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1.

1.1

1.2

1.3

1.4

SCOPE:

This SAE Aerospace Recommended Practice (ARP) contains the general requirements and
test procedures for Dual Mode (NVIS Friendly visible and Covert) exterior lighting for most
rotorcraft and fixed wing aircraft and could be applicable to ground vehicles that desire a
Dual Mode lighting system.

Purpose:

This docgmemntistodefime bothrthe basic NS Friemdty timitsforvisibteexterior lights and
the radiapce limits for the covert energy sources. In addition, this document will define the
test methods and equipment necessary in verifying the measurements.

Limitations:

This dociment includes and updates the traditional requiremeénts that cover{normal visible
exterior lighting and integrate them with Dual Mode exteriorighting design gnd testing
concepts. This document will not attempt to define thesenvironmental qualification,
reliability|requirements or any of the other tests required that are normally contained in
procurenjent specifications or readily found in othertechnical documentation. The primary
focus of this document is for fixed wing aircraft, but other air frames or ground vehicles
can use Inany of the technical requirements:

Field of Application:

This docliment defines three classes of tests. Each test is applicable to the |different
phases df a products life: for example, engineering development and qualifi¢ation (CLASS
1), production/quality assurance (CLASS 2), and field service maintenance or flight
readines$ (CLASS 3). The-test requirements for each of these phases diffef and hence
the test grocedures foreach test class may differ. Each procedure in this dgcument is
CLASS 1 unless otherwise stated.

Classes pf Tests:

CLASS 1 -Laboratory Tests - The objective of tests in this class is to verify the design of
the assembly. Tests in this class are most appropriate in an engineering laboratory
environment or as part of a certification program.

CLASS 2 - Production/Quality Assurance - The objective of this test class is to verify that
every assembly has been manufactured or repaired to meet specified requirements.
Tests in this class are most appropriate for acceptance and/or end item tests.

CLASS 3 - Maintenance/Flight Readiness - The objective of tests in this class is to verify
that the assembly is within acceptable performance limits. Tests in this class are most
appropriate for field service maintenance and flight line inspection.
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2. REFERENCES:

2.1 Applicable Documents:

The following publications form a part of this document to the extent specified herein. The
latest issue of SAE publications shall apply. The applicable issue of other publications
shall be the issue in effect on the date of the purchase order. In the event of conflict
between the text of this document and references cited herein, the text of this document
takes precedence. Nothing in this document, however, supersedes applicable laws and

regulatiopsuntessaspecificexemptiomhas beenobtaimed:

2.1.1 SAE Publications: Available from SAE, 400 Commonwealth Drive, WWarrendale, PA

15096 pr www.sae.org.

ARPGY9HA

AS801TA

Aerial Refueling Lights - Design Criteria

Minimum Performance Standard for Anticollision Light Systems

2.1.2 U.S. Gpvernment Publications: Available from Document Automation and|Production

Servicg (DAPS), 700 Robbins Avenue, Philadelphia, PA 19111-5094 or
http://agsist.daps.dla.mil/online/start/

MIL-L-85762A
26 Aug| 1988

MIL-ST|D-3009
2002 Npotice 1

MIL-L-6503H
March 1996
Notice P

MIL-L-006730C
9 Oct. 1996
Notice

N

Lighting, Aircraft, Interior, Night Vision Imaging System (NVIS)
Compatible

Lighting, Aircraft, Night Vision Imaging System 04 Ocit.
(NVIS) Compatible

Lighting Equipment, Aircraft, General Specification 25
for.Installation of

Lighting Equipment, Exterior, Aircraft (General Requirements for)

FAR 23

FAR 25

FAR 27

FAR 29

Airworthiness Standards: Normal, Utility, Acrobatic, and Commuter
Category Airplanes

Airworthiness Standards: Transport Category Airplanes
Airworthiness Standards: Normal Category Rotorcraft

Airworthiness Standards: Transport Category Rotorcraft
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2.2

2.3

Applicable References:

Aerospace Lighting Institute, February 2002 Advanced Seminar
Tim Bushell, Oxley Presentation

Definitions:

COVERT: Covert exterior lights cannot be viewed in normal operation by the unaided eye
and requires the use of night vision goggles. Covert lighting allows the benefits of exterior

lights in
visible dgtection.

DUAL MODE: Dual Mode exterior lights comprises of two modes; visible an
visible mpde can be viewed with the unaided eye whereas the covért mode
additiongl sensors (i.e., night vision goggles). In most cases, the'visible mo
divided into two categories; the first one being Aviation (or standard) and the
being NIS Friendly (see NVIS Friendly). Dual Mode extérior lights are desi
operate With the use of night vision goggles. Most Standard or Aviation extg
systems do not integrate naturally with night vision géggles. The exception
lights thaft are naturally NVIS Friendly (this includes-aviation green lights in g
selective|LEDs that are being used for exterior lights).

NRI: This abbreviation stands for NVIS Radiant Intensity. NRI is the unit us
Dual Modle exterior lights. Radiometricenergy from a light source is collecte
integratef with the response curve,of the night vision goggles as defined in

This intggration is then multiplied by the distance squared of the energy soy
detector (in accordance to the inverse square rule). The units of NRI are W
(W/sr).

NVIS FRIENDLY: NVIS Friendly exterior lights can be viewed by the unaide

esire to limit

d covert. The
requires

de is further

e second one
jned to

rior lighting
being aviation
eneral and

ed to measure
d and
MIL-L-85762A.
rce to the
htts/steradian

d eye and

also with
goggles

night visiomgoggles, but without degradation to the operational us

of the

common Wwith Standard or Aviation lighting designs. An NVIS Friengdly lighting

system r¢ducesi(but does not eliminate) the amount of near infra-red energy contained by

the light

souree? When viewed through night vision goggles, the NRI does not cause

excessive “plooming” in the goggles. Excessive blooming can be defined ag when the

aircraft's exterior lights that are being viewed through the goggles merge together and

obscure the outline of the aircraft (Figure 1).
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23

(Continug

A NVIS R
complete

FIGURE 1 - Standard or Non-NVIS Friendly Exterior‘Lights
pd):

riendly exterior light will have some IR content.compared to lights that are
ly NVIS compatible which would not be seen'with night vision goggles. The

proper balance of restricting the amount of IR content for various exterior lights is the key

to the de
exterior |
overwhel

finition of "NVIS Friendly". With a proper control of IR content, NVIE Friendly
ghts will be detected when viewed through the night vision goggles, and not
m the aircraft outline (Figure 2).

FIGURE 2 - NVIS Friendly Exterior Lights
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3. TECHNICAL REQUIREMENTS:

3.1

Background Information:

As the use of night vision goggles becomes more and more part of the baseline
configuration of interior cockpit design, technical requirements and specifications were
developed to provide a common baseline design for aircraft cockpits and interior lighting
systems. For exterior lighting, most of the NVIS requirements have been limited to
defining covert Electrolumlnance (EL) strlps for formation flying. However, the mission

requirem

prevent
directed
and aft a
use of ni
require |
they fail
the biggs

As the of
requirem
mission 1
night visi
survivabi
first use

rejoin) ar
for what

radiomet

id-air collisions. The specifications require most of the radiometri
n all directions, and with additional energy via the positionlights di
ong with color filters to provide orientation (aviation caelors). Howe
ht vision goggles, these standard visible lights overvhelm the gog

suppression. The IR suppression must not impaet the lights to th
he FAA and military specifications, nor the use.of night vision gogg
st challenge in designing NVIS Friendly exterior lights.

erational use of night vision goggles have evolved, so has the miss
ents such that, NVIS Friendly lights@alone does not support all of th
equirements. The opposing pilotstand enemy ground forces also h
bn goggle technology and projecting even NVIS Friendly light impz
ity of the mission and the pilot. However, turning off all the exterio
bf the covert mode) makes.it very difficult for your fellow pilots to re
d increases the possibility of mid-air collisions. This fact created th
s commonly considered covert lighting. Covert exterior lighting hag
ric patterns than-visible exterior lighting. This is due to the mission

energy to be
ected forward
er, with the
jles and
b extent that
es. Thisis

5ion
e operational
ave the use of
cts the
lights (the
jroup (or
e requirement
very different
requirements

that dictgte no radiometrie’energy directed forward for the enemy pilot to detect, and no

radiomet
must be
Anti-Colli

Current ¢

Fic energy downward for enemy ground forces to detect. All of the
lirected upward and aft to assist in rejoins. The major exceptions V
sion lights and any covert Landing/Taxi light systems.

covert lighting
vould be the

ible exterior

iviband military specifications cover the photometric patterns for vig

lighting, but it does not detail the requirements for NVIS Friendly or covert designs.



https://saenorm.com/api/?name=8c2c089ee63b166b8c788079cfce1da9

SAE ARP5825

3.2 Basic Vis

ible Requirements for Exterior Lighting

All NVIS Friendly exterior lighting must still meet the standard (normal) visible
requirements with the additional requirements of limited the amount of IR content the
various exterior lights should contain. Exterior lights can be modified or replaced to make
the lights NVIS-Friendly while retaining normal unaided eye viewing. The advantages of
NVIS-Friendly lights are:

Oper
grour

This ARR

lighting and include the additional requirements for®ual Mode (NVIS Friend

exterior |
3.2.1 Overvig
Exterio

3.2.11
collis
The |
detra

fuselage shall be located as far back from the pilot as practicable in orde

a min
preve
addit

types

Can fefuel aircraft while on goggles.

Requirements for Anti-Collision Lights: All aircraft are required to have g

i-man cockpit, one pilot can be on goggles and one off without-affg

bte close to a combat area without being easily deteCted by goggle
d.

document will supplement the requirements‘that cover normal visi
ghting.

bw of Basic Design and Photometric Requirements for Single Mode
[ Lighting:

on light system in accordance to both the FAA and various military
ghts shall be locatedias not to be detrimental to the crew's vision a
ct from the conspieuity of the position lights. Lights that are located

imum the possibility of causing vertigo. The use of shielding is acg
nt light beams from being directly or indirectly projected into the co
onal information on anti-collision light design requirements for mult
, review AS8017A.

Military aircraft can safely operate with goggles in civilian airspace and can be seen by

perations. In
cting safety of

5 on the

ble exterior
y and Covert)

(Non-NVIS)

n anti-
specifications.
nd will not

on top of the
r to reduce to
eptable to
ckpit. For

ple aircraft

3.2.1.1.1

Field of Coverage for Anti-Collision Lights: The system shall consist of one or more

light assemblies such that sufficient field of coverage shall extend in all directions
within a plane not less than 30 degrees above and 30 degrees below the horizontal
plane of flight. Allowed obstructed visibility totally not more than 0.03 steradian is
allowable within a solid angle equal to 0.15 steradian centered about the longitudinal
axis in the rearward direction.
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3.2.1.1.2 Flashing Characteristics for Anti-Collision Lights: Flash characteristics for anti-
collision lights are determined by the mission requirements for selected military
aircraft. In accordance to MIL-L-6503 and MIL-L-6730, a minimum flash pattern
frequency is required. This minimum effective flash frequency shall be not less than
40 nor more then 100 cycles per minute except when the anti-collision light system
lights overlap due to more than one light source. In cases of overlap, effective flash
frequencies shall not exceed 180 cycles per minute. The effective flash frequency is
established as that frequency at which the aircraft's complete anti-collision light
system is observed from a reasonable distance. Multiple flash patterns are allowed

3.2.1.1.3

3.21.1.4

3.2.1.1.41

to

Chriomaticity for Anti-Collision Lights: The chromaticity for anti-collisio
be
customer requirements.

" . . . "
ICTLUTTTNOSIVUIT TCTUUITTITITTILO.

bviation red, aviation white, or both. Chromaticity selectionds-deter

t Intensity Requirements for Anti-Collision Lights;-the light intensi

easurement of Effective Intensity for Anti-Collision Lights: For mez
llision light systems, the minimum light intensity for each light ass¢
expressed in terms of effective candlepower in accordance to the BI¢
equation. This requirement is based on the assumption that the max
dyring the flash must/be greater than the intensity of a steady light tg
same apparentintensity. For measuring multiple flash patterns, the
fgrmula is medified to take into consideration of changes to retina se
ultiple flash stimulation. The modified Blondel-Rey formula is not G
applicable*for application to FAA requirements however.

0 lights shall
mined by

y
gy used for

5hing
(LEDs).
y during the

must be greater than the intensity of a-steady light to have the same apparent
intensity. It is, therefore, convenient tocévaluate flashing lights in terms
effdctive intensity.

5 of their

suring all Anti-
embly shall be
ndel-Rey
mum intensity
have the
Blondel-Rey
nsitivity with
urrently
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3.2.1.1.41 (Continued):

a. The Blondel-Rey equation is as follows is only valid for single flash

characteristics:

t2

j I(t)dt

— t1
E

where:

le = effective intensity (effective candela)
I(t) = instantaneous intensity as a function of time

t> -t; = flash time interval (seconds)

The modified Blondel-Rey formula is useable for flash trains.

formula as stipulated above only-shall be changed into

I(t)dt

Iy

AT

The result you getithe modified Blondel-Rey formula

where:
tn+1

i,dt = Area pulse train in [cd s]
tﬂ

C = Blondel-Rey constant 0.2 in [s]

Im = Absolute peak value in [cd]

(Eq. 1)

In order to measure flash trains thetexpression of (t, — t1) of the Blondel-Rey

(Eq. 2)

(Eq. 3)

-10 -
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3.2.1.1.4.2 Minimum Effective Intensity for Anti-Collision Lights: Both the FAA (Part 23, 25, 27
and 29) and MIL-L-6503 have minimum values for anti-collision light effective
intensity requirements along the horizontal plane. These minimum values are
detailed in Table 1. The military specification limits their photometric requirements
from 0 degrees to 30 degrees above and below the horizontal plane.

3.2.1.2.1

TABLE 1 - Minimum Effective Light Intensities

Angle Above or Below | Effective Intensity (cd) | Effective Intensity (cd)
thgHorizontatPtane—T——for FAR23& 25—
0°to 5° 400 150
5°to 10° 240 90
10° to 20° 80 30
20° to 30° 40 15
30° to 75° 20 N/A
3.2.1.2 Reguirements for Position Lights: The design requirements for position |ights are
defingd into two categories: FAA regulated civilian.aircraft and military aircraft. For
civilign aircraft, FAA requirements will define the;photometric requirements. For most
miIitej'y aircraft, MIL-L-6503H or MIL-L-006730 will define the photometric
requifements. Neither of these documentsicontains any information or requirements
for NYIS Friendly and Covert lighting.
FAA Position Light Requirements: The major design issue with NVIS-Friendly lights
is maintaining the minimum_ Federal Aviation Administration (FAA) intepsity,
distribution patterns and coler for the Position (Navigation) lights as defined in Tables
2 and 3. Anti-collision lights must also meet their respective FAA or m(litary

spe

cification requiremeénts.

-11 -
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TABLE 2 - FAA Navigation Light Requirements (must equal or exceed values)

Intensities in the horizontal plane

FAR Part 23, 25, 27 and 29

Intensities in any vertical plane

perpendicular to the horizontal plane

Angle above or below the
Angle from right or horizontal plane : Intensity, |

Dihedral angle | Left of longitudinal Intensity 0° 1.00

(light included) Axis, measured )] 0°to 5° 0.90

From dead ahead | (candelas) 5°to0 10° 0.80

10° to 15° 0.70

L and R (fwd 0°to 10° 40 15° to 20° 0.50

red and green) 10°to 20° 30 20° to,30° 0.30

20° to 110° 5 30%o 40° 0.10

A (rear yhite) 110° to 180° 20 40° to 90° 0.05

TABLE 3 - FAA FAR Overlapping*Requirements
Maximum Intensities in Overlapping Beams of‘Forward and Rear Position| Lights
Maximum Intensity
Qverlaps Area A (cd) Area B (cq)
Green in Dihedral Angle L 10 1.00
Red in Dihedral Angle R 10 1.00
Green in Dihedral Angle A 5 1.00
Red in Dihedral Angle A 5 1.00
Rear White ip Dihedral Angle Lk 5 1.00
Rear White ip Dihedral Angle R 5 1.00
3.2.1.2.1  (Continued)-
Whereas area A includes all directions in the adjacent dihedral angle that passes

iaht caorreaand

mntaorcoete th

nbhotmdanm, nlana At

more than 10

thrcllnh tho H o commao
gt SOuTrCC ot ImterSC oot C SO o oouiCary prariC—t

degrees but less than 20 degrees.

Whereas area B includes all directions in the adjacent dihedral angle that passes
through the light source and intersects the common boundary plane at more than 20

degrees.

-12 -
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3.2.1.2.2 Military Position Specifications: The photometric requirements for position lights on
military aircraft are more demanding than with FAA FAR requirements. The light

distribution is defined in Table 4.

TABLE 4 - Military Navigation Light Requirements

Intensities in the
horizontal plane

Intensities in any vertical
plane perpendicular to the horizontal plane

Dihedral angle | Angle from right or Intensity Angle above or below the
(light includeg)y—Tteftof tongitudinat ty horizontat ptarme T tensity, |
(candelas) 0° 1.00
L and R (Fwd Axis, measured 0°to 5° 0.90
Red and Greg¢d) | From dead ahead 5° to 10° 0.80
0°to 10° 40 10° toe15° 0.70
10°to 20° 40 15° to 20° 0.50
20°to 30° 30 20° to 30° 0.30
30°to 40° 20 30° to 40° 0.10
40° to 50° 15 30° to 90° t cd min
50°to 70° 10
70° to 110° 6
110° to 120°
120° to 130° 5 cd-Max
A (rear white) 90° to 100° 5'cd Max
A (rear whiti) 100° to 110°
A (rear white) 110° to 180° 20
3.2.1.3 Reguirements for Formation Lights: Since the FAA does not specify formation lights,
the bgst specification document is MIL-L-6503 (Air Force) or MIL-L-006730 (Navy). In
MIL--006730, formation lights are divided into two types. Type | formatjon lights are
point(light sources-that can use but are not limited to either incandescent lamps or
LEDS. Type-lformation lights are area light sources that use but are nat limited to
eithef electroluminescent (EL) strips or LEDs combined with a fiber optiq weave or
other|diffusing media.

-13 -
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3.214

3.2.1.4.1

3.2.1.4.2

3.2.1.5 Reqguirements for, Refueling Lights: Any aircraft that intends to have infli

3.2.1.5.1

Requirements for Landing/Taxi Lights: All aircraft are required to have both landing
and taxi lights for night flying operations. Consideration must include sufficient backup
systems as to prevent single bulb (or light source) failure to render one of these
lighting functions inoperable. Design location of these lights shall preclude direct or
indirect projection of light into the cockpit. The use of covers to prevent stray light into
the cockpit is allowed, but it must not reduce or distort the pattern requirements of the
lighting assembly. The key requirement is to provide proper illumination in front and
beneath the aircraft to allow ground reference for the pilot in all phases of landing and
taX| operatlons leed-wmg alrcraft shaII separate Ilght sources for the landing and taxi
e . : >gen lamps are
pattern. The
ement of the
attern due to

used] the filaments for the taxi light must be horizontal to the W|de beam
filament orientation should be considered to maximize light output. “Blac

light
aircra

assemblies must be so there is no blockage of the requiredbeam p
ft structure.

c requirement
ead of the
the line of

ding Light Photometric Requirements: The landingJdight photometr
| provide no less than 2 footcandles on the ground/line 400 feet ah
. The centerline of the beam pattern must match the centerline of

Lan
sh

pil

min
the
strd
ass|
lan

Taxi Light Photometric Requirements: The Taxi light photometric requ

pro
line

10 feet outboard of the/most extreme wingtip structure of the aircraft.

capa

visually locate*the tanker and sufficient light illumination of the probe loc

drogd
while

%I
flight. For aircraft that have landing light assemblies built into the wing

imum 2 footcandle requirement must be met 400 feet ahead of the
light assembly as measured from the horizontal from the centerling
cture to the location of the light assembly on the wing. The landing
emblies shall be mounted so the centerline beam pattern matches
ling approach of the aircraft.

Vide no less than 0.5 feotcandles as measured in the vertical plane
300 feet ahead of the pilot. This minimum illumination must be mg

ilities, there should be sufficient light illumination for the receiver a

e (depending of the type of refueling technique) to allow safe trans
ifrthis close proximity flying pattern. The light output must have v3

structure, the
centerline of
of the aircraft
light

the angle of

jrement shall

on the ground
intained to

ght refueling
rcraft to
htion or the
fer of fuel
riable

dimming confrol that can be adjusted uniformly over the range of the control from full
on to full off and be design so not to create direct light energy from entering either the
receiver cockpit area or the tanker crew area. Detailed design criteria for standard
aerial refueling can be found in ARP694A. The requirements called out in this
document are for fixed wing aircraft only.

Requirements for Boom/Receptacle Style Refueling Lights: For Boom/Receptacle
refueling with the brightness control set to the full, the minimum intensity within the
fuel receptacle or slipway area shall be 15 candela and 2.5 candela in the area

surrounding the receptacle location. Multiple light assemblies are allowed to meet
this requirement.
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3.2.1.5.2 Requirements for Probe/Drouge Style Refueling Lights: For inflight refueling using
drogue system, there must be a minimum of 500 candelas within a £10 degree

horizontal distribution and +5 degree vertical distribution.

3.3 Overview of Photometric Requirements for NVIS Friendly Portion of Dual Mode Exterior
Lighting:

NVIS Friendly exterior lights must not only meet the existing FAA and/or military
specifications for visible (normal) lighting, but now must limit the IR content to allow their

use in o

3.3.1

3.3.1.1

o T ’ - -]
CldUuulls tial wWerlTe CApidilicU T o.£. 1.

Definiti
have a
determ|ned by the mission requirements of the individual aircraft)>These li
visible {o the unaided eye, but do not overwhelm the pilot that’is using nigh

goggles.

bn of NVIS Friendly Exterior Lights: NVIS Friendly Exterior lights a

NVIS
Frien
there
comp
brigh
would
Sincs
defin

dly lighting is different from NVIS compatible.lighting within the coc

atible cockpit lighting, there is an assumption that the lights will be
ness levels. For example, the assumption was that panel light brig
be around 0.1 footlamberts, and-for warning lights it would be 15
the brightness levels can be controlled by the pilot, the military sp
ng NVIS compatible light wasto use a ratio based on scaling facto
brightness levels within the cockpit. Case in point, NVIS panels ¢

valug would’be scaled to an assumed brightness of 0.1 footlamberts. TH
converts)the NVIS radiance value to 1.401E-10 (when scaled to 0.1 foot

e lights that

portion of their infra-red radiometric energy filtered out. Thé&amount of filtering is

ghts are
t vision

Friendly Exterior Lighting Verses NVIS Compatible Interior Lighting: NVIS

pit because

are no fixed brightness levels that can bedsed for scaling purposes. For NVIS

set to certain
htness level

I)otlamberts.

cifications for
s set to

ire measured
energy level
bd

el is

brightness
that has a

radiance

is then

amberts).

This scaling factor works well for controlled cockpit environments. However, exterior

lights can not be set to a predetermined brightness level (and, therefore,

a known

scaling factor assigned) since the pilot can not control the environment that they will

view the exterior lights. A method must be determined that will remove t
factors used in MIL-L-85762A (MIL-STD-3009).

he scaling
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3.3.1.1.1

Defining the Method for Establishing NVIS Friendly Design Requirements:

Interior

lighting components can use MIL-L-85762A to provide measurement guidance.
However, as previously noted, for exterior lights, the pilot cannot control the
brightness levels of another aircraft or the natural ambient light (stars, moon, cloud
cover, etc.). When the pilot views the exterior lights from another aircraft, factors like
distance, viewing angles, and changes in the pattern of the various lights renders
scaling an impossible task to establish. To resolve this, two approaches can be
used. The first is to apply a standard scaling factor for all exterior lights. This
assumes that the IeveI of NVIS radlance WI|| remain the same for all viewing angles

po
pat
ha

det

me
fact
par
the
will
with
gog

3.3.1.2 NVIS
inten
vision
obtai
shou
forma

adiance

|ghts since

xterior lights
position lights

the typical 6 candela values for Type | (point source) formation lights. However,

rt lighting does not have a photopic value that will‘allow a scaling

(see 3.4 for more information on covert lighting)»/Existing NVIS H
ition lights also have been found to have different radiometric and
erns depending on the angle of which they‘are seen (only Type I fi
e uniform patterns). Using a single scaling factor will, therefore, ng
brmine what the pilot will see when using night vision goggles. The
hod not using scaling factors must be*employed. This method mus
that exterior lights have changing\radiometric and photometric valy
of their spread pattern. The m@st direct method is to use a radiom
photometric candela formulatused for exterior lights. This radiome
use the radiometric intensity of the exterior light source and integrg
the night vision goggles:” This integration of radiometric energy wi
gles shall be called.NVIS Radiant Intensity (NRI).

ity (watts per-steradian) and integrating that with the response cur
gogglest is the NVIS radiometric version of candela for photomg
n NRI, the test conditions and measurement devices must be consi
d be. Used for exterior light sources that have varying radiometric p:
tion'lights that are Type Il (that can use but are not limited to either

LED/

-iber Optic weave), NRI should not be used.

Radiant Intensity’ (NRI): NVIS Radiant Intensity is a method of linki

actor to be
riendly
hotometric

brmation lights

t correctly
refore, a

t consider the
es at different
bter version of
ric formula

te that energy

th night vision

ing radiant

e of the night
btric data. To
Hered. NRI
htterns. For
EL or

The radiometric energy of Type Il

lights can not be expressed as a measurement of radiometric flux per unit area (Watts
per square meter) since it is not a point source. The use of scaled NVIS radiance is
still applicable (for NVIS Friendly lights) and unscaled NVIS Radiance for the covert
portion.
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3.3.1.3 Units and Formulas That Should be Used to Define NRI: For point light sources, the
radiometric energy source follows the inverse square law (E = I/d%). The radiant
intensity of Dual Mode exterior lights and its application to NRI not only needs to
include the inverse square law, but also how the radiant intensity of the exterior light
source is measured. If the energy source is measured directly, the detector will
incorporate a cosine correction factor. However, if measured off a lambertian surface
(as called out in MIL-L-85762A, paragraph 4.8.13.2), additional factors must be
included. They include the cosine law for Radiant Incidance (E), and relationship to
radiant sterance (L) and Radiant Exitance (M). The formula for a Lambertian surface

The Jambert's Cosine Law formula is:

In crgating the formula for defining covertlight, start with the basic NRa {
ineéd in MIL-L-85762A (or MIL-STD-3009);

wherg:

L=WM
L = Radiant Sterance (Watts per steradian per square meter)
M = R

[
= Qff axis angle from the normal to the lambertian surface

In

Radiant Exitance (Watts per square meter)

Fecos(a) (Watts per square meter)
Radiant Incidance at the angle o

930nm
NVIS Radiance= G(L) max j G(L)- SN(L)- dA

450nm

3(7\,)max =4 mA/W

5(A)_=relative NVIS response (Class A)

ormula as

(Eq. 4)

S = scaling factor

N(L) = spectral radiance of the energy source (W/cm? sr nm)

dA =5nm
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3.3.1.3

(Continued):

In addition to the NVIS radiance formula, the inverse square law applies to the
radiometric energy of the light source. If you are measuring the radiometric energy off
a calibrated reflectance standard, the reflection grade of the surface must be included
along with the angle of the target to the spectroradiometer. The reflection standard will
radiate in a pattern of mesr. Including all of these key factors, the formula will then
become:

gounm

jG(x).S(x)-dxn.xz

NRI, g =420 oS aL-p (Eq. 5)

wher

\U

X = Distance of Radiance Source to Reflection .standard (meter)
@ = Reflection Grade to Reflection standard
¢ = Off axis angle from the normal to-the lambertian surface

See frigure 3 for test setup.

Point Energy

Source
Detector

FIGURE 3 - Test Set-Up for NRI
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3.3.1.3

3.3.2

(Continued):

This will define the NVIS Radiant Intensity (NRI) in units of W/sr. A note
is to check the units your spectroradiometer uses for defining Radiant St
Depending on the level of energy, the units for Radiant Sterance can be

to remember
erance (L).
in

(mW/srecm?). Remember to link the distance units to the Radiant Sterance units. In

paragraph 4.8.14.2, NVIS radiance measurements are orientated so the

IR energy

source is perpendicular to the reflectance standard. The spectroradiometer is set up
at a 45° angle with the reflectance standard. Having the detector at a different angle

than ; ;

8576RA. Having the energy source at a different angle other than perpe
targef WILL have an impact. It will follow the Lambert's cosine Law(the
illumipance falling on any surface varies as the cosine of the incident an
Thergfore, always the energy source perpendicular to the target (if not, i
cosing factor). In most cases, the reflection grade of the Reflection stan
nominally 1.0.

This $et up would remove the cosine law component and the reflection g
coefficient. The remaining part of the NRI formulawould be unscaled N
(in NIRa) multiplied by the distance squared. .Rlease remember to match
Radiant Sterance units for consistency. This simplified formula for NRI i

NRI F [(Unscaled NVIS Radiance) ¢(Distance) 2e(n)]

The Units are in Watts/sr.

If yoy are NOT measuring.off a Lambertian surface and are measuring t
direc{ly with accurate cesine correction optics, the factor of & is removed
formyla resulting in the, following definition for NRI:
NRI # [(UnscaledNVIS Radiance Class A) ¢(Distance)?]

The Units are in Watts/sr.

L up of MIL-L-
ndicular to the
irradiance or
yle.

hclude the
dard is

rade
/IS radiance
to the

D.

)

ne energy
from the

NVIS F

inndly anuirnmnnfc for Anti-Collision | ighfe' A_strobe flash that i

se condenser

discharge lamps, such as xenon lamps, are inherently compatible with night vision
goggles due to their extremely short pulse duration time (around 1 ms). The uses of IR

suppression filters are not normally required for this light system. Howeve

r, for anti-

collision light systems with longer pulse duration times (rotating beacons, LEDs), an IR
suppression filter may need to be incorporated to allow night vision goggle use. Even

with the added filter, all visible photometric FAA and military specifications
met.

must still be
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3.3.2.1

NRI Limits for Anti-Collision Light Systems: Since Anti-Collision lights are meant to be

the first light that you can detect, the NRI limits will be the highest for all NVIS Friendly
lights. Table 5 defines the NRI limits in accordance to their angle above and below the
horizontal plane. The test procedures to obtain the NRI values are detailed in 4.3.1.3.

TABLE 5 - NRI Limits for Anti-Collision Lights

Class A NRI (W/sr) Class A NRI (W/sr)
White Red
Apgte TTIin Max TTIin ax
0°fto 5° 5.00E-01 1.00E+00 1.50E+00 5:JOE+00
5°[to 10° 1.00E-01 4.00E-01 1.00E-01 3.JOE+00
10°to 20° 1.00E-02 5.00E-02 5.00E-02 9.00E-01
20°|to 30° 1.00E-03 1.00E-02 1.00E-02 4.90E-01
3.3.2.2 Chrdmaticity Requirements for NVIS Friendly Anti-Collision Lights: The|chromaticity

requi
rema

3.3.3 NVISH
three c

-Red f
- Greer
- White

The pil
the airg
all of th
the pos
the vari
content

rements for NVIS Friendly Anti-Collision lights will be the same requirements
detailed in the FAR 23, 25, 27 and 29 specifications.: The Anti-Collision

n Aviation White or Aviation Red.

riendly Requirements for Position Lights: The position lights are di
blor groups:

br position lights on the left side-of the aircraft.
for position lights on the.right side of the aircraft.
for position lights pointing aft.

pts without night vision goggles can determine basic orientation ang
raft using the three’colors. However, when viewed through night v
e position lights-will appear green. The only source of determining
itions lights‘are through the goggles is by the amount of "blooming’

ights shall

ided into

position of
sion goggles,
which color
or IR content

ous colorlight will have. If all of the position lights have the same amount of IR

, thedights will appear to be interchangeable when viewed through

vision ¢
naviga

oggles. Having all of the position lights appearing the same elimin

the night
ates the

Bsist in

providing aircraft orientation and position, the NVIS Friendly exterior lights should have
different IR contents unless mission requirements dictate otherwise. From previous
flight test evaluations, it was determined that the red colored position lights should have
the highest IR content so it will appear to be the brightest when viewed through the
goggles. The green position lights are naturally NVIS Friendly and, therefore, will have
the lowest IR content and appear the dimmest when viewed through the night vision
goggles. The white color position lights will have an IR content that is between the two
other colors. The differing levels of IR contents then allows the pilot to distinguish the
different color position lights when viewed through night vision goggles.
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3.3.3

3.3.3.1

(Continued):

A key consideration in defining the NVIS Friendly requirements is to link them to mission
requirements. Different military aircraft have different mission requirements. This will
have an impact on the NVIS Friendly radiance limits for the various exterior lights. In
previous flight tests, some pilots want to have different levels of NVIS Friendly radiance
for the three position light colors. Flight tests for other aircraft that incorporates different
rejoin and formation flying tactics have shown that the pilots want all of the position lights
regardless of there visible color to have the same NVIS Friendly limits. In developing the

design

in mind when

deciding whether to use different NVIS FriendI;/ radiance limits or a commeon limit. The

followin

be used only as a starting point in determining the NRI limits.

NRI L
using
lowes
Pleas

g limits are based off values obtained from various retrofit programs and should

imits for Position Lights Having Different Levels for Different Colors: If you are
different NRI limits for the three different colors, have the green cojor have the

t limit, the red color the highest limit, and the white/color between the two.

e remember that the NVIS Friendly position lights must still have thHe photometric

pattefns that standard aviation color requirements set years ago. The fgqrward red and

greer|

Since NVIS

position lights have most of their photopic’energy directed forward.

radiapce scaling is not used to define NVIS,Friendly requirements, this means that the
NRI levels must be linked to dihedral angjes used in defining the photometric
requifements in 3.2.1. The level of detail coverage requirements in termss of dihedral

anglg

(both vertical and horizontal) need not be a strict as the photometric

requifements since the NRI levelsinaturally correspond to the photometrjc levels. This
will npt be the case for the covert requirements. The table below (Table|6) shows the

linkag
lights
that |

je of NRI values to dihedral angle of the aircraft. All values are while the position
are in the "Bright" mode and in the 0° horizontal plane. A multiplication factor
nks the NRI value.to angles above and below the horizontal plane are not

normplly required sinee the photometric pattern of the position lights natlirally limits the

valu

below thesmaximum values found in the 0° horizontal plane. However, if you

using filtered incandescent lamps, the IR suppression filters could have different

valu

such [designs.

at off:axis angles. Additional testing in the horizontal plane may Ipe required for
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TABLE 6 - NRI Limits for Color Linked Position Light

Dihedral Angle Angle from Right or Left of Maximum Intensity (NRI)
and Light Color Longitudinal Axis (But-line) (units in Watts/sr)

0°to 20° 2.0E-01
Left 20°to 40° 1.0E-01
(Red) 40°to 60° 1.0E-02
60° to 110° 1.0E-03
110° to 130° 1.0E-04
0°to 20° 2.0E-03
Right 20°to 40° 1.0E-03
(Green) 40°to 60° 1.0E-04
60° to 110° 1.0E-05
110° to 130° 1.0E-06
90° to 110° 2.0E-02
Aft|(White) 110° to 180° 2.0E-03

3.3.3.1

3.3.3.2

(Continued):

NOTE: Unless otherwise defined;-minimum NRI values should be 10%
maximum values.

NRI Limits for Position Lights Having Common Levels: If the mission req
out ajcommon NRI levelregardless of color, the NRI levels will only be d
pattefn requirements.“Remember, the forward red and green position lig
of thgir photopic-energy directed forward. Since NVIS radiance scaling i
defing NVIS Friendly requirements, this means that the NRI levels in the

of thg forward position lights. Therefore, NRI limits for position lights shq

of rated

juirements call
ependent on
hts have most
s not used to
forward

b side angles
puld be linked

direaion willkbe higher than the NRI limits for the aft position light and th

to diHedral angles used in defining the photometric requirements in 3.2.1

. The mission

requirements should be the main determinant in deciding the NRI limits.

Table 7

includes values that are based on previous flight test from a fixed wing fighter aircraft.
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TABLE 7 - NRI Limits for Non-Color Linked Position Light

Dihedral Angle Angle from Right or Left of | Maximum Intensity (NRI)
and Light Color Longitudinal Axis (But-line) (units in Watts/sr)
Left or Right 0°to 20° 2.0E-01
20°to 40° 1.0E-01
40°to 60° 1.0E-02
60° to 110° 1.0E-03
+10°*to136° +0E-04
Aft 90° to 110° 2.0E-02
110° to 180° 2.0E-03
3.3.3.3 Chromaticity Requirements for NVIS Friendly Position Lights:® The chromaticity

requi
in the
Aviat

3.34 NVISF
a close
of the g
limits.
(Type |

luminamce requirements that will have an impact on the NVIS Friendly limi

light so

“Dim” §
3.3.4.1 NVIS
area
outpu
sourd
at thq
the fq
radia

rements for NVIS Friendly position lights will be the:same requirem
FAR 23, 25, 27 and 29 specifications. The leftside position lights

riendly Requirements for Formation Lights? Formation lights opera
I range than position lights. Therefore, the NRI limits should be low
osition lights. However, the type of formation lights used also impz
As defined in MIL-L-006730, formation lights are either point light s
or area light sources (Type II).“Each type of formation lights has g

urces have a variable dimming range as opposed to have either a
etting.

Friendly Requirements for Formation Lights (Type Il): Formation li
ight sources (Type Il) have a variable dimming range. In addition,
t of Type lFformation lights are greater than the light output for poir
es. For Type Il formation lights, the minimal visible light output is 1
maximum power setting. Since Type Il formation lights are area lig
rmujas use for NRI can not be used. To define the requirements, U

ents detailed
shall remain

on Red, the right side Aviation Green, and the:aft position light Aviation White.

ional use is at
er than most
cts the NRI
burces

ifferent

s. Formation
Bright” or

ghts that are
the light

t light

5 footlamberts
ht sources,
nscaled NVIS

nce should be used. Since these lights are variable, the only requitfement will be

for the lower limit when the Type Il is at the maximum power condition.

3.3.4.1.1

NVIS Friendly Radiance Limits for Type Il Formation Lights: Since Type Il formation

lights do not have a beam pattern with variable photometric values per dihedral
angles, a simple unscaled NVIS radiance range will only be required. Multiple
measurements of the Type Il light source should be conducted to ensure uniformity
along the area light source. All measurements must be done when the light source
is at maximum power setting. Measurements will be taken on the surface of the EL
strip. The unscaled NVIS radiance values shall be greater then 1.0E-7 NRa, but less
than 8.0E-7 NRa.
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3.3.4.1.2 Chromaticity Requirements for NVIS Friendly Type Il Formation Lights: The
chromaticity requirements for NVIS Friendly Type Il formation lights shall be
contained within the Aviation Green requirements as detailed in the FAR 25

spe

cifications.

3.3.4.2 NVIS Friendly Requirements for Formation Lights (Type |): Formation lights that are
point light sources (Type |) that have a variable dimming range. In addition, the light
output of Type | formation lights is less than the light output for area light sources
(Type Il). For Type | Formation lights, the typical visible light output is 6 candelas at

the

unsc
radia
dihed
bean
are p
requi
dihed
when

33421 NR

shdll be greater than 2.0E-4 W/sr and less than 2.0E-3 W/sr.

3.34.2.2
chr

contained within the Aviation White requirements as detailed in the FA

and

3.3.5 NVISH
have a
and/or
operati
a NVIS
friendly
the crit

Chromaticity Requirements for NVIS-Eriendly Type | Formation Lights:

led, the lowered light output of Type | formation lights will have-a'h
nce limit than Type Il Formation lights. Type | formation lights-also
ral angle photometric requirements. Type | formation lights_should
pattern with as level photometric value as possible. However, sin

rements mandate the location of Type | formation lights, linking NR
ral angles would be impractical. Therefore, ong)NRI limit will apply
measured at the maximum power setting.

Limits for Type | Formation Lights: ForType | formation lights, the

pmaticity requirements for NVIS-Friendly Type | formation lights sha
29 specifications.

riendly Requirements for Landing/Taxi Lights: Landing and taxi ligh
fixed brightness-setting. The requirements for having NVIS Friend
axi lights would:be situations where some personnel in the genera
ng with NVIS'goggles and other are not. The photometric beam sp
friendly fanding/taxi light must meet the minimum requirements of
versjon:> The NRI limits will be higher than most of the other exteri
cal pature of landing and/or taxiing with goggles.

exterior lights
igh NVIS

do not have
have a wide
ce these lights

pint light sources, the use of NRI requirements shouldche used. Since mission

limits to
for all angles

NRI limits

The
Il be
R 23, 25, 27

nts normally

y landing

area are

read pattern of
hon-NVIS

or lights due to

3.3.5.1

be greater than 5.0E-2 W/sr and less than 2.0E-1 W/sr.

3.3.5.2

NRI Limits for Landing/Taxi Lights: For either function (landing or taxi), the limits shall

Chromaticity Requirements for NVIS Friendly Landing/Taxi Lights: The chromaticity

requirements for NVIS Friendly landing/taxi lights shall be same as the standard
landing/taxi lights.

3.3.6 NVIS Friendly Requirements for Refueling Lights: Refueling lights normally have a
variable dimming range as opposed to having either a "Bright" or "Dim" setting. This is
true for all types of lighting technologies used (incandescent, EL strips or LEDs).
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3.3.6.1

3.3.6.2

3.4 Covert Requirements:

NRI Limits for Refueling Lights: With variable refueling lights, the NRI limits should be
taken when the lights are at the maximum power setting. For NVIS Friendly refueling
lights, the NRI limits shall be greater than 2.0E-2 W/sr and less than 2.0E-1 W/sr.

Chromaticity Requirements for NVIS Friendly Refueling Lights: The chromaticity
requirements for NVIS Friendly refueling lights are dependent on the light technology
used. For incandescent and LEDs, the chromaticity shall be contained within the
Aviation White requirements as detailed in the FAR 25 specifications. For EL strips,
the chromaticity shall be contained within the Aviation Green requirements as detailed

H CADRD O H '
n th AN 29 SPCUITILaAlurts.

Covert lighting by its very name requires that it cannot be viewed by the naked eye. Since
covert lighting has only recently been developed, there are no military specifications to
guide in the design and application. This document will attempt to fill this vaid.

3.4.1

3.4.2

3.4.21

Definitipn of Covert Exterior Lights: Covert exterior lights were developed [to meet a
missior) requirement to give pilots the ability to conduct basic rejoins in combat
situations. The covert exterior light differs fromisible (both normal aviatign and NVIS
Friendly) exterior lights in having completely different coverage and different design
goals. |[Visible exterior lights are met to prevent mid-air collisions. The radjometric
energy|is directed on all directions with extra photopic energy directed forward. Covert
exteriof lights should have as little radiemetric energy forward or downwarg.

Design|Requirement for Covert'Lighting: The use of covert exterior lighting has different
requirements than visible or NVIS Friendly exterior lighting. Covert lighting is meant to
operatg in hostile airspacesand should have its radiometric energy directed upward and
aft. The exact energy patterns will be determined by the mission requirements of the
aircraft| However, this section will provide general guidelines for the various types of
exterior lights (i.esposition, formation, etc).

PhotometriciRequirements for Covert Lighting: The vast majority of the fadiometric
outpyt ofieovert lighting is in the near infrared wavelengths. However, there is
normallyya small amount of photopic or visible energy. The maximum arpount of
photopic energy allowed for covert lighting shall be less than 0.02 candela when
operated at maximum power setting for point light sources (the only exception would
be high energy covert applications where the allowance of visible light may be required
to achieve the NRI values). For area light sources, the maximum amount of
photometric energy allowed for the covert portion shall be less than 0.02 footlamberts
when operated at maximum power setting.
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3.4.2.2 Chromaticity Requirements for Covert Lighting: Covert energy sources should have as
little photopic energy has possible. However, the peak emission of the energy sources
should be contained within the wavelengths where the night vision goggles have the
highest response. Therefore, the covert portion of the IR energy sources shall peak
between 750 to 850 nm. This will ensure that the radiometric energy is in the
maximum response zone for the night vision goggles.

3.4.3 Covert Radiance Limits for Anti-Collision Lights: For covert anti-collision lights, the
radiant |ntenS|ty pattern of the IR energy sources must be the greatest of all the exterior
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8 miles away. The beam spread pattern for a covert anti-collision
e anti-collision lights. The angle distribution shall be given withythe
0° will be the forward position of the aircraft or parallel to the“centg
90° the outboard position, and 180° the aft position. Th&’energy s
nted so that the center of the beam spread pattern is parallel to the
raft.

imits for the Anti-Collision Covert Light: The covert energy sources
alue of not less than 1.00E-0 W/sr with a horizontal field of coverag
es. Values shall be taken every 10 degrees to maintain coverage

overt energy sources shall have the’following minimum NVIS Radi
measured above the horizontal plane (waterline):

TABLE 8 - NRI Limits-for the Anti-Collision Covert Light
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hnce values

Percentage of
Radiance at each

Angles above the given horizontal
horizontal plane value
0° 1.00
10° 0.90
15° 0.80
20° 0.60
30° 0.40

The covert energy sources shall have a NRI value of not greater than 2.00E-4 when
measured 10 degrees below the horizontal plane (waterline).
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3.4.4 Covert Radiance Limits for Position Lights: For covert position lights, the radiant
intensity pattern of the IR energy sources must meet the mission requirements for night
vision goggle tactics. For covert position lights, that function is to serve as radiometric
signals for rejoins between either two fighters or a combination therein. The typical
separation distance between two aircraft requiring rejoins is about 3 to 4 miles. This
exceeds the night vision goggle detection range for dual mode EL strips (which can only
be typically seen within two miles). Therefore, the need for high intensity IR energy
sources located on position lights was made part of the mission requirements for covert
position lights.
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ments and flight test. The NRI limits given below will be defined alq
the IR source (for point light sources):

alues for the Left and Right Covert Position Lights: The beam sprg
pvert positions lights should-have the following values:

e "Bright" signal, the NRT limits should fall within the following:
-3 < NRI (W/sr)<.3.00E-2 (within the 14° + 7° cone).
-4 < NRI (W/sr).< 2.00E-3 (outside the 14° + 7° cone, but within thg

e "Dim®signal, the NRI values should fall within the following:
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F-4.< NRI (W/sr) < 2.00E-3 (within the 14° + 7° cone).

3.00E-5 < NRI (W/sr) < 2.00E-4 (outside the 14° + 4° cone, but within the 70° + 10°
cone).

A suggested center point of the cone should be situated on the waterline of the aircraft
and approximately 115° aft of the forward axis of the aircraft. This will focus the
radiant intensity of the energy sources slightly aft. This pattern has been flight-tested
and meets the mission requirements for covert rejoins.
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3.4.4.2 NRI Values for the Aft Covert Position Lights: The beam spread pattern for the covert
positions lights should have the following values:

3.443

For the "Bright" signal, the NRI limits should fall within the following for measurement:

3.00E-4 < NRI (W/sr) < 3.00E-3 (within the 70° + 10° cone).

For the "Dim" signal, the NRI limits should fall within the following:
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pt Installed on the Wingtip: The covert energy sources shall have t
mits in the horizontal plane (waterline):

Dim values shall\be 70% + 10% the above values of the BRT values

-0 < NKRI (W/sr) < 5.00E-o (within the /0" £ 10” cone).

rcraft and
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imits for Right Wingtip Covert Lights that are Supplemental to Position lights that

TABLE 9 - Horizontal NRI Limits fof'Right Wingtip Covert

Limits for NRI (W/sr)
Angles Bright/Bim | Minimum/Maximum
0°to 20° Bright 0.0 to 2.00E-3
20° to 250° Bright 2.00E-4 to 2.00E-3
250° to 300° Bright 0.0 to 2.00E-3
300° to 3602 Bright 0.0 to 2.00E-4

requirements:

overt.epergy sources shall have the following minimum NRI values
uredabove the horizontal plane (waterline):

he following

at the same

when

IABLE 10 - Vertical NRI Limits for Right Wingtip Covert

Angle Above the Percentage of NRI at
Horizontal Plane | Each Given Horizontal Value
0° 1.00

40° 0.80

40° and above 0.0t0 0.80

There should be as little radiance possible below the horizontal.
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3.4.4.4 NRI Limits for Left Wingtip Covert Lights that are Supplemental to Position lights that
are not Installed on the Wingtip: The covert energy sources shall have the following
NRI Limits in the horizontal plane (waterline):

TABLE 11 — Horizontal NRI Limits for Left Wingtip Covert
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Limits for NRI (W/sr)
Angles Bright/Dim Minimum/Maximum
0° to 60° Bright 0.0 to 2.00E-3
60° 10 110 Bright Z.00E-410 2.00E-3
110° to 340° Bright 0.0 to 2.00E-3
340° to 360° Bright 0.0 to 2.00E-4

Dim values shall be 70% + 10% the above values of the.BRT values
requirements.

overt energy sources shall have the following minimum NRI values

meagured above the horizontal plane (waterline);
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TABLE 12 - Vertical NRI Limits for'Left Wingtip Covert

Rercentage of NRI at
Angles Above the |-Each Given Horizontal
Horizontal Plang Value
0° 1.00
40° 0.80
40° andvabove 0.0t0 0.80

b should be as little radiance possible below the horizontal.

at the same
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Radiance-limits for Formation Lights: For covert formation lights, the radiant
y pattern ef the IR energy sources must meet the mission requirem
oggletactics. For covert formation lights, that function is to serve as radiometric
for nlghttlme aSS|sted formatlon fIylng The beam spread pattern for covert

— There must

nts for night

be no IR energy d|rected downward Most of the energy should be directed upward and
to left and right of the aircraft. Make sure that no IR energy is directed toward the pilot.
Furthermore, the IR energy should be less than the high-energy IR energy sources used
in the left and right position lights. These covert formation lights need to be detected for
night vision goggle operation in the range from a few hundred feet to less than 2 miles.
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