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NIGHT VISION GOGGLE (NVG) FILTERS sfp 93

1.1 This SAE Aerospace Recommended Practice describes the functions| and

1.2

*” Night vijsion goggle
compatible lTighting is the condition in which the spectral wavelengths,
Tuminancel level and uniformity of the cockpit lighting do not ijnterfere with
the operation of night vision goggles. NVG compatible 1lighting permits a
crew member to observe outside scenes through night vision goggles while
maintaining the ability to recognize master caution/warning indicators
inside the cockpit. Also, with NVG compatible lighting, all necessary

eyes.

. informatijon in the crew station is easily seen by a crew member] with unaided

2. SCOPE:

2.1 This ARP |discusses the desired characteristics of night vision [goggle (NVG)
filters fjhat can be used«with incandescent, electroluminescent [(EL) and
light emiltting diode (LED) light sources to achieve NVG compatilble Tighting
of aerospace crew stations. This ARP also discusses the paramgters that
need to He considered when selecting a night vision goggle/daylight viewing
(NVG/DV) [filter for proper contrast enhancement to achieve readability in
daylight.

2.2 The recommendations set forth in this ARP are to aid in the degign of NVG
compatibﬂe_lighiing_that_will_meet_the_nequinemenis_of_MlL=L=8£762A
Lighting, Aircraft, Interior, Night Vision Imaging System (NVIS) Compatible.

SAE Technical Board Rules provide that: ““This reportis published by SAE to advance the state of technical and engineering sciences.

The use of this report is entirely voluntary, and its appllcablllty and suitability for any particular use, including any patent infringement
arising therefrom, is the sole responsibility of the user.’

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your
written comments and suggestions.

Copyright 1988 Society of Automotive Engineers, Inc. Printed in U.S.A.
All rights reserved.
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FUNCTIONS OF AN NVG FILTER:

.

TYPES OH NVG FILTERS:

A

.

The three primary functions of an NVG filter are:
Suppress the deep red and infrared wavelengths emitted by a 1ight source
required for NVG compatibility as defined by the Class of NVIS minus blue
filter (see Section 5 of this ARP and Section 1.3 of MIL-L-85762A).

Limit visible transmission values for wavelengths amplified by the
particular class NVIS.

Provide a color shift to the desired NVG color range.

Contradt Enhancement: An NVG/DV filter is used to provide '‘syfficient
contragt enhancement to achieve viewability in daylight ox-sunlight
ambienf{s. For this ARP, a daylight ambient is considered to |be less than
10 000 [fc and above 6000 fc, as may be defined by the,end useg application,
and surflight ambient is considered to be 10 000 fc.

Two Badic Types of NVG Filters: This ARP defines and discusges two basic
types qf NVG filters: the night vision goggle (NVG) and the |night vision
goggle/daylight viewing (NVG/DV).

Night Vision Goggle (NVG) Filter:@ The night vision goggle [(NVG) filter

defirled in this ARP is a short wavelength pass filter, desijgned primarily
to provide red and infrared CIR) suppression to achieve NVC
compdtibility. Contrast enhancement for readability in bright ambients is
not provided by the NVG filter.

Night Vision Goggle/Baylight Viewing (NVG/DV) Filter: The [night vision
goggle/daylight viewing (NVG/DV) filter defined in this ARR is a bandpass
filtqr, designed to provide both red and IR suppression forn NVG
compdtibility and contrast enhancement for viewability in daylight or
sunl{ght ambients.

NVG FilterMaterials: The basic materials used to make NVG fiilters are
glass, |gtass composite and plastic.

lass NVG and Glass Composite NVG/DV Filters: Glass NVG and glass
composite NVG/DV filters may be obtained with or without a front surface
antireflection (AR) coating to enhance viewability. Glass and glass
composite filters provide superb IR suppression for incandescent light
sources and are excellent with EL and LED 1ight sources. Glass composite
filters for use in NVG applications typically do not contain circular
polarizers.

Plastic NVG Filters: Plastic NVG filters are typically made from either
polycarbonate or acrylic and provide good IR suppression for EL and LED
1ight sources. Plastic filters may provide only marginal IR suppression
for incandescent light sources. Typically, plastic NVG filters do not
provide sufficient contrast enhancement for sunlight viewing.



https://saenorm.com/api/?name=de807c9cccf6771512dcaed5b039673e

Page 3

ARP4169

|

4.3 Environmental Requirements and NVG Filter Materials:

The NVG filter

material selected must be capable of withstanding the military environmental
requirements specified for the particular piece of equipment in which the

filter is

to be used.

The equipment environmental specification may include

requirements for such items as temperature, mechanical shock, moisture
resistance, salt spray, chemical resistance and UV stability.

Glass and glass composite filters can withstand temperatures from -55°C to

+100°C.
+100°C.

Plastic NVG filters can withstand temperatures from -40°C to
Some plastic NVG filter materials, such as polycarbonate, are not

recommended for use in high humidity environments above 85% RH,

nonconden
front sur

5. GEN IIT NV

GEN III ni
in conjunc
visible 1i
the visibl

5.1

sing. Plastic filters can be obtained with a scratch

- Waka)

resistant

Minus Blue Filters for NVIS Class A and NVIS Class B:

e

[S MINUS BLUE FILTERS:

ght. These minus blue filters are Tong pass-‘filters,
e spectrum below the red region and passing infrared.

GEN TIII

ght vision imaging systems use filters, termed.minus bflue filters,
tion with the objective lenses to reduce the“NVIS sensfitivity to

pttenuating

NVIS are

classified by Figs. 1 and 2 of MIL-L-85762A as to wavelength where the value
of the reflative transmission of their minus“blue filters is 50%. Fig. 1
shows the| relative GEN III responses: Gp~(X\) for NVIS Class A pnd

Gg (\) for NVIS Class B. The GEN III sesponse curves of Fig. 1| are

plotted with data from Tables VI and-VII of MIL-L-85762A.

6. NVIS RADIANCE AS DEFINED BY MIL-L+85762A:

6.1 Definition of NVIS Radiance: ~MIL-L-85762A defines acceptable spectral
radiance [levels, as detected by a GEN III night vision imaging [system, for
various lfighting configinations. This spectral radiance is termed NVIS
Radiance,l NR, and is determined from Equation 1:

930
NVIS Radiance (NR) = G(x)MAX GOSNV P
450
Where: G(A\) = Relative NVIS response, Class A or Class B.

S = Measurement scaling factor, which is the ratio of
required luminance for NVIS Radiance to the luminance
needed by the spectroradiometer to make the measurement,
or 15 fL, whichever is less.

GOMMAX = 1 mA/HW
dx = 5 nm
NOO = FOOTOD Wem?/sr/nm

OO
T

Radiated spectrum of light source.
Relative transmission of NVG filter.
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6.2 The relative transmission characteristic, T(\), for the NVG filter in the

7.
7.1

7.1

IR region has the most influence on the value of NVIS Radiance.

The amount

of IR suppression and the relationship of the NVG filter T(\) long
wavelength characteristic with respect to the Gp(X) or Gg(A\) short
wavelength characteristic strongly influences the NR value for a given light

source.

SUGGESTED NVG FILTER CHARACTERISTICS:

.2

Suggested NVG Filter IR Suppression Characteristics:

This ARP suggests

criteria for two primary parameters of NVG filter characteristics, described
in relationship to NVIS relative response characteristics, for obtaining

suffici
two NVG

the 14

th characteristic and 2) the slope of the NVG filter
ristic.

ssary IR attenuation.

rated in Fig. 2.
han six orders of magnitude beyend 650 nm.
ude beyond 650 nm.

ak wavelength of the NVG:filter characteristic shown
d with the color range;for NVIS A.
ED.

ove criteria-should be used with judgment.

ahtinag dacian
‘-"'” A A2} LAY

filter characteristics are 1) the intersection of the
elength characteristic with the NVIS relative respons

The filter transmission characteristics shou
i-log plot, as shown in Fig. 2, since a lin€ar plot d

ggested IR suppression characteristics<of an NVG filt
The IR suppressiony>should be contin
For incandescent light sources, ‘the IR suppression
For EL an
s, the IR suppression should be not less than four or

Actual tr
teristicstare not usually as smooth and regular as th
larities<of filter characteristic within the region of IR
ssionmay result in failure to meet the NVIS Radiance
hisiis suspected, actual NR measurements, as describe
85762A, should be obtained prior to incorporating the

h762A. These
NVG filter

e short

long wavelength
Id be graphed
bes not show

Br are

pous out to
should be not
d LED light
ders of

in Fig. 2 is

The peak wavelengfths of the
filters characteristics shown in Figs. 3, 4 and 5 ar
the respective NVIS color ranges, NVIS GREEN B, NVIS

e located
YELLOW and

ansmission
ose shown.

requirements.
d in
filter into

AN I

NVG/DV filtered low color temperature incandescent sources may not produce
sufficient lTuminance for daylight readability.

Different light sources filtered by the same NVG or NVG/DV filter will

produce different colors.

In the interest of color matching of

components, it should be noted that the full range of allowable NVIS

colors cannot be with all light sources.

For example, LED

Tamps, being

narrow band emitters, produce colors of high saturation and are well
suited for NVIS GREEN B, NVIS YELLOW and NVIS RED, but cannot produce the

desaturated color NVIS A.

The use of a narrow band NVG/DV

filter with an

incandescent 1ight source for NVIS GREEN A increases color saturation,
moving the resulting color closer to the Tocus of NVIS GREEN B.
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7.2 NVG Filt

er T(\) and Minus Blue G(\) Relationship:

The intersection of

the NVG filter T()\) long wavelength characteristic with the NVIS relative
response GA(X\) or Gg(A) short wavelength characteristic is the first

primary parameter controlling the value of NVIS Radiance.

7.2.1 General Crew Station Lighting, NVIS GREEN A: It is desirable to have the
1%, (10-2), point on the NVG filter T(X\) Tong wavelength
characteristic intersect the NVIS relative response Gpa(®) or Gg(X)
short wavelength characteristic at the 1% point, or below.

7.2.2 General Crew Station Lighting, NVIS GREEN B: It is desirable to have the
1%, (10-2), point on the NVG filter T(\) long wavelength
characEenistic_intensect_ihe_NMlS_nelaiixe_xesponse_GALll_or.GB(A)
short yavelength characteristic at the 1% point, or below, Oyhis is
illustrated in Fig. 3 for the GEN III Class A.

7.2.3 Master|Caution and Warning Lights, NVIS YELLOW: It jisdesirable to have
the 5%| (5x10-2), points on the NVG filter T(A\) long wavelength
characteristic intersect the NVIS relative response’ Go(:\) or|Gg(\)
short yavelength characteristic at the 5% point;~or below. This is
illustfated in Fig. 4 for the GEN III Class A.

7.2.4 Master[Caution and Warning Lights, NVIS RED: It is desirable to have the
5%, (5%10-2), points on the NVG filter.F€A) long wavelength
characteristic intersect the NVIS relative response Gg(A\) short
wavelepgth characteristic at the 5%zpoint, or below. This i$ illustrated
in Fig| 5 for the GEN III Class B-

Note: |NVIS RED is intended for use only with Class B GEN III goggles.

The us
allowe
GEN II

7.3 NVG Filter T(g) Long Wavelength Characteristic:

p of NVIS RED NVG filtered light sources with GEN III
[ Class A gogglest
The slope of

filter T

controll

ng the v@tue of NVIS Radiance. The long wavelength s

Class A is not
d. The reason is that NVIS RED falls within the active passband of

the NVG
A) long wavelength characteristic is the second primayry parameter

ope can be

expressefl in terms of decibel attenuation per nanometer (db/nm) between the

1% trans
effectiv
steeper.

Where:

ission point and the 0.001% transmission point, Equatjon 2. For
F IR~suppression, the long wavelength slope should be {+0.5db/nm or
[T(k]nm)]
10Log | =55 —~
Long Wavelength _ TR _ _0.5 db/nm (2)
Cut-Off Slope (db/nm) ~ [TOGnm) - T(kznm)] -
T(A1) = Wavelength where filter transmission = 1%, (10-2)
T(xp) = Wavelength where filter transmission = 0.001%, (10-2)

7.4 NVG Filter Visible Transmission Characteristics:

7.4.1

Peak Transmission for NVIS Color:

color

ranges for NVG filtered light sources. The NVG filter

MIL-L-85762A defines specific NVIS

peak

transmission must fall at a wavelength within the desired color range to
assure the proper NVIS color, as illustrated in Figs. 3, 4 and 5.
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7.4.2 Peak Transmission for Contrast Enhancement:

7.4.2.1

7.4.2.2

7.4.2.3

Contrast Enhancement for Saturated Light Sources: To achieve effective
contrast enhancement for daylight viewability of saturated light
sources, such as LEDs and EL, the NVG/DV filter's transmission at the
peak wavelength within the desired NVIS color range (GREEN B, YELLOW or
RED) should be 11% to 17%, see Figs. 3, 4 and 5. The total amount of
emitted visible Tight transmitted by the filter should be 10% to 17%.

Contrast Enhancement for Broad Band Light Sources: Contrast enhancement
of a NVIS GREEN A 1ight source used for general lighting is typically
not required, and an NVG filter is sufficient. Effective contrast

enh > broad band
source such as an incandescent lamp, may necessitate the)use of an
NVG/DV filter with a wider visible wavelength passbandand higher

a saturated
icular lighting

trapsmission at the peak wavelength than that requixed fo
lTight source, depending upon the requirements of the part
app|lication.

uring the Contrast Performance of an NVG/DV Filter: ([The contrast
perfformance of an NVG/DV filter can be asteértained by comparing the
percent relative Tuminous energy transmitted from the NVG 1ight source,
%TCY), the photopic single pass transmission of the filter, to the
percent relative Tuminous energy from“a CIE ITluminant B [source being
trapsmitted through the filter twice, %TZ (CIE B), the brpad band

douple pass transmission of thecfilter. The spectral disftribution of a
CIE| ITTuminant B source has approximately the same spectrpl distribution
as direct sunlight.

740 nm
’//;(x)y(x)T(x)dk Percent Relative Energy

= 400 nm Photopic Single Pasfs
RO = 108 740 nm Transmission of NVG
/;my()\)dx Light Source
400 nm

740 nm 2
J/é(x)y(X)T (A)d\ Percent Relative Epergy

2 400 nm Broad Band Double Pass
RTOXCIE B) = 100 ~740—h Transmission of
BOMY(A)dA CIe Illuminant B Source
400 nm
Where: f(A) = Radiated spectrum of light source.
T(A\) = Relative transmission of NVG/DV filter.
B(A\) = CIE Illuminant B spectrum.
y(\) = CIE Photopic Curve.

IOV 5 nm.
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’ 7.4.2.3

p 7.4.2.4

8. REFERENCE
SAE ARP4168, Night'\tision Goggle (NVG) Compatible Light Sources
9. AUTHOR:

Evans,

(Continued):

The ratio %LT(Y)/%T2 (CIE B) is used as the figure of merit to rate the
contrast enhancement gerformance of an NVG/DV filter. The higher the
value of the %T(Y)/%T¢ (CIE B) ratio, the better is the contrast
enhancement performance of the NVG/DV filter. The value of the single
pass %T(Y) should be between 10% and 17% and the va]ue of the double
pass %T2 (CIE B) should be less than 1%. A %TCY)/%TZ (CIE B) ratio
of 17 or more provides effective contrast enhancement.

The value of the photopic single pass transmission, %T(Y), of an NVG/DV
f11ter may affect the value of the broad band doub]e pass transmission,
%72 (CLE-B). Therefore, when—a luminous—level is specified for the
NVG/Q)V filtered 1ight source at full br1ghtness preferencdg should be
given to the highest possible LTCY)/%T2 (CIE B) ratio. n.Thils may
necedsitate a higher value of photopic single pass transmigsion, %T(Y),
than [17% to accommodate the luminous output requirement of [the NVG
filtdred light source at rated dr1ve conditions while keeping the broad
band [double pass transmission, %T2 (CIE B), as/low as possible.

%T(Y) and %T2(CIE B) may be viewed simply a§ relative ratigs of

lumingous intensity measurements of the NVGrand CIE I1lumingnt B light
sourges with and without the NVG/DV filter in place. Since %T(Y) and
%T2 CIE B) are relative measurements;“the Tuminous levels |needed for
measUrement are at the discretion of the engineer.

NVIS |Requirements vs Sunlight Viewability: It should be ngted that NVG
compatibility and sunlight viewability are requirements in|opposition to
each|other. Therefore, it may not be possible to obtain bgth NVG
compatibility and viewabitity in 10 000 fc sunlight conditions with the
same [NVG/DV filtered light source. NVG compatibility and yiewability in
daylight conditions less than 10 000 fc are more easily achieved.

David, Hewlett-Packard, San Jose, CA 95131 |

PREPARED BY SAE SUBCOMMITTEE A-20A, FLIGHT CREW STATION,
OF SAE COMMITTEE A-20, AIRCRAFT LIGHTING
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FIGURE 1 - Classes of GEN III NVIS
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/
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400 500 600 700 800 900 1000 1100
A\ - WAVELENGTH - nm
FIGURE 2 - Ideal NVIS GREEN A NVG Filter
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