963

Baker, C.H., Man and Radar Displays, AGARD publication by Peegemon Press, 1962

Baker, C.H.. “Factcrs Affecting Radar Operator Efficiency,” Journal ¢of the Institute of
Mavigation, vol. XI1, no 2, Aprii 1960

Barmack, J.E., ¢t al, Human Factors Problems in Computer-Generated Graphic Displays,
Institute for Deiense Analysis, $-234, AD636-170, Arril 1966

Bartleit, N.R., and Sweet, A L., “Visibitity on Cuihode-Ray Tube Screens: Signals on a P-7
Screen Laposed for Different Initervals,” 5. Opt. Soc, Amer., vol. 39, no. 6, 470-473,
June 1949

Bartlett. N.R.. et al, “Visibility on Cathode Ruy Tube Sceeens. The Effect of Size and Shape ot FIP™
1. Opt. Soc. America, vol. 39, no. 6, 463-47% AD639-80.3, June 1949

Bartley. S.H.. “Sonic Factors in Brightness Discrimination,” Psychological Review, vel. 16, no. 4,
337-333 July 1939

Bates, 1K, A Classification of Information Display,”” Information Display, 47-51, March/Aprit 1905

Beam, R.A., and Shannon, R.M.. Underwater Display Format, Color, Brightness and Viewing Distanze.
North Aperican aviation Ine., Ocear Systems Operations, T7-827/020 675-008, 35 pages, hune
1967

Bell. G.L.. Studies of Display Symbol egibility: Part XV, Relative Legibility of " croy and Teletype-
Writer Symbols, MITRE Corp.. MTR 205, USAF Electronics Systems Division, iiSD-TR 06-
316, ADG41-920, September 1966

Bendix Corp.. Design for Legibility of Visual Displays, Report 481-1010-974, Human Factors Group,
Pendix Radio Division. Battimore, Marvland, February 1959

Bendix orp.. Color Codes, Human Factors Group, Bendix Radio Division. Baltimore, Marvland,
September 1963

R:2

s vpa it




Bennet, C AL etal tmage Quality and Target Recognition, Human Factors, vol. 9. no. 1, February
1967

Benson, W, et al, Carrent Developments in Optics and Vision, Arraed Forees - NRC Committee on
Vision. ADG73-425, 1968

Bessey, EG., od Machen. G.8., “du Operational Test of Lehoratory Determined Optinia of
Screen Brighitiiess and sobivnt Huminaiion for Radar Reporring Rooms,” . Appl. Psych,,
vol. 4. no. 1, §1-52, 1957

Bioastronautics Data Book. P. Webb (Ed.), NASA SP-3000. August 1964

Biberman. L.M.. Night Vision: Acuity and Performance at Various Levels of Low Hiumination,
Institute Tor Defense Analysis, IDA Research Paper P-255. AD373-3G0, April 1966

Bishop. HP.. and Crook, M.N.. Absolute Identification of Color for Targets Presente:d Against
White and Colorec Backzrounds, WADC-TR-60-611 Wright Air Development Center,
Wright-Jatterson Lo ¥orce Base, Ohio, March 1961

Blackwell, H.R., "Contiast Thresholds of the Human Eve.” Optical Sceiety of America Journal,
vol. 3G, ne. 11, 024-64%, November 1944

Black wel!, H.R., The Effects of Target Size and Skape on Visual Detection, University of
Michigan, Willow Run Laboratories, 31403357 AD212-141, Febraavy 1959

Bloch, G.ALL ctal, Two Siudies of thie Effect of Film Polar'ty on Patent Examiness Performence,
National Burcau of Standards, NBS Project 4314440, PB 180-720

Block, A.C., ct al. Data Presentation for Positional Representation of Space Yelicles (Phase Lil),
Rome Air Development Conter, RADC-TDR-4-291, AD459-462, January 1965

Bogatov, G.B.. Television Transmissions from Outer Space, Foreipn Technoiogy Division, Wright-
Patterson Air Force Base, FTD-MT-24-229-67, AD677-518, 1966

Boring, E.G., Senation and Perception in the History of Experimental Psychology., Applcton-
Conturv-Crofts, Inc., 1942

Botha, B, Studies of Display Symbo! Legibility: The Etfects of Line Construction, Exposure
fime, and Steoke Width, MITRE Corp., USAY Eiectronics Systems Division, ESD-TRD-
03-240 AD 414.323

Botha, B, and Shurtleff. D.. Studies of Display Symbol Legibility Part 1L The Effects of the Ratio
of Width of Inactive to Active Elements Within a TV Scanline and the Scan Pattern Used in
Symool Ceustruction, ESD-TDR-63-440, AD420-010. September 1963

Bowen, ILM .. ctal, Optimum Symbols toe Radar Displays, Office of Navar Iesearch, prepared by
Dunlap and Associates, Contract Nonr 26820000, T September 1959

Srown, RAL fed.), Hiumination and Visibility of Radar and Sonar Displays (Symposium
Proceedingsy. AF-NRC Committee on Vigon Publication §93, NAS-NRC, AD220-065,
April 105K



[EIERIS TS )

s SRR SR T

ERTT TR TR

Bryden, J.E. “Design Considerations jor Compuicr Driven CRT Displays,” Computer Design,
38-40, March 1969

Rryden, J.E., ot al, Performance of Phosphors Used in CRT Displays. Ruytheon Company, Lexingten,

Massachusetts, September 1965

Buckley, B.B., et ai, Scarch Area and Target Detectability on a PP1 Cathode Ray Tube, Wright
Air Development Center, WADC-TR-52-303, AD132-98, April 1953

Buckner, D.N,, et ai, A Cemparison of Performance on Single and Dual Sensory Mode Vigilance
Tasks, Human Factors Research Inc., Goleta, California. AD 254-834, February 1961

Bunker-Ramo Corporation, Final Report on Optimum Utilization of Compaters and Comypruting
Techniques in Shipboard Weapen Controt Systems, BUWEPS Project RM 1004 M88-4U3,
March 1964

Burdick, D.C., Color Cathode Ray Tube Prisplays in Combat Information Ceunters, U.S. Naval
Research Laboratory, Washington, D.C., Report 6348, AD623-960, October 1965

Burnham, RW_ et al, Color: A Guide to Basic Facts and Concepts, John Wiley ani Sons. Inc.,
1963

Busche Associates, Animated Panel Logic Programiming Technigues, Busche Associates, Northridge.
California, NAVTRADEVCEN 67-C-0201-1, AD677-47¢, September 1968

Carel, W. L., and Hershberger, M. L., Exploratory Studics of Operator Target Designation
Performance with Synthetic Arvay Radar Imagery (U) Hughes Aireraft Corp., Culver City,
California, Air IForce Avionics Laboratory, AFAIL-TR-63-794. AD394-875, CONFI-
DENTIAL., October 1968

Carel, W. L., JANAIR - Analysis of Pictorial Displays 3rd Quaiterly Progress Report, 2732.01/25,
AD613-274, March 1963

XVl

Casperson, R.C.. “Coisiderations from [ngineering Psychologe,” Recent Advances in Display
Media, NASA-SP-159, 132142, September 1967

Chaney., R.E., Whole Body Vibration of Standing Subjects, Bocing Corn., Wichita. Kansas, D3-
6779, AD472912

Chapanis, A., “Color Blindness,”" Scientific American, vol. 184, no. 2, 48-49, March 1951
Chapanis, A., ot al, Applied Experimental Psychology. john Wiley and Sons, Inc., 72, 1949

Christraan, R.J., Specification of Primary Intensities for Seven-Color Additive Bisplays. Rome
Air Development Center, RADC-TR-68-319, AD674-539, July 1968

Christner, C.A., and Ray, H 4., “An Evalunation of the Effect of Selected Combinations of Target
and Background Coding on Map-Keading Performance, Experiment V" Homan Factors,
vol. 3, no. 2, 131-146, Juiy 1961

Coacrmann, R., Investigation Regarding the Effect of Vibration on the Human Organism, Air
Force, Atr Matericl Command Translation No. 349, 19 May 1941




Coffey, ) L. VA Comparison of Verticd and Horizewval Arvangements of Alpha-Neenerie Material
Fxperiment I Haman Factors, vor. 3, no. 2, 93-107, July 1961

.o Colmuan, KLW. et al, The Control oi Specular Reflections trom Bright Tube Radar Disolays,
Courtney and Company, NONR-2346(00,, AD209-279, November 1958

Conally. D.W., tisplay of Weather Coatours {Interim Report), Federal Aviation Agency,
Department of Transportation, NA-08-29, August 1968

Conover, D.W. and Kraft, C.L., The Use of Color in Coding Displays. Wright Air Develepment
Center, Wright-Patterson Air Force Base, Ohio, WADC-TR-55-471, AD204-214,
October 1958

Cornell Acronautizal Laboratory, Pocket Data For Human Factor Zngineering, Coraell
University, Bulfalo, MNew York. 1958

Crook, M., ctal, Trends and Dovelopiments in ¥izual Béolays, Hunian Eagineering Injormation
and Analysis Service, Tufts University, Medford, Massachusetts, Deceriber 1967

Crieniley, L., etal, Display Problems in Aerospace Surveillance Systems, Part £, A Survey of
Display Fardware and Analysis of Relevant Psychological Variables. HRB-binger Ine.,
State Colleger, Pennsylvania, for Electronies Systems Division, L.G. Hanscom Field, Bedford,
Massachusetts EsD-TR-61-33, ADX263-543, June 1961

D'Aiduto, 1.R., "Resolution, Video Bandwidih and Frame Time,”" Information Display. vol. 6. no. 1,
SE-SC fanvary/lfebrmary 19064

Dardaao, J.1., ond Donlev, R., Evaluation of Radar Symbols for Target [dentification, U.S. Army
Human Engineering cuboritory, Aberdeen Proving Ground, Maryland, TM-2-58, AD158-180,
March 1958

Darne, F.R., “ddvanecs in Technigues for Large Dvaamic Displey Devices, ' 5th National Symposium
on Information Risplay. Technical Proccedings, 1-23, Febiraary 1905

Davis. C.J., Radar Symbology Swudies Leading io Standardization, U.S. Army Human Engincering
Laboratory, Abardeen Proving Grounds, Maryland, TM-5-68. AD668-649, February 1908

Davis, LA.. “Recent Advances in Cathode Ray Tube Displav Devices,” Recent Advances in iisplay
Media, NASA-SP-154, J5-37, September 1967

Deese, )., Signai Size and Detectability on PPI Display, Wright Air Development Center, Wright:
Patterson Air Feree Pase. Dayion, Ohio, WADC-TR-54 1o6, ADS39-78. Angust 1954

Depas tment of Defense, MEL-ST12-795, Military Standard Colors, 23 February 1902

Department of the Navy, Buresu of Yards and Docks. Manval: Architecture, Navdocks DM-1,
February 1962

;

-
\

i

O AL ETRE b ok o

m_r




Defense Communications Agency. Television Techuiea! Characteristics: Voi. 1. Ticiure
Generation and Display Equipment, AD805-174, November 1903

DeKlerk. L.E.W.. er o, The Effect of Successive Exposures Upon Dynamic Visual Activity,
Institute for Perception, RVO-TNQO, Nethertands, Report No. 12 1966-10, ADROI-
074, 1966

Devoe, D.B.. and Duva, J.S., Display Sharing Throegh Color Filtering, AFCCDD-TN-60-60. AD249-
788, December 1960

Dodge, K., and Cline, '1.S., “The Angle Velocity of Eve Movement,” Psychological Review. vol. 8,
g 145-157, 1901

Dohrn, R.H., Hear Visual Acuity Under Low-Level Red and White Light, USAF, School of
Axrospace Medicine, Brook Air Foree Base, Texas, SAM-TR-68-119, AD680-845, Ocrober
1968

= Domey, R.G., “Statistical Propertios of Foveal CEE as a Function of Age, Lighi/Dark Ratio and
Svrround,” 1. Opt. Soc. Amer,, vol 54, no. 3, 394-298, March 1964

Bugan, .M. et al, Desigo Studies for Globnlar Displays, Rome Air Development Center, Rome,
New York, RADC-TR-59-65, AD214-597, May 19590

Duntley, S.C., Principles of Underwuter Lighting, Scripps Institute of Oceanography., p. Al -7

Dyer, W.R. and Christman, R.J).. Relative Infhuence of Time, Complexity, and Density on Utiliza-
tion of Codod Large Scale Displays, Rome Air Development Ceater, Rome. New York,
RADC-TR-65-235, ADG22-786, Scotember 1968

Elias, M.I.. Specd of ldentification of Televised Symbols as a Fuaciion of Vertical Resolution,
Rome Air Development Center, Rome, New York, RADC-TR-05-239, AD619-959,
July 1268

Eiias, M.I*., The Relation of N.mber ¢f Scan Lines 2er Symbol Height to Recognition of
Televised Alphanumerics, Rome Air Development Center, Rome, New York, RADC-TRD-
64-433, AD608-739, October 1964

Eikin, E H., Effects of Scale Shape, Exposurve Time, and Display-Response Compiexity on Scale
Reading Efficiency, Ohio State University, A iation Psychology Laboratory, Columbus,
Ohio, Project 7184, Task 71583, WADC-TR-58-472, Hebruary 1959

Enoch, .M., “Effect of the Sizc of a Complex Display upon Viseal Scarch,” 3. Opt. Soe, Amer,
vol. 49, no, 3, 280-286, Murch 1959

Erdman, R.L, and Neal, A.S.. "Character Leeibility and Digital Faesimile Resolution, " Human
Faciors, vol. 10, no. 5, 465474, October 1968

Urdman, KoL and Nealo AS., “Word Lesibility ay a unrction of Letter Legidility, with Word Size,
Word Familiarity end Resotution as Parameters.” 3. Appl. Psych., vol. 52 no. §, 403-409,
1968

RS

R-0

AR e

alirean!
FROURE A



Erickson. R.A. and Hemingway, J.C., Relagive Effectiveness of Raster Scan Lines and bnage
Subtense on Vehicle ldentification on Television, U.S, Naval Weapons Center, China Lake,
Califoria, IDP-2975 January i 09

Erickson, RLA and Main, R.E., Target Acquisition on Television: Preliminary Experiments,
U.S. Naval Ovdnance Test Swation, Chine Lake, Calitornia, AD 488-320L, August 19606

Erickson, R.AL Visual Seacch Experiments: Acuity, Response Time, Noise Pasistence, U.S.
Naval Grdnance Test Station, China Lake, California, NAVWEPS Report 8731,
ADGIY-507, July 1965

Uricksor, R.AL “Visval Search Perjormance i a Moving Structured Field,”” §. Opt, Soc. Amer.,
voi. 54, no. 3. 399-405, March 1904

Erickson. W. L., and Solle,, T.M., “Computer-Driven Dispiay Svstems,” 1EEE Internationai
Cunvention Record 72-8d | 1965

Erikser, C.W.and Hake VLW | “Vaded-limensional Stimelus Difference and Accuracy of
Discrimination,” J. Exp. Psych., vol. S0, 1583-160, 1955

Eriksen, C.W., "Qbject Location in e Complex Perceptual FPeld,”” 3. Exp. Psyci, vol. 45,
126-132, 1953

Eriksen, C.W., “Location of Ohicets i« Visual Dispiay as a Function of the Number of
Dimensions ore Which the Objects Differ,” 1. "ixp. Psych., vol. 44, 56-60, 1952

Faber Birren Company, Application of Color to Shore Establishments fur the Uaited
States Navy Bureau of Yavds and Docks. Faber Birren Compuny, New York, 1948

Farnswerth, D.. Developments in Submarine and Small Vessel Lighting, Submarine Base,
New London, Medical Research Laboratory, BUMED Project NM 002 014.02.01,
Report No. 209, 8 September 1952

Ferree, ColLand Rand., G, “Visibility of Objects as Afjected by Color and Compaosition of
Light Part 11, With Lights Equalized in Both Brigh tiess and Suturation,” Fersonnel
Journal, vol. 10, 108-124, 1931

Fogel, L., A New Concept: The Kinolog Display Sysrem,” Hunan Fastors, vol. 1, no. 2,
30-37, Aprii 1959

Foster, LW, Information Displays and Information Processing Tasks, System Developmient Corp.,
Janta Monica, California, SP-1811, AR610-025. September 1964

Gabricl, RoEL, ot al, An lovestigation of Lighting in Displays with Superimposed Ficlds While at
Low Levels of HHamination, Douglas Aircraft Corp., Long Beach, California, ADO613-344,
February 1965

Gancr, CALL et al, Reconnaissance and Surveillance Display Analvsis Study. Phase 1, Operator
Display Parameters, Manned System Sciences. Northridgee. Calitornia, Apeil 1969

R-7



Gardner, R.E., and Carl, LM, The Effeets of Ambient Humination, CRT Bias, and Noise Upon
Target Detectability with a B-Display. U.S. Naval Rescarch Laboratory., Washinglon, D.C,
NRL Report 5264, AD211-751, January 1959

Gebhard, LW, Visual Dispiay of Complex Informition, Johns Hopking University for U.S. Nava!
Specia) Devices Center, Port Washington, New York, SDC-TR-1066-1-72, ADD644-7006,
April 1949

General Services Administration, Federal Supply Service, Standardization Division, Specilications
and Standard,; Branch, Federal Standard No, 595, Color, | March 1956

Gibney, T K., Legibility of Segmented versus Standard Numerals: A Review, 6570th Acrospase
Me.lical Research Laborateries, Wright-Paticrson Air Foree Base, Dayion, Ohio,
AMRL-TR-67-1106, AD6G1-262, June 1967

Glucksberg, S., ¢t al, Brief Visual Memory as a Fuinction of Visual and Acoustic Capability, U.S.
Army Human Engineering Laboratory, Aberdeen Proving Ground, Maryland, HEL-TM-
15-67, August 1967

Gould, J.D., "“Visual Factors in the Desigit of Computer-Controfled CRT Displays,” Human
Factovs, vol. 10, no. 4, August 1963

Gould, 3.D. and Schaelfer, A., “The Iffects of Divided Artention on Visual Monitoving of
Aulti-Channel Displays,”” Human Factors, vol. 9, ne, 3, 191-202, 1967

Geeham, CH., and Marear -, R, “Arca and the Nitensity-Uime Relation in the Peripheral Retina,”
Awmerican Jourral o Yhysiology, vol. 113, no. 2, 299-3085, October 1955

Graham, S., “Using ¢ Stundura Television Monitor s an Alphanioneric Display, " Informetion
Display, 59-G1, May/June 1067

Lty Goetal, Display Problems in i aspace Surveillance Systems, HRB-Singev tne., State
Cadege, Penneylvania. for USAF lectronics Sysiem Division, L.G, Hanscom Field.
Bedford, Massachusette, ESD-TRD-61-37, ADZ71-440. Octaber 1961

Gray. DB, (Ed), American Institute of Physics Handbook, McGraw-Hill Inc., New York, 1957
Gruber, A, Sensory Alternation and Performance in a Vigilance Task, USAF Electronics System

Dwision, L.G. Hanscom Field, Bedford, Massachusetts, ESD-TR-63-605, ADa17-d4d4,
Sepiember 1963

Guttman. H.E . and Anderson, DAL Studies Comparing the Eftc _tiveness of Three DMmensional
Versus Two Dimensional Presentations, Minneapolis-Honevwell Corp. for Rontwe Air
Development Center, Rome, New Yorg, RADC-TR-63-4, AD6OO4-017. November 1962

Halsov, RM.. and Chapanis, A O the Number of Absolrely fden ifiable Svectral Hues,™
F.0pt. Soc. Amer. vol. <, no. 12, 1057-1058, December {951

Halsey. RM.. “Mdenrification of Signal Lighes, [ Blue, Green, White, and Purple.” 3. Opt. Soc,
Amer., vol, 49,45, 1959

R-8




Halsey, R.M.. “Identification of Signal Lights: 1 Elimination of Purpile Category, " J. Opt. Soc.
Awner..vol, 49 167, 1959

Halsted, C.. “lmprovizg the iformation Fiew Rate Between Man and Machine,” Electronic
Industries, 62-66. April 19606

Hammer, C.H., and Ringel, 5., Coding Updated Alphanumeric Information in Individual and
Group Displeys, U.S. Army Personnel Research Office, Washington, D.C.. APRO-TRN-
151, ADG6 0-743, December 1964

Hammer, C.H., and Ringel, S.. “fatorimation . ssimidation Froer Updered Alphamaieric
Displays. " 1. Appi. Psych., vol. 50, no. §, 383-387. 19606

Hampton, D..and Carr, R, Evaluation of Aati-Glare Coatings for Use in the BSQ-13 Sonar
System, Raythcon Co., Submartne Signal Division, February 1967

Hampton, 3.B.. Review of SSD Classroom Television System, (personal commuunication), 1909

Hanes, R.M,, et al. Learning Curves for Color [dentification, Johns Hopkins University, Applicd
Physics Laboratory. ADG27-400. November 1960

Hanes, R.M., et al, Visibility on Cathode Ray Tube Screens: The Effects of Light Adaptation,
Johns Hopkins University, TR1H0-1-32, ADG629-390, O tober 1947

flordesty, (LK.CL Greenberg, ML, and Winterberg, R A Beperimental Siudy of Chromaticity

Lindts oo Signal Laghts o a iaeninous Enviropanent,” Navad Ships Rescaich and Developnn

Center. Annapotis, Maryland. Repon 93252, 26 November 1962

Harriman, MW and Willimns, S B, " Visibilice on Carhods Rayv Tube Screens: Pos’tive i,
Negative Signals on an Internally Modulated Scope,” J. Cpt. Soc, Amer., vol. 40, no. 2.
102-104, i‘chruary 1956

Frarris, C.S. et ai. Human Performance During Vibration, 6370th Acrospace Medical Rescarch
Laboratories, Wright-Patterson Air Foree Base. Dayton, Ohio, AMRL-TR-65-207,
ADG24-196, November 1965

Havron, M.D.. and fenkins, 1P saformation Requirements Methods as Applicd 10 Development
of Displays and Consoles, Human Scicnees Research, Alexanaria, Virginia, HSR-RR-
O6LA4SM, AD257-609, March 1901

Healer, J.(hdo). Summary Renort on a Review of Biological Mechanisms for Application to
Instrument Design. Vol. V, Applied Rescarch Associates, Concord, Massachuactts,
ARA-346-F-2 Part 1, MNO7-401 36, August 1967

Heeht, S.adopted by Luckiosh, M, and Moss, 1. K.. The Science of Seeing, 1D. Van Nostrand Co.,
73,1943

Vit
SRR

Hecht, S.oand Pia, Y. “Dark Adaptation Following Light Adaptation to Red and White Lights,”

J. Opt. Soc. Amer. vol. 35 n0. 4. 261-247. April 1945

R-9




lecht, S.. and Williams, R.E., "The Visibituy of Monochromaiic Radiation and the Absorption
Spectrum of Visual Purple,” Journal of Generet Physiology, vol. 5, 1-34, 1922

Hemingway, J C.. and Erickson, RUAL, “Relative Lffecis of Raster Scan Lines and Iage Subtense
on Symbol L egibility on Television,”” Fuman Factors, (in press)

Heimmirgs, C.C., and Lythgoe, J.N., “The Visibility of Underwater Objects,” 23-27

Herrick, R.M,, et al, Luminance Threshe'ds During Dark Adaptation Following Preadaptation fo
Cathode Ray Tube Displays. Columbia University tor Wright Air Development Center,
Wright-Patterson Air Force Base, Ohio, WADC-TR-52-26, AD18-118, December 1952

Hester, Fo, and Taylor. J.iL, “How Tuna Sce a Wet,”” Commercial Fisheries Review, vol. 27,
no. 3, 11-16, Maich 1565

Hibbard, R., "Con.ments on Television Resolution,” Readout, voi. &, no. 1

Hicksor, R.H., et al, Detectability o 1 Cathode Ray Tube Sereens: Comparison of PP1, Inside-
Out PPI, and B-Scan Under Noise and Naoise-tree Conditions, Delence Research Board,
Canada, DRML Report No. 1£3-15, AD227-164, June 1959

Hickson, R.H., Visioility on Radar Screens: The Effect of Scope Brightness and Range, Defence Rescarch
Board, Canada, DRML Report No. 162, AD227-153, lune 1959

Horovitz, P., "Concepts for Design and hinplementation of Mobile Computer Generated Display
Systems,” 6th National Symposiam on Information Displey, Technical Proccedings,
47-66, September 1965

iughes, C.L , “Varabiiit. of Stroke Width Within Digits,” J. Appl. Psych., vol. 45, no. .,
364-368, 1961

Human Ungineering Laboratory. Homan Factors Engineering Standard for Missile Systems
and Related Eqripment, U.S. Army Human Engineering Laboratory, Aberdeen Proving
Ground, Maryland, HEL Standard 5-3-65, Septemtbor 1965

Humes, J .M. and Bauerselnuidt, DKL, Low Licht Level TV Viewfinder Simulation Program,
Phase B, North American Rockwell Corp., Autonetics Division for U.S. Air Foree
Avionics Labaratory, Wright-Patic.son Air Force Base, Dayton, OQhio, AFAL-TR-68-271,
November 1968

fliumination Engineering Sccicty, TE.S. Lighting Handbook, Third Edition, Humination
Engineering Society, New York, 1959

Muaminating Engineering Society Conmmittee on Residence Lighting, “faunctional iisual
Activities in the Home,” Muminating Engineering, vel. 40 no, 7. 375-382 July 1951

R-10

- ’mﬁﬂﬁﬁ<.:3ﬁﬁ i




Intano, G.P., Legibility of Various Sized Letters Under Aviation Red “Lunar™, and
Neutrally-Filtered Incandescent White Lighting Systems, ULS, Navad Air Developmient
Center, Johnsvitle, Cennsylvania, NADC-AC-6705, ADOGE-829_ October 1967

breland, I.H., et al, Experimental Study of the Efiects of Surround Brightuess and Size on
Visual Performance, Radic Corporation o’ America Moorestown, New Jersey, lor
USALE Acrospace Medical Rescarcin Laboratorics, Wright-Paiterson Ar Furee base.
Rayton, Ohio, AMEL-TR-67-102. AD66G-G47

Ircland, F.H.. Effects of Surround Nlumination on Visual Performance: An Annotated Bibliography,
Radio Corporation of America, Moorestown, New Jersey, for USAE Acrospace Medica!
Rescarch Luborateries, Wright-Patterson Air Foree Base, AMRL-TK-67-103. ADS22-G12.
July 1967

Jesty, L. €., The Relation Between Picture Size, Viewing Distance and Picture Quality, The
Institution of Llectrical Eugineers Paper Na. 254 OR 25439, FFebruary 1968

Jesty, L.C., “Harizontal versus Vertical Resolution,” Wireless World, 304-306. July 1957

Jesty, L.C., and Phelps, NRL “The Fraluation of Picture Qaalivy swith Speciad Reference (o
Television Svstems, Parr 17 Marconi Review, vol. t4, HE3-186, 1951

Johnston, WA and Howeli, W.C,, Influence of Prolonged Viewing of Large Scale Displays on
Extiaction o Information, Rome Air Development Center, Ronie, New York.

RADC-TR-67-411. AD 460-115, September 1967

Howell, W.CL et ail Influence o Stress Variables on Dispiav Desigin, Kome Ane Development Center, Rome,
New York, RADC-TR-64-2006. ADGOOG-627. August {901

Jones, [LV. Vigilance Performance as a Function of Signal Location and Distance, University
of Sout” Dakota, PB173-154. August 196§

Jones, MURL, “Tulor Coding,” Human Factors, vol - oo 0, 355305, December 1902
Judd, D.B. Colorimetry, National Burcan of Standards Circular 278, March 1950
Judd. 1.8, Color in Business, Science, and Industey, John Wiley and Sons, Inc., 1955

Kol RoD. cval, = Determination of Optinwan Nember of Lines ina Television Svsiem,”
RCA Review, vol. S08-30, fuly 1240

Kellev, C.R., Experimental Evaluation of Head-Up Display High Brightness Requirements,
Kaiser Acrospace Inc HEROT6G5-1 ADOG26-657, Novemiber 1968

Kellv, KoL “Codor Desivnation: for Lights. 3. Opt. Soc, Amer. vol, 33,627 1049
Kelly, IR S Eniversal Color Lainguaee,” Color Enginecring, vol. HLo no, 20 1-7. 1965

Kent. PR and Weissnum. S, Visual Resolution Undeswaier, US. Naval Submarine Medical
Center, Submarme Base. Groton, Connecticut, Report Number 4760 7 pages. S Mav 1960

R-1"'

S



RS

L

AR

Kershner, A. M., ctal. A Study in Irformation Processing: Electroluniinescent vs Teletype
Readibitity of Weather Messages, USAT Electronics Systems Division, L.G. Hanscom
Field, ESD-TR-66-149, AD630-6306, December 1965

Ketehel, J.. An Investigation of the Effects of High Tensity Light Adaptation o
Electronic Display Visibility, Kaiser Aerospace, HER-12367-1, June 967

Kinney, G.C., and Showman. D.J., “The Relaiive Legibility of Uppercase and Lowercase
Typewritten Words,” information Display, 34-39, September/October 1967

Kinney, G.C., Studies in Risplay Legibility, MITRE Corp., Cambridge, Massachusctts, MTP-21,
December 1865

Kinney, G.C., ¢t al, Further Research on the Effect of Viewing Angle and Symbol Size on Reading Ease,
MITRE Corp.. for USAF Electronics System ivision, ESD-TRD-64-633, AD610-421. January
1965

Kinaey, J.S., et al, The Underwater Visibility of Colcrs with Artificial tlumination, U.S. Naval Subma-
rine Medicai Center, Submarine Base, Groton, Connecticut, Report Namber 551, 7 pages, 15
October 1968

Kober, C. L., Critical Size of Radar ?Pl Cathode Ray Tube Screens and Antenna Scan Rate, Techni-
cal Proceedings, DU-72, AD-50-007, June 1952

Kosmider, G.. et al, Studies in Display Symbol Legibility, Part VIII: Legibility of Common Five-Letter
Words, MITRE Corp.. for USAF Electronics System Division, ESD-TR-65-385

Kostanzer, A. R.. An Evaluation oi Two Readout Array Methods for Presenting Binary and Decimal
Information, U. S. Navy Lilectronics Laboratory, San Dicgo, Calttornia 'TM-403, AD465-102,
April 1961

Kubakawa, ., et al (Ed.), Databook for Human Engineering, prepared by Man Factors, Inc., San
Diego, California. >r Natiorel Acronautics and Space Administration, November 1969

Kuehn, R., "Display Requirements Assessment for Comniand and Control Sistems.”” Information
Display, 43-46, November/ Decermber 1966

Kuntz, J, E.and Sleight. R. B., “tffect of Turget Brightness on ‘Normal’ and “Subnormial” Viszal
Acuity,” 3. Appl. Psych., vol. 33, no. 1, 83-91, AD640-085. February 1949

Kurtz, G. L., Lighting Smail-Shelter Interiors: Criteris and ar Example, U. S. Army Huaman Engineer-
ing Laboratory. Aberdeen Proving Ground. Marytand. '™ 13-65, AD643-1238

Landis. Do et al, Experiments in Display Evaluation: Phase 1 Repori, Franklin institute. Philadelphia.
Pennsvivania, TR-1-194, ADG58-733 July 1967

e




La Salle. ROHL, A Summary of Terminology and Criteria Employed in Tnage Quality Assessment and
Specification, USAT, Rowme Air Development Conter. Rome. New Yotk RADCTR-67-578,
AD6064-330. December 1907

Lethowitz, H. W._ The Human Visual System and Image Interpretation, Institute for Defense Analysis,
McLean, Virginiz, P-319 ADST7-540, June 1967

Levine, 8., “lupvariCOwepat Eguipmeont for [nformation Handling Syatems, " 1EER International Con-
vention Record, 86-89, 1963

Lewin, L. “Photonmetree Units and Terms, Part .7 Optical Snectra, July/August 1968

Lewing Lo Plhiotomertric Cies wid Teris, Part 117 Optical Spectea, Sepiembet: Celober 1504

Loewe, RUT. etal. “Conypucter Generated Displavs,” Procecdings of the IREL 185195, January 196l

Lovie. A. D.. The Lffect of Mixed Visual Contrass Schedules on Detecion Vimes for Boti $ree aind
Horvizontaliv Structured Visual Search, Army Personnel Rescarch Pstublsinent ot Ko,
RMN/ 14, ADE2 1284, December 1960

Lovie, A Do and Lovie, P The Effect of a Horizontally Structured Field and Uivget Brightness on
Visual Search and Detection Times, Army Personnel Rescareh Fotanlishinent (U Ko RM 7
ADEO7-817. August 1660

Lovelace Foundation, Compendium of Human Responses to the Acrospace Lnvirnement, Vol b - TV,
Lovelaee Feundation ror Medacad duention imd Research vihaspnesgquie New Aexaco, NAS

CR-1203 (1-1V). November 19658

Fowry. 1M and DePalma b L "Quaatitative Rolation Benveon Caroneatics! 77 terences and
Lumimance (Xitjerence,. L Opt Soc. Amer. vol 48 nos i November 1208

Ladvigh, b The Visebaliny of Movine (J:pects,” Seience, vol TOS.03-02 10 Ju o 1948
Lunenberg, H R.aind Kuehin, R L Display System Engineerving, MeGraw-Hic, Vo8

Luxenberg, V2 and Bonness, Q. L. “Goanditato e Measires ot Display Chavacteristion,” dormation
Display, S-14, July August 1965

McGrath, 13 cbkdoy Acronautical Charts and Sap Displave, Haman Factor Research inc . for
JANATR. ADGOLA90. Aucust 1967

McGrath, ), et al Review and Critique of Literature on Vigitasce Performarc Humaen Tactons
Rescarch Inc. Goleta, Calitorma AD237-04]

MceLane, b Weingartner, Wo b md Townser: 0 O Aavanced Pesitover Coneept, Matine Fagineer-

ing Laborataors Report 333 65 Nay (v

Motaughlin, D arvange Srainscot Lichane System for Use in Combat Information Centers, UL S,
Naval Rosearch Tavorzion . Waslington, DoC NRT 3007 AN T304 October 1964

Malone. o Comupar stive Evaduation of Dispiay Techniques, Boomne € cmps py, Seattle, Washington,
DR CAD lotin e Precomitbey [0 3

oS

sy
P AL

k], o6

o
"i
x
E
e
3
F
#
:
3
B

‘

B340 4 el 1 bl gt I RS St



Marsetia, M., et al, Studics in Display Symbol Legibility, Fart X1V, The Legﬁi})\i!it_yl of Mi!ilm‘y Map
Symbols on Television, The MITRE Corp.. Bedtord, Mssachusetts, FSD-TR-66-315,
ADG41-658, September 1906

Mayfield, €. E., Empirical Human Factois Investigation of Displav Design, Frankiin Institute, Phile-
dgelphia, Pennsylvania, SRDS £7-32, AD653-470, Aprit 19,57

Meister, D., and Sullivan, D. J.,«Guide to Human Enginzering Design for Visual Digplays, By Bunker -
Ramo Corp. for Ottice of Naval Research, August 1969

Minor, F.J., and Revesman. S 3., “Fxperimietal Evaluation o Binary Codes for Console Display. ' J. of .
Appl. Psycin., vol. -+ 0. 0, 381-387 1961

Militacy Staidard (MIL-STD) 1472, Human Lngineering Design Critena for Military Systems, Equin-
* 3 -y 3 -
ments and Facilities, Department of Defense, February 1968

Military Standard (MIL-STD) 1472A. Human Engineering Design « riteria for Military Systems,
Equipmentz and Facilities, Department of Detense, May 1970

Mirabella. A., and Goldstein, D. A.. “The Lffects of Ambient Noise Upen Signal Detection,” Hanan
Factors, vor 9 no. 3, 277-284. 1967

Mizusawa, K., Psychological Aspects )f Underwater Vision, Buttelle Memorial [nsititate Teport
67-1787, 9 pages

Morgan, €. T et al /Fdy, Human
Company, inc.. New York

Engine

963

eriag Guide to Hquipment Design, McGraw-Hill Book

Muller, P. E., et al. The Symbolie Coding of Information on Cathode Rzy Tubes and Similar Displays,
USAE, Wright Air Development Center, WADC-TR-S 3-375. October 1955

Muller, P, ., Jr.. Efficiency of Verbal vs. Motor Responses in Handling Information Encoded by
Means of Coloi and Light Patteras, USAL. Wright Air Developmient Center, WADC-TR-55-472,
December 1905

Myers, W.. Accommodations Ef¢ects in Multi-Color Dispiays, USAL, Flight Dvnamics Liaboratory,
AFEDL-TR-67-161. December 1967

Neal, A, S.. ““egibility ReGuirement: for Educational Television.” Information Display, vol. 5, no. 4.

39-44, July/August 1968

Newman, K. M., and Davis. A. R.. “Relative Merits of Spaiial and Aipnhabetic Frcod ng of jormatior
Jor g Fisuol Display, ” Journal of Engineering Psychology, vol. 1. a0, 3. 102-126, July 1962

Newman, K. ., and Davis, A. R.. “Non-redundant Color, Brighiness, and Flashing
Geometric Symbols on a Visual Display,
47-67. April 1962

Rate Encoding of
" Journal of Engincering Psychology. vol. 1. no.2
J4 £ b8; 2

Newmuan, K. M.. et al, A Comparison Between Spatial and Afphabetic Encoding of Information on g
Visual Desplay, U, S, Navy Electronics Laboratory. San Dicgo, Califoinia, NEL-1084 AD670-
G119, December 195




North Amersicun Aviation, Investigation of Acrospace Yehicie Crew Station Criteria, USAY. Flighi
Dynamizs Labortory, FDL-TR-048G, A1GS2-187, July 904

Catman, L. €., Target Detection Using Black and White Television: Study L Detection ax a Fanetion
of Display Degradation, U, S, Army Hluman Fagineering Laboratory. Aberdeen Proving
Ground. Maryland, HEL-TR-12-65, AD627-009, September (968

Oatman, L. C.. Target Detection Using Black and White Television: Study 11 Degraded Resolution
and Targer Detection Probability, U. S, Army Humar Engineering Laboratory. Aberdeen
Proving Ground, Maryland, HEL-TM-10-65, ADG25-230, July 1968

Osterbery, G., “Tapography of the Laver of Rods and Cones in the Human Reting,” Acta
Ophthalmologica (Copenhagen), vol. 13, suppl. 6. 103, 1935

Ozkaptau, H.. et al, Taget Acquisition Studies: Fined Television Fields of Yiew. Martin Marie:ta
Corp., Orlando Division, OR-9056, ADO77-222, October 1968

Paine, L. W., Form Pereeption in Video Viewing: Effects of Form Content and Stero on Recognttion,
USAF Electronics System Division, ESD-TRD-0:-0006. ADOOY-99 2 September 1964

Parker. J. W., Plastaa Discharge Phenomenon Used as a Display Medium, U, 5. Naval Aiv development
Center, Johnsville, Pennsvivania, NADC-AM-6824, ADS4I-631, October 196K

Paul, L and Buckley, I P Human Factors Evaluation of a Large Screen Radar Dispiay, Federul
Aviation Agency, Department ol Fransportation, NAFEC RD-66-105, ADG»> 1033, March 1907

Pasderak, I, "On the Perccivabie Colowe Difference in Pelevision Pictares,” Slaboproudy Alzor
{Czechostovakia), val. 24, na. 26976, 1963

Pitblado, C..etal, “Eradurion of Nariow BW TV Displavs. ™ 7th National Symposiuin on Inforimation
Display: Technical Proceedings, 1-19-1620 Octoher 1966

Pizzicara, . 1., Computers and Displays;Contvols State of the Art Technology Studies, Litton Systems
Divisioi, Publication 9902, ADO3I =003, IFebiuary 1966

Poole, H. .. Fundamentals of Display Systems, Spartan Books. 1066

Promusel, D M. U Visua! Target Locaticn as o Funcition af Nunbees and Kind of Competing Signal
J. Appl Psvei, vol, 45420427, 1901

Reed, ). B.. The Speca and Accuracy of Discriminating Differences in Hue, Brilliance, Area and Shape.
U. S, Navai Specia) Devices Certer, Port Washingtoa, New York SDC-131-1-2, AD63IO- 143,
September 1951

Reese, B P et all Relative Effectiveness of Presenting inforinaiion to Selected Sense Modalities, UL 5.
Naval Training Devices Conter Port Washington. Noew York, NnAVIRADEVCEN Si 2.
ADZ2S1-450. June 1960

Reese, T, W, et al, Soeciol Problems in the Bstimmation ol Bearing, ADOGSS-80T January 1948

Ringel Soend Hainmer. Coonformation Assimibation From Alphanumeric Display - Amouat and

Density of fnformation Prosented, UL S0 Ay Personae! Rescarch Office, APROTRN 14,
ADROOL-OT2 Aprit 1664




"y

R e

B sl PR

Ringel, S.. and Vicinio. F. L. Information Assimilation From Symbolic Displays - Ameunt of
Infermation Presented and Removed, U. S, Army Personue! Rescarch Office, APRO/TRN 139,
ADG00-036, March 1964

Rizy . I, Dichroic Filter Specification for Color Additive Displays: 11 Further Exploration of
Tolerance Areas and The Influence of Other Display Variables, USAEF Rome Air Developiaent
Center, RADC-TR-67-513, AD059-346, September 1967

Rizy, E. F., Celor Specification for Additive Color Group Displays, USAT, Rome Air Development i
Center, RADC-TR-65-278. AD621-068, August 1965 -

Rogers, I. G., et 2, Shared Spectrwm Display Enhancement, Final Report. Hughes Aireraft Co., for
USAF Electronics System Division, ESD-TDR-64-673. AD611-187, Junuary 1965

Rubinstein, L., and Taub, H. A., Visual Acuity During Vibration as a Function of Frequency, Ampli-
tude and Subject-Display Relationship, Cornell Acronautical Laboratories, Inc., Butfalo, New
York, for USAF Aerospace Medical Research Laborateries, WPAFB, AMRL-TR-66-181,
ADO658-440, Junce 1967

Saltzman, §. 1., et al, The Effects of Size and Brightness on the Speed of 1dentifying Number of Range
Rings, U. S. Naval 3pecial Devices Center, SDC 166-1.79, ADGS57-622, January 1949

Sampson, P. B., and Wade, F. A., Literature Survey on Human Factors in Visum Displays, Tufts Univer-
sity, Mcdford, Massachusetts, ‘or USAF Rome Air Development Center, RADC-TR-01-95,
AD262-533, June 1961

Santanelli, A.. An Investigation of Speed and Accuracy of Direct Manuval Readout of a Coded Data
Block, U. S. Army Electronics Comimand, #1. Monmouth, New Jersey, ECOM-TR-2793.
AD8O7-446, Janvary 1967

Schade, O. N.. “Ilectro-Optical Chuwactevisties of Television Svstems:

Part | Characteristics of Vision and Visual Systems

Part ! clecrro-Optical Specitications for Television Svstems

Part 111 Flectro-Opticel Specipications of Camera Systems

Part 1V Correlation and Evaluation of Electro-Optical Chavacteristics of Taging Systen:

RCA Review, vol. 9, 1948

Schumacher, H. 1., Army Tactical Command and Countrol Displays, Thesis, Northeastern University,
AD459-495, April 1965

Serendipity Associates, A Descriptive Model for Determining Optimal Human Performance in Syste ns.
Vol. 11T - An Approach tor Determining the Ontimal Role of Man and Allocation of Functions
in Acrospace Systems, NASA-CR-878. January 19068

Shanahan. .| Effects of Television Bandwidth on Target Identification, U. S. Naval Missile Center, Pt
Mugu, California, NMC-TM-04-2, AD435-7406, April 1904

Sheppard, 1.1 et all Cotor Piscrimination in Static Displays, Rand Corp.. Santa Monica, California,
RM-5303-ARPA, November 1967

2106



Showman, D. J.. “The Relative Legidility of Lerov and Lincoln/Mitre A shanumeric Symbols,”
Information Display 31-34, March/Amil 1967

Shurtleft, D. A.. "Stedies in Televisio 1 Legibility - A Rewew of the Literature,” Information Display.
U453, Junuary /February 1567

Shurtleft, D. A, Design Probicms in Visual Displays. Part {1, Factors in the Legibility of 'l'cleviscc}_
Bisplays, MITRE Corp. for USAF Llectronics System Division. ESD-TR-66-299, ADG40-571.
coptember 19606

shurtlelt, D. AL, Design Problems in Visual Displays, Pact 1, Classical actors in the Lewibility of
Nume-als and Capital Letters, MITRE Corp. tor USAT Electronies System Division,
E3D-TR-66-62, ADORG-4 14, June 1966

Shurtledt, ., et al. Studies in Dispiay Syinbol Legibility: Part IV, The Efects of Brightuess, Letter
Spacing, Symbol Background Relation and Surround Brightuess on the Legibility of Capital
Letters, MITRE Corp. for USA™ filectronics System Divison, ESD-11 65134, ADG33-8523,
May 19066

Silver, C.and Cruikshank, B, “7The Faster the Beteer,” sth National Symposiam on lormation
Display Technical Proceedings, 81-85, September 1968

Simon, Oliver, lutrodu-tion to Typography, Vaber eud Faber

Stoan. L. L., “Rate of Durk Adaptation and Regional Tiveshold Gradient of the Bark-Adupred Eyve:
Physiologic and Clinieal Svudies,”” Awericar, Journal of Ophthatmology, vol. 30, 705-720, 1047

Smith, A AL and Bayes, G XL "Fisibitiey on Radar Scrcens: The Effcco ot CRYE Bias and Anibicont
{hanination,”” Journal of Applied Psychology. vol, 41, no. 1, 1518, 1257

Sivith. GO M L and Scott, DL ML Some Physical Parameters of PPEDisplays Vseful in Predicting
Refative Detectability Thresholds of Targets, Detence Medical Researeh Laborstory (Canada).
DRML Report No. 1o3-14, ADIS3-692, November 1957

Smiti, S. Looetal. “Color Coding in Formatied Displavs,” Journal of Applied Psychology, vol. 49,
no. G, 1965, ESD-TR-65-125. AD628-024, February 1966

Smith, S, L. and Duggar, B. C.. Do Large Shared Display. Fucilitare Group Effort,” Human Factors,
137244 June 1965

Smith. S. L., “Color Coding and Visual Separabiliiy: in lnformanon Displavs,” ), Appl. Psych, vol 47,
no. 6. 358304, Decentber 1963

Smith, S L Display Color Cading for Visual Sepacabilitv, METRE Corp . MTS-10, ADJ62-87 2,
August 1963

g Psychoovol 2.

&

Smithy S Lo “Legihiliey of Qverprinied Svmbols in Multi-Colored Dispdays.” 30 Engr
no. 2.8 200 1903

R-17




W

3
v

&
5

o

LA BT o T

BT G Sl R T

L SR A Lt o

R e

Smith, S. L., “Color-Coded Displays for Data Processing Sysients, " Electro-Technology, 03-69, Aprii
1963

Smith, S. L.. Display Calor Coding for a Visual Seacvch Task, MITRE Cosp., Report No. 7, AD283-071,
June 1962

Smith, S. L., Visual Displays — Lavge and Small, MITRE Corp., for USAF Electronics System Division,
ESD-TDR-62-339, AD293-826, November 19G2a

Snadowsky, A. M., et al, Misregistration in Cotor Additive Displays, USAF Rowme Air Developmeni
Center, RADC-TDR-64-488, ADG10-528, December 1964

Snyder, H. L.. Low Light Level TV Viewfinder Simulation Program. Phase A: Part I State-of-the-Art
Reviews, North American Rockwell Corp., Autonetics Division {or USAL Avionics Laberatory,
AFAL-TR-67-293, Part |, November 1967

Sonn, M., and Carr, R. M., A Comparative Evaluation of P7 and P28 Cathode Ray Tubes for the
Deteciion and Localization of Sonar Targets, Raytheon Corp.. Submarine Signal Division,
MNovemb r 1967

Steedman, W. C., and Baker, C. A.. Target Size and Visual Recognition. Wright Air Yevelopment
Division, WPAFB, WADD-TR-60-93, AD235-129, February 1960

Stenson, H. H., Human Factors in the Design of Electroluminescent Displays for Acrospace Equ'pment,
USAF 6570th Aerospace Medical Rescareh Laboratories, AMRL-TR-66-130 ADO4n-4 7
September 19606

Stephenson, S, D., And Schiffler, R, 1., The Relative Legibility of Five Different Segmented Mlecivs-
luminescent Parts, USAF Rome Air Development Center, RADC-TR-68-372, Septenner 1908

Stevens, S. S. (Ed.), Handbook of Experimental Psychology, John Wiley and Sons, Inc., 1951

Stocker, A. C., “The Size and Contrast of Hard Copr Symbols,” Information Display, 30-42. July/
August 19606

Summers. L. G.. et al. An Introduction to the Specification of Optimuny “ivual Display “.osign
Characteristics, Douglas Aircralt Corporation, El Seguado, Califoreia, Report No, HS40408,
AD-O6 961, June 19061

Sweei, AL Loand Bartlett, N R., UFisibiliny on Carhtode Rav Tube Screens: Sianals e a P7 Sereen
Seen at Different ntervals ajter Excitation,” 2, Qpt, Soe. Auner, ol 38, no, 4, 329-337,
April 1948

Thomson. R. M., ¢t al, Arvangement of Groups of Men and Machines, Oftice .:f Naval Researeh. ONR
Report No. ACR-33, Deceber 1958

Thorton, G. B.. Detection Time of Radar Pips Under ldeal Operciing Conditons, DRML-Canada,
DRML Report WNo. 10722 ADS6406, December 1954

Trow, W. I, and Smith, F. AL Desigin Consiclerations influencing the Size and Cost of Optical Com-

porents in Auto-hasiructional Devices, JSAL 6570th Acrornace Medlicad Lavoratories.
WPAFB, AMRL-TR-05-80. ADOT7-609, May 1965

R-18

|
!

. "
PRI, e

El



Trambull, R., Envitonmental Modification for Human Performange, Office of Naval Research. Wash-
ington, D. C.. ACR-105, AD620-232, July 1965

Turnage. R B, Jv., "The Perception of Flicker in Cathode Ray Tube Displavs, " Information Display.
38-52, May/June 1960

Ormer, A. H., “Performance Degredation Effects of Infcmaiion Loading. " Perceptual and Mator
Skills, vol. 23. 1117-1118, December 1966

Vallerie, L. L., and Link, J. M., “Fisual Detection Probability of ‘Sonar’ Targes as a Function of
Retinal Position end Brightness Contrast,” Human Factors, vol. 10, no. 4. 403-412, Aupusl
1968

Vaughan, W. S., Methodology for Determining {nformation and Display Requirements for Con}m;md
of an Advanced Submaring, Human Sciences Rescarch Ine., HSR-RM-59/24-SM. AD2S7-600.
December 1960

Vicino, . L., et al. Conspicuity Coding of Updated Symbolic Information, U. S. Atmy Personnel
Pesearch Office. TRN 152, AD616-600. May 1965

Walker, R, S., “Simplified Methods for Determining Display Screen Desolution Charazieristics,”
Information Bisplay, 28-31, January/February 1968

Weiss, H., “Capacity and Optimum Configuration of Displays for Groups Viewing,” 7Tth National
Sywposinm on Information Lrisplay: Technical Proceedings, 35-4.5, October 1960

Wcissman_l. S.. Effect of Luminance on the Perception of Red and Green at Various Retinal Positions,
UL S Naval Submarine Medical Center, New London, Connecticut, ADO3S-293, Yanuary 1908

Wertheim. R.. “Uber die indirekte Sehschdarfe,” Zeitschrift fur Psychologic und Physiologic der
Sinnesorgane. vol. 7, 172-187, 1894

Westall, J: C., and Freeman, B. O., Command Center Di play System Tactical (CCDS) Intelligence
Displays, USAF Tactical Air Command, TR-65-22, AD473-778, November 1968

Whitham, G. K., "The Deterimination of Display Scyeen Size and Resolution Rased on Perceptual and
{nformation Limirations,” Information Display, 15-19, Julv/August 1963

Williams, L. G, *t al, A Study of Visusl Search Using Eye Movement Recordings: Color Coding for
Informat.on Location, Systems and Re carch Pivision, Honeywell Ine., 12009-FR1, December
1064

Williams, J. R., and Fatzon, R, P.. “Relutionship of Display System Variables io Symbol Recognition
and Search Tivae, " . Exp Psyehi vol. 2. no. 1, 97-111, July 1963

Williams, S. B.. and Hanes, RO M., “Visihilicy on Cathode Ray Tube Screens: Dntensity and Color of P
Ambienr Hiumination,” Journal of Psychology, vol. 27, 231-244, 1949 &

. . _ , ki
Wiiliams, $. B.. “Visibility on Cathode Ry Tube Screens: Viewing Angle.” ). Opt. Soc. Amer. vol. §
39, n0. 9, 782785, ADG30-087, September 1949 7

A

Williams, S B of al. Operator Efficiency as a Function of Scope Size, USAF Rome Air Development “‘a

A

Center, RADC-TR-55-18. ADO 04, 1955

i<

"
%
it

,\‘f

R-19

3,
25

AR

A

AR AR




DAL S K

Winterberg, R P, An Experimental Studv of Chromaticity Limits for Console Signal Lights in a
Luminous Laviconment, Dunlap and Associates, for ONR contract 62-0085-C(FBM), 11
October 1902

o Vg ] aikd

(Y £l B B

AT

Wintcerberg, R, P., Rationale for Proposcd SBN Signal Light Color Specification, Dunlap and Assovciates
Menio Report No. 48, 9 January 1963, for ONR contract 62-0085-C (FBM)

Wolf, k., and Zigler, M. 1., Somne Relationships of Glare and Target Perception, USATF Wright Air .
Development Center, WPAFB, WADC-TR-59-394, AD231-279, September 1959 )

Wolf Reseurch and Developmant, inc., Data Display Programming, NASA-CR-1107, September 1968

Woodson, W. E., Human Eaginecriag Design Standards for Spacecraft Controls and Displays. General
Dynamics Astrorautics Report GDS-63-0894-1, for NASA. 31 October 1963

i

N Woodson, W. E., and Conover, D. W., Human Engineering Guide for Equipment Designers, University
of Calitorniz Press, Berkeley, California, 1964

Woolford, D. L.. and Hopkin, V. D., The Detection of Visual Signals. 1. Visua! Search of Radar
Displays, Royal Air Force, Institute of Aviatton Medicine, IAM Report No. 391, November
1966

Wright, I, C., The Air Force Program for Improved Flight Instrumentation, Al Force, Wright Air
Pevelopment Center, Technical Report 56-582, November 1956

LI [

At

Wultick, J. W., et al, Vision in Military Aviation, WADC-TR-58-399, Wright-Patterson Air Force Base,
Qhio, November 1958

“avala, A., Effecis of Reaction Time to a Primary Colored Stimulus as a Function of Hue of a Second
Following Stimulus, American Institutes for Research, AD654-513, June 1966 2

AARS g i sy feiacr
h .ﬁmmﬁ RIS VIR G L s




APPENDIX A

SIT-IATIONAL ANG ENVIRONMENTAL EFFECTS ON
VISION AND DISPLAY VIEWING, WITH DESIGN IMPLICATIONS

The following appendix is an attempt to bring together information from diverse sources for
reference use by those fuced with the problem ot estuablishing display resolution requirements. Two
major areas arce covered:  rnvironmentai effects frora the operational situation are reviewed, then
total lisplay system counst erations are ex-aunrianed to allow assessment of summed effect on display
operarional ngeds.

Strch reference material con never be complete since new studies are contizining to reveal useful
relationships, Futu,. studies ™ this arca may requive updaiung of moterial to facititate systermate
Jdeterminatior of display requirements for cach application.

Wiat display resorution mst be nade available fr the operaterin a particular operational
sitwation? Thiz sort of questica aries frequently and is pever easy 10 answer in simple terns. Natu-
wally, i raises counicr sinestions ay to what the tatal display-cperator environment will be and how it
will afTect visuad acuity o < oerationally measved, Eifects of vibration, acceleratior. exygen level,
general iluminstion, disnlay brightness and cuntrast ete., arc touched on ir the loliowing section..
but overall cnmulative cltects can only be estinaied for cach operationai situation as it is defined.

Extensive quotation frem usetul reference soure » i+ included sine s they arready represeni
concise review material and paraphrasing would not enhan.e their presentation.

V'BRATION

Tie curve in figure A-1, from Morean et sb.® shows the smallest Landobt-ring gap the eye can
detect for dilferenc background brighiness, As the amount of light is increasea. the eye can detec:
smaller and smaller gap=. As a rule of thumb, the eye can detect a «ap of 1 minute of visual angle at
ordinary indoor light levels, (This assunes normal eyesight and high brightness contrust, It does not
apply to white on black targets, white tends to blur..

Meen decremends of visual acuity of 12 subjects durie erdea) sinusoidal vibration (sitting,
restrained, without padding, in an airplane sead) are shown ir hgrre A 2 (fro.a Lange and Cocrmann™*),
Below 12 ¢fs decrements were ma.nly due to physiological suress praduced in the body (espircialiy in
areas of resonance ol wholce body and organ complexes), ane above 12 ¢fs deeremenis were mainly
due to image displacement on the reting whish bad an increasingly blusring eff ~ct,

Drazii. (1962 jnvestigated the legibility of pointers on duals during constant-amplitude vi-
bration uf the test material at frequerciss down to less than 1 ¢/s. He found that legibility was most
adversely affected  ttveen 2and 4 ¢s, depending upon the angular-displacement amplitude (fig, A-3).
Belovs 2 ¢fs ihie eye can follow the vioratine object quite efficicatly. so that the dial can be read con-
tinuously, At high frequ._ncies of £ e/sand shove. the dial legibility is again good. because the subject
can form a steady impres 1on ot the dia by fixating one of the nodal or maximum displacement posi-
tions of the target.

Norgan. OO etab (b forar Engineering Goide to Bgigment Design, sceGuaws T, 1963,
Flanpe, KOG and Cocrmann, SOR T Yisaal Actaty Under Vibeation . Human Fuctors, voi. N no. 5, 291.300,
ctober 1967,

FERoforenced in Gillies. I AL (Ed) A Texihook oof Avation Phvsidogy Pergamen Press §098
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‘igure A-3
Variation of Large Dial Reading Errors (Greater Than 0.5 Scale Division)
With Frequency and Amplitude of Sinusoid2! Dial Vibration
(Drazin, 1962)

Dial tegibility during vi*vation in the intermedint o - ey range around 3 ¢fs is poor, beciuse
the oscillation of the target is 0o fast for the eye to W mircauent to produce nodal images
which can comiortably be fused by the subject. Legite - 2000 L vioration depends considerably upon
the conditions of llumination, reading di tance, » of the dial marks and pointer,

The curves shown in figure A-4 (from ... e for ditlerent groups viewing Landolt
rings amis) circles moved across a display area at various speeds. They show that visaal acuity deter-
iorates with increased angular velocity. Vhis is signiticant in decisions on whether Lo use a rolling
display versus successive fixed frames in any particular sepsor display application.
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ickson, R AL Viswal Detection of Targets: Analysis aind Keview, NAVWEPY A8017.US. Naval Ordnance
Test Station, Chma Luke, Calite.nia, February 1965,
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“In 4 series of stusiies on the relation betweern visual acuity and acceleration (White and Jorve,
1956%), it was fow.d that visual acuity decreases progressivelv as the magnitude of the accelerative
force is increasad above | g, regardless of body position (fig. A-5). 7his suggests that cardiovascular
effects are minimal, and the loss in acuity is attributed to displacenient of the lens of the eye in the
direction of the acceleration vector.”**

s

e

i,

The curves in figure A-6 (from Brown™*) are sverages from reaction time measures (bution
push-op light sigral -- no hand or arm movement reauired) dwing last kalf of 10~second periods with
differing g forces. Reaction time increased sigrnificantly. Effects were quicker for tow illumination.
For higher acceeleration levels, dimming of vicion was reported,

*White, W. 1., and Jorve W, R, The Effects of Gravitational Stress Upon Vistal Acuity, WADC Teel. eport 56-247,

) Wrigh: Alr Develor.nert Center, Wright- l’nucrsnn AFB, Ohiv. 1950.

Excerpted, with m.nor changes, from White, W. 1., and Monty. R. A, "Vision and Unusual Gravitational Forces
Human Fuctors, vel. V., no. 3, June 1963.

: **Brown, J. L., “Acceleration and Human Pecformance,” in Selected Papers on Human Factors in the Design and Use

of Control Systems, H, W, Sinaicko (Ed.), Dover Publicatiuns, 1961,
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“White (1900)* utilized a Hecht adaptometer to study changes in the absotute threshold, at-
tributable to positive acceleration. The results have been summarized in ‘igures A-7 and A-6. TFigure
A7 shows that foveal threshord measurements made while the subject waz riding at 3 g are almost
double those at 1 g. Ai 4 g, threshold bad risen to a level where the intensuy ef the siimulus light
had to be increased 3.4 times to be scen at the 50 percent probability level. Measuvemcents made in
the periphery of the retina showed similar changes witiv acceleration, differing only ia the final level.
For example, the risc in threshold at 2 g was 1.5 at 3 g. the factor was 3.00; and at 4 ¢, the factor

vas four times the 1 g value.
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Foveal Threshcids as a Function of Aceelevation
5 (White. 1960)
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Peripheral Threshe!d .- a Furction of Acceleration
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*White, W. 1., Vartations in Absolite Visual Thres - e Aeceleraiive Stress, WAGC Tech Report 60-34, WADC,
Wneht-Patterson AEFB, Ohio, 1960,
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“White (1901 stucied the effects of positive seceleriaion on tie relation hetweo, visual
acuity and lummance level Fioreshold was measured in terms of visual angle. 1t can be sees in ticure
A that there was an interaction between he eltects of goand the luminance tevel, Inoorher worts,
the expected decrease in threshold with imereosang laminance Tevel was found i be o fuaction oi
level, Thus ar 001 wil, e mmmum angle ocreased from 4 ofare at 1o (o 759" o arcat & g
AULSO mL, the change i visaad anale was .35 of are between these two values of acceeleration. e
curves drawn on the graph represeat the best fit to the 1o data. The curve has been transposed G
the right o it the data obiained at the dand 4 glevels. T possible o (ink of the effects o ae ol
cration as being cquivalent to patdng an optical fiicer betfoe the pilotUseye. . 0 4 g Tor eaapie
die deereine T semsitvity is almost cquivalent to redocing Humination by one logaridhmic vt ™
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Yigure A-9
Visual Acuity Decrement as a Function of Targelt
Luminance snd Aceeleration (White, 1961)

Gillies £1903) presents adiscussion on the effects ef aceeleration on vision. He incudes fgures
A0 aud A T showing the onset of arev-out ™ with positive g Forces, ingure A-12 shows the last
(Foveal yaren of vision Mweior: blackout,

The Tollowing commoents are fioty this reference:

SThere i g of S 6oses between the application of the aeceteradion amd the develapmeni o)
sivns O mmpaired acuity. Fhis “cear penad.” 1o which raicrence will aon be made fater, strongly
stggests avaseudar origin, Yois ool anveasonable o suppose that capilliry vessels of o sitlar size are

White, WL The EHcc tot Necetmmog on the Reiimon betweens Vistol vy ond Tommanice Yevell teroapace
Voddrewr, 320 252 (ADsract), 194y
oy White and Mepty (1903,




Figure A-10
The Decrement of the Vicuat +ield During Positive
; Acceleration at 2.6 G - No Visual Syweloms
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figare A-12
The Location of the Last Remaining Area
of Vision as Blackout is Approached

distvibuted throughoat the retina and that a reduction in driving pressure will ~ficct them all equally.
It is only when failure of flow in the Jarger arterial branches becomes the eritical facior that gross
diffecentiation between peripheral and central vision is to be expected, The decrease i visual acaity
demonstrabie at very low g levels may ther:fore correspond to the sensation ot ‘veiling' or decreased
contrast expericaced by many subjects at an carly stage in a centrifuge run.

“Variations in absolute visual threshold suppet this view. Howard and Byford® showed that
asmall red signal light in the center of the visual fielg behaved in the same way as a bright light, but at
amuch 'ower acceleration. If the light inteasity were arjusted to be only 0.2 logarithmic units above
the absolute foveal threshold at sest. an aceeleration as low as 1.4 ¢ co. 0 csult in failure to perceive
it, but only afteran interval of 6-10 see. There was some interchangeat.iity between the acceleration
at which alight of given brightress disappearcd and the time of its disappearance. but the clear periods
were never less than 6 see tfig. A-13). A more comprehiensive survey ol the elfects of acceeleration on
luminance thresholds was made by White.”

“From these and other experiiments it may be postulated thai (1Y inyg civment of visicn over
tihe entire fictd can be demonstrated at vesy iow values of acceleration: (2) the exter, of Jnw fieid s
progressively reduced willy increasing aceeleration: (3) al some stage vision is lost con ey, (4)
there is a *cleir period” of at least 0 sec betore the phenomena can e demonstrated; 2 (S)yall the
findings can be explained on the basis of a progressive failure of the retmal circulatic 2. Of these
Wl and (5) bear mere critical evaluadion. If central vision for dim lights is, in fact. impatred by

heferenced in Gillies {1965),
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Time to Extinction as a Function of G —
Target Brightness 0-6 Log Units
Above Absolute Threshold

accelerations far below the acceprted blackout threshold, is it possible that, by increasing the brightness
of the ceatrai light, biackoui may be deiaved? And again, can ihe ‘clear period’ be interpreted as e
true physiological reserve time?

“The observaiion by Howard and Byford® that a disturbance of central vision for a dim target
could be shown at very low accelerations suggested that there might be degrees of blackout. It was
thought that a very bright light might be seen by a subject who was blacked out to a normal leve! of
illumination. On the other hand, the fact that blood flow through the eye ceases at blackout sug-
eested that no signal, however large, would be percaived by an anaemic retina, Steward® had neticed
in aircrafi experiments that even when he had lost central visien for a tacget {ight w . hin the cockpit
he was still conscious of a change i ambient brightness when the aireraft turned into the sun.

“A series of experiments on the centrifuge, using various levels of acceleration between black-
out and vnconsciousness, showed that a flash of light, provided that it was bright enough, could be
seen by the subject however deep his state of blackout might ke, No detail was discernible in the
flash: the subject was merely aware of & sudden diffuse brightening of his visual ficld, which was at
that time usually dotted with the ‘retinal liaht® chasacteristic of pressure blindness and of deep bla: <out.

“These findings showed that retinal function persists to some extent even after normal vision
has been iost, and they are supporied by Lewis and Duane® who recorded the electroretinogran: ar
various levels of acceleration up to and including blackout and found that, although there were ninor
variations in the form of e retinogram, no marked or constant change oceurred with blackout.™

*Referenced in Gillies (1965).
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Gillies offers little quantitative data on the effeces of negatiy g forees on vision:

*Loss of consciousness catsed by negative aceeleration only oceurs apparet:tly when the stress
exceeds 3 g and then only alter the Lepse ol a considerable time. At greater aceelerations, punctate
hacmmorhuges, petechiae, or frank bleeding into the sof't tissues of the head. orinto the orbit and
conjunctiva, precede the collapse, and although they may be haraless enough, they are an unaceept-
able penalty in the measurements of an end-point,

*Red-out,” or the red mist, is a symptom analogous to *hliackout.” but it is as inconsistent as
all the other visual disturbances which have been recorded during negative aceeleration. From the
descriptions given by various subjects, the time course of the impairiient of vision is similar to that
seen during positive g, Indistinetness or blurring is followed by grey-out. in which there is @ unitorm
loss ol fine detad and contrast, At a later <tage vision disappears entively, and it is in this pliase that
‘red-out’ somctimes appears. In awny subjects, however, the immairment of vision docs not progress
beyouw b the initial blurting, although a proportion report diplopi at the higacer acceterations, and a
tew have remarked that bright objects seetn to develop o hate, o storounding ring of light.

“The detaile d phasiology of these syinptoms has never been studied. 1t is probable that the
cause of the greyv-out s (the same in both posiive and negative accelerations: that is, o minnnal water-
terence with the blood supply to the entive reting and especially toits peripieral parts. The incon-
stancy ol complete loss of vision makes this expianation less fikely . and there i no obvious redson
why the vetinal blood supply should fail completely in negative ¢ While (0 will cortainly Jdo so i the
asystole which commonly occurs is tunusually prolonged., ia that cise consclousness and vision will be
lost together. A mote Likely reason for the Toss of vision is the mechanical occlusion of the eyce by the
lewer lid gravitating up over the cornea. o fuvor of (his view are the observatioas of Ryan et a'¥ who
noted that the loss of vision could be alieviated in maost of theiv suhjects by o deliberete eftort te keep
the eyes wide open. s also significant that, although this form ot blackout Las been reported noth
in centrifuges and in aircratt, red-our has never been rehably reported ia th: centrifuge. This led
Lombard ¢t al® to suggest that sualight shining through the b wer lid which covered the cye in diis
way night have the saaae elfect as placing a Frosted red Tilter over the cornea, thus giving nse to the
sensation of ‘red-out.” A few evperiments in which the lid was deliberatcl allowed to creep upwards
durirg negative g, alter which a photographic thash-hulb was lived at the eyve. support this theoty
(Howard)®. U hasalso been sueaested that the red visual ficld observed at higher aceelerations may
be dae to staining ot the Tacrimal e d with blood Tiom the replued conjun.ctival vessels (Heary )™

“The appearance of a halo arcund bright*y-lt shyects is a sympt. s which sometimes ocours
in cases ol glaacoma and seve.e hivpertension. The intre -ocular pressure is abnost certaindy inereased
during negaave aceeleration. and there is also consrderable local hypertension ai (e Frvel ol the ey e,
It is possible that the cause ol the tare s the same ne the expesimental situation as in the clinical
case. On the other hand, a simuar di- turbance of vision vikes place when the eyves are full of tears,
and lachrynation is & common complaint of subjects exposed o degative g =

White (19005 has exolored the effects of two diflerent types of aaii-g suits on visual thress
holds. In the tull pressune bedsuait, the entive Tower hall of the Body s enceed moa pmeamatic
bladder witich prodaces an even counterpressure when mbaied. Five othes seit ihe CSU-3/P, gives
proteciion by applying pressure over five locatons in the fees and abdomen. Bt ean be seenin
figure A-14 that the rise in peripheral threshold brought about by increased acceieration s, part,
compensated g

FReterenced i Gillies (1965)
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Figure A-14
Peripherat Thresholds as a Function of Acceleration
Y/ith aud Without Anti-G Suit Protection
(White, 1960)*

Ly

“in a study of tive ability of pilots to icad diveralt ins :u; went dials ot poxitive accelerationy of
1, 2,3, and 4 g, Whits (1962)** and White and Riley (1950 mclud«,d lllummdtxon level as a para-
meter. An instrumen* panel consisting o' 12 dials wus presented to the subjects. Performance in read-
g the dials was scored in terme of number of crrors wade and time taken to vead the dials. The per-
cent of rev ings in error as a funciion of g and luminance feve, are summarized in figure A-15. The
dataindico’e that (17 ¢t the highest luminance level there are no differences in the pereentage of errors
ginony the four acecleratizn conditions, (2) at the three highest levels, for values up to 2 g, thore are
no signiticant differences in the percentage of reading errors, (3) at the two lower luminance levels,
errors are inversely related to luminance and directly velatea to aceeleration, (4 at the 4 g condition,
there is a systematic increase in errors with decreasing brightiess, and (3) the 2 g level of aceeleration
cannot be distinguished trom the ! g or static condition. Reading time varied in a similar way 72Hosss

B
L
5
I
B
8
N
A

*Keferenced in (‘llh\s (1965},
*Wiite (1062),
*White, W ard Riley, M. B, The Effects of Positive Acecleration on the Relation Between Iumination and
Instrrnent Reading, ¥ ADT Tech Report S8.:32 WADRC, Whght-Patterson ARB. Olno 1988
¥ rom White and Monty (1903).

L

o
ANt

e

e dard

A-L2

™
ey

E‘é&;ﬁm&z




LUMINANCE LEVELS

X 5.004 mL
¢ 0.042mb

A 0.42mL
» A2mL POSITIVE C
e A2mlL

0 -1

60 |~ //X

x>
\n/

5 E—

50 I~
c /.
2 40 |- 7
o
w
£
v 30 b
<
=
z /
o 20 - .
o /s /

- e -
é = po— >
1L ! L [P | _l
o%'- 1 2 3 4

ACCELERATION (G UNITS)

Figure A-15
Dial Reading Errors as a Function of Accelevation
at Various Luminance Levels (Wihite, 1962)*

ANOXIA
Gillies (1965 presents a discussioa on the effects of anoxie on vision:

*Pakening of the visual tield is a cormmon feature ¢f noxia, although sc-wrally the subject is
unaware of the chiange until a normal level of oxygenation is testored when there s thep an apparent
rigse in the levelof the llumination of the »nviromaent. Measturements of the retinal seasitivity in
relatively bright light (photopic vision) have shown that no significant reduction in sensitivity occurs
with wild Jdezrees of anosia, but it is decrcase dia subieess breathing air at above {83000t - the
reduction being provortional to the degree of anoxia. By contiast, there is the significant impairment
of night vision (scotopiz vision) produced Ly avery mis Fdegree of anoxia, which effectively raises
the threshold of wbsolute sersitivity O the fully dark-adapted eve. bBven at a simulated altitude of
7400 1t MeFarland end Eyans 2 tound it the brightness of a threshold test tight had to be increased

O ucitatee Betoame ot L ding as @ Function of Hlusmination and Gravitational Stress”™ Journal of
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by onc-fourth so as to be stili visible and t=at at 15,000 ft its intensity had to be increased by 1% to 2
times, ko aviation, the practical importance of the sensitivity of night vision to mild anoxia is em-
phasized by the experiments concucted by Goldie.* He determined the decrease in vange of night
vision produced by breathiug air at various aititudes. His results, expressed in ters of reduction of’
pick-up ranges, arc presenied in table A-1.

TABLE A-1

DECREASE IN RANGE OF NIGHT VISION
AS A FUNCTION OF ALTTITUDE

1 o R TR P2 SRR Y RS Lo NI TONR A N0 SN NP D2

ALTITUDE AVERAGE PERCENTAGF DECREASE IN
(FT) NIGHT VISION

4000 5

6000 10

8000 15

10,000 20

12000 25
14,000 35

16,000 40

[T I

*The visual fields are restricted in moderate and severe anoxia. Anoxia indueced by breathing
air at 20,000 {1 results in loss of peripheral vision for oth form ana color and also causes enlarge-
ment of the blind spot and development of a sentvad scotom:a. These effects increase with increasing
anoxia until blindness.”

AL O 4 ST ATV

*Reterenced in Gillies (1962).




APPENDIX B

VISUAL ACUITY AND CONTRAST EFFFECTS --
DISPLAY SYSTEM CONSIDERATIONS

VISUAL ACUITY AND CONTRAST*

The detail discrimination threshold of the human eve, e, visual acuity. has been mvestigated
cvhavstively. Various types of acuaity stich as minimum detectabte, minimum separable, vernier, and
sterco have bees defined. Mmimum separabie visual acuity applics in the case of shape recognition
where, generally, cioscly spaced image details must be discerned. it is known to vary as o function of
adaptation level, ‘mage brightpess, contrast, o posuic iime, image motion, vibrations, spectral charac-
teristics, angular position of the target relative to the line of sight, ete. Visual acuity is defined in
terms of arbitrary regadar U st patterns with generably shavp edges, abthougin some studies have been
conducted with siine wave patteins.

Discrimination of" imagery detaiis differs from visua! acuity micasurements in that it requires
detection of discontinuitics characterized by diffuse edges and irregalar intensity distributions, The
published acuity duta e statistics ropresceating specified performance fevels (usually 5077 detection
probability). Thus, they provide information in a probabilistic vuther thun in @ deterministic sense.
Therefore. inany specilic instance, visdal peisormance may 21 far short, or exceed, predictions
based on ublished data, In geacral, standard visual acuity data are modificd by ficld factors to ob-
tain realistic operator perlormuanee estimittes under operational conditions. Unmodified duta can be
used to establish average expected limits of pesformance under ideal conditions.

A minimum wnt..ls( toreshold visual aeuity curve, taken from ALS, Patel®# s plotted in fig-
ure B-i. These data are Yoz a sine wave test pattern with an average luninance ol I(](‘ ft-lamberts and
vicwed ot 20 inches. .‘!u.i, curve neglects fivage miotion, exposure Hine, wave fengtiv and vibration ef-
fects, The visval acuity curve sets the tower limit on useful syster contrast, In order to be visually
discernible, an image detzil must exeeed the threshold contrast of figire B-1, The resolving power of
a seasor/display system s matehed to visual acuity for a specificd viowing distinee at the point where
the modulation transter function (M7 1) o1 the system crosses the corresponding visual acuity contrast
threshold.

The use of the display modulation transter function and the visual acaity contrast threshold
to compare two alternative display systems is best shown by mcans of an example. Lot us compare i
S-inich direet view storage tube tDVST) with o scan converter tube (SCTY 10-inch cathode ray tube
(( RT:system. Suppost the DVST had o shrinking raster resolution of 120 lines per inch, and the ais-
play consisted of & 3-inch square format. The resuitant MTU curve For this display is shown in Tigure
-2, The visual ac ity contrast threshold is also shown in figure B-2 Tora 20-inch viewing distincee.
The maximum usable resoltition is SOO TV lines where the Two curves intersedt,

1 we essume the SCT has 2.000 Hovitteg TV lines per diameter and an inseribed square format
is used. the ressltant MTE for the scan converter is shown in ligure B-3.0 The M for the CRT shown
in figune B-3 assumes @ o-inch square display format and 120 shrinking vaster fines perimch. The two
MTE curves are muliinlicd together to provide the total SCT/CR oy dem response (thie video band-
widthas assumed not (o bea limitine tactory. Again. the visual acuity contrast thresaold is plotted in
figure B-3 for a 20-inch viewing distance. T this case. e masimum asable resotution is 910 TV lines
wiiere the two carves inteisect,

[ his section on visual acoty and contrastisescerpted rom Slocum, G il etal  divber ooulde: Senar Dsplays,
Huwies Awrcralt Coo, Culver Cris, Calibornga, duly 1967 The materil o quoted direcrly o eept tor mmon adds-
tions ancl cleletione,

rPatel, ALSL U Spatid Resolution by the Haman Visnal Svstens, The Frbect of Mean Retpeat Basyeee” Jorerual
of the Opric - Socters ol bmcrea, vol 56 no S, GROGL Ny 906G
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tigure B-3
Modulation Transfer Function and Visual Acuity
Threshold for SCT/CRT Display System

DISPLAY SYSTEM CONSIDESATIONS

Carel® has developed the notion of “detinition™ of i tarzet in order to make some generatized
inference about ditferent specific wrget types. Tois defined s the numbar of resonation elements
placed wlorg the major axis of @ compuct taeet. A sensor system with o ground resolution of 2 1t
looking at o tank 30t long exhibits a defirition of 15, From studies by Jennings et al®* of tareet
identifability at various levels o ground resolution for various 1ypes of aireraft, vehicles, weapons,
elo. heoessed target reporting ot three levels: (13 recognition (e, aircrafty; (2) identification (e.g..
transport aireradt); and (3) modified identification (e.g.. C-54), e then plotted pereent correct de-
seripiions at the three tevels against definition and derived o ehart which tentatively indicates te rela-
tionship heoween definition il probal-ility of recognition and identilication (fig. Bt ).

He hypothesizes that curves tor radar imagery would be siinilar but displaced somewhat {o the
> . (. .
lefe sinee photograplic + ed fittic tramsformation for recognition but radar imagery needs to be inter-
3 preted,

Carel discusses the relationship of resetution and scale. From Bennet et al®# %, he presents figure
B-5 which shaws that a given scale is usefud up to the point “where with that scale the displayed reso-
ution clements become much Larger than the scuin Jinnts of the eve. When the vyve can resobve to
c: the limit of the rest ol the sysiem i does no good to muke the image Lirecy by expanding the scale ™
2 He indicates Bennet el al recommend, s o generally desirable scate, about 750 times the resolution
Tor displays vicved from about 12-1% inches with the unaided eve. Figure B-6 shows caleubated rela-
tionships aimong display size. viewing distance, aad resolution.

Cacl W L Preteral Displavs foo f leht CAD 627 66099, Hughes Arecratt Co Cuaben Ciy L Califoin, December 1965

T dennings LB et gl Grannd Besolution Stafes Foal Repore, Contract Al 2060071 2053, RADC-TDIR-53-224,
sinacapolis-Honeyw eff Regnlator Co o West Coviga, Calipormie 20 November 19463

2 EBeonet, C AL evud A Study of Daaee Qualitios sind Speaded arinae Tarectr Recosition, 1M No, 635280,

- IBM. Federal Svatems Drivisen, Owera NCY 5 Fehiy 0

£

-3

T R M
% A
Rl f R oo v e




R, A P A YA DR M3 M R SOV AN YRV B9 AP s

1 T T
REGION OF R(‘GION OF
LEVEL I _ ~" LEVEL I
MODIFIED IDEMT!EICATION
IDENTIFICATION e.g.
. e.g. TRANSPORT
| C-54 / A.ACRAFT
)
g N
ER / /1 l
E o / = T R
z & P~ |
ui |~ REGION OF
L / LEVEL 0
- / DETECT!ION
L e.q.
/ OBJECT PRESENT
- \
/ REGION C:F
. LEVEL )
RECOGNITION
| «,9. AIRCRAFT
1 1 l 1 L L1 N | | Lol I 1 1
0.01 0.1 2 20 50 80 98 999 99.99

PROBABILITY OF RECOGNITION -- PHOTOGRAPHIC IMAGERY

Figure B-4
Definition vs Probability of Recognition

'*SAME :

N;é.& e 1

RECOGNITION EFFECTIVE.NESS

EST.MA D RESOLUTION (FT)

Figure B-5
Effectiveness s a Function ¢f Resolution, by Scale

Bl




IS

SR

10u

|
BASED ON %:SUMED VISUAL
RESOLUTION LIMIT OF 2 MIN OF ARC
{RASTER LINE PiTCH 2411}

R LR AR

VIEW /NG DISTANCE (IN)) 36 z}

1//
s

1 ! ‘llélb,l’/Llil_LLL [ R I W |

i0 100 1000 10,000
NUMBER OF RESOLUTION ELEMENTS (p)

TO ESTIMATE NUMBER OF TV LINES (g) RECQUIRED
-OR A GIVEN DISPLAY SIZE, MULTIPLY p 8Y TWO

DISPLAY SIZE {iN.)

T T TTTFTI0

Figure B-6
Required Display Size

RESOLUTION®

Severad dilferent technigues exist Tor measuring and specityving resolution. These can result in
widely different resolution numbers for the same deviee, The cascading of several devices in series
such as « scan converter tibe. video amplifier. and cathode ray tube creates additional complexities in
speailying or predicting a totul system resolution. especially when the sesolutions of the indviduaal
devices are specificd dilferently. Therefore a standard for comparing ind combining resolutions of
alternate devices must be established. This resolution standard may be arbitragily selected but should
be meaningful in application to sensor displays and should be capaiie of consistent measuroment.
The thice major resolzttion measurements For display devices are shrinking raster. limiting television
response. and spatie' frequency response or inodulation transter function (MT1).

Shirinking Raster Resolution

Shrinking raster resolution is determined by writing a raster of equaliy spaced lines on the dis-
play and reducing or sshrinking” the roster line spacing until the lines are just on the verge of blending
together to form an indistinguisheble biur. A trained observer normally determines this flat ficld
condition at about {wo to five percent peak-to-peak light intensity variation. Since the enerzy dis-
tribution in a CR1 spotis very nearly gaussian. the flat FBeid response factor occurs at a line spacing
of approximately 2a. where o is the spot radius st the 60 pereent amplitude of the spal intensity
distribution.

STacum et al (1967) have abso wiitten o useiul dicossion on the application of resolution and isnal acuity nmeasiies
m deternmamy display regrements 11w presented i s wection. Aga the matersad s guoted diiecthv, ercept for
nnor changes

ST AN AR




Television Resolution

A television wedge pattern measures spot size by determining the point s here twe lines of the
wedze are just detectable. The number of TV lines per unit distance is then the puiaber of black and
white lines at the point of limiting rerolution. The wedge pattorn is equivalent Lo a square wave modu-
lation function, and therefore the TV reselution is ofter referied 10 as the limiting square wave
response  (One needs te be careful to remember that, in television parlance, oae cycle of the square
wave produces a black interval and a white interval and is considered as nvo televisine lines)) Assem-
ing a gaussian spot distribution, the limiting square wave response cccurs at a iclevision line spacing
of 1.18 v. Thus, there are approximately 1.7 times as man y limit:ng television lises per unit distance
as shrinking rastor lines for a display with the san:c spot size,

Modirlation Transfer Function

The sine wave responsc teclinique of O. H, Schade® analyzes tiee display resolutioi by the use
of 2 sine wave test signal, rather than the square wave signals employaed in a TV test pattern or the
photographic potterns commoniy eraployed in the optical field. The sine wave response test produ-
ces acurve of response called the modulation transter furction (MTF). This is shown in figure B-7.
When several devices are cascaded such as a scan converter sud CRT, the MTFE's of the individual
devices are multiplied together to provide the total system MTFE. "This capability for computing the
system VITF from individual device MTF’s is a major advantage of using the MTF resolation measure-
ment. Another advantage of the MTYF technique is the graphic capability it provicdes for detenuining
the visua, acuity limit of a given display system. The MTF response can be related 1o the other veso-
Iution measurzments shrinking raster and television) if a geussian spot shape ts asstmed  This is done
in figure B-7. For cxample, il a sine wave test signal were set on the display ut a half cycle spacing
corresponding to the shrinking raster resolution iine spacing, the resultant observable moadulation on
the display would be approximatcly 29 percent. Table B-1 can be used to convert from one resolu-
tion measurement to anotner.

*Sdiade, O 1L A Method of Beasuring, the Optical Sine-Wave Spatial Spectiem of Teevision mage Display Devices,”™
Societ of Motion Picture and Television Engivecrs, September TOSS,

B-6




MODULATION {%)

/|
Y
akis

:

o
]

——— SHR.NKING RASTER(-;(;)

N
&

TV LIMITING

. |
02 04 06
g ag ()

SPATIAL FREQUENCY 'iN) (MALF CYCLES PER UNIT DISTANCE)

L S 1 i | S I
4] 200 400 600 800 1000

FESOLUTION (TV LINES/INCH) FOR 0 = 0,001 IN.)

]
i

Vigure B-7
Relative Modalation Transler Function




TR

SRR IRV PR

TABLE B-1
CONVERSION TABLE OF VAL SHYUS MEASURES, OF DISPLAY RESCLUTION®

H
é
H
i
:
i
1
i
i
}
:
;
3
x
14
g

FRCOM TO
. l‘V 10‘{(«“ Ty Shrinking 50% F 50‘f/n . Equivalent
Limiting | MTF V50 Raster | Amplitude | MTF | Opiical | Passband
TV Lirating 1.180 0.80 .71 0.59 0.50 0.44 0.42 0.33
100 MTF 1.470 1.25 0.88 0.74 0.62 0.55 0.52 0.42
TVSO 3 dR 1.67¢ 1.4 114 0.84 0.71 0.63 0.59 0.¢7
Shrinkiny Raster 2,000 1.7 1.36 1.2 0.85 0.75 0.71 0.56
50% Amplitude  2.350 2.0 16 | 1.4 1.17 088 | 083 0.66
S0% MTFE 2.677 226118 | L6 133 1.14 091 | 075
Optical (/) 2.830 24 19 | 17 1.4 1.2 1.00 0.80
Equival~nt 3.540 3.0 2 21 .77 1.5 1.33 1.25
Passband (N,)

*iror examnle, to convert from TV limiting to shrinking raster resotution, muliiply by 0.59,
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APFENDIX C
DISPLAY VIEWING DYNAMICS

In the systeny design process, an anaiyst is continually aeed with the problem ol specitying
display parameters and determining the impiication of particular decisions. An example is provided
Ly the question of how long it will take for an observer to find a target after it appears on a display.
The answer to this may be expected to vary with Jdie visiiance and qualifications ol the observer,
figure-ground contrasc conditions {or the target, resolution of the display svstem, display viewing
environment conditioas, and the total situation  Yet, in mission analysis and in decisions on desig
requitements, such questions legitimately are raised, calling for some sort of pragmatic arswer.

This appendix is a disvussion and review of recent literaturs concerning means of finding such an
ANSWCr,

Emphasis bas been piaced uvon including design tools with o bricf summary of relawed infor-
mation. Relerences are provided to ensure ready access to additional details, if desired. Inhe case
of yeview aldicles, the libert, has been tuken to guote extensively vather than paraphrase a well-
written summary.

DISPLAY SEARCH TIME

Simon® point; cut that. theoretically,

display arca ) . . .
- X approx time for a fixation

display scarch time = AP ; ;
' ost. arca of a fixation (1 sg in.) (04 vie)

where:
I sq. in. = about 87 ot are subtended from 12 s, viewing distance
0.3 secis based on visual scarch study dada
. . . . R SV N . . . )
Fora i2X 12inch display, R X083 = d 32 se0 searen time, This seems high, but may appl:
as a sort of lmit, o assumes the targets are reasonably recognizable once they are fixated.

Time Available

Time of image on dispiay is related 1o ground speed. object sive, display size, and scale factor
(rat1o ol display arca to arca covercd by sensor) {see table C21),

One may belp by scanning with a smailer scale, increasing the scale tactor to investigate any
potential target detected, bat this sacrifices “ceing smalier targets. Also, multisenso. cues may ind:i-
cate a target which would not have been found by pattern recognition alone (e.g., infiared or radar
cmanations),

TSmon. (LW ll\-l-'-li;.;?'. Pictorial Intespretation,” in Pisual Problcns of the Armed Ferees, Wiatcomb AL Milton
(L) Notosal Acadeny of Saiences, National Rescarch Counctl, Washington, D.C 1962 (AD 272 7620,
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TABLE C-]
TIME AND SPACE VALULES RELATED TO
TARGET SIZE AND EFFECTIVE SCALE FACTORS :

Assume
Display size = 12 X 12 in.
Aidrcralt ground speed = 500 ft/sec

TARGET SIZE FOR REPRESENTATIVE TARGETS :

£
;
E
[
*
I3
¥
3
g
:
k3
5
z
Ed
€
5
F':
%
&
E
@

25t |
(tracked carrier S0t 100 ft B
12.5 ft (track) & missile) (fighter plane) (large building)
SCALE FACTOR
(20 min visuzl angle at 1/2,125 1/4,250 1/8,500 1/17,000
12in.)
WIDTH OF TERRAIN
STRIP DISPLAYED 0.28 0.7 1.4 -8
(miles)
MAXIMUM STUD" TIME
PER OBJECT (sec) 4.2% 85 17 34
(at S00 ft/sec)

Resolution

: In a study by Williams et al,** subjects were to find airfields in photographs of varying resolu-
: tions corresponding to 13, 26, and 55 feet on the ground. As one mceasure, the tie for correct dJdesip-
naiion of an airfield was recorded. When nc.ae was located after 63 sec, a score of 77 sec was given.
Median times for 12 subjects receiving six trials each were averaged. The means of the medians were
i foifows:

55-I't resoltition — 45.8 sec

26-ft resolution - 39.9 sec
13-t resotation - 23,2 sec
The difterences in time are statistically aigaificant. This gives sonee feeling for the relatiopship of

recognition time and pictare resolutian for once target type.

Angular Velocity

Williame, and Borew™™* used o moving displav — up. down, right and left - at rates of 0, 2, 4,
8,16, aad 31 degrees/sec angular velocity. Subjects were to pick out letter triplets, one set &t a time,
from high-density or low-density search ficlds of other letters (10 X 10 and 18 X 18 charwcter matrices
in a 7.5-inch square). Viewing distance was about 15 inches, and the letters {lyped capitais) subtended

¥Thias time would permit analyzing only about 10% of the display.
“Williams, A. C., et al, Operator Performance in Strike Reconnaissunce, WADC Tech Report 60-521, August 1960,
FEWilliams, L. G, and Bovow, M.S., “The Effect of Rate and Direction of Display Movement upon Visual Searen,”

Human Factors, vol, V. ono. 2, April 1963,

;{2;&‘0*1‘1 TR AL AT FRR A T Y,
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about 27 miaure. of arc. Tarough 5°fsce they found no significant effects in recognit or due Lo angu-
lar velocity, These low rate measures (0, 2, 4, and 8 degrees/seci were combined. There wern also no
appreciable difterences for up and down or for right and left. These were combined for horizontal
and vesticai movement greups,

Figures C-1 and C-2 show the study results (24 male undergraduates with 20-20 vision, 100
trials cach). They show that targe. recognition Hime s related to background density churacteristics,
angular velocity of displayed pattern, and direction of motion, Average time to recognition was 16.1
sec tor low-density and 44,2 sec for high-density backgrounds.
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Figure C-1
Cumulative Probabilisy for Each Speed
at Each Array Density

Moving vs Static Displays

I another study by Simon, ™ 12 tra'ned observers worked with 18 ditterent displays showing
eight typicol military type targets in high-resolution, side-fooking radar imagery on a rear-projection
viewer, Pictares were moved continuously across the display halt of the tice and ina series of dis-
crete, stadie steps duving the other hall Two sizes of display were used (6 X oinches ~nid 12 X 12
inchies) with two area sizes representnig 9- ana I8-imle <trips and three different observation times:
10, 20, or 40 seconds. Signiticantly less time avas required to find a target on the moving display.
Target recognition percentages may be regard d as typical for this kind of materia! except thai the
aircraft envirenments (vibration. noise, accelertions, ete were not simutated.

*Simon, C. W *Rupid Acqaistion of Radar Targets Geom Moving and Stane Dasplovs,” Hasgan Factors, vol . VL
no. 3185200, ane 1965,
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Figivye -3 shows the percentage of targets recognized in relation to time alowed. This seems
a fairly simple comparison. However, figure C-4 shows some of the different values within the above
time averages when subgroup figures are considered, such as the Kind of target and the display size.
In this case, “interaction” refers to the cffect of a third variable on the relation of two othiers. If onc
trics to generalize trom any oi these curves, there is danger of beingy misied. Percentape of targets
tecopnized can only be a relative index of display viewing time requireraents for a given situation.

Figure C-5A shows the median time taken to recognize the targets used in Stmon's study for
moving and static dispiays. These may be regavded as typical, but figures C-3B and C-5C show tluere
is consilerable variation possivle if constreints are put on the sumple. Recognition time counld go to
mtnity 1f the target were small enough or could be linited only by visu | reaction time if the targe!

. wers large enough, Simon deduced that the subjects were faster with the moving display becauss Higy
- used o better, more systematic scanning technique, always checking the oncoming material.

Figure C-0 shows a <imilar effect for ranges of recognition times.
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Range of ‘hunes to Recognize Targets

Contrast

Figure C-7, from Hillman,* illustrates how requircients for object contrast change with respeat
to size depending on whether the viswl task is detection or recognition. The detection curve is from
Caylor.®* The recopnition data ave from Boynton, Flsworth, and Patmer.™* The Taylor experiment

“oo

T Hillman, B o Human Factors i Awrborne Television Displays m Socwety tor intormation Display ™ >rh National
Svmposiom Tech Sessiont Proceedings, Octabet 19006,
avlor, J o Visieddity 1V, Use of Visual Perfermance Data i Visbilice Predwtion” Applied Oprics, 3.562-569,
1964,
***Hn)nlon. R . Elsworth, Co,owed Palmer, R, Laberarory Suedies Pertaining 1o Visugl iy Reconnaissanee, Part 1,
Apn! 1938

s Y

P

oy
0

v

i
e
i

EY)




100
O——0 DETECTION (TAYLOR, 1954}
. 80} =4 RECOGNITION (BOYNTON'
& ELSWORTH, AND PALMER,
e 1958)
Q 6ot #
(7]
(73]
[y}
x
40
[
s 1
tw
2
< 20
*
<
8 \\A\A‘—_o‘
0 1o 1 1 1 1 1
0 5 10 15

AMGULAR SIZE OF TARGET (MIN)

Figure C-7
Comparison of Detection and
Recognition Threshelds

called for detection of u single lorm against a homogeneous field. Boyalon requirea recognition of a
particular form from 2 background of forms. The curves show hiow the size fimil for recognitdon is
greater and that, for target sizes below 10 minutes of are. more contrast is requit=d for threshold
recognition tian delection.

A 3-inch square display tormat (7-inch tube) would subtend 3% at the operator’s sye with
1€ mches viewing distance. If 6 minutes is required for detection, the limiting scale factor is deter-
mined from 9.107/15° = 0 0067,

Field of View

Figuie (-8 shows some ground coverage limits compuied for four classes of targew. A 20°
fieid of view reaches a given ground cover: ge at a lower attitude than the 57 field.

Some advantage is apparent for narrower ficlds of view when display format is limited.
Signal-to-Noise Ratio

Figure C-9 shows the results of aa RCA study ™ on how much noise could be tolerated in
inmages used for the extraction of navigational informaticn. The subjects examined information in
a depraded image of a sector (o determine where the imaged arca was witinrespect to a relerence
photo map. Performance was relatively constant at the noise levels measured, indicating that con-
siderable noise can be tolerated i this situation. Moan response time varied only 0.2 secon. as the
- signal-1o-no'se ratio was ncreased from 10 to 30 JdB.

FRCA A sospace Systems Division, Tacger Detection and Recogniiion Studv, Fanal Reporl, CRSE8.00, September
196
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Target Search Time

Erickson™ peports several studies on target scarch time. An excerpt from his discussion of this
arca is included below.

“In searching for ground targets from aireraft it is olten necessary to search over a fuirly larpe
arca and to make judgments on @ number o objects. A number of favoratory experiments have been
carried out requiring this kind of scarch,

“1 the study of Boynton and Bush,* observers ware asked to scarch lor a specitied target
tocated among a number of irrelevant forms. The taiget and objects were focated on a circular, back-
iHuminated glass plate as shown in figure C-10. Typical results are shown in figure C-11. Performance
decreases as search time decreases and as the number of objects in the display inereases.

~_____—

Figure C-10
Example of Field to Be Searched,
From Experiments of Ehyntor and Bush (1956)

“In the study described in Baker, Morris, and Steedman, ™ observers were asked 1o search J
circubar 1 ¢ld for o target (g, C-12) located amony o number of sinulan objecis. Scarch time increased
with search area size (fig, C-13). Since the number of Yorms on a scarch arca was roughly proportional
10 the search area size, it was felt that the primary factor in the increase in search time was the increase
in the number oi'irrelevant forms.”

China Lake, Calitornia, Februay 1905 (AD 612 721).
FHoyaton, RoM..and Bush, W, R Recopninon of Foras Against a Complex Brekgrouna™ Jowrnal of the Optical
Socicty of America, vol. 46, no, 9 758764, 1956,
Baker, CoA L Maonns DU FLCand Steedmar, W Target Recorniton on Complex Displas <0 Hrenan Factors,

vl 2 oo b May 19605101,
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Search Performance, From Experiments of
Boynton and Bush (1962). Object
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= Figure C-12
Targets Used in Experiments by
Baker, Morris, aad Steedman., 1960.
The figure above is not representative
of the displays uszd, but only of the
ditferent objects used in the displays,
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Eriks:n reports one of his own experiments® in whach a square white rield was partitionzd
into equal sections by black lines. This field contained squares, diamonds, and triangles, the latter
being the targets. Me found that scarch time increased as the nuinber of nentarget objects in the field
increased. His results are chow v in figure C-1d. (Seoreh time also increased with increased partitions,
presunabiy due to added visual clutter.)
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1

20 40 60 80
NUMBER OF I'tRELEVANT SIGNALS IN DISPLAY
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2%

Figure C-14 A

Search Time as o Function of the Number of Signals

- and Portitions. Number of partitions in display
are shown on each curve, Smith, 1961,

Repart 5161 (AD 40730), Wright-Patierson AFB. Olio, April 1954,
C-11
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Eriksen also describes work by Smith™ in which a circubar display containing many small
circular pseudo-targets and one designated target (a square, trigngle, hexagon, or pentagon) was used
in a search experirient. Typical results (for the square target) are shown in figute C-15. Smith alsc
found that the triangie was the casiest target to find, and then in increasingly difficult order, a square,
a pentagon, and a hexagon. In other experiments, ™™ a peripheral discriminability of the targets was
measured and compare to search time for that target (fig. C-16). It was found that the easier it is
to discriminate the target peripherally, the quicker it can be found in a display containing otier
objects,
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Fiigure C-15
: Search Time as # Function of Target-Psendotarge
: Size and Contrast Difference (Evickson 1954)

Lrickson™* reports he obtained a peripheral visnal acuity sceie for 16 subjects using a Landolt
ring as the target. The time it took these subjects to find @ target in a display contaming other objects
was alvo measured. Those subjects with the higher peripheral acuity (PA) scores tended to fiad the
target quicker than those whose PA scores were tower. Two types of displays weire used: one con-
tamed “blobs™ and the other rings. Search time was longer and less affected by object density {or
the blob displays than for the rings. The scarch task was repeated using only ring displays as pait of
asecond experiment, and the ave age scarch times were much the same as those measured in the
firse. A third experiment employed a linear cue in ring displays by addmg © black line to the display.

*Smith, S, W, “Problems in the Design of Senso. Qutput Bisplays.” in Fiswal Proble:ns o) the Armed Forees,
M. AL Whitcomb (£d.), National Research Council, Washmgton, D ¢ 1962,
*Smith, S. W., “Visnal Sezrch Time and Peripheral Discriminability " Journal of the Optical Sociciv of America.
vol, 51, 00, 12, 1,462, December 1961,
T vickson, Ro AL Visual Search for Twreers: Laboratory Fxperiments, NAVWEPS Report 406, NOTS TP 3328,
Ching Lake, California, NOTS, October 1964
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DISPLAY CONDITICGN

Figure C-16

®

Peripheral location in the figure is the distanc:
from the point of fixation at which the target
could be discriminated trom a pseudotarget
75% of thie time (50% corrected fer chance).

The target was iocated somewhere along this black line. Search time decreased greatly and was not as
affected by object density ac i* was in the displays without the cue. These searchn times are shown in

figure C-17.
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TARGET OETECTION AND IDENTIFICATION

Frankhin and Whittenburg® provide an exiensive reference sotree for direct visual air-to-grouad
target detection and identification. The paramcters covered have a generally comparable effect when
viewing a sensot display of the same scenes. Foo example, the relation,hip between illamination level
and threshold detection range is indicated in figure C-18. Ftmay be assumed that, as this 2hreshold is
approacaied, increased tinie will be required on the average before detection.
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Figure C-18
Visibility Range as o Function of Hlumination Level

Tie bearing o the sun with respect to aireraf’t line-of-flight is a relaed variable. Figure C-19
shiows that derection range s greatest when this angle approaches 1807 and loweat when line-of-flight
is toward the sun. This variable also should alfect average Jdetection time.

The effects of terrain masking in terms of number of slope changes per unit arca and average
slope change on tooget viewing capabilitios may be partially determinea from figure C-20, which shows
terrain effects from different altitudes. Rough hilly ferrain tends to mask ontlying arcas.

Franklin, M. U and Whitteaburg, ©. A Researcl on Visual Target Detection, Part 1, Der clopment of an Air-to-Grotud
Detectionfld=niification Model, HSR-RR-05/0LDEEAD 619 275 Hunewn Seiences Research, Ine, Mclean, Virginia,
June 1965,
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Log Relative Recognition Slant Range as a Function
of Flight Attitude (from Blackwell et al)*
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Figure C-20
Average Percentage of Terrain Seen From Aircraft
as a Function of Type of Terrain and Altitude
[ {Franklio acl Whittenburg, 1965}

*RBlackweh, H. R., Ohmart, J. G, and Haccum, E. R., Field Simutation Studies of Arr-to-Ground Visibility Distance,
Final Report, University of Michigan, Vision Research Labs. Anic Arbor Michig n, Deeember 1958, (Project
MICHIGAN, Report 264336 AD 211 121L).
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Thie effects of vegetation in target detection/tdentitication will vary with the different figare-
ground refationships and extent of actual conceaiment. Figure C-21 shows the results of one study ®
for viewing from difterent altitudes.
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Figure (-21
Aveenge Probability That a 7-toot Target is bxposed as o
Function of Range and Altirude With Foliage Included
and Excluded {eedrawn from Ballistios Anatysis
Laboratory, 1959). Altituie is shown on vach curve.

[he effect of altitude itself is shown in figure C-22 to be characteristically @ “u'shaped rela
grenship with target recognition, since altitnde affeats Botiv the anvant of ground that can be seen at
agiven time and the apparent sizz o the trget. As altitude mereases above ground fevel, the mask-
ing effects of terrain and vegetation are reduced. Howeversapparent size becomes smalier, devreasing
recognition probability. Also. at higner altitudes. atimospherte attenuation tends to reduce viewing

eftfectiveness,

Simitar effects are involved in the rebete nship bebween stant range and secognition probability.

Figure C-23 shows typical ogive curves tor vomparisons with simulator ind Ticid tests.,

“Ballisties Analyss Laboratory, An Analvsis o Resudis of a Gronend Kowehess Sievev, HE dohes Hopkins University,
Institute for Cooperative Research, Baltimore. Mann b nd . May 19590 (et THOR. Report Nood20 AD 217 514)
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TARGET RECOGNITION

Carel™ Las prepared a good sunnary coverige on Larget recognition which is so dhecedy applbie-
able that 1t is repeated here almost intact.

“As used e this context, target recognition implies the ability ol the operstor to clissily or

name it object or place on the grounds o the ot put of one or ore ot the sensors ahoard the Cireralt.

In the first go around. only those sensors that map a contrast pattern are betng considered. Such sen-
sors include redar, TRCTV, and perhaps tasers ..

“System resotution has oeen studied extensively. The upshot of shiese studies can be summa-
rized as toriows. Objects can be identitied on the grounds of contoxt as weld as by slipe. Aninter-
preter may infer that « blob on the end of 2 runway is ancaircrati. Snuch Zaterences are often erron-
cous for the contextis often msutticient, and osystem that yields finer grain data by incredsing sensor
resoiution will increase the confidence that can be placed on any inlerence, L order that an object
be carrectly identificd by its tamiliar shape when it is isohted and not embedded ina contest, somes
where between 1O and 106 adjacent resolusion cells must be “placed” on the object.t For example.
for w object 30 fect on a side to be recognized on the crounds of s visual patiern alone requires o
contrast sensor with o minimum resolution of 3 to 10 feet.

“post ol the data on this topie bas dealt with photo-mterpretation and has beon collected
i the Liboratory vnder noise-tree, good contrast conditions, As an example of the relationship that
holids between sensor resolution and object recognition, an examination ol photogranhs made {rom
the output ol o high resolution IR detector AAR-Y (XA was made. The sensar has o resolution of
0.37, and the (R smictures” were taken vertcally at 1000 feet on a clear maht. At this altitude the
angular resoftton oi the setoor vichds @ arown! roseolutior sfabout S feet, Laree aireratt KO-135,
B-t7 ote, can be ddentificd direetdy by shape. Smalier aireratt 590109100 can be disciiimin
ated on the grounds ol wing sweep ond wing tankse SGH sndler arerart et remain umidentified”
1o olan view, Gebter aiveralt of the -8 100 type can be contained i square about 1) feet on
Csides Thisimphes thot the sensor yichd wos approvimately o resolution cells on the tinget)”

“Although the gencralization is hazardous, as a workmg rule we assame the reguirement for
sresolution or 1710 taget stze thimeas dimension) tor target recopnition independent o context.
The exceptions to this rale are fong lincar targets: roads, ralways, rivers, cle.

“here wre some secondary characteristios, secondiry only i the sense that they e noet sub-
iect directly to design control, ihat are so eritical thas their eficct must and s being considerad,
Fhese are .

Voo The nature of the breting or reterencee meterials,

Phe complesity of the beckerourd i which the target s embedided.

30 The amount of Gme the operiaeo has tooenamine e Tne senson imageety .

P arestine ecogtt e s dnect o the sense thei o the saai shape o the abject s Anoswn to e chserver fie wall
recoenize 1w the dienlny Noopr donalor taanstopoed tinget signature v imay be leavned ) but the obsenver mosg be

Launed to asoviate s ungue aenature with the obypect

SO N tadvse of Pictensad Displavy, Y] Conacy Prociess Repont, FASATR Conteon, NONp- oS00,
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“Numerous stuadies have shown the everriding importance of reference material when the
operator’s task is tagge? vecegnition. i genered, the mere closely the reference material resembles
the live display with resro oo orientation., conienlt, scale factor, grey scale, and resolution, the easier
itis to identity and recognize the target, 'Tle imvortan-e of such briefing materials suggests the use
ot two displays: one for live and one tor srored cata. This topie will be explored more fully under

s

. A =N
display requircments. i
£

“The complexity of the background and in particular the similarity of the background to the -2

tere will inerease the number of alternatives [rom which the observer must select and will obviously
aff -« secognition performance. A set of curves ilustrating the effects of complexity on time to
tantze a target is shown in {igure C-24, These data ... are meant to show the generag nature of

the function rather than to be used literally as a deaign aid.
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Figure C-24
Lifeets of Background Complexity on Time
to Recognize a Targe:
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“The time availabic to the operator 1o find and recognize the target is Lirgedy dictated by the
i ture of the mission aud the speed of the vehicle, Where thorough briefing hie weurred and aceess
“2ood reference materials is at hand, the observe is able to do much Better $hen naight be expeeted
Eovinse the reference material ineffect directs his attention to critical parts of tae e e dsplay with
Ui consequence that thie ture available is spent only in examining these eritical aizas, Vhere ate.
however, cases where bricfing is inadequate, and it is of Giterest (o kpow how much ive data the
QPCFALOr Can Process.,
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“In the ideal display of sensor data, the dimensions of ¢ach sensor resolution cell as displayed
shonld be at Teast twice as fine as the cyve’s resolution which results in a negligible 1oss of effective
reselution.® 1n practice this ideal situation is usuatly compromised. and an effort is made to provide
display resoluticn only equal to that of the eye. We have drawn a series of charts that itlusirate the
size of the display needed tor the latter case it cach displayed sensor echl is dimensioned to subiend 1,
S.or 10 minutes of are at the observer’s eye (see figure C-25). Forexample. a sensor with S-foui
resolution covering 10,000 feet on the ground reauites @ display 6.9¢ inches in diametet if viewed at
12 incoes andd each senser cell subtends 1 minute of visual are at the eve. For paitern sensors, the
importance of matching the dispiay resolution to the eye’s resolution is tied to the operatui’s ability
to recognize targets, As was previously stated, resolution is one of the key tactors in target identifi-
cation. Targets smalter thanw 1O times the resolution limit of the system will be difficult to identify
except on the grounds oi context. Let us now suppose the operator is looking for a very smatl target
aund has no a prioti deta about its probabile position.
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TFigure C-28
Display Sire, Coverage, .nd Ground Resolution

“Itis paassible to estimate the mimimum time it will take a hypothetical observer to sean o dis-
play ol any piven size under these conditions it some simplitying assumptions are made. The image
on the eye must be stationary it the observer is to soe anything, Thaos, in scanning a display . the cve
dwells monmentavily on a paich, then stews quickly to the next pateli and so on until the display is
visually scanned. In order to deternmne the time it will take to search g display, we need to know the
patch size, the dwell dime, the slew time, and the can pattern. Patceh size can be estimated by

*Carel uses twice the eve’s reschution some vhat atbitrarily, but this shouid allow tor the ot ondikely case where there
is 1007 Joss in resolution between the sensor and the final display as seen by the eve.
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cxamining the acuity characteristics of the eye. Acuity varies with the disiribution of retinal cones
and thus with the angular gistance of the observed tziget trom the optical axis (fovea) of the eve,
as shown in figuie C-26. For purposes of this anaiysis, a value of plus and minus 3 deerees w.ll be uscd
as the limit of « useful conc of vision, Patch size will be computed by calculating the size of the
square subten:led by 6 degrees ai1d will therefore vary with observation distance. Ford et al* found
that the average dwell time on large displays is 0.28 second. Enoch™* n a similar study found that
dwell time varied with -lisplay size, but tae data from the two studies are in fair agreement, and a
dwell time of 0.33 second will be used in this andlysis. Slew time is negligiole, ana the observer will
look about three times per second. Scan patterns for real men vary with a hest of factors. For cur
purposes, however, we asstime that the man scans the display in a raster fashion, completely, with
butted paiches, and no overlap. With these assumptions, it is now possible to compute the ime it
takes to scan a display of any size from any viewing distance. TLz resuits of these computations
are shown in figure C-27.”
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Figure C-26
Visual Acuity as a Function of
nagle Off Optical Axis

Carel thus arrives at a similar approach to that of Simon (1962). His chart seems to lead to
sherter time values than Simon’s formula, although they have made very similar assumptions about
paich size and dwell time. In cither case, it is assumed (hat the entire display is scanned methodically
as a photo-interpreter might scan, looking for any sian of o target i any part of the display. Actually,
there are usually clues as Lo where targets may be expected in context, leading to more efficient

17
r scaf'ch. And a clcgnr target emerging anvwhiere on the display will be picked up by peripberal vision
5 and then rapidly focusaed by a vigilant observer,
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Ford, A W!u, 2o Toand Lichtensten, M. Analysis of Eye Movements Buring Free Search,” Jowrnal of the
. Optical Sucicty o America, vob. 49, March 1959,
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= ltl]()(,l'l_ A ML Effect of the Size of o Complex Dispiay Upon Visual Search.™ Journal of the Optical Society of
America, vol. 49, March 1959,
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Figure C-27
Time to Scan a Display

100

Each target situation must be considered separately, bai in doing so refercnce may be made to
variable: that have been ind .ated in th'- appendix, Target-background relationship is particularly
critical (determined by contrast, resolution, and pattern effects). Moving, rolling window displays
seem to offer quicker target recoznition than static sequential displays. Altitude and slant range show
predictable effects. Context can facildtate recognition, especially with good training or experience or

with referesce material

S.

The diverse refationships of variables with detection and recegnition time presented in this
appendix may be usefal as a partial design tool reference file, 1t may be expanded or revised Jated

to provid: an up-to-date source of sensor display information.

SUPPLEMENTARY

EFERINCES

fizures C-28 througt C-33 are from Kubakawa et ai.® They present supplementary refcerences
< ‘.’}

R

on display viewing dypamics.

*iubakawa, C et al (Ed.}, Data Book for fiurman FFae ors Ergisteers, vol. Land 2 7CR T 2713, by Man Factors,
e for NASA Amer Resxaich Center, Novemiber 1999,
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Figure C-28
Visual Angle of the Smallest Detail That Can Be
Discriminated as a Function of Background Luminance
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Figure C-29
Probability of Target Detectiun as o Function of
Tavget Size (Visual Angle) When Tavgat Is Known
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Visual Acuity as a Function of
Relative Movement Between Observer and Target

12 =g 1
‘ ™
™
a- \
1"rE —~
: TN PREADAPTING
: oL LUMINANCE
£ w
(8}
g INFERRED
E < g INSTANTANEOUS
- Z THRESHOLD
5
: o g
o
- ol
o -
. AR'THMETIC
z w - MEAN
= « ///
fek \
5 n o
4 t L j“"J

0 10 20 30 [N
TIME IMN DARK

Figure C-31
Luminance That Can Just Be Seen
as a Function of Time in Darkness
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Intensity of Point-Source Signal Light
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Target Motion During Rendesvous
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Accemmodation

Acuity. visual
definition

After images

Alphanumerics
(see also Synbol)
arrangement of
brightness of
coding
confusion among
height of
illumination and
levels of
resolution and
size of

viewing distance and

Alpta thythm

Ambient illumination
and
contrast
group displays
Nois.

Anguiar orientution
coding

Apparent motion

Aspect ratic
prejecied displays

Band width
definition

and
group displays
symbol identification

Bias
and
sain

target visibility

VI-18
IV-10
VI-17
IvV-11
1'vV-8
V-2
Vi-17
Iv-2
1V-8
1v-9

1-7

113
V-4
1-13

-9
Hi1-9

INDEX

Brightness
(see Luminance)
optical projection
devices
scoe
screen
symbol
and
adjustment
ambient illuminatic n
coding
flicker
group dgisplays
T. V. displays

C

Cathode ray tubes (CR'I)

ambient illumination
background brightness
bias

brightness

contrast

gain

noise

scan rate

scope size

symbols for

target brighiness
target size

viewing angle

viewing distance

CFF (see Critical

Flicker Frequency)

Character {(sece Symbol or

Alphanumerics)

Coding

advantases and
disadvantages
categories
combinations
definition
recommended types of
requirements
use of

V-4
IV-14

111-16
I11-8
1119
118
111-9
111-9

111-13
i1-6
-1

111-14
11i-8
111-4

111-8
Hi-8

VI3, V19, VI-12
VI-3

VI-22

VI-1

V16

Vi-2

V14, VI-|2
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and

alphanamerics
angular orientation
brightness

color

contrast

display brightness
display format
environmental rate
flash 1ate
inclination
location

observers task
performance time
recommende¢ practice
resolution

shape (see Symbol)
size

symbol

Toid cathode displays
/see Readouts)

Color(s) (see Chromaticity)

and
coding
recommended
registration

Colot contrast

Computer driven
displays
recommendations for

Contrast
CRT display
ratio
threshold
and
coding
directionr of
target s1ze

Criteria

Critical {licker frequency
(CFF)
debnition
determinants of

VI-17
VI-20
VI-20
VI-11
Vi-11
VI-11
VI-11

Vi-6
VI-19
V1-20
Vi-21

VI-6

VI1-6

VI-6
Vi-11

VI-19
VI-18

VI-1i
VI-12
Vi3

I-10

16
1-2
5

t

VI-12
IV 13
i-12

VIl-6

——
~ ~2

INDEX

and
display brightness

D
Decay time
Deuteranope

Detectability
ambient illumiration
bandwidth
brightness
display geometry
scope size
signal size
signal strength
target and bias

Dickromats
Diffcrence threshold
Display size

(see Scope size

alsc see Screen size)

clement size

equipment cl.aracteristics

geomelty

height and resolution

symbol size

viewing -listance
Distorticn

(see nlso Registration)

color
geometric

|

Electroluminescent displays

(see Readouts)
Element
(sec also Symool)

s1ze

Environmen:al effects

on visual pevformance

111-18

[11-6

I-16

111-14, 11515
V-7

m-7

1{1-4

-2, -3
1116

-2, ili-3
-9

I-16

I-§

V-6
1i1-19
-4
Iv-2
VI-18
V-9

VI-13
1v-7
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Error rate and coding

F
Flash rate coding
tlicker (see CFF)
and
ambient llumination
tusion frequency
Format
Zrame rate (see CFF)
G
Gain
and
bias

target visibility

Geometric distortion and

single viewer displays
Gothic type

Group displays

and
ambient ilumination
bLandwidth
brightness
recommendation for
registration
tesolution
symbol size

IHumination. ambicent
definifion

and
pip visibility

Inclination coding

Indicators
color
displays
tlash rate
intensity

Vi-7

VI-19

IV-14
1-7

IV-13

[11-9
-9

V-7

Vi1

—_—ad

i

1{-13, 1il-14
VI-20

11-23

11-27

11-23
(1-232

INDEX

/-3

location
number
size

Integrat~d displays
L

Legibility and viewing
angle

Lighting (sce 1llumination)

Lights
warning

Lines

and
screen height
symbol height

Luminance (sec Brightness)
contrast
optical projection
devices

Luminous cnergy

M

Mistregistration
(sce Registration)

Modular panel design

Mosaics
dot
stroke

Noise

and
ambicent illumination
brightness
pip visibility
prelerence

Numeric reacdouts
(see Readouts)

11-23
H-23
11-23

11-33

V-1, VIII-1

11-23

V-6
1vV-13
I-10
Vil-3

[-19

11-11

V-9
1V-10

1-15
1-13
hil-13
IV-13
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Operator performance
characteristics

and
code levels
coding methods
resolution

Optical projection devices
recommendations for
and
aspect ratio
brightness
contrast
contrast ratio
screen type
symbol size
viewing angle
viewing distance

Parameters
observer

Pip (see Target)
brightness
size

and
display size
persistence

(sve Phosphorescence)

search time
visibility

and
ambient illumination
brigniness
noise

Phosphor
charactenistics
and
CTF

Printer’s ‘‘point”
Projected dispiays

(see Optical projection
devices)

11-21
I11-8
HIL-5

1-6
-7, 111-18

11-8
n-9

-5
I1-14
-13
1116
In-18

Vil-3

INDEX

Protanopes i-16
Q
Quality
variations in display IvV-12
R
Radiant energy 1-19
Random position displays
recommendations for V-1
Readouts 1-27

Regeneration rate
(sec Frame rate)

Registration
and
corer ending VI-13
group displays V-5
Resolution
coding VI-11
uefinition C-2
group displays V-2
syinbol V-2
words V-1l
S
Scan rate
recommended 11-6
Scan size HI-1
Scope brightness
recommended Hi-7

Scope size (see Screen
size: also Scope size)

and
range 111-2
search time -2
targe! detectablity -2




Screen size
(see Display size;
also see Scope size)
and
aspect ratio

Screen type

Search time
and
coding
range
scope size

Signal-to-noise ratio
(sce Noise)

Signal strength

Vil-1

VII-3

VI-6
n-2
-2, 111-3

and
persistence I1-7
target size i-12
7 Size coding VI-19
- Standards for .
3 T.V. equipment © V6
(see aiso Critena)
Stercoscopy I-11
Stroke mosaics
- (sec Mosiacs)
Strokewidth-to-height ratio VII-1
: Symbol
complexity VI-15
density VI-i6
number of V-6
resolution 1v-2
size V-3, 1vV-12, V-1, VI-19
and
alphanumerics VI-17
bandwidth V-7
coding VI-17
CRT m-15
height for alphanumerics
vs

viewing distance
identification and
noise

V-8, 1V-9
V-7
VI-1o

INDEX

-5

number

shage

types of

viewing distunces

T

Target (see Pip)
brightness

and
ambient iillumination
persistence

sice (see Symbol size)
and
contrast
signal strength
symbols
shapes
types
visibility (detectubility)
and
bias
ambient illumination
target size

Television typedisplays
recommendaticns for

Trichromatism

Viewing angle
(sce Symboi size)
recommended
and
group displays
optical projection
devices
performances
readout devices
resclution

Viewing distance
SCOpe
optical projection

devices

and
display size
resolutinn
symbol height

VI-15
VI-17
V-9
1V-5

111-8
{11-16
T11-7
111-12
[11-3
I1I-16
IHI-16

11-8, 111-9
[1-16
HI-6

V-1

I-16

11-8
Vel
Vil-2
1V-i3
11-28
IV-13
-8
VIE-2
V-8

V-5
Vo
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visual angle

Warning lights
Whole-panel concept
Width-to-height ratio

Words, accuracy of
identification
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