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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
presantation 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 previcus air weapon systems.
Therefore, the cockpit insirument 1ighting requirements and design criteria es-
tablished in previous studies cannot be directly applied to cockpits incorporat-
ng 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 fiight/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 fulfiilment 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 fhat effective crew station
lighting design criteria/requirements which are specific to these new subsystem
configurations he estzahlished ¢ insure a maximum potential for effective night
vision and thus for aircrew miszsion fulfillment. In the F-18 ajrcraft develop-
ment, which represents a weapons system development accompanied by the above

problems, major considerations of the interior Tighting design to prov1da optimum
utilization of aircrew capabilitias during the veried flight operations is very
appropriate.

It is the purpose of *his raport to:

1. Review a selection of the pertinent medical, human factors, lighting,
and visyal literature.

2. Present any available d2%a on the relative merits and costs of red and
wnite Tighting.

o]
g
a3l

3. Where appropr
iighting

a ec?pmwﬁe
the interior 1igh o b

1
2 emnigyed in the ;~=8 «5

t ~1

[ g A1 CUADACTEDT i
VISUAL CHARACTERISTIC

N

There are several basin characteristing of the human visval system which must
he considered in evaluating the question of wiat Tighting color to use. The first
6 that the human eye containg two tvpes ot recertors tha scotepic (rods) and

topic (cones) as shown in figure 1. The second is that the rods can detect
rces at intensities up o 100 times less bright than these recuired for
by cones (figure 2} [t myst be kept in mind, howsvar, that the kev
nterpreting these sensitivity curves is "detection". It is not uncommon
he rods mistakenlv refarred %o 25 “he night vision receptors and the cones
15 the recentors for dovlight vision. Though the rods can detect the
of Tight sources below *he level of nhotonic {cone) vision, they are
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virtuaily useless for "seeing" in the sense with which we ordinariiy use that
term. This is true for several reasons. First, a number of rods frequently
share a common optic neural fiber (figure 1). While the serial, or summation,
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 fiqure 3 which shows that there are virtually no rods in the
foyaal area, only cones. Since most of the activity which we generally call
requires fovea’ trackéug of an object of interest, such activities must
’n detecting dim }ight sources, it is
rner of the eye” (using the periphery
eﬂly to have the source vanish when the
“the fovea containing only less sencitive

¢ nrimarily uncp con

observers are trained to "sweep search"
ng a dim se urce with the peripherally
Roé extremely dim light sources, particu-
s“—hﬂrj.§- : ya and/or are "moving" (either on their
own or 539 tO o erceive gross imagery which sub-

tends a vizual s the hﬂ“xzun, large land
massas, 31d/n? aro<s fer ) e od vision alone cannot meet

the i ch missions night time air-to- ground weapons
delivery whzch reﬁutre pattevp discrimination (target recognition), directionality
{relative bearings}, distanca percaeption (range), ard; rates of relative motion.
A1l of these visual activities depend principally urzon binocular foveal tracking
and, therefore, require ﬂv‘¥1c1@rt external i1lumiration to excite the cones.

Thus it is clear that the value of red cockpit Tichting to most missions rests
not upon its protection of the dark adaptation of the relatively uninformative
rods but upon its failurz to overlan. and thuys degrads by Tight adaption, the
primary spectral sensitivity of the cones. As = in Figure 4, the standard

rod fz?ter not only protects 92 parcent of the specgtr2l range 0of the rods but

90 percent of the spectral rangs of the cones 2as ‘well, It is this 90 percent

ction of the cones which Cﬂntr~bufes the most to maintenance of cone sensi-
qes -

v and thus to what s usyally meant by "night wvi

Since 3 “uvbp of studies {Hartiine, et al, 1647, Hecht and Hsia, 1945;
~owland and Aloan, 1944; Wehster and lLee, 1942) sunnoried the hypothesis that
red Tighting was advgntasec s for acauiring and mzintaining night vision at useful
Teseis of display luminance, th Iorld War 11 adopted a system
using red lighting for craw stat t and shins. In the fall of
1949, the U.S. Navy and the 1.5, 24 ir conducting an evaluation
tour 2t selected operational bases %o gathsy ne from N ind. Air Force
cilrts on their subjective preferences for ti rad 1ig! and ultraviolet
Tignting syatems (the ligchting svstem used b e Air Force at that time). Simi-
tar mititary aircraft eguipped wafH the best desianed red/ultraviclet Tight systems
woers flown bv 2 large cross section of Navy and Air Force pilots. As a result of
this subjective evaluation, the red lighting system became standard for all services.
Tn 3959, the U.S. Air Force adopted a new blue-white lighting system for specific
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Figure Diagram tc show the number of receptors (cones and rods) at various
distances from the fovea. The number of cones drops rapidly with
increasing distance from the fovea, and the rod density times.

[Jsterberg, 1935.)
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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 coler fcexng could be employed in the
newly adopted vertical qcase type T1ight and engine 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 179ht’ﬁ” systems must be aware of the
1nterre!at10nsh3ps 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 foilowing limitations have been formulated and utilized as cri-
teria in the design of recent crew station lighting:

1. There should be a minimum of specular reflections 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 should be 2 m?ninum of illuminance angd lumirance variation among
control console areas and display or among ﬂark*“gs in any crew station area.
At the Yow levels of lighting to be empioyed it weuld be undesirable to have
some of *he markings below the threshold of jegibility or even at greatly dif-
faring supra-threshold vicibility levels.

3. The Tuminancz level should be adjustable and provide achievement of the

operationally requirec n‘ght visuyal state. In additicon, some provision must be
made to “edu:e or wiiminate the illuminance of sontrols disp;uys to those aonly

essential for each n“e*at ng concition.

4. The luminarce contrast between illuminated elements and backgrounds
d not be so low as to give rise %o visual illusions (i.e., autokinesis).

5. The lightinc system should te reasonably rugged and not tco complex for
aase of énstailatéon and servicing. Obviously. it should not interfere with the
functioning of the inciruments or conirols and should he as 2conomical in terms

of cost, power, consumption, and maintenance reauirements as ponssible.

6. The lighting system should place minima? demands upon, and be fully
acceptahie to, the pilct population as well as oroviding the pilot with a sense
?F confidence that he can accomplish the mission required cf him.
7. Finally, the lighting system shouid take into account all of the poten-
il luminance sources within the dinternal and external visual environments.
RED ¥EZzRPsSUS WHITE LIGHTING
The question of RED versus WHITE Lighting will be discussed with respect to

rach of the nrevicusly outlined design criteria.

-0-
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1. Reduction of Giare and Reflections. The shape of the canopy, the place-
ment of 1ights, and the presence of an instrument panel sunshield in the modern
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-L-18276 specified red illumination, the
iikelihood that the pilot will perceive and/or be distracted by the reflections
of red 1it instruments and consoles is less than if they were 1it by white lamps.
In addition, if anti-reflection 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 develon rew coatings for thes broader spectrum
of white light. Also, red, anti-reflactive coatings are far less Tikely than
white coatings to interfere with or degrads Zaylight out-the-window viewing.

of any display (other

2. Uniform Display Luminance. The resultant luminance o
than those possessing self or activated lumi=ous cualities) is a function of both
the spectral nature of the luminance and the reflectance characteristics of the
tisplay surface. White light is produced by radiant energy which includes all
cciors, while aviation red light is confined to erergy above 580 millimicrons.
Thus, from a quality control standpoint, the spectral reflectance of the white
characters among the various displays must possess almost identical spectral
reflecting qualities or the resultant appearance of the tetal display will be
very non-uniform under white lighting conditions. 1If a spectrally controlled
white 1ight {such as blue-white} Is used, these color and juminance discrepan-
cies will be even more apparent. Under monochromatic lighting conditions
(particularly red), such coler differences are far mere difficult to perceive
and any spectral/reflectance diffarences due t¢ nen-unifermity will be seen enly
as minor differences in luminance and not as wide coler variations. Since our
initial quality contrnl in the srectral reflectance of display colors allows a
chrome telerance and ~limatological effects produce variance in this reflectance
characterisiic, it can be p 2% arezter apparent uniformity in display
luminance can be ghiained and maintained over wider range of brightness under
red rather than white lightirg conditiors. 2 iy of Air Force white and red
lighting by Oohrn, 1887, revealed fthat 2 orobiem does indeed exist in this area.
He statad: "The distribytion 't Te instruments or groups of
instruments shows extrem : knits studied". Since a single
unnecessarily ; ; i ; he same 22trimental effect as an
entire insirument | or the nilot's level of dark adaptation, it is important
that the rinance o dividual instruments he balanced and evenly distributed.
[+ was concludad that “there is a definite nead %o evaluate and up@rade the
trument liagh*d Thi el of auality cortrol could
t ghting thougnh some improvement
m ing sirce the Dohrn study. tven
the snecifications for what i3 an acceptable "Red" are

ce with Mission Reguirements. To

miust De able to 'see’ (obtain in-

3. Achiavable Night

accompiish any night ti

cill HH . 1

formation visually) within the cockpit., H or may not be calied upon to also
nbtain information from outside the cockpit cdepending upon the nature of the
mission. That different missions, or mission sagments, do inceed impose different
gxtornal visual reaquivements have been describad by Burns and Zieglier, 1560,

and empirically quantified in 2 study by DeBruine and Milligan, 1971, 1in '

which they measured the level of cockpit instrumentation illumination selec-

ted 5v pilots during sagments of night time practice missions. Their findings
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are summarized in figure 6. Assuming that the lower the internal illuminance
settings, 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 bomb1ng They
also confirm the need for differential contro] 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.
Yhile the DeBruine study <howed pronounced out-the-window visual requlrewents
for low-level cruise, which implies a need for red lighting during this mission
phase, a corellaiy requirement. map road;ng, has been found to be seriously de-
graded by the laoss of color coding experienced under red illumination (Chisum,
1857; Crook, 1954;. The same finding wou]d hold true for moving map display
syst-us using standard aerial chart topographical formatting. Though Crook,
1954, has proposed technigues for modifying charts to alleviate this readability
prob]em, 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 lichting conditions under inter-
mediate levels of illumination, it is generally agresd that red light yields the
best acuity at the lower levels of incandescent illumination (Brown, 1957; Brown
and Grether, 1952, Chapanis and Halsey, 1955; Grethar and Reynolds, 1967; Intano,
1957; Luria and Shartz, 166C; Reynolds, 4971) However, the definition of "red"
appears to be impcortant. Res ears h by Cavenjus and Hilz, 1970, **H*cates that re-
covery of detailed discrimination is accelerated by the use of light of approxi-
mately 600 millimicrons wavelength (orance) rather than the deeper red currently
used.

Nighttime formatieon fiight is somatimes cited as posing & reqguirement for
optimum external vision. ;hough this was true when the only cues available were
the aircraft out-line and running lights, the F-18 (1ike the F-14) will be
equippad with glactroluminescent side paneis which orovide adequate position and
attitude cuing aven to the relatively unadapted eve. In addition, these panels
unlike wing lights, are not visible from the grcurﬁ Therefore, formation flight
can be eliminated as a basis for selection of interna’ tighting color (Reising,
1975) unless the F-18 will be called upon to fly formetion with older A/C not
equipped with side panel formation lights.

Another visual task arez pertinent tc the F-18 it nighttime carrier opera-
tions. Kennedy and Berghage, 12965, report that: “'The night accident rate for
carrier landings is f*we times the day rate. This raises the possibility that
vizual errors caused by lack of dark adaptation may be invelved”. In contrast
te the findings of Dosrﬂ"re and Mi714gan, which showed dark adaptation require-
ments to be the least (for the Air Force pilets) during the take- c$” phase, the
Kennedy study also reported that "The greatest value to an aviator {during car-
rier ﬂperat’oas) of being adapted “o the dark...was HL??”g Taunch". In summary,
however, the value of dark 2daptation to "1c“+tvme carrier operat vvﬂs was not
conclusively established with the Kennedy study further stating: owple*ed
questionnaires regarding the impo,tanrn of bevng 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
geod dark adaptation would 1ntu‘t1vely seen to be an asset for nighttime carrier
operations, unfortunately, hard data are not available tc either confirm or deny
this supposition. Thus, nighttime carrier operations cannot be specifically
callad out as a basis for selecting (or rejecting) red interior lighting. This
is particularly %rue since the iniroduction of white carrier deck lighting.

When all is said and dene, the interaction between interior cockpit lighting
color and missinn requirements cannet be better defined than it is in the conclu-
sion of 2 repor? by Smith Q”i Goddard, 1967, who stated after an extensive review
of the ai*rvz‘: Tighting literature: "Although much additicnal research is re-
quired in order %o nvﬂu’~¢ dafinitive answers regarding illumination of aircraft
displays for night f]igh the following general cuidelines appear reasonable,
based upon existing data: (1) In thcee fow cases where mission requirements
demand a maximum level of pilot dark adaptation, consideration should be given to
the use of red lighting for cockpit displays. (2) For missions requiring less
stringent dark adaptation requirements, the use of any color display illumination
is acceptable”. Thus, the decision as to whether the missions assigned to a given
system impose su“*f&ert nighttime ocut-the-window visual demands upon the pilot to
warrant the use of red ’“3,*1*0 5+i11 seems to rg‘* upon uhCSQ building, developing,
and using the particular System in auestion (Mi17 .gan, 1970)

1

[0

4. V¥Yisual Illusions. The *tandency for instruments to disassociate themselves
from the background and aonea? to "flpas" is a function of the level of luminance
rather than huﬂ Since red tighting can be varied tc the point of partial i1lumina-
tion ﬂf the background without seriously -mﬂf*v%ng dark adanabWﬂn, it would appear
to be preferred. Howaver, this conclusion is valid only if maximum external night-
time yis‘en is truly 2 requirsment imnosed upon the nilot by the aircraft's as-
signed missions.

5. Cost and Maintainability. MNo data were found which indicated a difference
in "ruggedness’ between white and red lighting. Howsver, since the red lights,
which have G p@“f=n+ of their outout hlocked by their red fijters, are generally
operated at higher voltage/current levels than whita lights, it is reasonable to
assume they wou?ﬂ therefore have 2 slighly shorter sverage operational life. The
MTBF o€ the red Yamps it furthar raduced hy the heat ontrazment of their filters.

As currently implemented, vhi+e 1ighting systems are basically the equiva-

ight

lent of red lighting systems with the filters removed. Since the removal of fil-
tration automatically results in a ten-fold ircreass o luminous flux, the intensity
of the white Tamps must ba reduced to the bac4f nighttima range of .001 to .1 foot
lambert {Dohrn, 1967, 1883} by dropping the acr0ss 2 variable resistance
and 24 ssxn?*~vo the excess power ac heat. Thus; "ha hasic power demands of present
while ‘iqh‘ systems do not markeﬁlv differ from those of red Tight systems. How-

ver, were white lighting systems Aavo1oped using currently =va|sahic small, low

+

p
syear,
voltage {1 volt), bulbs which do not recuire extreme attenuation, savings in light-
ing power load Rc large as 20 percent could be realized,

#here CRT displays are used, the placement of red filters over these displays
does indeed impose a severe powar drain.,  The zhosphor o be used in the F-18 is
P-42 with a peak spectral output in the 550 millimicron area (Moore, 1975). Since

}

only a smail fracticn of this phosphor's Tight output is in the range transmitted



by red filters, the overall brightness of the @RT'S aqd hencg, the power dem?nds
are greatly increased as is the heat load requiring dlSS!p&t?Oﬂ. ;f the CRT's
are left unfiltered, their light output occurs at the point of maximum sen57t1z1ty
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 stp]ay.(stowell, et al, 1970)
revealed that "the white light of the display had negligible effects upon dark
adaptation and visual acuity when operated at suitable low-level brightness for
night-flight". 1In addition it was found that, at these low levies of }um}nanﬁe
red 7ilters served to "enhance contrast of the display by three or four times”.
Thus it cannot be said that CRT displays have no place in_n1ght-f119ht. Prqper}y
formatted, they may well replace so many dedicated control and/or d1sp1ay|sub—+
systems that the net result would be a savings in overall power demand and heat
cutout.  What is apparent is that no hard and fast generalities can be stated
fngt the Swade-0ffs hatween CRT use and night vision; each weapon system must be

HEE

individually evaluated.

6. Pilot Workload. The ease of red lighting for.nighttimefpperationg may
pose a transfer Of training prodlem in that the pilot is now required to view red
iegends against a dark background instead of the white legends used for dayiight

flicht. In additison, the pilot must extend his visual scan to be more attentive
to warning signals since these are less visgible under red illumination. Lastly,
" of $1lumination, the more stringent the demands upon

the longer the wavelength of the
the eye's accommedation system which could inc
i atn

Tight, particularly for older pilots (Kamchat:

rease visual fatigue under red
ov, 18€9).

- e

7. Visual Environment Evaiuation. This is really to state the obvious that
the cockpit designer should rot become so involved in one aspect of his design
probiem that he forgets thai the airplane he is designing fiies in a multitude of
real world situations. Thus, the argument for red light for carrier launch is
orobably purely academic for *he Number 2 pilot who has just been staring into his
Tead's afterbyrner{s}. The same could be said for the circumstances following a
night reocket launch and, since the F-1R8's guns are on the top of the nose cone,
perrans affer night gun fire as well. Red light is less effective during bad
weather penetrations involving lighting since it takes longer to readapt to red
Tight than 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 helpns compensate for *hese circumstances but only if
the floodiight system is actuated prior *o exposure. Wilcox and Cole, 1952,
found that fiight under stariit night sky conditions significantly degraded pilot
dark adaptation independent of the type of lighting used. In short, there are
many conditiors, from stariight, warning lights, weapons flash, flare drops, to
jet glow which can upset even the best concepts in internai lighting (Foston,
1974, Though rapid occlusion goggles, currently under development by NAVAIR,
might pretect against weapons flash as well as nuclear blast, the basic problem
of externa?! disruption of the pilot's dark adaptztion still exists.

SUMMERY
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 Tighting system is more complicated
than just counting the relative number of plus marks. It is clear that all of
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TABLE I

RELATIVE ADVANTAGES OF RED VERSUS WHITE COCKPIT LIGHTING

Dark Adaptation (External Vision)
Low Illumination Acuity

Internal Depth Perception
Luminance Conirast

Luminance Uniformity

Chart Usage

Warning (Caution) Light Detection
Reflection/Glare Control
Detection of Internal Peripheral Lighting
Fatigue/Comfort

Cooling Load

Electrical Power Demand

CRT Display Compatibility

+ Advantage
- [Disadvantage

(+} or (-) Operaticnally Reported

-15-
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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 can
be formulated in the case of the F-18. However, to come up with a rationale for
choice, we must accept certain assumptions, namely:

1. HNight operations will indeed be conducted by the F-18.

mum dark adaptation) remeins a

2. Maximum out-the-window visibility (cptim
of these operations (see Appendix A}

valid requirement during at least some phases

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

4. The final phase of both intercept and air-to-ground strike will use a
guidance display format other than either hand held char*s or a moving map dis-
play; 2lsc that no color codirg of the E-Q display formats is contemplated.

5. The added ccst of red filtration is telerable to the Program Manager.
6. The added electrical lcad and heat dissipation requirements of red

i an be tolerated by the systems e S

after catapult (particularly if

7. The pilot will e
ter ire, préo* to periods of maximum

+h
ieas
an

c:x.n»fo

T

i g

3 m
it

3
external nighttime vi

se assumptions can De accepted as fact and not just an agenda for
cussions, then it would appeaer that the F-18 cockpit should be red

pore
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c:crmﬂn”atiﬂh is based on the philosophy that if the F-18 is

rot need tc be, the ﬁo"a *@s incurred are relatively minor
ncreased H?f?’”u"; in mep rzading and warning detection, degra-
? pth percention and perizheral light ﬂf*cctwo,, increased
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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 Acknowiedgments). The following
qualitative summaries 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 perference for red during such missions as CAP and Air-to-Ground
Attack. However, a majority reported tnat 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.

yX-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 probiem in reading thumb-wheel
digits under red light.

NATC

an equal percentage said it would be unaccertable for air-to-ground attack. Two
NATC pilets reported using “heir VDI without a filter and that it had little or
no effect upon their night vision when turned down to proper level.

NAS, MIRAMAR

The pilots from the NATC showed a 75 percent preference for white light but

he pilots responding from Miramar expressed a jeneral preferance for Red
lighting with 7% percent stating they would not like White iighting under any
flight condition. One pilet reported flying with an unfiltered VDI and stated
that it had seriously decraded his night vision,

GENERAL
Across 2171 respondents, the “2llowirg general statements hoid:
1. Approximately 25 percent of flight overations are conducted at night.

2. Approximately three-fourths of the pilots felt there was no basic dif-
ference between day and night operations. The remairing one-fourth felt that
though the missiens were the same, procedures ofien differsed in the interest of
safety.

3. In general, the pilots felt that full dark adaptation was necessary for:

a. Locating Surface Targets
b. Carrier Recovery
c. Sometimes for janding .n a land base

4. In general, the pilots did not feel that ful} dark adaptation was re-
gquired for:

a. Locating an Airborne Target
b. Taking off from a land base
c. TJaking off from a carrier

o
H
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5. The majority of piiots 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 1it
cockpits than did the other respondents.

6. Ir general, the pilots stated that:

White light was less fatiguing (a few felt quite the opposite)
Red light maintains dark adaptation better (unanimous)

White light is easier to read (92 percent)

Red light is more annoying (75 percent)

White jight is more uniform in brightness (390 percent)

[4° N & T o TR w ¥ 1)
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RED V5. WHITE COCKPIT LIGHTIKG

ke at NAVAIRDEZVCEN are currently involved in the deveiopment of the F-18.
As part of this effort, we are 20“k1ng at the relative advantages and disad-
vantages of red and white cockpit lighting. 1In order to provide us with fleet
feadback on red lighting in th2 F-14, we would like you %o answer the following
questions:

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

(
{
i

a) Yes {state reason )
b} No

Remarks:

2. Wou'd vou prefer %o have white cockpit lighting instead of the present
red?

3. Are there anv conditions under which vou would not like to have white
lighting?

/ ' /

12; Yes (state concition
Y Mo

\if . R

Remaris:

A, Are thare any conditions under which vou woild pot like to have red
- B el I -
lTighting’

I3 K Y] - - -~ I 30 ~

{a} Yes {3l.z%te con

(b)Y No

| v £ < 3~ 5 ~
5. What percent of your flight time is performed at pight?

5. Do your dav missiors wvary in nature €rom vour night missieons?

AL

———




7. How often do you require maximum dark adapted night vision?

{a) Freguently
(b) Infreguently _
(c) Depends on conditions {state conditions:

S

Remarks.

8. How often do you reguire 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 reguired for out-the-window naviga-
tion at night?

Yag

No

Lo b}
T e

o

Remarks:

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

(a} Lecating a surface target (state frequency: )
(b) Locating an airborne target (state freauency: )
(¢} Taking off from 2 Tand base {state fraguency: )
(d) Landing on 2 land hase (state frequency )
(e} Launching from a carrier {state freguency )
{f) PRecovery by a carrier {state freguency: )
Remarks
12

L S

TN T e o
“Hh D QO Ui

R SN

Remarks:



13. Rank the following by how much you feel you nead dark adaptation to
perform them (1 for need it mest, 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:
b

(a) VYes

(b)Y No
Remarks:
15. If

dark adaptation.

fa) No effact

{b) Little effect
{(c) Great effect
Remarks

16. Have you sver flown at night in a white
Yes

a)
{b} No

~
2

your answer o 14 was ves, estimate the s

. Have vou aver used your YOI without a red filter at night?

]
k2 ]
]

b

1]

I s

o

his had on your

Tighting ervironment?

gnswar the foliowing:

17, State the type of aircrafl
Remarks

8. Wrich environment Zo you nrefer?
(a) WHhite Tichting

le‘. Rad lighting

e [ i 1 A :
9. Which oFf the following statemerts do vou

TS st o
fiagnTIngs
J

va) s Jess fatiguing

by maintains dark adaptation better
{c) ~___is easier to read

{(dy  is more annoying

(e} is more uniform in brightness

feel applies %o red or white
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