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SUMMARY PAGE
THE PROBLEM

To specify the density of neutral filters to produce
low level white lighting aboard submarines to replace red or
blue lighting. '

THE FINDINGS

The background of the problem is outlined and the
findings of the series of studies are presented, It is
concluded that two sets of filters should be produced.  For
general use, filters should transmit 2.5 percent of the
light (1.6 density), For lights which must remain on at all
times and which would be distracting under rig-foreblack,
filters should be available which transait 0.8 percent of
the light (2.1 density).

APPLICATION

These recommendations are for the guidance of
manufacturers producing filters for the submarine fleet,

ADMINISTRATIVE INFORMATION

This manuscript was submitted for review on 21 October 1986. Investigation
was conducted under Research Work Unit entitled "Enhanced visual performance on
submarines."” 1t was approved for publication on 1 December 1986 and has becn
designated as NSMRL Memorandum Report 86-6.
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ABSTRACT

3 It has been proposed that the current practice of

% illuminating submarine compartments with red light at night

B be discontinued and that low level white light bLe

¢ substituted for the red and blue lighting. The background
of the problem i3 presented briefly, and recommendations for
the densities of the neutral filters are made,
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Specifications for Filters for Low Level White Lighting
on Submarines

S.M, Luria
Naval Submarine Medical Research Laboratory

° and

David A. Kobus, LT, MSC, USN
. , Naval Health Research Center

BACKGROUND

~ Red light has been used for many years to illuminate
various submarine compartments at night, because dark
adaptation is then achieved more quickly when the ambient
light is turned off. This one advantage of red light is
offset, however, by several disadvantages, The red light is
fatiguing, it makes it impossible to read color-coded
charts, and, indeed, it makes it more difficult to read
anything., These problems have led to the desire to ////l
substitute another ambient light for the red lighting'#¥).
A long series of studies has now shown that the problems
associated with red light would be alleviated, if not
eliminated, by substituting white light of generally
comparablqﬂhnigptness. These results have previously been
presented (253,

Briefly, laboratory studies have shown that, comparcd
to red light, low level whi%%£§yt*+ light does not degrade
either contnaet sensitivity y visibility throuﬁnd
periscope/r , detection of targets on sonar CRTs%({6-8), or
the ability to detect colored targets on CRT3§$§;35;1 Nor
is white light as fatiguing as red-(11),

R
-

EVALUATIONS AT SEA ~.

b The laboratory studies were followed by a series of
evaluations of the LLW at sea. The first ones were carried
out in sonar compartments and resulted in favorable

“ evaluations by the sonar crews (12), Evalvations were next
o : carried out in the control room (13-17),
e
) To compare the effectiveness of red and white light, it

L) is first necessary to match them for brightness, With
R lights of low intensity-- as is the case with the dim red
light used on submarines-- this cannot be done with

el photometers, These instruments are deslgned to be used only
ﬁﬁ; at normal day-time (photopic) levels of illumination,
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Because the relative sensitivity of the eye to different
colors changes at different intensities, equating different
colors with a photometer at low intensities will not produce
a brightness match for the eye (18)., This must be done by
an observer, Kinney (19) has published a nomogram which
relates such brightness matches to photometric intensities.
At the typical intensity level of the red light on
submarines, a brightness match to the standard red filters
(which transmits 10 percent of the light) is achieved with a
neutral filter which transxits 5 percent of the light.
(density = 1.3),

The evaluations at sza of the LLW in the sonar
compartments compared the red light-- or, in some cases,
blue light-~ with LLW produced with 1.3 density filters,
The first evaluations at sea in the control room also used
1.3 density filters., These were rated as satis/actory by
the crews of the first two submarines (13,14), but the crews
in the next two evaluations rated the LLW as too bright
(15,16). A second problem also arose, Kinney's nomogranm
was based on observations in which the judges looked
directly at the lights. However, when the lights are seen
out of the corner of the eye, the LLW appears to be too
bright.

The reason for both problems is that there is a
preponderance of day-time photoreceptors-- the cones-- in
the center of the retina, whereas the periphery of the
retina is populated almost exclusively by the night-time
receptors~- the rods. The increase in sensitivity to white
light compared to the sensitivity to red is more pronounced
for the rods than the cones. Thus a brightness match
between red and white which is mediated primarily by the
cones (as would be the case for direct viewing) is not
acceptable when viewed peripherally. A 1,3 neutral filter
(transmittance 5%) was found to match the red filter when
viewed directly; but when viewed peripherally, a 2.1 neutral
filter (transmittance = 0.8%) was required to match the red,

The significance of this fact for the contrel room is
that the brightness of peripheral lights (coming, for
example, from the adjoining passageways or from the plotting
tables) is acceptable when they are red, but it may be
obtrusive and distracting when they are white,

The first problem was solved to the satisfaction of
subsequent crews (15=17) by increasing the density of the
neutral filters to 1.6 (2.5 percent transmittance). The
second problem was solved by installing filters which
transmitted only 0.8 percent of the light (2.1 density) over
the lights which were Judged to be distracting (17),
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RECOMMENDED LLW FILTER DENSITY

On the basis of these studies, we recommend that
neutral filters of two densities should be made available to
replace the red and blue filters now in use,

For general installation, the filters shoulc transmit
2.5 percent (1,6 density) of the light throughcut the
spectrum (+ 0.5 percent)., They should be manuis~tur2d in
the form of sleeves which can be slipped ov.» the Lwtv sizes
of fluorescent tubes~- 2 feet long, 1.5 ineh i-..ernal
. diameter; and 11,25 inches long, 0.6 inech internal diaueter.

For installation over those lights which are too
bright, a second set of filters should be avaiiable which
transmit 0.8 percent (2,1 density) of the light (4 0,2
percent). The filters should be clearly marked as "light"
and "dark" and the crews instructed in their use.

A 3:“7‘:’?“;“!1',‘ _'?.,'?i,’?,‘:'!t't',

B AT AN IR0 AN 0N,
A AOAOIAOACN MDD SN BRRCUOUARY A TN AR T R AR A




N R

-

e

* e ey e

N ez
LT

S mL R T

- LT~ -

RO L A OO N LU RPN AN

L Al
1 .
ek e 8 e MR b b sk mB Sie st 5.0 V4 @ Ran ¢ @ e bum mmhw mas = b ok

REFERENCES

1, CO, USS GREENLING (SSN 614), 1ltr 4720, Ser 122, of
2 June 1980,

2. Luria, S.M. and David A. Kobus, The relative
effectiveness of red and white light for subsequent
dark-adaptatien, NSMRL Rep. No. 1036, Groton, CT:
Naval Submarine Medical Research Laboratory, July
1984,

3. Luria, S,M. and David A. Xobus, Red light, white light,
Proc., U.S. Naval Inst, August 1985, pp. 123-126,

4, Neri, David F, and J.A.S8. Kinney, Contrast seunsitivitcy
measured in low levels of red, white, and blue ambient
1llumination, NSMRL Rep. No. 989, Groton, CT: Naval
Submarine Medical Research Laboratory, August 1982,

5. Luria, S.M, and David A. Kobus, Immediate visibility
aftér red and white adaptation, NSMRL Rep. No. 1045,

Groton, CT: Naval Submarine Medical Resegrch
Laboratory, April 1985,

6. Kinney, J.A.S., S.M, Luria, and A,P, Ryan, Subjective
preferences and detection ranges in sonhr control

rooms under red and blue light. NSMRL Rep. No. 991,
Groton, CT: Naval Submarine Medical Research

Laboratory, September 1982,

7. Kobus, David A,, and David F. Neri, Performence and

tagk und 1
REELREenF a8 8000l udthat AT “RANRL RED. " RG. 1023,

Groton, CT: Naval Submarine Medical Research
Laboratory, May 1984,

8. Kobus, David A,, and David F. Neri, Sonar performance
under various colors of lighting. The Submarine
Review, October 1985, pp. 52-56€,

9, Neri, David F.,, S.M, Luria, and David A. Kobus,
Visibility of varicus target=background color
combinations under different chromatic ambient
illuminations., NSMRL Rep. No, 1027, Groton, CT; Naval
Submarine Medical Research Laburatory, August 1984, v

10. Neri, David F., S.M, Luria, and David A. Kobus, The
detection of various color combinations under different
chromatic ambient illuminations, Aviat. Space Environ,
Med. 1986, 57: 555<560.

11, Kinney, J.A.S., D.F., Neri, D.T. Mercudo, and A.P. Ryan,
Visual fatigue in sonar control rooms lighted by red,

‘8‘ .l" L)

b

f DOOOECC A LAY
‘ ."-!. i?.'.‘.‘.‘..i.'.ﬁz..'.‘.1".‘.3 vé

NN Co T R AP AR ape
Ay Y : e M) )
-EL‘- N PRI ‘.;".?_fs?_ft‘.!'l ot b e




12,

13.

14,

15.

16.

17.

18,

19.

white or blue i{llumination, NSMRL Rep. No. 1000,
Groton, CT: Naval Subaarine Medicsl Research
Laboratory, May 1983.

Kobus, David A., and S.M, Luria, Acceptability of low
level white lighting in tha sonar room st sea,

NSMRL Rep, No., 1055, Groton, CT: Naval Submarine
Medical Research Laboratory, July 1985,

Luria, 3.M,, and D,A, Kobus, Acceptability of low level
white lighting in the control room at sea, NSMRL

Rep, No. 1050, Groton, CT: Naval Submarine Medical
Research Laboratory, May 1985,

Miller, Matthew R., and S.M, Luria, Low level white
lighting: Further evaluation at sea, NSMRL Menmo
Rep, 86-3, Groton, CT: Naval Submarine Medical
Research Laboratory, June 1986,

Kobus, David A., and S,M, Luria, Operational evaluation
of low level white lighting. NHRC Rep, (in press).

Baker, €., W, Hunter, W. Benson, S.M., Luria and David A,
Kobus, Low level white lighting at sea, (in
preparation).

Luria, S,M,, Jasies F, Socks, &nd David A. Kobus, Low
level white lighting in control rooms at sea, NSMRL
Rep. (in press).

Kinney, J.A.S., Brightness of colored self-luminous
displays., Color Res, Appl. 1983, 8: 82-89.

Kinney, J.A.S., The quantity of light prcduced by red
and blue filters over light fixtures in submarine sonar
shacks. NSMRL Rep. No. 955, Groton, CT: Naval
Submarine Medical Research Laboratory, January 1983,




Unclassified

SECURITY CLASSIFICATION OF THIS PAGE (Whea Dota Entered)

REPORT DOCUMENTATION PAGE BEF R O TONS au
[T REPGAT NUMBER 2. GOVY ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER
NSMRL Memo Report 85-6
4 TITLE (and Subtitle) S. TYREZ OF REPONT & PERIOD COVERED
"Specifications for filvers for low level white
lighting 02 submarines"

R 6. PERFORMING ORG. REPGRT NUMBER

b N -

’. AUTHOR(s) \l\' 8. GON A -] ANT NUM ()
S. M. Luris and D;A, Kobus

‘ W
e Y Y Ve — vy [
. PERFORMING ORGANIZATION NAME AND ADDRESS 0. PROGRAM ELEMENT, PROJECT, TASK
Naval Submarine Medi ' A UNIT NUMBERS

cal Research Laboratory
Box 900 Naval Submarine Base New London
Groton, CT 06349 ~ 5500

11, CONTROLLING OFFICE NAME AND ADORESS 12. REPORT DATH
Naval Medical Rsch and Development Command |1 December 1986

Naval Medical Command, Naticnal Capital Region ' NUMSER OF Paces

| Retheada, Marzland 20814-504d . — e e
. MONITORI A Y NANE & ADORES(I! ditlorant trew Centrelling Oftice) | 18. SECURITY CLASS. (of this repert)

Unclassified

S ——————v
e 235 ASSIFICATION/ DOWNGRADING
NtDULI °

e BsTRBUTION STATENENT fol ihis Ropers)
Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the sbetrast entered in Bleek 20, Il difterent frem Report)

\6. SUPPLEMENTARY NOTES

19. KLY WORDS (Continue on reverse oside il necossary and identity by Meck number)

low-level white lighting: fllter density; lighting on submarines

20. ASSTAACT (Ceniinue en reverse side if necessary and identity by bleck number) It has been pl’OpO‘SEd thaf the

current practice of {lluminating submarine compartments with red light at night be
discontinued and that low level white light be substtuted for the red and bhlue lighting.
The background of the problem is presented briefly, and recommendations for the
densities of the neutral fliters are made,

DD . S%%: 1473  «coition oF 1 Nov 68 13 oesoLETE Unel ed
$/N 0102-014 6601 nclassifi _
SECURITY CLASBIFICATION OF THIS PAGE (When Lata Rntared)

DGO CAE L S B A AN AR AN Y e RN AL S NN RO SR 7 A N AT AT

- -v_gt_"l._‘;ﬁ‘_ - ok s:_..! T




