“"’Aerospace AEROSPACE
An SAE International Group REC 0 M M E N D E D
PRACTICE Reafirmed 215,06

SAE ARP5674

Safety Considerations for Aircraft-Mounted
Lasers Projected Into the Navigable Airspace

RATIONALE

ARP5674 has been reaffirmed to comply with the SAE five-year review policy.

INTRODUCTION

On March 26, 1999, the Federal Aviation Administration (FAA) submitted a written request to the SAE for assistance in
developing procedures for evaluating the effect of lasers in the navigable airspace on aircraft operations. To this end, the
SAE develops documents, such as Aerospace Standards (AS) and Aerospace Recommended Practices (ARPSs). Also,
the SAE G-10T has worked closely with the American National Standard Institute (ANSI) Z136 committee for the safe use
of lasers, particularly the subcommittee for the safe use of lasers outdoors.

In December 1999, the SAE published AS4970, Human Factors Considerations for Outdoor Laser Operations in the
Navigable Airspace. This document provides guidance on assessing hazards from laser beams. In August 2000, the
ANSI Z136.6, American National Standard for Safe Use of Lasers Outdoors, was published. More recently, three ARPs:
ARP5535, Observers for Laser Safety in the Navigable Airspace; ARP5572, Control Measures for Laser Safety in the
Navigable Airspace; and ARP5293, Safety Considerations for Lasers Projected in the Navigable Airspace, have also
been published by the SAE in support of this request. Furthermore, a revision to the ANSI Z136.6 was published in
December 2005.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability 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 revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and
suggestions.

Copyright © 2012 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means electronic, mechanical,
photocopying, recording, or otherwise, without the prior written permission of SAE.

TO PLACE A DOCUMENT ORDER:  Tel:  877-606-7323 (inside USA and Canada) SAE values your input, 1o (it ovude’
Tel:  +1724-776-4970 (outside USA) on this Technical Report, piecse Nisitument Sharing [Hub
Fax: 724-776-0790

http://www.sae.org/technical/standards/ARP5674

Email: CustomerService@sae.org
SAE WEB ADDRESS: http://www.sae.org
Full document details: SAE ARP5674



http://www.avadocuments.com/doc/sae-arp5674
http://www.avadocuments.com/doc/sae-arp5674

SAE ARP5674 Page 2 of 17

TABLE OF CONTENTS

1. S OPE . e e 3
1.1 P DS e e e e e 3
2. REFERENCES. ... oot e e ettt et 3
2.1 APPICADIE DO UMENES .. e e e e e 3
211 SAE PUDBICELIONS. .o e e 3
212 ANSTSTANUENTS ..o e e e 3
213 U.S. Government PubliCatIONS ... 4
22 DETINIIONTS . oo o et e e e e et e 4
3. AIRCRAFT-MOUNTED LASER SYSTEMS L. et 8
3.1 LS POIM IS e e e e e e e e 6
3.2 LASET HIUMINMBEOIS . ... .o et ettt et ettt et e et e e e 6
3.3 Laser Target Designators .o 6
3.4 LSl RANGE FIMOBIS Lo e e e e e 6
3.5 L D A R L. e ettt 8
3.6 AlrCraft Laser Delense Sy S emMS e 6
4 SAFETY GUIDANCE L. e e et et et 6
4.1 Ground Use of Aircraft-Mounted Laser Systems. ... 7
4.2 Airborne Use of Aircraft-Mounted Laser Systems ... 7
421 Intrinsically Flight-Safe Laser SyStamMIS ... ..ot 7
4272 Design-Mitigated Flight-Safe Laser SYStemS. .. ... e 7
423 Other Aircraft-Mounted Laser SySlemIS .o 8
3. RESPONSIBILITIES ...ttt ettt ettt 9
5.1 P O D NI . e e e e e e e 9
5.2 A A e e ettt 9
APPENDIX A AIRSPACE FLIGHT ZOMNES ... .o ittt et et et ettt e e e 10
APPENDIXB FAA FORM 7140-1 “NOTICE OF PROPOSED OUTDOOR LASER OPERATION(S)”

WITH SAMPLE LETTER OF NO-OBJECTION .....oii ittt 13

Documents

Document Sharing Hub

Full document details: SAE ARP5674


http://www.avadocuments.com/doc/sae-arp5674
http://www.avadocuments.com/doc/sae-arp5674

SAE ARP5674 Page 3 of 17

1. SCOPE

This document is intended to be used for laser systems mounted on aircraft and intended for use in the navigable
airspace. This does not include lasers onboard aircraft where the beam is contained within an enclosure so that the beam
cannot enter into airspace, nor does it include lasers from satellites and spacecraft in outer space. It may be used in
conjunction with: AS4970, ARP5535, ARP5572, ARP52393, and the ANSI Z136 laser safety standards.

1.1 Purpose

The purpose of this document is to provide guidance to regulatory and approving authorities on issues specific to the use
of aircraft-mounted laser systems designed for use into 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 betweenn 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: 877-608-7323 (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
ARP3293 Safety Considerations for Lasers Projected in the Navigable Airspace

ARPS5535 Observers for Laser Safety in the Navigable Airspace

ARP5572 Control Measures for Laser Safety in the Navigable Airspace

2.1.2 ANS| Standards

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

ANS| Z136.6  American National Standard for Safe Use of Lasers Qutdoors
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2.1.3 U.8. 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
(Cutdoor Laser Operations)

FAA AC 701 Outdoor Laser Operation(s)

FAA AC70-2 Reparting of Laser lllumination of Aircraft

Title 14 CFR §91.11 Prohibition on Interference with Crewmembers

FDA 86-8260 Compliance Guide for Laser Products - U.S. Department of Health and Human Services

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

Title 21 CFR §1040.10  Laser Products
Title 21 CFR §1040.11  Specific Purpose Laser Products
2.2  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 laser field as a whole.

AERONAUTICAL REVIEW: A review of the potential effects on aircraft operations and/or aeronautical facilities from
lasers projected into the National Airspace System (NAS).

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

AIRCRAFT-MOUNTED LASER SYSTEM: A system designed to emit laser energy from an aircraft. This does not include
lasers onboard aircraft where the beam is contained within an enclosure so that the beam cannot enter into airspace, nor
does it include lasers from satellites and spacecraft. For the purpose of this document, aircraft-mounted laser systems
can be categorized into three types:

+ Intrinsically Flight-Safe Laser Systems: Aircraft-mounted laser systems that, during normal use and under any
conditions of fault likely to occur in practice, that are incapable of producing accessible laser energy in excess of the
applicable visual interference or MPE level.

+ Design-Mitigated Flight-Safe Laser Systems: Aircraft-mounted laser systems that rely on verifiable design/engineering
control measures to mitigate laser hazards.

+ Other Aircraft-Mounted Laser Systems: Aircraft-mounted laser systems that rely on procedural control measures to
mitigate laser hazards. These systems require an FAA aeronautical review due to their reliance on human interaction.

AIRSPACE FLIGHT ZONES: Volumes of space (zones) defined by the FAA, usually around runways and airports, in

which any visible laser emission must not exceed specified levels for that zone. These zones have been designed to
prevent hazards to flight crews from visual effects such as glare, flashblindness, or afterimages. See Appendix A.

Documents

Document Sharing Hub

Full document details: SAE ARP5674


http://www.avadocuments.com/doc/sae-arp5674
http://www.avadocuments.com/doc/sae-arp5674

SAE ARP5674 Page 5 of 17

CONTROL MEASURES: The means used to reduce or eliminate hazards from laser systems. Control measures can be
categorized into three types:

» Design/Engineering Control Measures: Any hardware or design safety mechanism used to mitigate laser hazards.
These control measures do not depend on operator intervention and cannot be overridden during normal operation
but may be overridden during service or maintenance. Design/Engineering control measures are almost always the
preferred type as they do not rely on human interaction.

+ Procedural Control Measures: Any instruction, rule, or procedure designed to mitigate laser hazards. These control
measures rely on human interaction and therefore are not as desirable as design/engineering control measures.
These control measures can either control the actions of laser operators or limit the parameters of approved laser use
(i.e., beam direction, times and dates, or flight paths).

+ Personnel Protective Equipment (PPE): Any device used to attenuate the level of laser exposure to a safer level.
Typically used as a last resort, PPE, such as laser eye protection, relies on human interaction to be effective in
mitigating laser hazards. Under some circumstances, PPE may be the only feasible control measure to mitigate the
hazards associated with laser illumination.

EFFECTIVE BEAM IRRADIANCE: The beam irradiance multiplied by the photopic luminous efficiency function.

FLASHBLINDNESS: A temporary loss of vision that persists after exposure to a bright light. Flashblindness can last from
several seconds to several minutes.

GLARE: Temporary disruptions in vision without biclogical damage that are particularly disruptive under nighttime viewing
conditions, especially when the eyes are fully dark-adapted. Glare is diminished as the observer looks away from the
bright 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.

MAXIMUM PERMISSIBLE EXPOSURE (MPE): The level of laser radiation to which a person may be exposed without
hazardous effect or adverse biclogical changes in the eye or skin.

NATIONAL AIRSPACE SYSTEM (NAS). A complex, highly interactive “system of systems” involving large numbers of
subsystems and components on the ground and in aircraft, designed to ensure safe flight operations. The NAS includes
facilities, equipment, software, and people.

NAVIGABLE AIRSPACE: Any airspace that may centain aircraft. In semi-populated areas, navigable airspace is normally
defined as airspace that exceeds 500 feet from any structure. In heavily populated areas, this distance may be greater.
Near airports or heliports, navigable airspace extends to the runway. Helicopter operations may require additional
considerations, since they are often flying below 500 feet AGL.

NOMINAL OCULAR HAZARD DISTANCE (NOHD): The distance along the axis of the laser beam beyond which the
appropriate MPE is not exceeded is called the NOHD.

PHOTOPIC LUMINOUS EFFICIENCY FUNCTION: A factor applied to the beam irradiance to account for reduced
visibility of some wavelengths. For a conservative assumption, a value of 1.0 can be used.

PROPCNENT: A person or organization proposing to install or use aircraft-mounted laser systems,; specifically, one who
provides the FAA with information regarding the safety of a proposed system.

SAFETY OBSERVER: One tasked with observing airspace into which a laser beam is being propagated so as to ensure
that the beam does not expose unintended objects; thus avoiding unwanted injury or visual effects. The observer must be
trained and have the ability to immediately attenuate the laser beam.

VISUAL INTERFERENCE LEVEL: An exposure level associated with a particular airspace flight zone. This level varies in

accordance with the particular zone where the laser is operating. Visual interference level is a generic term for critical
level, sensitive level, or laser-free level (see Appendix A).
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3. AIRCRAFT-MOUNTED LASER SYSTEMS

There are many aircraft-mounted laser systems that may be utilized in aviation for multiple applications. Several of these
applications are discussed below.

3.1 Laser Pointers

Lasers can be used to pinpoint objects or locations on the ground for the purposes of law enforcement, search and
rescue, military use, etc. Federal regulations in the United States limit the cutput of these devices for commercial use to
laser hazard class 3a. When authorized, military and law enforcement agencies may use laser pointers in excess of the
class 3a limit. Laser pointers can emit either visible or invisible laser energy.

3.2 Laser llluminators

The application of illuminating areas on the ground with laser energy is commonly performed by military and law
enforcement agencies for surveillance. Most of these devices radiate in the infrared spectrum and require the use of
special viewing devices (e.g., night vision goggles or infrared cameras). Many laser illuminators have laser pointers built
into them.

3.3 Laser Target Designators

Military weapon systems sometime use lasers to designate the location of the intended target to the munition (laser
guided bombs). These systems emit invisible laser energy and are hazardous at long ranges. Target designators are not
currently used by civil aviation, but could be found in civil airspace.

3.4 Laser Range Finders

These systems use lasers to determine distance (range) to an object. These devices are common in military, law
enforcement, and civil aviation and almost always emit invisible laser energy.

35 LIDAR

Lasers may be used to perform imaging by measuring the reflected return of a projected laser beam. These devices can
be used for ground mapping, atmospheric measuring (e.g., particulate tracking or turbulence monitoring), surveillance, or
other applications. LIDAR can emit either visible or invisible laser energy.

3.6 Aircraft Laser Defense Systems

Aircraft may be equipped with laser systems that provide protection from missile attacks. These devices use invisible
laser energy and can be designed to either confuse or destroy an incoming threat.

4. SAFETY GUIDANCE

Laser systems should not expose persons to laser emissions that exceed the applicable MPE. This applicable MPE may
include the potential use of viewing aids. When a laser is used from an airborne platform, excessive exposure is
prevented by ensuring that the laser irradiance or radiant exposure at ground level is below the MPE, or by operating over
areas with restricted access (e.g., a test range).

If the laser system emits visible radiation (light), the irradiance within any defined airspace flight zone must not expose
aircrews to laser light in excess of the visual interference level appropriate to that zone. For example, if the beam is in the
“Laser-Free Zone (LFZ)", either the effective beam irradiance must be below the 50 nvW/om? visual interference level
associated with the LFZ, or there should be control measures preventing aircraft from being illuminated by a laser beam
with an irradiance higher than 50 nwW/om?®.
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