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[ ~ABSTRAC T

VUtilization of complex systems is handicapped by lighting require-

merts for dark adaptation of personnel, An experiment was conducted

to compare reaction times to color-coded indicators under red, nominal

white and normal white ambient lighting. Subsequent analysis shows that

poorest performance was obtained under red ambient illumination. Visual

acuity tests indicate that dark adaptation is primarily dependent upon the

overall illumination level rather than upon red lighting. Results tend to

prove that an illuminated indicator display color- has little effect on dark

adantation, and that certain indicator colors are more quickly detected

than other's. Recommendations are made for optimal and alternate light-

ing and indicator color combinations.
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I 1. 0 DISCUSSION OF THE PROBLEM

,'.' One of the dilemmas confronting contractors developing sonar systems is the appar-

ent conflict between the requirements for the use of red lighting on indicator displays

solely to maintain personnel dark adaption and the requirement for color coding indicator

I displays for effective operation. of the highly complex sonar equipment. To further con-

fuse the issue, the requirements for total dark adaptation in the sonar room has been

questioned. Presently, the sonar control room is fitted with both red and white ambient

lighting and it is at the discretion of the commanding officer as to which is employed.
2 LL•¢/2

Li Some sources, such as Craik and Vernon and Howard, feel that a more realistic require-

ment for the sonar control room would be for low level white ambient illumination (dim-

out) under glare-free conditions for enhancing contrast and visibilit:, of sonar displays,

' .. rather than low level red ambient illumination for total dark adaptation (blackout) and the

subsequent need for all indicators to be red lighted.

Based upon present fleet experience, there are three distinct types of ambient

lighting conditions employed under operational conditions:

1. Normal white ambient illumination in the 20-50 foot-candle range utilized in the

sonar control room and the attack center during the daytime at the discretion of

",,,',,1 the corn man]ing officer and in the cjtuipme adt rooin at all I rines.

, i',i "2, Nominal white amrbient illuniination in the , 02 foot-cand1 le range einployed in the

attack center.

3. Ried anubient illumination in the 0. 01-0. 04 foot-candle ra rge employed in the

Sonar Control Ioom for general dark adasptation of sio)nar personnel, and in the

,': '•,,,' attack center to maintain dark adaptation of' the nmv igation, fire control per-

"'', 5 ,trinel and so thaIt the conni rigcillg Off : ci can of)i(,ce sonailr display:4s pl-lir ito night so. r-

,acing or- using the per'iscope at night.

Currently, sonar displays are provided with i-ed illruminrated Contr'ols o1nl, 'lIThe

,one x1,eption,is the flea'i-g Tirue R ecor'de r which tiinay lie illunlinlten with) nither' red

or white illInin.ation bv ruanually insertilg a filtner.

,,efererices are l istedt on page 4 2.
'A' ' " ' P:•,• .
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Since the ambient lighting requirements and the control-display illumination require-

ments are not identified for the AN/BQQ-1 Sonar System in the present equipment
3

specification (MIL-E--16400), it is the purpose of this study to provide experimental
I data to aid in the definition of these requirements. This study was initiated to determine

- the effect of employing color-coded illumimLion on indicator pushbutton displays on dark

,y adaption under red, nominal white, and normal white ambient lighting. This experiement

was accomplished by varying the intensity of the ambient and display indicator iMlum-

nation.
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.• 2. 0 METHOD OF EXPERIMENT

2.1 Apparatus

lj The study was conducted in the electrical engineering dark room employing red

ambient illumination of 0. 02 foot-candles, nominal vhite illumination of 0. 02 foot-candles

and normal white illumination of 20 foot-candles. The display panel shown in Figure 1

4 is 19 by 11 inches and contains three rows of ten Master Specialty Twist- lAte horizontally-

•<w .- split illuminated push-button indicators. The top half of push-button indicators was

always illuminated. The experimenter has the capability of illuminating the bottom half

"of each of the thirty indicator push-buttons by means of a series of rotary switches

located on the experimenter's control panel.

A clock, placed in series with these switches, measured the time interval be-

tween the illumination of the indicator by the experimenter and extinguishing the light

by the subject. The I nses and display screens could be changed from the front of the

panel and consisted of two separate sets. One set contained all red horizontally split

display screens, one-third with translucent lenses with black engraving and two-thirds

with opaque black lenses with translucent engraving. The second set consisted of ten

equal sub-sets of display screens which were red, amier, green, white, red and amber,

"41, red and green, redt and white, amber and green, amber and white, and green and white.

Within each sub--set, two push-buttons were fitted with black opaque lenses with trans-

""lucent engraving and one with a translucent lens with black engraving. The illumi-

! nation of the push-button indicators was controlled by a Nobatron voltage regulator.

The ill mination of the indicators was controlled, so that under the red and nominal white

anibient conditions the translucent lens provided a 0.3 foot-canIlIc, ouItpiut and the black

,. opaque lens a 0. 03 foot-cardle output. Under the normal white a nihicol. c•ndition, the

fra nspa I ,Cm11e i )rpovideid 3. ( Ifoot csandle output while Ihe opaque pmvio V • .i ' I Foot-

ca ndles.

22 j Lje.ts and f'r'ocedure

T,< tEighteen male subjects from the Raytheon engineering organization, ranging in

age from 21 to 32, with at o,,ast 20/'30 uncorrected visual acuity were divided into three
'-j.,.: 

2-1i
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equal groups. Group 1 and 2 remained in the experimental room under red ambient

, lighting for a period fo twenty minutes to insure maximum dark adaptation. Group 3

spent an equal time interval under normal white ambient light. During this waiting

period, all di ictions and explanations Nwere presented to the subjects. At the end of

:I•. this period, each subject was given a modified Ortho-Rater visual acuity test. For

"Group 2 the red ambient was changed to a nominal white ambient and they were retested

immediately. The modified. Ortho-Rater visual test consisted of a checkerboard pattern

viewed on a card rather than through the Ortho-Rater, The size of the pattern and dis-

tance of the pattern to the subject is identical to the Ortho-Rater presentation. Follow-

* •* ing the visual acuity test, each group was required to identify the push-button indicator

illuminated by the experimenter by depressing the indicator, thereby extinguishing it.

A The order of presentation was randomized with respect to the presentation of both red
and colored indicat,'s Each subject was presented with thirty trials under each con-

ditiin. The time required to depress the appropriate push..-button indicator was re-

corded after each tr-al, At the conclusion of each presentation consisting of thirty

trials, the visual acuity tesf was repeated.

" tl'- N-

I N{b:

,,:- A;

: 2-3



R1447

"A ~ 3, 0 RESULTS OF EXPERIMENT

*" 491i~ he reaction time: i. e. ,the time between the illumination of the push-button

indicator by the experimenter and the extingýuishing of the lighted indicator by depression

£ of the push-button by the subject, was analyzed to determ~i ~c the effects of the three

ambient lighting conditions, colored and red display screens and the posit inn of the

>4 idivdualdislay crens.Table 1 summarizes the results of the analysis of re-action

TABLETI ANALYSIS OF VARIANCE OF ]REACTION TIMES

Source Degrees of Mag, J Level of
Freedom Significance

Ambient Lighting 2 .1293 49.7**

Display Screen Color . 0066 2. 53
(fled vs. Colored)

Position 29 . 0052 2. 00*

Ambient Screen Color 2 .00717 2. 96

Ambient X Position 58 H027 1.93

Displ~ay Screen Color X Position 2 ))911

Error 58 -0026

I'otal 179

1) . (Probability) '. 001

1-P. (P1robab iiity) < .05

TieI -crstltsi oA tits inalsisi- cl'imiiu stiritc t hit the( t~pc od alilihivii. I luif ngil I'Iipjl0Vt'i

a igo ifira allt-y effU'ets perh 'saIC. lis iis sil\\' I g'apflhic(all), ill 1 igur CE 2 IOOre(St

pe-ll-llnc ,i. e. liii ab1ilit~y h) lflwflt( atal exig ish e illuililiialrsl lower' hail1 of

Ifl puIsIhultultib itllicntor', tWcllIed (l rier.c rcd ai)h1 viE'll illiliruilatiuri (Imeanl reactioll i 111(

A'' A 2. 16 a t'e~,;v orlds ) iltt'inud i al U' ('I-I or .( %kr ' w sIq ni atll tim hrit is -1 li in I IitC i i)iiil iliii-

ninritin (inel 1ri ic(t ioii I uieil 1. 7i Ssoini):~ alid l taiion I 1; C JO h iti IWtti o()CU(lt(t M I 1)t(10rC

A,, -vi., e'xpect cd, the ls)w:it ioii ) 1F lth inch .intol sigý,n iIitaillv ,ý l'vet (-d reac"t i4)11 t i me.

~)i5itimisOil tire l tow ( (ALtil'icHIa5gCl i at Iv lotllll1) rt i ll te 1w Ii nir t luiti ll IIs I he o r' el 1

po ¼..' l a h r w r tl i.4 , ~lIii alt .l ipc ,r "( l i 11c 1111H e l u
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J pozsitions in each row. Although the highest reaction timies occurring at the periphery

were responses to the black opaque lenses, this was niot significant in the analysis.

The reaction times for operation of the colored lights was subjected to a separate

I analysis of variance to determine the effects of the four colors (red, amber, green,

and white), and type of lens (opaque or translucent) upon reaction time. This analysis

is summarized in Table IL

TABLE II ANALYSIS OF VARIANCE OF REACTION T1PZ.S FOR COLORED LIGHTS

Source Degrees of uae Level of
Freedomn Significance

Ambient Lighting 2 .01-85 11, 56*

Color 13 .0011No-

. ,.Lens 1.0005 NS

Amblient X Color 6 .0008 NS

A nivuent X Lens 2 .0008 NS

Color X L~ens 31 . 0009 NS

IFIr I-or~ f.00

Total 231

* 1). (P~r (4).it)iIity) 0 (1

.0 ils()(tjU33 oll Taic3~ It ;34\: (134 4'1(4 1. (d1 alit313 i 34331, to( he( (41 43 3g3i11( lt3

of4 the( ('((((I li cof m oil( 33 33(33t i( 3(l' 3)\'3 3 inw,1 "Is 1ýio l il - I~ 3\ivs I 1l'i1 1h r is' 4

3-~~~~ii(;i3I ('1CI ( d'' 4 1u)Il(43 di(Iii3 1:13\ c t-l u(34433 (3 1(3 c (3 4 -41 11311431h vl 1Iiltil 3i3 (4333ldil-

(I' W;13)e43 hi 'IT 3 3;~f 11 (3 a(\V41i 341(3(1' 3333333431 44(4(j 344335, Ill (11(

c.( 344( 1 h ( i33 . ti4,3' ((( ilia \04333c 4'(41(4('3i \V4'34'l)" (41 145 I.(.3(3(31

ac (1 hi lles ( )I - l 4\S (lit Imi \I'' v3 ; I3'I 4 33313'1 I i 3313 ( 3() I(, 3'43331 (3

I i.~lt 3I1llo11 1 vs 1(43114'"[d'I (' [he4 344.433[3 l 1113,111 4 3 4 41m 33(1 3 (33 I \\hit(.3(' 34

31.4"'') 1 ( ~ , 11 '1 1(r I l r ' 11 m 11 1),l ~
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. 02 foot-candles, decreases visual acuity by a factor of approximately 4.5. Vsa

acuity is approximately the same under the conditions of both nominal white and red

ambient illumination. The immediate change fro akaatto ne e min

to nominal white ambient does not affect visual acuity. Lastly, the utilization of

eithe-,r red or colored display indicator ;illuminationat teitniisepoe nti

study does, not affect visual acuity.

;d
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4. 0 DISCUSSION AND CONCLUSIONS

Red ambient lighting has been used on submarines since World W\ar Il as an aid to

better vision at night. However, during this time period the mission and capability of

I the nuclear submarine has changed radically. The nuclear submarine is no longer re-

quired to surface frequently at night and, at the same time, the controls, indicators

and displays have increased in number and complexity with the increased equipment

capability. The utilization of red ambient lighting for dark adaptation has precluded the

•fr use of illuminated color-- coded indicators and colored pigments as a means of relaying

I information. The purpose of this study was to obtain quantative data to permit a trade-

off between ambient lighting and display screen color illumination for the optimization

of display detection without sacrificing dark adaptation.

The results of this study demonstrate that (lark adapation is primarily dependent

upon the overall illumination level, rather than the red lighting. At the illumination

levels required by MIL-E-16400, i. e., 0. 02 foot-candles, visual acuity under either
"l ,.•,,red or nominal white ambient is equivalent. However, when compared to a normal

"white ambient lighting of a submarine control room at 20. 0 foot-candles, visual acuity

-"-A is reduced by a factor of 4. 5. Immediately changing from a red ambient to -a normal

white ambient has no effect on dark-adapted visual acuity. Further, immediately

changing from red to colored illuminated display and vice versa also does not affect

dark-adapted visual acuity.

7_ ,A significant difference was found in reaction time among the colors used on the
"indicator push-buttons under red ambient conditions. The s:ubjects reacted most rapidly

to the amber illuminated indicator displays, next to the green illuminated displays,

..K followed by the red illuminated indicator displays and lastly, to the white indicator

displays. Since the illuminated indicator display color has no effect upon dlark adapta-

tion, the use of these color illuminated indicators would be beneficial for aiding in the

detection of GO, NO GO, warning and steady state conditions.

Based upon the results of this study, the ideal set of display and ambi-ent illumi-

nation conditions would consist of normal white ambient illumination antn. olor-coded

4--i
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indicator displays for optimal display detection. Since the requirement for dark adapta-

i: !ition within the sonar control room has been firmly established by the Navy to permit the

commanding officer, executive officer and conning officer to view the sonar displays

"when at periscope depth at night, the following alternative approaches in order of pre-

cedence are presented.

The most satisfactory set of indicator display and ambient illumination conditions

for the retention of dark adaptation would be the utilization of nominal white ambient

lighting at the 0, 02 foot-candle level, with illuminated color-coded indicator push-button

displays. Employing black opaque screens with translucent engraving for push-buttton

controls and translucent display screens with black opaque engraving for indicator

readouts, is recommended to distinguish between functions. The utilization of black

opaque display screens with translucent engraving also reduces the over-all illumination

of the display panel.

If low intensity red ambient illumination is to be retained, it is recommended that

'.1 the illuminated color-coded indicator push-buttons be employed rather than all red-

- illuminated indicator push-buttons, black opaque display screens with translucent en-

graving be used on control push-buttons, and translucent display screens with black

opaque engraving be used on the indicator readouts to maximize display detection.
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