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INTRODUCTION

On March 26, 1999, the FAA submitted a written request to SAE for assistance in|developing
standards and|regulations concerning outdoor laser operations. In December 1999, the SAE
Aerospace Stgndard 4970 (AS4970) “Human Factors Considerations-for Outdoor|Laser
Operations in the Navigable Airspace” was published by the SAE @nd forwarded tp the FAA.
AS4970 provides guidance on assessing the potential hazards-0f a particular lasegr beam. In
August 2000, the ANSI Z-136.6-2000 “American National Standard for Safe Use gf Lasers
Outdoors,” wa$ published.

This Aerospace Recommended Practice (ARP) document provides guidance for the use of laser
safety observers during operations of a laser systemoutdoors in the navigable airfspace. It also
recommends the minimum requirements and training issues for those laser safety observers.

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 reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.
Copyright © 2009 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) : :
Tel: 724-776-4970 (outside USA) SAE values your input. To provide feedback

Fax:  724-776-0790 on this Technical Report,_please visit
Email: CustomerService@sae.org http://www.sae.org/technical/standards/ARP5535
SAE WEB ADDRESS: http://www.sae.org
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FOREWORD

This document applies to laser safety observers so as to mitigate a laser beam's potential
hazard to aircrews when projected from an outdoor laser system. A related Society of
Automotive Engineers (SAE) document is Aerospace Standard (AS4970) “Human Factors
Considerations for Outdoor Laser Operations in the Navigable Airspace”. Additional control
measures may be applicable and are discussed in ANSI Z-136.6-2000, “American National
Standard for Safe Use of Lasers Outdoors,” which is the most recent and authoritative reference
regarding outdoor laser operations and control.

The purpose of thisdocumentistoprovide guidance toatttaseroperators;inctuding industry

and governmept, and to the Federal Aviation Administration (FAA) on the optimal|use of laser
safety observers during propagation of a laser beam in the navigable airspace.” It|also
recommends the minimum requirements and training issues for those lasensafety| observers.

The SAE G-10T Committee has convened during the past 7 years with representation from at
least 17 differdnt entities, public and private, to identify the issues;dechnologies, gnd operational
capabilities of putdoor laser use in navigable airspace.
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1.

SCOPE:

This document applies to safety observers or spotters involved with the use of outdoor laser
systems. It may be used in conjunction with SAE Aerospace Standard (AS4970) “Human

Factors Considerations for Outdoor Laser Operations in the Navigable Airspace.” Additional
control measures may be applicable and are listed in ANSI Z-136.6-2000.

1.1

1.2

2. REFEREN

2.1

211
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Human Factors Considerations for Outdoor Laser Operations in the



https://saenorm.com/api/?name=9e29415c786110b3231bed1d53ef94f5

SAE ARP5535

2.1.2 ANSI Publications: Available from Laser Institute of America, Suite 128, 13501 Ingenuity
Drive, Orlando, FL 32826.

213

2.2

2.3

ANSI| Z

ANSI| Z

136.1 American National Standard for the Safe Use of Lasers. June 2000.

136.6 American National Standard for the Safe Use of Lasers Outdoors.

August 2000.

U.S. Government Publications: Available from Subsequent Distribution Office,

SVC-11
20785.
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(Miscellaneous Procedures), Chapter 28(Outdoor]
Operations). December 2000.

f Federal Regulations. Title 14, Part 91.17. Jan<2000.

plicable References:

HP, Scott AB, Nelson LB. "Ocular motility," in Tasman W. Jaeger

Biomedical Foundation of Ophthalmology Vol. 2, J.B. Lippincott Co

hia, 1989, pp 51.

\G, Rabbetts RB. "Anisometropia and aniseikonia," in Bennett AG

inical Visual Optics, Butterworths, Boston, 1984, pp 312.

bimology Vol. 17J;B. Lippincott Company, Philadelphia, 1989, pp 7

S:

itiong,of the terms listed below are based on a pragmatic rather tha
. -The'terms defined are therefore limited to those actually used in
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hdover, MD
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EA, (eds.),
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cal Foundation
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this manual.

pndix is not intended to constitute a dictionary of terms used in the

aser field as a

whole.

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

light.

FLASHBLINDNESS: The inability to see (either temporarily or permanently) caused by
bright light entering the eye that persists after the illumination has ceased.
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2.3

(Continued):

GLARE: A temporary disruption in vision caused by the presence of a bright light (such as
an oncoming car's headlights) within an individual's field of vision. Glare is not associated
with biological damage and its effect only lasts as long as the light source is present within
the individual's field of vision.

LASER SAFETY OFFICIER (LSO): An individual with both the authority and the
responsibility to monitor and enforce the control of laser hazards and to effect the

knowledg

MAXIMU
person n
or skin.

NATION
systems'
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as the p¢g

SAFETY
which a |
individua
exposurg

3. BACKGR(Q
Laser bear
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| or object that could be injured, impaired, or damaged as a result o

edble evaluation and control or laser nazards.

ay be exposed without hazardous effect or adverse biologi€al chan

AL AIRSPACE SYSTEM (NAS): A complex, highly-interactive "systg

M PERMISSIBLE EXPOSURE (MPE): The level of laser radiation to which a

ges in the eye

bm of

involving large numbers of subsystems and components on the gr

hser beam is being propagated to-ensure that the beam does not il
. The observer must have thetability to immediately terminate the |
UND:

s can be hazardous-to human tissue. There are documented inciq

ing aircraft in flight'within the United States, which resulted in injur
ers. Physicaltinjuries can result to the skin or eyes, but temporary

vision are

operate an|aircraft.is obtained through the sense of vision; therefore, it is impg
hazardous|laserexposure be eliminated or attenuated to safe vision levels. U
fully automated-laser control systems are not readily available as “off-the-shel
addition, the effectiveness of most new technologies used to control laser proj

uch more/prevalent. Approximately 90% of the information a pilot

bund, and in

ft — including facilities, equipment, and computer hardware and soffware as well
ople — which enables hundreds of thousands-of users to fly safely ¢very day.

OBSERVER: One who has been tasked with observing the airspage through

uminate any
f such an
aser beam.

lents of laser
to flight

mpairments to
uses to safely

rative that

nfortunately,

" items. In

pagation in the

NAS is unproven with mechanical control failure being a chronic concern. However, safety
observers are an effective alternative or enhancement to an automated laser control system.
Furthermore, for some laser systems, the safety observer may be the only practical control

mechanism. For more powerful lasers, it is important that the LSO not rely solely on safety
observers to detect aircraft. Safety observers have been demonstrated to be reliable in
detecting aircraft up to three miles away. Safety observers may be capable of detecting
aircraft at much greater distances in semi-populated areas and in remote locations where
city lights are less numerous. The safety observer or spotter may be the last line of defense
against laser beams striking aircraft.
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3.1

3.1.1

3.1.2

3.1.5

3.1.6

Laser Biological Effects:

The biological effects associated with laser illumination are dependent on the laser beam
characteristics, environmental factors, and vulnerability of the target at the time of
exposure. These effects include startle, distraction, glare, flashblindness, afterimages,

and biological damage (blind spots, burns, and hemorrhages). Visible laser

beams can be

psychologically disruptive without causing actual biological damage. An individual would

be more susceptible to biological effects, such as glare, flashblindness, and

afterimages

under low-light conditions. Pulsed lasers may have a reduced MPE for the same average

power th ; ,
biological] damage. Additional information on the biological hazards of lasers
the Appendix. Biological effects from laser illumination may include:

Distrac
to prev
Trainin
unexpe
proves
hand.

ion: When presented with a bright light source, particularly at nigh
ent a change in direction of gaze from the task at hand 1o the new s
g and normal biological reflexes result in diverting-attention toward

cted light source in order to assess its significanee! If the new light
to be a minor distraction, attention can be rapidly refocused back t(

Glare:
is parti¢ularly disruptive under nighttime viewing conditions and especially
eyes are fully dark-adapted. Glare is a source-fixed effect, in that as the p
shifts away from the light source, glareeffects are diminished, e.g., headlig
oncoming car at night. Glare only, eccurs when the light source is on.

Flashblindness: Flashblindness is a visual interference effect that persistg
bright light is terminated, g:g.; from a camera flash. Flashblindness can la
seconds to several minutes.

Afterimpages: Afterimages refer to perceptions that persist following illumin
bright light source) 'and are described as light, dark, or colored spots, e.g.,
remaing after ' acamera flash. lts effects may last for more prolonged peri

than flgshblindness effects and can persist minutes, hours, or several day$

hduce
is available in

, it is difficult
ource.

any new and
source

p the task at

Glare refers to temporary disruptions.in vision without biological damage. Glare

when the
psition of gaze
ghts from an

after the
st from several

ation with a
image that
hds of time

D.

Scotomas: A scotoma (blind spot in the visual field) can either be temporary or
permanent. If permanent, it is a sign of biological tissue damage and is a blind spot in
the visual field. The location of the corresponding tissue damage on the retina will
determine the resulting level of functional visual acuity. A retinal burn from a hazardous

laser beam can cause a scotoma.

Hemorrhages: A hemorrhage (bleeding) can occur if a laser beam disrupt
vessel in the eye. Vision recovery will depend on the location of the blood

s a blood
and other

induced cellular disruption, as well as the rate of re-absorption of the blood.
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4. LASER SAFETY OBSERVER RECOMMENDATIONS:

Qualified healthcare providers should examine and validate the medical and visual fitness of
a safety observer to ensure his or her ability to perform safely and effectively in this

capacity.

4.1

Minimum Criteria:

Safety observers should meet the following minimum criteria:

Dista

No si
the o
catar

Oculd
redud
corre

Norm

hce visual acuity. 20/20 or better binocularly with or without correct

gnificant ocular pathology. Eye diseases that can affect vision perf
bserver should be documented. These include diabetes, macular d
act, glaucoma, amblyopia, and monocularity.

ir surgery. No significant visual performance l0ss (increased glare
ed contrast sensitivity, fluctuating visual acuity) due to ocular surge
ct refractive error, cataract, and traumatic injury.

al visual field. The field of vision should be evaluated for both eyes

significant scotoma should exist.

Norm
cand
positi

Norm
they
or md

Drug

al color vision. Individuals with“color vision deficiency may not be ¢
dates as safety observers;since they may not be able to distinguis
pn lights on aircraft.

al hearing acuity.( Normal hearing is advantageous to safety obser
may hear an approaching aircraft that is not yet visible due to inclen
untainous terrain.

5 and medications. No drug usage that may compromise the indivi

or viqual performance. Certain medications known to cause drowsiness

color

ve lenses.

brmance of
egeneration,

sensitivity,
ry, such as to

, and no

jood
N aviation

vers, since
nent weather

jual's physical
decreased

vision, blurred vision, and other problems should be avoided.

Alcohol. Observers should be counseled regarding alcohol consumption. Alcohol
usage has been shown to cause visual complications of decreased vision, double
vision, chronic lacrimation, pupillary dysfunction, reduced dark adaptation, nystagmus
(an involuntary, rapid movement of the eyeball), and to increase central processing
time, thus interfering with accurate tracking and saccadic (rapid involuntary small
movements of both eyes simultaneously) eye movements. Federal Aviation
Regulation (FAR) 91.17 states that no person may act or attempt to act as a
crewmember of a civil aircraft within eight hours after consumption of any alcoholic
beverage. Although this FAR does not apply to laser safety observers, the provisions
are strongly recommended as a pre-work limitation for these individuals.
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4.2 Medical Surveillance:

If the safety observer is at risk of being illuminated by an eye hazardous laser beam,
medical surveillance is recommended. This surveillance may include:

Snellen visual acuity.

Slit-lamp examination.

Visual field.
Amsler grid.
Colon vision.
Dilatgd fundus examination. (Retinal photography is preferred.)
4.3 Training:
Training should encompass the following:

4.3.1 Optical|Scanning Patterns: Scanning in regular patterns allows the obseryer to view a
specifigd sector of space efficiently. It alsodiscourages the manifestation |of illusions,
such asg the "empty-field myopia” or “night myopia." Detection of aircraft ig increased
with scanning of smaller areas of space. It is recommended that when laser beams are
projectgéd in larger airspace, morethan one safety observer be used.

4.3.2 Collatefal Duties: When performing the duties of an observer, there shall be no other
collatenal duties.

4.3.3 Proper|Use of Ophthalmic Devices: Eyeglasses with tinted lenses should hot be used
during pight lasereperations because they may reduce vision performancé and result in
missed|detection-of aircraft. Additionally, tints that alter color perception, such as blue
blockers, sheuld not be used. Contact lenses that change the color of theliris are also
discounaged during night laser operations as they can reduce both centralland
peripheratvisiom:

4.3.4 Communication Requirements and Equipment: To ensure proper communication with
air traffic service and other laser personnel, observers should be properly instructed on
the use of radio, cell phone, telephone, or other communication equipment.

4.3.5 Safe Operating Procedure Logbook: Such a logbook should be filled out appropriately

each time the laser is operated. The location and maintenance of this book is the
responsibility of the LSO.

-10 -
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4.3.6 Use of Control Measures: The protocol for laser beam termination should be provided to
all laser personnel in writing.

43.7

4.3.8

4.3.9

4.3.10

4.3.11

4.3.12

Training on Visual lllusions: Visual illusions are more common at night. In the darkness,
a condition of "dark-field or night myopia" occurs as the individual becomes more
nearsighted. When looking into empty space or a featureless field of vision, “empty-field
myopia” can occur. A recommended reference on visual illusions is: Night Vision
Manual for the Flight Surgeon, Chapter 3: Operational Aspects of Night Vision; Robert E.
Miller, Il, Thomas J. Tredici. AL-SR-1991-0002. August 1992. Armstrong Laboratory,

Brooks

Fatigug
for airc
is reco

perfor

usually
altitude
fatigue

Viewing Conditions: Prolonged exposure to bright' lights can result in fatig
glare c
conditiq

Effects
betwee

result

i
Inclem$
Natura
view of

Multiplg
and fat

duties
traffic

aircraftlisimminent.

AFB, TX

Recognition: Individuals should be trained to recognize fatigue wh
raft. Common side effects of fatigue include distraction or cognitive

mended that observers be provided periodic rest breaksto ensure
ance. A 10-minute break for each 60-minute period afiobservation
adequate. In high traffic areas, breaks may need-{e.be more frequ
s (i.e., > 5,000 feet above sea level), where altitUde hypoxia can be
may occur at shorter time intervals.

hn result in visual acuity and contrast sensitivity decrements. In nig
ns, the visual illusions previously mentioned need to be considere(

of Environment: In an urban eénvironment, artificial lights can affec
n aircraft and the background: In a rural environment, lack of surfal

nt conditions, such as rain, snow, mist and fog, can affect visual p{
or man-made obstructions such as mountains, trees, or buildings ¢
safety observers.-A bright star-filled sky can mask aircraft position

b Tasking: MWhen an individual is tasked with multiple assignments,
gue are increased. A laser safety observer should only be tasked

rvices and/or laser personnel, and terminating laser beams, if illur]

ile scanning
disruption. It
optimal

duty is

ent. At higher
a factor,

e. Also,
httime
.

the contrast
ce detail can

illusions. Haze can scatter light affecting visibility and reducing deétection range.

prformance.
an block the
lights.

distraction
with pertinent
h with air
nination of

%Zat affect safety, which include scanning for aircraft, communicatin

Judgment: Training should include how to anticipate aircraft flight characteristics and
also the potential for hazardous illumination of the aircraft and pilot. Observers should
always be alert for the unexpected movements of a particular aircraft or of the
unexpected appearance of aircraft in a portion of the sky. For example, the angle
between the laser beam and the aircraft that results in termination of the beam should be
standardized and an observer properly trained on making such a judgment.

-11 -



https://saenorm.com/api/?name=9e29415c786110b3231bed1d53ef94f5

SAE ARP5535

4.3.13 Performance Requirements: Moderate, steady air traffic is less likely to induce fatigue.
In an environment with very few or many aircraft, a safety observer is more likely to have

4.3.14

4.3.15

4.3.16

4.3.17

4.4 Physical

441

442

fatigue, resulting in effects ranging from boredom to sensory overload. Re

ducing the

field of view with multiple observers or reducing the duty time of the observer can

minimize these side effects.

Physiological Effects: Certain situations or conditions may have significant effects on
human physiology, and as such may impact visual performance. On average, it takes
about 30 minutes for an individual to fully adapt to the dark. When an individual has

prolon ;

of apprppriate sunglasses in daylight hours can improve dark adaptation:
tobacco products can delay dark adaptation. As we age, adaptation 10 bri
to the dark can be affected. Use of certain drugs or alcohol can affect judg
physiolpgy. The use of micronutrients and antioxidants has beén recomn
improve vision and resist the progression of eye diseases. For'example,
improve night vision capability.

timuli: Visual stimuli have unique characteristics, and some stimu
han others. For example, a moving or flickering light source is eas
steady light source. Aircraft navigation lights are aviation red (left W
right wing), indicating the direction of flight. Due to the eye's inhere
ity, green lights are easier to see than red lights. Off-axis viewing i
enhance aircraft acquisition at night. Looking directly at the target
5es the ability to detect that aircraft. The observer must look slightl
bm the aircraft to see it.

Visual
detect
than a
green (
sensitiy
used to
decrea
axis) fr

On-The
amoun

-Job Training: A laser safety observer should be provided the app
of on-the-job training*commensurate with the laser operation.

Local Air Traffic Patterns: When available, the LSO should provide inform
air traff
observers in scanning for aircraft near the area of laser beam propagation
scanneg

rs tunéd-to air traffic frequencies may also assist in acquiring aircraft.

gthened. Use
Use of

ght lights and
yment and
ended to
itamin A can

i are easier to
er to detect
ing) and

nt peak

s a technique
at night

y away (off-

ropriate

ation on local

¢ and facilities to safety observers prior to laser operation. This will assist the

Radio

Aids to the Safety Observer:

Binoculars: Binoculars can be used to magnify the image and aid in early

identification

of aircraft. However, use of such devices can drastically reduce the observer’s field of

view and the area being scanned.

Night Vision Goggles (NVGs): Safety observers have used NVGs to detect aircraft in
nighttime conditions. However, NVGs exposed to bright lights can cause blooming from
the light and glare or flashblindness to the observer. Also, NVGs can reduce the

observer’s field of view, reducing the airspace that can be scanned. Obse

rvers should

be instructed in the proper use of NVGs prior to their use. In particular, proper focusing

of the NVG is critical.

-12-
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4.4.3 Visible Alignment Beam: A visible alignment beam may be used to indicate the location
of an invisible laser beam.

4.5 Evaluation of Observer Effectiveness:

4.5.1 Direct Observation: LSOs should periodically review the procedures of the safety
observer. This can be done through direct observation of observers during laser
operations. Evaluation of scanning patterns, use of optical aids, logbook review, rest
breaks, etc., should be performed.

4.5.2 Historiqal-Safety Datar £SOS can evaluate the effectiveness of control mesures by
reviewipg the safety data from past laser operations. Any incidents (nearinisses,
operatqr errors, etc.) should be reviewed to evaluate the effectiveness’of dafety observer
procedures.

4.5.3 Questignnaires for Observers: Safety observers should be périodically queried to get
their oginions regarding the effectiveness of current safety.procedures. A guestionnaire
may bg used, but anonymity should be ensured to obtain*honest and morg constructive
criticisth of procedures. To ensure safety observer effectiveness is optimized, the LSO
and laser operators should carefully evaluate thesé.questionnaires.

454 Refresher Training: Provided as needed.

PREPARED UNDER THE JURISDICTION OF
SAE SUBCOMMITTEE G-10T, LASER SAFETY HAZARDS OF
COMMITTEE G-10, AEROSPACE BEHAVIORAL ENGINEERING TECHNOLOGY (ABET)
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