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PREFACE

This technical document has been prepared for eventlual publica-
toasthe second section Of' the Naval Ship 'Systems Command Display1.)

fl/gminath.oi Designi Guide.

WVitn Completed, thle Guide itself will deal extensively With
sonme of tflL' special sorts ot optical systemns that hive been developedl
for thle interm alflumnination of' indicating i nstrumtfenlts and ol COOtrol
and~ monitoring paniels andl their color-co(Ied signal devices. It ii planned1
that there wilt also be a p~ractical treatment of'speeification andl design

eaua tion en :enia.

The fir:t section o1' tile (uide, "Introduction of Light and
C'olor," hias beeni published by the Naval Ship Rese~archi and Decvelop-
ment (Cen tear, Aa napol is Labora tory. It is a hiighl~y snummiarized( treat- 1
tflL'tl that~l prswltets conetlCl s to support a workin~g understand ngt ot the

2 ~sections tHIM follnw.

The in tent of this second section is to provide hmnfactorsA
gkltdi~lelnS lOt' isC .11 designi Of Visual diSI)hliyS -siapported by researchI
data, tables.W" grphs. and Charts io- gc-enral re.fervncc and lfolow..ed by
aptflication Sl)Ccirhc-tt~il mteritca~ls that oiler Stmiarld IN' and tolelance

limnits. It is not pos!;i ble in "work such as this to entireCly SIt ppor01t thle

try standards arid spLi ci ciltionlS. Whlere cotntracts detnan11d depart0 ures
i'rom the guaidel ines g, yen, this section's principal utility maliy be as a
basis for evaluating,4 rc ated dlesign or performance tradeoffs.

It was not fea5.iblk to brinig all team iinolcgs/ ,)I this edition of
Section 11 intito sti ct i.greemen t with that of Sect ion I, whiich was more
orien ted to physics a 1(1 illum~ninatinig crnginecri-ig. It is hoped tha t in an
early revision toany Iii T'er,-ncxs will be resolved.

l-luaailet'irs-ricned csioti orfiiluminiiate'( dlisplays must
considler the merits o a, least four types oia illumninationi somle antag-
onlistic to the others:

1. .111n/;icill i/hluimbalio in the dIisplaty area. Th is can vary from
Comple~ltely controlled, uiniformi, nonglare illumtiniitiOnl, suchI as tHaM avail-
abtle in a winidowless s bjarno aon ot rol cen ter, to that of a cockpit inl
an air- or spacecraft with widelJy varying i ncidentf lighit .11)( practical
illum~ination contr-ol eCSftaintis.

-. Locil ilhimi/ntaimi ror the 0 ispla v area itSelfsch as f1 oud

lightitA4



I4,

3. S'l~f-emnaiating (I ransilluminat'd) iflumnination displays, such
ai rear-illuminated legends and graphics, directly vie-wed e0ectroli1imin1-
eiwent elements, and light-em-ifting diode patterns'. cathode ray tubes;
wid television raster scan tube devices. This category includes "edge-
lighted,"' tunigsteni-lain p-equipp~led displays.

II cover di4. Projected dispftn :, small and large scale. r sae

A rather wide area beyond strict illumination requirements is

cc'nstra~ints, such as layout, 1legibility of characters, pointer size, coding
opinetc. Also, pa~rtiCUlarIy in the first chapter on human vision ,

uklyLser-operator capabilities, limitations, habit patterns, and natural
pr-.Mferences are discussed since they arc basic to effective use of illumina-
ti(oii.

Maintenance and accessibility are not enjphasized because_ gide
lines for these are generally available in other refercnccs. Basically, anly
lighlt Source wvhich rcquires frequent replacemenC~t shoulld be readily ac-
ce!,sible and easily rep~lacedl with conventional or readily aivailable spe-
cial tools.

Safety is relevant but also assumed to be covered in other refer-
* -en(CeS andl standards. Any illumination scheme should, Of courTse, pre-

Sell t minimal hazard to the display user or maintainer wvith adequate
lprc'tection from high-voltage, cheica-icl, or radiatmn hazards or break-
age in the intended environment.

Some chapters of this section of the NAVSIIIPS Display Ilhim-
ina/bao Design Guide have aircraft or othcr nonshipboard design origin~s.
but *the principles involved are nevertheless valid.I

A'
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CHAPTER I

HUMAN VISION CAPABILITIES AND LIMITATIONS

'I'h is elmlapter at tern pts to imi'part to thle reader some insight in to some aspects of this vistull
s)yste in directly relevant to display ilkluinailtion. It is aSSume11d that those using thle NAVSHIUPS Dis-
play Ill urninat'ion lDcsign Guide ark: familiar wvith basic vision ann tom y anid physiology to some ex t'mlt
anld that Section I otf this Guide, "Ail Introduction to Light -nd Color,"' has p~rovided the Other in tro-
dluctory material required.

Thel fbi/olving presenta/tion olspecial I'i.'io)f phenomenea i.x cxcerl; ted ircin Wloodsoni 11d Coll-
at'er (1964). *' with minor deletions and additions hi' the author o.f' thrilo!i'n *Tis sourcc
provided anl txcellent and concise coverage that would not benefi~t from paraphrasing.

"VISION"

Visuial illll)re1SsiOns% (lepen(I upon light and upo~n its rece.ptor, thle eye. The visual8 pr0ceSses f
enlable uts to perceive form, color, brightness, and motion. 'it has be-en estimated that 80 percent

of our knowledge come1s to uis by way of the eye.

TIhe lighit-senlsitive part of' tile eye is gCnerahify con1Ceded~ 10 be anl exteIsion 01' thce brainil and its
neurl'1 network is nearily as conmp lex as that o1' he brain. 1e I'o i'etthe vistilth il r preSioti -, attainied, ligh"It

nergyY mu1Lst Set off a chain of chemnical , neural, znd "'mental-' priocesses. Thie imprvssions transmitted
th roucgh thle eyes are carried to the vismu~iil %cn ters oh'the brain or01 in tegr-a t ionevaluationl, anld in tel'-
pretation.

ACCOMMODATION

Accommtodatiton is the action of focusing the lens onl nen; oi' distant objects. Because thle lens
loscs its elasticity wvith age, a cliild, .%+ canl locus On anl objecdtas tI]ar as 2.4 i !-.c6es. wvil -rgow into a ii
adutlt of, say, 40, who g-enerally cannot focus onl an object nieater than 6 inchecs. (Thiis incr ease of' min-
in LI iii1 loculsinlgdiStan1ce wilt1 age is shown inl figure I-! . This hdnigote-escondition which
occurs. Wvith inlClealSing age anld prevents normall atccotmmoda tion is known ats presbyopia. Objects at
distanllcs OfIal'out 20 feet 01- More are essentially at optical in ',iinty and no accommon da tion is neces-
szary to focus onl them. (Thle accommodation mecha tisism is givenl inl figoure1-.

The size of' thle retinal imlage ol'an object maty readilly be calculated by means ol the equation
A 83/alb - na'Wheim thle size of' thle object and~ its distance from the eve are known, Take all as 0.8
tlichI. Imauge si/es, howvever, are usutally given inl terins of visuial angle. lin this ca,,C, angle a.

':cL REILIR [N(I'i' ANI) 13 131.1G RAIll IY
Fm t'uir '.iijonitv (fl pit scnl~tdioin, I~lliti{)r 'dituriall dm~ch a'': a~mrc:i uade it) ilitte! i i qoled ill thlis :illd sublsequenlt
chiapt t'lx.
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TABLE 1-1
CONTRAST AND VWSION

LOG OF ILLUMINANCE LOG OF BACKGROUND
JUST VISIBLE AT EYE (FT-C) LUMINANCE (mUt

-5 4

-~6.25 2

PHOTOPIC -7.60 0

~ ~j ~&: -8.3 -2 -

_________________--8.0 -4

- 9.6 -6

-9.8 TOTAL DARKNESS

Visibility Otf lighd"t depend(s no0t only Oin contrast between field and background lumrinances, bUt
up)on area (visuial angle) of thle light surface being observed. Table 1-2 (B~lackwell, 1946) shows the
effect of field size onl its Visibility when the back~ground is complletely dark. The numerical values
showni are for differen~t diame"ters (gv n mWinutsofr) of sturface %t the satme, dis;tace from" the
eye.

TrABLE- 1-2
ILLUMINANCE AN!) SIZE"

As brightness dumnnisIme, si,? InLSt, increase to be seen.

JUST VISIBLE
BRIGHT'NESS (LOG FT-L) -2.2 -2,7 -3.25 -4.5 -4.75 -5.6 -5.0

DIA11METER OF
SURFACE (MIN OF ARC) 0.3 0.6 1 6 10 60 100

Figure 1-3 (Sloan. 1947) shows the sensitivity of, differenit Parts of' thle retinla at night. The
greatest sensitivity iss shown to be about 40 degrees from the fovea onl tile nasal side of the retina
and about 20 oegrees :roni the fovea oil the temploral side.

I1! ordler to see Sh ort fbsie sof lotllit we muLst have innuch morc, intiense light than we nieed
to see longer flashes. B~elow 0. 1 0-second do rat ion., isolated fl1ashes are e(J nlly visible it' they Contain
equa~l energy.

'rhtreshold visibilit ('or a short Hlash of light depends on tile total energy in (ilie (lash: thie
intenlsity of tile flash mult iplied by thle dunration. Thuis thc shorter flash nitist be at a greater in ten-
si ty than thle flonger one Inl order to be visible. 'hIs reciprocal rela Iioi'sh ip betweenl inten1sity and
time, however, holds only upt to ,c riticil (I 11ra itnio of' about 0. 1 Second. ['or (ahslongver than 0.1

Second, tllreshold visibility dlepend~s onl intlenaity "dlone andl is ind~ependlent of' time. Inl figure 1-4 the
llori?.onltal line Shows (lie ranee, ol' durations within which the product of intenisity and timie is
conlstaill. ((Gralani aid Nl9n3aiýu

1-3
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Figure 1-4
Flash Intensiity and Duiration

Thie intensity of the dimmlest light which canl just be seen is shown in figure 1-5 as a f unction otf
timo in the (lark following the original exposure pcri(,i: to red and white light of the brightnesses indi-
cated (Ifecht and F-sia, 1945). Data are for thc avero, .- of ten subjects. The subject exposed to red
light regains his response to fainter light sources more quickly than does the subject exposed to white
light and reaches the level or "complete" adaptation much sooner also.

mm1-4
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FLICK(IR-I;JSION FI7RQUENCY is the point lit which SLICceSsiVe light flashes blend into a-'
continuous light: i. increases with increasiilg flash intensities and with decreasing proportion of tliht
light-dark cycle occupied by the flash. It reaches 50 to 60 cycles per second at high intensIties, When
a flickering light -- oil 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 same intensity. This phenomenon is
of interest because it occurs at the same frequency as the brain's alpha-rhythml, a fluctuation around
10 cycles per second in the brain's electrical potential. The brightness enhanceineoit may possibly be
duLIie to synchrony of impuises from visual stimuli with brain alpha waves (Bartley, 1939). Figuime 1-8
indicates the brightness of a flickering light with a light-dark time ratio of I to I and at rates o1'0 to
20 cycles per second, as compared with the brightness of a steady light, and also shows the relation-
ship of tile 10-cycles-per-second point with the alplha-rhy thm pattern. -i

200%

it 1~
bUGHTNESS OF

STEADY ILLUMINATION"

o0%
FLASHES PER SECOND

ALPHA RHYT A

Figure 1-8
Flicker Fusion arid Brightness

ACUITY

Visual acuity can be defined and mleasured in several ways. with different results, dependilng.
upon the conditions at' its measurement. One of the miore commonlm ly used standards is that acuity is
the reciprocal oft the visual angle in minutes suibtleded by thc •mallest LIiscriininablel visual I'tail a tlhe
nodal point of the eye, for all practical purposes tile center of the lens.

I-7
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vhe resolving power or tile eye is the( a11) t l th' eYe to ddetCt -SHMai oblejCts anid (Iistinlti ish
tinec detail. It varies greatl,. (lepeading, upon thle, object, spect ral d istribilt ion ot r!d ian t energy, him11-
illositY of' l ackgrouid . contrast bet weenl object anid backgpounid. duration of' tile visuial li mi ulus. and
(lie criterion usedl to deteiminc' whetiler thle Object is or is :lot seenl.

There is I marked rela tionsh ip. Of Visual culity Nvi [th thle inuII boe of' rods and Cones and (ie eir
distance froit thle roveal (figure 1-9). Because thle foveal (thle central area of the retina, on wvhich light
froml' f'ixated objects 11al1s) Contains onycns et s best there umder phiotopic ligh t Conditions
anid poorest there under scotopic seci no cond; tioiis (Oiterberg 193 Wehen.14)

E
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Tho relhtiotihip between contrast and size tot threshold vistibiity ot a standard patalel-b) ls
objec ct unlder. a brightness level of 30 millilzimberts is indicaled inl figure I- 10. As contrast is incit ed.

Iliinlmiflhlt size. and spaeint, I)ctw"eea, parallel bars may be deccreased without rendering. the spaching in-
visible. As contrast is decreased, SiZC 11uLSt b,- ;-ereasd, eSPeCially for lowecr contrast lpet'entages. ill

* ~~order to minattain thkreshold acuity'.

0.7

0.6

mZn
<

W CONTRAST SENSITIVITY
2 U 0.3 -

." 0.2

0.1.

-- 5 -3 -2 0 1 2 3 4

PER~ CRNT 2 - -. 01
CONTRAST 4.1 0 5 3 2.8 3

VISUAL ANGLE 106
MINUTES

FLigure 1-10
Acuity its a1 Funtction of Size and Cotitraist

Ani experimen~it of it threshold nature was conduceted to determnine whether the aniount ot ill-
crease inl ViSual aculitNy. With Iincrease oil brightness onl tar-gets, difters more for persons wvitht initial stab-
iioranial atcuity than ioT those with idnitil normal acu)ity. The subjects located chockerboard targets
ttnlleCr siX level 0 tw at'. lum11inance vatying, fromi 3. 16 1 o 11000 tootI -lalniberts. 11 W41, fl. I "d tha.1t the
sut-ýornial group g- ined sigiuticant ly mlore' ill Visual nuli.' t trm~s NWi ti an increase inl target himinatnec

thn (mlid thlt norni 1al 'zý ol Ip. The d.a ta. show di! knadequiatte light for seeinlg dewail is betwoeln 0 anmd 30
toot-4"laiaberts lfor hoeWith linoral Vision. sollmlewhre between 30 and 40 footd-ambciher for sul nor-

adua sloi'ghtý I949).
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Visual acuity has been tested tinder different spectral illuminants, as shown in figure 1-11I.-
C-figures were used, with exposure times of I second (Ferree and Rand, 193 1). In this study, yellow
jillumination was found to permit the best acuity. Given adequate ambient illumination, however, there
is negligible relationship between the illuminant color and acuity f1or black-and-white figures. LUrni-
nance contrast, color contrast, illumination level, and exposure time ire much more important factors

in acuity than color of illuininanit.

MR* iACKCOROUND BRIGHTNHM LE~VEL 0.07 Fl C

WAVELENGTH imp) 485 520 590 62565

VISUAL ACI.JI 52 70 75 66 63
'N'- BLUE tIGHT YELLOW LIGHT RED LIGHT

Wavelength and Visual Acuity

wina Visual image passes Over suIccessive receptor ciements ol the retina, that stimuluhs is per-
ceivecd to he in motion, Visu~al a1cuity, For Landoit-ring test stimali moving onl a horizontal plane
around the observer's head, dec'CaIWS With inlcreasing anlgUlar velocity of the test object. Figure 1- 12
shows that thle gaps imist increase 51 size in order to be (listlinguiisht'c at tile higher speeds (Ludvigh,
1 948). It was also shown that iln object such as the Landolt ring seen 30 degrees from the line of
vision is p)erceived only 60 percent as well whien in motion as when stationary.

VELOCITY rU
(DEG/SEC) 0 50 100 150 200

VISUAL ACUIT 100 56 30 1910

Figure 1- 12
Velocity and Visual Acuity

I-It)



OTHER FEATURES OF SEEING

Summation and I nteraction

'ihle retina i,- conipose(I of complex neural interconnections which may proluceea sunmmation i
effect between closely adjacent recepftors (retinal summn-ation). Thus, two test patches of iight , eithier
of which is below the threshold of vision, may becomie visible if presen ted simultaneously to adjacmit
puats or thie retina. The threshold of it light may be lowered Lcy increasing its area, becauSe mo10e :Intel'-

conectd rceporsare stimulated. Another type of interaction may take place between tle two eyes
(binlocular initeraction) as ai result of p~rocesses occurring in higher neutral centers, including the braiin.
'[his phenomenon accounts for tile slightly increased probability of binocular detection of small
'111o1.1n tS of ligh t ats comparedx wvith monocular detection of' the same amount of light. 'Ih ese anI sin
din, phienomena may aliernatively be explained by physical optics, the mechanics of'the eyc, or prob-
ability theory.

Stereoscopy

When an object is fixated, ii d iffcrmnit view of'it. is seen in echl eye. T!,is f'eature of binocular
vision is a in1 0oi. etic, tor the, perception of' depth. In the instrumient known as the stereoscope, views
of' thle object .s se1 by achC eye are presented separately to flhem (figure i- 13) Both two-dimensional-A
views mnay then be fused, resulting in three-dinmensional perception of' a single objiect. V'ery finle d if-
terences b)etweenl views can give this decpth impression.

Stereoscopic VisionI

Single and Dou~ble Imiages

Whenl anl object is fixated, it is. of Course, seenl as at single i~mage. Most othe(r fumt nies of theC

vismJ icie d are, however. "seenl" douLble, allthough our experience has taughti s to disregard this im-I
p)ressioun. Man y people arc [lot evenl awareC of' tilie existence of doublel images. One ca,,n easily d enion-
shi je I hien, however, by lixa i ng Onl a penc2il held in fotoi of' thle eyes. A second jpenci t held be lii d
tie Ilu-st is seenl dIoublte

[-or ,every fix~uioui point iii thle ho' izontal plane 1there is a circle passing through thilt poiul'
;1n1( thlinl,111 the optic:al Centers. ofl' th two eyc-i (figure 1-14 I: withi thle exception of pohiuiI very -lose



to the eyes any point onl or near this circle, inicluding, of course, thc fixation point, is seen singly
"C" (Boring, 1942). Points off tile horizontal planie may also be seen sinigly: 'these points fall onl rather
complex curves with reference to the fixationi p-oint. Points oni the plane but not onl the ciccle are

4, seen as dlouble.

S-2

M6/

I \z 71

Figure 1-14

~~ lDouble ImaIge Viewing *
Apparent Motion -

sityt prsne ill succession al (ihe lpr(Jp~t time interval, distance 1'rout each other. and tn teni-

If, tile seconld f'lashl is mlote il tinsc than the first, a backwards motion Fromi thc second to tile
first Flash may be seen.

WYith alterniate pre.~tilationl ol' certaiti shatpes inl aLppropriate positiotis, the obj.2Ct nIdly .ippeat

Ic tInove thronlt"1 thrc dilitttllsiotW

'Ihles efIfects, known as APPAREN MOTIO'f(N ( figure H- 5), mte ut!ilized ill motion pictures.

.1'4

Figutre 1- 15

Apparent NI ,tiuti

OWMAM.I- =W=V



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 after-images, however, the colors will be reversed; in the case of other colors, negative
after-inages will produce colors which are complementary to those of the actual picture.

Relevant Physical Variables

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

TABLE 1-3
VARIABLES WHICH MUST BE CONTROLLED WHEN MEASURIN(;

SOME OF THE PRINCIPAL KINDS OF VISUAL PIRFORIMANCE
(WULIA-ECK FT AL, 198Y

VARIABLES TO BE CONTROLLED

VISUAL

S' '0-
"_-, g -. -, -• -

SU

Depth.,
dixlnmi' X IN x X X X x x x x -

MVt.,i,',, Q -. •-

dixilmlo x x x X x X (MV), x X ,.
I:Alick N•- X-- _.

disnlial w I x x x X X X X-a,
l r ig] mes -A
(Visrinmu a l Ill x x X x (N V)1 x X x N',

BlIghilness;

x B r xi n c sV ) x . 5 Isorsilivily 'K N X (MV)I X 'K N -

(olur.

.I.................. .. ._ . .A I
I Varjriblh. c'ing nl.'a',ure'd

iiou lK~l~rk\~~rLI i ( I..)

•: ab ' c~elm' IIml (ub kaw e al(I'(,••). H



- g

t9 COLOR

Light can be defined as physical energy in the form 01 electromagnetic radiations. Trhe eye is
sensitive to only a relatively narrow band of' these radiations -- wavelengths from 400 to 720 millimlic-
rons, approximately. The light travels through the lens and is focusedl on the retina, where it is ab-
sorbcd in quantal units of energy.

The solar spectrum1 (radiation from the sun) contains all the visible wavelengths. Physical ob-
jccts selectively absorb this radiation, so that the energy they transmnit or reflect hias a different energy

IL- distribution wer wavelength than that of the original light. T'his difference provides the key to color
visionl. N

The cent.ral nervous system ofnman is able to classify the distributions of light energy that fall
upoi)O his eyes; thes3e classes of diStribution are seen as colors. Trhere are an infinite number of dlistribu-- _

tion1s of light energy which maj, be experienced as the same color. T'he eyes do not analyze ouli the
scparate wavelengths, as dfoes a prism. Trhe nervous system, simply classifies inipulses from groups or
-wavelengths and labels themn colors fro~ii experience. Color is a psychological experienice; it is not a
p -operty of the electromagnetic energ) we see as lilont, but a perceptual response of the human be:Iing
to thiat energy.

Sensitivity Zones

Not all zones o1' the retina aMc eqlually s-.nsitive to color. TFoward the peri1 )hery, objects can
still be distiriguisned while their color cannot. Sonme colors are recognized at greater angkes away
fromn the fovea than others. Figure 1-1 6 shows the linmit% ot'the retinal zones in which thle various

*color-s can, Under normal iliumination, be correctly re cognized.
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Formation

Normal color vision is called trichromatism because any one(, of tile 160 o- mIove dlistinguishalbly -

dlifferent hues nmay for the most part bl, produtce~d by variously mixing three independently adjustable
priinary colors, such as red, green, and blUC. Mlixing Colors is oftenI con1fused With mIixing9 pigmlenlts.

- The f'ormer is an addtitive combination while the latter is subtractivi.-

Wheni yellow and bIlue lights inl proper proportion are thrown onl a screen, tile mixture appears
white (figure 1- 17): thle yellow and blue are said to be conifllcmentary colors.

.- i WHITE'

Figure 1-1 7
Lifjht Color Mixture

Color mixing may also be accomlplished by ulsinig a "color 'vhecl ." The colors to be li i xed
occupy different sectors of the MIMeL which when1 r'otated at sufficiCnt SpeedL p~ro~lLCes n~ew CO-~
inl accordance with the, rules of' additive color mixture. [his priniciple hias beenl appliecd inl expe-I
meuntal color-TV systemus.

When artists mix yellow and bI tc pigme n tShwv, 1OCC' al gIreen rcsul t (fig~lre 1-1 8). This is
clone by double subtriaction. The yell ow pi 'gmerit absorbs certain rays, while those remaining give
ii itS N-1v !l'ow olor. TesMeiIC 11pl[iCS tO 'lie b)1tic pigmnent. The light remaining after hle yellow and
blue pigmlents have both absor-b-d their respective wavelengths mlay be so baklanced als to give a sell-
szaiion of green.

BLUES GREEN4S YELLOWS RED~S

YELLAOW 1) 47. V_ 1ý

PIGMENT

BLUE 7V_4_7__(7)
PIGMENT

GREEN LEFT

flignineit Color MIixtuire



Color Abnormalities

Ilhe term "color blindness" is one freqluently miSuse-l in connection with color abnormal-
Pies. Inl the absolute sense, color blindness should refer to a complete absence of psychiological
color expe,_rience. Because the so-called "color-blind" person usually does experience certain colors,
it is suggested that the termn "color deficient" be moie applicable in most cases.

Trichiromatisin is usually considered normal color vision (Chapanis, 195 1). (,See figU're 1-19.)
There are color-weak individil-is, however, even amrong thie triclironiats; their impairment may be so
slighit that only very sensitive tests wvill reveal it. Thie largest proportion of color-deficient people have
this type of color weakness, whicht is called "anomalous trichromlatisin." Thoughi res ~mblin- normials
in that they require three primaries to matchi spectrum colors, they may need them in abnormal
amounts. Color deficiency is almost always hiereditary inl origin, present to somne degree in about 8
percent of the male population. Females, liowevm', are. seldom afflicted.

The next most common formi of color deficiency is red-greeni dicuAromlatisin. Dl~icromat:; haveA
- been divided into two principal subgroups -- lpr~tafopes (red blind) and deuteranopecs (green bli- d).

For all diclirornatic observers, color iE; restricted to two basic color gr'oups'-, Yellows; and blues, whcli
are not confused with eachi other. Dichromats ca;n usually match all sp~ectral colors, as thley see tl~em,
by suitable combinations of the two independently adjustable primaries.

Thiere are sever-al important differences between protanopes and deu~teranopes. 1ýor protait-)Pes,
the red end of the spectrum, seen as yellow, is foreshortened, whereas deuteranopes are able Lo see hlue
(thlough againl yellow) ouit to normal limiits of' the spectrum. in figure 1- 19, the colors seen by a protanl-
opC are compared with those seen by a normal trichromia. The protanopes h~ave a gray banld centeredi
around 49 3 millRIi micronrs anid ca nno t (Ii st ingu ish r- d or blu e-greecn fro in gra y .ide LIt erano1p1es, Onl the o the Cr 'M
hanld, have a neutral point around 500 miimiiiicrons but cannot distinguish green or reddish-purple
from gray. TIhese (differences arc small but reliable and! sorve as one means of distinguishiing between~ the
t wo ty Pes of d ich!Omla ts.

NMonochrorm~tic vision is extr-emely rare. Obst.,vers with thiis dleficiency see only in ternis of
shades of gray. Acuity is pool- in monoehiromats*; theci visioni app~roximates black, and whiite photo-
grap)hy withi poor definition.

Color and Illuminance

Satisfac tory color select ion can be mlade only il it is done undel tilie Proper i llum~in ance Coll-
clitioris. C'olors selected under an inicandlcsent light will tiot appear the samine it' they are inspected
under a fluorescent I unmnaire. (Sec tables 1-4 and 1-5.)

I--o
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TABLE 1-4

APPEARANCE RATINGS OF TYPIC'AL COLORS UJNDER
ARTIFICIAL LIGH T SOURCE'S

(DIIPARTMENTFOF THlE NAVY, N AVDCK'S I)M-1, 190))

_________FLUORESCENTLAMPS

STANDARD DELUXE STAND)ARD DELUXE INC"kN-

COOL COOL WARM IWARM DESCENT
COLOR DAYLIGHT WHITE WHITE WHITE WH-,ITE' LAMPS

Red Fair Dull Dull Fair GOO", Good

Pink Fair I-air Fair Fair Good Good

IRust Dull Fair Fair Fair Fair I Good

Orange Dull Dull Fair Fair Pam Good

-Brown Dull Faii Good Good Fair Good

Tin Dull Fair Good Good Fail Good

Golden yellow IDull Fair Fair G~oodai Good
Vcllow Dull Fair Good Good Dull F air

Olive Good Fair Fair Fail Blown Blown

Chartreuse Good Good Good Good Yellowed Yellowed4

D~ark green Good Good Good Fair Dul Dull

-Light green Good Good Good Pairl ~ l D~ull

* -Peacock blue Good Good Dull I Dull D~ull Dull1

Thurquoise Good Fair Dl~ul Dull Dull D1)uil

Royal bluc Good Fai Dull Dull li 1 ull 4

Light bIlue Good Fair D~ull Dull Du1)ll Dull
Purple Good kair Iul I)-.,il Good D)ull

Lavender Good Good Dull Dull (Jocud D~ull

Magenta Good Good Fair ])till Good Dull

G;ray Good coo Fair Soft so il Dl~rl

Good -Color appears most nearly as it would under an ideal white-light source, such as north sky light.
PairColo appars about as it woul (unode r all deal whtile. hgh t source, but is less vivid.

D~ull -Color appears less vivid,

Brown -Color appears to hc brown because of'small anrOunt1 Of blue liirh.1t em~itted by LIM,[)

'fellowed Color appears yellowed because of small amiount ol blue light emit ted by limp.

So ft Sourfa ce takes on a p~inkiush caist beca use o I red light emi tted by lamp.

V4
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TABLE 1-5
EFFEC'T OF SOME VAIUETIES OP COLORED LIGHT

ON SOME, COLORED OBlJECTlS*

Ol3JlCT COLOR I REDI LIGH T BLUE71 LGR11 (VEN IGHI-T YEiLLOW LIGHT

White Light Pink Very Light Blue Very Light Green Very Light Yellow
Black Reddish Blak Hiluc Black Greenish Black Orange Black______

Red rillant Red Durk BlihRd Yellowish Red Bright Red
Light Bluke Reddish Biluc Bright Bluc G;reenish Blue Light Reddish B1lue

Dark Blue Dark Reddishi P'urpl Brilliant Blue Dark G ree'nish Blue Light Reddish Ptrple!

Greenl Olive Green Green Bluc Brilliant Green Yellow G Icell
Yellow Red Oninge Light Reddish Brownm Lightt Gree~nish~ Yellow Brilliant Light Oiaiige
13rown -Brown Red Blish Brown Dark Olive Brown B~rownish ()iango

PSYCHOPHYSICAL RELATIONS

Let uts iu v, pointI out the relation between :'ertain physical. psychophysical, and psychologi-
cal aspects ol' sue fit, which it c often misuinderstood.

1,11C 'llyscl S1'.dL -11ilus¾ fil~iL, is ,dCa jflf (Ufi;,tg hrivielstimi iIll pllJikV iliI ns. slenits tie ctgi

ulsually- distributed over a wide bantk of' hesfec 'im When this physical cuerpy acts onl the orga nisin
11fluzuu.; ciu'rgv1 results. Its mlagnlitudeI is nlot ill onie-to-one relattionship) to thle ad iant energy, bot is
at differential Function or' thle spectral composition of' that radian)t enlergy. It', for example. radiant etIt-
ere-v is iill above- 750 m1illi micr~ons, no luiminous energy reut.Li nu ntg hn s, a I psco-
p~hysi cal Concept, measured inl sucht umnits as thle candle, the Itimen, and thle lainbert. Given thle Spec-
trill iadiant energy dhistribtition of' light anld thle well estab)1Slsed response cLurve o1' the aTra"'
o~bserver. it is possible to Convert r-adtanlt to Wluinlous enlergy. 134r0gI wi~S tislte psychological c:ounter-
part o1' Illminlous energy but, again, is not inl onle-to-onle relation to it. It is a sensation which depenlds.
for example. on 'thle eye's state of adaptation and onl the backgroundI of' tile luminous object.

File relation.0hip of' wavelength to color is ovenl less Precise thanl tile above. It has beenl
pain tedI ou~t that anl nt'fini teui n h11er of fr-equency distributions mlay yie~ld thle Same color. Onl tilhe
othevr hand, any lxtrticti~ai frequency distribu tion otf light may give rise to thle percept inn of a 1,111-
numllber ,of colors, (lept- di ng uponl flield Conditions its well as onl thle person's set atnd ad aptatilon. A
(lisfiinetionl beCtween sourcs Of light and reflecting surfaces is helpful inl dIecid ing what colors wili be
secen. kThe Pectecption of a source color is fairly well correlated with its spectrail wavelengt h d istri-
butiont. Reflecting Surfaces will, for thle most part, be seen as the color- whlichi they wvould ap peal
under "'normal'- (white) illum ina tion. rciprdlcss of' tho. characte-r of' the lip t Iiltum mating and being.
reflected from themn. This phenomenon is calle'd "Color conlstancy-'' Wleni heit Color of' thle illum-
ination is unknown to the observer, this color constancy hreaiks dlown, and the color- of' a surl-face
thenl does depend to a1 large extent on the kind of' Nittl I ie lected from it- that is, thle stirface is no0W
scoli as if it were :i source.

Thie characte,'istics of' vision aire slinmmati:'.ed inl tzablý F-.

~I~ki I ibkawa m it(I 6)O

Via, ý Iý Z, ý.- ý ýý. I-" ý ý ý-- -ý - -ý - -1 - . - -- -- - ý. ; - ý- - ; ý- ,- .ý ý.z I z.



TAB3LE 1-6

CHIARACTERISTICS oi-' VISION*

PARAMELTER VISION

So fticienlt stimulus Light-radiated electromagnetic
energy in the visible spectrum

Spectral range Wavelengths from 400 to 700 p
(violet to red)

Spectral resolution 120 to 160 steps in wvavelength~
(line.) varying from I to 20pi

Dynamic range 90 13 (ulse Iull range) for
rods =0.000(0 1 in L to 0.004
im L. cones =0.004 in L to
10.000 n ll

Amiplitude roiho Contrast 0. Al S

Al

Response rate for 0. 1 sec
successive stimlulli
Reactionl tilm: floisimple 0.22 sec

mucular imovemleni

Iksto toer t -C ~

lildicat ions Im use 1. Spatiail orien tat ion requ~ired.
2.Spatika Scanning or Search

required.I
3,Sim ultaneous coni parisolls

presentod.

I. 11gh am bhical iiois'. levels,.

Ref~erences Ba kcrand ( icthle'. 195-1
Chapanlis. I940
Wood(soii. I 9o4
\Villfeck el '1l, 19.-

1 2 )



CHAPTFiR 1174

ILLUMINATION, LAYOUT, AND VISUAL DISPLAYS

This chapter presentis a ecllection of guidelines for display use which arc basic to considera-tion
of' ililt IIinna tion desirners. Woodsov and ('onover (1964) and Woodson ( 1963) have condensed~ consid-
erable hil'orniatioli ont visual dlisplay ti'nnan factor requiremnen ts into a Imw pages, which are excerpted

belo. Th illminaionaspects are dircet in somne applications --- e.g., hooded consoles to control
incidIent light .- and interactive inl others - e.g., scale-pointer indicator design -- where rationale for
humlanl factor design mlay ',lace constraints onl ilhuinination dlesign op~tions. Ini some instanices, "bright-
ness'' or. luminlance Controls mlay be mandatory I'm a. single inlstrulintn 1. InI others, a Single adjustnment
ir-ay be advisable for a complete panel. 1
ILLUMINATION AND LAYOUT CONSIDERATIONS*

Good illum ina tion is niecessar'y for m1ost humanIl Operator' tasks. It is not attained. however.
mecrely by adding" lighlt inl large quanltilties. The type of' task that is to be ilil urn ma ted, tilie speced and(
accu racy with which it must be r l~orinled. thle length of' timei it is to bie performed . and v'ariat ions, inl
opcratinig Ceondlii ous must he known before a suitable lighting systemn can be designed. There are

-eeal iminportan fat~c tors that shoo0ld be ConlSide red inl theC design 01 anly lighting sy stemin

1,Siabl lniiac thle task At h11d

U.1niform illuitiniance (ft-C) onl fihe tasýk at hand.

3.Suitable 0111ithil"C ii ac contrast between task and backround.

-.1. Lack 01 dare f~rom either thie light source or tilie work Surface.

5. Suitable Color renidering" qu1ality ot 111illttiniats an~d color1S of illuin:lated S-11rfacCs.

It iN ditfittilt to speckify esac~t leVeIS and limiitatiols flot All the p)RobleitCIS that Imay ar'ise inl det-
igtiliin g anl eticiciont lighting,ýS sstem.1 buit analyISis 01' thle folloxvinc recounnilendationIS Will und1Loubtedly%

sI-B a s 1 astfe gulide to better See jog for in os appl icatlions. D esign a ll placemen~lt of, al Itfighting dCi-
m'lieut -;lIMuld falcilitatle iaInM~telInIce anld clealninij in or-der to retain optlimuml illumination Character-

- i~stics.

variation" inl tile time ot, (fit\ o'r nkight (11gs. IlI-I) bii bt or cloukiv days.ý or' coinple\ itN ot' the
Scenis task such as ookillg ou t ol, aii alirplanle ~oCkpitI al ternlating- wi th1 olisc'iW t ioii ol in~t ru ment S
within ilie cock pit mnake illtitinlatioit -sollitioim. Cx tremlelv diffiCtil t. Dllo't aSSumel thAt goo0d liglli-
illg for a daytimei opcrat ion iscN il gom' 1,0fo night olicrat Oilm and vice versa.

TheC humanil' e\e adapt" to general illumination levels. thtus making it necvessary to provide' fif'-
L'.ent lwihtio 'li tionis fo)r e\ailIple. daytime vs nighttinte viewing" t 1i. If-)). lo e~lnplIlsi,.c this,
pAint, trv looking out of a Window at nlighIt with) a lighted bulb behind you. You will probalbly Sete
ilothllin outside the winldow, and inlstead See Only the light bullk reflccting brightly onl the winldow
sntIfae H OWL-Ver. it' voni pea)Ct this obse-v~itinli ill the daivtiiue. the biitesof, thet outside scenle
i\ raised to Such at highl level becau11se of thle suighitlt that vont :irv hardlyv aware ot, tile higlit bulb
reflect-ing onl the windlow surfaceo. at all. ItI is pralctically iitipossible, to COlinpe t wil [li te bright ness

ofth ' 01n ct-Iectin onl a it (laee Veit1 I' t11e solalkCe is pailted at (11111 blat co0r

T'.011 Womoll nd Co1-1e



-~ Figure 11-1
Outside Lighting Effects -

Figure 11-2
fDay-Night Contrast

A common error to avoid is direction of a light source at the observer instead of at the object
to be illuminaied (fig. 11-3), Even a small amount 01 light so directcd in the obscrvc•'s eyes will change
his adaptation level to the point that lie will be unable to see the object you have tried to illuminate
as well aS YoU haild planned.

Another illumination error to avoid is to plan a general lighting SN stein for ,n interior area
without regard to what will he built into the 1aroa after it is occupied. Paartitions. la'ge cablinets, ;alln!
even people may absorb, obstruct, or shul off I'Mturtil paths of ghi, from the i'. tures you have pro-
vided.

Some special activities are not at all Iplpolripato to the general lighting approach. l-or example,

a rooni where some of tie occupianlts haw Ivc to il0tor displays which have low coi•i-ast chiaracteristics,
such as oil Cathode-ray plreseliltations, iltlust he rea 4,onably darkened. In the mean;time, other occIJ:ptits
in tilt: same room may have to work oit charIs, or coloetid mlaps aad therefore rccqui e fairlv high ihluI 1-
ination levels (see figure Il-4)i.

411-2
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Impor tanice or Light lPlacement

0A

Adequate \,olutions It) lighting problemls Such as IOw ouie post mentionoed Cannot alwayvs he-
'Ai'kelkvd ofilt 1) vttIf,' I 1C Of C!Imirts I n d il IIfIi IIi I iii ontii -telk ta.1bles Sticl ;I oblkmIIs, Gill of. ati L'II
ulife IrIIal app roach1. I St. oft porItable 1L.1mun1ia ries wvith va riable1(-in1tenit cotrl I-s sugete k-111 11-01,5,SIlhS t

Suc e penintl bi~ts arce taS\ to [litoe aLbout anid Wull allo S-cisielii Wst 11-tkn s"'
:I k:v a .1 clukuc to obserIve sid kette0Cts. Suchd 1 VOC as relcio ant gla proLIb10e)m cI s'.

1A
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(;oo ligtingsoltis Ca no eotie ycnening ourselves with the sourcec only. We

___mus;t also Consider thle interactionl of surfaIce Nt¶tUre, color, and the characteristics of' objects which
may be introduced into theL -seeing task' I(fig. 11-6). For example, a glossy white slice t of' pap, 1 viewed
on at (lark desktop inl at dimly lit room bccomes at disturbing glare SOUrce to thle observer.

WOSSY MATTI

Figure 11-6
Illuiminited Surface Effects

Lighiting is also at psychological tool. Mood lighting can create feelings ranging all the way froml
rest to exci tcrnent. Creating anl "atmllosphere''0 by mleanls of' !igh tinlg shou~ld, howover, not he allowed
to interfere with adequate "seeing"' reC1uLirIemtienltF.

General Recommnendation,. for Ambient Illumination*

1.Provide tini form lighting for all in dicators and control panleI areas.

2. Avoidl direct view of light sources or spectral xc flectances from these sou rces. Arrange direct
lighflt source so viewing aIngle of visual work arca is not equal to anglec of incidence from the source. Use
diffuse light souirces an 111Providle inat te finiish ( rather thanl glo'ssy) 01) all surfaýCes inl tile field of'vieW.

3. Where eq.u ipnient is use,-l inl enclosures and not subject to blackout requidremenrts, amrbivint
illumination levels should bc between .'5 and 50 f't-C.

Maximum allo b 111WA IC 0ilIiIiCC raitios are given ill table Il-1.

MAXIMUM ALIOWABII [LUMINANC'E RATIOS

RATIO 1CONDlITION
5: 1i Btw:e n task andh adjacenlt Siir,'oii d ings

7: 1 iUtwee u dim mesi and( hrigi test insti-ruments

20: 1 I li tween task and iremxo te surfaces.
40: 1 Between light source (or skyv) and surfaces adjaccnil to it

80:1 Bltwceen the inlimciedjae work .ie~and remlainlder of thle enlvir-lilenmet

Note: In th IIe illum11int i aonl o f woi L, are as, sha rp grad ien ts (ra t;os of1' i0: 1 orj
sha c) dould h(.. aivoided.(I

*hmn Wothoti196.34



General Recommenidations for Specific Station llI~umination*

1. Light sources (or rellectioni from thies-'ý) should niot be visible to thle op~eraitor hi his normal 3
workinig p)ositionl.

2. Cover glass onl instruments shouldl be atitiglare coated.

3. Lamp) replacmenit should be from thle f'ront, without nieed for speucial tools.

4. Tr'ansiIIlluinated markinigs should be sharp~ly (leftined and readlable wheni vi ewed at any
angle up) to -mnd inchiding 60' from thle normal to the ljlane of the I ron t face of the panlel.

S. Su~ffiCienlt COntrol circIuis Shou1.d be l)rovided to allow operators to "b~~ance'! various
I'01-el frpaieNt eqAl bri~gh tness.

lighting" recolininei1dati oils For' work plIace. histruIMetfaCIII XI, mdl~ living qxtces are sliowii hin
table 11-2.

TlABLE' 11-2

'.-IGIITING RECOMMENDATIONS FOR WORK PLACE,
INISTRUMELNT PANIEL-, AND) LlIVING SPACES

F LIGHTING IF-
CONDITION OF USE S SYSTEM N I i-LUMINANCE F-li) A1)J U ST MEINT

(;CneIICl il-Cii illui.1infiltionl White f'lood, 15 mlinlimumL Fixed
inldirect 11ni./n101
dWiffsed ___

CIiart readi lit ad other White f'lood, I5 1to50 (Coiltin uou011
Ir im ed ma teria f inspection dirmect -(iIi flsed -

Inlstrumient I IMc (n~o Whiite f'lood. 0 to 100) (or above it, ('ontil)"lous
intecgral lightinig availaIble) diffuised possible)

lii tegiIal paniel uigh tin Whiite 0 to 100 Conltinluous
(trans01iihniination ) _____-

telrl stuniinit lighlting Whileý 01to 100 Cont611inous

IKI.L[RRed 150 Fixed
WIli og Pk-l I5O ( hrit.h! )

7.5 (i) IAllsa
nil tionl Ambher (Same as warn I) AdIJUSIt tab

Other Other 100 ( brighit) Adr(tIvIv
50 Idim)

H-5.



Chromaticity Cosdrain"

Itis necessary to regard each console signal lipght ats at -orn ilex optical system inl which each
coml)Pon1(Ilnt interacts with dhe other. The Signal inl turn becomes part of a console or other control
equipment that is inmmersed in thle genreral ililum11ination of thle contro, roomi. (Figure I 11 l-,%V shos
Navy console mockup uISed for lighting evabltation. ) This environnme'it not only interacs physically
with the signal, but it also Sets the p~atternl for the visual response of thle (also immtersed) observer
his Iluminance andl chromiatic adaptation.

Iin order to describe the stimutluts for tile sensation of' color which results fromn lighting ain
indicator, the light reflectedl by the indicator- diffu'LSing screen MCd thle light transmiitted through thle
(liffusilig screen muist each bt; weighited for their inldividul.1 contributions. The chromaticity which
canl be plotted in the CIE3 system by treating thes two cCml)OnlentS a1S aIlditiVC iS an a1CCUrate descrip-
tion of' thle chronliticity of thle light emanating fromn the indicator. It is not, however, anl accuratc
(lescription of all the relevant elemen~lts Of thle 1.luinous environmient andi cannot be expected to
p,1rmit an1 accurate prediction oflhow thle. color of thc indlicator will be perceivedi. The dlifference

-between the response to at color which includ~es ireflected am bient light and the,- samne color comiposed
Of only' Sour1cc light is dueI to the observer's ability to a~ppreciate, to sonic, extent., the contibU til on f'
tile allbient illumlination to the total brightness of thle indicator. HeI is ap~parently able to report the

*indicator color somcwhiat independently, Asidic fromn chromiatic adaptation there is af clegrec of' color
constancy which is a function of thle Observer's ability to structure his viSualil field Mnd of his fam111iliarity
with thle color of' thle general ill uiniiman t.

For example, confusion bctwc. 1i Somc "palle'' colors anld thle achromatic condlition of' the
indlicator (off' or white) are considerably mrore frequien t thanl con1fuisions resulting from (lesaturation
of col m's caused hw tile ant ibien t iIIu 11112a tiom

For' thtis reason. chiromnatici ty calculatlion which includes the ielc 1cted amibient illuili nationl
can only bte considlered as af descri ption of' indica tor chtromnatici ty inl this particulair situation and for
purplO5~Sofe Adfnionstra ti ng the differen ce between indica tor elements, suich as! di ffere nt di ffu sing
screens.

Assum111in~g tlh- ability to diSCr-ilniinatC a stimlu'111S is- at par-l-thcur 11lumious Color Utinder given
enivir-oln mental conditions to be a kItnc tion of* its uin inance andl chroma tici ty, an aidequtate speci fica-
tion of' miiiniiitim brightness f~or i ndicator ilights mfust take in to account both of' these paranle tcrS.
The practical restraints onl the design of' the cx perime jt (liot not perm it the pa rainteters to lie varied
sys tenma cally to sylit tltcsiizc aall atUIile generall I Odel for minin iumu brighttness.

riie following conisidleratiolns are ii'portanlt inl (lie interpretation of the dlata and in considerl-
ing [lhe (lil"elecr i cs ill thc present data alid the data of previous stuie~is ..

1. Respon~ses wctre re'Qiictcl Z( pre(les'igunatd Categories. This is inll)ip-taii t inaismulch its
siomec colors ni a y have been hiighlIy d is Iinguislia ble as. orange. blue-gre ii tc utsnc 0s
sponses were not allowed, such colors were necessarily classified, although withI less cOn hiln cc. inl
One otI the acceptabile categories.

2. The color cate-gories selected were those ailready aldopted tIm the Heel~ B allistic MIissilec
I13M )systemn largely to take advantlage of" inherent mleanling associated wvithi such colors if, red, greenj.

andylloY-1W, rat her tianf 10 ta1ke adtvantalw of ilianittini color sp~acing.

"hlon Wiilier Ieig (1902).
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3. Ne ther IL. I liinanCe, IlOr hI Olltici ty LI lIi I hle WenSC of va na tio n olf puri ty, or (to11 Iinan 11 w~ave-
length) were variedI systematically. BW'caSC Of this, pr'c~iSe ori u11klattitl whIMh takesthe varia bleS
;Into account is [lot possible.

Tfhese considerations are believed to iccouni t for the diffe, rences between these experimental 7
data and what might be expected from an inspection of existing ou tdoor colored light standlards. W
Fu rthermnore, thicy are thc basis onl which these daita will be in terpre ted inl posing new prel iminiary

- stan dards andI implying aireas needing aldditional rt' ilneinlent Study ...

From thle results Of this stud~y, it is possible to define chromatici ties representing five console
signal light color categories which can be dlistinguished fromn one another and call also be (list ingLilShCie
fromn the "failed"' or "nlot-I igh ted'' Condition n nde i' the am bien I con dit ions of' inlterest. Such a sele(C-
tion of chromatici ties would be applicable to ambient condit ions..:not less than 72 1 "I-I. white

47 screen signal luminances (diarkroom determi ned I and not more than 7.3 l1'-L of scr-een I-t11ili ance -

Caused by the reflections of' anmbien t light inl th~e actual working environment.

This study also snggests that the ratio of I I to 1for whlite-screen-sign-al to Ito-siglial I urn ii~ance
will rcsnl t in satisfac tory recognition ot' thle not-lighted condition as dlistinguishiable friom, (lhe lowest
luminance colored light signals in at selectedI set' of' colors. The inininitni lnimiting raitio wals not estab-
lished but it was found1( that a ratio ol'4.3 to I was imidlcquate. It shol0Id be enIphaslIize~ that thle
cot oredsign al/no-signal lum111inance ralios associatedl with the presenitation of colors obtainled by tite
use of color filters of low luminosity faictors wouldI be very much lower. While thle resultS of this
studly do not support a sinmple explamitioii of' these luminance ratio values, it appears that thle nin mi-
mum,11 luminance ratio would V'ary as somle fucIon1011 of the chromiatici ty of' the colored signal...

* USE AND CONTROL OF NATURAL DAYLIGHT*

Proper use and contr-ol of natural daylight is dlesirable not only fromt the standpoint of' con-
om y, but also for the sake of the genlera.l eIfficiency ol'people. Sonme people becomei irritable whenl
they ner shut off f'ront the outtside Sunligh t f'or very long. M

o'teIt is desirable to consider the position of the stil inl Orienting a new buLildinlg. 'Take advantage
na' hemtural light. This means that one IluLst consider the pathi of' thle Sunl for thle par ltio'ular liatitUde

aind even at tituide of' the buildling site.

''l'he constrtiction of' buijldinrgs shotd L 0 1(econlSide~red ill tenis ofIS o11W bestA to in ti'o'.l nCC naturalV.
light into thle work arei'.

Ill adldition, c.onsideraltionl should be given to tranlsparent anld/or, traisluicen Iinatet ials in
teinis of it'i tering and equial i.i ng tilei dist i'ibu tion of' nattLrill light.

C'ertain design ton f'igLIliraions% nIaV eCltit' shadow Ii ff'ieiltics e .g.. c'~essively deep'l Window
headi~ers or1 sills. 'l'l'iL 'Sc sliod be iivoidetl whetnevv'c sill.

Tem porary light-con trol devieL' can ilso be a~ddd. I'hese devices in y certa te mainfecrilance
prIoblemis if they aro not olcsigiied Careflnly to simiplil'y the job of' idjuistilen t mnid cleanling.

'l'e rfleeta nec chai'aetLriS ties Of in tffrndl walliS. oors.`, inll( ceilingjs hl S1(101 bt' Co"side red
along With thle Llesi'.-n of tile window opuligs or example. t dkirk wall around a bright window
Will cauSe, glalre because o1' the extueimi. .:oil tniAt hH-tvcenl flit' wall aiid the winldow areal. Ill genleral.,
hiuhl reflecting col ors are rtecolueni e iItd foi' most a pplic;taiions. sI iinv stlnleat's. Ii ow('ver. Sholdoi be
avioidetd.

)li lc WOOSonli nd 0( ' 19,64t )



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 is 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 illumination. 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 shielded 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.

Eyeglasses cause disturbing reflections unless the light source is 30 degries or more above the
line of sigh 1, 40 degrees or more below, or outside the two 15-degree zones, as showli in figure 11-8.

N

GLM!E ZONE VERY POOR ýOsfflom4

~-2-

Figure 11-8
Glare from Light Placement

"Ir. ni Wnnd %)mori nII (and uvet (1964).
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Instruments are normally protected by a glass cover. This glass cover often becomes a source
of glare -- making it practically impossible to see 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 -"

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 tme pilot, he cannot read the indications at all. Although it is
recommended as a general rule that instrumcnts should be normal to the line of sight, this actually
creates the worst situation for self-reflection (figure 11-9). Therefore it is desirable to slope the instru-
ment faces slightly off the normal line of sight, as shown in figure !I-1 0.

2A

4
S. ~

Fioure 11-9
"~Self' Reflection

11-10 4



EYEREF POINT

-- 10

2001

Figure 11-10
Slope of' instruamentI Faces

to Avoid Self- Reflec tion

PANEL.LAYOUT*

SonIIC IManu1facturers develop a standard panel designi in order to make their equipment appear
,iistinctive. This also has the advantage of making it simple to group several eqltipmefltis together and
yet ii;2ke them look as though1 they were designed as a complete unit. Modular p)anel-design techniques

* increase tht, "iscriminability of funictional groups of displays and controls. For cxample, a dark-colored
inoduIlC con1trasted, -uwainst a light-colored backgrOUnld produces anl association amlongy thle Components
Within the tiodule.

A typical modularized pant. pecification is shiown in figure1- 11-11.

rhie pan!ie] titles are Centered at thle top ifeachi panel. Tile panel modules are located in an
area ½ inch from1 thle 10o, of thle l)aflCl, I inch from ti,,c sides, and 3/16 inch from the hottomi of' thle
panel. [he niodule title is also centeredl within the module, as shown. Naturally, space limitations

aySOm letilles reC~luire modifications, but thle IfiIIInufacturet, attem pts to r' aintainl thle specifications
as nlearly as possible in each niew . ayout.

Figures 11-11 2 through 11-14, from Woodson (1963), summarize panel layout consider-ations.

"d%-n X on m)doi 0 Coniover (1 964).
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Se0. 125

Figure 11-11
Dark-Light Module Effects

III addition to the general la'yout, color specifications are uIsually provided inl order that all
equipments may mnaintain a uniform color schlemtie -- eveni when niewerI equipmients are a dded at a
later date. Table 11-3 is a typ'.',al color specification.

Lettering styles and sizes are also specif'ied anld usually aI stVle guide' OF type fonlts iS ma1,de a
part of the sp~ecification.

Finahvy couniroi types ilrc spccil'ied, gc1icraliv rcla td to a given Illanuf'acillu-rcr iine. of kmiob.
Colors, sizes, methods of inoun 1ting. etc., are all1 included inl thle specification.

CAUTION: Al though the basic objecctiye ot standardiZa tiOl is kcomnienC1dable. Ohe designerf
is remilndedl not to be led astray by aesthetic or "arty"' concepts wvhich dQStroN goodl humanl-

-engineering p~ractices. Rememb~r 'hait a bad standard is worse than nio standard atl all! l-1irt
analyze your p resent a ~d futlure needs, thenl apply good hmnnierngprinci ples ill developing
a standca rd. The end result cant be bL!ne ficial both to thle opc ra to anld the Fepu~ta tiOnl 01' theL coMin paux.



HORIZONTAL SHAPE FOR
SEATED OPERATOR VEATICAL SHAPE FOR

STANDING OPERATOR

1 --- --- -- - . I

All

•'4

ALL CONTROLS WITHIN REACH --

DISPLAYS AT PROPER VIEWING DISTANCE

4---
A VIEWING DISTANCE

(MINIMUM L 16")

El ARM REAC14

DISPLAYS NORMAL

10 LINE OF SIGHT '.

Pnuel Shape, Size, and Orientation

11-13 -



r~ik

10W

(40)- SIMPLE HORIZONTAL DESK WITH
VERTICAL CONTROL-DISPLAY AREA:

DESK HEIGHT NORMALLY 10" ABOVE
2- SEAT REFERENCE HEIGHT

AA

"K-"-" "ORIZONTAL EYE AXIS "

I ---. AT REFERENCE POINT

SJTO EXTEND PANEL HORIZONTALLY,
Ii I rROVIDE WING-PANELS (EXTENSION

SI' APPLIES TO BOTH SIDES)

TO EXTEND PANEL VERTICALLY

14' (NOTE DESK IS REMOVED)

30

NOTE: ALL DIMENSIONS ARE APPROXIMATU. FINAL DIMENSIONS SHALL 3E DETERMINED
3Y MOCKUP EVALI.;ATIO-

Figure 11-13
Stated Operator Station
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MAXIMUM VEIRTICAL PANEL OVERHEAD & SIDE.PANEL EXTENSION

(APPLIES TO BOTH S'DES)

48" _-.... -

3-.0

30"

NOTE; ALL DIMENSIONS AIRE APPROXIMATE, FINAL DIMENSIONS SI-AL.L Ill DETERMINED
BY MOCKUP EVALLUATION.

WORK URFAE 3641" 7-61

(...... . .. .0-3I

I I I
S... ... • .- - .- . - , -I . . .\~

WOigSUFAEe3 i13-41",1 1-.

48"8

StaIncntg O•:'ra( or Station

4.1,



TA~B LE 11-3

TY11I'AL- M )fULiR-PANlEL COL!OR SPECL(IFlICA1'lON

IN IT CLO U`EDFRAL. STANI)ARIS i95 A

M'Sic pare! Light gull gray 36491
Notncritical l1&~ue Dark gull gray 36231
E~mergency oi rtc~ orr tionn~ules Red1 31 136
Lettering on rnoduhes White 37875
Lettering onl p~anel o)Utside modu(hles Dark gull gray 362311-

PANEL FINISH TREATMENT AND PANIL iiLUMINATIOW*

Finish

Ali mneanci(thishes should he such as to minimize spectral reflectance.

Glare from Transparent Materials

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

1. Antiretlection coating.

2. Proper mounting with respect to thle operator's linle of' Sight (i.0., instrument glass Covcer
should not be exactly perpendicular 'to the tiine of sight it' there is a possibility of "Operator Solf-

3. voianc ofa sngl, arge-ae transp~arent ,,overt over several instrument. This require

tient also affects safety. -

Illumination

P~anel Color, finlish, and illumiintifon should he considered a.s a system problem inl ordcr to

effect tile best traide-offi between visibility and powet.

General Appearanre

Vxtr,;,nco-us, visible panel elements, such it- screws, falsteners, instrument tw/d,e. handles, etc.,
should be treated to minimiz~e their distracting influence onl the operator's attention fromn principal
operating ck mieit's of' tile panel. This may be accoiflllisivCl by eliminating ex~tendled %crew head's,
Painting itemls the samle, Color as thc hasic. panlel, and by location or Such item1S inl inconlspiculous p~lace%
wvliwrcver possible. Care should be taken, however, !lot to amplfify maintenance difficulties.

4rim out~c~dsn (963).

11-16



VISUAL DISPLAY APPLICATIONS*

Design Of seleCtion ol isVind~ displays is one or the most important problemis to face,. the de-
siguie ill developing anl efficient man11-ma1.ciine system. Since the human eye is the medium throught
which man receimc the greater shar'e of his information about thle world inl which he lives, effective
trainsfer of this information is vital to his operational efficiency. The following general recomnmenl-
dations aire p~resented its an aid in, the selection of the most suitable typ~e of indicator Imr a given -

purpose. (Typical indlicators arc shown in figure il-1S; table 11-4 is a guide to vistuad display selec-
tion; and key operator/display system interactions arce shown in tal.,10 11-5.)

CHECK READING
0

QUALITATIVE 
20 NW 3 F7i

HOIST ON

w PICTORIAL

QUANTITATIVF

-6.1

flea(Iout Variations

F~orad fe W, discrete coniditionsl5, se all indicator Wvhich present.,;are d ffrernce's ill position.
bri.-h tness, or color. Use of two or more N.ariables togethecr iiotll-lal lv mdc ascs e-perator reliability-
e.g., color- p)lus position).

F or precise numerical values. wvithb no ne0ed for, inl Werpola ionl botwecin number s, or tor rate or
directional indication. use a digitnl or counter indieato; . U'ie- a seal;Ir inldtcor, hloweVer, When VzIlues
arc to be set intcO thle equlipmlent.

F'or ntiinei'IiCAI valtie pAluS OfiCnttionl inl time pCe. malunitude, 01' r~ik. uise a scalar. nd1(fcator
Avoid mutilple pointers or moving scales ýlIicInevcr po~sibMIL. A pojn Icr plus an. adjiacen I coulliler Is
hcest W~henl scale expanlsionl is nlecessary.

For mIl tItidinliensionil 'initformnaIi oil. lI'w coillotI,,Itl-4,' ofsn.le- ile tdwal~ois Or coinposi te

Fol qualittiVo check rkeadiii.g, os IlloviiIl. pointerl aitdillst a 'iA'cI c le. sevvera! dial:' ~il\ to *
1be. Swunlic rapid~ly, Orient pol~l)OIt.1 so the potIIIl tioItlll oi tflt. ptlflitl'i 1; ~It o'lock.

11:ol Wookon (ltIild ColluoI 4 1-1
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TABLE 11-4
GUIDE TO ViSUAL DISPLAY SELECTION

To Display Secec! Because Example

Go, No GSatStp LgtNormally easy to tell if it is* Q
On1, Off' on or off

spacing, 'volor, lucation, or
W flashing rate; may also have .- . .,__

label for panel applicat jols)

Warning or Caution Light Attracts attention :;nd can bee

entg (may flash in termt
tenfly to increase conslpicoity).

Verbal instructdon Eunciatorhlght ipe ato intId LIon
(operating scqucncc reduces timpt required Iom

Exat uantity D~igital Counter Only one number can be scen,
thus rcdticing chiance or l'1900
read~ink, error

Approximtate quantity [Moving pointer against General posit ion of' pointer
'fixed scale gives rapid chic to the rt N

(11.11tit I~~srelative rt
-- of Chiange

Set-inl quantity Moving pointer against Natural relationship be-
fixed scale tween conitrol and

D~ata pick-off Elecirottic "hook'" or IProvides simple means I'(r
elcct romechiatticalI pani- point ing" at [ite posit km1
togra ph ove (CRT Wit hou t inter piering or
target lprescntatiowt calcmrlatfill, actual values.
coordinates; tiansferroed
to a dligifal Counter
auto imatIicallty

11-1A



TABLE 11-4

(CONTINUED)

To Display Select Because Example

Tracking Single pointer or Provides error informationr
cross pointers against for easy correction
fixed index _ i

Vehicle attitude Either mechanical or Provides direct comparison
electronic display of of "owni position'' again~st
position oftvehiclc known reference or base
against est.- ulished line
r,ýferezicc (may be 0-0
graphic or pictorial)

Geographical position Plan-position analogue Siows direct relationship
atonatural geographical

Command guid ance Analoguc of "ludictcd" Allows obseiver to see or
positio0,a or iauh anticipate Whlat is gui )g

to happen in advance •-"•I-ij...".... .........'. . .
Equl))nepe l'ol.-iMeterS k' parui.ter si ile

analysis to iterl)ret pl
CRT(wave loran) Multile pa,,ncter shows ",

interrelationship•.} 43-N

Pen recording Provides iermaneni record
For later analysis

NOTl: ('ombiiautions or any of the above are possible and o ften desirable. ('are should be taken nut t,
iil n drucc ambiguities, ext cic coinmpllexi .y, or crowding, sinIce these will increase operator-
re;unmsc lime.

Checklist for a Good Visual Display -.

I. ( an the display be read quic-kly in the nianner required (that is, quantitative, qualitative,
or tlIC6'k r'eil.ill'.

m. ( 'anf the ,li',luy le read accurately within (lie needs of the operator (preferably no more

•4 dUA.
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MI

3. Is the instrument design free of features which might produce ambiguity or invite gross

reading errors'?

4. A re the chianges inl indication easy to detect'?

5. Is tile informaltionl presented ill the most meaningful form requlirinlg tile miumof' mental
translation to other ulnitS?

6. Is the relationship of the required control movements natural to thle expected instrument
11ovemenit'?I

7. IS tile in formation upl to (late with relation to thle need'?

8, IS the inlSt rio met distinguishable from other displays?

9. Will the operdtor be aware of anl inoperative condition'?

1 0, IS ill on I 1ilnation SatiSflac tory uindler all] conditions of' expected operation'?

1 1.I thle display lice of' parallax or other poten tially distortinlg charater'istics?

Characteristics of Effective Displays*

2.Meaningful g.roups of' chairacters (e.g,., words) easily recognizable

3. Weaik signals (Ietec table at all dlislp! ay range scalus

4. Characters readily (discern ible from each othert

5. lDiSplay canl be Viewedi equally Wull at anly rcquie-d Viewing anlcue

0. Nfi iiii umn loss 01 signal (ICtectability ~it long and sliort ranges

7. Ni in lil in Ii ill-a ff inl SCreen/ SCOpe br-igtneltISS

8. Maxiinum eon trast

N). injiffUni Hmage1 diStortfion

1 0. Fd t'aStt possible observer, respolme I inie, where timev is a Factor inl efficiency

1 1, 1 igil est POssiblie observer acco ia cy inl perlornIlling Visual function

12. No (or very-) sl igh t ilcker

13. D~isplay can be %'icwe(l effliciently inl entire operating range oF ammbicn1. illumination

4:1.,.,Il il id '(11 1%lill 1 09 )



14. Minimumn equipment delay in responding to user's request for display (Xs in in lforination-
retrieval system)

1 5. Display larameters (e.g., luminance) adjustable by the user

INDICATOR LIGHTS - LEGEND*

Visibility

K-7 The brightness of an indicator should be sufficient to discern the "ON" condition under all
expected ambien t iliumina'lon conditions. Whenl used tinder varying illumination conditions, a dim-
. ing con rrol shouilld be prosded (the range being limited by means of an automatic 'night/day''
switching system) to insure vs:ibility under the brightest ambient condition. Diniming should never
be used for KILLER, Master Warning, and Master Caution lights, howevei. It indicators are subject
to "outdoor" light, provisions should be made to prevent reflected sunlight from making the indicator
appear "illuminated". It should not be possible to see the source of the light; i.e., the indicator
screen brightness shall be its tmiiormi as possible.

Fixture Oesign

I . A dual lanping system shou, ld be tised for reliability (except for electroliminescent design).,

2. Lamp replacement should be from the front of the panel.

3. Failure of a "flasher'" should result in a steady light. Failure or an indicator should not _-
cause failure of' circuit being monitored.,

4t. Incandescent lanml)s should operate below rated voltage.

5. A method for lamp testing should be )rovided.

Legend Design

I. Use optimu ii letter/numeral design.

2. Use standard abbreviations onl.

3. Use cal)tive screens, coded keyways', etc., to prevent loss of1. or inversion of leeliids.

4. Use dark lettring on light background for KILIR•, Master Warning, and Macter (',alliot
indicators. ither dark or light lettering may be used for others li' dark adaptation is rcqtlired, tust.e
lignt cettering to reduce over-all Ibrightness of noncritical indicators.

5. limgraving shoukl be resistant to wearing off or filling Wi[th dirt.

6. Legends should not be visible when tile indica tor is not lighted. 1'h at is. a legend such a.,,-
" stop" should not be displayed itniless tile indicator is also tihe stop button. ()ht er CxCel)tiions, involve
coding of colored lights to back-illunmiiiate a vlsible l•gend such as "No. I lorpedo."

%()mn Woosol (1903).,"
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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 are icquired, Use I master warning or caution
lighit andl a word panel to indicate specific dlanger conditions.

Steady State or Flashing?

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

Flash Duration

If flashing lights 111-C used, f'lash rates shoul.1d be from 3 to 1 0 per secondI (4 is best), wvith equal
ligh 1t/da ik inlervaks.

Warning Light Intensity

The inten si ty of' thle warnin~g ligh"t sholOld be at least twice ats brightitas the immediate bac~k-
gi-ouni, The background should bc cl'trk in contrast to the (liSpkiY and should be in at dull finish. Iý
Make provision for dilfliuin the warliini! lig'ht it* it is 1o be usel ;it im(u mi-rottiidifilt"'.

Light Size

The warnhig light should ordinarily be I 1/ times the size of other indicators onl the console.
A mastur warning or other extrenie emergen1cy light should he twice the size of' other Console
indicators.

Warning Light Location

T[he warning light should he located within 30' of the operator's normal line of'sight.

Color

warnling lights arc normallIy red because red 1mean1s (lange r to inos! people. Any othe r signal -

lights inl the operatMors Vicinlity shoul-1d be of* other colors.

Location and Identification

Warning ligh ts bc~omei less effective as they are mroved out~ of' thle center of' the operators M
field ol vision;' urgent warnings should always be within 30" of' the operator's normal line of sight. -1.
F or very urgenlt warnings thle Warning light should be supp~le men ted by ani aud~litory warining.

I.. o lclNIm e an~d Sullwalii( 19(9).
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INDICATOR DETAIL*

Many seemingly mninor details call affect the ease with which a visual display wvill be seen, read.
and in~ter reted. Even the best choice of presentation type will stiffer it' the princip~les of this section
are neg~ected. Frequently tile designer feels that hie has fini~lied his jot) after specifying thle general -

chiarac te ris tics of thle indicator face -- leaving thle details to a draftsman, artist, silk-screen specialist,
orpooab technician. These details are extremely implortanlt to tile designer, however, and hie
mu t se tat they are recognized and followed it'lthe results of his initial design are to be really

effective.

IMPORTANT' GENEl~RAL CONSIDE RATIONS

1. Distance of' the observer from the display.

2. Position of the observer relative to tile display.

3. rFype, color, and amount of illumination available to the dlisplay.

Design of Numerals, Letters, and Indices General

In general, thle larger thle size of letters and numerals, the less we have to worry albout back-
groundls and illumination.

Capital letters are recommended tot, most lparel labels, although uipper- and~ lower-case letters

arc suggested for cx tended instructional mnaterialI.

FAll labels should be norm11ally oriented %o that they can be read fromn left to right. Special

cases of vertical orientation ar-e permissible when the label is Ienerally ignored and contu'Lsion might
arise if it were adjacent to more critical labels.

I instro men ts or observers are subject to vibration, dials and miark ings miius t be larger- than -

they would be otherwise, lDial detail should also be simplified.

Scale indices shouldH be ljimi ted inl nuni her to the accuracy required anld no0 More. The smiallest
readable divisiOn should ne(ver be tillcr than thle probable error ill thle meter-ing dlev ice. Inkidice's mlay be
sp~aced as% close together as 0.04 inich, althloulgh Ile distance should not be less than twice the stroke
width of' a "light" index miiark onl a daik background nor- less thanl one stroke Widtlh when 'lhe ind(ex
is darker than the background (fig. 1l-I10). A mlinlinlium of' V' inlch is recommended For the distance
between ''miajoi' i ndices. (Dime nsions for major, intermediate, and min ior in dices are givenl ill
figutre 1l-I 17. )These figu res arc for thle nlormal ill .1", trul iient-panel reading distaniccs, 14 to 28 Iitch es
The numlhber of gradulation marks bet ween num bered scale points shudnot exceed ninle.
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0.13 _-_

0.11 A. BLACK ON WHITE B. WHITE ON BLACK 4

S0.10 :
o0.09--

70,07 -e-l

0,
0.0

4 7 -

0.034 ~0.03 "

0.02 / I
0.01

0 L..-L_-L -'
20 60 t00 140 180 2200 40 80 120 160 200 240

VIEWING DISTANCE (IN.) tj
Figure 11-16

Stroke Width and Viewing 1)istance

MINIMUM INDEX DIMENSIONS (28-INCH VIEWING) RECOMMENDED FOR AIRCRAFT INSTRUMENTS

MAJOR -0.0 3"~
INTE-F MEDIATE -0.035"

IN OR --5
MINOR.20.0,15"...I

0.o05. min. -74
0.5' inn. I I I I

0.07" -

INDEX HEIGHT (IN.)
VIEWING DISTANCE (FT) MAJOR INTERM. MINOR

1 2/3 or less 0__ .22 0.16 j0.09
1.2/t 3 0.40 - 0•28 0.17

3160.73 0.56 0.34 4!

6to 12 1.57 1'12 0.68
12,o20 2.63 1.87 1.13

Figure 11- 17
Legernd Readout Dimensions

li-2 5



-vim.'

Design of Numerals, Letters, and Indices - Specific* (See figmiu 11 .18 and ta~ble 116)

2-~

-, LK~1 IIED(i!

Figure 11-18
N LImber/Letter Style and Size _

TABLE 11-6
NUMFRAL/1.ETTER HuiGHT FOR 28-INCH V1 EWING D)ISTANCE

(Foi- other viewing distances, multiply the value by distance hin inclhes/28.)

- ~HEIGHT Oo'NUMERALS AND LETTERS (IN.)
LowA Liumiance 1 High Luminance

(down to 0.03 lft-L) (1 .0 ftl-Iand above

Critical markings -position variable 0.20 to 0.30 0. 12 to 0.210

(numerais on counters and settable or

Critical markings -- position fixed 015t0.0Mto0.20 -

(111no ends onl fixed Scales, control
and switch mark-ings. cimergency
instructionls, etc.)

Noncritical markings 0.05 to 0.20 0.05 to (.20
(instruinen t iden tificatiori Ia hel,
ou tinehinstructions, any marking

required only for initial fain ihrin-
zationl)

Style. Letters, anld nUMerals shou11d be simple block type withouit Srit'S. (DO no0t uNC stencils.)

1.Typical ton ts for enigraving: Gorton ExAtended, Gorton Normial, and Gortonl ('oidensed.

2. Typical t'onts Ifmr prinlting: Airp~ort Semii-Bold, Futura IDemi-lBold, Vogue' Mdiumil, und
Lining Gothic 60.

tlIfoan 1,Vwldon (193). Sec ailso (haptet Vill, D)ISPLAY LIRI PIIITY
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Height/Width Ratio. 3:5 to 1:1(1: I ulsed for mechanical counteis Only).

Stroke Width.

1. D~ark figure onl light background 1/6 of letter height.

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

Light/Dark Contrast. Contrast between figure and background should be 12 or greater. C
*whecre 13,1 is brightness of light color, adBi brightness of darker color.

READOUTS*

Inmroduction

The material included inl this chapter deals with relatively smlall alphanumeric indicator dis-
j)IaySt inluCLdin~g thle following general types:

1. Cold cathode glow discharge

2. Electroluminescent

3. Projected inlage (incaadlesccent)

4. Electro-mechianical (incandescent)

S.Edgo-ligh ted (incanldeseen t)

6, Spherical optic (incandescent)

Maximum Viewing Distance

This is defined its theý maximum distance at which observers arc able to correctly read a given
readou t 90%" of' thle tim~e. Figure I I.- 11) indicates tha t For elm racte r lwipih ts upl to approxi miia rely 3
finches, all] re.douts, e-xhibit a linear increase to iI maximumtil viewing~t distance. Therefore, Character
he6ight (viSUal sue) more than any other parameter detemnines the maximu m viewing" (distance inl
norl-i ml ambient !igh t. Brightniess alone ".,S little or no effect Onl Vie wing di-stance: Cold cathode'

* ~(300 e telet.,tro-niechanical (30 I't-L), and p~ro ected imange ( So fi-L) all have approxinmately equal
Vie wing (115tallce limiits.

Brightness :
Becausm of ecutrast considerations display brightness is imuportantI ill high a1Imbint illumination.

Flectromlechaicall:1 readouts Which depend Onl refloc ted u-h! for viewving itre mo.-;t readilah0 leiider thlese
conidi tionis. (old cathodeC. electroluminescent (EL.). and ilnCauldeSCCn t I-Cald outs Stilrt* Washin~g o0 W s
ant~i iet light increases. A brigh redut, however, Canl be reaid inl hi ih ambient Iiph g!I tesier 'hli ol
wi th low brightnless.

111-27



(PR~EFORMED)

aELECTno. /
80-LUMINESCENCE

~70~PrtO.JECTED-
4 IMAGF

S60

so0 COLD CATHODr
w ~(BAR MArRIX)

> 40-

NEDGE LIGHT
-30

.0- / ELECTRO-
to MECHANICAL

!K0 L.5 . 1. L L .
0. 20 .5 0 2.5 3.0 3.5

CHARACTER HEIGhIT (IN.)
29

Figure 11-19
Maximumi Viewing Distance vs Character Ifeight

Sleccýro.--mechanic~al readouts which depend onl external lighting are difficult to see in low aml-
bienit ilnlumination. C~old Cathode types and other light COmittin~g devices retamin about tile taifc viewing ;

dist~ance as in nlormail lighting.

Sonme readouts which use bulbs oi '-.L fade with ulse, thle 'glow discharge type dtoes not. More
brigh tness can be achieved with iilcaril-escelit bulb readdouts by increasing lamp volt(age, but this
shortens laml) life. A

Stroke Thickness

A good ratio of stroke to hecigh t is 1 /6 of the chiaractcr hecigh t. It'the stroke is too wide, the
characters tend to rnil together. if too thin, the, chiaracters tend to break as vi-owing distancee inrea~lses.

Viewing Angle

Viewing angle is approximately thle same for all readounts except for e lectro-mechian ical and
edge-lighted types. For thiese two types intensi ty and ol(ntrast dliminish as Viewing ang-le increases
above 30', and Mt large viewing angles ambient light reilections obscure the readoutI.

For cold cathode displlays file InaXinhmain Viewing angle Is determined "Iy the, requnrement that A
characters near the bottom of the stack be i.ism ie eve r the next tuibe inI the display. A ma ximil uvi~'ew-
hill, anfle o1f 13 '$-l600 is possible.
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PICTORIAL INDICATORS*

Pictorial indicators (fig. 11-20) are usefual f'or clarif~ying Spatial relationships. They are minia-
ture representations of thle World outside the cockpit or control room. They may be eithier electronlic
or mechanical in design.

00

(27 90
180

Figuire 11-20
Ceoographiieal liidico'tors

The deignl ot, mlc hallical as well 'is elect Ionic pictorial dispays 'ise'; the di ~ictiilt kIlnest on ot,
wvhichi parts a. to be fmxed and which park arc to mlove. 1 Ih prle 'i (11cnv m 1cr couplicated by the
fac'~t that naturmal viskual-Ilotor reclationshlips cntler 1nt C the ietLmeI it' lithe 0opeIm0tmaicih dl*Ipla- b10(1"I Y
his own manipulative efttorts. InI aenielA it Call lie sa( ht sam'iclt I svikclc 'lotreS abIojut in 1

spa~ce lie, CIa best comprehenld am display that gives :I eprowelt:tiol ofII, Ills lovemnnclt With tIche le
p)Ori-Sons 1it1th iInSlrtU:flent rkcpmcscntiiw (]I-, space withl whi chil 1lke haN" Colld .iv,'rsctV it is dent-
crallv truc- that, w~hen an operator is interested ill fihe mIjovelinen t of, Nouli oillier object that k~ moving
abouit himt. het wvill best coliliiprcend thek displa\, that g-ives hIk own mepiesewll at loll &, IleIW hxedk port ion
ot, the instrument, and (lie mlovingp portions represen timig! objects mloving"' aboinit himi. Special car-e
shoul.1d he taken ini the choice of' these opposing.. point.; ot vew- It ik especially imupomlamit that the
tWO 0I)1p0SilI1- kO01(IiliOPS (10 no0t Oppe lo theV SaMe panel.

4. ()Itin Ww)u;1soll midt (onovei (9I 1)6 .
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COMBINED DISPLAYS

1'rie combitnation of dlitferent types of visual displays within one instrument, or ot s'Met':1'.
instrumenits into an array or wvithin singki frrme suich as a projection ortelevisioni screer', should -

he governed by tile following principles:

1. ('orbine only thiose forms of intormation whlich bear a commion rd~atiioship.

2. Keep the common factor of' interpretation (fixed and mioving parts, scale values, etc.)
Miime psamebew. ucesv lyr f vras

3. hmzpaalxbtenscx e erofoeiy

4. Do not confuse the operaor by unnecessary information,

Single-Instrurnont Combinations

The sioge hrome of' one instrument f'or more than one itm, of hinormation suves the operator-
time which wourld be taken in locating parts of' a total picture (fig. 11-2! A).

Scale range many he incrased by coinhini eg pointets and countIers. T..total range may be
increasedl by extension (pointer plus counter) or the range may be given with more precision (pointer
pllus subdMia and point~er (fi, 1-2 113).

NOUT': This itype of scale ell anloilk in~t he used only when sonic analit ative inftormiation
relative to rate or normal operating anmge Is needed The coin ter' is, best when only qu~anIi tative
iniormation is needed.

D~o not use multiple-pointer displays wvith more thain two Pointers Mfi& 11-2 W).'

Typ)ical comnbinied instilment displays for ai rcraft are shown in 'itgurIe 11-22.

I:ACTORS TO C'ONSIDE R IN 1Th'll)INGWI EWIl 1I I ,R YIi IL SC'AL.F
OR I1OlNTI-AZ ( INDI)X) SHIOJIU LD T I MOVING ELL'MENT IN YOUR DISPL.AY

In general. a pointer in oviag agai nst z, fixed scale is prefe'rred.

2. It' you wish U) haue a iiuminrical value readily available, h owneve' a moving scal apiear-
uig ini ain opeln window can he read more quicky.

3. If' nullan-it'ai increase is lypicaI~v related to somei oilher riitui'al interipretation, such as
mtore or less, or ,q) or -h un, it k' (easiv Int in terp re!t a si raigh ft-lino or the rmome ter' scale
Wih a ntovingf poili e heca i' or the added cue of' pointer positon relative to the zem1
(A0' null Coniidtio'n.

et. Normal ly you Ji onlto ntot or \ Iv ptc of porn ter-seale (mloVing"' elemlent) indicatlors whenl
'hiey are uivtd I'r related Itiiicliou'. to avoid reverisal errors. i reading~.

5.It' a mana conl ml o~ ei tilt mlokingf 01eleniert iS \Ieeted, tlwr' is ls alllii-,ritv be-
twcveen the drIed toar (it 11noton of thre Contr ol and the display it' thle Control moves
thme poinIi' rat1V 1110-1as thme ',t alk'

1). ltsiiglrt.'.1abiiieiioae0meni'tin, mrrp' ki iiv in kj-irrmltt are iniporl1inl to the 0scrver.
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Figure 11-2l')
Rolling tll and Moving M~ap Dislplays Nm.
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The Whole-Panel Concept

The instrument panel should always be considlered as a whole. (fig. H1-23). Inl many cases this-w
can be accomplished by sfimpleý ana!ysis of the operational sequence and arrangement of available
instruments to reduce scanning distances and "back track ing.' "The ideal approach, however, is to
analyze the. functions to be accomplished aind develop ain integrated inlStrUmlentatiol la1youIT. This

0 approach quite often leads to entirely new displays and uIsuLally reduces the actual nlumber of instru-
-ments required.

INTEGPATION AlROUND A VERTICAL-
HORIZONTAL REFERENCE MAY BiE USED
TO REDUCE THE OVER-ALL SCANNING PROFILE.

0000( 0-1011D lA

TE

ROUND-DIAL INDICAVI.M5 FORMERLY USED FORU
CONTROL OF A PROPULSION SYSTEM THRnOUGH THE
USE OF ADVANCED DIGITAL COMPUTING TECHNIQUES

4 ~(AFTCH WRIGHT, 1956~, AND BENDIX COF I'ORATION.
NO DATE).

Figure 11-23
Whole-Planel Concept

Frequcntly it is desirable to providc semi-permianent overay wit cle rqunttve Syit-
bology to be refeýrenced to a CRT display. Owing to the disparity between the plane of' tile CRT and
the overlay. extreme parallax ca-,n become aI severe p~roblemn for the observur. [his Cani be ov'.-roome
by the use of an arranen[,i of indelmiedently lighted plates which a~re rcflected in a hialf'-silvered
plate moulnted 45 degrees to the line ol'sight. T'his makes the image lronm the edlge-liglIled overlay
appear at tsic same p~lane as thie surface of' the CRT.

A combination of' permnanent, semlipermnanent, and (lyniailrc elements can be dhisplayed
- ~sinmul taneously lby lilealis of' back-projection tech niquies. Thiis is parti ;u larly good from thie observer s

poin t of view since therec is flo par.allax between elleale iits. (ale fulh control of coilhas ts anid a mbienut
glare is requtiredl, however.
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Closed-circuit television systemis are an excellent solution to the problemn of' bringi-ig at picture
of a remiote operation into the crew work-area. When operator painel space is limited, andl certain
instrumients are referred to only intermnitterfty these instrumlents canl be m1ounted elsewher-e and

called into view onl the TV screen as required. The closed-lioop TV technliqUe is especially uIseful for
observing remote hiazard-areas, such as may occur with nuclear engines, or for control of' "slave"
mnanipulators in atomnic research laboratories. M

A principal consideration in all of the above types of display techniques is proper con trol of4'
amibient lighting conditions at the operator's viewing screen. Since the illuminance of' these indirectly -
viewedl imnages is not high, ambient light should be filtered or blockedl fromn the screen wherever
possible.
Design Considerations Associated With Comrbined DisplaysA

Most of the combination dilsplays discussedl in this section have at ser ios problemn with re
flected light because of the necessity for large areas of glass which cove.r the faces of' the instrumen1crts.

Hloods mnay be LiSe(i to prevent direct ambient light rays f'roim falling onl the dlisplay cover glass
(fig, 11-24). Such hloods shoul d be p~ain tedI (lull1 black onl the inner sidle.

Figure 11-24
Hood for Eliminating Ambient Reflection

Munlsh which have a great amiounit of glass are prone to reflect the opei~ator's face, and if he
is Wearing light-colored clothing, this too will interfere with his seeing the display. Although we
Cemph1asi1ze llOultjIng inlstruanen ts miorinal to the line of sight. this actually creates thle wvorst condlition A
for "self reflectioni." Therefore, instrumients sholdO1 be mounted at anlsslightly off thle normal line
of' sigh t.

integrally lighted inistruments, becauIse of' the di'fferences inl amount of'reflecting or ener-
gitedI markings, tell(d to appear unevenly bright to the observer. Tfhis, ini addition to large glass-
covered areaS, suggests Use Of Other than ',lack instrunuient-faee backgroundls. Mediwn11 g!ray tenldS to
hielp mnain thin an over-all balance in the brightness cinitted fromt thiI several dlisplays.

Soine integrated (lisjplys have the proble an of'syan bols appearing. over miore than o'le shadle
Or col1or of backgroumd. It is imnportant to recognize this and lake steps to cem~e a synmbol that 1s
equtally Visible ii n(ler all condition1s. lII figure 11-25 note tha t the airplane syni bol has beeni out Ii iicl
s-o that it call be seenl in either the dark or light tackground~l
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Figure U1-25
Iegated D~isplay Contia~

When tisi-g Off-thc-shiellt instrumniits from11 different manulkfalcturers Onl the Salle p~anel, be
SUre ther-e are no inconsistencies between them. A good case inl Point occurs with com1bination
instrunlen ts which Ilse a pointer with (hgi tal-counter insert. In figure l1-26A, on one instrume~ th

counter presents gr-oss, value wvith vernier onl the scale, while onl the othier the arranigemlent is reversed,

Integrattd in:itrumeilt designs usually in-'olve more than~ one type of pointer, and these are 7
geeally coded by shape, size, color. or othel special scheme of marking. Car m Is be taken t

maintain a constant codle throughou01.t thle 1),nel. In Other words, a command utarke r should appear

inl tile samle configuration onl each instrumient.

The importance of' pointers. indeIx markers. and lubber lines varies with di fferen t instruments
(fig. 1f- 2613). Care should be tk to make, this dii feien ce apparent. Variation inl size and s-troke
wid thI are the most acce ptab~le muethods for accom plishinig this.

There is a tendency when combining Or integr-atin~g in~tr'umentS to create a severe Maintenance
pol)( em owing to the necessity for miniai inuii~a tion anld demise packaging. MIoduIa rizing techniques are

&recomnmended to alleviate this problem. Avoid uIse of lar'ge numbers of'screws i; possible,' Special
fasteners for quick release are desirable w, are quick-disconnect cable connectors,

lIntgrally lighted inst rumen ts are flne whenl they are Operating, However, special care, muust
betaken in the d~signl 'Af the instrumne nt for lamlp replcemnent (fig, 11-? 7). Proper selection o'flont,-

life lamps operated slightly below rated Voltage often provides sufficient lamp reliability to outiast
thel. reqo~ ielIif' 0e1o the ins~trIit: imnt. FI ~lec ~I rol mineCScen t materials atie suggeCsted also. al s -0, raC1
redIce-S tIme prIobClem of' LIMI neenillluinat ion, and will not bc subjecet to -all at once" loSs of, light.
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GRAPHIC PANELS

A graphic representation of a complex control system can be matde to convey operational
status to an operator more clearly than the typical array of abstract meters and controls. The graphic

Spanel, 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 elements of the display are static or dynamic will depend, of course, utpon how

L much the designer has to spend on the panel. In the simplest case, elements of the system canl
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 quite useful 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 -
especially 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 1I-28A, the circles (when illuminated) indicate that a particular hatch is still
open. Not Until all bars are illuminated can this command be given to submerge.

In figure 1I-28B, missile tubes are pictorialized, showing when the hatch is open amid 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 illo-
;Y 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 light in the plastic transilluminmting medium. Barriers must be provided between elements I%
to avoid having stray light from one part of the graphic affect anmother. Also, it is lmportanl iu, l,,).Sl-
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 posilion, it is sometimes possible to balance. the illumii..
nation by means of filters.
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AUTOMATIC PRINTERS AND GRAPHiC RECORDERS i
Design of chart paper to be used in automatic pen-recording equt)filent 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 necessaiy.

Captivc-paper storage should be provided so that the oper:tor isn't required to providc somen

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 assemblies should be designed so that they are easy to refill and do not leak or lead to

spillage because the operator did not adjust the assembly properly.

Recording devices should be designed so that it is possibie for the operator to make notes

directly on the chart. Continuously variable paper-speed 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 sh19lltd always move from lelt to right. For moving-

lart systems, tile papC , should o move from right to left. For printers (c .g., teletype), the paper

should move from bott( m to top.

NAVY UYA-4 STANDARD CONSOLE

A standard console for multiple applications in shipboard use is shown in figure 11-30. It

incorporates a large CRTr, direct readouts (DRO), quick action controls, and selectable display modes.

'V
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"UNDERWATER DISPLAY ILLUMINATION

:•_ It is common knowledge that the hurnan eye is incalpable of focusing properly when im-
imersed in water. This is primarily due to the fact that the normal air-cornea interface is replaced

by a water-cornea boundary. Since the cornea and water have similar densities, little refraction occurs
and thle lets cannot adequately focus.

Most underwater 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 corn-
pared to i.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 be clearer since the image is magnified 25 to 30 percent. I low-
ever, underwater viewing capability is limited due to scattering of particles between the light source
and the object viewed, causing reduttion in contrast. Both refractive and reflective particles arc
involved, particularly in coastal waters wherc micros :opic marine organisms, debris, and sedimen ts

R'-" are stirred up by tidal action near shores.

TThe facemask structure also is limiting. Incident light is totally reflected at approximately
48.60 (the critical migle). This sets a limit for the cone-of-vision, about 48.6' half angle and 97.20
total, as compared with a 135' vertical and 1880 horizontal field of view in air without a mask.

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

Another consideration is that, when the image is magnified, its total area is increased and thus
luminance of any one part viewed is reduced. Increased area equals (1.34) 2 , or 1.8, and luminance
ota viewed object is decreased 1/1.8, oi 0.55.

Color differences are also significant. Beam and Shannon (1967) tested subjects viewing dis-
plays with white, red, and green lighting. Subjects geqierally preferred green but, altl-ough green pro-
duced faster response time than white, it also generated the greatest number of errors. They found
that red provided a lower error rate than green, the same reaction time as green, and had the added
advantages of preserving operator dark adaptation for external viwing 'important for swimmer-
(liver vehicle (SDV) mission functions such as rendezvous and docking with a transport submltarine 1. _7
Green also required more electrical power than zed or white. However, it has the advantage that,

r Iin water "highly contaminated with suspended particles," green would be the least attenuated and
absorbed.

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

11-41
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Chapters III through VII are excerpted from Meister and Sullivan (1969). Their guide was
intended for ease of use by designers and ytis thorough in backing recommendations with referenced
emnpirical evidence to assure user confidence. Meister and Sullivan state that they are writing to mleet
the following criteria:

'T Emiphaisis ori substanitive designi-relvvanit data 4

2. Minimial verbal iuat.-rial

3, Emphasis on pictorial illustrations and graphs

4. Inclusion of equipment factors affecting display parameters -

S. Simplified presentation"

Although style differences from Woodson and Conover will be apparent, they are attemipting to ac-
comiplish the same goals - ready reference and clear communication. As it happcns, the chiipters-
selected for inclusion here supplement the Woodson and Conover selections quite well, with mini-
mial need for additions, deletions, paraphrasing, or transitional material.

iChapters III through VII deal only with visual displays of the commnand control typc thut
idisplays commonly used in:

I. Detection, identification, and tracking of" targets

2. Weapons assignment and firing

3. Strategic and tactical planning

4. Transmission of comm nand information

5. Status or equipments and forces

6. Communications

7. Logistics

Thle following types of display devices,, are described:

1. Plan11 position in1dicators (PPils) of tile cathode ray tube (CRT) type (A and B~ scan (IC-
vices and their characteristics have not been considered duie to the lack of substantive data in this
area.)

2. Console-type televised oix proýjcctcd displays

3. Uarge screen televised or projected displays

4. Warning signaals

5. Readouts



CHAPTER III

CATHODE RAY TUBE DISPLAYS (PPI)

INTRODUCTION

This chapter- describes certain human,11 characte ris tics and their interrelationships with CRT1-
type display devices. Most of the performance data and the display characteristics referred to in
this chapter are basud on PPI'-type displays. This is due entirely to the lack of data about hiumanl Per-
formance on A-scan, fl-scan, and other types of devices.

Thie data presented here can, where applicable, be app~lied to scan types other' than P11)1's. but
only with extreme care and judgment.

The design qulestionIs covered in this chapter (teal With the detwcion funictionl only .

1 . How large should:

a. The PHI scope be
1). The display be
c. The target pip be

2. What is the most desirable:

a. Scanning rateb. Viewing distance
C. Viewing angle

3. WhAt is the effect on pip visibility of:

Ia. D~isplay brightness
1). B~ackground brightness

l. arget brightness
dI. Target duration
C. Contrast
f. Noise
g. CRT' bias
hi. Ambient illumination

4. What p~hosphors are the best to employ.

S. Opera Ior. perlorma liec andl equnipmentI chiar ct.cuisl ics.

HOW LARGE SHOU LD) *rE SCOPE BE?

No single recomnmendlation is very sarfe. All the evidencc indicates trn t optimal size [oi (vletcc-
tion is 7 inu/n's dliameter.

l'igure 111-1 shows Sach!'l timeI as1 a hir net io Of search1 ar'a U rIder c01r id iion; corn pirrabHe to
rcal-worhlt display condition~s.

-ll2 .
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Figuire 1ll-1
Search Time vs Se-aich Are-aN

Figure 111-2 Shows that thic 7" scopc I,, %mperior to a 1 0". andI 10"Y to "scope (it 0OWe')r ranges
(best for Jlong-tange (letectionl). IhMectIion ik degradedI !IS Wsearch areaQ i., inIcresed. Rankingr is re.
versed1 at ininor railges (Baiker, CA I-. 1906 2). Additional ovidncic suggeosts t hat detection onl a 6"

1=or 9"' display is superior to e ither it 1' oi I12- and 14" d isplav (kpi. 111-3) (1 lorowitz. 1.. 1965).

10) IN. 7 IN. 14 IN.
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IIANGV: ON SCOPE IN I UNTHS IX) Or THE SWCLP I1.\DIUS

Tar get Iletecobailil I-,a a Futi I it(1 of Ranee for TiIR'
Sim s of Ra.1(Ia Scope (BHaker, C .1- 00. 92)
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Figure 111-3
The Percentage of Targets Defected on Each -•

of Five Sizes of Displays (Baker and Eairl)

Consideratiorms -- The 7" recommendation applies only whjen smaller target sizes (2-8 ,im)
are used. When larger target sizes (12-16 mi) are used, the advantage of the 7" scope disappears
(fig. 111-4). .*----_ _ _ _ _

t A•
1 .4 2 m m -A;

0 4

1.8 4 m i PIP

3 j 2.0
62 mm PIP

12 mmi VIP4 16m PVMIIP2.62

7 14 17,5 21 20

APPARENT SCOPE SIZE (IN.)

Figure 1ll-4
Signal Re( iremCn1ts ior SW(' Detection as a Function oft

Apparent Scope Size for All Pip Si/u.,i (Williams et al, 1955)
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The tradeoff is between pni size and scope size. Radar (lelectIion improves as pip'. vet larger
tup to about 60 minutes. ol visual angle, but duezreases coitin nuously :Is the scope gets larger. The prac-
tical tradeoll suggests af scope size of 17. 5 to 28 iniches. Probably thle 7'" scope would still1 be tile be.st
for different detection functions, b Lt Onlly ' f Ilie pAIp could be enlargedCL Wi th11o1t enlarIgi ng hI lescope.

Best Gtiess - As long as pip-size is between I 2 and 16 inin. the hesl size is in flte ruge 12 11)
V16 inches diamietee, ditferences in this range heing Lnilnzliporta ilt. T'he larger CRT' scopes, which attuo-

niatic:ally magnify pip siz~e, appear to be inore effiective for de--tection. There are also techniq tics Cor.
electronically amplifying pip size.

Predicting Detectability from Display Geometry

Pip dlet, "bili ty threshokds, usuailly e XlIreSS-ed In 1dmll 0 ofdecibels ,itte Ii nationl ofa reference
voltage, canl b: jicted froin display gý.oulcI i'y ulSi vg I he leCgrsi-C~on eq u1.KLion bcelow: adding regres-
sion termns for scope area andl pip size doues not improve the overall prediction.

Y=26.02 3.331 - 0. 2 2x2  0,40N/ 2,09z

Where:

Y Ilmean le delt- ibilitiy threshold inl decibl),s
of a1tc:tIto o! eeecev!~g

x =target langv ill tenljv (d PP]~~ r;1I(hu I

r I.z = usable diplay 'liazncter ill tiiits of 7 inches;
p. (Baker. ('I 1.. 1()(,2

H'OW LARlGE SHOULD THE PIP BE? )

Pip size is governed by a large nlunwide, Lit iacoi %vluitIi arc (11(1 manly outside ilit Contiol of -

tile (listpay designeur. Primiary aiiioii! thIONk

2. argetestnt hn Ihea ill flit- liemil Iill 1111!

T.acrget e~x ent ill lw.mjju1m

4. Scanl rate

5. !-Cho levelý

6 SINI Rj

7 13,id di

P: ~'n l~ia~t



Within the constraints imposed by these0 falCtors, figurIe UP1- su"lestS thalt thle inmna-
- get size for recognrition is 12 mninutes ojarc. Trhis assumies high contrast and ideal viewing condi-

tions. To design operational equipment, I safer bet is that the miniminum visuial angle s-hould be
app~roximlately 20 minutes.

0 TIME

A ERRORS

60

S40- -12
10

20 1
Au ~zX.,

-10

r 10 15 c

-, 1 20 30 40 50 100 9
TARGETW SIE(MIN OF ARC)

M7 Figure 111-5
Ret'ative Increase or Deccrease in Search Time[and Efrors ~I, II Ftinltionl of 1'largel Size

Within the ranige of 7 to 218 inchecs of'scopc~ d iameter and 2 to 1 6 nun of jpip d ia meter. hle
lacger the pip, thle less imlportantf is scope size. Akdllinu (ult smail stcopes ('411 be at le'a.at as 'I ffhielnI
as !arge scopes itt the same 1k.vel of resolutionl. (Colmanki et al, 1958,)

The (n n m (tii itctlble separation between targets is Glne minute o[ ar-c, Wvhich is beyon 01( ci
c:;)-abii ties of mOst lresclit tubes.

Assuming a I 2-iiich viewing, dp0.0zCC fi-oiii (Ile kan-gdt '' target niiHs1 haVe aI nlimnilulLi siye Of
0.042 inch as (displayed inl olider to expect i-c a livviy accurate a1 rapid recogni tionl. Givenl these
VaItiOS (viSUall angLle Ot 12 mlinlUte'; Vieingll, ditist: I-e 12 inhes). on1C Can 1)lo1 diSpflay Size alginilSt tar-
get! sii'- w, accorcw : -ifi Wj thoe q! f oiin nih

(.Wc Iigu ic W I-6). le I: if' thle smal,1lest tar!,e, o - 1c(' rekopili/ i I" 1000 feet ill itSý giatest
(I incl'qisi.m w'd h, -il :(l isplays (a tal-geO i1-itlV.: o) ii idrO!U'a ; t i 4itilt'0 mil: .' wide.
(lie 's~play InwLi tiav . ~ of'insil not les% luauii (1.2 if.ch. '(ýiccuman and Baker, I196)0)

ci
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Figure 111-6
Required Dlisplay Size Plot ted Agahist Targef Size f'or

Various Ground Ranges iDisplayed to lt'e Observer
B1endixI Corp., 1959J

conSidet-anotis Dtc telability S arics witl 111 thwuc 01f tile signlial. Fromn Signals of a pp roxi--' mately I mnm2 to those ot' appr-oximautely 2 Liii
2 ? . tile slope oF* the sii~e-detcctability relat ionship is '

essentially linear (fig. III-*?). Beyond Signals 01' 21 C111-. the slope levels ofT'. This is true F~or both
bright and dimi background lum)inanIce (Dce~sC, 1 9 $4 .

DIM dAt.KGnuoI) ""'r

0 40

030

o ~ 4T, $fi ~ -4

o ' 3 4 5
1.0 AHE A 01i SIGNAL.
(MINOF1- VISUAL ANG1I-):

1'igmii 1! 1-74
Detectability as a Fu1nt1 11 of' Signal Size In!'o a CRI' Bias of' 2 V below VRI: 1-22 V ).
The background luminilance is approxi'mait~ely 0.0) Ilmillilambers At 10'' behlind (ilie

sweep. A similar curve is f'ounid f~or a (C'T bias (4 10 V 1)1'lowv VRI (-10 VI (Dleese. 1954 )III I



HOW PERSISTENT SHOULD TEPIPE?

In order for the eye to detect the presence of e. signal on a CRT, the signal must be sufli-
ciently bright (see luminance), large enough (see precedin'g section) oi be present for a long enough
period of tfie. For detection of weak signals onl a CRT. the signal must appear for a mininiuni of'
0.1 semoicl. MyaximumI11 visual sensitivity of the eyc occurs between 0.2 and 0.3 seconds of observa-
tj011 time. Figure 111-8 indicates that for detection of relatively weak signals, 0. 1 second is the miin-
it..wn level of acceptable exposure time (Mirabella and Goldstein, 1967).

For every increase in unit log area visual angle of signals, one can expect abou t 8-d B increase
in detectability. By doubling the area of a display, assuming esoIlutionl is conlstant, one gets ab1oult a
2-dB inc~rease in (letectability for all but the very largest signals (Baker, C. I-I., 1963).

-J100 - _ _ _ _ - - - -

L L

L LL ..

0,001 0.01 0.1 1 10

DURlATION OP- F-LASIA iSEC)

F~igure 111-8
Signal lPerskl~ence

WHAT IS THE MVOST LJE:3,RABLE SCANNING RATE?

The PPIl Scanning rate fom tile optimal 7" tube in a radar application should be niot less thanl
12 rpmn, preferably higher ( Kobe r. 19(5 2). 1 o(WeVer. (lata onl 1larger tuibes are lacking.

111-7
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WHAT IS THE MOST DESIRABLE VIEWING DISTANCE?

For console viewing-, 18 inches is t/he recommended viewing distance. Pecrformance has be-enl
acceptable in the range of 14 to 18 inchies; however, viewing(, distances of less than 16''are niot recoin-
mended due to eye sirain and faltigueC effc~ts. Arm reach (128'' max.) is an important consideration
when the operator must use controls onl the console surface. This de._ermnines Illaximuni) viewing

WHAT IS THE MOST DESIRABLE VIEWING ANGLE? 4

Optimally, the most desirable is at right angles (90')* to the PlPI screen. VieWinlg angles uip to
3 0' from optimium call be tolerated. if necessary, but result in some loss of pip visibility. Between
900 and 60' visibility is unimpalired. At 45' there is a dIrop off of 3 dB1, and at 30' a further dIrop) of'
3 (lB (Kober, 1952).I LUMINANCE

For a dark- adaptedl area, scope luminancee should be between 10 aind 100 1ft-L,dependling onl
the type of display andl ambient illumnination. The ideal background scopeC luminance for high ambient
illumination should be about 100 f,-L (Dyer and Chiristman, 19,65).

Considerations -- p[ie visibility of the radar pip increases wi ili display luminance. This hmdi-
4V cates that, as background liminance in`CIcrases, the visu~al angle which canl 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
niot only is the visibilit~y of the pip inercased with luminance, thut also the range at wvli oTh it is deteccted
(Baker, C. 1-1., 1962).

40 0 "

30 -_

20-

10

-28 -.24 -20 -16 -12

DIM) fTBIA IVOLTS) (BRIGHT)

Pip Visilbility 'IllresholId and Display Luminance (CRIT bias) oil a l111 (Williams, 1949)

"~This is only thecoretically trutc. Since anui~et1cctive Coaitings h1ave not beeni pelcr~(tedl. viewving noinial to tlie scope
sfaewill most probably present thc observer's own r-eflection. Vicwintz Slightly off from (100 reduces this problema.
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Figure I11-10
Percentage of Maximum Range at Which at Pip is Visible as a Function

of Display Luminance (data translated from figure ill-6))tiornltol, 1954)

VISIBILITY, CRT BIAS, AND'O GAIN

The most effective pip visibility occurs with a low to moderate gain, as shown ini figure Il1-1 I
(Baker, CH., 1964).

Optini unl detectability -- i.e., detection of 0weak pips oCtLlr'S at an1 inltCnsity and bias ill the

middle range of values (Grant et al, 1961).

Investigation ofu B-scan bias levels indicatCs thait optimnumn bias level is independent of lnoise.

Considerations - In general., the higher the beanm cLurrenlt, the lon1gCr the visalil persistence of -
the strong signals. Maximum visibility of a signal dtring the first 7 seconds after excitation is obtained
with a CRT bias in which the sweep is fairly dim yet clearly deltt Ctable. 1or ilmlages having decayed
more than 7 seconds, best visibility occurs at a higher bias furnishinll a les. bright sweep (Baker, C.H.,
1962). These effects aire shown ill figure Ili-1 2.

Luminance Adjusttneni - Operators are commonly allowed to adjust the brightness setting of'
their displays. There is evidence, however, that they "'anolot do this efriciently (figure II-I13). Analyti-
cally determined lumhinance adjustments give better pip visibility, A simple technique which is
re'o0inlllmCended is to Use aI light filter of such it tIe nsi ty t1ha t, Makinlg the swcep line ejust visible through
it provides optimlurn luminance or noise level. Such a filler would be specific to a par!'ticullar scOpe
1Balkcr, C.H., 190I.3 .
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Targv0 Visibility Thresholds and CRT Bias
fc,v- rh I~ .,vels of Gain (Baker, CAL1 1963)

There is a gradicnt of scope luminance in tile radial dIimnension oil a P1P1. Detectability threshold
*signal/noise ratios are it funlCtiol Of Ialiald1 ranIlge. Because of' this, thle setting of' oltiIlUilil luminlan~e

shoildd be made with reference to that radiaml positijon which1 is of greatest *mlportanlce ill detection. In -

early warning radarq op)timTum~ brightness should be set near- the periphery A'thý lscope. Whenever -

r.adar range scales are changed, scope l!Ii nilance changes and therefore mutst be r':,set to restore opti-
mumi luminance. The grid voltage reqltirecl to generate optimum lumlinance chaa'ges as tile ('P ages,
hence luminance must be adhjusted periodicalfly (Baker, C. 1-1., 1 962).

Figure 111-14 showvs that a reduction inl ally one factor' --- aIck-gr-ound Mluminan1ce, ýymbol sizxý
or contrast *- may be compensatedl for by an increase in one or more of the others. As an example,
the chief effect of reducing contrast is a shif't of' the culrve upward in the direction of'increased target
size oto a given probability of dletection (Lovelace F'oundation, 1968).
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TA\RGET CONTRfAS'
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Figure 1law.

Reaio eten age ie.TrehldIacgouu umnncan onrs

Relltion shtwee Thtihlagarget ie thrshold Brilackgroun Luinan cues I o nd Conr 0s

teto.(Lovelacure Fondatieon. i968). thecnrasolst ae red atorh 50'1 etctio probabilit ofdtecio

Contrast enhan ii 1clnit by' edgc Sharpening techniques Wh ichl tenud to increase both resolhut ion
and coO tras has been found to increase probabilit ics OF detect ion, recogn ition, and designat ion.ý and
to increase the speed wi th which thiese, emens occur (11 lumes ani flauersduluidt . I968 ).



TARGET SIZE IN MINUTES Or ARC

0.59B 3.60 9.65 10.2 55,2 121 360

1,0001'

S 100.

0.001 .mw"
0.00001 0.0001 0.001 0.01 0.1 1 10 100 1000

BIACKGRIOUND LUMINANCE (nit.)

Contrast'IThresholds for lDifferentiTlarg-et Sizes and Background Ltiminanccs
(Lovelace Foun Idition. V068). thresholds are at the 50,; probability of
detection level imutipltyIing tile vialiics by 2 log, 0.3), thle valtues can be

converted Io 1101[11 01th 95'' )orhl vo'tceto

NOISE EFFECTS

The e ffec t ot' gatsisz.. I,o si.i on)1 pip 1)O 1 is1ibIy IS •;Ii)WI)i P iIV I2II Il-lIu. N oise, red lies Ithle
amount of imptrovement hlond h! fCI110 Ai ()I1itillt111 IIhl~I LI. itt ie imfprovemecnt still persists
(Baker, C.H., 1962).
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CRT de~tectionl is deo.rklcd. ir, urn., "WtId \pXI.I wth alli u'~ inl disllay loi'.W. 1 n141it 11I-17
induicates tha~t at oPtniullin ýCopc brvghtnes', limO. *''ipdi's vsibility, bit with dim scopc it ac.tually idds
visibility,. since the nloiSe addS u!,CLICd 111luin lC n 1n 0 the sC0pe (BIa k e., C.HI., 1902).
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Fimire 111-17
Pip VisibilitIy FThreshold and Scope Luminaniice for Plips ot

Three Sizes Under10 Noise and Noise-Fr-ee Conditions

Iotetctionl and locai/dwijoli I)iIrformanck as Itunctioni of S/N ratio andl aiiihici~t illuminalitionl
t'oi several cominloi' phosphors is shownl ill 1i1aIl-18 (tSumi and (Cair. 1(t)7 ). TIhe curves pres-ented
ShOW al 01t0onL dk'pendenIce 1'01 dk (eCtion1 prlObahiiit y Nith Si N ratio.
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Fipure III-1IS
IDetection-and-Localizittioni (DAL) Accuracy as a Function of

Signal-to-Noise Ratio with Ambient Lighting as the P'aramieter

TARGET SYMBOLS

The ability to icienrify (as opposed to detect) 6ifforent target shapes oni a PPI scope varies as
a function of the shiape used. Table 111-I shows acCuracy of (identification of commo1n01 geoiliet vic
shapes under conditions of low and high noise (Baker, Cl-I.. 1962).
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TABL.E 11l-1
ACCURACY OF IDliN'rFIIICATION OF

GE ONHI~ FIC SI- tAPES UNDEIR LOW/lIGHt
NOISE CONDITrIONS

Corr-ect
Ta-get Shiape Identification()

flow High
Noise Noise

Tritingle 88 (1) 56(l)
Square 29 (4) 35 (2)
Cirele 76 (2) 2 3
Cross '-- 2 (4)

Trapezo0id 70 (3)..
Rectaaiek .37 (5)..
Ellipse 30 (6) ...

Another study showed that the foPowing four symbols are most legible:

[1074
At viewing distances up to 10 feet, symbols should be 0.4 inch or larger -i.e.. fit into a

square 0.4 X 0.4 inch. Stroke widthi-to-heighit ratios should be b)etween 1:6 and 1:10K. The symbols
shiould subtend at least 2-2 rninutes of are at the observer's eye. (Baker, C. H-., 1962)

* The above data should be applicable to the selection of symbols for such equipments ats air
traff'ic control radar where aircraftt must be identified and tracked.

AMB3IENT ILLUMINATION

Ambient illum11ination uIP to at leVCl of 0. I footcandke dioes not impair pip visibility. Illuminia-
tion of higher than this does impair detectability (sce figures Ill-I19 and 111-20) (Adler et al, 1953).
TIhis applies rega-d less of the color ke~g., red) of the ambient lighting.

Scope brightness should be adjusted so that the higher levels of illumination that must be
tolerated atre not more than 100 timeis the average scope brightness. Except for radar used in aircraft,
the brightness levels of thie scopeC and the physical suroning sI id esmlrtae.Ct,16)Th'lis i's often difficult to accomplish.

111-16
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PHOSPHORS

Table 111-2 presents informiation on the chiaracteristicsi of phosphors available for display

applications (Luxenberg and Kuehin, 11968; Gould, 1968).
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OPERATOR PERFORMANCE CHARACTERISTICS

2.The requirement to search the entire PPI1 scope results inl about LY3% fewer detections onl

thle average than whenl thle operator is alerted to thle target's probable bearing.

in 3. Detection ol targets at midrange onl the P1Pl is more rapid than at close or far range.

4. Repeated presentations of a target (upl to 5 e'7hoes) are often necessary to elicit vatlidl
1,tection rep~orts.

5. Thle range between 10%. and 90'4 rr obability of detection onia it P1P is only about 4.5 dlB.

6. Setting tile PP.' ,.opc brightness at the vistual reference intensity (VRI), asoften recoin-
mended, adversely affects target detection. The optiumin brightness for dcetection is well above this
setting.

7. Operators typically dio not aujust CRT bias and gain optimally for detection. Weak sig-
nals can be d.ýI.t 'dc much more frequently uising- experimen tally determined optimum settings than
when the oper~.ior uises his own setting.

8. Sileynals can be miissed even when thle eyes are l'i'mited On 'tilt: P11.

EQUIPMEN) CONSDEflATiONG

1.Pulse length: Increasing pulse length ul short pulses iinproves detection very markedly,
the effect onl longer pulses is not as significant.

* .2. Antenna rotation rate: I I the rotation rate is su fficieni to paint a aniiform tbackgrodind Onl
the scope, detectability is essent ially indepcewient ot rotatioti ratc. 11' the background is discontinuous

- ~and -- rainy,"' the slower tolation rates are slig I flv adlvan tageoos, ove r ai range of aboutI I to 70 rpm.

3. Sweep rotation rate: '['lie slower thle sweep rotaltion rate. Athe higher the detectability
of' lie signal.

4. Beam w idLiI: The beam Wuidth of tile anltennal largely de term, i nles thle anglarLll dimenCIsionl
o- [lite pip. Froiii 2, to 12 degrees, detect ion i m prove-Ms as% th 2/3 power of' beam W idthb

5. Vudee band wi.dth: No e ffect of' video band widith Onl detection ha been I fanI r'lidk

ý.5;weep d irecl nn: No signiflicant (1i l~eicnce betweeni clockwise and couln terclock wise
direct ion of, in ovele it ot' the sweep line.

7 'T!e l11ifgf' thle video galin. lII) to maljXimumII thle Ceasiu it is to detect the( tarlget tlo%%Cere(l
detectahbilit" threshold) withinl a device's dynlami: vange.

8. Initeral.ýion bets ccii gainl and ý'RU bias. ; miore positive bias can hell- (:(p)III j for
low gaill. on'l ii high gain Canl holp coml)pensaIte for low bias.

9. Pulse epetition 1freijuency %PRVl: '[his is a nie'stue of th icilen!ejClly willh 'vhih thle
eetron beam) exites tile ('W phosphor. [Ilie probability of det..ctionl ilicrciscs Wilit inlcre~ises inl PRI'-

Ill--20



CHAPTER IV

RANDOM POSITION AND TELEVISION TYPE
DISPLAYS (SINGLE OBSERfVER VIEWING)

INTRODUCTION

This chapter discusses random position and raster scan displayb of tile console type (singlu
observer viewhng).

The following topics are covered:

1. Minimal acceptable symbol resolution

2. Minimal acceptable symbol siLe

3. Relation between symbol size and resolution

4. How to determine ncceptable symbol size

5. How to deermine the number of symbols that can be presented

6. Effect of signal bandwidth on symbol identification

7. Viewing distance

8. Alphanumerics

a. Recommernded character height as a function of viewing, distance
1). lypes of symbols
c. Sp,'cial character shapes
d. Aspect ratio

9. Effect of TV quality on legibility

10. Light/dark contrast

I I. 'Viewi g angles

12. Flicker

Summary of Recommendations

1 u. l-minance ratio: 2:1 (display: sMt:'r'OuLnd)

2. Symbol reolution hnin mum): 10TV lines

3. Symbol size (minimnim): 12-15 ,inutles of aic

,. Symbol aspect ratio: 5:7 or 2:3

5 ,abol stroke width: 1/6 to I!10 ciharaccr lichighl

IV-l



6. Geometric distortioi: not more thani 2-5% of picti; re height

7. Acceptable bandwidth: 4.5 MHz at least

558. Viewing (distance (average): 18 inchies

9. Screen luminance (acceptable): 50%1 fall off'

10. Direction of light/daik contrast: not important fo legibility

11 . Viewing angle: not smaller than 45'

12. Frame rate: not less thian 30-35 Hz, depending upon phosphor

13. Signal-to-noise ratio: 35 d13

SYMBOL RESOLUTION

Performance studies indicate that for 99.5%7 accuracy of character recognition the minimal
acceptable vertical symbol resolution is 10 TV lines per sywn~ol height (fig. 1W 1 and IV-2) (Kinney,
GC-. 1961).

2 0

0 cc

CHAR CHAR

LINES PER SYMBOL H4EIGHT LINES PER SYMBOL HEIGHTM

Figure IV-1 Figure IV-2
Speed of Op,!rator Rlesponse at Operator Error as a Function

a Function of' Number of Scan Lines of Ndniber of' Scau Lowes

I he percentage of correct responses to be expected as I function of scan lines is shown in

fiur -V .4
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SYMBOL
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CORRECT RESPONSES 1%)

Figure IV-3
Accuracy of Character Recognition as a Function

F

of ScanI Lines (l)avis. J.A., 1967)

SYMBOL SIZE

TFire accepted visual size for v'iewin~g televised symbols is between 1 2 und I 5 minutesc of al'.. -

(Shurtleff, 1967). This is shown by figures IV-4. IV-5, anod IV-(. which show the alccuracy of identi-
fi cation as a turoct ion of visua•l size and symbol resoluition.

z 90

. 7o

60

I 4

0~

34 27 21 20 16 15 12 10 s

VISUAL SK7E t~l OF AR(C)

Figure IV-4
Accuracy of Idaentificatioe n as a Function of Vi;ual Sue

Air

fi~lt~l 'IS', tl~~t~l 0'VSLanS~ 11d Symbol resolution.(lutff 96

0 LIES SMBOLRESOUT4
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Note Ohnt Aw~re resolutkon is Inadequate (S lines), all visuial sizes above 12 minutes of arc give
essentially the, same pcefrt~rn.,c,ý for acceptable resolution.

SYMBOL RESOLUTION

No. of Lines

_ _ _t 8_ _ 6__ _

Standard Leroy 13. 15* 12.82 35.97
Revised Leroy 13.37 15.09 30.08

Determininn the Size of the Display Element

Thie size of the display resolution element, in terms of its maximum dimionsion, and( the max-
imium viewing distance D ait which two adjacent elements can be discriminated is given oy the formula,

Character Heighi = H

Where thle display format is Comprised largely of sy rubology, the relationship ol'symbol size
to scre~en height is shown in figure lV-7. Symbols 3 to 5 tilmeS tl~e III AirnumI sizc of' 10 mlinute's OfI
arc,1are uIsually acceptable, but will degritale tile Im x illnum (i isplaIy data capabl-ility.

10 _ 5 0 MIN OF ARC 10 PAIN OF ARC 3.5 MIN OF ARiC

010

1-01

1.10 10 0

,FiIureIV-P

IV-14<



Wit-

It is also possible to de termine maXim ImI.1 elemlent, SiLe Iroi11tilte il1,1tbei' Of veliticl dCI-
menclts or raster lilies and thle display stcelln height (fig. I'/8). Elxam )le: For 500 line TIv screenl
With a height of I _ inches, the mlax i'ldum elemeLn t size is 25 mils. Which is Collistent With thle s~otl
size. ot'normial TV C'Ris.

Z 0.1~

~ 00100

0.1 1 10 100

D!SP'-AY SCrIEEN, HE!CtI1T W~T)

Figiurc IV-8
Relation of Sucer Ieeiig~t to Liement Size and Number of Verlical Elements

oi 11oriiwintal Lilies (Whitliam. 1965

HOW TO DETERMINE THE NUMBER OF SYPASOLS THAT CAN BE P.RESEN1EDA

The number AN ol'chma ~cters ol un tini111reSoluitonwichCal MII01e lk:COtillIllOddItIed forai squarv
screen havinlg al Side dim~enlSionl" Sis givCll bY thle cquaI;tiel:

x 10

WhIere I) =thle Viewing distance and 's scree~n si/i'.

If' ciaiacter hecigh t Visually su(b te~dS ) 10 IIiiiI.I'S ofl arc f~iffi it Ing COnd lit ions. HIL1 tla he total
symbol area -,will sub tend 7.5 by 15 -iii i-tul es ol arc.

II' SqtIat~e aljacell SYmNDOlS, Wvhich visuafly subtend 1 () minutes of, arc for ench s'ide, arc used.
the Inaxillmiim Ilnuber is given by th1v equation:

N= x i.I x m:,

Sv-



Practical limits for the value of DiS normally lie in the range btutweun i aid 5. Plots o0" the
equations above are given lader in figure IV-1 1, which demonstrates thai tihe iaximum s-,mbol pop-
_ations are bchtween 4 X 10 5 tud for norminl values of DiS,

GE5OMETRIC 0,3TORTION

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

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 alphalumneric is 10 minutes of arc or more, there appears to be
no appreciable loss in identification accuracy as a function of reducing video baindwidtlP, within the
range 4.0 to 1.0 MHz. There is, howevei, j 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 IV-9 below).

96 15 MIN/ARC

S•O 84 -
" 86

58 - .)3

56r•

4,0 2.0 1.5 1.0

ei•"•i:- I•~~ANDWIDTH. Uv~z),•.,, '

: ~Figure IV-9 •
":.-.r•= Effecit of B~andIwidth on Identification Accura•cy 'ýShurtkef_ 0. Ia ,,)).

U.2

The type of symbol is importanlt here. Fo, tnonmeanfingfil %'y!--bnls (e'.g., Lamdoldt rings) •
the reduction in bandwidth from 8 MI-zr to ? or I MI~z is n1111,-1h 111ofe prlOll " n|verd+ See tables IV-I
andi IV-2 below, which describe the perc;ýIta.gc of 1"! Cgt identificationa accura\ Iot. .•

I.--

z'



TABLE lV-I T, d'F IV-?W-1
EFF' CTS OF VIDLEO SIGNAL EFF F(CTS OF 1 TA RI FTCONRAST

BANDWIDTH ON TARGGET IDENTI- RATIO ON TARGE'U I1MENTIFICATION

FICATION ABILIT1Y (SHANAHIAN. 1964) VE~LOC'ITY (SHIANAHIAN, 1 964)
sVideo l Target Contrast Ratio Target Video Signal Bandwidth

i nd dth I , ',,., - C ontrast
Ratio 8 Mull 2 Mll/ I MillzSto2 231/, 24' -•I I - .

-100 ,o 27% 2o,) (8% 6.0% -A

VIEWING DISTANCE

Average viewing distance from the console is assutmed to be 1 8 inches, in which case the mini-
11111111 element size Would be 0. 15 inches, Figure IV-10 c'-a be used to de&Lrmine optimum element I
site as a function or viewing dis•tance. The relationship among size of display .creen, acceptal)le viewing
distance, and amount of detail o01 naumbler of ch|ricteI's which can be displayed is shown in figure IV- 1 I.
This figure ihows that f'or a r.iven viewing distance. display size must be incre.aised if (he amoutnt of
(detail displaycd is to be increased.

0 ~ ~ ~ -2 1058 1 o,~t

S~~~v IEWING DItfrANCE.;t I.2)

SDISPL.AY SIZE S

• l~Figttre rP/- 10
SI•'.~~ehation•ship iBetween D)isplay Detail iN ,•. I)isplay Sit.e IS). i

and Viewing l)istamnce (I) )* (W\hitham, 1 965 )

(NN'IOS

i.StII te d ispllv -4. I i.' eas,:d v t'.vm•,'I .si dlce at ihspilay cdg', s neI/gle 't'd .
(ha. a mChinc slot as show'ii 5. A deqolA c hi ghmt '. ,11( d _Od C ll tli eX i st

3. ('lturac~cr height.,I sthci ,M 'q ld'• (0 Mil im .. ti U."11 G. \'iwn " " te' ),mgcde :tn 1 ide
viewing, distance. 1) (11 0.0,)31)) 7. Nc, rn~rgitt ;ahl\tiwett tlisplfa• edge .

.zl

10 Ili. ,

0 0.151-



0A0 FOI1 INSTRUMENTS WHRETHE POS~ITION'

Of: f-IE NtJMEIAL.S MAY VARY AND THE.

0.7 IA.UM INA1'ION IS FTWEEN 0.03 AND

40 1.0 FT-L

0.0- -- -FOR INSTHUMENTS YI WrAE THE POSITION
XOF THE NUMER~ALS IS FIXLD AND THE -

2 lILLUMINATION IS 0.13-l.6 FT.L AND THE

W 0.6 *ILLUMINATION EXCEEDS 1.0 FT-L

, ,v- ~ iFOR INSTRUMENTS WHERE THE POSITION -

0.4 ,/ 7OF THE NUMFRALS IS FIXED ANDYH(E
*j ILLUMINATION I, ABIOVE 1.0 FT-L

-J
X~ 0.3

77
z 0.2(MINIMUM SPACE B3ETWEEN CHARACTER~S,

Z~~~ 5F- 1SROKE. WIDTH; BIETWEEN WOPOS,
01~ 0 7ThOKrS WIDTHS)

20 40 (30 80 100 140 180 220

Figure 1k'- Ii
Letter FCieijht vS Viewinig 1)is-taac ld1linmto ee

(Barmack, et atl, 1966) 7

SYMBOL. CHARACTERISTICS

Recomnmetded Character Heiqbts for Alphanumerics

TABLIE W-.3
RFCOMMENDEI) MINIMUM ALPHANUMERIIC CHARACTFR HH(;FlTs

AS A iF1RACT'ION OF' VIFEWING- 1)ISTANIC (SMIT'H, S.L..16)

Type of High TDisply.I 1 LoT ~ ipa
Dispiayed imilfl~ Luminance

Intuormation (D~ownm to 1 .0 ft-U (Down to 0.03 I't-1.)

Critical Dat1-a Position 0 0045 to 0.007 to
Oil Dispiay Variable 0.'007 _____ 0.01 1

Critical Data, 10.00 .5 to~ 0.0055 to
Position Fixed .00 0.1

Noncritical Data 0 002t 1.02t
j(Labels, etc.) __ 0.007 0.007

1 V-9



The (-ptirnim size of lette!rs, art(l numerals oil CRT Aisplays is ai function otf viewing distance,

Wilmntoand movement or' numeratrls. Figure IV-11 I hows these relationship~s, although tile dataJ

4 distan-ce, CRT letters should be front atout 0.08 inches !t) G,.1 i~xlces (lBarn-iack .ct al, 1966).

Dot Mosaic., - The coarsest mosaic that is capahle of providing easily legible alphanumeri1c6CiI
symbols is a 5 by 7 (lot miosaic (rig. IV-l 2). Only 35 decoded lines are required. If only numerics

.- and it limited numbur --' symbols are required (e.g., - ,1 , etc.), some elements ire -lost required,
and tile number of' do "may be reduced to 27, as shown in figure IV-13. Charactetýs rgenerqted in
5 X 7 do~t mnatrice, are pro)bably marginal in Comparison to those goencral' -d in large:. matrices.

000100 00000
00000 0 0 0
00000 0 0 0

000 0 000
10 ')DO0 0 00
OuOO0 000 00C

Figure IV-12 Figure I V-13
Ful1 5 X 7 Dot Mosaic (35 elements Reduced 5 X 7 Dot Mosaic (27 elements

full alphannumeric) ( L.uxenlberg4and lKuehn. 1968) numeric omvly) (Luxenberg and Knehn, 1968)

Si r( Ie Mfosuics -. The bar%. strokes, or segments :i;,e arranged in a pattern sim-,ilar to the?:N
shown ;hi fintlre WV-14. Thei grile'11F may be electrVol umin escent strips, klectrochlemical sýells' or'

-catlhodes it. at glow discharge tube, ,r' they rwly be back lit un edge lit by rieoli or inlcandlescentI lamvps
The characters are nearly ats legiL.; as nhose made fr-Di a 5 by 7 dlot mlosaic, but logic (switching)
requirements are redluced from 315 inputs for thle full 5 X 7 matrix to 16. 14, 9, oi 7, dupending onl
thle type of font st'yle Choser. The same hcighit/%% 0 th/stroke natios ,:I,-)y as for shaped charactecrs.4
I (- mid `3 segment fonts have been round( to be niure lcgib[' twn.r 1 7. 27, or 38 seginciit fontsA
(StephenlsOn and Schiffler, I908). -

I v- Q



Figure IV- 14 ,..
Stroke Mosaic (16 elements) •

Recommeonded Symbol Size Je.iier than alphanumerics) _"

liiglldy skilled operators can accurately distinguish typ~ical military 111,11!) symbols !11 a reso- •-
l1.tiol Of' 14 lines. However-, !'or the kiNnitification of symibol detail, a rc.,olution of' 17 lines is recoil- •
nlendedl this will allow interior detail of the symbol to resolve 3-0 lines, and represent a visual size '

of' 5 to 6 mninutes of arc (M~arsetl'u e! al, 1966).

Confusion Among Alphanumericsy

Observers nlost conino.ily conffuse tile t'oliowingf ,alphanluiletics (Kinney and Showman. 1907):
Mutuail OnC-Waly

0O11nd Q C calll:d G;•-
T and Y i) Ca!:1,d A -3
s and 5 H- ,.;fled N! Or N
land L J,- Calledl

and K .ailed It

I and I * 2Called Z* _
B3 called R, S, or 8V

Accuracy of Idontific~ation of Common 5-ILetter Words .

It is possible to Lise WS f~ew iis 7 IiAC, p)cr wvordI htight l ad Still retainl 98V!,l CCUralCY of word (I=
iden~tficationi. "T'his is Shown by (able WV-4.

TABLEi IV-4

IDEI'NTIFICATION ACC'URACY AS;---:,.

A I:UNCTIOJN OF RIt.SOIUTI()N

Solid I 0 .7 5
Stroke Miocs lices 6lents

1001"1 9 9' 1 - '4 7i

These utioen of4 leie. oeinprkc, or more o!j!ie n otj l t ionofsj.ymbol ee. ati

0ndQl d



ASPECT RAI 10

Aspect ratios of 5:7 or 2:3 (width to height) arc recommiendled for greatest legibility. Strokeý
widlth should be in the range of 1/6 to 1/10 character height with the thinner widths used for illium
inatcel clharactefs on) a (lark background (Poole, 1966). A wicdestroke width Shou~ld be usedl f-r lower
symbol resolution (Shurtlc ff. 1966).1

-,.'ARIATIONS IN TV QUALITYI At resolutions of 8, 10, anld 1 2 linies, quality of TV equipment appears to have no signtificanit effect
on ccrac ad scel o ientfiationt of stanidard L'ro symbols (most commonly employed alpha-

numeric). At 6 hinos, idenlification is superior for better quality TV (945 lines). EvenI high-quality TV
requires a inilnimal resolution of' 10 lines (Sliurtieff, 1966). See figure IV-1 5 below.4

10

~A

990
I.- 194b LINE Tv~A8A

525 LINE TV

12 10 0 6 -

LINES PER SYMBOL HE03HT

Figure IV-
Accuracy of Symbol identifi 'or Good-Quallity

vs Low-Cost T'-"" ;. 1966)

RA~TIO OF ACTIVE TO INACTIVE EL i

Where sym bol resolutiont is lowured (5-7 line%). tlie ratio of widthis of infactive TV to activc -rv
oelemcnts should be nlo olie than] 1: 1 1-a us greater thian these hicreaso errors of ieientifieation as
We1ll P~~dI0( uce raster wh ichi req um rs especially care ful regist;. tionl of'scani linles (Sh urtle ff, 1 965).

LIGW77DARK CONTRAST

Light synmbol's onl a dairk background aric rccogiiized inore accurately un-der tow aimbien t lighting.
D~ark sy:n hols ol at light background aie recogniized inure readily 1,n1ier medium wnd high antbiM i illum-
inatimn table IV-5 ). For in terruedia te V31lues Of SynI hol Wid backgrourid brighmtness. thle direct; 'i of
cortvtast is niot significant in legibility (B~lackwell, 1959). ( hider high amblienit illuilf a;tionl, ide..ificationl
ZIccuracy is so poor (06-7.;,,) !hat the D)/L coriditIionl would niot be usewd aniywaty (Shuttle ff, 10)67).

tv-I
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TABLE IV-5

ACCURACY OF IDENTIF;CATION IN PERCENTAGE CONTRAST
FOR TWO DIRECTIONS OF CONTRAST ANI) THREE

VALUES OF AMBIENT ILLUMINATIC(N

[Direction Amibicnt Illumination

-' .Contrast 0.026 ft-C 186.4 t't-lt. 638.4 ft-C

D/L, UI"/G, 73%
L/D 93%;ý. 77% 66%/r

Contrast Ratio
Contrast ratio should be maintained at 90%..

DISPLAY FORMA-

Vertical vs Horizontal Arrangement

Ti:e,,'fe,:t of vertical vs horizontal arrangement of coded symbols is negligible (Coffey, 1961).

A, low brightness (I ft-L) spacing of charac:ters (25% of character dimnnsions) does nol affect
acuity. At higher brightness (20 and 40 ft-L) wider spacing (200% of character dimensions) produces
better Ocuity. Wider spacing produces better acuity for L/D symbols than for D/L symbols (Shurtieff,V i1967).

VIEWING ANGLE*

Errors and reaction time in recognizing briefly expos-d common 5-letter words increase
gradlually as the viewing ingle is reduced from 90' (straight on) to 450. At 30' the error rate cannot
be accepted (fig. IV-16) (Kim cy, 1965).

Recommeni dation: Optimally, no viewer should be seated at a viewing angle smaller thi" ?'"°
or at a distance from which the height of the smallest symbol is smaller than 16 minutes of arc.
also figure IV-20) (Colnan, et ;!. i958).

For 99/ accurate identification. table IV-6 presents the mintimum required visual sizes, in
minutes of ire, for five viewing angles and two levels of symbol resolution.

TABLE IV-6

VISUAL SIZES** REQUIRE!) FOR VIEWING
TV DISPLAYS AT VARYING ANGLES

Symbol Viewing Angle(eRsoltution

in l.ine': 901 75o 60' 45" 30'
I 10 20 24 28 36 63
K ; 24 28 32 44

"*Anle',ubtcnded cat tile viewer's eye %:om the center line of' tlie display.
"11"1hl Illillules of, arc;.

IV-I3
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4-- -- 0 16M IN

0.80-

0.70k
0.60 .

0,501

90 60 45 30

DECREES

MCMIII Figtimc IV-] 6
MenReaiction lime P'lottedi Against

Viewing, Angle for Two Symbol Sizes

EXPOSURE DURATION

MintiI111 urn l pSurc'lur [.411101 lot 1i IWI~ii LI II ViSL.iki !Icm L is aboul 10.2 sec., wi dh no app re' able
increase in acuity beyondl this (Crunfloy et al, 1 961). ':

FLICKER

Thei cuiiies nl ti',irc IV. 1 7, renresenl [hc critical Ilickei frequoncy (that vahue which i., lowecst
ffeq-L2 icy whi~h can bt- lcr-cived as any thiiig htt ;i steady light) for several comnmon pI~osplioYs.,,s a

Pit P20 P28 P7 P31

:30

ui25

1- ------ w- 0

0 .0 2 to 20 30 50 100

BRIGý11 NESS (FT1.1~

Figure IV-]1 7
FIickcr 'Jhrcslv.'d ol Avcurnge Observer (BlrydleI cl a'!. 1969) 1

IV-14
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Foi- character displays, the pulse rate ~ftould he greater thani 30-40 Hz so that the charactersm
dlo niot appear to biink. Flicker can be ehiniiiiiated fýrom most electronic displays it tht! pulse rate is
3 5 1112 or more (Ba~rnuack ei al, 1966). Some flicker is noticed with average display buightness unless
repetition rate is at least 50 H-z. Displays under 20 Hz are usually quite annoying to the observer
(Poole, 1966).

FlicKer in TV cannot be noticed ot 60 fields pcr second unless display bi igtmuess exceeds 180

t-L 50 fields per second is acceptable if dlisplaiy brightness drops to 30 ft-L.

THE EFFECTS OF SUR-1OUND LUMINANCE ON VISUAL COMFORi

Figure IV-18 presents mean values of surround hriglita.ess preferred ty vieweis or broadcast

television for three surroun1d areaIS at eachi of five values of peak screen hiiiii-ainuce (Shurtleff, I 966).

WEAN SCREEN LUMINANCE (FT-L)

5 10 IE 20 25

-J I SMALJ.SURROUND/

IL

z

z

O ~MEDIUMSURROUNI)

02

U) LARGE SUHROUND

0K 20  4 60 (F*)80

NaCM) VaIlue of SurroundI Lmininance Preferred by Viewers of Broadca.st
Television. Plotted for three surround areas at each of five vallues of peak

screen luminance (Shurtleff. 1966).

TV display = 9' vertically. 12' liorizomtally -5
S1111 F1.1 roun l ;id r-Ža- = 102 vertically,

1 4' horizon taily
Medit.ni surroun111d a10a 1 70 vertically,

230 horizontally
Large surround area =230 vert ically,

320 horizontally

I V-l I5
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THE EFFECTS OF SIGNAL-TO.NOI3E RATIO

One aspect of display quality affectiig display acceptance and operator pertorrmtance is the
signal-to-noise ratio of the display. Quality of prescntation has been judged satisfactory at 10: 1,
good at 30:1, ad excellent at 50: I ('3ogatov. 1966).

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

TABLE IV-7
PERCENTAGE OF COMMENTS IN A GIVEN CAT-,hORY

VS SIGNAL-TO-NOISE RATIO

I S8w/Nr.,js 50(113 45dB 40 dB 35 ,!J 30(

impairmenlt only slight 98% 90% 65% 35% '0%
(ifat il)

Not objectionable 99% 9 u% 85% 60% 30%

1005;
Somewhat objectionab, - 4% 10% 204 25'k

2Defin/tcly objectioluhk--- 201/1 4 5

IV 1
IVl6-



CHAPTER V

TELEVISION DISPLAYS FOR GROUP~ VIEWING

I.rx!TRODIJCTIUN -

Tri~s ch-.ipter discu ses the paranieters most important for group viewing otf TV displays.
Param'eters no! discussed Ai~re will be ftmind in C'hap ters 1!! and IX,

&timmary of Recornmenr'etions

1. Symbol size - At least 10 minutes of arc at the eye of the observer in the worst position
in thc virwing area. This NN ill give 95% accuracy. For 98%, accuracy a visual angle of 14 n11IInueS is

2.Viewing angple Maximum off-w,'s ang!e of' 30'. -

33. Resolution - 15 Enes per character height

4. Bandwidth -. 2.5 MHz

6. Determination of screen sizearm number of acer sa fujiction of viewing distancc --

See 5. above.

/ Recluet- responise time -. 1-3 second~s

8. Display genera-tion response time -- 1-2 seconds

V9. Si-crec lunminalice -. Not more than 35 ft-I. for normal ambient lighting
7R

10. Brightness contrast - 90%o

1 1 . R~egistration accuracy - 10 seconds of arc at thle nec:!rest ohscrver

SYMB3OL SIZE

In at group viewing sittuaticn, letters must be large enough to producc at ieast 8 minutes of
visual angle (preferably 14 mlinuLtes) at thle eye 01 tihe observer in the worst position in tile viewing
aica (30' off-axis). This should produce 95% accuracy of identification of randomn charalcters
(Neal. 1968).

VIEWING ANGLE

under conditions where resolution (lines per character) and symbol size prie&luce 1t least 90%7'
identification accuracy at 0 degrees oil'-axis (90' straight onl), there is io decrement in legibility .inti!
the off-axis angle becomes 40'. Under less favor-able, size and resolution conditions. tile effect of thle
olff-xis angle is ninre severe, reducing legibility significantly at 2t0' (fig. V-1 (Neal, 1968). Thew maxv-
hinit oJf-a.-:i.s angle sh:ould be 30'.

V- I



ku90

so 0- 0

70h

~60{ ~.i ie ~
. 0- Angle Char

50 Lv 14.3 3C
(30 8.1

40 0 6.3 3

0 4.7 15

A cL 4.0 2

0 10 20 30 40
OFF-AXIS ANGLE OF~ VIEWER

PICN MONITOR (DEG)

Averge egiiliy Figuxre V- I
Avtrge egiiliy is at Fulnctioll of Off-Axis Angle
for IFi-Je Rep~rCSentative Test Conditions

mhe adverse effect of oblique vie/wim, is not at straight coitic p~rojc~tion f- -)I the Si ecn. but
rather is geomectrically described bý "tile surtlace ofia sphere tangent to the plane of the displxy ,'
Thw. diameter of that sphere equals the recommended viewing distance for that particular display size.
Iigure V-2 presents thle locus of' nimwginal legibility [or a constant visual angle ( L'xenbcrg and Kuehn,
1968).

SCREEN

SCR EEN

Egure V-21
Loci of Marginal Legibility for Resolut(ion Bars and Lefi f P

Thie symbols are dlisp~layed at eye level oil at verfical screenl:
above in upright po:;ifon. below turned Ihorizoni~tl. The locationls

of the symibols are( indlicatedl by the small circles.
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RESOLUTION

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

MAXIMUM DISPLAYABLE ROWS OF CHARACTERS

24 16 12 9',7 8

RATIO OF CHARACTER HEIGHT TO DISPLAY HEIGHT

1V50 1133 1/25 1/20 1/17

35 27" MONITOR

30 24" MONITOR

21" MONITORS25
LL 2
wO 17- MONITOR

z5- 15

- -

L //

• 15 20 25 30

SC'.N LINES PER CHARACTER HEIGHT

Figure V-3 Z
Maximnumii Viewing Distance for Worst Seat in Classroom
(nmaintaining a minimal 8 minutes visual angle at the eye)

(Neal, 1968)

BANDWIDTH

For group viewing of a large television screen (17 inches or more), bandwidth of approxi-
um,.tely 2.5 MHz is recommended, Thcre is no improvement abov\ this point but decrennent below it.

V-3
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CHOOSING THE MAXIMUM VIEVING D.STAi'NCE FROM THF SCREEN

Figure V-3 above shows the maximum viewing distanc,: from various size monitors calculated
to maintain the recommended minimuml visui', angle (8 minutes). For a symbol resolution of I' lines,
tile recommended maximmu diatances for various monitor sizes are: -

-27-i'h monitor !18 fret" ,'• '- • 214 --n ch m o n ito r --15 fee t = {

S2-inch monitor - 13 t 'et +-•> •- ~ ~~17-inch monitor -! I feet ••e:-:..

Another way to increaje the maximu~il viewing dista,.cc is to choose larger characters, al-
..though this will reduce the total number of characters that :an be placed oii the display. For ex-
-aple, figure V-3 shows that as the character height incre.ises from 1/33 of screen height (15 scan
linies) to 1/17 (30 lines) the maximum viewing distance ncreases from 18 feet to 35 feet from a 27-
inch monitor or from I I to 22 feet from, a 17-inch monitor. However, the maximurm number of rows
of characters that can be placed on tile screent decreases from 16 rows with the smaller character:, to
8 rows with the larger (Neal, 1968).

RESPONSE TIME

Response time is the major, if not the only, justification for automating display systems. The
faster a requested display becomes available upon request, the greater the impact the display has oni
system operations. Request response timt: ,;hould be on ihc order oi 1 t"• secao:ds (RADC, 1965).

Display generation response tine is defined as the time from intitiation of comput, r output
Suntil tile coilplete display is available to the user. 1 to 2• .c`Nlnds is dsira ble.

IJUMINANCE

huil-•i amnak. ratios required for comfortalie viewing of large screen displays may be determined
by locating two vahles: (1) t•he minimum ratio required for adequale viewing Mar (2) thie maximumrn
imeasure of luminlain1ce without annoying aftereffects. l'he i maximum luminance I tr group displays
should not be more than 35 ft-L. Higher luminance may produce afteriniages if thle display is viewed
for an extended period of time. An increase in luminance over 15 ft-L up to the 35 ft-L maxim1um •,'1
contributes littie to acuity.

4n otinumni lumiance dist ihu lion on tile sm lface of tile display is approximately i 7 ft-l-
measured f'r ill central axis, and not less than 13 ft-IL measured at the largets angle of view off-Zenter.
AsStLunilltng c'i aibicn t light level f ift-( on hlie display, this pernlits vicwiog in aboult 10:1 cont,.ist
for symbols with regard to background. ..

L."1[uminanlice COn1t:'ast 'Thould be min lillaiminci 3t 90%.

"AMBIENT ILLUMINATION

To minimize glare, light sonurces should not be located within 00" o: the viewer's central
visual field. Light Aotould be di"ttusd and ditributed cvenly over the work ar'ea. The ratio betweenl
light and dark portionms of work surfa,ces '11ould not exceed 7:1. 1-

V-4 -,
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REGISTRATION ACCURACY

The maximunm symbol registration accuracy considered necessary is 10 seconds of arc with
respect to the nearest observer. Registration requirements more accurate than this are u-m-cessary,
sincz an observer cannot appreciate the difference.

N

A.
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CHAPTER VI

CODING

INTRODUCTION

This chapter discusses the following topics:

I. When coding is required
2, Advantages and disadvantages of available codes

3. Types of codes best for particular applications

a. Color
bN Alphanumeric
c. Shape
d. Size
e, Flash
f. Special codes

4. Amount of improvement produced by coding

5. Vcoding in indicator displays

Coding is puwtinS iin *'niation in symbolic form to increase The amount of iwnformation supplied
while minimizing display space. In figure VI- the shape of the symbols indicates the type of airport
facilities available.

AERODROMES WITH EMMENCY
AERODROMES WITH FACILITIES HELPO .T OR NO FACILITIES

-a.LN WATERORO{ WT LANDWTE

CIVIL ED 7

JOINT CIVILONG NSILI lA S ' LAN DING\\JY AREA
001 ANCHORAGE

MILITARY

AER4ORONOES WITH LANI)'AEODR0MEz,.VITH ItIARD-SURFACED SURFACED RUNWAYS -kT
RVASAT 1.ýAý7 1500 FEET LONG LEAST 150".'CET LONG

Figure V!-I

Sample codilig (military I:ap sym~bols)

VI-I



Coding Requreown"l

Codinig requfiremenits differ for:

1. Pr1ojectcd dJispitys: CRTl an'.1 slide pi~oyctcd disphiy~s

2. ind(icatot (lisplays indicaktors, leplid lights, anid mleNtrs

mid is a ftifctioil of mijss~im !'equiri'c~im~t.

Cod~tg hO~I beusted:

1 . When mtuch infol-mition miust. Le presentcd ini a sitgle disp)lay (100 or mnore c~iaracters) Z

2. Wheni the. observer's, task may be difficult k I 0%y complexity - Iercent of chanicters
which twist beý discriminated)

3. When hie must vespond quickly:

a. Irt iess thani 10 secomnd - codhig is vequaife(i

2 b. Withini 10-20 '-ecmnds -codinig is desirable -

c. Over 20 s(Žcoi-ds codhig is iiot :)"cessarY

Coding Criteriat

C.odes Shul be: -

I. Visible

2. Leglible

3. lDiscrimin-ibvbhl Ob4serv'ers must oe caipable c,; ditnusigbetwveen two or m-ore:

- charavters)

Z1. tornpatjble ksee fi-gure VI-2)

QUOALITAT IVE CODE~S SHOULD REPRIESENT
OUAL.ITATIVFJ INFOFIMATION

AIRFIELD

QUANTITATIVE CODES SH(M 'r~r:'fE SENT
QUANTITATIVE iNFonrM\ .)N

TWA 59-AIFLINE ANDF ..W %IBE

.oniplmtihh codilngý 't'.z~hentell's



Codieg Categories

Codes may be divided into the following categories:

1. Single coding

4 =400 knots

2. Redundant coding

W•~ =400 knots (both numeral and square indicate 400 knots) -

3. Compound coding

L = -400 knots (numeral means 400 knots; triangle mea:cis jef powered aircraft)

ADVANTAGES AND DISADVANTAGES OF AVAILABLE CODES

Figure VI-3 indicates most and least used codes.

MOST USED I LESS OFTEN US'D I LEAST USED

COLOR GEOMEVTQIC VISUAL ANGULAR FLASHING DEPTH
FIGURES NO. ORIENTATIONI I

ALPHA- I AREA LENGTH/ LUMINANCE MOTION LINE. TYPE
NUMERICS SIZE WIMTH WAHOTS-

OF LINE DASHES)

Figure VI-3
Most and Least Used Codes*

At any given time the obserw'" is capable of identifying about seven (+ two) alternatives along
;I single coding dlr'wnsion. As the nuliber of alternatives increases, speed and accuracy decrease in a
linear manner (1lowell ei aI 1966).

"DIoes noUt it-• - ply a S cl- iti of dIC'irabiiity, only foluet•,ý.C' of use.
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DESiGN ANALYSIS

°'
When Should Coding be Used?

How Many Data Points Must the Display Have Before Coding is Necessary? Factors to bo, considered are:

1. 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 ,aany
as 10% of display characters muay have to be disregarded by the observer, coding should lie emiployed.)

3. Speed of updating - The fister displayed infor,nation must be updated, the more coding
of that information is requiredl. However, quantitative information on speed requirements is not
available.

As density' and complexity increase, observer accuracy is reduced and coding becomnes impor-
tant. Figure VI-4 illustrates accuracy in updating information. Figte VI-S illustrates percent of
observational cycles (trials) in error when counting characters. Note that these graphs and others in
this chapter represent data gathered under rehaively ideal laboritory conditions.

:• 100

80- II
60 CODED

< 40-

__ ~~UNCODEDJ0 I
36 54 72 90

CHARACTERS PHESENTED _

Figure V!-4
Accuracy of Updating Displayed Information

as a "unction of DeLnsity ( lammer and kingei, 1966)
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S~801

60 NO COLOR CODING

0

4-i~
I I I40WITH COLOR C-' '

20 j
r20 40 60 s 100

NUMBER OF DISPLAYED ITEMS -,

S: Figure Vi-5

Counting Errors as a Function of Display Dchisit
With and Without 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 Christman, 1965).

How Short Must Display Exposure Time be Before Codin is Necessary? As display exposure time is s_
reduced, observer accuracy decreases corricspondingiy. Figte VI-7 (icdonstrates that tihe curve ot correct
observer purformance is almost a perfect linear rlationship with exl)osure time.

80 - COLOR CODED
>4.

C< 60

050.

* 40
z30 - 4

S20 -UNCODED

10 -

0 10 20 30

COMPLEXITY (%)

Figure VI-6
"Ilie Effect of Complexity on Accuracy

(Dyer "d Christr•an. 1965)
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MEAN' %
ACCURACY OF
IDENTIFICATION

85

875-

35

25
UNCODED

15

30 SEC 20OSEC 10SEC

Figure V11-7
'rme E~ffect of Display Exponstrc Time on

Accurac of identificalion (Smith, S. L., 1963)

What Type of Coding is Best for Particular Applications?

[lie dlesigner iIuuSt conIsider:

1. C7ode (ype (e.g., color, Shape, all11,hanumc1eic)

2.Codle characteristic (e.g , if color, which color: if geometric figure, Nvhijt- figure?) 4
3. Observer's task (locating, coon iting. Oni~fv i ing. updating)

Available information is incomin lete. Comnpariso;is have been madle between color andl tI' ic
shiape codr-s (military symbols, geometric forms, amnd mircra ft shapes for coundn. Thel coCleS uIsed

In this stumi\ (Wolf andl Zigleri, 1 95Q) are shown in, figure V 1-8.

Average COun1tirig 011mC for 111CSC codes is shown in figure Vlj-9, an(i percent of trialis in error
is showni in figure VI- 10. C'olor is superior at all dlensity lkvels to even the best of the shiape codles.
'I li/s applies. ofeise """r~.! !to co(unhing or searching j'6 !Ir :~s

Re'conmmended Pra*ctice.( - .J

1.Use alphanumerics. \hen i(feiitific-atioi;, is most intpominnt.

2.U se color Whlen -warching or locn i og is most imnport, it

3. U~se sy in I;ols/sh apes when q on I1i tatiV 0iveA oIce ts ame r prse I~'ld.

V 1-6
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COLOR I
(MUHISELL MILITARY GEOMETRIC AIRCRAFT
NOTATION) SYMBOLS FORMS SHAPES

RADAR TRIANGLE C-54

GREEN Al.
(2.5G 5/8) & 7i

GUN DIAMOND C-47
BLUE

I=B 4/5)* "

AIRCRAFTPEMK3R F-100

(5Y 8,'4) ?
WHtiTE v•:

MISSILE CIRCLE F-102
REDF-0

(5R 4/9)

SHIP STAR B52YF LLOW i
(1OYR 6/10] )

Figure VI-8
Codes Used ill Code Comparison Stu(dy

80 - _ _ _

60 - EOME~rRI'
0 AIRCRA/FT FORMS
a: SHAPES

K 40 - 00
MIL!TARY 4
SYMBOLS

20V

COLORS

0 20 40 80 100 12

NUMBER OF t)ISPLAYED ITEMS

Figure V11-9
Counting Errors aia Function of' Display Den'vity,

Compatring Color Coding With the Thiree Shape Codes
(Wolf and( Ziglur, 1959)

VI.7-.
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AAIRCRAFT
SP0APES....

LU GEOI. TRnIC

'V 20 LFORMS
20-- ILITARY

"SYM8OLS

-j COLORS
SL - -101

0 20 40 61) 80 100 120

NUMBER OF DISPLAYED ITEMS

•I u:g re ---1

.Avýrage Counting Time as a Function of Display
Density, Comparing Color Coding with th-

"Ttree Shape Codes ,Wolf'and Zigler, 1959)

Individual vs Group Disrlayi

'rhure is some evidence that individual displays aw. dightly superior to group displays when
updating :'ncodcd (displays. However, this difference becomes insignificant when displays are coded
(fig. V-11 I).

- INDIVIDUAL D'SPLAY3

GROUP DISPLAYS .

".':140

120---

100- WUVrE

~. 80' , -F

SI ---560k-

40k-- -;

2 0 r - ~ CODED

0 56 54 72 90

ELEMENTS PRESENTED

Figire VI-I I
NMean Time for C..dedi and Unc,)ded (l'arUs at e:nCh '.

Level of E-lcments Presented (Allusd and Ma-tin, 1958)
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Should Single, Redundant or Compound Coding be. Usad?

There is sorme evidence (Allusi and Martin, 1958) that redundant coding is slightly more
effective than single coding. 4,.

How Many Coding Levels Should be Employed?

Coding level - Values within eoch code type (e.g., color) which are Cquaily identifiaLle (e.g.,
red, yellow, green).

General rule- Use as few coding levels as necessary. Code steps in table VI-I are maximumuI-

values under laboratory conditions. For operational use, it is .esirable to h/,hle these values. The
effect of increasing code levels on operator performance is to reduce observer accuracy (fig. Vi- 12).

TABLE VI-i

ADV.NAGES AN DDISr-AVANTAG;LS C F AVAILABLE CODE.
S(kaker and Grether, 19 4)

Vaxinvm No.
(Cod, Code Sleps* !ivaluatioa Advaurages/Disadvantages

'Color Slides- 5-7 Good Little space required. Objects easily
it- CRT - 3-5 identified, low trai11lg req irc

Paint 7-11I I
"-: Al phz- U, lim tied Good LiiIc spaco. rcquired if good contrast
'-munerics cot-,binatiois ad uresolution,. .longer identilication

lime than color.

Shape I 0-i 00 Good Little space required if good resollition.
F (geoiueAc pictorial

Area/Siz,. 3 Fair RIequires coinsidlerable displav space.

Le-igth/width 4-5 Fair ('hitters displiy.

Visuai' no. 6 Fair Requires cOnnidcrable displ!y mace. 3

Angular 8 Fair )5, of estinates w'it Ie in erroi 1y
oientatioo less thanl I5s'

•f Lai n~ita oco 3-4 Poor Poor coolreast redIi• ts visibility. Difli-.
Cutri o tlisiiti i•ili lL betWctNtell anly two

- briglitncssratios.

-Flash rate 3 Por Distracting and fatiguing. Difficltenl
U.: to tistirlgil ii t I etweeii tl1ore Ioln I .W.

Ilash rates unless t1w, ra teaare very
dil'ferent. li-xItre Nely U(Is l t ,Xs ;111 -.

alertilm• or warnin, sigpial.:,

'Gm( erally will Jive owera;t ;accuraicies oi" 95% or belter. All ligurcs given wte flt !aboritory Coltlditionis. IFor
on.!,rationi! 'l C spla , it ?s bett cr to he cooservalivc.

Vl-9
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12V

-~10-

-t'e

aW

S • COD NG? CO

+: v rABLz2Vl-

Zu

z (n

0

NUMBER OF CODE LEVELS

Figure VI-12
Effect of Number of Code Levels on

Observer Performance (Anderson and FiItts, 1958)

HOW MUCH IMPROVEMENT IN OBSERVER PERFORMANCE CAN ONE EXPECT WITH
CODING?

Table VI-2- indicates that coding J)rodtIkCeS marked inpipvcctnobeetetrare

T'ABLE VI-2
IMPROVLMIENT IN OBSERVER PERFORMNANCEWHIE:N DISPLAYS ARE ('ODED)

Original Observer 'X Ac urac y % c*,esponse Time
Displays ('ode Type IFuncti on Inprovein i t n I plrovemei t i _i

Alphanmwi•r ics ('ol or I..oc:i iio 44 S

Alphanum eries SizteJpdate SO 0

Map ('onsplic- I nfl rn ation 97Suitaly 
alssiiiltlitaoai01 •:

(border) 5nd C xtrac lin7 17
Alphnmaneric ('oh0r Seal ch 5 525
and Shape and cowt' 5 3 :1
Alphanuiam eric Sire I pdav -,

XI 10

'Ar
Ik
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ADDIMONAL F`ACTORS TO BE CONSIDERED

Which codet, to use and how depends inl part oil display parameters discussed inl earlier sections.J
Any parameter which reduces display v'i sibillity increases display difficulty level and( the need for coding. -
fhec following lfictors arc especially nimportai it.-Afi

Display Br-ightiness/Resohtition/Conttrast - If display brightness or resolution are expected to be
significantly leýss than levels recommnended earlier, alphanumeric coding is preferable- to c-olor or shape
(geoineiic figure)coding. If' aiphaianuetic coding can't be used, then shape codirig is preferable. (See
also figUre VI-3 and table Vl-l.) -

For tile display of color coded points or small synibois. anl enipiri,"al spacing of at least three S

linies is requir J1 to prevent color fusing (Wolf Reseatch and lce';elopmen ,19,18).

The optimumi range for display contrast whicn at seven-color d :play is being uis d is 20-30: 1.
13M,. acceptable levels, of performiance liaw been recorded at as low as 10:'1 for an add.tive co'ar dis--
play (Rizy, 196%).

D~isplay Forwl-It ung - In formatted disp!ays, cl,ýiracters are dis'.ibu ted by iroAs,, columins, or
quadrants; -in unformattea displays, chiaracters are distr~buted randomly. Coding is more likely to be
reqluire,' inl u;'formiatted displays. -

The following s,-ctions p~resent detailed infornwi on onl ach of the major code types.

COLOR CODING

lNhen Color Codingq Stould Be Used

Use particuli-i'ly when the obser'ver must search ]br or pick- ouit one or iiu.. characters fromt a
matrix of displayed characters. Onl thle other hiand, for ideu;1riCation of'characters (i.e., recorni~ing
their weaning) anl alphatlnumeric. cod(. is more us,-tld (Avakiati, 1964).

WMich 'Coiors Shouild Be Used

rfie raiumber ef chromiatic colors which can be ýlbsoltit'ly identified is Q.11 (paint chlips). hjow-
ever, onle wouldl llot mre more than 3-S color% for CR Cs and S-7 ")j- projected slide displays. The tiiic

,,It )1,tic and achromatic Volors in, com mvon use ar icpresca tecd inl table V 1-3.

Color I isfti~ness

[or a three-category color code1 tor ('Ws, usew re(l, yellow-orangc, and grccn or grven-blue
(RZizy, 1907).

For purojected displays the colors of greatest effectiveness, with regirdl to observer performanc
'rM %hCWnl inl Figure V11- 13.

Several "k-ss-than-seven"' color system,. miight be emlployed inl specialized circuinlstanlcýs wli , cml
hle full sevenl Color comlplemrent is iot required.

Foi examiple, at six-color 0itractivc display (without yellow) nigigh Ibe usedl. '!'Ih, samel recoinl-
miciidat ions 1'or appatrent si/e and co-ntrasr would hold.

VI-l II



1TABLE VI-3A

RECOMMENDED CHROMATIC COLORS

t I lFederal Spec
-- - Munsell Chromaticitv Dominant 595 Equivalents
Color Name Book Notation Coordinates Wavelength (anm) (paint chips) -

Purpie 1.0 RP 4119 x - 0.2884 430 27144 -- 'S~y -.0,2213
Blue .5 PB 4/i0 x -0.1922 476 15 123-

Im j y -0.1673

Green S.0 G 5/8 x -- 0.O389 515 14200;P- y- 0 .8120

Yellow 5.0 Y 8/12 x - 0.5070 582 13538
-Iy - 0.4613 -.

Orange 2.5 YR 6/14 x -0.6018 610 12246
-_ __ __ _y - 0.3860 1 -

Red 5.0 R 4/14 x -0.o414 642 11105
y -0.3151

÷ ~'I A B IA VI1-3 B-

RECOMM1NTI)ED ACIHROMATIC" COLORS

ISCC-NBS Munseli Chromaticity Federal Spec 1
Color Name Symbol Value Coordinates 595 Eqtuivalents

Black BV Ni .LO or lower . - 0.3151 17038
y - 0.34,25

Gray Gy - x - 0.3 100 16187

v -0.3160

White i Whilte N9.0) oi hit;hei x --0.3137 1 7886 -8
'--0.32- 2 2

A five-color additi,, ,..vstci.c ni i'h! i),: clnploed, omitting blue and red, where optlimumn Coll-
trast cannot be maintained.

A four-color additive syste;.";, rsingg wihite, yellow, rted, anll magenta (where small sym bol sizem,
below 26 minutes of arc, must ti ust d), ottld also be cnmploycd (,Ri:y, 1967).

Disadvantage; of Color Coding

Brightness/Resolution/Contrast. Reading perform alck, for color cctdckd displays deteriorates when conllras!

levels drop below ;0:1, particulatrly for colors at the btluet end of the spectrumm (Baker and (;rether, 195-0.

Above this level, thL usc of color codin. tettd" to reduce tile overall! ontrast levcl requttired 1or the display.

VI 12



ADDITIVE DISPLAY

F]SUBTRACTIVE DISPLAY
16

CL:

1AL /
I all1/

/i r /I- /
ReaieRed.)yofH mn o ~

MK~k andSubkt~eDkpbs (Rzy, 967

Rcadiq prfoum o oo coded [pl-ysis fetdb h nua eadckWI

Whee olr akis Afive ~ ~ r tohe impnCoortat ('oe only" ainM vt

modeate istaic-ýs (Ainy- aivy eroan Subticalpctiveficpatio (Riiy.0 (167) op. 90)

MreALtad in prtoRmance 1 fo7 Inoloryb codocd di~ displays .isalecedyte agultari Size ad 1oor0t CXCie11
ofsym olog as tho bee figur V \451 4h however, is une9eatvl6').lbrtoycnitos o
Ckraipnablte. uRse aremSM vr~alue Wotl cpble of'y. h pocigmortes imhacto n tourcolors where I 00'4 il..b. Withvhl LC 111d U MI fig Vl-16)

ofjugngclo s euic. nadiioi caace S~esot1(1b a areaspsVbe u t13ni
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(a) 1IF41MAHY SYMOOL COLORS h(Cot.ot MIX! URF SYMBOLSý

201.0

S0.0

0.9 , ~

0 33 67 IOC 133167 200 0 33 67 1001V13167 200

STROKE WIDTHl MISREGISTRATION M%

V~ .!I. er 'i'mena lice a~s a) Function cf MIisregiistiatioii
and~t S\'!ioi Coior (.iado~wsI'i. of al. i90)o-

Anticipated Performance With Color Codinlg

Tho plerformuance !o be ex ýpee ted f-111 colOr' c0d il" .1 . fil n toe l jon or (~e'si andl dIisplay expo-I
Sure time is shown ill fi-gu V', I -i Ivvcr anld ( hnist:n1an. I1)(6). I-or thle relat ionsh ip between CoInl-
Plexity and color coding. sveeg1iV-.

RecomrnenWdcI Pramctie I
Fromt the reslts i < ill fin r nI-I 7, colm IS rkecoImmenC~dkd [01 eC dinge 111lWph1numeric dlis-

pla,-YS Lli(IeU illl Othek rollOWw!mo sintl.' o!. combined kcood it iomIN:

1. tDensitv: 1 00 Ir niote cllhmcti'm'ý

2. I Cislay ('XfIOlVte hlel' 1) scn-.L 1)1 1ev-,0

3. Coipkexity: ! 0'; oinrc IlOIL

Although th.' data pertain ml\ to a~lphmlnuimuerc displays, Inl !1he absenckc ot anythinig else, it i.,
1n.ecomm;:ended thalt tile samet. st;Ilamidsi ho applied fol. 4i'Wem dI'qpl.:v 1\ pes.



u Cot OR CODED4

o-3----- 30 SFC VIEWING TIME

810 - 1. 2 SEC VIEWING TIME

40 
JOSE(, VIN T

20 Ix2 E IEIGTM

100 1SEC VIEWING TIME

0 100) 200 200 400)
NUMBER OF ALPHANUME-RIC C14ARACTERS

Figure V1- 17
["'h f e:t o1' Density and I)isplay Exposure

"illit oil Accuracey (Dyer and Christman, 1965)

OTHER RELATIONSHIPS

-. Color would seem to place cons' rai.ls ioi acceprble symbol size. A lower limit of
1 6 minutes of arc was tound to be inadequate ror ;I readii'r task. 26-27 minutes of arc is recom-
mended for color codett alphaiiunicric c0a'cter' (iZ•,, I y )651

2. Low ambient (0.001 ft-C) or chtomnatic illumination ,:auses tpcnera1 observer p-r'formance

(iec?',,elliet with surf:ace colors. For exmiiple, green appears black under red ambient light.

3. For map type group displays, if the background is mottled or pattertned, use:

a. A color which contrasis most with all colors in background

)b. A brigillnelSs which differs nmaximally fromn the background

d. As large drl area o0 solid color as possible (tluipes ard cleckCrboodk IMind to Wi

blend at distances atn.d lose con figtratioll)

C. h"' the background t.olor Cannot be predicted. u target divided into two areas of
,;olid contrasting color has incrcascd chance or being visible. Supgte,.ted 'olor pairn for two-tonedt aru~cts ar..':

'•hile-red 
41

briighl ye,'low-bhilu A

SA,

-'I 1



ALPHANUMERIC CODING -

Wivin Alphanumeric Coding Should be Used -

Alphianarrmcric coding is pirtioCtlarly useful when the observer's task is largely ilentificalion
of a character set. Outside of the particular advantagc color codes hive for lo~ating tho (desiredi char-
acter set (shorter search time), aiphanu.inerics are about as effective as color codes (see table V!-4). In
adiditio,1, they are 11u1ch less expensiv'e and technically difficult to display than color codes.

TABLE VI-A

Tl!Iiý EFFECT OF CODING METHODS ON OPERATOR TASKS

Rank Order of Code Categories

Idlentify Numeral Letter shiaoc Color Confislurafion

13.64* 13.02 12.53 12.34 1 1.77
Locate Color Numeral L ettP.er Shape Configura~tion

8.46 7.42 7.25 6.94 4.03

('11111 Nun~eral Coloa Shiape Let t,--r Coll figmaia;tiOll
12.60 12.22 11.49 1 iAi 7.07

Copae Numerl Clo hp Letter Configuration

6.85 6.72 0.56 6. 33 A.7

Ve r if% Naumeril Color Shape Letter Con figiira! ioa
10.0 1 9.95 9.50 9.05 6.60

Alphanumeric Code Levels

Unlike other forms of display Coding (Where levels wi thinl thle Code category arc highly
re~st ricte(I), there is no practical uipper limnit to the nLIumber' of alphanumeric comibinia tions whtichi
Call be used by tilie dlesigners. Search timle, however, increase's with an increased nttumber utf alpha-
nitinicrics (see Smithi, Sc. L. , 1 963 and figUres V I-5 and V 1-6).

Recommended Practice

Best Use of letters and numbers is in short code words for items; which represent one of a
kind (e.g.. three-letter code nanws for ci ties).

[For other ;la~lphuneric recomnmendIationls, see Chapter IV.

SHAPE 113EOME YRIC FIGURES) CODING

When) Shapa Codes Should be Used 
3

l1al -Oding shOuild 0C uised when color is not feasible or too expen~sive, and pl ai ckiilarly to
ri.'pruxint qutalitative objects.

Y AlI ~srepw;rtedl in t erimn of uean ca iorrect I eCS( 01e )ý- mnin tat

VI-h 7



Recommended Practices

Select slanes or symibols which are associated with the real objects, they represent (e.g.,
airp~lanes for aircraft, ships, for ships). Only those symbols should be used whicti ire: Fimple, sym-
metrical, have a conltinuouls Contour, relatively large enclosedl area, arc familiar to observers, and h~ave
a sharp an191e Or simleI curves. The symbols showr in figure V11-18 (Silver and Cruikshiank, 1965) have
been fo! nd to be ideintified 100% of the time if t!heit maximumi dimension subtenlds a visual angle of 10
minutes of arc and if contrast and definitioi; are n~ear optimal. These symbols are for slidu projected
(is~plays only. For C'RT symbols, see Cha pter 111, TARGET SYMBOLS section.

i0 (C 0

1 2 3 4 5 6 7 8

Figure VI- 18I

Common Geometric Symbols

*Tenl different symbols are a good upper limit;, however, thei fewer shapes usedl, the more. c.silyA
they are recoynized. IUnder adver-w display ~condi tions, -.o moethanl six shcoid be used.,-

[7he circle, rectangle,c cos, and trdangle arc t.,, mnost distinctive common geometri form1s.
Squares, Polygons, and ellipses Shoul1d hC AVOide~d. Variations of a singie geomletric form11, such as sets
of round, pointed, and 'ii angular characteýrs, shol od hec avoidcdl. A~

Stroke wvidth/heigh~t ratios of 1:6 to 1: 10 -ind symbols 0A4 inh or larger are best for viewing,
ur to se(,Ven t'ce, (see thhc VI-5 ).

rABLI: Vl-5 A

MINIMUM SA'TIS[ACTlORY SIZE'S FOR VISUAL SYM130LS
USED ON CR'] I ISPLAYS (lFIF., 1965)

Syml'-d") lescri;to Dimension (inl.)

Spots and Circles Diamietkr 0.02

a ~ Length oi, Short A.

Line VLII 0.005 ( for bfighltit le
on1 da i-1 backgroumnd )

0.0 1 (for (lark iine (-,i
bright bamekgroMInd)

V1_ 18



OTHER CODES

Othcar codes are not recommended unilcss color, aiphianumeric, and shiape codles are not fea~sibleC.
The available information concerning these codes is as follows:

Size Coding

Size coding iS inlfre(Iuen~tly Used. A safe upper limit on nmbelr of sizes is 3. Beyond that
number, errors become unacceptable. Steps coded in logarithmic im-ogression are more easily discrimi-
nited thian steps coded in linear progression (fi~g. V1- 19) (Baker an(l (;rether, 1954)

LOGARITHMIC ARE~A PROCGRESSION

LINEAR ARE~APROGRL-SSION

Figure V1-l1 (
Steps Coded inl Logarithmic Prugression Are More

Easily lDiscrim inable Than Steps Coded -

in Linear Progression

Siz2, cant also be used in comnbination wi th alpimii'1 wnerics. 'ha t is, inl nuiatrix-t''pe alplian u me-ric
dZiplays, a larger type face Cani be ulsed to emJiplasiz~k p)"rt icular Thanic ters or i tenis of' informiation
(Hlammer and Ringel. 1964; see figure VI-20).4

Whien size is used inl this wvay, the nican timl,(, to locate cod([e, updated intormnation is 65,"(
less than for uncoded updates, and errors of omission are reduced by 50%. As the nilni11ber of char-
acters is increased from 36 to 90, tfi- ;iecan time to locate coded] updAaes is in"CITISC(l 100%/,, bill tim
o1' IllIC0dd updlates is increvsed I 501'% (fig. V1-4 )

A

Flash Rate Coding

Tlids type. of Coding h~as becn IlSed jprirniarily as an afte'Ptiofl-g('ti/Ig device and shlould be I-c-
SerVedi for enlergelC. SicystationIS only.

Using several levels of MIaS! rate information results ill p io observer performance (N willail
and DI )ass, 1 902). Thr ee flash rates shiouldl be t 11e limnit iin any p~ractical SitualtiOn. TheUSe rates ail:
(0, I .0/sec. 2.5/sec. andc .5.0/sec, assumnuig a 50'X oil-off ratio.

V 1-19



SUj•

;-• I.'i•,IENDLY TACTICAL tJNITS STATUS •

SI!FI: ARMOR -;
SUNIT ACTIVIT'V STRENGTII TEIU{AIN STATUS WEATI IH•, -
S23 LANDING 77 FARMI..ANI) tr• UAMP •

• 72 REBUIIDIN(; 96 IOWLAND I•5 ATTACKINGS57 ASSEMBLING 87 RIVIiRS •1 SNOW •/•

• 82 WITItDRAWlNG 78 JUNGLE 82 IiUMII)
S53 ASSAULTING 80 MARS•ILAND 76 RAIN :-

-• Figure VI-20

SExample of Size Coding Updated Alphamm•eric
SInformation ( Allusi and Muller, 1956)

:- Brightness Coding

Brightness coding is most effective whfn limltcd to two steps (dim and bright), i1 is net 3
ordinarily recommended because (I) observer cannot reliably discrin:inate more than two levels;
(2) ambient dluminalion mdy "wash out" the brightness dispho'.

Special Codes -•

In radar-tyl)c displays, when the infornlation to bc disphtye(I is bearing, angular orienla/io, -•

has been employed. With this coding, 50% of the course estimates were in error by less than 15°. -•-•

Inclinations of 0.90, I g0 and 270 degrees can bc identified ac(:tH'atcly. Inclinations of 45. !•-!
-) -•

135, .. ,.5, and 3,5 degrees may be used if more bcarint, information iillt.'q| be disphwcd, l.ine length _•
should be between 0.2 and 0.3 inches ( tl El.., 1965 : •,;ce figure VI-21 ). •i

O° 90t; 180° 270° -•

• •tdi

Figure VI-21
• •

Inclination Coding --3
..•

Allgtll•3t' ,,ricnta!ion coding n]ay also he tlscd with banks of identical indicators ill whicil :•

direction of the pointer for normal operation ha.', been Malldilrdizcd I)cviations fl'Olll lifts I|O1'111111 ::•i
tli|'ectio||i•dicalcanabnormalcondilitm. Minimum dcvialion of 45" from normaloricnlation is
required for nigh prefixal-lilly of dclccti(m. •)()" i•rcfcn'rcd (fig. V1-22). :o<•

3

VI-20 :•



S~Figure VI-22

Angular Crientation Used
with Indicators

Location Coding

Loca ti]n coding may be accomplished by color coding difl',ruct locations. nr by outliCesarotUd each unique dirplayed object or group of displays. An intensive border has also been usedparticularly with map displays (flammer and Ringel, 1964)This type of coding improved observer performance 97% owhen response time was limited,

57% wiet response time was unlimited, over unaided pertorrmiance.

Coding Combinations

No iore than two codes should he combined where rapid, accurate reading o" the display is

l'Potcrlikl c•ombruani..er's ofcodinlg techniques (compound coding) are summarized in iable V 1-6.

VI-2 I



TABLE VI-6

SUMMARY OF! OTENTIAL COMBINATIONS
OF COI)ING TECHNIQUES

bQ 0

00

Nuerl ndLete XX __o_•7

'Color x X x x x x x xl x

Numeral and Letter X xX - -

Shape X- -X I Ix3
Size X X _ . . X

Brightness X --_ x
Location 1
Flash Rate x x xxi
Linc ! .-nith X ItX
Angular Ovic.,tation x 7I-____ x x [

-Stereoscopic Uepth [± ..-Pattern an•d Co°nfiguration x xl -x
__ ___ _ _ _ :

'5.

:4

VI-22
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CHAPTER VII

OPTICAL PROJECTION D1PVICES

INTRODUCTI ON

This chapter discusses the display characteristics of projecten images(i.e., slides, fimis. remotely
protected CRT displays. etc.).

The following topics are covered:

1. Seatinig area and screen size

2. Imagze lmnn,,,-.ce

3. Ambient illumination

4. Projc ion screen types

5. Legibility of projected data

Summary of Recommendations

I. Sym)b0l SiZC - 10-15 minu tes of aeC resolwvd at the viewer's eye

2. Aspect Ratio- 1.33 to 1.4,8

3. Symbol stroke width 1/6 to I/IG character height

4. Viewing distalke 4 x imnage width

'. y:ewing angle - 200 to 300 (from the centerline of the display)

, 1. iage Ihn' iniace t10 ft-i. 4

7. I)irec'tion of Iight/da rk contrast -- not important for legibility

8. Ambient light . 0.02 ft-t. (impinging on the center of Ile screen)

" t(on trust ratio 500:1 (measured with no fihlm in thI nroje tor)

SYMBOL SIZE

TheI aCceptabl,: visual Size for viewing projected alphan1imeric characters is bet ween I 0 nMd 15 5
mintute's ofart, rcsolved at the viewer's eye. (Baker and Grether, 19"72) This follows froni essentially the
same perlormance determined from research for TV displays (see Chaptei [\. SYMBOL.. SIZF secltiona).

ASPECT RATIO 'N.

A,qp.cet ratio,; of betweemn 1.33 and 1.48 are recommended (hel.ght/wiathi) for great est lebility
Shoke width shll ould he in the range of 1/6 to 1/10 character h'ight. I VigaIe \Il-I presents s'ree'n tlhiinrn-
slOn1 as a lunction of I l pet ratio.

VI-II
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11w advrse e fleet of~l' 1i(lUe viewing is not a straight conic pi'ojectionl frm the src~en. but
rather is geoineti'icai ly described by ''te surface of a sphere tage nt tote plane of' the i iplay. ih'll
diametier of that sphere equnals the recoinmended viewing distance for that particulfar display size. :j R

V-2 (Chiapter V/1 piesent~s thie locus of miarginal legibility For a constait visual angle (Ltixenberg and Kueh n,
1968).

IMAG E L UMIINANCEJ

SCire!1 lumlinanice laývels (measured with no ASl in the projector) are approximately 1 0 times the
ave ra ge lumiinance level of' the% im~ages projected fromi normial tlihn:. Illumination falls off fromi the Center
as a tbliatioli of sweie' type, decreasing as ;ntzchi as 20 to 40% at the screen's edge. '1w recoimmen~ided A
sereeni lonin mince for sinaI I rooms is 10 ft-L with the reconin mended lluminlance fr~ auldi toiicinis anti theaIters
being 1014 rh'L (IFS. 1959).a

LI-Ani nane variation jacros the screen should be held to 1 .5 ikw:

MN'ax imuiln Illumination

Minimum illum11ination I
(see projecion sueren types, below, for screeni characteristics.)

DIRECTION OF LIGHT/DARK, CONTRAST

Direcnon of contras has not been proven to have any appreeiahle etffect onl de tectionipromnc

CONTRAST RATIO

Ilie recammenclodJ contras ratio for viewing optically projeceted displays is 500: 1. zucasi ired wvi thi
no1ii finm In thle lproiev cor. (MN/ax innin i mage hi'dich ight brigh tness wvill normnally be 25 -OW: of scat n -

brigh tness.)

PROJECi ION SCREEN'TYPES

One ofr the prinmary factors responsibl~e f or the per, 1formnanlce 01 of)?icaily projected systemis is
Mle typ fCor proec ibmi screen used. Screens can be e lassifeui gonenalie a. ,' Cf/cclii'' or Irwzs/iecl i. tlepeiti-
Iing upoi 01whle tfie the proiec td image is viwed ('ton the amu'Ž side as (lit prowcI or ( r' let Gv: or fioti
tile Of)pisi t cSide (i-a nsfueeiit ). Re fiee tive types may be Adthr di rcetion..i or non-diirvct ionaf depenmd ing
on wh'ictbei )r not br-ightness chianges with viewing angle 'If :F. 11 ')5).~

Mat Screens4

.Such Sciveils [lit prac ticaifly no n-d irt'ctionai. Screen brigfti tss is essent iall I I e s-a me at all view-

;;Ig angle0s. Practicol ref(leeclive mat sci cens have surfaces of'lir reflectance, b-it since the Iligh t is dis-A
Itiribotetf throughou10it ai ýomlplete hiemisphereC thle maxillmum attainable [)r'ightness is limlited. Most m~atZ
sc:reens are albouti 855.MON efcient O FS& f9159).

Lonticular and MetallIized Screens

Re ice to or t ra iislu neont screens incorporating uni formly sha ped aind spacetd flvls elenientIs and"I
0l iiitta..i/edsi ae control the tdirectioni of i'gfd refit '.tion so thai mlaximumin brigfit'iie;s will be oh'
tairied tvithli certlain spec~itied Viewing ma gles. T[he highet's brieI mess for a. given iincident lftA~ziiii in is
ol)!aiiitd with scroell• fia1ving" leiitit.'nfatd surmf act's. Gainl is typically 1.5 It) 2.0 (1 [S. 195).

liki



Beaded Surface

This Iiiav le eitheri a rI.Clective, or Izlzzlsliz..'zi; •CiV're M~IcL.z ;I \crveen xvil :ppear. tllzc brightest \vhenl
vie w'' along thO I[XiS OC pr'ojeCtiOn1 Mid Will d~ffý cI'l quH,, rlpidly aIs Il1w viewingp nlic incrases, :way
h'orn the axi~s. Gair. is typically I .5 to 3.0 (1 S. I 959% .

Figure \l- prescics the elkl; ICI1c\' (fl' -\,I] jws 1\ pe, oSclecm! ýIs a hiiiitioii of' viewing angs~le.

LENT71CU LAR

'10 BEADED

-Vieiu A&e

NIP.
AUIEC 'MA!NGM"I[lie~ ~ ~~~~~~2 Vioei rzdb AiIumiitcAm' u lc~l1maliipI ec Y'o isll

ti~. ang n boinsiial ld i .ruzi -~iie l ze loiN n~ . e mr:li' I ii i lu (J Iid 'iliifl~R
nu, o le ednr zon ii tmc tl*'amml ~2i

Insi ih~ssie n nt en cI i' i.Imjo a I~Izn'iN h.liso ldI~eOiiSal
theaers.thecritria r ohiuzinii *~ c' ai pi~~e.I~c '~zeensl~tildcoveum .li.......ngoh......mi
arraiiguiicRtM

1) i\N It iIle .i Ii iii i nI ll~ l i rnd1tai'slu\e i0gsnl10 2 30 10 5
~~~.it~~~~~~nAGL OFF PROJntai'\i~ ~. im .nE CT'IONic' AXISi. (DEG) iilcir V

Ulin s vieN imAll"I forI I alFol rde1o cen



2. ANGLE at which the screen can be viewed maximum.

3. STAGGERING or stepping (or both) of seats so that each prrson, has as nearly unobstructed
view of the screen ias possible.

TABIL.E VII-2

SIALL SCRFFN VIEWING I)ISTANCE

TELEVISION

Viewing
TV Scrcen Distancc

9 in. 18-30 it.
15-17 in. 30 in-6 HI
17- 19;i. 6.- Ol0
19-23 in. 10-201t

21 1.30 20-30n It

MOVIES

/ ABSOI. UTE
".-X" MINIMUUM

6 W MAXI A',)
FOR SATISF.Ar;TORY
RESOLUTIO1

Figure VII-3
Large Screen Viewing Distance

VI 1-5
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'SUMMWARY OF TV AN!) PRiOJECTED DISPLAY DATA* arlriicantyiayaceedumi

The following is il xmil)pihiatioll ot ke.y performanceChrceitsan Iial aepd1111r.
-- cal values for TV and projected displays.

*1. Symnbol size (minimuin visual angle) -12-15 minutes ofa ac

2. Resouti Uon (minimum in numer of-Il' scan lines pei' height of s~inbolic characters for ado-
quate recogniition) -.10

3. Stroke width) to height ratios 101r sybis I :6 to 1 :10

4. Character Width to heighit ratio 0.7 5 should be closer to 1 .0 it' diisplay is to be viewed at
large acute horizontal angles

S. M isregýis tration (maxhimuim acccptable lor additivc color mixing) ±65"ýc ot strokewliidth

6. Minimum C'amic rahte for display 0o' continutouIs motion 71'- 15 frames per second

7. Gjeometric distortion - displacemenillt of' any picture element should not exceed 12%Ne (opti-
1mum11) of, picture heigh trom true position: alireptable geometric distortion is delrhwd by disp la~y appli-
Cation

8. Linearity ±x Pe' acceptable. 0. 2'/ de~sirable lidependling upon application)

9. Disp lay aspcct ratio - L onmmlercial TV standaIrds CAll for 4:3 width-to-bc ight ratio- :5:7 or
2 3 are- !-01011nIllell(deld for PI'realst eC~ihilitV

10. Acceptable bandw(hidth -4,0-10 M [i.

11 . 'viewving dist~ance (tor i ll ividw ldl Iisplays) 18 20 inchecs. Also some times give i ms 28 inches.
because this is average armo reach. For 28 inchies the size dimensions of anl optimlal Console display would I
he height -13 inches above eye level. 20 inches below: wid th .20 inches on either side ol tile sealI

12 . Viciiiiinmird tlot less thanir 30' of) f perpendi1cula hi xis. Fcor console- displays. 300 down
from111 hor i .o0n t a 15 e ithe cr . d t o f d ire ct ine1 ofI s ighIt.I

13. Fiheker' dix.pkly pLlISe Fate should he comlpaltible xvith (FE tom the pm-ti-mia lopllori and
driver coollcinationl being utilized

14. lDisplay bright tiess l ine brighitness of' 50 ft- L inl normal ambient, l ight ing (lowver in tensi tiesI
wvilt be req uired to vtrv l ow am bien t I igh, levels)

15. Contrast riiti() 9)0"' (optimlal)

1 6, E~q ipm-en t response timec Ahould be inl te range of, 2-0 seconds: most desirable woulId be
les% thanl 3 seconds at thle display station U

SI-rein Mi'isici mlid sliiivall (Iih)0)
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CHiAP'l-ER Vill

TheQ nwatenal Col. this' liapter. was excevb.t! ; g.'narily from it i tliv:- old but thoirough study
1.0(1 idcteŽd by humianl hi'ctors ':i e at 1m Uemedfix Aviat ion ('orporal lion. Radio O )visiofl. J13kenli
1959 ). Once again a Change inl .ylc is evide it since this vwas primarily Nwrittu.n als ai rescalch report
rathe thanll al desbni~k gu iLk. Ilk Ivever. 01C si'lec Im' material provides a well-balanced handli mu 01 an areaa
inl which Considerable confusion liag prev"JIed. Its link to illuminiiation is direct ill that there alre 1Cincteased
reqo iriementz tar la11m incne a nd/or Contrast wvit~i clecre-icas d.isplay legni il ty . Furthermore, in ui hopt iial
eiivironnment.ý. such ;S airera ft cockpits, ,,imulItancous attention to le-gibility and illuimiination is leccess-
ary 1,t01. o stint111 viewing.

_korial exce-p led frtom i other sourices is so indicated.

)F FINITIONS

I' has [well repaeatedly found tha~t contu'Lsion inl enn aue itcl a11ifil" I~I-1i;10 1i ilulln 10) i)', 10ost M1
Wortlo s to coinmimmca te ideas Concerning legibility olF dIis plays between thie clistomler, prime contrtak Iors.
subeoti tract ors. and vendors. [he following termis are (lt, heorst olle nders andlk, 1Chenc, arie hereN dd itied_

1.Visibility [lie qulality, 0f 11n item v.;uieh ma kesý it se~parlately visible from its sur1rou nd ins
Ani example lnav be taken from thie apbt.The letter -B- hia' 'hlree hioi oilotl sI jokes, with twvo

~lx~(~s e Iween I a kiitg lve lenld sin heigh-lt to bu seenl. l ikewise, it has; VC'ert le t iokCsiat Oacti Sidi,
and a Space between whlich ninke, dilree elements in wid h, to be seen. It' these three wvid th eCImine s
andi live heicght elements caui ibe distingulished, we may saNy that thle elements o1' I he letter are visible.

uuvnCl as, 3:5. Nor~n 1 11 humanl visionl under average lighting canM See an lil 01eCt St1iClcndilW ', VisUa :1ngle of'
I liminue. IP lollows t ienl that ai lottker to !)( visible as af letter must he 11minutes" of' visual anigle in
heic'Al!. i his is annul i /(I1th ol, amn clh at linormal reading"' distanlce. I Ihis is a1 threshold, not at recoinl-

2. Legibility thle LI ialility 01' a, letter or' num11eral which enlables the, observer Ito positively and
qtil',klX den~t il'' it to thle OX Alusion Of .111 00ther letters :i'd nume11rals. 1"Ia Ticure VI Il-I it cial I),, ctc.1 I I\ sccil
thliat LIiffre ilt type. Styles possess difterent degrees ot absolute legi bil ity.

31 R.'ad:.bilit I - ll1110V -2 WaIs piepiiedl originally asý in illustriiioii of ", stiuti of11tie
Ahortcmo2ts ofiavailable digilil iiidicator3 il thle matter of recadability. ill essenlce. readaibility. amyN be
doleltiuud it, 'these qualities whichd contr11ibuteý to eaijsy r-ecoplni t oll of, w\ordls and whole numb11ers. INote thail
Ohe sfwlll nume!,rals ot, the lowerl 601bt lh~iiid groupIII a(re most ealsil',' readabfle as a whole numb111er. Among
the IlifiN~ a I',COrsN nvi\iVkd ar~e spaicuing 01 tife ndN iv utal characters, spalcinig ol, \kls OrliS.Steing of' Il ine',
t ind i'i I o of ch' liii rae1 a rea to ha ckgrounad area. ý

t:_uve VIII -3 4iow,, the distia"ct inl betw~een readability, anld leibi-ility ill that1 Hiic uai ot
meAdibtity is mlitaiildy deter-mined by thle diliviiesioims ol siir-rouiidliiigs of theý in'dividuali dliara':tcis inl re-
lilliol !o olithedrachrlters, wheý_reas dice quality of le~gii~ilitý is 111ma111%' deter11iumndIC m th\e1 kitiniei';ilNs :0nd
%1\,'(, the 'Itainter ilself

'.( lwilliL Ivp A comlposite o a1 ~~it iui ot di.' ioniury deleiiuitkios of the word tolm'
Jiw )"oila. inl Alnemica. it mea0,ns 'aycharactAer WhimHI is Of inlomim stroke, widthi min whose

(I Ký l"A t'Of uimitL \\i t1Ifou icct a( l ioiw;ii or. C1,ibelli:,hiiciits Cal led 'scl its'.-' 1i priniter's 1alanI 'mck 1(Alsk inl-
c1ilde .1vies which hiave, verN minor sci it's dlesivgned t10 PrVOILIL' VeryV sIMarp teradnat, ion1S. thItSI i. a retem

tIL to(,oppeit'plate ;o~liie ýts Is, T[his Ai verican dlelinit:11 is.' V,%Teleil (It! licI ;11d tlhere ill AI.Vi'I iiii~t'i

\'Ill -



Airpori Wack 1~~ H4 23,t-57890

Franklin Gothic ABCDEFGsIfMLMNO 12345G7890

Squire Gothic ABCDEFGHIJKLMAN 1234 567890

Futurn Demibc~dd ABCDF.FGHIJKLMNOPORSJU'vlW 12.34567890

Futura Mediumo ABCDEFGHIjKLMNOPQIRSTU 1 234567890

Tempo Med~ium ABCDEFGHIJKLMNOPQ 1234567890

News Gothic Coridne A 0C D FGiGHIJKLMNOPQR.STUVWXYZ 1234567890O

Tpmpo Pold Condcied AACDEFGHIJKLMN0POPSTUVWXY 1234567890

,:,ýIic MadUum condeinsed ACe. 'iFGHiJKLMNOPQPSTUVWXYZ*A 1 234567890

Figure VUIII

HA 110 - 0.072
0101 UAL :NIICATOR

iF~~[ FBI I.~G__ lro 01

L ~ ~ ~ ~ ~ ~ R'i 0.1L20H,\L~4R~~

RATIO O.C! 4 _

ALPHANUMEPI(.AL INDICATOR iiiiiii
OPTIMAL DESIGNIIA i t -.33

"Cad bilttof i~t11 11( i 12o- y ialDsl rbe



READABILITY "

----''- =---LEGiBMUTY

Figure VIII-3 ;'
Dimensions Which Affect lReadability and Legibility

Spec itfications. Unfortunately, hlowev,.r, there is another older, tra•ditional definition. In the -traditional •
dein111itionl LIsed both ill America andl Europe, Gothic means u,;l about everything that die. specification
(lel'inition does not. In this old definition, tile strokes are not uiniform, the strokes never terminate if] a -
rectaar-utar form, and serifs are all over the letters. The old English Gothic is ou!r familiar Christmlas
style Much confusion has reCs1lted t'roml stwch ; loose description 0or Gothlic. bUt many earnest and coin- --

-... t..t - 'l* p'uts g c w' s have gr':tef'ully aCCCI)iCt' 11 iht' ,Sig ai tude i i miMC '1'0such loosen~ess ilS 1, ro- =•
vidod thecm in solving dif'f!Ccult deCsignl problems. :•

5. Frinter's ternis ofirmeasurement -- It is not necuss;ary to go into -ill the terms 0of IleaSUrell-eit
used by printers, Nit 0110 term-, tile "pore., has cMIUscd mLch1 loss, o' inforPmation inl communication be-
tween interested parties in the field of dis'llays inl eqUipmI1.•nt design. The printer's, "point" is 1/72nl of'
11 .InchI. WhenI Iused IS a Unlit Of Measure it Ine"Ils just thaft, bttt \vheii used .is I measure of type ,;ize it

111c ',S tile si/e Of tile slug Ul))On Which tile chal'acte_. is: Ca.st. Figtur Vl-4, shlows that tile point mle,~i¢ --,
ment of the slug makes provision for lower-case characters to des,.xnd below the base line of the cap- -.
itals and also provides spacing between lines. it can be stated ats a .eneralfd rule that :a close ap~proximation :-7.
or charat~ter hecight (:xprusscel ill points I~lly be Inatle by Con~sidering the point as being !/100th
rathei thiall lP721d or an inch. •

_•---• -'KX .FETTER HEIGIT -

DESIGN~ATED ... " SEP.IF

OýSCIFNDE|R

-Figmre V II I

TIe Mea i",, ofu a nd Erop G ao s th sc d m in justcliniab Type Siec

ni et s

rectnguar orm an seifs re ll vertheleters.The01( Enlis Gohic s or fmilar hritma



PREFRREDGOTHIC SYE

A few of.'ie Gotitic styles are very archaic and Should never be used. A tentative selection of'
p)refi-cird styles im~y be made. arid such a selection is shown in figure VI Il-5. A number of differenit
names have been givini to identical type styles by various type founders anld manufa11"cturerCIS0' ofllacincs IIi
and niaterials for variouIs Methods of preparation of copy for displays. FigurceII- inclu~des prc-
liminary study of such eqjuivalents. A complete and accurate tabulation of' this data onl equiv~alents
should be ni,,de for gu.'(lanCC Of JMrocuremrent and inspection personnel. Many im;,-hours an]. dollars
are being lo-it by lack ol'this concise information, and more imnp'irtanlt, rcjection of excellent work has
been known to cause delay, ill order to procure less desirable work, all because of lack c~ clear delIll-
itions of specification termns Such as Gothic, point, width-to-height ratlos, etc.

0 ~VERY LIGHT STYLES I
Futura Lighit AEBCDEFGHIJKLMNOP 1234567890

Futura Light; Headliner No. 48

Lining MetrothinI

metrolito ABCDEFGH IiKLMNOPQRS 1 234567890

Sans Serif Light A8C-bEFGHIJKLM1l 934567890

Te.mpo Light ABCDEFISHIJKLMNOPQRSTU 123,4567890

Vogue Light ABODEFGHIJKLMNOPQR 1234567890

LIGHTr STFYLES

Ftitt'ra ttr~c,k ABCDlEFGHIJKLI.MNOPQRST 1234567890

Spar-,wi Mw~k

Saw Serif Medium ABCDL3FGHIJKLMNOFPQ 1234567$

Sam ýer! Memuju Cond, sirl AB( D EFGH I K0 HiMOP 1 2 3 45 6 89 0
MediumAI3CDEFGHIJKLMNOPQ 1234567890

MEDIUM sTrYLU-S

F--tura M!; j-n ABCLDEF;I-IJKLMNOPQRST 1234567890

Ag ,dor r Cothic; IHeadlin,.r No, 50; Spurtim tylediusn

IFklujra h 'jdivrn Condunsed WUMUlA CONflENSFD otndefghiijkln 61%

Sanns 5vrif BnId A BC D EF G H 1 2 345 67 89 0

"Figt ro VI 1-5
Ten tat ive Selectionl of, Prcl'erred sIx'lvs I equ iv~.lAkti s inidented)I

V I i1-4



heeare oecas:oln When wide characters shoul.1d be used. A typ'ical example is at digital indica-
tor using at wheel or tape to carry the characters to at position Ain a window. Ge~nerally, wheel diameter

- or tape ýen~tli is !e stricted. This means limited character height, buit space inl width is uIsually available.
it is u:MdOUbtedlv b~ecause of nonavailability of legible extended numnerals tlhat specification MIL-P-7788
suigges,,ts extei~ded styles for letters, but wisely sug~gests nonextended styles t'or numerals, even though
extendeel (wide) numerals could be superior.

DESIGN OF TRANSILLUMINATED NUMERALS AND LETTERS*

TranIIsHI1illuiatecl types of displays require special height-width and stroke width specifications...
Special care n-ust also be taken inl engraving the sandwich materials, for the slightest variation inl the en-
graving depth makes it great difference inl the brightness of the emitted light. Designers are warned that
the thickness of commercial'y available plastic sheets varies considlerably and the engraving techniLque
ordinzoi ly uised will not give satisfactory results. Engra,'ing depth must be ,neasurcdfromn the opaque
t0t) .surjartc'.

L~etters shouild be 1ll cap~itals, similar to Fu.ttura LDemibold tj/lc or Groton E7xtended engraving.
Numerals should he Simlilar to Fu'Lturla Medium or Tempo Bold type or Groton Condensed engraving.
For stroke wvidth and height-widlth ratios, see figuires VIII-6 and \"lll-7.

:AE3C-D

.. E .. H...

FiguwIV Vi 1- L V~
Recommended No merals for Lngraved Leocilds

Recommndieude Letters fIk Engrav1 ed Lcgends

L~ett"..", may hv reducexd inl size to a heiglit-wvid ti ratio of 5:3 when hlere is nlot So fliCient
ortc ~) thQ fI rtio shown.

I;~ ~ ~ ~ ~ ~~~~~~~~I v :I1e toi ovm Ii5I o~vi9



EXPERIMENTAL PSYCHOLOGY FINDINGS

Common sense would! norutally suggest that, (mice tHe most leile type style has beenl genera ted
(for example, Futora Deinibold), zi would be best fOr all condi to~i anci environmenrts. The stroku width-
to-letter height ratio or in nto Draleniibold is Thbout I A. Is this optimumi for all types ofI display? kx pen-
mienhI by Bey rgr iclose soni,. a teresting informiatIion.

using a suris or stroke widths, Beyrge found tHot a 10-nm mnsroe wxas best fOr blac letters on a
white backgrundx. [his is a in8 niaio of troke to height. Fur-ther, Berger round that, When the characters
-were Whie on a black backpirOund, the -greatest distance for readlirlp was achievwd with at stroke width of
6 mmn, appro.imately 1: 13. IHowever. be fore eoneluiding that the 1:6 ratio of' Futura lDemibolcl for white
letters on Hack recommended lor airborne control panels is incorrect, many other factors rlust be
considleredt. Bergeir 's vx,1erinien Is dealt NOTl optimal conditions of ligting. Military aircraft lepart
de!i berately fromn optimal lighting, pdriintrlv becan x the-re is an en.'niy. Coinmercbat jilwt also havz an
''enemy'' and dIeviate thon optimum comlditons ol oock1)it libgh ti:'jg to ])reserve their viSUal acuity for
night flying ....

Thnis phenomenon A~ whijte letters on black requirning a iiarow~ r stroke than blacK Ict tiers onl
white is a f'aniiliar one; whi t areas look bjygr tHu d11(ark areas. D~arkness can not spread into I igli t areas.
but Ilight can be dlispersed in to dai k areas,. [ye ry `zwt

0 1
. -;ueh as had eyesight: air, dust, or smnokce inter-

yening he tween the dispay and Mhe observer: vib'-,tion : nervous stress: tc causes thle light areas to
appear larger than they ace. Ilbis ci feet is more enlianeed as the ii ten ..i ty of' thle light is increased..

Just as it canl be shown that ye ry thin strokes are requ ired for very highIly lumninous chiaracters,
it can also be dlem onstra ted that very thick strokes arc pie~ct erre or black let e s oin a very hiigh ly l u mln-
otus buc lpnounid . This call be illurst rated! eaSily' Wit pl ~ojLc ti oii slides. but not Otil thle priniited page. ...

A typica case of hyl Sg: luiini otis bac kgioo nd is a wan i g lighit has' ng its label ongraved diriectl y

oin tile k nis. Huere thick strokes are (desirable. buit there is a prac-tical l imit .

L.OW LEVELS OF ILLUJMINATION AND CONTRAST1

A\s illumination (or cont iSt) is icdUC'd. thick letteris becomek relatively more revdahle thanl
thin one,,. IThis is trIte or1 both b-iack-on-while or whitil-on-black.

It has been determhined thAt for uptinal levels of illUmlinatiiol, White letters On black' Should
have a thiinner stroke 1 : 13) than black IWers on white ( I:T) and that this ditierence shold increase
as thle light intenmsitIy is increased :"roin I1:S to K100(J (a 20-to- range) However, as the Xiuiination is
reduced Ir' iii opt iii utl aid thet coiiseq ucit I :oilt Irast is reducedl, a new rutle Come', il.0 to e fleet. T here

"sem to he a cotviiion lne-etIillg point at very owv levels of illumtination~ and cIkato i ~tiiti
stroke \vidltlt for both wliito-on-bflac k atnd blac k-on-wiit e chariaecters, Thle Conmple te anisweir hias not yet
betil round, but it iseqWpIled that the aivwer is in the expierimiental data which have bevn accumulated. .
Ilicirc are good re.ason:, t' xe c (hat tho' da hi will dIisclose that, for Very loW colt I aSt or VerY low level"
of illumititation. the Imost inipoi au ll 'acloAr c'ontrolling lqgibihity is area lIIIe nilaxlinluni legibi~ity being
aIchie'ved Whent l11e 1-1iar. Icr area is;Ipprnxitiiatlel'.-qual to Ilteý itieitly s-urroIid int- backl!roun1d
areas..

VilI-o
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LEGIBILITY AT GREAT DISTANCE OR WiTH SMALL-SIZE CHARACTERS
There are g-ood reasons to ex pect thle data to disclo,;, that, although strolke width is important,the most itaportan t lfrctor govert- uig legibility ot'distant or Very small type is geomletric fromi. S)om~ewhtiais With low ifjlilitina onl or contrast, smallness of'size is a visibility proble-in [hat is, canl the sepai atedclmen ts of thie chia racter by which it is distinlguishe~d Stlii be Weln? It is ObVioULS that, as size is reducedto thle point %where thle eye canl no longer separate the liv-e cluenints inl height and the average of' tii rvcvelenien ts in wvidthl, there is still a pat tern Of gelyoinetric form left whecrein it becomes d iffic'Iit to nai~eSharlp distinictionIs betwen iticliVid Ua characters, bUt woccds can still be recognized. If' thec individli alChaiacrei-ý7S can be mWade So ft~cieirtly distinctive in geometric form, the downward range of legible sizecan be extended~.

WIDTH-TO-HEIG-h- RATIO

Sincere effort hias been exptndled by exp~erimen tal psychologists fo deýteni inl an1o)tim1.11 mWidth-to-lieigli ratio. T l'ii.etort has beeni-c rwardled wvith a valid f'inding that available styles are too narrow,T he es pe -lwime .iilly derived optinr urn wridth for1 certain charactors appear-s to be of the oader of' 1 .3:1 .6tgrea Icr inl width than Ill height). This is partly beca use m1anly displayVs MUSI uste Viewed(I-01 ',Iom an U fWlavrablnrgle, which a rtificially reduces thle lp)aMlrilt Width, an1d iS alISo party (ILIC to the f'act that there isopportuinIty to em lphosize thle distinctive 1eattires 01' soln characters by extension of' thle geometriclpat tarns ill NWidtl1.

1:1 mnatters of ;)ruloroiton (lie in odern1 designer bo~ws inl adnira lion of the designers of 2000years ago. T he classic Rom ian alphabet shown ill figureC VII 1-8 has never been sarpamsd lor beauty. 1Il-,eneral, thle vertical strokes were m~a(c, thick a: ordor- that they would remain visible- at wide viewings'h~ Wihcr i ar s.we successive ve-t ica! strokes occlir, tilhe 1in.st silfc" j -'-n ee l~c dmmr Ihichviiung. A natur-al p~atter'n Was 1`6llowed. If you wilf vislualize yourself as trricing thle cha!'IctersI'ron, A to Z. You will l'ind that tile nlatural Penl Or brush strokeS youl would make ii, an uplwai'd direc-tionl,. nd laterall1y, are. thin,. and 'lhe natural downward strokes are thick. Thus. the Ronmans enhancedth1V teIIihilit t hi aciecua inscriptions Without :,acrificillig onle hit of' their clas"sic beata !y.

A BC

('lassie Roman, and the "Thick and Thin" Design

'/111-71



Getting hack to width-to-lieight ratiOs, 011C shoul( be very skeptical of' acepting fi.,ed notions
that this or that ratio is best for all cIar'icter', of an alphabCt . The mos. poor' legihich' styles are of1i -l

the result of an attempt to "horse- tl.e design into a stan(lard ratio and all 01 the most legible type styles
are the result of purs,,ing goo(d geometric expression, Utterly ignoring any concept of Fixed ratios.

The character"O" cannot be madle more legible by departing from a perfect circle. The charac-
ters "A" and "V" .:annot be made more Iclei le by departing from the proportions of' an equilateral tri-
angle. The characters "C," "D,'" and "B" -re rcýognized by their semicircular construction. Some gain inllegibility is possible by widening th"se characters as required to preserve the scenicirculalr app~earance :

over a wide viewing angle.

COMMENTS ON SOME PROPOSED STYLESTihe NAMvIEL style of nomerals was ba:,ed partly upon a study by Mack,.vorth iin which an old i

and a proposed new style were compared t(ce figure VIii-9). Mackwoith altervd the geometric form
to ga~n higher legibility. With Mackworth's new style reading errors were reduced (o about 50 perFent
of the ;aading errors ,with the old style. It is lair to note, however, that the ol,. style used for coinpari-

so n was rather poor.

[I,2341 678T 90

rJ 1K'L[M NIOrPIQIR1 '•SI UVWXY7T iA9

NFVW DESIGN

Figure VIii-9
Mackworth's i \xperinenl

Anothce cxpcrini'nt L•icd n miul.tas ()I very ri( lical (lusig-i. [vpica , loif ms arc shown'll iltli gui
VI11-10. Wihll this dul ýgi,. errors werc rttliiced lo mIc:ri ".o. As in cxpj riaet thisý was - notable one.

V !i l .,I
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1~2.3 c.A
Figure ViII 110

A Radical Departure in Geometric Formn

The I)"iiciple~s of legibility usedl inl this, experimlenit were sound, but to ouir present sensibilities, the char-
acters are rather shocking. .. It is fet thlat the principles of this experiment can be Uised to dOWeot)
plea~;i ng, acceptvble num111erals %vith a very high degree of' legibility.

EXPERIMENTAL METHODS

We believe that the foregoing sketchy diSCuISSion o1f the probIlem1 anld a feW of' the man1Y exper]-
linen ts wh~ich have been perfocilnec will show that legibility cannot be m1aX rized uIsing onl1) onle style
of lettering, however good, for all ap~plications, For exaniple, no evidence has been discovered so far. to
in1dicate that tHe Fu~tura styles recommended for airborne Control panlels ale anywhere near. Optimal.
Yet, Other Valid experiments, not I; SCuISSedl show that there is no0thing comnnerciaLy available which is
any better Iom the peculiar conditions of both day and nlight flyfing". 'I'lls is just a single fact and does nlot
it, any sense i ndica te that Fu tura is thereftore op~timal for all displays...

It can be shown tha t legibility andl( beauty aire not synonionious, but it also ap~pears that they
S': 01. d1 be close cornpartion-s A desirable goal ks to (lein nstnaice how a! stý xc 's highly !egib~c "is studiesJ4.A
I ',Ve shown1 is possible can be genera ted and still he a ttractiv.e anild acceptable as a pleasing exainPic of
mode inI1 ty pe deSignl. 1-igure \! Ill-I I ri. ierseultN a start inl this drcii

2134S67890'
i12,456789oA

i:-34 67890

Figure V111-I I- 14

A Start Towa (I Higher LegibilityU

SPEC I FICATiONS

It vvQi wi~li to look at the octailed requirements of" the various ip.ClCiiat~olls . . . You will finid

pt.1p l(voil would like to ehaiwe. a few words or iadd '"oiae Clarifying niotes onl thu- basis ol the ConlI

wlln (, ýL:)i.2ilw dli~ciissionsý. 'I his ;N) ml~iCt' o, ci ioi to hCIi' and inl the sp~ecifications, biut
ither tl"onv 'e rroncousý in!feRAnCke ciulUd easily hC MAde hr )11 MhAt iS Salid for1 example'. N4l-'Y/5

V1 I1(, l-7



appears toipythat nueasshould haveihne stroke width than !eters The exermeta data
-show that white character-s onl black should have thinner strokes, Theirefo)re, it would be desirable that

the lette-rs also be thinner. B~ut, till -ortmi~atelv, the available thinner style letters have a haul t. The A, MI,
N, V, and W have pointed stroke terminaitions, caulSing poor apparent alignment which, (flue to short-
comlinlgs in the printing processes, often caulSes ver-y poor results. Thiis specitzcition also appears to be
saying that ietteks should be wide, I : I ratio, and numerals should be narrow, 3:5 ratio. E.xperimental
data show that all characters should be relatively wide for' maximum legibility. What N4I L-P-7,788 is
really saying is that, there are wide letter styles available which are sa :fishctory, but in general, existing
wide numeral --tvles, have poor legibility, MIL-P-7788 further appeal,,, to be imnplying that uniform width-
to-height ratios are desirable. If so. it is a mistake, dlue, probably to thle 1111biguouIS nature- Of Some1 expeCr-
mental data and due to the fact that uniform widthl characters "look'' more orderly.

MIL-E-4 I 58A, Ge'neral Specification ftir Grouind Elecronotic Lquipnu'nt, says, onl thle subject of
lettering, "Vertical Gothic, minilmuml height 3/64-inch. ..- Experien~ce has showvn that such at low
mlinim 111.111 is absolutely necessary in many cases. This is quite ,, "touchy'' question. Design enigineering

k ~organizations must me~et somle V'ery complex problems and, in order to mecet customier needs, mnust
get equipment Out Onl tile shipping platform. It is a hum11anl engineering objecttvc to put sufficient infor-
mation before procuremient officers, dlesign engineers, and government inspirction officers to allow themI ~ to determine it the customer needs have been met. Howevei , some idea may be gained of how wvords
look when they arc mnade upl ot 3/64 inch le tters fromn the fact that this is thle size of' the smallest type
shown in the book of sani~ple readings an oculist will hand you to read with your new glasses.

Ini spdC~ of' ihe wvork that hias been dlone, there is still room tor improvement in type dcsign. The-
word Go0thic should0 never be used in specifications when it is desired to dlefine a cer-lain type face. Use U
of the term point should be avoided, with letter heights specified in inchecs instead. Thcr!ie is nothing to
be gai ned by speci fying wid th-ro-Y"; t ratios; spc~ificalionl of' it suitable styie is a1 mnuch move produictive'
step Perhaps most ~nmportaiit of all, stroke width should be dleterm inedl onl the basis of contrast or of'
one 01 acosiitreae to it -illumia tionsize, *Or timei of e xposure [i latc
table Vill1- I

TABLEF V~il-1
;KRECOMMENDED) PRINT STYLES AND) STROKE WI DTHIS

Conditioun Variety nil"Sivlc Stroke Wi~dthi

LOW lCVel Ot ililunninainuil Bolud 1:5
Low con! iasi with Inackgrounnd tBold 1 5

i.., nitrast valuec of 1 .12 '11 il~l
Black letIc oCil Wh1vit e Mediumii 0old 11luditifl 1 3 to i:S

While letters oni black Mudlnu'u light 1.8 to 1 .10

Dark letter, oni ilimionnjated
backgroun Bold 1311I:5

Illumin;ated Iletter% (in (lark I i 1

IliglilY 4111011011S let',r-s Very ligh! 1: 12 to 1: 20

Charin ctc rs t o b~e readl a great
dlistances or of below IIit~t

Sie oldl incdiunm buld 1:5 to 1:6
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Letter height as a function of viewing distance and illumination levc1 ` is givenl in PIure VI I- I 2.

(MINIMUM SPACE 0ETWEEN CHARACTERS, 1 STROKE WIDTH;
BEIWEEN WOPFDS, 6 STROKE WIDTHS)

0.8

0.7 --- _ _ _ _ _

0.3

DO,1

0 __J _. J_____ J.W___ _ I 1L ... _ _•.
020 40 60 80 100 120. 14016 10 200220 2"

VIFWING DISt'ANCE (IN,) ••

Figure VIll-1 2

Letter Height vs Viewing D~istance and illumination LeveI' •

- FOR INSTRUMtHNTS Wt E[RI" THE POSITION .')F TH-I NUMLRA!.S MAY VARY ,•N[) TFI E I-
ILLLUMINATION IS iBETWE-EN 0.03 AND 1.0 FT-L. '
- - - FOR INSTRUMENTS WHE, III:.I: lh POSITION OF' lIlE NUMFiRALS IS FIXED ANI., fIll •-
ILLUMINATION IS O.3.1,) FT. L, OR WiIERE POSITION OF Tl'lE NIM[-RA LS MAY VARY AN-D):.
TIlE ILLUMINATION E:XCEEDS 1.0 FT-L.. ,

-.... FOR INSfIUML:NTS WVHl'RE TIlE POSITION 01' lTi IF NUMERALS IS I:IXEI) ANt)
THE ILLUMINATION IS A3OVE 1.0 FT-L.

* 
1
i lolF b~tkibvakll e' ;l (i '70).

VIJI-I I
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Chapters IX through XII present "specifications" covering lunmaii factors aspucts ol visual
displays. I'hey are almost entirely from M1L-STD-1472A.* For auplications where thOt specifica-
tieon is not callod out, these excerpts may provide useful benchmark data of interest to display
designers in emphasizing proper man-machine interface. 1

I X-iI~I



CHAPTER IX

VISUAL DISPLAYS - GENERAL SPECIFICATIO..N REQUIREMENTS

GENERAL

Visul1 displays should be kitilized to provide the operator with a clear indication of equipment
or system conditions for operation under any eventuality commensurate with the operational and
main tenance philosop~hy of the system under design (see table IX-l ).

TABLE 1X-1l1

RECOMMEN DATIONS FOR DISPLAY LIGHTING

CNIINLIGH VING BRIC-illNIESS BRIGHTNE_'SS
OF USE TECHINIQUE~ OF MARKINGS ADJUSTMEiN'r

Indicator reading.- Red flood, indirect, 0.021-0. 1 Continuous through-I
clark adaptation or both, with oIper- ou t range
necessary f at or d.ioicc0.2I( Coinust'

Indicator readiing, 'RtxI or- tow-color- 0.210(01iIILStruh
l dark adaptation temperature white O)trlp

not necessary but flood, indirect, or
desirabe hoth. with Operator I

choic'

Indicator recadingc, White flood 1 .0-20.0 Fixed or continuouIS
dlaf adaptation I

not necessary

Panel mon01itoring, Red edge lighting, 0.02-1 .0 IContinuous through-
(lark adaptation red Or Nwhite f'lood, I out range
necessary I or- both, with oper-

Panel moitoring choice

Pnlmntrn.whit( flood 1 0.0-20.0) Fixed or conltinutouIs

inot necessary

Possible exposure White flood I 10.0-20.0 Fixed
to bright flashes,
r'.stricte., daylight

(h1art reading, h Red or white flood 0.1-1.0 CO11thniioUS through0-
clark adalptation I' with operator (on white portion out range
nececzSary choice of chart)

('hart ruadinw. White flood S.0-20.0 Fixed or c(,mtniuous
dark. adaptmttion
1101 lic! .. sSa1V I
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Display Illumination

When the degree ofr dlark adaptation required is tnot mnaximumi, low-brightness white light
;preferanly integral. adjustable as .ippropriate, shall be used; however, when the ifaxinluni degree
or dark adaptAtin is required, low-brgihtness red light (greater than 600 nim) shall be provided
(11rn nialnometerls).

Inform~ation

Contant The information diplayed to an operator Mhall be limited to that which is necessary to pecr-

f'orrn specific actions or to make decisions.

Precision. Information shiall be displayod only to the degree of specificity and p~recision rqireliId for

a Specific oper~ator action or- decision.
Format, Information shal be presented to the opcrator A; a (lieetly useable form. (Requiremients
for transp)osing, coin-.J)Utirug, interpokatingy, or mental translation into other units shiall be avoided.)

Redndancy. Redundancy hin the display of ianfration to a single operator hAll be avoided unless it
is required to achieve speci fi-oxl reliability.

CornlhinedInformation. Information necessary for p rforining different activities (egoperation andl
tron bleshoit i g) shvall not simuLdtaneously app~ear in a single display unless tHwy are vonpwa tab e uc-
tions r'equi ring (lhe samte information.

D~isplay Fam1ilreq Clarity. lDisplays shall be so dlesignedl ahat faiur ofr whe display or disply cit'cui will
be imiimedia tcy apparent to to. opirator.

Dispolay Circuit Failure. Failure of thle display Circuit shall not Cause at failur'e in the eqluilpment asso-

Unrelated I~akns Tradeniarks and compamny names or other similar narki ng nvt telatd to tHie
p~anel fine ton shall niot b(e disp~layecl onl the p)atel face.

Location and Arrangement

Accuracy. l~qispys shall be loca ed and desgned. so that Owly may bR read to the degree of accuracy
required by persomi' e in the nomloperarting or servicing, )o.sit ion

Access. I .d~der>.. i~pplevmen layIigh tinig. or Awl- W~ecial equlmipe flt shoul d not be recqu ired inl order
to gaiI1 .1cce's to or to read at dispflay.

Orientation. Iiisp ,lay 1acces shall be 1perpe dicul~ar to thle opeCra tot's normal l ine of sight W hen ever
teaszible and ,hall not be less than 45' Frotu Ihe normal line or sight ( i.IX-I ). Parallax shall Lw
mu1ininluhted

Reflectance. lDispra v shall be constin tehl. arranged. and noun ited to pi'e-vcnt rk R ziction of in form a-
aunl transfer' due to thle reflectance of thle alliblent illumination froml thle display co'.eiC. Ref'lect ionl of
lust rullments and consoles iil wi ndsh ields a" d other inclostiiis shall be avoi~ed. If nL'cessarv. tech nd its
(suich s hld)shall 6ke einployý-'d to insure thatl System perfo'arni ick will :,or oe de:graded.
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Gropin. A neegaryto upprt n pertoractvit o x~luece f atiitis, l'a b

111g11e IX-LM I111 (tiV.I - )

Imprtatinc. Very impu.n or c'riSal displays sh iall bo egae plsedr n -perivilnced peowiin l the opt eqimum

groupetd vsi tether. ohris ihlgtd

Fusitnctio andll Sequence.t ltisplays shall: bearned cninsrelain to one anothfro alflccriong to thir[seuenc
iii USC O the,1 fuiti llnal' rlelaionsL of hcomoet te ersetihy hl earagdinsqec

Maximumi f ieinunlgrop wheneviewingsib ane to provide a iwiog flow cros et to rhi! ss~ociatedt c'ottlol.

limiedun of Use. displays O5Cid mslilnt fexceently! snhoul:b grope 1 cm). Oterise, n lc therisn optai-ul

1:Itportace. thertha nin ortal tv sor ce ical(isplays shall ed tlae d in a is privieged y osition i theot ioi

cAon 3 wi:hian) nclearniuscisie rieqired hnuii. jcio et

Mini mum Viewing Distance. Ihv effective *.'ic\vi iig di stance to dIisphies. with thle except ion of Cathode ray
it (ed~l'tSec CA Hi 10D)1 RAY 1TUBEI W(RI) I)ISPLAYS sect ion below) and colimiiated displays.

all ~ce ,less than 13~ inches (3 1 ml ) dndt pretrably not less th1ir 20 inciies (5 1 cmi i

Aircirew Station Signals, Signal, I'm aircrew stat ions shall be in zccord ii' ce wiltl- MlI L-STD-4 11I.
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Coding

Tecniqes.Displays shiall be codedt ly color, size, locationl, shlape, or Flash coding, as applicable.

Objectives. Codling technliqueIs shiall be used to facilitate;

I D~iscrimiinationi between inldividua-l displays

2. Identification or frunctionally relted displays

3, indication of* relationiship between displays

4. Identiricationi of' critical in formationi vi thini a display.

Standardization. All coding~ withini the systeml shall1 be unitformi and shall be e-stablishied by agreementA
with thle pa ocunu11g. activity.

TRANSILLUMINATED DISPLAYS

LGeneral

'Tle following thre-e g"1eneral types of' tranlsilluna inlatedl disp~lays shIould he conisidered:

__I . Sinlecl- ai IcI in l ti plc-legenld lights, which presenit hin ormation inl thle rferin of' n-eaningful
words, num nbers. symnbols, or abbreviationis. I

2. Si an plc- jindica tor li~ghos, such; its pilot, bulls-eye,% andI( cv"''i sigh ts.

fr3. '1'ranSiiluna mate1Ld panel assemblies, which present piqalitative statuis or systemn- readinless

Use. Tlranisilluininate irdicators should be used to display qualitaltive inlforma11tionl to thle opera.tor-F(prim arily, in formnation that reqJuires either anl immediate reactionl onl thle part of' thie operator or -

that his attentionl he called to anl imlportanlt systeml status). Such inidicators mnay also be used occasioi;-
ally l'or malintenanceII an1d adj ustuien t fun~ctionIs.

Eculipment Responise. LightCs, iacludin thos uIse ISd hin iluminlated puLsh butt-mis. shall display equipment
re,; )Oise anld not Inc rely control positionl.

Information. i,fligts and reln ted am dicators Sh all be used Tpar nlgly anld Shall di iplay only til'it ýI formna-
dion nleces;sary for1 ellective System operatilon.

Positive Feedback, The absence of' a signlal or. Visual inldication1 sila!! not he uscd to d'enote a "go-ahea,'',I
l.'ready.'' or ''inl-foe ra rice'' cold ifii ioror' shiall such absence be used to( (;lott 't ''mlfunrMction,'' ''no-go,'
or ''outi-or--toleranice condition;. however, thle absence of a "power on'' sip l,rl or Visual indication shall
ix' acceptable to rlid icare a "'power o01'r'- conlditionl. ('h1anges inl display st~rtu:; Shall signlify chluanr-e in
kane itio!)al1 stattus ratlher thanl results of' corltrot act tratiori alone.C

Group~ing. MI ister cautitiona, iraster' wanifii t,'. andI sum!mZtion Ilighits ursedl to i ruticate thle c'ond iti on of' air
cit ireC stlbsystcl tearl rl be set apart from11 I I gil s Which show tilie sta tuc5 or' fthe. subsysteml co.-Ilpotierits.
ocx ' pt a'; In - irecd u rader thre LO( 'AirON, (CRITlC'AL FUNCTIIONS paragraph be low.

lx S

fr - I



Location. Wheni a tr-insillunihimated inldicaitol is VSSOCiatCdl With a con trol, thc indlicator' lighit Shall he so
located as to be im-mediately and UnanI ~big!.ioslly associtited with thc coatrol and( visible to) file operator
dutring controll Operationi.

Location, Critical Function-. For eritica! fun11ctions, ivdicator:; shiall be located within 15' of thle oper-
ator's normal line of' sight (see figure I X.2). Warin jg lights shiall be kill integral part of. or- located adja-
cent to, the lever, switch, or c ther con-arot dievice by which the operator is to talke action.

Maintenance Displays. Inld icator 6l1 ts Ilsed Solely for mainiteniance anod adj'mstilieiit, aid r elerre to
inifrequent ly, shall bc covered or nonvisible du tring normal equlipmenI~t operation, but shall be realdily
accessible when required

Brightness. TIhe hi ieh tncsi of transilluminated d s)ays shall be compatibie with the expectedl a mbient
1jiIm i nationl level. and Shall be at least 1 0" greater thal thle sur-round biigh tness: howvever, the indicator
brightness shiall niot exceed 300% of the surround brighitncss.

Reflection. Provision shiall be nmade to prevent direct anid/or' eflected SUnllighlt h'om making i ndicators
appear ililumlinated when., they are not. or to appear ex ting'iished when they are illuminlated.

Brightness Conjtiol. When displays will be used under varied ambient illumination, a variable control
shall be provided. The range of thle variable conitrol shall perm it the displays to be legible under all
expected ambient ilk~i mila tiOnl.

Contrast Within the Indicator. Thfe bri-fltibiss contrast ol' the figure-grouitd relationship withinl dhe
inic(iatoi shlkl: be at least 50 percent.

Lamp Reduindancy. For ineanclescent displays or f'or Other than airborne applications, lamps shall be
roided ti-tat -ncrp te I fila ilin' I rC(itilidiaicy of duaia hil hs. so that when onle fli hlim nt Or bulb flails,

the intenisity of' the light shiall decrease sufficiently to inldica~te the ncedi for lam p replacemenit. bet
no0t SO mu1Lch as to dlegrade operator performance. A

Lampi Testig When indicator lights are installed onl a control paime, a master-uigh! te~st contrc I shall be
in1corporateld. Wh'len applicable, design shall al low testing of allI con tiol paniels at eric 'ilne. Pan els Con-
tatini ng three o.- feyer ligh ts may be des~gnied I'or inldieidL, lu l prss-to-tst bulb [C-sti~ig. WhenIL NJ e 1id prci-
e l. ccutyso1(bedsigned to tLest t he operation of' Ihe total indicatrcrut (akaatto
is al 1'actor, a mean11S 1`or reducing total indmca or circuit bright ness duirinrg test operation shall he piovided,

Lamp Remloval, Method. Where possible, provisions shah; be made for lamnp removal Ironi thle froot of'
the display5 pa net Wi tiMlomt HI leUse of' tools, ori bY some other equailly rapid al. tl convenien ic i eanls.

Imp Removal, Safety. lDi'pl ny ci rcutits Shall be des0. gued so that bulibs mlay be removed ardmc I-placed
Whti le p)ONwe Fr ijapplied without1 cauSing foitil- rcof indicatior Ci rcuiit Compfonen ts or imposing nei-sonneld
Safety haz.ards.

Indicator Covers, Legend( screen or indicator Covers shiall he designecd to prevent inladvertent io terchanlge.

Color Oodi njj. With the cxceptoion of' ii;crcw station signals, which shiall confform to Ml L-STDf-4 1 1, ana
Air Force training equiipment. which shalt Coinform !c I'l Lt-T- 27474. tranisillimminated i'wicandescent
displays Shall ~onflorml with [lhe fOllowing. color codinp schemle, inl accordanice Withm Type I ,\vri'tioii
('olor-S of'' I L-C-2.3050:

R 1 ) S11,111 he uISed to ,mlr1 an1 op~erator that the sysidill or' anly portion of thle systemIl is
inop('rdtiVV and 0li1t a1 succcsshmi IliSnissom is WAi possible: unltil appropriate Corrctfive or. override act ionl
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iS taken. Examples ot indicators which should be coded RED are those which display such information
V., 'nogo "frrr''ai lure", -'"mat I'l ne tion,'', etc.

2, FLASHIING RE) shiall be used only to denote emiergency conditions which reqluire ooev-
ator action to 1)0 taken Withot. t undueLI delay, to avert impending personnel injury. equipmnen t damiage,
or' both. The flash rate shall be within 3 to .5 flashes per second with approximately equal amounts of
ON and OFT time. The indicator shall be so designed that, if it is energized and the flasher ('evice fails, -

the light will illuminate and burn steadily.

3. YEL[LOW shall be Used to advise an operator that a condition exists which h, marginal.
YFLLOW shall also be used to alert the op~erator to situations wvhere caution, rechieck, or unexpected
delay is necessary.

4. GRUEN shall be used to indicate that the monitored equ~ipmenClt ;S inl tolerance or a condi-
tion is satisfaciory and that it is ail right to, proceedl (e~g.. "go-ahead,"' "in-tolerance,' ''ready,'"
"Ilunction aetivatcnA,' etc.),

5. WH-IITE, shauE be usedl to ilYicate system conditions that do not have "'right'' or, "wrong''
imp~lications, suich as alternatiVC [1uncti1nS (e.g., Missile No. 1 selected for launch, ctc.) 0or transitory
Conzdi tionis (e.g., action or test in progr.~s3.. lunciion available), p~rovide~d such indication does not implyv
success or failure 0f* operationis.

6. 3[.UE, may be used for an advisory light, but p~referenltial use of' 13LUE Should lie avoided.

Legend Lights

* U~~se. Leel'ihssall be used in preference to simiple indicator lights except where design consider-
atio",s demand thFat si mple nilldcf tors bie used.

Color Coding. Legend lights shiall be color codled in conformance with the COLOR CODING paragraph
abovo, and. where app'llicable. slial I be further coded as to fu nction by location, size., and flash codling.
[egendl lights requil~~ to clenoftc oersonnel or equipment disaste:r (FLASHIING RED), caution or imlpen-
ding d1anger (YELLOW), and maiwe cisumma1~t'9i - go (GRýEEN) or no-go (RED)) *- sliall he dkcriminlably
huiger. ainc[ preflerably brightcr, than all other legend lignits. .

VisibiI;ty andLegibility. In other than ofi, crew stations, and wi th the exception of waning and cau tion
indicators. 11w let terinmg onl single le~gend indicators 4hall be visible and leg-ib we ihetlIm: or not tI . indi-
cator is energiid.el

M (i at!lýLej_ ~ . lt iji e-l,;gcn ind icators (legend lpiatL's stacked one behind anotlh'l shall be
(lesig-nedl to conflorim with the follow~mig:

I.Whenl a. rearl iegend is illuminatedl, it shall aol be obscured by thev fron legends.

2. Rcar legenld pliltes shall 'ec so p~lacedl as to luminimize paralla.\

3. Ream1 IXud shal eqaol inl apparen t brt4'l tness to fron t lIcge In(s. and the con trast be-

tweena rear 1!VlegedS mli backgrounmd Shall he equnal to that of' lron t legend anld background.

Matrix Displays, Matrix displays imay be uIsed when the synlI olugy presenWlted doeS 1101 lead to ambiguity
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Simple Indicator Lights

Use. Simple indicator lights sho idd be Used when design considerations preclude the use of legend
lights.-1

Spcn The spacing betwe~ni adjacent edges of simple round indicator light fixtuires shill hc suffi- 10
cien t to permit unambiguous labeling, indicator interpretation, and convenient bulb removm.d

Codingj SimpkL indicator lights shall be coded in conFormance with table IX-2; however, thr different
siz(',s shown are in~tended! only ['01r tile attention-getting Value that larger lights provide in relation to
iadicaior lights of' lesser importance.

TABLE IX-2

CODING OF SIMPLE INDICATOR LIGH-TS

~ COLOR
RIE''P I D YELLOW GREEN WHITE

V24I NCH- (12.7 mmi) Malftunction,; action Delay; check; IGo ahead; in FunictIional or
I)AMETER or stopped; failure; recheck. toleranice; accept- Iphysical position;l
SMALLER/STEADY stop action, able; ready. action InI progress.

I- INCH (25.4 nmm) I Master summationi Extreme cautifon Master sunmmation
DIAMETER or (system or (impending danger), (system or subsystem).
LA RGER/ subsystem).
S TLEADY

I -INCH (25.4 mnm) Emergency con(litioni
l)AME'flEl or (II) pe 11nilg lperSonlitl
LARGE'R! or eq u imien t
FLASHING (lisaster).
(3 to 5/see)

Transilltlriinated Pan-I Assemblies-

Tra nsillumni ated panel assemIIblies, which prICesent whole pat ternus of information., shotld b( e
conl,;idlet-ec for presentation of data flow and romplicat;ed data organization.

CATHODE RAY TUBE (CRT) DISPLAYS

Signal Size

When a target of Complex s.hape is to be (listiltguished fromi a n~ igtshape that Js also Comn-
pl x, the ta rget signal shall subtenld no lcs~ than 2() taimttes Of' Visual angile.

IT
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Viewing DistanceI
A 16-inch k4 1 cm) viewing distance. sliaiA be provided whenever practicable. When periods of

scSope observation will be short, or when dimi signals must be detected, the viewing distance ma~y be
redluced to 10 inchies (25 cm). Design should permit tile o'bserver to VIcw the scope tromh as cl0oe 'AS

hie may wish. A degree Of eSOIlutionl con~i'stent with the Qomr!tor s needs should be pr-ovidled. Displays I
which imist kbe placed at viewing distances greater than 16 inches (411 cm) due to other ~onlsi(l :rati .nls
% hall be appropriately modified in aspects such as display siz-,, symbol ;ize, brightness ranges, line-pair
spacing, mid~ rý,soiultion.

Screen Brightness -

Tile ambi.-mt ilkluminationl shall not contribute more than 25% of' screen brightne-ss thirDugh
di ITuse reflection and phlosphor excitation.

Faint Signals

When the de~tection of faint signals is required and when the ambient illumination rnlay ' e above
0.25 ft-C, scopes shiall be hoooed, shielded, or recessed. (lii some instances, a suitable filter sys.ýn'w rtay
be empll~oyed.

Brightness Range

The brightness range of surfaces immnediaitely adjacent to scopes shiall be between 10%X and 100N/
ol sc:reeni backgr'nnd brightness. WN'tlh the exce-ption of cme-vuemcy indlicators no light source in the
mmellldiate Surroun-11d shaill be bri~ghter than scope signals.

Ambient Illumination

Thet amlbienlt ilkluinailtionl inl thle CRT 'Maea shall be app~ropriate for other' Vi~tal fun11ction se g.
setting controls, reading instrumnlits, mainitenaknce. etc.), but shall not interferU With thle visibility of 4

si~'nals oil thle ('10 display.

Reflected Glare -

Rellected( glare shiall be n'immnized by proper placenk n of the gkcopc -ilative to the light siource.
use ol aI hood or Shield, or Ojptic:al c'oatings or filtcr control --r thle ilght source.

Adjacent Surfaces

SiurFaces adjacenit io the scopet Shall have a (full matte finlish. The reflectanices of these Suir-
faces shall be such that the resultant briglitncý,ses will be consistent with the criteria established
above.

LARGE-SCALE DISPLAYS

Deslign

The design of larie-scaleý displays intended fOr gr-oup observationl shallf conforim wid (imte basic
visual c~rite ilk inl otk li paragra phs of this standard, and the additional require-ments below.
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LegibiIty

".he height-to-width ratio, stroke width, size, ar d spacing of display syn. .ols shall bc sc t!at
all klEar lcters will be legible at the maxuoum viewing •ngle and distance.

OTH I R DISPLAYS -"

tlhminatiorn, Counters shall be sel'-illuminated chenever piactic:ib!e.

F.nish. rhe surface of the counter drums and 'urrounding areas shall have a dull finish so as to 1in1i-
i'.iiz- glare.

Comitrast. Color of the numerals and backgr und shall provide high contrast (black oil white, ori
converse, as appropriate).

Plotters

Use. Piotters should be used when :' vi aal record of continuous graphic data is necessary or desira-ble.

Visibility. Plotting points shall be t'erlily visible and shall not bt; obstructed by the pen assembly or arm.
Contrasi. A minimum of 50% con, 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, A•ID LABELING SPECIFICATIONS

CODING

Methods and Requirements

The selection of a coding mode (e.g., size and color) for a particular application shall be deter-
mine(l by the relative advantages and disadvantages for each type of coding. Where coding is selected
for the purpose of differentiating among controls, application of the code shall be uniform throughout
the system. (See table X-I for advantages and disadvantages.)

TABLE X- I

AI)VANTAGES AND DISADVANTAGES OF VARIOUS TYPES OF CODING

TYPE OF CODINGADVANTAGESIMOEO

MODE OF 11
LOCATION SHAPE SIZE OPERATION LABELING COLOR

Improves visua, identification. X X X x x

Improves nonvisuial identifica-
tion (tactual and kinesthetic). X X X X .

I lelps sta nlardization. X X X X X X

Aids identification under low ,
lcve;s of illujiioation and
colored lighting. X X X X (Wien trans- (Wh.n trans- i

illuminated) illuminated)

4 May aid in identifying con-
hFol position (selflfgs). X X X " -.,.

Requires [little (if ally)'
training; is not subjec, to
forgetting. X

* ~~DISADVANT!AGES____

May require extra space. X X X X

Affects manipulation of the
control (case of use) X X X x

Linited in nuMber oe avail- I
able cilding categories. X X x x x
MWy be less cffc'tive if
operator %vears glkovws. . .I

Cinirols wm.it he viewed (i.e.,

:ust be wirhin visual areas I
: jd with adequate illtrni-natiil prIsent). X x

X -1 I J._,.S•ra.
L "3•,,



Location Coding

(on trols associated \V~th simfilar in n~tiolls Should he ill thle Same11 y lative locationl from panlel
to paiiel.

Size Coding

No more taa three d.1ifferent sizes of'controls shall be Used inl codling controls fo icrin-
i nation by absolute :;i/.e. Controls Used for performling tilc same function onl different itemls or
equipment shall be the same size.

Shape Cod ing

Control shapes shall be both visually and tactually identifiable and shall be designed (o be
free of sharp edges.

Color Coding 1.

Choice of Colors. Controls shiall be black (17038) or gray (2623 1 l f color coding is required, only

the following colors identified inl FED-STl)-595 shiall be selected for control coding:

I .Re ,110

2. Green, 14187

3. Orang-e-Yellow, 13538I

4. White. 1 7875

5 IL u, 1.5 123. shiall bc used if an additional color is absolutely necessary.

A Relation to Display., When color coding must be used to relate a control to its corresponding display,
th sm' c lo sall be us~ed for both the control and t e dIisplay.

Control Panel Contrast. The coo 1 h oto hllpoieetls ewentepnlbcgon
antn tvcotrol.

Ambient Lighting and Color Coding Exclusion. 11; ior to selection. of olor code, consideration shall be
givenl to aut cip~ileul ainhic tM lighltinig coordinlationl throughouit the mnission. Color' coding" shall not he
use~d aIs a pr'ivlary identification mlediulm if thle spectral chlaradctristics okll ambienlt light dU~irigO thle mlis-
sion., or thie operator's adaptation to thtat light, Varies as the result of' such Factors as solarf glare. filItra-
tiori of lighlt, i.nd( Variation from niaturlal '1o artificial light. If red lighting is to be usewd dutring a portion
oi thle imission, con ,-ols wh-ich won Id otherwisc be Coded red shall be coded by ora ge-yelowan
black sir' pin i

LEGEND SWITCHES

Dimensions, Resistance, Displau"Žment and SeparationI

I)huinleions r..".istaliice. displacemlent, and separatIion lvýt weenl alljaccll t edges of legen~ld switche~s
shall con forum to the critcrwn inl f'igure X-1.
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onii.)
S ~A L_
Si DlISPLACEM ENT RESISTANCE

B" B'j(oz)

Minlil-mum 3/4 1/ 1 j /16 10

LMaxi mum 1 /1 14 45

Bar:icrs will have _______e-cs

Legenid Switch

* Barrier F-eighit

Ban icre heiighit f.-oin pmand surface simill confrn, tcu the criteri~iin figure X-1.

Other Rqc*ufroments

I . i~or positive indication of switch activa;ion, tile legend~ iwILCi-. shail N, *uovided W;Ia aI
de-tent or click.

2. The legend shatll be legible whe.. old" one la1s., IE opera ring V~jl. thle switchi.

3.3 [here shlall be at prc'ss-to-tcst or d ua. lamp/filamlenlt re liabil ity .

xc -H
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4. Lamps within the legend switch shall be replaceable fronm the front of ti'-e panel by hand
Sand tile legends or covers shall be keyed to prevent the possibility of interchanging Wne legend covers.

5. "[here shall be a miaximutmn of three lines of lettering on the legend plate.

LABELING

General

General Requirements. Controls, displays, and any other items of equipment that nust be located,
identified, read, o; manipulated shall be appropriately and clearly labeled to permit rapid and accurate
human lperto"luance. No laLu'l will bc required on equipment or controls whose use is obvious to the
iuser (e.g., aircraft control stick,.

Label Characteristics. The characteristics of the labeling to bt used shall be determined by such factors
as:

T. h'l-e accuracy of identifi-atian req uired

2. The time available for recognition or other responses

3. The distance at whic'h1 Ihe labels must be read

' The illumination level i nd color characteristics of the illumiinant

S. The critici ' the f beed

6. Consistency of label design within and between systems 4
Prototype and Production Equipment Labels. Labels for both prototype and production equipment w
shall meet the criteria specified herein. Labels for production equipment shall be designed to meet the 7'
criteria specified for the duration of equipment use. Since frequent design changes may be anticipated
in prototy p equipment, labels for such equipment shall be designed so that they may be simply and
easily affixed, altered, and removed.

Orientation and Location

Orientation. i abels; and in formation thereon should be oriented horizontally so that they may be read
quickly a ndcasily from left Itu right. Vertical orientation shall be used only when labels are not critical
for personnel safety or prt'iormance and wherte space is limited. When used, verlical labels shall itad
from t(,p to bottom.

Location. Labels sliall be p laced on or very near the items which they id.'nti fy, .so a:; to elihzn li a t con-
fusion witl. other items ard labels. Labels shall be located so as not to obscure any other inhfuormalion
needed by the operator. Controls shall not obscure labels.

Standardization, Labels sh.alI beW Incale!d I a consistent manner throughonuI't We equipment and system.

Contents _I

Equipment Functions. l.abcls should primanrily describe the functions of -,'quiipmenl iteins. Second-
aril y, the er.ginecring chlaracteristics or noincncluttire may be describtd".

\-4



Abbreviations. Standaird abbreviations shiall be selmced in accordance with MIL-STD-l 2, MIL-STD)-41 1,
or M IL-STD-783. It' a new abbreviation is requiredl, its mieaning shall be obvious to the intendedl reader.
C'api tal let ter.;slall be usedl. Period% shiall be omfittedl exc-pt when niecdlcd to preclude misiniterpretation. ;
Thie saime abbreviation shiall be usedl for all tenses andl for both singular and plural forms of a wordl.

Irrolevant Information. '[rade namnes and othar irrelevant information shall not appear on labels or
p~lacards,

Qualities

Brevity. Labels shiall be as concise possible without distorting the intended meaning or informiation
andl shiall be unamibiguous. Redundlancy shall be minimlizedl. Where the general function is obvious,
only the specific I'unction shall be identifiedl (e.g., frequency as opplosed1 to frequency factor),

Familiar~ity. WordIs shiall be chosen on the basis of operator familiarity whenever possible, provided
the words express exactly what is intended. Birevity shall not be stressed if the results will be unfamil-
iMr to operating personnel. For lpardjcular users (e.g., maintenance technicians), common technical

ters may be used evcn though they may be unfamiliar to noniusers. Abstract symbols (e.g., square.s
adGreek letters) shall be used only when they have a commonly accepted meaning to all intended

read .nrs. Common101, me1aninlgful symibols (e.g., - and -L) may be usedl as necessary.

Visibility and Legibility. Labels and placards shiall be dlesigned to b~e read easily and accurately at
the anticipatud operational reading dlistances, vibratioil/motion environment, anct iliumuination levels,
lakinil, into consikderation the following factors:

I. Contrast between the lettcring andl its immedc~iate backg., ound(

2, eigt, vidhstroke wiIh pachw, anmu style of letters a1nd numnerals

3. Net'iod of applicatioi' (e.g., etching, (lecal, und silk screen)

4. lRelitivýý legibility of alternative words

5. Specular reflection

A8ccess. Labels shall not Ihe cov'ered or obscured by other unit% in the equipment assembl-,y.

Label Life. Labels shiall be shmaft), have high contrast, and be mounted so as to minimize wear or obscure-
nient by grease, grime, or dfirt.

Design of La3bel Cliaraftors

Slack Characters. Where the amibient ilh'm-inatioil will be above Ift-C. black charact""rs si'"" be pro-
vidled on a light backgroundl.

D)ak Adaptation. Where rlark adaptation is required, the disphayed letters or numerals shall be visible
withiout int~erfering with night vision requirements. Whore possible, mark-ings, shiall be. white on ,i

Style. Style of label characters shall conform to MIL-M.-l 8012. Labels sh Il be preparedl i'l cap)ital
lett~i.C cep tht eteide co~y e~g, istUctions shall be in lowver-cas e letters.,
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Label Size vs Illumination. The Leight of lette:s and tumerals shal' t determined by the required
reading distance and illumination. With a 28-inch (71 cm) 'iewing dista;.e, thc heigl-t of numerals
ane. letters shall be within the range of values given in table X-2 for "low" an i "high" contro! display
brightness conditions. 2

Label Size and Viewing Distance. For general dial and panel design, ý it;, the brightness normally above
I ft-L, character height should approximate the "alues given in table X-3 ior various distancs.

TABLE X-2

LABEL SIZE VS ILLUMINATION

Height (in.)

Low High
(below I ft-L) (above I ft--L)

For critical markings, with position variable 0.20-0.30 0.12-0.20
(e.g., numerals on counters and settable (5.1-7.6 ram) (3-5 I rmm)
or moving scales)

FYor critical markings, with position fixed 0.15-0.30 0.10-0.20
(eu., numerals on fixed scales, controls, (3.8-7.6 mam) (2.5-5.1 mam)
and switch markings, or emergency
instructions) I
For ",oncritical markings (e.g., identifi- 0.05-0.20 0.05-0.20
cation labels, routine instructions, or (0.3-5.1 minn) (1.3-5.1 11m) 1
markings required only for familiar-
ization)

TABLE• X-3

LABEL SIZE AND VIEWING DISTANCE

D)ISTAN('E (ili.) I IEI-GHT (in.)

20 (51 .-m) or less 009 (2.3 mm)
21-36 (53-91 cm) 0.17 (-:.3 mm)
3772 (94-183 cm) 0.34 (8.6 ram)

73-144 (185-366 cm) 0.68 (17.3 m)

145-240 (3068-(0 cn)) i1.13 (28.7 mm),

Letter Width. The width of" letters shall preferably be 3/5 of the height, except for the "I," which shali
be one stroke in width, and the "M- and "W," which shall be 4/5 ofO the height'r

Numeral Width. ihe width of numerals shall preferably be 3/5 of the height, except hor the ''4,
which shall be Ton stroke width wider, and the "I," which shall be one stroke in width.

II is rectognied thi these arl'itr- t c':llitouts are debat u!hle ill SOll 1 siltlatioils, as i:ndi cated ill ('haptei V Ill. I tow wev , i,
t] V o ev l2' CUTrelt -qwcilkcahi-l i•ekilil~lments. 4
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W~ide Characters. Vdhere cond iI ions ind iCilte the uISC 0!' Wi tier- characterS, Ws Onl a ('ta I-ed, Sn ee thle
h. qic hei!&lt-I-width ratio ifiv bet inlcrClease to 1: I inl accordance waith IV I L-M-l 80 l 2.

Stroke Width, Normal. For b-lac:k characters on at while (or ligh"' mokground, the stroke %wid di shall
be 1!0 of' thle height

Stroke Width, .Dark Adaptation. Where dark adaptatIion is r'equired or legihilibly at night i's a critic:al
fator,-0 iind Whi ite chiarac tei Sare spoci hitd onl a black bac kgrUOUnd. the sitroke wvidth of' tile chauricters
shiall he from 1 /7 to I1/S of thle heigh't (i.e., narrower, fthan specifiedl for o01-111.1 (lay timei vision).

Charicter Spacing. The minimum, space between characters shail be one- st roke width.

Word Sp~acing. [lie min imii n r space bet ween words shall iv the width of'one clw-ia (ra c.

Equipment Labeling - Assemblies, Components, and Parts

General Requirements. Fach assemnbly , comnponentI and pa :t slhall be laibeled wi th clearly visitlale
readab~le. andi mcanin-fiil iame. number, or symbol.

Location. The gross iden tify'ing lahel onl an assemlbly or. major eon pomlien shall h. located:

Is l.ternailv inl such a position that it is not obscured by adj.:ceat asscaibtlies, or comlponenlts

3. Onl al main chassis of' he1 Oqulipmenlt

4. In1 a w~iy 1c, inainimi~e wear or' obSCU nIVentII by ra~.g n. dirtl

. Inl a way to preclude a.ccidentall removal. oh~strlienion., Or handlijog damla-c

Terms. ( oniponeti Is, ci rcuits, vr assemlblies shiall be landed with) terms descriptike of' thle test or
r- llnkedSureaiiciit ipp~licalk.l tO 11he01' test p)oilts (e...eniodtlatoi rather thanl crystal detec~tor and pmvwei

mniplhlici rather Ihami hooltr-ip amplifier).

Other Criteria, Ill additiona to tihe Criteria herin.cl Cetui 11vint labels and plicards ,hall conformi .oMl

S10- 1 Q ). M I [.-Si)- 1.3t0, 10 it -STI )- I NI M I [-Sll-4 1 1 . NI I L-S'1l])-7"3, M .' I LI. -STD1- 12.47. its aipplicable.

Equipment Labelhig -- Controls and Display.s

Genpril Requircfements. "onlIrok and displays shiall be ;Ivprop~i'iiiClY and clearlyk labeled wit!,, thebic
informiation neecedd for tproper W.enlitifiaitiou . Wlilii on., aIctuationl, or alnipiitnlalionl of the, delement

Siplcity. l)isplall " Ind Controls S11:111 b.. Ilibled ill the simlple'st and nIost directI 1ilailuer liOsS~ile.
A hr'vvia t i()n, mai~ 1w 1be k used CI when V t Me arc anili~ir 10 op~era toisleg .Cý ps)'.

Functional Labelinci. Ftaci control and d ~play shiall be labeCICle according to func~tion. tildte following
erai cria ii app:-,s

I -I Ii .,i~ iilifif~ie f(I I:1TilCien t C011110' tols iid .1ispla \ Shial 1W ZWOided.
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2. instrumen ts shllM be IIIbe k d ill terms of, whla I is being"Il Cis I-red1 oi Co Iit tio Iled, taking' in Ito
accouniit the user and ý,irpose-

3. Contrvol labeflin shall indicate the tunctional result of' control mnovemen t (e~g., increase)
mid may include valibi-ation data where applicable. SuIch inf'ormation shall be visible duiring n1ormnal

'ncration ot'the control.

4. When controls and displays mukst be used together (in certain adjustment tasks), appro-
priate labels shall indicate their fu nctional relationship.

Location. The f'ollowing criteria shiall apply to the location of control and dlisplay lebels:

I Ease of control operation shiall be given priority over visib~iiliy of oil trol posi tion
labelIs.

2. Labels should normaldly be placed above thle controls and dispt -tys they describe. When
thle panci is above cye level, label., may be located belowv if label visibility will be enhaaced~ thlereby.

3. rile unlits of m1ea8suremen1C~t (e.g., volts and psi) shall be located onl the panel.

4. Labels shall be used to ietentil), funlctionally teIoulled controls and (displays. 1The labels shall
be locatod( above the functio-~al groupIs they identify. When a linle is used to enclose a functional g-I ip
and def. ine its boundaries, (lhe i:ibel 'shall be centeredl it thle top) Of theC grouIp either inl a break in the
Ii nc orjutst I' low the line. Wimi colorel1 'ads ate uised, the label shiall be cen tered at thle. top) wi(Ii in
the pad area.

5. Label location tilroiighu~it a system anld wvithinl panlel gro)upings shall be uniform!

Size Graduiitio t. To ireduce contiesion and Operator seaircli time, labels shall be graduated inl size. The

ch aracters Used Tin group labels shall be larger than thlose used to idlentit in d ividual controls, and dis-
plays. The ch;!racter S idlentify in g 4conI ols and displays ;liall be larger than thet characters idcii t i tyjia I
coot rol po-Sitions. Willh filhe ý,Inalltst character dietermined by viewing conditions, each label shiall beat least approximnately 25 pe,,rcent larger than the unext smallerlabl



CHAPTER XI

LAYOUT SPECIFICATIONS

STANDING OPERATION'S

Display Placement, Normal -

V ;:,iual displays miounted on vertical onnels and used in normali Cqtiipflwllt op~Cratiofl shall be
1placAd in an area between 41 inchies (104 cmi) and 74 inchies (188 cmi)above the standing surface.

Display Plac~enent, Special

!nd(iCaItOrS that mu1Lst be precisely anid FlrCqLlenl-,I shall be pflaced in an area between 50
iLiches 0i27 cm) and 69 in-,hes ( i cmi) above the stanoing surface.

SEATED OPERATIONS

Wo'rk Slurfece Width

A laiteral workspace of at least 30 inches (70 cmi) wide and i 6 indies (41I cni) d~eep shall -
provided whenever p~racticable.

Wocrk Surface Height

* ~ tDesk tops and wriiting tables shali be 30 inches (70 cin) abhove [lhe floor. twiness ot her wiseW

Vvritievj Surfaýes

"W herte a wvritinug surfa ce is reqiuired ilo cequ pinco t consoles, it shai 111w at least 16 i nclics (4 1 cin

dleep and should be at least 23 inchies (6 1 emn) widIe.

Display Placement, Normal

fVisulal diSph'Vys DmOUlted onl vetical panels and uIsed Ill normaljZ1 equ~lipiliat Iper:a llI ' hll S1-11 L
p~laced ir i~ between 6 andI 48 inches ( 15 and 122 Cm11 ý1 aove the Sittin~g urllfce

Display Placement, Special

Indicators that nitisi be read prtcisely and Frop; -alliv sil bk ma iiW1b.] 1e 1 . -
and 37 indie.s (36 and 95 em) ahove the silting suli !f!erIl i''es'I.
laterafly froim t'rc center-line.

Wiarnitig Displays

F,11 "sit" Consoles wpi nirizi iw,.m- - tlI vi,-,on o *il ( oleh . rIIiktial vrIN,1-'d arlirng disp~lays -

shlall be nioun !vo at least 22 5 ilii, ('7 ý *-n 1 aho tre ig u

Al



CHAPTER XII

AMBIENT ILLUMINANCE SPECIFICATIONS

Where equipment is to be used in enclo!:ures and is not subject to black ou~t or special low-level
lighting requ irementts, illumin11ation cvels shiall be as specified by table X11-1 and shiall be distributed
SO 16 to redceIIC glatre Mdi~ specular reflection. Capability [or dimming shall be providiedI. Adequate

-il'Umina tion shall be provided for main tenan~ce tas'(s. General and supplementary fighting shall he u.sed
as appropriate to insure that illum11ination is compatibie with e-ach task situt.1ion. Portable lights
sliiu!d be provided for personnel pcrforming visul1 tasks in areas whure rixed illumination is not
provided.

TA13LE XII-l

SPECIFIC TASK ILLUMINATION REQUIREMENI'S

ILLUMINATIO1N LEVELS (FT-C):'
WORK AREA OR TYPE OF TASK RECOMMLNDIE1 MINIMU

Assembly, missile. component 100 so

Assvinbly, general
Coarse 50 3

Mcdi u iii75 5
Fine 100 '75

-Precise 300 200

Bench wnik
Rough 50 30 a

* i xI-a t'ine 300 2100

(ca'l.ulator, digital, input. etc.) 100 5 0

-Cmtstle surface 50 301

Corridors 2() 10

Ciricunit di agrami 100 50____ ____-_______

D'ials so 3

1lec(rica! equipIMent Wtesing ~030

6age' ' ____ 30j

lalivia s :10
i !n)ckliioil talsks,

I ui 0lou 30

200 100
I A.Ilra fim- 30)0 200

"~As ;ýs imard I! 11wi rsk objctj or 301 inches a:'.,vu dIei (l""r



TABLE XII-I (CONTINUEI))

ILLUMINATION LEVELS (FT-C)*

WORK AREA OR TYPE OF TASK RECOMMENDED MINIMUM

Machine operation, automatic 50 30

" Meters 50 30

Missiles
Repair and servicing 100 50
Storage areas 20 10
(;General inspection 50 30

Office work, general 70 50

Ordinary seeing tasks 50 30

Panels
"Front 50 30
Rear 30 10

Passageways 20 ! 0____-

Reading
Large print 30 10
Newsprint so 30
Handw ...ritten repsorts, in pen'cil 70 50
Small type 70 50
Prolonged reading 70 50 .

Recording 70 50

Repair work
General 50 30
Instrument 200 100

Scales 50 30

[Screw fastening 50 30

H Service areas, general 20 10

Stairways 20_______ -0

Stora-.e20

Inactive or dead 5 3
Gcneral Wareh1otse 0 10

Live, rough or bulk I0 .5
Live, medimn 30 20
Live, fine 50 30

Switchl:oards 50 30

Tanl containers 20 10

",,.s t•eisurCd a !he taisk objc'i or 30 inches above the floor.

X 11-2
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TABLE XIII (CONTINUED)

ILLUMINATION LEVELS (FT-C)' AI

WORK AREA OR TYPE OF TASK RECOMMENDED MINIMUM

Testing
Rough 50 30
Fine 100 50

Extra fine 20(0 100

rTranscribing and tabulation 100 50

NOTES: I Some unusual inspection tasks may require up to 1,000 ft-C of light.

2. A.s a guide in determining illumination requirements the use of a steel scale with I
1/64-inch divisions requires 180 ft-C of light for optimum visibility.

*As mei!sured a. the task object or 30 inches above [he fluor.

4$j
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(FOR CHAPTERS IX THROUGH XII)*

ARMY PUBLICATIONS

Regidlatio)'s

AR 385-16 Safety for Systems, Assc, iated, Subsystems and 1Equipntcm

Pamphlet.s -

AMCP 706-134 Maintainability Guide for Design

Design Criteria Handbooks

H1EL STD-S-2-64 Human Factors Engineering Design Standard for Vehicle
Fighting C'onpartments

HEL STD-S-3-65 l-luman Factors Engineering Design Standard for Missile
Systems and Related Equipment

HEL ST1D-S-6-.J6 Human Factors Engineering Design Standard for Wheeled

Vehic!e 

'0
1HEL STD-S-7-68 Human Factors Engineering Design Standard fcr 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

? Rvports

N ,VSHIPS 94324 Human Engineering Guideline% fo, Maintainability

Design Criteria Handbook

NAVWEPS OD 18413A lHuman Factors Design Standards for t'ie Fleet Ballistic
Missile Weapon System
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Manualk

AFM 127-201 Missilc Safety Handbook

*Fron MILT. [7D.472A, 15 May, 1970
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.Sdeci/fiatirms

MIL-M-1 801 213 Markings for kircrew Station Displaysa~nd IDesign C'ontig-
urationl Of, 2%,. Julyý 1964

Technical Documnwntary Reports

WADD TR 58-474 The Effect of Team Siz': and lntemimenibe;- Comimuication
F-~oil Decision-Maiki~ig Perfoinlance (Al) 215 621)

RADC TR-63- 15 Citeia forGoup! Display Chains for the 1962-1965 Time
Period (AD 283 390)

FDL,'[DR 64-86 Investigation ol'Aer-ospace Veli~cle Crew Station Criteria
(AD 452 187)

A&-I- Force Si'aems Commrand Design Handbooks

Copies of Air Force Systems C.imanid design criteria handbooks mlay be obtained by non-
governmental organizations when cn'T. therewith is requiied by a Government contra-.'t, or when
possession of the handbook will otherwise ienefit the Governm-ient. R~equeCSts For thle tfollOWilg hanld- -

books should be directed to ASD/ASNPS, Wrig1ht-Patterson AFB, Ohio 45433:

AFSC D-1 1-1 General Index and Reference

APSC' D11 1-3 Personnel Subsystoms

AFSC Dli 1-6 System Safety

AFSC DH1- 2-2 Crew Stptions and Passenger Acconmmodations

AFSC DI-1 2-6 Groun1d Equipment and Facilities

Copies fthe foloingtidad can be obtained at a nominal cost 1From the ANSI, 1440

Al 1. P-actice for Industrial Lightine

CI National Ele~trical (Code (NEPTA 70)

('2 National Electr ical Sat'ety Code (NIBS 1-30)

Z3 5.1I Specilicati-ms for Industrial Accident Prevent ion Signls
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APPENDIX A

31T. JA.TIONAL AND ENVIRONM`NTAL EFFECTS ON
VISION AN\D DiSPLAY VIEWIN03, WITI DESIG1 N IMPLICATIONS

Thle tbllowviug, appendlix is all atiemlpt to bring 10o-0thcl nlorin1111itiol0 1*iiil diverse sourice" for
ivierence ulse by those la-dwith the problenm of es .,blIsljng dlisplay resolutioi requirements. Two
111joi areas arc: coveted: 1-* jr plowtil efi;:cts 1:*0i.i t:e oprtinlsutoiare reviewedl, then
total 'HSplay system co~lSI erationls are exiii1.ined to allew ISaýsrlessleil of' Summed efl1ect 0,1 display
operarionlat need~s.

-chrerence material Coll ii ever bei Complete Since nie-, sf tidies arle :ol~i~i LIIi g to recaLil uISe - ut
relationshlips. Futt .. Slttdi(e ' this arcil maliy rcquiiý, updaiiiig of' m11:terial t I' acilitate syStci:mtIjc
deteimin.n1tioi of (tisplaty requtiremeints lor each application.

Wji~l displAy r"CsOtiutill lns ie nladleavailable Ir[ tile operate: ill a pairticular operaitionlif
SiIntofii2- sort of q Icsf i~r__ f-.reqLji_ 'Illfy iiid is jiCVCe reasy to ainswe r inl simtkle ter~s. Natu-

~itty. il raiises Cuiite_'*ieStions as to What 'thle 1otal displaly-eperator enivironmlent wvilt he and hlow it
will AT-,ct visua. aIcuity ,'2 eIationliaty ies: J. 1,11 , Oct of vibr'iiion. accelerutior. oxygen level.
gener'uI i!lunMiin;v' ionI. liSnlAv briotatiiess :IId. cu!ntrxs etc.. 11rL tOLened Of) ii' the f~li0WifliZ SeCtiolb
but o.'e:afl c1ufl1ilfaive clivc fees n onlly be e-st:,Ieilcfd at OleC:at'011a; ;itualion0 aIs it kd(leiI.Cd.

Ex tenlsivc quiota tion Iei usel0 Ifut CIC reL, feinc kor is md Liled Sinl t lie, at:1reddy rC)cpresen
iocise revic-w ill, eIa ~i;1(1 l);l apt~-jill1 WoL it(i f101 tCii han!..xI thiri piesel i'tionl

V31RATION A

tI be Curve a: II hgure A- I, firoi Morgan ct Iadt shows Il e .siia l Hes! LaI nd(II!-rimg gap1 thle eye ca n
dctcct For dlilf ereia. background briv'htn'ss. A's thle aiiotin1 of' litit kS inc'reiIseo. the eye Canl (ltec.
smaller an1d Smatter gap.- AS aI ruIle o1f1thumb.1) tile eveC can eI~CI a *it"0l o1' 1 fininite of visua~l anlgle at
ordinary indoor tighjt levels. (This assu-nes mi-friial eye.Sigtult andl high br'ightness contrast, It dIoeS Fot
apply to white onl black targets. wfi ite tends to blur..

-Mevil decreiment's (fl visual aculity of' 12 SUtbjctAS JOnl: . c~ inusl'Oidall Vibration (sitting,
restrained, without padding. inl anl irplljiCi Seilt ) are Sh~owi. il' I gialre A, 2 1 tre I 1:Lnge and~ Comiaianni )

below 12 c/s decremien ts were ma ufly duie to ph ysiologict1 st rcs~i pI 'Iiiced ;in thle body (especially ili
areals of' resoinan!ce Of Wtiolc! !wx;, and organ ':~iee)ank. ii hove 12 c/,; deciemen ts were niaiii!v
dlue, to iiiiaiv (isplacenicul t oil !he retina vili-.:h had an iiuerieasinglv b)Il' r ing elf .0..

Draz:1 . i 962) ':' iiiv.ýstiga ed thle leg1ibiltly of p)ointers Onl dais da-.ring constanlt-amplitulde vi-
- bration l -' 'lie test matleri at at lrq e sdown to less thanl I c/s. He I on iid that legibility was mlost

adversely al*T':c td !-vevni 2 ::nd~ 4 &.dC e nnd i~g t: ! pof ile an tIn -d splcenen amf tt~e(fig A-3 )
Belovw ý c/s. Hiti eye Canl follow Ill( vini:Itil)'' object quiito fiiil.\ tHIt theC dliat can; be read coni-
tinuously, Ai high f-equ u-cics. U c/s and abo0VV th-2 dial legIibility ik aginili good. be~arc ill( teSUbject

- ca fllormi af steaIdy np. ion of the did: by f'ixating ,Ile of' tile nlodal or. miaxiintini displaceleuc iet posi-
tnus )If the( target.

U.tg~i I'_Ciil alid; ý/,,p'wl /;,411cerjlli: to 'I/ h Iuip,-ivatu I)'iiv.oc(; i avlI Ii . 1963.
' 1I%'.ge. and. ('erm~alm .. i'iisil Aci -Ii~ U idei \,i1 *dio .'i/n n h~/1/%i. V(l. Y lit). .7)-9.30

)tb i190-1. CI

*`R- e efe Of G. lllý j .;...1 T isp, I u i ,/ vI.4.. Vel1"- ill-If(-
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Figure A-4I
Visual Acuity as a Funct~ion of' Angular Velocity

(Targets on Display)]

ACCELERATION

"[In a series of* stivl~es onl the relato bun WC! he twcc v isulacuity and ~iC1:eer~Itiuon (White ali:l Jorve,I
1956*), it was 'OuII.-.l thalt visual acuity (decreases progressively asN the wmgnfituide of the accuelrtivc
force is increas'~(1 above I g, regardless of body position (fig. A-5). This suggests that cardiovascular
effects are minrimal, and the loss inl aCuity is attribu ted to d ispl:wc IiC nen of thle lens of' the eye ill th-e
direction of the acceleration vector."

The curves in figt'rc A-() (from Brown"':') are Wveragc:ý from reationl tim1C mIeasueCs (huittOn
pmsh .o light signal -- no hand of annIl movemnen t re'luired ) during las;t i~iiaffof 1(1-second periods With
(liffering g forces. Reaction time increased significantly. Effects wlere (Iuicker for !ow illumination.
Foi- higher acceleration levels, dIimmuing of vision wws rvported(.

vWiftv,W J., and .lorvc W. R~., fhlyc Nctso 01 ravitifio,,aIStress Upomn Vlisiml ,kuifi, WADC lee!. Rep~ort 56-247,

Wrigh: A'i lcvclo!,.rjl cn'(7ocr, WrightI~l';itersoii AFI3, Ohio. 1 956.
"Excerpted, wvitIIl. mno- chian ges, fromn White. W. J. and only. R. A.. "Visiono and U nusual G Uravil tational Fores ,"

I11ui(4In N~Cfor.5, vnoL V, no. 3, JLune 1903.
"~*Brown, J. L., '"cceleratioii and Humanin Pertorinance ," Ill *S-lcted Papers oil Human 1'awtorv in1 the( Design and! Use

of '..'' roi S i'st('ls, If. W. S inir k o ( IA.), I ) vc i''ihiblcal ions 196 1 .

A-4
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Figure A-5

Binocular VistiaI Acuity as a Function of Acc2lerationA
(While and Jorve, 1956)
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"White (1 "oO)" uiliZed a l-!echt adaptonletcr to study changes i tile abs(, tlle threshold, at-
tributable to r;,sitive acceleration. The results have been summr:i.'ed in "imures A-7 and A4-,. Figure
A.7 shows that foveal threshold measurement,; made while the subj,:ct wa.s ridiin'. at 3 g are almost
d.iouble those at I g. A, 4 g, threshold had riseu to a level where the i ntes,• y cl ihe slimulus light
had to be increased 3.4 tines to be seen at the AO percent probTlbility leel. Measurements made in
'!-e periphery of the retina showed similar changes with acederation, differing only ; 'lhe final level.
For example, the rise in threshold at 2 g was 1.5; at 3 g. the factor was 3.0-, mid at 4 g the factor
v as four times the I g vahl-. c.

[ FOVEAL THRESHOLDS
POSITIVE G, NO PROTECTION

z 7.2k

o 70
00I

6..

6.6 . .

0 1 7 3 4 5
ACCEL.ERATION (G UNITS)

Figure A-7,
Foveal Threshoids its a Function oC Acceleration

(White. 1960)

4.o
PERIPHERAL THRESHOLDSL POSITIVE 3, NO PROTECTION

w
Q 3.8 Lz

. 3.6- / I
S:3.4 -

'-r

3.2 0 1 : 3 4

ACCl.;:.AT'ION (G LJU'I'S

Peripheral rhreshiu. ,- aa Fwtion oi Acceleration

-white, W, . J., Variatimix in 4I hxoI. c visual Th(,. .Visual 1'h'i'C N!rcx, WAIA' I ech Iop, (* 00-34. WADI(.
righ't-.. .ttcr. on AF 1, Ohio, 1. .. . .

A-0 -.- -



''\Vtti 5' i Ii' itu :c tlc c Icts t psitiv':cctcrlw oil tile cleationl hetwVC, VISUii
,IctiiiI and Ittit mi c lia le velsc. liiicslolst \vis'ic:Istlci if] tcritii' ol v'isital, iil It ca he see:; ill tiutiwc

I t Ia there % \as anI in IcrIaIct io;i IbetwocI:I l'! c ItuIV k oý 1)' t a IIl Htic liitiiiflliice tnes . lIi 'll i i

tieI VXpect~ed t'cctcasc inll es~t Wiill 'lr'':i ' I"mliiiitta'ic level s 101 t 111d~ ill he al tti.tiOtll(

leel hru\ .1 (0) Of I ,i ' x llliu ltiui iricic1 lc'reiscd troni -' ar atm- I i! to 759' 0t 1'c atý 4U.
At 1 50 ml- [thc cl'eio'A', ili Omita ;ialc 'Vas 0.'5> 01 a! c between the'se tw i'vziliies o, 'I.ic~cciatimi. I K
curIVcS drwnV Onl thle graphr'prec;1t theQ best! fl t0 th1C I g ttIt:. I tic Curvec Ias been~l trans-.posed 1-
(lie right lo lit ithe datia k,l~itained ;it 'tic 3, and 4 levels. It is possibleii tI,,t0ik of Ill., et eels m' w-'

critioil as being eqiviIeVictt to p)iltiillg all optica' li:,vr bl)'ti -e thec pilot's ey,.e . ' *g, 'or c' w..Ii

d11 decicra'sc i n sCl~siv Itv is alIIl1()"[ .'Iliix-10:11 :0eo'cn I litininatnin h\ 91' hoar1llnile nit

POSi7 IVE Gi WITH ANTI G Sul;'

(-1

C )A

77

rLsqE LUIAC Int I

L Wuiai t Mlel'a Ion (Wie 1961);

titesII h peensatstisot nth licsofieecairl ntViin II icie. it4c
A-i avd , 1 1silt~iir!ilw nse ni we-!WtN ipsti eii N in~ \-1 hw lcls

signs Hmlii re .ini V. hsua AscnI iril. Dki) Witivl is - iciinc osil ,Tair Kiiisead.srttt
sits',t a .icita:tiil It ii iiisaniubl tod Accliration tWhite 119i61)52"e t iitii si

h/our c' 1 ()1 P`>2lt I~'i~ci WIi. lIV 1 Ii0-llto i kol II n ld . ~m rA-o in 11 llw m! te w t i 9.vouI i11 1(),l v l'r 1I"l oA-I ho "th Is
Iwol c~ k Ivliol )ýIo- lickluJ
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"Va-i~ insinaboln c isThul Loaio rhofd the Last Remini iew. Areaoad y rd swe1ht

It ismal.4 rhedinl 'ligl.i- of inflieow icr oth thre viteral Ce beanhves incm the- sameway raso atrihat igrosbs a
Smuech wr ccleation .bette teiheralil an inrl Visit oner i'js~e to h een 0. lorarihmc i n itsua abovey

conthraisot nertbcate by~ reshld a Sbtest an aclleradstinage llw as cen.rifuen r ut n(alr t re

it, hut 0111ly a ttcr a11 in~terval of 6- 10) se hrews sonlic illtercliaiugeca -,.;I iv betweenl thle acceleration
M Nv1it 1 whic f ight ot givenl brigl"i tess d isappeared aind the time ol' its d isaplpearmnce, bitt the clear periods
Wore never less thban 0 ,cc ( fig. A-]13 A mlore .oin prcliensive Stirvey art fie effee, ( ;t' accelerationl onl

"ProI'01 these Wiii oHILier e'Xl)VIIenkiei it lwl be posItilated th1at I ) ifit1 ir-Ineit at visi('n i'ver
the entire field vanl be deniaiistralenj at very low vadlues oC accelerationl: 2) tile cx tc!, I- icd is
progressively reduceýd witll increasi ti atcdclration: i 3) at somec stage vision is lost cwi ' tl iv, (41)
there is a cteatl period, or ;it least 0 he beore the plticlioiontiie canl beil nwsrte' (5) all (lie
titidings Can be expla ined oilt 11 hebais it oa progressive failure, g the, retinial Ci'clat11M .i. O1'f 1Ihee
0) land (51 bear niire critical evaluation. I1't-central Vision for. dintlight is. ini tAt. imnipaired by
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Figure A- 13
Time to Extinction is a Fonction of G

Target B~rightness 0-6 Log Units
A~bove Absolute Threshold

accelerations far bclow the accepted blackout threshiold, is it possible that, by increasing the brightness-
of the ceaitrai fight, blackout may be delayed" And again. can [he Viewapr Ciod' be, interpleted as
true physiological resen'e time?

" The observation by Hlowaird and Byford : that a d isturI;ancc of central vision fora dim targetI
could be shown ai very low accelerations suaggested that there might be degrees of blackout. It was
thought that a very bright light might be '%een by a subject who was b~lacked ou~t to a norma11l lvl (!Of'
illumination, Onl the other hiand, the fact that blood flow thfough the eye ceases at blackout sug-
m'stedl that no signal, however large, WOUht be percý,w'ed by an atmemic retina. Steward * had nc deedI

ini aircrafi experiments that even when hie haid lost c.,entral vision for a target liht-l iti the cockpit
hle was Still con1SCiouS of a change h,~ ambient brightness when tlu aircraft turned( in'to thec sun.

"A series of experiments oil the cuntrifimge, using various, levt s of acceleration betwecen blaick-
ou1t and ncon1sciousUess, shlowed that a flash of light, Pi OVided that it wxý bright enloughl Could be
seen by tlrý subjoct however dleep his state or blackout might b-e. No detail Wals discernible in the
flashi: tlk, subject was merely awvare uof,, sudden dJiffusc brigh tenling of his' visual field, which wa:.; at3
that timle usually cl otted with~ the 'retinal li.-hlt' chauacteristic F-1 pressure blind ness an.1d o' deep Ha; out11

"Thlese findings Ahowed that retinal function lpersists it) somc extent even alter normal vision
has been iost, and they at-e supponted by Lewis and lDuanle' who recorde dul i elect -orctinlograim am
various levels of acceleration up to and i nchuding blackout and found that, althlough there were ii inor
variarlons in the form of' the retinograni, no masrked or constant change otcurred wvithi blackout.'

*RcerCccd~n illcs(1965).

A-i()



(Gillies ofl'ers little. qultnlt~iativO data ol fl) CIk tk'cts ofi iici2ttl rg f otecs otn Vt5)tVl

o'1 (15of con sc olIs Iles" ,-at Ied Ii\. IIegat I cc Iaccelera Iio I onI I y ocet I;s ,tpparc~ I wlei th v CIIIIe stIress
exceleds 3g, and then only alter thlk'ii-;se of a considerable lime At greiter at-celeratiotis, puneltAk.
liacliniorhapkeS. petechuac, or frank bleeding into te solt! tissues of, the lie~td. or into the0 orbit and
Con)Ijtilict iVa. precede tilhe Collapse, Indl all bough they mlay hw hat les~vs enloughl. they arc an unlaccept-
able peally in the iuieasurnemenI of an end-point.

'Red-out,' or. the rued mist,' is a sytuptmi atialgotis to bhtekouL NO H ut is ay hiconsitstnit as __ts
:1tieother visual disturbances which hav'e been recored durding net'ativo e cceleraition. [tonil tile X

descript ions givenI by va rious saIbjeet(s, 11 th time cotirse o1 thIe imIIpa irmlen1t o" IVision is sini ilar (to that
s~een during pitioMi ie g. Inid ist i d nss or bI tirriu is tollowed by, gre-ot in MhidhiI there iS a MnU oM,
loss of fino detail and contrast. At a later Ft~ge Wison disappears ent rely, andl it is in this Ph~ase that
.red-outt soellictintes a ppcars lIint mny subjects, however. I le it' a ime i of vision do"~ nrot progr-ess A
beyo; I the MINItl blurting, although a proportion report diplopra at the Ili,-ier- zccilerations. and a
Cew have renmarked that br-ighit objelcs ;eeniI 1(1 develop ;lhak;' III -,II ouiudingi ring- of light1.

''The detail. ph\ \iolog2 of hiese s!'01l)[01'S hJ:i. iie\Cr beeui studied. It is p~robable that thle
camie of te giy-mon vs tue same hin both posimie and negativ ac. 'LerationIs: That is, a tuitionIal It-

ferenee With the hlo;d supply to Tho etk ireic a and espet.ialls to its periplueral parts. '[hei inc~on. i
stanq\ ol comlplete loss of vision mlakes thlis C\p-*iu-i[loll less likoel and I hcie k' no obvious teasoil
why.N the retinal blood slip~lvk should tail comlplete1ly ill negativoc !!. Wbile-tw!1\ýill cortainly do so i:tice
asyslole wh'licht colininodvl O-Ccutrs t uitisutldl prolon'ged - i'i that1 Cas olsciousness, and" vj'onl will be
lost togethevr. A more likel, reasonl lot tlie loss of' visiotn is tIle tillt.hanlicat o.celusioti of thle eye by tilie
lower lid pravitatitig up over ThO cornea lit avor or I'tis vies are Ti obstat imis or Ryn Oft a'I who
noted that tile los's of' vision Could be alICeviate ill 1110o1 of t lii t-ibjlt b ai deliber"!O effort !o, keeýp
tleeye Widte opt.nI. It is also sig-ilifcaili th1at. altlhuone 'lns Corni ot llIkwkout !.;is heoi reported ootlt
in centri lges and in aircraft, redI-out 11.s li.c eiVi retuab reportedl in Ill. cen riu".li led!
Loilbard Oft at5 to suggest that suitig111 isliniig t hrough111 ilte I- Wci lid 'AhIich COVered thle .ye inl ibis
Way i.hI Ili," avL 1 t~i-c saC effect as placing'- I frosted red 'il let ove-r TOm thus giving" rise I(, tile
sensat;oii of 'red-on t.' A few cvilerimuenits inl N\ hei thle lid \\aS dehibertak1 AI atOwcd to creCep upwar.Ids

-dutrir!"g negative. g" alter. whichA a pLo'togiaphi:Ic liasht-!ulb was tired at the eye. support this theotyj
(Illovard )!4. it ha. ;I!so liceii suL'-estcd thata [Ile red visual f ietd obsei.k ed1 athighecr accelera1tion's Iinay'
1e due to Stainting of tile lacrimlal fI'. .1 x itli bflood 11I iX tiet ptuied conjuietival % ss~'ls Ileiciry ).*

'Ieaplearancev of a halo ais-(und bright v-lit Ii. etds is a !1 pt whIth. I sonliet ities oec.urs
in cases or glaucoma~ and scvc~c t\ prtsertjon Ib- intr -octilar praeis alau~s; :ertaiinhy increased
durillng ieai'cv accvcliatio.l .tmud there is ilso Conuisdei ahde local t oylvtttsioim ai lice ! 'vel of tile cs"
It is pos'.sible that the eCiuise 01teI IlicIer is fit ,Saunte it' thle \IeiintlSituation as in thle clittic~al
eaSe. Oil the other. hand. al Lnz:1-1111 taitami 0I 0tion I kcs 1Ha1Ce wteii tile e~ks ate fill 01' teatS.
and lacliryliaition is a Coi111i1muOlt oIplainit 0I sub~jcts e~posed, toneaiv0

Whlite ( 1000 UO, has esIfre th etet t!t\\ dilterut-l t\ pe. 0! .~imsits o", visuialthe
hol1dS. In thle 'till prssle lit\tt. theentire tower hall1 ot tIII. Iotlv !s') c:dIn a 1 niitlcutltike
bla!dder wiuich prod~ie'C anl evnCoututrpi.su \ lien ii t 1it'd. It h., ollc sti the (li CSi.-3ift gives
luroteviionl by apply ing, ptexsutiel ()", em~ti i talol aini iiiO the- an\ id abthoniemi. It C-.11 be seen in
figure A-14 hiat, the, rise iii periptrl i Iie111\10L 1111'k. trouighi hbutb inIcreased aci':i;.KIll pail.
Coll) pe isa Ited

~I~eticiicd in1. Itie\A I I.

II 3
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Periphiernl Thresholds as i f-,nntion of Acceleration
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-III a study of tic' abili I V ol I'HO p Its Veield ieafist,. dialsat.1 posj tiv\' Ccce ternft 1005Of

1,2, 3, and 4 1g, Whit': (196 2)* and Whitec and Ri Icy (19t5 U)inludL I ed illum ination hevel as a para-
meter. Ani instrume&il panel consisting- of '12 dials, was presentedý to thle SUbjeCtS, PCHrlormallCe it' reald-
mngfthe dials Was scoredi inl lernvs 01 number of Cerror's n'aLI anld tilme takCen to reCad thle djials. The e-1
Cent of r-ci ;Ings inl err-or as- at furionC6 01' g anld h111imlllý mut NQv, are0 summarized Iin f'igure A-1 S. The
dataindc ~ that t. I "'tthe Ihighest him inlane level there are no d it'Terences':n the pereentagc ol error's

110 sign it wan t dii teten ces inl thle pe ree ita,-e ol, reading c rrors., 0 ) a i thle two lower luminance levels,
errois are inuversely rel.1ted to lum11iinanlc and dir-ctly 1relateo to de~celeration. (4) at the 4 g condition,
there is a systemlaQiý Hicrease Ill errors Wi th dlecreasinle brghzhIness, and (S) tile 2 -' level of' accoleraItionl
;amiiot be, distinguished f'rom tie gor- s ( tic c-ýud kit ion. Reading ! inie varied Iin a siimilair way.-**ý**

1sfee'L ill G illies (1965.
**W\Iite 102)

""Whiw W. J., di'd Kiley, MI. 13 Th'i/en V "IN,/1').ixtje Accl (((rati'm on , the Relatio 'a itw~een ' Ihmnnatj'w '1?1d
Instrumennt Readinig. VA* \l)' l'Ji RcpuI NVA32 DCAl Wt i'gh i-at ter,ýo: Al1- 1. Oh()h~ 958

I~foil Whlc aid MollY
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Figuire A- 15I
Diall Readinilg tErrors as a FuIIctioni of Acceleration

a( VarioLIs UIfliiUIICt' LeiAts {ls bi.e, 1962 *

ANOXIA

Gill I c:; 06 Q(5 prkesen t1 a dicu ssion oil the eIlect Is 0 alN Io iaoil \isioI1:

"Dilla kenillg ot tile visual field is a cOI,,l11olo -:Itdilire 't' .floxia. aithough gc~eiatty the subjec~t is
InlNv~'atv If lhe chalnge unltil a nlorma!:1 level ot ()<>'Cldl-1 loll is lostoretI who'i thecre is theni anI apparent
rise in (lthe Ie' t-I hf'le 111iulmnlton of tie :ii' Irowiiien't. MI:,L-e;-IsuceltIS 01't1 the 111 rei AlScitivitxN ill
retlat iVely brighlt light (ph at O~ic v'ision)f have shown that n~osian leanC~l I redizetic ain ssi SI ii Iý yOCCLurs
with) ililid ~l.rw tiFO'iIII0U kit1 it is (iCCrL, as it I sibied~s hreoItilint. air at ahome 18OOO tt(lthe
redulctinu bWirig proflurtiolult1 to the1tg (1"l- of' a11oY ni. By 031111 :st there is the sign1Ifi bal t im pairmen t
of,1 i~lgt \i'iiofl Cscoto'ie- vi in)Pro' ':io:il tv a very 111; degrec Ot anloxia. which effe(ct iveix raises
Hit: Itireshottoi t :1 solw t~iie iii h I ie Cliy dark-adaptedi cvc. I' cil at a simulated attitude at

7.t0' e~ila !.:nd 1' .Ii1 h'uutt 1 it tlei brig'hljiess 01t al Ihiresluild test hiflnt tttd r0 be incrase

vii,~g lic W~. ~ 111: Il I c ¾ m it II .. l alnt ;i' le tii it'l(i 1 1f tlri:n111 i'1 i t il (.1 d n ,ilaliiurat STr s' .I1).mrnil o

k. it[ clceJ lt k~il4.



by otuclonith so as to Le still visible aind 0--M at 1S ,000) ft its intensity had to bo hicreased by I11 to1 2
timeis. In alviation, the practical importance of' the sensitivity of night vision to mild .:inoxia is cm-
phiasized by tile experiments co&nc'.ced by Goldie.,* Ile letermlinl)LI thle (loCreaSe n llug Of nlijht
vision produced by breathing, air at Various altitudes. His results, expressedI inl terms Of reduction oC
p~ick-up ranges, are p.-eselnied it, habe A-L

TABLE A-1
DECREASE IN RANGE OF NIGHT VISION

AS A FUNCTIION OF AL.TITU')E

ALTVi'UDE AVERAGE PECNAEDE2R'AS'. I N
(FT) NIGHT VISION

4000 5
61000 t0
8000 1

10),000 20
12.000 5
14,000 35
16,000 40

"lihe vistial fields are rcstricted inl moderate and severe anox ia. Anoxia induced by bri tkthing
ai at 20.000 ft results inl joss of peripheral vision tot .?othi form anu color and ailso k.liuses Cenla1rgv-
ment "f tile blind Spot 111(1 development of'a ;'enltval %Cotolll:!. These effects increase With imnceas-ing
anaxia until blindness."

*11drceCd~lC~ in Gilhins (19t62).
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APPENDIX B

VISUAL ACUITY AND CONTRAST EF:FECTS
DISPLAY SYSTEM CONSIDERATIONS

VISUAL ACUITY AND CONTRAST*

The detail discriminaiitioni ttncsliofd 01'11 thCua Ve, i.e., x ISnlKIItICLiv. haIs [)eln Iiivstigiited
e'lianstively. various types ot Cicuiy s.chaCI minimu deetbe nimi eparable, vornlikr. anll"
stereo have bef-r- deflijed. M\11iniiii ti 1mI-I separable visu lacity applI)ies ill thle case otshapeQ re~opnition
where. gellerally. Closely Spacedl i rnagý etim i is inlist he d iscernled. it is :ýilowni to va ry ats fir iw t iou of,-
aldaptationl level, A.mage bCg os ontrlast. C, p)suri din e. iniage mnot loll vibiatlions. spectrial elurac-

teristics, -aiul ositionl of tile targ-et relative: to the lne ot sight, ecI. ViSI.al aIcuItY iS definedC inl
teims olh arbitrary reetmilar t St patterns wvit!) generally Sllii1-1 edIJes. :ilth'llaig soni1c siudiesC' iNIVe bWeen
C'i 0Idiieted With SIM' Vil%' avePt tel IIS.

Di'scrimiination o;, iilaL'ery (!Ctiiji differs from O~stia! aculity !l~easurnielitns if- that it requLire.s
detectioni "fl, dHseontil iinitics ci`marac;ttri/ed by d1ITfusV 'dge'Is aiid I lkt Intensii5ty dist ribuitioits. T[he
pobtdishd acuity data arc2 slatisties ripreCsv: .1 igl specif'ied pcirIlorinaneek level,, ( usually .50," (letectioll
probability). TIhus, theyý pro~nie inltoination inl a probabilistic aerthanl ill a (teterminiislic sense.
Therd'lore. Ill any spc~ihic instan1ce. visoal PIm :lnlne ay Fal fr shosrt, 01 CCc.\ d~, predictionis
based oil u1blished dt.Inl gneralC'1. stanidar1d viSualI ICoity (11JdITa are nioditid >yheld tIetor01S to -
Lain realisziu opvratol. pCilTiii*.iiicvt estimlates unider opelatitoiili conditions.. t'IiIo(iIid tIm') daaCall be
LIsed to esta!blishl averagc epc)ICtked lHIiItS ol peII'tonI!cc Mdci ideal Qrrnohitiuns.

A mininini contieast tilieshlold visual acurity murve, takn fro)m A. S. 1 is plotted ill li&i
tire( 13- i. These datal a1!c io: a ii Sin Wave test patternl with anl avrg1lilm.llc,: (.4 1001 t-lanibcrts a111(
ViCNwCd at1 20 inche's. Thins c.urvenelet ifliiigs illoholi. vcp0NpIIrC I in1c. wilve ivinI!I1. arid vibration et-
lee t. hIIe visul'l aculity curv.: %et.s the tnwel inlim it ur whseii ,ystcio~.iiat Ini orkici to he visually
dliscerniblte. all limage det;:il i1111st eCeedI tI)', tiIrCS:ild CWItii[ist ()t1*Jii 1t-1. lhCIe tesoIVIng p)ow01 (J
a i sensorJ/disptla\ ,yste'lil Is Ililatened to Visalil aci(ty bi a0 ite lied k incL ditLnuie At thle po~int Whicl
tile mioduilationi tra:ishier I wiction tN' F)t mn thre ,Sfvslll crosses tile colrrcspoliilulil )istlal achlil' Cc Itr-ast
threshold.

[TeC ISe 0ol t~he di-'.ptaV nIDOulil~tiiOi !I ranstlc Iltiiictioii anld thw visLili actuity Contrast threshldd
*to compare, tsku alterniative dist'lay systloin is best shown 1) means (it aldI VMIlIpIeI. Lt:. LIS Coal1MI ;Ie
*5-iinch direct view storage tube I )VS Ii IWith at ;Canl C0\cnverte tube I (S\ / 0-nhNil'oCry tube

iCRTI~sy steinl. Slippostf thle tv~s Irad :i sh'iliiik,ic raster' reCS0hult iI ot* 120 iIIne per inchl. andI the 6is-
play eliilsi,,teu (4 a 3-hich sturicl lbriirat. '[lie resulitant MNfll clrve I'm this d.isplv k ihlownvll Ii~nli-Cu
B3-2. 'Ir vI I CVr11r ý.1tVCll aIi contrst thresuholId i s Isu shownI I 1 1fiue " I -I Iir au ;10-i II- ch kv ei ng d i tance.
Tilie IlaI\ilIIiI lioatIC eVsoltinliol is, SM) TV tine0s whrIlek I WI C1,lt e, illkINcis t.

11 SVC i"Ssume1 HIC S(.liki 2.000J liriiitii'g Tv tines per diameliter aid anII inscribed squ~are l'olIliat
*is, used. the: rena T F 1,ll lifile scanl cnetris titsi ill tiruic B-3. I l~eM o ic ('1I U,)-h R slnowii

inl tigimi B-3 155illiis ai o-i'll tuiaMIT ohis)La'.' 10lioa, and I120 shrlinking 'iaStc'i line~s perChI. [lie tWO
MTF cur1ves ale luilkipticul I.11tII [0te t; provide tile totalý1 S(' I' R( I 'Ici trnCs oI'uni It heC video banld-
Widiht I,, asuiincd ilul to he ai lillitiil' lacorl. A\gaili. I lie s.sina ~l vlilliCntast tilirc.-old is plot tell ill

tiguile-ý_ 1II t3 a-0 1O-nellh viewnilg t1istIr~ce. Ili this case. tI'l inas1ilftlln uale resoliitimi isQ I0 T(1 ' ines V

ti/lice tile two '1til ys Ill te 'wet

IB I
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Figur-e B-3
Mo~dulaion~i Tran~sfer Fu[Illtji) andi~ Visulti Acully

Thresh old For SC*T/CRT' D~isplay sys temn

DISPLAY SYSTEM CONSIDERATIONS

1111.1 has levelopcd (h iie tio):1 of' -(Ichliloll-i 4),; la ict i ,iid, I 01.' Imie "Vil. .~ 1erf1et
ill"C'ii.'ice abhout (il'tCIerLIitscflalt type'.. 11 V'. d.hIth' a'. Ili. imitl~k f ol rk"soi;ion lemeliiiii
piaee-d i.ilolg di(liltjo a1,11~is of a1 co'l1Ollsc 1;Iloct. A '.i. I ' c'el 'Vi I h I! griI-lin lesofll~ioli of 2 it I
looking- at :Itank 30 11 long ce\lihiik :I dol'ii'llioni of I >'. F.-li stde.1)w .h-lIill1!S et dll!ý ' o l I(aru t

I (I 1tien iilbi it 111y atI vallio II k ;tiIIIk I Iec " *1 tiiI I ll l -1I1l !'(I r %'ý I o tI s I \pe ol ;I I r-k .1,1 V,.lI IIcIcs e . weapIl) i.
etc. he .lesskd talrget reporti hg at three c lvels: ( I " ;vcogniilbilI le. irer4l[ I (2) identifiicaItion (e.g.,

Iraln:-porl airer:it I: and (3) tIltidifeid'ntlictit (e.g.. (-541. lie Ohwn plot led percent correct de-
SCripitionis at tile three levels algainsid de-l'illitil id derivedikC ý. Cllait W11i01 leita~ti%'eiy ilid iCAeS tile fill-
tiolisiil) tuieell del~iniitoii :111di p~Ioi.IhItv o!, rckouniitioli ;111(1 idele)(iIalic n(lhitue. B-1).

lHe ihy)(I)t1iZCSje thatl :1lI*%T. lIm radar ilmagery wouldl he .I~ifiiar bilt displaced soiiiewliat to tile
leti s~iice pholoorap~lk. eti hic l-anshrmnationI'm 10 i'OtlgilIionl Nit rada nta'ere t1CIeeds boe intl-k

PIeI teCd,

(arel (liSkeLISWe tI-e telationsi~il) of' I't"lL~tionl 01id Flt 10111 Ih1t1tLI et hl.le PIe5(-llfs CigL-reL
B-5 which shows thati ;l gilven stale- is WhistIl 1.1 to 11C p)0II11 'wheleR with thaIt scaýle the displayed res-o-
ILt;(fI~l eL-ietIM-1 bkec0Iit 1)111th II k 'l ' tii"IdI le [1 C U W i ji 1)t'. 1i 1 &C WhVItt OIL' i C ;1a! I`C5;IVL- to.

tile limiit of tHe rest oft filie '.vmoi ii dm-, 1110 vomdi to.tnl;kk-l1 III!. '11:0 at-e 15e.\)dIildilig tIleItI'' '-dL
Heli indicites RBenne1t el Ai recollilliletid, ;is generally desJirable scl.ihott 750) HiILLS 1lie IVS011itiOll
10or dl~il'.Jh ViO-Td 1011 11ot 11 : 1hoi 1 2-X illk'lk` With thie Lllihided ct*\. [pIlc Bt-6 shows calctul ioId I-k h-
hilioliihj)5 aillowy. displa )I i/t'. 'ikC\ViIll!- distl[Inct. i1-it es( ltoi

*CmdluIc j .lhi\-l dI,~ vlltph'uirI AW,''!I'Vii, (:l,W nri. )I1gw ArvculdCI 'ilk. ('[ 16

'"Be(tnlitr t A-et A.1 A/t 4 .%/l/ /mavcI 1,10 i/j -- uh 1.,;/) S /c.i i/ alaim Iwti Re"..vntrmn, tH01 \41. (3-5. ý.1,

k-do 'of \"Itm.. 1%w - . N c,1111I% 1Q6
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BASED ON VISUAL -

Fi LSOLUTION LIMIT OF .MIN OF ARC/
(RASTER LINE PiTCH 2 I)/

z/
w VIEWiNG DISTANC'7 (IN.) 36 21 1

II
l'igtirc 13-6

RequIired IDisplay S i.te

RESOLUTION 4

S~ridillCI42f ll tcCClImi(l(1425 k2\i5 1,01 I11Qa. 1[I11-.n .111(1 NJ)4242 VIfI.V~'S I4210tiL0I1 Ijies Cill 1.5111!t it)

%VidVIý, (i IICI4111 1425011110111 IlItillhCIN. 101'111h: .1,1111C duIC 24, 'I1Ilk Cilsk.1I(ifld 111,Of SCVLlI'dI (lev'iCeS ill S'4211425

"NIICII :is d a zl 542,11 Cliver[vi (I-be. vi(I42( 1111111ip42. ;liid cmhldet 1-;i% ;112424442 dIdilionl clnll42,I1J1.\itics ill

dI~c;IiI11 are I)I4C~l~icd iI'clclty The)1141k SV(411 r s tilI(4I. For442111 coheii 1111. i4)Itii hS Com inin reslutions of

a.ticilli.e (IcviLc4s must1 he esl~lhlishiet. IhliS I42OL1 II.01 Stllmld.ild may1l b), al-hitnrlylI sclucted hut should
hc4 lIncallilIinlt ill llpplklllionl to 512)50 dspl. t and11 slhould Ix'ý clap'll' o1 co~llNiScIlt Il~llasurII( l1421 .

T114 (1111k.4 Iibajol I425)11iOim i14lmircillenI1s for lisplilly de .vices arc4 ,hin~kimfl2 taster. lim1iting~ televisioIn

lCSponwS. and14 51)111 !' fircqulc 1 -4Ic~poi scj0I'4 or iloduhiol11 tra s11,015C hinlftiol( ( Mit V

Shrinking Raster Pesol~itiorn

Shrinkigl~lS raIcl reso)itIio:1 is (ICIIIIIImhC(i by WI1(111! 4! 542 (44 ((11111:\ S(111142( lilles 1);) (lie dis-

p~lay :111d1 I42(lIt2Icig" Or 'shirillkiig the 1151421- link., s(pac2Wing, miti 111C2 11fl425 II'C2 ISt on) (he ver'ge Of' blenldingtI! ~ ~~togedlicl, to fornl ) ,IIind(istillm!tiSlIPl)lC h)111 . A trin~~ed observel normaillIy (1-temIflhI.s this 111t C1421(

Cond'ition lt ab11 l two011 to W( ( ive, percen21t ()1.lIItl0-pc2i k lghtI illto2nsitV uli'll ion. siI(cC ili,- clierizy ((IS-

trihutIio ll in a(RýI Sp)u( is' very 11424(1 gaulssid1~. 1le 11C1 Hll edl~ Icspo)ISC Ii'42(01- 04242115 ill J line spalcing

of' i1pp~roxi~ll114y 2(;5. wil(12 Iv iste st)t4 rludilts AI lP: (iO p12142421t ampllitude o42 HIC 14 spol inteInsity

(list ribu tiot).

"- i t l(161 uve;t,) V ttl IUNIJdl(Iýol )t(Ie'ppii!lolo, coll~'lan ilapati
Ill ~ cr lIIIII1 d sph W (I111 TIC IIN It '. m "'C l~c li 111ý llk IlllIV 1:1 I (11ol d dit". 1% 7A 'Il 1"
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Television Rasolution

A television wedge pattern fileasures spot size by dletermining tihe pohit -\ here I:,; liines of' the
wedge are just detectable. The mimber otf TV line% per unit distance is then th- w;iwbvr oi'~ black anII(
white lines at thle pohit of limniti 'ig re!:olution. The wedge patt.,rii is eqJuMivalet -0 a SqU01VI V`.1 Pe'C piouN
lationl function, andI theref'ore thle TV re-solution is o~tci- refc.teidl to as the bin] ing squarelt' wave
responise (Onie nleeds to be careful to remlemlber that, ill television parlance, oie cycle of' thle square
wave prOdluceS a black hinterval and a whlite interval anid is con.;Iclred as two teleVision! line\,.) Assumi-
inng aI gaussian spot distribution, tile Iilmitir'1, square wave responlse occirls at a televisjoll linle spaLcing
Of 1.18 U . 'ThuLs, there are approximately 1 .7 thimes as many !im~it!In television li-ies per unit distance
as shifrinking r~asth I- lines tor a dhisplay with- thle sa;ý -C. spot size.

M i~vation 'Transfer Function

'Fie sine wave :soletechnique Of 0. H. Sc.ýhade Manaly7.eS tie display rcSOILutio1 by thle ulsea
of' - sine wave test signal, rather than tile square wa~ e signals cinlploynd ihi a TV test pattern or, tile
photographic p~tteins commonly employed inl thle, optical Field. The sinie wave response test prodlu-
cos a1 Curve of responlse called thle nilodlulatioli trausfi r fuecticon (MTF) This is shown in- tigu r'e 13-7.
Whorn several devices are cascaded such as aI sciin converter :oil CRT, tile MTF's of' the md~ividutal
devices are mnultiplied together to pro~ile the total system. MTF. This ':apability for computing the
systemi NflF f1mmi individual device MTF's is a major advantage of' usinlg thle M'l'F re-sola tioii measure.-
meint. Another advanitage of th~e MT1F technique is the graphiic capability it provides lor- (eterilllning
0- visLuaL aIcuity hlmit of a givenl lisplay system. Thle MT F response2 canl be, rela tc I to thle otlher co

lUtionl meIaSUremen~ttS sjlIrin king,, raster andl television) if t agvussnin spot shape is asst~imed This is done,.
in figure B3- 7. For example, it' a sine wave test sigral were set onl the display at a half11 cycle spacinlg,
correslpond~i og to the shrinking raster resol u ion ;hwin sp;icing, the i'esultat o ohser.'abe in J(l ilatIiOnl M)1
thle dlisplay Would be Ipproxilliatc ly 29 pereen t. Tfable B-1 canl be used to conIvert from11 oneC tesolti-
I0 Ion easti 'emlen t to another.

"ýSL ilie, (0 1 L. -A Njiliod of* N'ie~isii Iiiig Ihie&1 1p icl S~icl-Waivc Sp:1I lal Sl)CCtiI I'l) i l I CgICISPM I IIW It~~ lIsi l)CVICcV
S,''it-ut o' U.1thtIfiM PI'ItUdtC (i'I I('h'l-I'I i'U(t Si'sew I 95S.
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TA. JILE B- I
CONVERSION TABLE OF VA!ý!,JJS M1FASIJRE, OF DISPLAY RESOLUTION-,

FROM TO-_T

TV 10% Shrinking 50% 50% Equivalent
- imiting MTF Tso Raster Amplitude MTF Optical Passband

"TV Liti;ting 1.18o 0.80 0.71 0.59 0.50 0.44 0.42 0.33
I IY MTF 1.47o 1.25 0.88 0.74 0.62 0.55 1 0.52 0.42
TV50 ,03 dB) 1.67a 1.4 1,14 0.84 0.71 0.63 0.59 O.e7
Shrinking Raster 2 .00o0 1.7 1.36 1.2 0.85 0.75 0.71 0.56
50% Amplitude 2.35o 2.0 1.6 ,I 1.17 0.88 0.3 0.66

S0% MTF 2.677 - 2.26 1.8 1.6 1.33 1.14 0.941. 0.75
Optical (I2.83a 2.4 1.9 1.7 1.4 1.2 1.06 0.80
Equival"nt 3.54u 3 .0 4.4_ 21 1.773 1.5 3 1.25

Passband (Ne) ___

0

*i`,ri cxmtiile, to convert from'IV linwiing to shrinking raslet rt'sohlition. muloply by 0.50.

B-



APPENDIX C

DISPLAY VIEWING DYNAMICS

inl the systemi design process, iiai aalyst is continu tally face d with tilei )rolekin sp'S. city i,
dispI Ay pitrameters and determining the in plicat ion ofl'part cula i decisions Ali examnple is pr ovided
by tile (IueStionl ot'IO howlong it Wvill take For anl obsciver to finld a t aret a trit aIppea' ls onI display.
mhe answer to this may be expected to vary with ~he vi-iiance and qualif'icat ions of the observer,
tigLo reC-iýUOufIl C(Icotras conditions ('or tlie target, resolul-ion ot the display wystem, display viewing"
enivit-onimen t corid itio.is, and the total situatiot. Yet, in mission analysis and in decisions oin desigI
reqUiremntCIs, SLICh ((ueIstionIS legitimiately lire raised, calliaig for somle sort of' pragmatic al'swer.
This 11ppeld ix is a d iý-ctlssiuln and review of' recent t i tera tur: concernil;- it1igtiletS Oifi' iu stwil an

Em phasis h nis been placed o nonl including desie gI fools With al brief summllary of related in ol.
mla tion. Ref erences a-re providedI to cISI asur redy aIccess to addiIloialid details, ifd eSire(I. In ilie c'ai5C
)f review a. .icles, I lie libertt. has beeni taklen to quote extensively rather than11 parapllr-ZS4 a welt-
wri t tell summary.

Y ~DISPLAY SPARCPl TIME

SittIOW11 po0int.i out thalt. theoretically,j

display search *i~~i~ =ddis play area____ pio tm o t iato

es.aeaoia fixaltioll (I S(q ill.)

where:

I i~l. ill. =about 5" Of are: subtended run I"'12I Ill, Vie:wingý dstanICe

0.3 iec I% baSed onl visalsea SCNII Stud)v u Li,,

For al 12 X I - inch di' play, X >.3 -'. -13.2 wet. sacttitti'. [lids secents Itioti. but miay apply-

'is a sort of' limit. It assumes tlie taigets ate reasoiilihly re.ogitizllhle once thtey ;n t'ixalet .

Time Available

Timne ")t 111t'age on displaV ik r'ektaid to groun11d Speed. object si..e, display sizc. and scale Faictor
tratio of di~pliny ilrea to area1 coveted bly se'IsoI) (see Lta111 C( I

One nmay elol) b. scanning withi al Sna10ilet NCý1!0, iIi'',leeSII"ti2 h le "CICfactor to inIVestiga~tt any

potential tar~get detectedl. but this scieNeigsalr~re s. Ilo niuticaso Iue 1max1 imd:-

cate al targ~et which would Itot hIve beenl tottit Ill patternI rclogliiot l ottlone'. teg.S inhbaredk oi. rada r

emiliatill'o

(Ld., Nton. \V.. Aid.l m 11 'CICtIi)LnteNoietional Romati Uounh mn. 1). Ch tu 1;), (AWit) 'V. Iil



TIME AND) SI2ACF VALULS RE LATED) TO
TARGET SIZE AND EFFEFCTIVE, SCAIF FACTORS -

Assume
Display size =12 X 12 inl.

Aircraft ground speed =500 f't/scc

T'ARGET SIZE FOR RIEPRESENTATIVE TARGI- PS

~25 F
(tracked carrier 50 ft 100 ft

12.5 ft (tiack) &missile) (fighter planle) (large btuildilig)

SCALE FACT'OR 12151420l8SO11,0
(20 min visual angle at1/2125/450/8so1700
t2 inl.) ________ ______________

WIDTH Or- TERRAIN

STIuP DISPLAYED 0.50.7 1.4 .

MAXIMUM STUjD'VTIME
4IPER OBJECT (see) -. 8.5 17 34

(mt 500 ft/sec) ________________________-___

Resolution

Ill a Study by Williamls et al, ; subl-jects werIe to finld airfields ill phllotographis of varying rcsoll!-
K ~~tions corresponding to 13, 26, and 55 feet onl tile ground. As one nicasire, thle tinie for correct destc- ,

nati0on of an airfield was recorded. When nc .m was lo(.ated kfter- 60 sec, at score of 70 sec was oivenl.
MeianI~l timeIs for1 12 subje1Cts receiving six trials each were averaged. Thle mecans ot'li, the edians were

as olows:

I'-It resolution 4S.9 scc

26-ft. resolut0n . 34.9 sec

S3-ft resolution 23. sec

T1he d i fcrenc,'s il timtie are statisl icallly ognaificant1. This kives sonli aFccling" for thle relatiio'ship of'
recog~ni tion timle anid pict are r1ol. 1.fo Onc target type.C

Ang~Ular- Velocity

Willijam!,t and Do ro-w: utrod i mov ing d ispla In upl. down, righlit antd c ft at rates of 0.2, 4,
8, 16. a ad 31I degrees/sec a ogular velocity. Sui.zbjccts w(. c to pick out lettIcr t ripletIs, one set at a time, N
t6loin hiigh-denlsity vOr low-denisity search fields of otiter letters ( 10 X 10 and 18 X 1 8 dihar,'cter matriices
inl a 7.5S-inch square). Viewing itnewas albout 1 5 inches. and fl1 letter's (typed capitalls) subtended

" I ~tme won Id perm it m~iyi alY/ng uivabout I 0"','of tile display.
"~Will iams. A. C., et al, Operator Pm-irma~tice in Strike Reconnuaimince WAIX' Tech Report I 0052 . August I 9)0.

***Wil IalS L- G;., mid llo,(2\%', mis.. trlie fIled ot Rate and Dlhect ioul of IDispillY Movelment npoon Vislual scali en,'
Ihuna,, Iacu'rs. vol. V, no. 2, Apl it 193.

C-a-



about 27 lininu'e.. of mrc. Torough ý ,/Sec they found no signlificanlt elfects ill Iceopli( IOn dtle to !Ilgtl-
I ar velocity. These low rate measures (0, 2. A, andl~ 8 degrees/see) wer~e Comlbjnled. There wov -,ISO no,
ap~preciable difflerences f'or up and down or fbr iright and left. These were combined for horizontal!
and1 I.C.-tica movelivinrt grcups.

Figures C-1I anJ ('-2 showv the Study results (24 made n ndergrad nate~s with 20-20 vision, 100
tritals each). They show thait torget recognlition time is relatedi to background density Characteristics,
angular velocity of dlisplayed poitterai, and direction of motion. Nverage time to lecogilitioni Was 16. 1

- ,cc for low-kicnsity and 44,2 sec for high-density backgrounds.

1.0LOW DENSITY SLOWOVSTY1

0.90 -LOW DENEISITY_---
3 1

0.80- HIGH DENSiTY
S LOW

0.70 ~--
0.63 - I-

>- 0.60) - E-~ -~--

-J / 16

0.40 /H!GH DENSITY 31

0.3c.-

0.20 /
0.10I

l 10 20 30 40 130 60 70 801 90 100 110 120

VICVING TIME 'SEC)

Cinumuativ'e Prohability for Lach Speed
ait Each Arrav D~ensity

Moving vs static Displays

Il anlotll'nr stud~y 11V Simlonl." I2 trafle-l observeis worked with 18 dlifferenit displays Showing
eight typic"l nIiitar-5 type taigets ii ig-E'oll t~O side-looking a-ziar imagery OIl a -e~ii-pro ectioll
ViI2wev. PieIctk'~s wele mi~ov'd Co~lltiillIlIusly alcross thw display hall 11 (l th ti.;'e aliit ill a scrie~s Of dis-
Crete. stalic st'.'ps &161i1, the othlc hall'. Two si/c~s of' display were, used (6 X 0 inchies' uId 12 X 12
inclie:0 with two0 umed si/(cS rpresent!'ig ()- 11n.. 1 X-iIlIie 4trips anid tIltmeQ dillIcrenlt observationl timeis:
10, 20. 01r 40 se:onlds. Si-llul cantll IlIV CY 1i1-00 A'vI.s jei-I lile'd I'l f'ind 3 tire-Ct 01n 1110 10\immovu dis~lty.
Tairgct recognition11 pe'Ceim talcs Inal h" rogiid 'd is typical m IM mis k ind of iiateriv'1 except I oait the
airemratt cllviris'iln1,'nts tvihlatiojui.111'.l acicle c1 us c.) 1 w leot siinuilaki'A.

C.W .16 M A tll"11'l )lR (L1I 1 In:111 111k111 anFa t rv '(I V 1
185-,0 . ".1e I Q



0 LOW DENSITY
0.90 -, OFI;ZONTAL LOW DENSITY

o~~u VERTICAL 4
08.10 HIGH DENSITY

0.20k-

0.1 HIl DENSITY ....

0 10 20 30 40 50 60 70 S0 90 100 110 120

VIEWING TIME NSEC)

Figure C-2
Cumulative Probability for Fast Speed for the

Two W)rectioyis at Each Array lDensity

Pgt':e "53 shows the pmrcentage oft Iargets recognized in relation to Nue allowedl. Ihlis seems

If~airly simple comparison. Hlowever, figure 0-i shows somec of ~he different vahles wihin the aboveI
tiivie averags when subgroup figuires are considered. such as the kind of target and the dispAny siz.
Ill tis case, "interaction'' refers to the ct'fcct of a tSIAr variable on tho relation of No others. If one
tlic:5ý to igerier:alize tl-Iin any o i' these curIves, there is dagr(fliii".ld :ocntl (t are'
recognized can only be a relative indeX 0ot display/ viiewing time requirelients for a givenl situation.

Figure ('-5A shows, the median timne taken to recognize thle targets uisedl in Sinion's study' for

is c omis..erble vmhiathin possi ole if eonstrJnts are pull Oil the Ra pl .R ogn Iit ion t ime Cou~ld go to
in~it' l the target Were small enough or could be Ii ited only, by visu, I reactionm Iinme if t he large,

wero L. re enough. Simon deduced (hatl th e subject-,- were. fasteri with Iih" iilov in'g display bc ~.
tise(i better, mnore systematic scunning te h iiique, always eleeiu ng the oncoming mhcAtil.

iFigurc C-0 shows a Oinilar eflfect fo r ranges of recogulo thines.

AI
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13. INTERAcTICN- C. IN IERAC'IION-
GROUND) COVER rXISPLAY SIZE,
AGiE PRF.SENTA PflESENITATION

u VON MODC, -MODE, ANDlLu A PHESENTATION AND OBSE( 'VATION OI6SPAVATION
-- MODE ONLY TIMP TIME

S18- X STATIC X STAI IC
D10 OMOVN 1) MOVING8 14- -- 18NMI Z,- 12 IN.

.7 9 MI6 I

L 12- jj /. 4~
SXC

Fiue -

A. 0 EI_ __ON .-, SRVTO MO- LN IBER
w MODEINLG TIMTI ONL 0IO TIME4 0102 0 05

C. ITEACTION

OMOVING )
!02 I-S NMI ,

'20

iO6
oC, ..0 .

MOIN STATIC 0 10 2030 4 01 0'04

Ran1ge of, I mies (1) Recogilit'v Targe.ts

Coaltrast

Figure C-7, 1'omnI filinaiu , * illIustraites how I-(ItIiic l CIIC1ts orm object con traist change witIh respec.I
to s~ ize O:pi'nd mng oil whet her tw h'visual task js iieteoct ion Or rxiui in. c dice cction cuEV is f-rO11

Talr.~ he reCO)Žilitioll dalaa are froml Boynton. [Isv.-h ýtand Palmer;. ['Ihe Tnvior experimenit ýj

;,H ilinall. B_. *lluiiiin n ILactor% mi Airbouinc Ilcl 1mon~ii Dt hspl In So'clow tot 1ittol Ilaiton Displ.1% 7i/h ."oahli'?ta

.S) ?1( sihn? Tch/ sesvin PiIroccdo'iqs.x O ct t 'be

:lsvhd . j VISID'ttviI IV, User of *VtsualI'vii'mmrnsice Datia Iii\IIhtI ' Pit'd w Itoll,-pplicc! Optit .3 6--6)

** 30 ' 1o toI IN 1. 1 SWC ortIii. I , u'd IPa I owl,1 R .. Lab, -rawr'v .Smii. !i' c)'rlfalpi if! h I h. Rev, .mi min:o ,' ,. /it?1 f 11



0-0 ETECTION (TAYLOR, 1964)ReF RECOGNITION (BOYNTON'
I iELSWOR -1, ANfl PALMER,

20

0
0

20

Figure C-7
Coiuparis'in of 1)etectio nand

Recognito ll 3-C11i Idslie1

cilli2(l for nIetc~tion o0' a dmfile rorml agaiIls" a ho0moC..eneous 1held. iBoyn I oi re(]lire(I recogniti on of a
Imi-ticila r formi from a bact'.grou nd of forrils. The C!II -V(e shu,.v how the slixleimI)it for .'Ccogni doll is
grea ter and that, for target ISizes belowv 10 liii lluls sOf alac. more contli lsl is r-eq tind lfor thireshold
recogni tion tIna!' dltectionl.

A\ 5-inch sqIuare display for mat C 7-inch tube) would sub tend m atitle operatorls 2vc with
I cinchs viewinte distance. 11'6 mliii iites is requlired for dletectionl. the ilinlitigln icale fat tor . dclcr-

niilien from) 0. ) W / 1 *=0 0007.

Field of V'iew

PI -"i (IL -8 shOW SOwsoic grou1.nd coverage hlitn S COIDI)LI ted f'or fou r classes of' t rgels. A 200
fedof, viewv reaches a given ground cvlgoat I lower' aititude than I lt 5' hield.

Solme advatiltage is appare nt for narrower fields or vie-w when display tornmia is hmjtled.

Signal-to- Noise Ratio

F igtli- C (-9 Sh OW- thle reSLiH its of WAlt A sI dyý Oi 1on how muclI t1i~iseC cotid hIW I oleill[l ill
ilili'gles used foir the extrai~ctioni Of iiavigalIiotiall infottildatict. 11w stiijects examnmiii inlformaition in

- a legrvaded image of a sectlt to determIline. WM 'erc tile illiagedl areaI Was Witht le5)ect to .1 reference
photo mlap. Per If'ornila lce Was relatively constant at thle noise levels mecasured, indicalting thatM con- v

std('i'able n1oie call lb tolcrated Ill this Situation. W an esI)oiist titlie varied Only 0., " ecoii-.. as the

sigmii;-to-tlose raltio wva% inlcreasewd from 10 to 30 d B~.

1%(1. A A I:j.i LIo Svsli m ii I)V iv'ivo, IU'' )t'(1/ DIR~ If / SII.Ia a eo Ra.0 e caI'

(-.7
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Figure C-8
Ground Coverage Limith (RCA, 1962)

u-f

• 2.1

2.0 '
U'

17z o
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Z10 20 3
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Figurt C-9
Effects o' Video Noise (,n

e-errain Recotvgnition (RCA. 1962)
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Target Search Time

Frickson ' ;*epor1tS SCeial St diteS Oil t arget sdrhtime11. Ali vxcerpt "rorn hiis discuss;io I)l' th is
a rca is mnc! tded bel ow,

"In seacintelim [0r Lilott1.11d targeket Itoili lircrift it is ol't12i ileces'.sily to sem-ch Over a l1'ýirly I'llie

areai mid to imake j UdgMeICIts oil n in hilier ol F )bjecC s. A% ii iiin her of' ka ora tory ex pe2rimentIs have beela
Cariel dou~t requ1,iring. this kind of'semrch.

-h ýhe study of' Boynt on 'mid BuIsh,* observers waýre asked to search [-or a specified tairgel
Iociatcd a1111.g at number)l 01' irrelevant form11S. heta ge and oh~jeems were loc~ited Onl al circlar.l Dack.

deem-eases as search time decrealses alli;dLIs tile n1i lbel of0 objects ill tile (Iispila'' iii. eases.

, q46

Fiimve (-1 0
Lxaimple of el F IC L) 13' seadled ,

Fr om Expe~rimienit's of I q ~uitor, and Bush (1 956)

"Ill tlhe, sI~d 1(1 c.rie il Baker-, Morri%. ;Il(! Sle,,dnian, A.* ohscr.'ers were asked toi S!arch i
C iUCu~hIi I* eld 1*1 a target (fi~g. C-1 _).) lOCAted ailiolme ; nunib1er 01"sinlilki obiccis. Search tullie increalsod
with %earc:h area Size ffig. C-13). Since the numiber ofl Wvins onl aI search are-a was, roug11-fiiv Pin1'0orti0MI

lo) thle sarch are-a Sizc. it wals I"hellhl thle pr1ilnIry 1',10i ill thle inlcrease :1n ',(archl time was th: increase
T-ill the numiiber of irrelevant loins.''

F[ic kson, . A(. \. I iufl I),'o'riiu o/ biaril~i'i: AInai'um tnmti Rvvi,ii', N\V WII'S Iqmi I W, I7 NOi S.A1 iel 5 .
Clmi inakke. CAil o i ma, I:cl~i umiy 1(0(5) (A ) f,127-1)1
Ifovinoj. R . W. mid t3ush. W. "{. Rvcot!iiii loll ol Flo i.s AgfiiisiI a( oiupI',\ 11 tcl.pi oimit, Jounmal tof M/ct ()phtica

.%*'r-tvi toflincricet, vol. 46,. no. (), M75X 46. 195S0.i
( .:1kLi A.. Io, is 1 ). F:. iil SIVC1iui,11,% W U . I n~l'ClRi ~of'ini loll wi ( ouiptul'': D kpl~ia s* Ihuuianfei /lor

((IN
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S40 128
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2a:

0
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EXPOSURE TIME (SEC)

F igure C-I I
Seirch Peformaince, From Experiments of)7

Boynton and [Bush (1i962). 0 .Ject
deniity is shown on rech curve.

4''3

1?'~4 1 .A In mwI

VI '11.1

I igm c C- 12
1 Tarcts Used ill LExper Iiments. 1)

Baiker, MIoris ai'~.d S tec(Inld. 1960.
1 hle figure aibove is nlot reoresen tative
of the diisplahys us1i:(I but only of the
(iffCrOnlt objects used ill thie displahy.

C- 10)
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w O MEA>/

X~ 20

w MEDIAN

10

6 12 18 24
SEARCH AREA (SO IN.)

Fi- tre C- 13
Seairch Tinie vs Search Area for

Experiment by Biaker, Ivionris, and Steednman, 1960

I:Iiks~nl ropotIs one ofl' hi o% ii Cxperi'ie:1IS': inl Which 3 S1.4uam1 W:lit. field WaS jpad'i~iionc-d
into C(quaKl sect ions by black lines. T'Flus field con 1,iai nd Sq tI re1-s, LIimonds. and triangles, the latter
b~eing the targa s. lie found tha t searlc i tinlc increcased as the lu: inher of iionita r'ct objects in: the Field
inlcreased. His ire-sultS ;11' S1hox% 1 in fit, ,urv C-14. iScvvch time also increasesd with increased partitions.
j)I'SlIIlIflhiy (fIe 10 Zaddle( Visual, clUttr.)

* I 225

201 69

20 40 60 80 
ANUMBE FI OP IRE LtEVANT SIGNALS IN DISPLA'Y

Seaa cl Timel as I F'unction of the Numberw of Situials j
-111d1 Partitions. Niiiiber oil partitionls ill displaiy

ave shown oil (:ellh curve, Smiit h. 1961.
Pcpm ý4- 16 (AD 10730). Wi jgIl-110im crni A 1: B Ohlion,Ap il I TI



Friksen MiSO describeS wvork by Siuiiiitl: ill Whilc .i Cir(Mlail displ~Ay containing~t maySmalll
ci rcular' pseudo-targets and onle (lesignated Large t (.1 square, to :1ingle. 11CMai10on or' Den tigon) was used
111 a search experiin'ient. Typical results (fobr the S(q uare target) are shown in l'igu:e C- 1 5. Smitil a1s(.
found that the triangle was the easiest target to find, and thlei in increasingly d ifficult order, a squaire.
a pentagon, and a hexagon. In other experimients,r a periphleral discriminiabiiity of' thle targets Was
mneasuredt and compared to search timle for that target (fig. C-I(E)) !t was found that the easier it is
to discrinmina te the target peripherally, the qluicker it can be folndu ill a display cotit fainfing other
objects.

10.0 -

8.0
6.1)

4.0

Tu2.0 CONTrRAsT

u 06 -

S 256 CIRCUL.AR PSEUDOTARGET,-. 54
I GOUARE TARGET

0 10 20 30 40 50 60

SIZE DIFFERENCE M%

Figutre (-I S
Search Time as Function of-farget-Pseml~otarget

Size and Contrast D~ifference ( Erickson 1 954)

1:ricksonn reports lie obtainled a peripheral visual acicity scO l oI I) sub1Jects 1using a Lanldolt
ringv as the target. 'Fle time. ii ((ink these %ubjects to find aI target inl a display conitain-ing other objects
was also mieasu red. Those sub1jc~tS WithI the Iig ighr peripheral acnidtly (PA) scores tendled to ti id th lie
targe't quicker than those whose PA scores were lower. Two types ol'displays were used: onl..' conl-
,ai ned "blobs'' and tire other rings. Search fI he Was longer and less afflced eflby object densit~ y tot
tie blob d k plays th an for the ring-i. Thec serciic task was rpacdusing" on ly rinll- dspklay as pat II of'

al sIcond experiment, and the avc age search timli's wýre maclic the wdne, I hose Ileastir-cd inl t112
I irs.. A third experiment employed a lin~earl cue inl ring" (isplta~s by aIddinig .~black linec to the display.

'a tt5, . '' nhl sinl thle D esignr o sen sir. O)utput 1 Sp la~ ,' il Fimalsrep 'n4h'?n.so flu.h A rmed FoPrcc
NIt A. IV IiitcoIi i~ b(d.). Na Ii(i n a Re %ca r ci i Cot i ncil. I Wa'dumrig t oiii. I) I (.) 162.

`sIlliil.) S. W., "Visuial F' e:., re Iim a'ncdi1( Peri phe ralDs u m li .'I rr offlre ()ptcai Socivite of Amucrica.
vol. 5 1, ino. 1 2, 1,462, Deeembelw I ()tot1

""F rdi sir, R. A.. Viviahl Sechr/ 6r fa jho:Larrira-vfurr''Kjerirurcri , NAVWFI".1' i~hRk-i 'OO), NOTS.P 3328.
China Lake, ('alih'mmria, NOTS. O)ctober 190

('-I?
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0.4 I iLI.. 0\\0.6-

TARGET * U • mI U * *, 0
PSEUDOTARGETS A 0 * , , , * *

DISPLAY CON DITICON

Figure C-I! 6
Search Time vs IPeripheral Di,'erimlinability, From Smlith, 1961.

Perip~heral location in the figure is the (listanc'.'
from the point of fixation at which the tar-get
couIld be discriminlated from a pseudotarget
75% of th~e time (50% corrected fc'i chance).

TIhe ta,'get was iocated somewhere along this black line. Search [tine dlercrased greatly anc' was not as
,at'l'cte(I by ob~ject density a" i' wais in lith display.s without the cue. Th~ese searcn times arc shown in
figurt: C- 17.

2.8 --- --- - _

2.6

2.4 r. -, - .

•32.2 .""
LU EHINGS o-*

DRINGS wrrP LINEAR CUE CN

0.9 J. .
16 32 48

OBJECT DENSITY

Figure C- 16
Averchge Search i'cie 0ni Static" islplrmys
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TARGET DETECTION AND IDENTIFICATION

Fiankln k an(, Wk it tenib i g* priovide. oii ex tt' ivi SI V ice i)Ci!.eS0UI eC I"t'!direc~t ViStuI ai ir-Io-grouaid
large t (letectin and i'LWiiti =calin. The pwammem r covo-ed have a genera fly comparable effecti when 7
viewinhg a senso dhiypT of the same scenes. [o. exam ple. t he idlalion .li ip hetIween illounnin~ti on le'vel2ii
and threhold (ietc~tofl riunge is hirniwated in rigire (V H.& It may he asstumed that, as this hrshold is
approaciied, i-icreased tinme will Ile requlired 01n (Ile bmeme heire detection.

MINUTES AFTER SUNSET BEOE SUNSET
35 30 25 20 15 10 5 C 5 10 1520 -

~Q2030-

K L 1 (9L 1000.
0.A. . .20 501 0 5 0 0 0

ccUINTO !TC

liti00-I
cc.

Vii00 ll -Anea un o l lumnto ec
Cý4

~ beiin C) i IUD 11 illRpt1( iraifieu-lliIiaiaed';ith. gae-I

is t~ar th su. 'hsvariablealso Whold aslec a~ i crane or Ilunio tionLe.e

Thle effects of' terrain IaII ing 1I 01 termsV oln e fseChalnges pc1i unit areCa and aVerageC
slope change on ta.'"e't Viewing capabihitk- ils a\ he pari idly klcler'muiiie fiom linjie (C-20, which dhows
terrainl elfect., from' diffcrent altitudc:s. RunuIg hill)' !errainl tend',1 It)I!U~k 011lviiig arý.'as.

*FiranklJn, NI. I avid Whit c~bUrg. A.. Res-aIion iw11 htlrg!lti,', Pat/i I)(- "140pwv'ii tf an .1 Ajr-to-Gr, 'mnd
IDeiectiaim/Ideniif icahtr W1hAd"At I N R-ARI<-o S f1)i 1 A 1) 6'1') 21-5 11uui, Sc1,-: 1Cce. l 1sek cl, I1nC., \ .C clI , V rii Iii

itlilG 1961-
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Figure C- 19
Log Relative Recognition Slant Range as a Function

of Flight Attitude from lBlackwcll et al)*
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"*lBhaCkwch, fH. R., Ohinart , J. G., and I larcuin, lE. R., Field *,)innldl lion Studies uf A,•-to-Grouiid Visibility Distance, )i
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M I'II A . •eio I2 .!.I ; I 2 I'1 ~ .z..
('I5j

SI I



ground rciationshiips wid et~xclt of' actual cociIelt iul -21 \Illows t(he gesuilts 01, olne stIild

02O vICieing fromf dilterent alt itutdes.A

FOI EY;CýCLUOIFD~
W~~~~FLIA ',E INCL UDED

x 0.8

06

0 ý16 FT

0 1000 2000 3000 4000 5000 6000 7000

RANGE (FT)

14'ii~ r I 2 1
*'vceu.ge ProbabIIiI~Vlity I a a 7-1boot Target is U! posed as i

FunIctionl ofI iRailgc *Il( , \nlt! ilide lith [IIlia,,c II1lcI(Ide
andl Lcludod -i-edrawn h-om BallIistic." Anialysis

Lablorat')rv. 1959. .A ltitudea. is shon oFi Il eachi cmII e

File t'I'ect (fl altitude itself ius slmwnl ill -isituic (I2 o he clI'icladeristically it 'I'-shiUIpLd refit

t'(ioL'.Ii wi a'~th t ~ri e co ntin 2C O .. , lc(C altl d Ha ,Ilet. t\a ho. I lic 11 II I1 M'alild tatcll ho' ''' iil a ' Scel'2 at

a givenll time and tile appll~aillt of/! 111 tia'truvl.~ ,V AltiltI wik1aw- ahbaAIN v ýIl)O\amm io ll cve! the mask-

i I I,, el~a. '' ()I ic;Iaiin znd me'etatina ll re redu~edl. 1 leweviu. ipprrcw ,ilc~/. l'eacoms smaller, docereasint'

Ra.coI:lui'0iti p1 oblhllitv. \lS(), It hl'ld ltittlula.'. al ilIoNIic~ld it ta1Iltlialwoa tends to' redulce viewing2

Si~l1l-i~i a. ICCI'..11'.C ii vol vel ill 2 11k.' a. i flliI I acý01 'a Cell NILifl laiiCC Itand Ia-a'llIlit oli lpiobab~ilityV.
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WIN

TARGET RECOGNITION

(arecf Las ~tcmda good soattttaiN cto'cia g utvi target recogttit io wh ichtis IN :1cc ui'll applic.-
abik t hat it is r-CpC!It'.' here zafltost initact.

Ns used InI this cotttc\ I. I argct iccognitionl implies Owii "bility 01 dlim oper:?.toi toc10 s or
Ma~ lt Object or place On tile groundsI oi, tile out put of one or n1ork, of, til hc scuss ai'oard LW- . ircirall.

III thc fitt go around. only thosc scusors thait mnap a cont as pattern arc hcintg colNsideled. Such Sell-I
'ors include radkar. I R, TV! and perha-ps lsr

"SN'stentl resoluion O111iN weni st 'ad icex t isivoy. The upshot of hecsc stuodies can be mitntuyt
rii /d as oIWoLMS Objct s canl hC idcut ified Otn [Il ftJ i OUtISo 0COltI.\I as J\ ' a, bN sh ape, An Inter-.
prtctr nitty inter~l thtat a blotb Oi the cud of' :t u\a is anl airCraft. ';IICh ..)'tCIcnceTS arcoten O rioI-
coUn1 tor tile C:t11test is Ott cil Intsu II icietI and a, systei c that yield-. finicr gn-allt data hy increasintg seitsOr
rcsl~otictil \vill inclivasc (Ilk h oI1IidCIICC III It Canl be pflaced. Oi any' inticerelcnc 1i, order t hat anl object

behiC~ t' idCntitied hy it', tarititfar shipk' ý\hctt it is isotatcd and not QIn~bc'.Ided int a cotocx~t . sm-
wtcch ctwi' 1t0 and 100l adjaccu it iwot mncells HItst he 'p1;iCc'l On i 111Cc L-ot Vxantpic.
for an1 object 3(0 feet Onl :1 Side it) be ccgi/Oi othe tin'rollnds of its, vttaf pat IcittI alonte rc'.~ltircs a
cilt I ast Isellsor wit I a ttInIttIltllIullt resollIttiotIt of 3 to Mt feetI

"NILost of thte data Ott 111k topkc llas dealt with pf'tootitt liltan' has 11',o co11 te
in the labortatotry iudet noise-trec., pook; cottirast cot'litiiott'. As an1 c.'antplclof tlte- tlat nftmhip that
htolds bctwvectt scimsot resolutitontt and objet t roimi t.allkt eatttittatioll 01flot poogta:ltv ttadc tiotit
tilec Output o1 a high1 r-csotuIon10 IR ifce.tVOr -\AK-1) t X.A-2 was, mlade. 'Ilic: scttsol has a reso11luionl of
0.3'`. and tht W 'm( nittts' were tak.'im vcrt calls at 1,00( '1 1eet .n clear tth tthis iltitii~de 110tc -
:ttifltat lves lotittiot "W Inc a sciko aifd nom ' soh~tiot if ahoit A vect. I aruc airraft K01 W-
1647 et. can be ideni ibe1 directly by shtape. Sumaller aircraft fIN I"-f IM" canl he Lh "ct ;ttiuZ-
ated oiltit: nhgounds of tng swcep Ond Witig itik. Stif mitalr a'rtcratt isi!1tetnain 'undnimt ficitfd.' -

NO de. ITh is hi ltp lic-, tlt' tile :ý ett50t N ield %v- ()-I~it at l ti4 t so uitlo ;! kv lkI 'o tt tIte ta i wl t . A i

''Al titoutr the generalizationt is tai aidotis. as a \'cvfoiug tWe Wc tss'.ttt til ttcme.uimmetttC11 fot
IesIt'ltttti(it ofi I ;'1( tai.--cl si/c 1I inc d '.i[Ilte"I"10t) 10t utIa ýct rCck'it'tit kiti int'leI"'.ttdott 0I C0Itit\ t .A

1110 cxcept toll to Ih rule in arte 10111-' linear tatu'ct: ria'.fsrtailwaysr tliseNktc.

''Ite' are soltut Ncck)ttdat\ettvcciss Nec'.ott.:iry Ontly Il itflt, seiusc that thcy tie, tic moh-
i.ct: -fir(eCtly )dcI0 t con'trolt'i. Iat ate NO 'tifi,.al thai t1ic6t di'ek.itmis IIII is 11 ii c'imisi'1't.'iI

ar-Wde.

*1

n Menalic l th bi~mgor ockmo istei~i

- I e c llijIt- il ()I til th ' 1ý1,g l i 011b~d 10t



~Nun-wrotis SIdit' hdit!\', show tWIIhe oveiriling imp gortanice ofrecference mnaterial Wi en the
wertiaors task is ta ig reCC "eecii 1oi. Ill PONo %i .4 ~ k lem Cclosely ( lie i-cfeictice miateri al resenlit'es
'the I i;'e d isi'Jay wit r es! .- I to orienltat jo;. 'on ciit, icille fat lot , grey scale, and resolut ion, thie easier
if is to Wl Ii t anti recogniz~e EhL(~ ie taqe T ill) ponaii e of mich brie~n fi jn terials sihgoesNt Ihg. us1.

NW twolisplays: one for liive ali-I )le Cor Poreid AMa i his 10pA wvill be explored nhre fully underi

re(~IllilUIenS

p gnize aiI i-get is showni in (Uwe-24. 7hime dita amc meant to show the Pecric~ n atureco
lhe functioni ro'ther than to be USedl literally as a &,6211 aid.

12-I, VIWING0I.SANCE

SMALL DISPLAY PHOTO

A- CLEAN IJACKGnOUND -cj 1

6PATTERNED flACKGEROUNCj
C) FARIM PATCHWORK

L 0 FRMiNtRSDFT
0-C MIXED BACKGROUND AL

CLUSTERS
D L c.uTTER!'D BACKOROIUND

30 L AIIL
20

10 KL±LC 1 ~Ž~LJ ILL~

I to10

TARGET SIZE IN! MINUTES OF VISUAL ANGLE L.A GE DIMENSION

ll-~L 0ci2.4

LATecis of' Bakljttn Copvi onl Tinie

" thle tilim availablie to the opentir it) loi md and Icco'gni/e Ole l arycl IS ,rei dictated by th..'
n. ofi the tileL Sissim anld the speced M tlile v-ehaice. Where tI I1I0il121 briefingt Iiv~ I'CUlIiC(I :11111 act%-SS

i.- o(I reference lllaferiaiý Is atl iaiid, 1i10 ohmseive' isale to (it InuLch belle, :-li ight he expecteot
* 1 ccaivse Itie iefereiice im1,tendia ill effect (hmel. t his atlenlvilto" N rilical pairlk of ti% wi, e displa) withl

Ow 1cCorlsequCelce !illt thc 1I!,me av.Il:Ih~elC s pe'lt only ill eaI111iII rez 'itical al a1, hI'erke ale.
Iiowverc. cases iWilere lieC l is iill Id0(jII:Iie, and it is of, kivi ev-t to kniow l'okw hulel -k. dlata th-v
opcrator c2,111 process.

gi.



"In dhc ideal d isplay ot sensor data, tlie dlimenisionis of ewich sen ;cir resolution cellI as dkis Iao
siould be at least twine as fine as the eye's resolution which results in a negligible loss of effective
rco 1 ut-ion. In praL tice this ideal situaton ib tisualy coipi-oin ied . and anII c ffort is nlmde to provide
display resoillticil only Inqual to that of the eye. We have drawn a suibs or' charts that illustrate tilet
si'e of thle (:isplay needed for thle latter co'se if each displayed senisor cell isd'1imlensioned to SkhtC!'d I -

Y.or 10 minutesot arc at Mhe observer's eye (see figure MR5) For exampile. a sensor %with 5-fooc
resolution covering1,0 Ocqt on theground rnuirs adisphlay(.( nhes in diameei itviewed t
12 inches and each sensor cull subtens I mninute of v'uli arc at ow heye. Eur paltern sensors, the

importance of mathing the display eCSOIlution to tMe eye's resolution is tied to the opctdtUi`- ability

to rccogN>,e targets. As was previously stated, resolution is one of the key factors in target identifi-I
cation. 'Iargets smllrihn" 10 timcs the resoltion limit of the system will be difficult to identify
except on the grounds of context. Let uts now suppose tho op~erator is looking for a very small targe t
amd has no a priori dv. t about its probable posit ion.

NAUTICAL MILES Wlif H 18.AtN VILWING DISTANCE
RIESOLUTION o-

5 FT 50O1T looFrT
106 1~8 212 i RESOLUTION CELL

163 2 1056 21 EOUALS VISUAL ANGLE
5 3 2 8 0 5 6S U B T UN D I N~ G ( MI iN ! I

26 264 628

0.6 66 132 -
20,000 FT 33 66
10.W00 FT 1 c 33 10

5,000 FT 8 IG
2,500 FT 4 8i

4L J..~..L'•it-iJ 1i S100 1000

DISPLAY SIZE UIN.)

I-i-ture C- 25

I )ispay Sim .C.(oveage, .nd (round Resolu tion

"It is poxssible to estimate tlie inininwiun timec it will takc a hy~~pothetical olei-vei to S-,all a dli\- -
play of any ogvcn size iunder these cond~itios ii' 'nomiw ';ipliryIiig asstiiptiqkwi are tuade. l~T im~age
on Bc eye must be stationary if 11w observer is to s ,,, anyt hiing. Thols. in scitnning-a display tihe eye
dWcE rmome iiiarily on a pa tclu t 1hen slews qu ic-.ly I o thle next patclh and so on unitil thle d i ýplay is
visually scan ned. III orider to detenminli t he timie it willI take to search ;I display, we need to k nowv I lie
p~itchi size, Itile dwell Wi. Mie slew hule, and tile canl pat ter'n. P1alcl sze canl be estimnated by

usSitethe e\'L.'s ReSolution som.- vlmi timinvt)lyartv but this shioul allow lot Owt mol Wiikelv cawe ~whe ireluce
is 1 0W tos in remdoloi io btheIween ;hte set ow ani d ow tiefi: d ispyt\ as seen 1b; dt eye .

C 2



examining the acuity cliaracteris tics of' the eye. Acuity varies with 1.1w disrinbution ot' retinal. cones
and thus with the angular (listance of the observed tf:iget t'rorn the optical axis (fovea) -of* the eye,
as shown in figuire C-26. For purposes of this an-aysis, a valueC Of pluIs and minus 3 deurees w,'ll be uscd
is thle limit of, . uscful cone of visiort. Patch, F~ze will be compu)Lted by calculating the size of' tile
squ~are subten~led by 6 dlegrees and will therefore vary with observation distance. Ford et a]l* found
that thle average (dwell time onl large displFys is 0.28 second. Enoch*' in at similar study found that

-(11weII time varied with -display size, but fme data fr-om tJ'e two studies are in fair agreement, and at
(dwell timec of 0.33 secondI will be uIsed in this analysis. Slew time is negligible, an(, the observer will
look about three times per secono. Scan patturns for real m~en vary with a host of factors. For cur
purposes, however, we ISSLUme that the man scans the dlisplay in at raster fashion, completely, wit):
butted patches, and no overlap. With these assumptions, it is now possible to Compute thý ciaie ;t
takes to scan a dlisplay of any size f'rom any viewing distance. TfL.-- results of these computations
are shown in figure C'-27."

1.0 -1

RA7 10 OF CONES (RETINAL SENSORY

0. E1 LEMIENT) TO NUMBER IN CENTER

>. VISUAL ACUITY (EMPIRICAL DATA)

0,2- -. -. -- It

0 5 10 15 20 25

DEGREES FROM, FOVEA (-OPTICAL AXIS)

Fiotn-e C-26
Visual Acuity as a Funct11ion 01'

/,.agle Off Optical Axis

card-c thuis arriv~es at a si niflar approach to tlhat ol Si n-on (1962). His chart sceems to lead to
shorter. tininc values than Simjon's i'onnuInii, alt i orrgh theiy hiave made very similar assmptlHions about

f patch .ize andl dwell timec. [in eil her case, ;t is assumcd blat thle entire display is mcannedl methodically
as alhtineptr ig ca.lokingt I'm any ýi::n ot a targ.'t ir, any part of' the display. Actually,
there- are usually citues as to where- target4s 11a1Y he expected inl con text, leading to mote "Ificient
search. Anrd a clear large I emcrg~ing anyvwherie oil the display will be lpickod. tip. by peripheral visionandl then rapidlly locus.,ed by a vigilanjt oI),seIveI,

loid A. Win .~. ' .,nd Lielnlenstein. MI.. "Almilyýi% 1)f Eye NMovenmeils Buring Fiee Searchn,- .hnulr'al of the
Optical Societn q dmiiwcal, vol. 49), Marchi 1959.

limerica, VIA. '19. March 1959. 1ýA
'~Lioci .. I. ~ kerolle it u (iulx ~ipiv)pi VsulSerc,"Juralo te picl o21' )

(~2Am
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NOOMERLATPOVRG

ViEWING DISTANICE (IN.) 12

10~

T: PATCH

0.1 110 100
D-ISPLAY SiZC (INCHES ON A SIDE)

F- - Figure C-27
'rimfe to Scan a Displ~ay

E'ach target situation must be considered separately, 1,'~t in~ doing so referonce mlay be made, to
variabic that have been ind. ,ated ill thi' appendix. T1argot-badckground rel ationship is particularly
critical ('determined by contrast, iesolution, and pattern effccts), Moving, tilling window displays
Seen i to offer quicker target rtecoriition than static seqluential displays. Altioude -id slanit rang-e showv
predictable effects. Context can faciihtate r-ecognition, especially with good training or- experience or-
With rerexe, cc materials.

rime diiverseý relationships of variables with dfetection and reccgniltion time presenlted inl thli
appendix may be useful as a pirtial (lesitln tool reflerence f'ile. It mlay t e x panded ol.r e. ised Ia tel
to) JprO'/d. all up-to-date sourlce of st ilsor display itifbi malI onl

SUPPLE~MENTARY R'EFERIENCES

Figures ('8through (7-33 are fromn lKlubika wa et al. * They ipresunt StupllemCektary refirences
o11 displa y d e~ig(ynaiics.

*K1,Ik~va, et aii (Ekt.), 0al Iook for Hjut-an Fac ors Ei$.gi.,ievrs, vol. I and 2 (' CR 114l 27 1. 1'>y Nan Facetors,
-. , for NASA Aim!- Rcsmic dl ent r, Noveminhet 0,()
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Fioure C-29
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Figure C-30
Visual Acuity as a Function of

Relative Movement Between Observer and Target
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Figure c-31
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INDEX

A

Accenimodation i- Brightness

(see Luminance)Acuity. visual optical projectiondefin:tion T-7 devices VII-3scope 111-7
After images 1-1 3 screen IV-7 3

Api1U1lriSsymbol IV-9 4;- Alphanuinerics ands b(see also Synbol) adjustment I11-9arrangement of VI- 1 8 ambient illuminati( n iii
brightness of IV- 10 coding VI-1 2coding VI-1 7 flicker 1-7confusion anmong IV-1 I group displays V-4height of IV-8 T.V. displays IV-14
illunlination aid IV-2
levels of VI-1 7 CVI-I 7resolution and IV-
size of IV-8 (Cathode ray tubes (CRT)viewing distince all(n IV-9 ambient illumination 111- 6

background brightness 111-8Alpha rhythm 1-7 bias 111-9
brightness 111-8Am bient illuiii iition ontrs 111-98_a n d c o il tr a s t I !I -cgain !111-9"ontrast 1-! 3 noise 111-13group displ'ys V-4 scaul rate 111-6nois,. II H- 13 scope size Il1-I

Angnilar orientation symbols f<:r 111-14A 
target brigntess 111-8codIng VI-2 I target size 111-4
viewing angle 111-8

Apparent motion 1-1 2 Viewing distance 111-8
Aspect ratio (CFF (see Criticalprojected displays VII-I Flicker Frequency)

B Character (see Symbol or

Bandwidth Alpha1.merics)
dclfiniition IV-7 Coding"and 

advalntat-es andg'oup displays V-3 cdisadv::ntages VI-3, Vi-9, V I-I2symi bol identification IV-7 categories VI-3
Bins coin binations VI-2 2asd 

definition VI-Ia"Jil 
recoillnendedi types of VI-6gal, 111-9 reqirelltlents VI-2tar-get visibility 111-9 e of VI-4, VI- 12

/-i



IINDEX

and and

Flhfiie~ VI- 17 display brightness 111-18

angular orientation VI-20

brightness v1-210 D)
colorVl-I I

coltras VI-1 I Decay timie 111-6

display VIbrighitness D1tla'oe1-16 lt
dlisplay format 1-IDetrnp
env'ironmental rltLe VI-19Dtcaiiy4
flash ivito 1'/1-19 D1tectbilit

VI-20 ambient illuminiation 1-4 1-
incliati1 bandwidth !V-7A

observers task VI-6 brightness 111-4
perfomancetimeVI-6 display geometry114

re coinmended pr-actice VI-6 scope size l~-~111-36
rcesolutiion VI-1 I signal size 11112.6l-
shape (see Symbol) signial strength 111-2,119
size VI-1() target and bias11-

sym bol VI- 18'is16
Dichromt 11

7~o;( ý-atliode displays
t se Redous)Diffterence threshold 1-5

Color(s) (see Chrorinaticity) Display size
an~l (see Scope size

co~ingVI- 1also se-e Screen! AZe)

recommede VI- 12 clcm.wnt size I-

registationV'-! 3 equipment cl-.¶tractcristics 111
registationgeonmetry 111-4

C'olor contrast 1-10 height and resolul'on IV-2
symbol size VI-18

Comuti divi ~viewing lJistance lV-9

displays IV- 1

recooirrmendatiorls f'or I V-I Iisiortirl"
(see Jlso Registration) VI- 13
col or

ContrastIH6 eririIV-
CRT disphay 11-2 emtrcI-
ratio1-
thre.shold -A2

and
C,)d in 10v1- 1 2 Elect roll, j.;nesicCet displays

dicto- fI (soc Re.idou ts)

target size. 111-1 2 lne

Ci teiaVI11-6 (see also Syvn 'oIl)
size I-

Critical flicker f'reqUenlcy
(C F F) Environmfen -al effectSA-

det'i t on1-7 onj visual pcf'fo111inanceA-

(tote, mfinanfts of 1-7

1-2



INDEX

Error rate and coding VI-7 location 11-23

number 11-23

F size 11-23

Flash rate coding VI-1 9 1ntegrat-d displays 11-33

ricker (see CFF) L I
anidandb!nt i11uniinaiioi IV-14 Legibility and viewing

tusionl fre(lequeny 1-7 angle V-I, VIII-i

Form:dt IV-1 3 Lighting (see llumination)

Frame rate (see (IFF) Lights
warning 

11-23

Lines
andGain aV-6

and ScrCel height IV-6

bias 111-9 symbol height IV- 13

target visibility Iii-9
Luminance (see Brightness)

Geometric distortion and contrast 1-10

singe, Vic w•er displa""s IV-7 optical projection
devices V 11-3

Gothic type VIII-[
Ltuminous energy 1-19

Grlo ulp displaysM

ambiont ilhumination VA
bandwidth Misregislration

brightness V4 (see Registration)

ro ne to egistration V-5 Modular panel design 11-1!

r.'solution V-3
symnbol size V-i Mosaics

(lot IV..9

stroke IV- 10

N
Illumination. ambient

definition
an0d Noise

pij 'isibility 111-13, 111-14 and
anibicnt illumination !I-I 5

Inclination coding VI-20 brightnesi Ilil- 13
1i e visibilit Iii-1 3

I ndica tol's pre ice IV- I

co!or 11-23
displays 11-27 Numeric readouts

flash rate 11-23 (see Readouts)

intensity 11-23

'-3



INDEX A

0

Operator 1 ,erformance Prtaops -

characteristics MH-19

-'and 
Q

code levels VII-10
coding methods V!- I Quality
resolution 111-19 variationis in, display IV- 1 2

Optical projection devices R

recommndnf(ationls tor VII-11

and Radiant. energy 1-19

aspect ratio VII- I
brightness VII-3 Random positionl displays

conitrast VJI -3 recomnmendations for IV- I

contrast ratio VII-31-2
screeni type V11-3 Readou~ts1-2
symbol size VII-l
viewing aingle V IlI-2 Regeneration rate
viewing distance VII-2 (see Frame rate)

P Registration
andc

Parameters co,.Cr codIing Vl- 13

observer I1I-21I group1 distplZys V-5

Pip (see Target) Resolution

brighitness 111-8 Coding VI- I1

size I I1-5 ueftlli~tiol C7-2

and group displays~' V-2

display Size 111-6 sym hot V-

persistence 111-7, 111-18 words IV-] II

(see I'hloS phorescenlce)
Search time l-S
Visibility 111_9

dliiiScanl rato
ald colflnl tile 1e 111-6

brightness 11,1- 14 Scn-i~1-

OlioSC 111-13

Phoshorcop brightness

characteristiCs 1-6ieo"i.i~e I

ciul( Scope size (see Screen
(IT 111-I 8 Yze: aso cope size)

"pontVI 1-13 anld
Printer's rangeit 111-2

Poetd(iiyssearch time 111-2

(see Optical projectiontaetdwauly11-
device%,

1-4



INDEX

Screen size number '15
(see Disp~lay size; sliape VI-17
also see Scope size) types of IV-9

andl( viewing dist:ances IV-5
aspect ratio VII- I

Screen type VII-3
Target (see Pip) --

Search time brightness 111-8
and and

co(Iing VI-6 am~bienlt ihuinalllltionl 111-16
range 111-2 pc rsistcnce 11[-7
scope size 111-2, 111-3 size (see Symbol size)

and
* Signal-to-noise ratiocotat1-2

(eNos)signal strength 111-3

* Signal strength symbols
Sh11aPe s 111-16

and types 111-16
Persistence 111-7 visibility (detectability)
tarlget size 111-11 2n

b~as 111-8, 111-9
Size Coding V[- 19 ambient illumination 111-16

target size 1iT-6 4
Staundards for

T.V. C(qWilflCnt V11-6 Television typedspays
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visual angleV-
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Width-to-height ratio Vill-!
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