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INTRODUCTION

In many current and future weapon systems, the increased employment of new
sensor/display systems (LLTV, radar, infrared, etc.) for aircrew information
acquisition, the computer processing of multi-variate data, the highly integrated
presentation of very complex tactical/strategic situations, and new methods of
system selection and control, have considerably altered the traditional visual
man-equipment information transfer that existed in previous air weapon systems.
Therefore, the cockpit instrument lighting requirements and design criteria es-
tablished in previous studies cannot be directly applied to cockpits incorporat-
ing these new systems or subsystems. These new subsystems and their integration
in new aircraft greatly extend the human sensory, motor, and mobility range and
provide an ever increasing amount of aircraft/environmental information and the
resolution of the flight/tactical dynamics which would otherwise exceed human
capabilities. In these weapon systems, the aircrew will still have to effec-
tively interface with the various subsystems to insure mission fulfillment under
both day and night operational conditions. During night operations, the human
eye will continue to play an important role in external visual tasks in almost
all flight missions. Accordingly, it is essential that effective crew station
lighting design criteria/requirements which are specific to these new subsystem
configurations be established to insure a maxim, m potential for effective night
vision and thus for aircrew misn4,_sior- f fulfillM, Pent. It the F-18 aircraft develop-
ment, which represents a weapons system developmer.t accompanied bv the above
problems, major considerations of the interior "qht-ing design to provide optimum
utilization of aircrew caohblities.during the varied fligilt oper"ations is very
appropriate.

It is the Purpose o! this report to:1 . Re i,,. a eec i nl repot-

1. Review a selectio. o te4 n ,rtirent medical, human factors, lighting,
and visual literature.

2. Present any availahle dpta on the relative merits and costs of red and

3. Where appropriate. e rovJe Pa rati nale f-or the selection of color for

the interior hin to b.ý er-royed 4n the F-IF, aý:-c'aft.

•.,T•E A AC TK 0 iC

"-oqre are svere bas chaiaýc.terist-:s *9 lthe hum:r% visL, al system which 21,,7
hccrs'f -~pr evaiuatinc the cuestion of 't hti:• ,onlr to use. The first

a thr eye w -cortai•is týýo types ot re&! .'rs the s....." " (rods) and
h,0tcr (cos) as Shown in ,7'. 1 The Second 4 that the rods can detect

1 'qht sources at intensit'es u'. t. ],Mn40 ti 41mes lss right thaC those required for
&-..tion by cones (figure It mus-is be kept in mind, however, thaý the key

rd in interoreting these s.ensi.,vitv curves is "detection. Tt is not uncomm-n
h e haIr t-e rods mistakenly rn-'~'c .- to * as the night vision receptors and the cones

•k,1 be ,d as the receotos fr-. ' son.. . hough the rods can detect the
oresence of 7ioht sources belowv the level of rhotopic (cone) vision, they are

- 3- BEST AVAILABLE COPY
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virtually useless for "seeing" in the sense with which we ordinarily use that
term. This is true for several reasons. First, a number of rods frequently
share a commnon optic neural fiber (figure 1). While the serial, or summliation,
effect obtained by "ganging" the receptor rods may well explain their increased
sensitivity, it is obvious that it greatly reduces their resolution capability
when compared with the one-to-one receptor/neuron relationship of the cones.
Also, the rods do not resolve colors which further degrade their discrimination
and information acquisition capability. Probably the most important factor de-
termining the limitation of rods as receptors for visual information can be seen
by reference to figure 3 which shows that there are virtually nn rods in the
6oyeiý' cra rly cones. Si:nce most of the activity which we generally call

"sec~o ruiesfovea, traicking of" an obiect of interest, such activities must
r~-.-pio*'n C-s-' nc ros In, detecting dim light sources, it is
to oac _n o,~ u4 ' e corner of +he eye' (usi ng the periphery

Cen -<-:D-e ~r:~.oplent-ifuly, only to have tne source vanish when the
observer "looks t- it" "-fouses it u7-jn the fovea containing only less sensitive
cones). Thi 4 ~15, k.n1e10s S why observers are trained to "sweep search'
at night to m~ax~rmize th~e chance of catchinc a dimr source with the peripherally
difSrlbuted rOd. Rodviio can d!tect extremely dim light sources, particu-
larly if the: A'-e of cq'- -P -,a eye and/or are "moving" (either on their
ow~n o- due to observer ea' rnc- tion) and car- perC-i ve gross imagery whi ch sub-
tends a. viszual Zrcle I- -"ý7sI more fsuch asthe horizon, large land
masses, and/or gross terr-'i rotusý Hotv,!ever, rdvision alone cannot meet
,he ,,i suai requirements -F suc' l''ion a ight tim~e air-to-ground weapons
del-i,,ery which require P~att-ern d 'oain(tr'QPet .cognr-"on), directionality
frelatiVa bearings).H, 'hstn'o perecepti on (range), ar',c ra~es of relative motion.
All of these visual ac.tiv4+tie-s depend principaly u-'n binocular foveal tracking
a~nd, therefore, requirin Srfficient eXternal to'mr en~ xcite- the cones.
7hus it is clear that tevalve o4 red cockpit 1 'cliting to !rost- missions rests
not- upon its prtection< th -ark adaptatior c4 *',k -elpt"ely uninformative
rods but upon it aieto ovr and t ±h!.,, bv liaht adaption, the
primiary spectrail sensiti'-tv oft' oa.As 2 r f-~'o"re 4, the standard

re rltr otony protects 99 oercent of tho ýa S rano o, thCodeu
90 percent o f 4.e sTP &et ! range of the cones as -we týhis 90 percent
Drno*ectior of the cones which ccrtr-ývtess the -nst lo ma~n c of coesni
t, i v~t a nd thus to what 4s L~usi'aly meant by ""'nil- v"'or"'.

H:STOR n7 CCC PTT ITGH7-r:

Since a n u mb e r of' s d 4 _ns 'Hart.14rn- et a', 1P' 2c ht ad, Hsia, 1945;
-owlard and Mloan, 1944;. Webster and Lee. lg42' su.-orted the hypothesis that
rod lighting was advantageous for aCfItr;in andrA; nt-a nin n a6' vision at useful
leieIs of ddisplayv luminance, the U iS.N ?a v v d ur 4 ný W 1" -d Wa r '. adopted a system

y~no red I ahtin fo wsttosi all arcrand shiFts. n the fall of
th US.Navy and t ,e . S. r occoe'tdinodut nevluation

~tseected1 operational bases to :7ather oo-osfo aYand i oc
or hcir sutject 'e preferences for the Navy red I-Itirg and ultraviolet

ngsyster's (the 1 4c Lýt 4 n r system used by thArFrea ha ~'' Sni
i-jr -n'iitary 0"rcraft equipoed wit', the best designed red/ultraviolet light systems

r f i, flIownr b , a I a rge cross section of Nlavy and Air Force Pilots. As a result of
1"is subjective evaluation, the red lighting system, became standard for all services..
To 019,0 the UI.S. Air Force adopted a new blue-white lighting system for specific

-6-
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aircraft in which aircrew external visual duties did not include requirements for
high levels of night vision, and the use of color coding could be employed in the
newly adopted vertical scale type flight and eng,,ne displays. The Navy and Army
have continued to use red lighting in all crew stations where the aircrew has
visual tasks which require high level night vision (figure 5).

BASIC COCKPIT LIGHTING DESIGN CRITERIA

The designer of aircraft interior lighting systems must be aware of the
interrelationships of visual and engineering variables in order to design light-
ing which will produce operationally efficient and effective crew station en-
vironments for day, and especially, night operations. The requirements in cur-
rent lighting specifications are based on the above interrelationships. In
addition, the following limitations have been formulated and utilized as cri-
teria in the design of recent crew station lighting:

l. There should be a minimum of specular reflectons or direct view of the
light sources which would not only affect night visual capability, but would also
act as glare sources effecting both internal and external aircraft vision.

2. There shoul d be a minimum of i11uminanc, and luminance variation among
control ccnsole areas and display or among markings in any crew station area.
At the low levels of lighting to be employed, it would be undesirable to have
S~of c ...the markings below the threshold of legibility or even at greatly dif-
e r ng supra-threshold visibility levels.

3. The l!manc'. level should be adjusta-l••, and provide achievement of the
operationally required n~oht visual state. In addition, some provision must be
made to reduce or ;,iminate the illuminance of controls displays to those only
essential fo- each ooerating condition.

4. The luminance contrast between illuminated elements and backgrounds
should not -e so low as to give rise to visual illusions (i.e., autokinesis).

q. The lighthr system should he.. reasonably rugged and not too complex for
ease of installation and servicinc. Obviously, it. should not interfere with the
functionin of the nstlum-ents or con'rols an? ..... .e. as economical in terms
of cost, power. conrsmrtior, -n: mairtenance rcq:irements 1s possible.

6. The lighting system should place mini'a- demands upon, and be fully
accept?.le to, the Pidot pnoulation as well as nrovidino the oilot with a sense
of confidence that he can accor, .... sh the ns . requi.red of him.

7. ,i!y. thng system should i •nto accourt all of the poten-
o'ai •mer~ce sources within the internal and external v/isua' ervironments.

~ ~~TT~ IGHTIG

: question of RED versus liTE, Light.ing will be discussed with respect to
eacir_ of the nreviouslv outlined desion criteria.

-9-
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1. Reduction of Gulare and Reflections. The shape of the canopy, the place-
ment of lights, and the presence of an instrument panel sunshield in the niodern
jet fighter place the highest probability for glare and/or reflections in the
areas on either side of the pilot where they would most likely be picked up by
peripheral vision. Since peripheral vision predominantly involves the rods which
are 99 percent insensitive to the MIL-IL-18276 specified red illumination, the
likelihood that the pilot will perceive and/or be distracted by the reflections
of red lit instruments and consoles -is less than if they were lit by white lamps.
in addition, if anti-refllection coatings prove to be necessary, it is far easier
and less expensive to incorporate existing monochromatic coating for the narrow
spectral band of red light than to develcop -ev coatings for th-e broader spectrum
of white light. Also, red, anti-re-flect-ive coatings are far less likely than
white coatings to interfere with or degrade_ dyl;I ht out-the-window viewing.

2. Uniform Display L~uminance. The res; :'tant luminance of any display (other
than thos'e -possessing self or activated lumr,-ous cualities) is a function of both
the spectral nature of the luminance and the ~-eflectan-ce- characteristics of the

<'slaysurface. White light is produced by r-adiant energy which includes all
(ý;ors, while aviation red light is confined to enrgry above '80 mil'imicrons.
Thus, from a quality control standpoint, the spectr-al reflectance of the white
characters among the various displays must possess alm~ost identical spectral
reflecting qualities or the resultant11 aooearance of~ the ~oka' display wilbe
very non-uniform under white lihigconditions. If a spectrally cont-rolled
white light (such as blue-whit< sthese colo and luminance discrepan-
c-7es llbe even more apparent. Undler monochromat;;c lighting conditions
(particularly red), such coicr dif-fe'rences are far more diIfficult to perceive
and any spectrai/reflectance d-:-'-ences duo to ro-nfriywill be seen only
as minor Aiff4.1erences in l'rmn~~arce and rot as eiide color variations. Since our
4ni't& qUalitV _Oe"t'n 4n tý snctral reflectace of display colors allows a
chroma -1ceranc-e ar'l 71-ntlga f f e cts n'rod-ce variance in this reflectance
chra+ rstic, it - can -P ~~' pr ` ~ r t apoarent-. 1ni7ormity in display

-z'.~r t ,c, -Pr 1 nd ,';rl nr range o4' brightness under
rdz r at 1,~ thr+ -ýa -n, :h 4 e 7 In4-gcodtvrs. _-rý of Ai r Force white and red

liohtno 5~ Coh~. '~ '~"~ 1 ~ ~~ ( oes indee oxist in thisar.

He~~~~~ sttd :~ ý ;,''V n,'~ -' istruments or groups of
;'nstruments ý,ow ex+-.m-.-or-'dattin~s fr t', -'-'nitS stu4i ed Since a single
unnecessarilv IL,-4ght ,n t-'men light- ma P v t sameý de tr 1 n n a I effect as an
ent+,ir nS rrn p-7 n th p"n' Pý,l 'a. rk a d;a P.a t onr i t is Important

that~- th v'~n erane 1vrl distributed.
Itwas concl-'uded I 1.at~ Th e e, i s a d e-Fn~ re-: ov< t and upgrade t e

qua 1 41vt o 4r ~-srumepn 1 -' 4 ý2 ý re q u 4 evel of c;,' i ty control could
bel;,o r e e ~as -:1 , l! ti i e d wis k -1I-r, v, t wh te lig htng th ou g h som e imp r ov cmen t
la tbr,2gn ac~L11ved !r 'h !v'i-, -Vr~ t 7 n the Dohrn study. Even

if r'~ os er ne sni--s an aDccezltable "Red" are
no0± in aqreserienrt 1 ars!v-th ~r' 1 U ý'

A- chi e Va bIe 4, t10 Vi Si' o .. 4 '-coan~-o with' N14ssio Reoui-emnents. To
C) P, -oP 7s- a 1ny ni_ i,:.ýwssr I o t mu s LI abý d~ o Se "ob n in -

format ion viusually) w'-thin the cgkpt rra orv "-,ay n'-~ t called upon to also
cobtain in o-mati frrlos'de +t- cockpi4 dooorndinc upon the nature of the

-;4S S ion. 'hat Aifferen miss- . or m ssion segments, do indeed impose diiFferent

and mprcil quantified in a Study by DeBruilne and M-. 'gan, 1971, in
which, they meýasured the 1e vel of o it instrumentat-ion illumination selec-
t-ed byv pilots durinc.o cr- -c~t of ih t time pac~tiO m!ssions. Their findinos



are summarized in figure 6. Assuming that the lower the internal illuminance
sektings, the greater the need for out-of-the-window night vision, it can be
seen that their data confirm the expected by showing that the external visual
adaptation demands assessed by the pilots are minimal for take-off, more strin-
gent for low-level cruise and climb-out, and maximal for dive bombing. They
also confirm the need for differential control of the illuminance of various
instruments, based upon mission segment. However, as might well be expected,
visual requirements during some mission segments conflict; if they did not, the
whole question of Red vs. White would most likely have been resolved long ago.
While the DeBruine study showed pronounced out-the-window visual requirements
for low-level cruise, which implies a need for red lighting during this mission
phase, a coro!laiy requirement, map reading, has been found to be seriously de-
graded by the loss of color coding experienced under red illumination (Chisum,
1967; Crook, 1954). The same finding would hold true for moving map display
systems using standard aerial chart topographical formatting. Though Crook,
1954, has proposed techniques for modifying charts to alleviate this readability
problem, the use of new charts would constitute an entirely new logistic support
requirement and expenses for the F-18.

Under reduced illumination conditions, the pilot must still accurately read
the legends and displays within his cockpit. Though there is some controversy
regarding relative acuity under red and white lighting conditions under inter-
mediate levels of illumination, it is generally agreed that red light yields the
best acuity at the lower levels of incandescent illumination (Brown, 1957; Brown
and Grether, 1952; Chapanis and Halsey, 1955; Grether and Reynolds, 1967; Intano,
1967; Luria and Shartz, 1960; Reynolds, 1971). However, the definition of "red"
appears to be important. Research by Cavonius and Hilz, 1970, indicates that re-
covery of detailed discrimination Is accelerated by the use of light of approxi-
mately 600 millimicrons wavelength (orange) rather than the deeper red currently
used.

Nighttime for-mation flight is sometimes cited as posing a requirement for
optimum external vision. Though this was true when the only cues available were
the aircraft out-line and running lights, the F-18 (like the F-14) will be
equipped with electroluminescent side panels which provide adequate position and
attitude cuing even to the relatively unadapted eye. in addition, these panels
unlike wing lights, are not visible from the ground. Therefore, formation flight
can be eliminated as a basis for selection of irterr; ighting color (Reising,
1975' unless the 7-18 will be called upon to fly form-t 4 on with older A/C not
equipped with side pane! foraation liahts

Another Visual task a pe nn• t the • 'ishttime carrier opera-
tions. Kennedy and Be'ghage, 1965, report th at: "The nght accident rate forcarri. .. e. i sos the possibility thatcarrer landings is fi,,e t-1mes the day rate. i te iii ta

vis!ai errors caused by !ack of -r adaptatio may be involved' n cotas
to toe findings of DeBruin n •i"aan, which showeri a rk adaotation require-
ments to be the least (for the A-ir Force pilots) durng the take-off phase, the
Kennedy study also reported that "The greatest value to an aviator (during car-
rier ocerations, of being adapted to the dark.o. was during launch". In summary,
however, the value of dark adaptat 4on. to nighttime carrier operations was not
conclusively ,tablished with the Kennedy study further stating: "Completed
questionnaires regarding the importance of being adapted to darkness prior to
and during nighttime aircraft carrier operations were received from 71 experi-
enced naval aviators. Analysis of their responses showed that, generally, their
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opinion of the usefulness of dark adaptation is an individual matter. If the
aviator had ever experienced its need, he was likely to be concerned". Although
good dark adaptation would intuitively seem to be an asset for nighttime carrier
operations, unfortunately, hard data are not available to either confirm or deny
this supposition. Thus, nighttime carrier operations cannot be specifically
called out as a basis for selecting (or rejecting) red interior lighting. This
is r,,4!i cularly true sir!ý the introduction of white carrier deck lighting.

When all is said and dce'e, the interaction between interior cockpit lighting
color and missinn requiremert cannot te better dlefined than it is in the conclu-
sion o4 ;cr reot^cmi"~1~ddard,, 1957, who stated after an extensive review
of the aircral-t 'ighting literature: "Although muCh additional research is re-
quired in order to provida difinitive answers regarding illumination of aircraft
displays for night flight, t.he fo ow Z5na ,,-idelines appear reasonable,
based upon existing data: (1). Zn t1,,1s fe ases where mission requirements
demand a maximum level of pilot dark adaptation, considerat'lon should be given to
the use o-f -red lighting for cockpit displays. (2) For missions requiring less
stringent dark a-lapta tion raqviements, the use of any color display -illumination
is acceptable". +hS t-seiina~t hte te¶5i~ assigned to a given
system impose suf"ficient. nchttilme out-tbe-e!rn,,w- visual demands Upon the pilot to

warrnt te us of ed lhtiro st-,i1 seems to re!!4 upon those building, developing,
and using the particular system qn uestion '190)

4. Visual 71lusions. The tendenc-Y for 4nst'-umnnts to dis-associate themselves
from the backgrou~nd and -appear to "~float' is a fucton of the level of luminance

rater ha hu. inc re ~htiq-an be varied to the point of partial illumina-
tion of the backgrcund witho.ut Srisy r~pirng dark adapation, it would appear
to be preferred. Howev~er, -t-is conclusion is valid only if maximum external niqht-
time vision is tr*2ly a r~~eetImposed upon th loi t byv the aircraft's as-
signed missions.

5. Cost and Maintainability. No data were fcu'nd which indicated a difference
in "ruggedness" between white and red lightinng. However, since the red lights,
which have 90 percent Of their OUtPut blocke'Pd by their red fil ters, are generally
opera7ted at hlgher voltage/current levels than white lights , i is reasonable to
assumne they would therefore have a slighly shorter ;r_!'-'aae operational life. The

MTBF ~ ~ ý3 4- th4-d~msi urthe-r reduced by the heatý nntra-m'ent of their filters.

As currently implemented, white lighting sy~stems are basically the equiva-
lent, of red lighting systems with the filters removed Since the removal of fil-
tra-tion automatically results in a ten-fold rcrease -numrncus flux, the intensity
of *the white lamos must be reduced to the basic r.4h-1i~ range of .001 to .1 foot
"larbe-t (Dohrn. 1967', 19631 by drcp--1g the vcl--7 !',Cnss a variable resistance
and dIsspt the excesc Pnýwer -s heat. Thus, Insi Dowr demands of present

wht lrh* sys-temis do not markedly difrfrom those of red 1',h' sys-tems. How-
ever, were white lighting sysqtems de-velloped us. cu.,rrently availalesalo
voltage 7' ,1 ~t ) , bullbs wh.i ch, do not requi re extren'e, -tteriua~tin savi ngs i n i ght-
inc_ P.ower load as large as 80 percent could be realized.

Where CRT displays are used, the placement of red filters over these displays
does indced impose a severe power drain. The Phosphor to be used in the F-I8 is
D-1- -,jith a peak spectral output in the 550 millimicron area (Moore, 1975). Since
orily a smal~ fractionf this Pho5_o' slgtoupti in the range transmi tted



by red filters, the overall brightness of the CRT's and hence, the power demands

are greatly increased as is the heat load requiring dissipation. If the CRT's

are left unfiltered, their light output occurs at the point of maximum sensitivity

for the cones (figure 2) which would appear to negate any reason for the use of

red instrument lighting to protect these receptors from light adaptation. How-

ever, the study of the Kaiser FP-50 CRT Flight Display (Stowell, et al, 1970)

Sreveal�e� that "the white light of the display had negligible effects upon dark

edaptation and visual acuity when operated at suitable low-level brightness for

night-.light,. in addition it was found that, at these low levles of luminance

red filters served to "enhance contrast of the display by three or four times".

Thus it cannot be said that CRT displays have no place in night-flight. Properly

formatted, they may well replace so many dedicated control and/or display sub-

systems that the net result would be a savings in overall power demand and heat

c.Ihat is apparent is that no hard and fast generalities can be stated
S de2-offs betwepn CRT u ae nd! night vision; each weapon system must be

idividually evaluated.

6. Pilot Workload. The ease of red lighting for nighttimeeoperations may

pose a transfer of 'ra•n•ng problem in that the pilot is now required to view red

legends against a dark background instead of the white legends used for daylight

Ir n addition. the pilot must extend his visual scan to be more attentive

to warnirn signals since these are less visible under red illumination. Lastly,

the ionger the wavelength of i•lumination, the mmore stringent the demands upon

the eye's accommodation system which could increase visual fatigue under red,~~ ~ n I, r... 4aIu 1~~ red

Pgar'~t~cularly for rv ts(amcha.tnov, 1969).

7Visuai Environment valuation. This is really to state the obvious that
"the cockpit designer should n;ot become so involved in one aspect of his design

... a. he forgets thal, the airplane he is designing flies in a multitude of
real•orl ' s"+- .tuations. Thus, the argument for red light fo- carrier launch is
pra pub. ~orely, academic for The Number 2 pilot who has Just been staring into his

ia - urner!•Y T he same could be said for the circumstances following a
night r-....t launch and, since the F-1S's guns are on the top of the nose cone,

perhaoss af+ter night aun fire as well. Red 1niht is less effective during bad
weather penetrations involving tightirn since it takes longer to readapt to red
ligh~•, an to white which contains the portion of the spectrum to which the eye
is most sensitive. The same would hold for exposure to nuclear flash. The pres-
ence of white flood lights helps comoensate for these circumstances but only if
the fl'odl ght system is actuated prior to exposure. Wilcox and Cole, 1952,
found that f'ight under star1t i Ll. sky ccditions significantly degraded pilotd a r k ad ,-, a- " o , 

.-
"

daradpaion independent of the type of lighting used. in short, there are
man cordi4...rs. from starhilht, warning ligt-S, weapons flash, flare drops, to
jet Qnow ,'h-ch can upset even the best concepts in internal lighting (Poston,

, I7, Tkough'rapid occlusion goggles, currently under development by NAVAIR,
migT, protect against weapons flash as well as nuclear blast, the basic problem
of external disruption of the pilot's dark adapt.,ation still exists.

S U >- M A R Y

As indicated above, both white and red cockpit lighting have their merits
and their disadvantages. A summary comparison of these is compiled in table i.
Unfortunately, the process of selecting a lightirg system is more complicated

jus cntnu the relIt isth n us c u-,vet e e number of pi- ar s it i clear that all of
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TABLE I

RELATIVE ADVANTAGES OF RED VERSUS WHITE COCKPIT LIGHTING

Red White

Dark Adaptation (External Vision) + -

Low Illumination Acuity + -

Internal Depth Perception - +

Luminance Contrast + (-)

Luminance Uniformity + (-)

Chart Usage - +

Warning (Caution) Light Detection - +

Reflection/G1are Contron + -

Detection of Interna.1 Peripheral Lighting - +

Fati gue rComfort (-) (+)

Cooling Load - +

Electrical Power Demand - +

rRO Display Compatii 7 ty• - +

+ Advantage

- Disadvantage

or -) Operatonalv Reported

-16-



these variables should not contribute equally to the decision process. However,
the relative weightings for these factors can be a source of almost unending
discussions and would most likely differ between weapons systems based upon
specific system requirements. This is not to say that no basis for decision car
be formulated in'the case of the F-18. Howvever, to come up with a rationale for
choice, we must accept certain assumptions, namely:

N.fight operations will indeed be conducted by the F-8

2. Maximum out-the-window visibility (opt16imum dark adaptation) remains a
valid requirement during at least some phases of these operations (see Appendix A)ý

3. The F-18 missions will be relativelY short in duration (approximatelly 2
hours), thus visual fatigue can be discounted.

4. The final nchase of both- intercept. and air-to-ground strike will use a
guidance dispa formiatt other than either hand held charts or a moving map dils-
play; also that no color codira of the E-0 display formats is contemplated.

5. The added -.,s+. iof red filtration is tolerable to the Program Manager.

6. The added electrical load and heat dissipation requirements of red
lichtino can be tolerated by t'he systemns engineers.

7. The pio ~ihavote 'tme to readapt after catapult (particularly if
he is No. 2), after rocket rsleaso., and/Vor gunýfire. prior to periods of maximum
external --iohttime visual demands.

7f all these assumptions can be accepted as fact and not just an agenda for
trade off discsI Is then it would appear that the F-IS cockpit should be red
robhted. This rec-ormmendation is based on the phillosophly that if the F-18 is
red lit ard does rot- need to be. the Penalties incurred are relatively minor

(plot fatin-ue, increased difficult: in map r.-igadwrig eetodga
dat-ir of In~ternal depth'~ret and p~ ''~ de-t-ection, increased
Poe de-ad ard ar' "n not necessarily -'-ed to mnss-ýon success and/or

sa'-v Df fiht. However, il vou ., n'p'. he slight- increment
irn dark ~adaation achieved by red liqhtinc or-yes to be a real requirement. the
ability of tne tr verl ,.,--prons system to s~fely perform~ all its 'assigned missions
cou1 l, b ser- ousl½ der-aded. it should be kept in mind, however. that practically
every sirqle one of the esumotk-ions upon which th~s conclusion is based, has been

Queb+ boet t h siý 17 4 nnin andceflicting data. Hence, we wind up
t in-, th ýjr OOiV whhih we started: Ifyou Ye P I\ need the slIgh

qfredl.~~h_. rkantion. VO~~ dIh.e.t, The question which.
Mnust still 'eanswered 'IS'

DOE TE -7-*P PTLOT REALLY NEEDMXIU DARK AATION?

-17-
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In order to obtain some current data on night vision requirements and pilot
opinion regarding red light, the attached questionnaire was prepared and sub-
mitted to a number of operational units (see Acknowledgments). The following
qualitative summnaries are given to convey the general nature of the responses:

NAS, OCEANA

Oceana flight personnel reported red to be more difficult to read than white.
They stated a per'erence for red during such missions as CAP and Air-to-Ground
Attack. However, a majority reported that white would be acceptable for take-off,
landing, and transit. Indeed, a number of respondents expressed a desire for both
Red and White to be available for pilot selection.

VX-4

In contrast to the Oceana results, the VX-4 pilots overwhelmingly prefer Red
for carrier recovery. They also listed rendezvous as a mission segment requiring
Red lighting. One respondent mentioned a severe problem in reading thumb-wheel
digits under red light.

NATC

The pilots from the NATO showed a 75 percent preference for white light but
an equal percentage said it would be unacceptable for air-to-ground attack. Two
NATC pilots reported using their VD! without a filter and that it had little or
no effect upon their night vision when turned down to proper level.

NAS, MTPAMAR

The pilots responding from Miramar expressed a general preference for Red
lighting with 75 percent stating they would not like White lighting under any
flight condition. One pilot reported flying with an unfiltered VDI and stated
that it had seriously degraded his night vision.

GENERAL

Across al respondents. th ' Icirg genral statements hold:

I. A~proximately 25 percert of flight operations are cond',uted at night.

2. Approximately three-fourths of the pilots felt there was no basic dif-
ference between day and night operations. The re'ra~ring one-fourth felt that
though the miss•sns were the same, procedures ofte, differed in the interest of
safety,

3. In general, the cilots celt that fu'i dark adaptation was necessary for:

a. Locatino Surface Targets
b. Carrier Recovery
c. Sometimes for landing , a land base

4. in general, th• pilots did not feel that full dark adaptation was re-
quired for:

a. Locating an Airborne Target
b. Taking off from a land base
c. Taking! off from r car ier



5. The majority of pilots of all groups except NATC preferred red light.
NATC expressed a 75 percent preference for white. This might well be the result
of the fact that the NATC personnel had much more experience with white lit
cockpits than did the other respondents.

6. In general, the pilots stated that:

a. White light was less fatiguing (a few felt quite the opposite)
b. Red light maintains dark adaptation better (unanimous)
c. White light is easier to read (92 percent)
d. Red light is more annoying (75 percent)
e. White light is more uniform in brightness (90 percent)
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RED VS. WHITE COCKPIT LIGHT-1-NG

We at NAVAIRDEVCEN are currently Involved in the development of the F-18.
As part of this effort, we are looking at the relative advantages and disad-
vantages of red and white cockpit lighting, in order to provide us with fleet
feedback on red lightin in the F-14, we would like you to answer the following
questions:

I. Besides maintaining dark adaptation, do you feel there is any other
reason for preferring red lighting over white lighting?

(a) Yes (state reason
(b) No

Remarks:

• A l'! yo'u prefer to have white cockpit lighting instead of the present
red ?

(a) Yes

3. Are ther- a.-v ny u 'nder which yc, wovld not like to have white
lighting?

/a, Ž~st con tcn_______________________

,,a -2 Y s e• 1:cncRema S
• . A r e t kn,- _.• _~i t . , , w h I •' - ' . • w ,- , .: d n o t • i t o h ' a v e r e d

lighting?

5. •That .•ercent of •v'"--. •'•,cht '•• tis 1 , ........d at,, r~iqht?

v C ' .... v I nr: v Ur .... n ight m 'ssions?

Y - -A-4
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7. How often do you require maximum dark adapted night vision?

(a) Frequently
(b) Infrequently
(c) Depends on conditions (state conditions:

Remarks.

S. How often do you require full dark adaptation for navigation?

(a) Frequently
(b) Infrequently
(c) Depends on conditions (state conditions:

Remarks:

9. What reference points do you use for out-the-window navigation at night?

State reference points:_)

Remarks:

10. Do you feel that dark adaptation is required for out-the-window naviga-
tion at night?

(a) Yes
(b) No

Remarks:

11. How often would you use full dark adapted night vision for performing
the following:

(a) Locating a surface target (state frequency:
(b) Locating an airborne target (state frequency:
(c) Taking off from a la.d base (state frequency: )
(d) Landing on a land base (state frequency:
(e) Launching from a carrier (state frequency: )
(f) ,ecnvery by a carrier (state frequency:

Remarks:

12 Do ... feel that dark adeotatior is secessary for:

(a Lorcaing a surface target?
(b) Locatiqg an airborne target?
(c. Tak['g off from a land base?
(d Landina on a land base?
(e) Launching from a carrier?
(f) Recovery by a carrier?

Remarks:
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13. Rank the following by how much /ou feel you need dark adaptation to
perform them (I for need it most, 7 for need it least or not at all)

(a) Navigation
(b) Locating a surface target
(c) Locating an airborne target
(d) Taking off from a land base
(e) Landing on a land base
(f) Launching from a carrier
(g) Recovery by a carrier

Remarks:

'4. Have yOvL ever used your VDI without a red filter at night?

(a) Yes
(b) No

Remarks:

15. if yYou answer to w. •as, ,ý-'s estimat÷e the ,--+t this had on your
dark adaptatiOr

(a) No ef-Fect
(b) Little effect
(c) Great effect

Remarks:

16. Have you ever flowin at -ght in a white iic-htino e'vironment?
(a) Yes
(b) No

Remarks:

I fur arsw'-' to question- 06 is yes, ppl-3se an-w-r the f!ol.oinq:

S St at t c '- -,e type of aircraft

"~' Red lighting

Whi -llowing sttemerts do youn feel appli.s to red or white

is less f ing
)maintains dark -da+tatin he*+tr

'c) is easier to read
is more annoying

(i is more n,'Ifor! in brightness
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