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1. SCOPE

This document applies to regulatory/approving authorities involved with decisions regarding the use of HIL directed into
the navigable airspace. For the purpose of this document, lights greater than 0.25 million candlepower meet the minimum
threshold of an HIL. Lights not directed or reflected into the navigable airspace are not usually considered to interfere with
aircraft operations. Laser systems are beyond the scope of this document.

1.1 Purpose

The purpose of this document is to provide guidance to regulatory/approving authorities on issues specific to the use of
HIL directed or reflected into the navigable airspace.

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 regulations unless a specific exemption
has been obtained.

2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (Inside
USA and Canada) or 724-776-4970 (outside USA), www.sae.org.

AS4970 Human Factors Considerations for Outdoor Laser Operations in the Navigable Airspace
ARP5293 Safety Considerations for Lasers Projected in the Navigable Airspace

ARP5535 Observers for Laser Safety in the Navigable Airspace

ARP5572 Control Measures for Laser Safety in the Navigable Airspace

ARP5674 Safety Considerations for Aircraft-Mounted Lasers Projected into the Navigable Airspace

2.1.2 ANSI Publications

Available from American National Standards Institute, 25 West 43rd Street, New York, NY 10036-8002, Tel: 212-642-
4900, www.ansi.org.

ANSI Z136.1 American National Standard for Safe Use of Lasers

ANSI Z136.6 American National Standard for Safe Use of Lasers Outdoors

ANSI E1.9 Reporting Photometric Performance Data for Luminairies Used in Entertainment Lighting

ANSI RP-27.1 Recommended Practice for Photobiological Safety for Lamps and Lamp Systems — General

Requirements

ANSI E1.25 Recommended Basic Conditions for Measuring the Photometric Output of Stage and Studio
Luminairies by Measuring the lllumination Levels Produced on a Planar Surface
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2.1.3 U.S. Government Publications

Available from the Document Automation and Production Service (DAPS), Building 4/D, 700 Robbins Avenue,
Philadelphia, PA 19111-5094, Tel: 215-697-6257, http://assist.daps.dla.mil/quicksearch/.

FAA Order 7400.2 Procedures for Handling Airspace Matters. [VI] Part 6 (Miscellaneous Procedures), Chapter 29
(Outdoor Laser Operations)

Title 14 CFR §91.11 Prohibition on interference with crewmembers

Title 21 CFR §1010 Performance Standards for Electronic Products: General
Title 21 CFR §1040 Performance Standards for Light Emitting Products

2.2 Other Applicable References

Threshold Limit Values (TLVs) for Chemical Substances and Physical Agents & Biological Exposure Indices (BEls),
ACGIH Worldwide, Cincinnati, OH, 2006.

The International Commission on Non-lonizing Radiation Protection (ICNIRP) Guidelines, Guidelines on Limits of
Exposure to Broad-Band Incoherent Optical Radiation (0.38 to 3 um), Health Physics, Vol. 73, No. 3, pgs 539-554, 1997.

2.3 Definitions

The definitions of the terms listed below are based on a pragmatic rather than an academic approach. The terms defined
are therefore limited to those that are specific in the context of this manual. This list is not intended to constitute a
dictionary of terms used in the lighting field as a whole.

AERONAUTICAL STUDY: A study conducted by the FAA to determine the relative safety of certain proposed operations
in the National Airspace System.

AFTERIMAGE: An image that remains in the visual field after an exposure to a bright light.

AIRSPACE FLIGHT ZONE: Areas defined by the FAA, usually around runways and airports, in which any visible laser
light must not expose aircrews to light above specified levels for the zone, in order to prevent interfering visual effects,
such as glare, flashblindness, or afterimage. See Appendix E.

BEAM DIVERGENCE: A measure of the increase in diameter of a light beam with distance from the exit aperture.
BLACKBODY RADIATOR: A thermal source of radiant power.

CANDELA (cd): The basic unit of luminous intensity adopted under the International System of Units (Sl); equal to 1/60 of
the luminous intensity per square centimeter of a black body radiating at the temperature of 2046 Kelvin (K). Like
candlepower, candela is the measurement of light at the source of illumination.

CANDLEPOWER (cp): Luminous intensity expressed in candelas.

FOOT-CANDLE (ft-c): A unit of illuminance on a surface that is everywhere 1 foot from a point source of 1 candle.

FLASHBLINDNESS: Flashblindness is a temporary loss of vision that persists after the bright light is terminated, e.g.,
from a camera flash. Flashblindness can last from several seconds to several minutes.

GLARE: Glare refers to temporary disruptions in vision without biological damage and is particularly disruptive under
nighttime viewing conditions, especially when the eyes are fully dark-adapted. Glare effects are diminished as the
observer looks away from the light source, e.g., headlights from an oncoming car at night. Glare is most pronounced
when it occurs in the central field of view and only occurs during illumination. Documents
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HIGH-INTENSITY LIGHTS (HIL): lights, other than a laser light, exceeding 0.25 million candlepower that are projected
into the navigable airspace (e.g., searchlight, handheld spotlight, etc.).

ILLUMINANCE: Photometric measure of luminous flux per unit area incident on a surface weighted by the luminosity
function for a standard observer. The Sl units for illuminance are lux (lumens/m?) or lumens/cm? (1 ft-c = 10.8 lux and 1
lux = 0.0929 ft-c).

IRRADIANCE: Quotient of the radiant flux incident (from a particular direction) on an element of the surface containing
the point at which irradiance is measured, by the area of that element (watt per square centimeter = W/m2).

LUMEN (Im): A unit of luminous flux equal to the amount of light given out through a solid angle of 1 steradian (SR) by a
point source of 1 candela intensity radiating uniformly in all directions.

LUMINAIRE: A complete lighting unit; an assemblage made up of the fixture, trim, and the lamp.

LUMINANCE: Photometric measure of the density of luminous intensity per solid angle per unit area emitted from the
source. The Sl units for luminance are candles/cm? [Im/(cmzsR)] or candles/m? (1 ft-c=10.8 lux and 1 lux = 0.0929 ft-c).

LUX (Ix): A unit of illumination equal to 1 lumen per square meter; 0.0929 ft-c.
NATIONAL AIRSPACE SYSTEM (NAS): A complex, highly interactive "system of systems" involving large numbers of

subsystems and components on the ground, and in the aircraft — including facilities, equipment, and computer hardware
and software as well as the people — which enable hundreds of thousands of users to fly safely every day.

NAVIGABLE AIRSPACE: For the purpose of this document, navigable airspace is that airspace that can contain aircraft.
Navigable airspace is defined as airspace that is 500 feet from any structure in semi-populated areas. In heavily
populated areas, aircraft are required to allow more distances from structures. Near airports or heliports, navigable
airspace extends to the runway. Helicopter operations may require additional considerations, since they are often flying
below 500 feet.

OPTICAL RADIATION: Nonionizing electromagnetic emissions in the ultraviolet, visible, and infrared wavelength ranges.

PROPONENT: A person or organization proposing to install or use HIL; specifically, one who provides the FAA with
information regarding the safety of a proposed HIL operation.

RADIANCE: Radiant flux or power output per unit area per unit source solid angle (watts per square centimeter per
steradian).

RADIANT EXPOSURE: Surface density of the radiant energy received (joules per square centimeter).

RADIANT INTENSITY: Radiant power emitted by a source per unit solid angle (watts per steradian).

SAFETY OBSERVER: One who has been tasked with observing the airspace through which a HIL beam is being
projected to ensure that the beam does not illuminate any individual or object that could be injured, impaired, or damaged

as a result of such an exposure. The observer must be trained and have the ability to immediately terminate the HIL.

SOURCE: A source consists of either a single luminaire or combination of multiple luminaires (array) that directs light in a
common direction.
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3. BACKGROUND
3.1 Physics of Light

The pertinent characteristics of light from HIL in the navigable airspace revolve around questions of illumination intensities
great enough to cause physical harm to humans or aircraft. However, the effects of HIL projected into the cockpit that can
interfere with a pilot performing their operational duties are more relevant.

Searchlights are considered a “collimated” light source. This is a column of light whose rays are projected in parallel. In
the case of searchlights, the rays are approximately parallel, and the light beam may expand by 3 degrees. Searchlights
within a few meters of the aircraft can not cause physical damage without prolonged exposure times.

A laser, by comparison, can be tuned and focused so that it functionally emits only a single wavelength of light. This
narrow band emission remains well focused over distance as opposed to a searchlight. This focusing improves the
visibility of a laser to the pilot and allows the deliverance of more power within a defined area. As a result, lasers may
cause physical damage to both humans and aircraft at extended distances.

The major energy output of a laser is a specific wavelength. Helium-Neon lasers, for example, primarily produce energy at
632.8 nm, in a coherent beam. However, searchlights produce light across a broad spectrum. The typical searchlight bulb
or carbon arc light source will produce significant energy from at least 280 nm through 1500 nm. The primary output of the
searchlight is from approximately 400 to 700 nm, which is within the visible light spectrum. There is also significant
ultraviolet (UV) and infrared (IR) radiation output from searchlights; beyond 100 meters, the UV and IR are not harmful to
the human eye and skin. Multiple tests have validated the safety of searchlights at this distance.

3.2 Bioeffects and Physiology of Vision/Vision Effects from High-Intensity Lights

The eye consists of the cornea, anterior chamber (a fluid-filled space between the cornea and the lens), the crystalline
lens, vitreous, and retina. The retina contains the photoreceptor elements that, when stimulated by light, send signals to
the brain that are perceived as vision. The fovea is the part of the retina on the central visual axis and contains the highest
concentration of cone receptors. Cone receptors are responsible for color vision and also fine visual acuity often
exceeding the standard 20/20 measurement. This range of vision is called photopic vision. The cones function best in
relatively bright light such as daylight. The more numerous rod receptors are found in the peripheral retina and are 1000
times more sensitive to dim light than the cones. This range of vision is called scotopic vision.

Intrabeam viewing of HIL can exceed exposure limits of the eye that can result in eye damage. Eye injury or damage is
not expected beyond 100 meters from the source. Fortunately, the eye’s natural aversion response can help to limit the
potential for permanent retinal injury (i.e., blindness). At much greater intrabeam viewing distances, up to one mile,
viewing can cause visual impairment, particularly to aviators in subdued lighting. HIL can be so intense as to bleach the
photoreceptor pigments resulting in visual impairment, such as glare, flashblindness, and afterimage. These are normally
temporary, although some affects can last for several minutes. Additionally, light scatter from opacities within the different
structures of the eye can result in loss of visual performance.

While incidental accidental exposure is considered remote, it is imperative to never point a HIL at an aircraft, and it should
only be operated in designated areas and within designated angles. Intentional pointing of HIL at an aircraft should be
reported immediately to the appropriate authorities. Airports use rotating beacons, which produces flashes not unlike a
lighthouse, to aid aviators for navigation, and these lights are operated routinely without creating additional concerns.

These HIL sources are inconsequential during certain atmospheric conditions, such as rain, clouds, dust, smoke, etc. The

light is rapidly dispersed by the microscopic particulates in these conditions, reducing their visibility and increasing light
scattering. The illumination of a cloud by a searchlight would be visible in subdued lighting.
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4. APPLICATIONS OF HIL

HIL have numerous applications that may have an impact on aircraft operations. The following are some examples of
these bright light sources.

a. Search Lights/Advertisement Lights/Entertainment Lights. These lights may be stationary or moving in a pattern that
may be either predictable or unpredictable. These systems may project one or multiple beams of light. These lights
are generally more powerful and more expensive than other lights addressed in this section, and are more likely to be
used by professionals in the lighting industry. The larger lights require a substantial power source.

b. Handheld Spotlights. Handheld spotlights are readily available to the general public. Available units have an
advertised output rating of up to 10 000 000 candle power. These may be battery powered or operate on a 12 V
power source.

c. Portable Lighting Systems. These systems are used for a number of activities including night construction, temporary
parking lots, entertainment venues, etc. These systems are being utilized with increased frequency and include high
powered, large aperture lights in arrays. These generally consist of lights on a tower and a generator mounted on a
trailer.

d. Stadium Lights. These lights are used to illuminate outdoor events. They are normally large arrays, fixed in location
and direction.

e. Architectural Lighting. These are generally pointed upward and toward a building. They are used to wash a building in
light and therefore are defocused, and would have a limited impact on aircraft operations.

f. Beacons & Lighthouses. These lights are generally used in navigation for both aviation and maritime activities.
Beacons and lighthouses are used to mark fixed hazards and to help identify airports and landmarks.

4.1 Directed HIL Sources
411 Carbon Arc

An older technology would be carbon arc searchlights, which is still in use today. Positive/negative rods are energized by
direct current. When the current is passed through the rods, an arc is created in the gap between the ends of the rods.

The principal of the electric arc is still used today by many older entertainment lights and film projectors, used in
entertainment facilities around the world. Modern entertainment lights and projectors now tend to rely on high-intensity
discharge lamps.

41.2 Enclosed Arc

Depending on rated wattage and intended application, the arc length of these lamps may vary from about a third of a
millimeter to 4 centimeters. These lamps have the highest luminance and radiance of any continuously operating light
source and are the closest approach to a true "point" source. The bulb is made from optically clear quartz material of
various grades and has a spherical or ellipsoidal shape. The most widely used material for the electrodes is tungsten.

Most compact arc lamps are designed for direct current operation. This results in better arc stability and substantially
longer life. DC systems consist of an igniter and a regulated power supply. High voltage pulses (up to 50 000 V) ionize the
gas between the electrodes and heats the cathode tip to incandescence. Higher wattage lamps do not necessarily yield
more light intensity. When higher illumination intensity is needed, lamps must be selected with greater brightness, and this
does not always increase with lamp wattage.
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4.1.3 High-Intensity Discharge

The technology in high-intensity discharge (HID) lighting is an arc established between two electrodes in a gas-filled tube
that causes a metallic vapor to produce radiant energy. This process allows a combination of factors to concentrate much
of the emitted energy within the visible wavelength range. The electrodes are close together and the gases in the tube
may be highly pressurized. This allows the arc to generate extremely high temperatures, causing metallic elements within
the gas atmosphere to vaporize and release large amounts of visible radiant energy. The main types of HID lamps are
xenon, mercury vapor, metal halide, and sodium.

All of the above HIL lamps require a warm-up period prior to full illumination after which time they produce a relatively
stable emission. These lamps are intended to be used in a continuous fashion. Frequently turning the lamp off and on
reduces the lamp life. As the lamp ages, the light output decreases.

Currently, high-Intensity light sources are only subject to FDA radiation control regulations in the most general way. That
is, the manufacturers are subject only to the parts of the 21 CFR 1000 regulations for reporting of accidental radiation
occurrences and for notification and correction of radiation defects (21 CFR 1002.20, 1003, and 1004). These regulations
apply to the manufacturers of the products rather than to the users. FDA has neither a radiation safety standard nor a
reporting requirement for non-laser light sources other than for sunlamp products for tanning or for ultraviolet irradiation of
the body for medical diagnosis or therapy. There is a FDA radiation safety standard for high-intensity halide and mercury
vapor discharge lamps for general purpose lighting that constitute a UVR hazard to people in the vicinity of lamps that
may become partially broken and continue to operate.

Low-pressure sodium, high-pressure sodium, and metal halide lamps consist of electric arcs, operating in a gaseous
environment, sealed within a glass tube or bulb. HID light sources are more efficient than electric filament lamps;
however, they also have limited color-rendering abilities due to their concentration of increased emission of energy at
specific wavelengths in the spectrum. Many HID lamps are now provided with a phosphor coating on the inside of the
bulb. This coating causes additional secondary emissions of visual radiation, providing wider bands of light and color.
Typical applications include industrial, commercial and architectural lighting.

The technology in high-intensity discharge lighting is in some ways similar to fluorescent technology: an arc is established
between two electrodes in a gas-filled tube, which causes a metallic vapor to produce radiant energy. In this case,
however, a combination of factors shifts the wavelength of much of this energy to within the visible range, so light is
produced without the use of any phosphors. In addition, the electrodes are no more than a couple inches apart (at
opposite ends of a sealed “arc tube”). This allows the arc to generate extremely high temperatures, causing metallic
elements within the gas atmosphere to vaporize and release large amounts of visible radiant energy. There are four main
types of HID lamps: mercury vapor, metal halide, xenon and sodium. The names refer to the elements that are added to
the gases in the arc stream, which cause each type to have somewhat different color characteristics and overall lamp
efficiency.

4.1.4 Xenon and Mercury/Xenon

Mercury vapor or halide lighting is the most common HID technology. The mercury arc produces a bluish light that
renders colors poorly but improves the efficiency over incandescent lamps. Many mercury vapor lamps have halide
additives that improve the color rendering index (CRI).

Xenon lamps are high-pressure, compact arc lamps that reach 80% of final output within 10 minutes of starting. The arc
color is close to daylight (6000 K). The spectrum is continuous in the visible wavelength range and extends both into the
UV and near infrared (800 to 1000 nm). Xenon lamps are made with rated wattages from 75 to 30 000 watts and are
available for operation in either a vertical or horizontal position.

Mercury/Xenon lamps contain a specific amount of mercury and a small amount of Xenon added at a pressure exceeding
one atmosphere. The Xenon is necessary to facilitate starting and to sustain the arc until the mercury is fully vaporized; it
also reduces the warm-up period. Normal warm-up time is 10 to 15 minutes. Typical steady state voltage of a
Mercury/Xenon lamp is higher than that of a xenon lamp. The output in the visible range consists mainly of four mercury
lines and some continuum, due to the high operating pressure. A properly warmed lamp will show no significant trace of
the Xenon gas spectrum. Mercury/Xenon lamps are available in wattages from 200 to 7000 watts.
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High-pressure mercury lamps are sensitive to cooling because the bulb temperature determines the vapor pressure.
Some of the lamps may be water-cooled. Chilled water may decrease the operating voltage and interfere with the proper
evaporation of mercury. In some cases, the mercury may not evaporate at all, causing unsuitable performance and
shortened lamp life.

415 HMI®

HMI® is the registered trademark of Osram Lighting. The H stands for mercury (Hg), M indicates presence of Metals and
the | refers to the addition of halogen components (iodide, bromide). Originally designed for television lighting, they are
now used for location film lighting and as a source for many common entertainment lights. The modern HMI™ lamp
produces a spectrum similar to daylight with a color temperature of 5600 K. Lamp wattages currently range from 200 to
more than 18 000 watts.

4.2 Other Light Sources

Currently, sources listed in this section do not meet the criteria of a HIL. However, future technological advances may
utilize some of these technologies in the creation of bright, directed lights.

4.2.1 Incandescent

An incandescent lamp is an electric lamp in which a filament gives off light when heated to incandescence by an electric
current. Tungsten is a type of incandescent lamp. These lamps consist of a coiled tungsten filament mounted in a sealed
glass bulb. The bulb may have a vacuum or, more commonly, be filled with an inert gas such as argon or krypton. Color
temperature ranges from 2200 to 3000 K (Tungsten/Halogen lamps can reach 3200 K). It is the most common lamp used
in entertainment lighting applications. Because of the gas, the tungsten coil flament may be operated at a higher
temperature allowing it to be more efficient.

4.2.2 Fluorescent

A fluorescent lamp is a tubular electric lamp having a coating of fluorescent material, called the phosphor, on its inner
surface and containing mercury vapor whose bombardment by electrons from the cathode provides ultraviolet light that
causes the phosphor to emit visible light.

4.2.3 Light Emitting Diode

The light emitting diode (LED) is a semiconductor lamp. The emitted radiation may be either invisible (infrared) or in the
visible spectrum. Visible solid state lamps used for LEDs are commonly used in indicator lighting applications. Due to their
very long life and low operating current, they are ideal replacements for incandescent indicator lights. Red, green, amber,
blue, and white LEDs have been developed.

4.2.4 Sodium Vapor

Sodium lamps can be recognized by their amber or yellow color. These lamps are used where energy efficiency and long
life are the primary requirements. The high-pressure sodium lamp has steadily developed and gained in popularity since
its introduction in 1966. It provides a more economical source of illumination than mercury, fluorescent, or incandescent
sources and has a more natural color than from low-pressure sodium.

4.2.5 Metal Halide
Metal Halide lamps are mercury high-pressure discharge lamps that have additional metal halides in their arc tubes. Metal

Halide lamps provide improved efficiency and improved color rendering qualities over mercury lamps. This type of lighting
is usually used indoors due to this improved color rendering and the limitations of the metal halide gases.
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4.3 Reflector Design and Lamp Orientation
The orientation of the lamp and the design of the reflector influence the performance characteristics of the light source.

The obvious way to increase the optical output of a light source is to employ a bigger lamp. A higher power lamp,
however, will not necessarily result in higher optical output from a light source. Since light is emitted by the lamp in all
directions, the important thing is not the amount of light emitted, but the amount of light collected.

Designs of the reflectors are paramount to the highest optical power efficiency. Reflector designs include spherical,
parabolic, and ellipsoidal. These designs collect and collimate the emitted light. The ellipsoidal reflector design is the most
efficient in reflecting from a light source.

5. CONTROL MEASURES BY PROPONENT

Control measures should be used by proponents of HIL when they operate such systems near and around airports or in
navigable airspace, which may exceed the flight zone exposure levels. One or more of the following control measures
may be used to mitigate the risk of interference with the aircraft operations.

a. Shielding. Physical barriers, baffles, or shields may be used to prevent illumination in an unwanted direction. These
may include adjacent structures, such as buildings, or natural terrain for a backstop.

b. Pointing Direction. Azimuth and elevation (i.e., pan and tilt) control to prevent illumination in an unwanted direction.
This can be accomplished by various means, manual, mechanical, or automated.

c. Motion Limitation. Limiting beam motion to ensure predictability of beam projection. This may include limiting beam
motion to a predictable pattern or specifying that the beam will remain stationary.

d. Safety Observer. One who has been tasked with observing the airspace through which a HIL beam is being projected
to ensure that the beam does not illuminate any individual or object that could be injured, impaired, or damaged as a
result of such an exposure. Safety observers may be used when the HIL is operating in an area where it would
otherwise be objectionable.

e. Rotation Speed. Operator ensures that searchlight rotation speed will not appear similar to a civilian or military airport
beacon.

f. Onsite Communication with ATC. The onsite contact will have direct communication available to reposition or turn off
the light at the request of the appropriate ATC facility. This measure may be used when the HIL is operating in an
area where it would be otherwise objectionable.

6. STATE AND LOCAL LIGHTING ORDINANCES

In some parts of the country, state and local regulations restricting lighting in certain areas do exist. The document does
not supersede any of these state or local regulations or restrictions.

7. NOTAM REGARDING OUTDOOR HIGH-INTENSITY LIGHT OPERATION(S)

Sample of Searchlight Notice to Airmen (NOTAM)

IFDC x/xxxx (ARTCC id) (state code).. (city/state). A SEARCHLIGHT WILL BE OPERATED AT (location),
(latitude/longitude), (fix-radial-distance), (daily time in UTC if needed) FROM (date-time) UTC UNTIL (date-time) UTC.
THE SEARCHLIGHT BEAM WILL BE (rotating or stationary) AND PROJECTED AT A (number) DEGREE ELEVATION

ABOVE HORIZONTAL. (Name of facility)/(id)(type of facility) (telephone number) IS THE FAA COORDINATION
FACILITY.
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