Subjects to be taught to lightshow LSOs and Operators

ltems in red were added by P. Murphy after the March 5 meeting at ILSC. They need to be reviewed and discussed by the group, and rankings assigned.

TOPIC

Laser Safety Officer
for Lasershows

4 = Essential,
required, go in-depth
2 = Discuss briefly
but not in depth
1 = Mention
0 = Not required for
this function

4 = Essential,
required, go in-depth
2 = Discuss briefly but
not in depth
1 = “Mention”
0 = Not required for
this function

Lasershow Operator Teach this

material in an
Advanced course
(Note: Formerly
called
“endorsement” but
depreciated
because it sounds
like endorsing the
student’s skills)

Notes/Comments

LASER CHARACTERISTICS

Fundamentals of laser operation - how laser light is generated; how lasers work in general
How laser light differs from, and is more hazardous than, conventional light
Characteristics of specific lasers used in display or demonstration (.10)

Types of lasers, wavelengths, pulse shapes, modes, power and energy (.1) - for lasers
used in the lightshow industry

Types of lasers, wavelengths, pulse shapes, modes, power and energy (.1) - for lasers
not used in the lightshow industry

BIOEFFECTS

Basic bioeffects of laser light on the eye and skin - with most emphasis on CW but also
including hazards of pulsed lasers, UV and IR

IR and UV bioeffects in detail

History of laser show injuries - Number of occurrences and examples of laser injuries to
technicians and audience members

Medical examinations if applicable (.1)

Visual interference effects
CLASSIFICATION SYSTEM

Laser Classes - how lasers are classified, class definitions, class hazards

LASER SAFETY CONCEPTS AND CALCULATIONS
Brief introduction to MPE and NOHD concepts - why they are important

Irradiance significance - including the difference between power and irradiance for safety
considerations

CW lasers in-depth - detailed information on hazards, how to do calculations of MPE,
NOHD, irradiance, etc.

Pulsed lasers in-depth - detailed information on hazards, how to do calculations of MPE,
NOHD, radiant exposure, etc.

UV and IR lasers in-depth - detailed information on hazards, how to do calculations of
MPE, NOHD, irradiance, etc.

Calculator use taught - Lazan, Skyzan type programs
Math use taught - formulas, “doing it by hand”
HAZARDS AND CONTROL MEASURES

Brief introduction to control measures

Detailed list of control measures & special cases

How to recognize failure or breach of the control measures

Specular and diffuse reflections - what the difference is; how the hazard levels of the
reflections may vary (.1)

CPR - for persons servicing or working on lasers with exposed high voltages (.1)

Outdoor terminated shows - no FAA type reporting required
Outdoor laser shows - hazards of laser light outdoors, how to mitigate

Fire hazards - damaging or igniting materials
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Similar to below. Possible ranking conflict (4/2 vs 3/1)

Details only taught in advanced IR/UV course

Only for general eye health purposes. No benefit for potential future injuries.
Copy and paste words from Part 40

Briefly discuss. Will be taught more in Advanced Outdoor Lasers course

Lyra — For operator: 0 “They’re all Class 4. They’re all scary.”

Trevor — Operator needs to know the hazard of what they’re using. Not
necessarily the class system.

Online calculators are also at LaserPointerSafety.com and other sites

For Operators, how to avoid reflections. Don’t have reflections in audience
areas.

Refer to ESA safety at events information. At the beginning of the course,

state this course does not refer to general show production and event safety.

Only lasers specifically. Not how to use fall protection, or how to plug in 3-
phase power, or how to do CPR.

In US, includes how to fill out FAA form

Because there is no laser power limit (could be >30 watts) both LSO and
Operator need to know about fire hazards

GENERAL DISCUSSION COMMENTS

Consider two other roles that may need a course, or at least consideration of how their

role fits into laser safety at lasershows:

1) The laser show designer. This person may be designing how the lasers are used
during show, the effects, etc. But they may not have all the safety knowledge of the
LSO. They should have some basic safety knowledge, maybe not to the level of MPEs
& NOHDs. The show should have an LSO review it.

2) Alaser cue person. Example: A lighting console operator who is pressing buttons to
bring up laser effects. There is a separate Laser Operator who is responsible for safety,
for continuously monitoring the laser emission, and for termination in case of hazards.
But the laser cue person should have some basic safety knowledge. Perhaps the
Laser Operator gives some instructions to the laser cue person.

Topics recommended to be taught in Advanced courses can also be taught during the

primary LSO or Operator course. This is at the instructor’s option. If this is done, then

1) Additional test questions must cover the advanced topic and

2) The LSO or Operator certificate would list that the student covered the advanced
topic. This can be listed in the same way as if they took a separate Advanced course;
for example, “LSO for Laser Light Shows / Advanced course: Outdoor shows”

Every Advanced course needs introduction of the topic, why you need this topic (e.g.,
Audience Scanning, Outdoor Shows, etc.)

Lyra wants the Lasershow Operator course to be very short - hers is a video 16 minutes
long. Students need the basics. They want to get going with their new projectors and will
not sit through hours-long videos or in-person courses.
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TOPIC

Laser Safety Officer
for Lasershows

4 = Essential,
required, go in-depth
2 = Discuss briefly
but not in depth
1 = Mention
0 = Not required for
this function

Lasershow Operator

4 = Essential,
required, go in-depth
2 = Discuss briefly but
not in depth
1 = “Mention”
0 = Not required for
this function

Teach this
material in an
Advanced course
(Note: Formerly
called
“endorsement” but
depreciated
because it sounds
like endorsing the
student’s skills)

Notes/Comments

Avoiding damage to cameras, video projectors and LED lighting instruments
Non-beam hazards of lightshow lasers - mechanical/falling, electrical

Other hazards of show and event production

ON THE JOB

Written procedures and checklists - how to develop, what should be on them. Includes
installation, setup, rehearsal, performance procedures.

Procedures and checklists - how to fill out & follow them

Competence to make adjustments to hardware and software to set and limit laser output
to intended areas (.10)

How to set projection zones and “beam attenuation maps” - introduction, why this is
important

How to anticipate and plan for possible problems - moving stages/trusses, audience
unruliness, equipment being moved, changes to performer positions, etc.

Competence to recognize unsafe situations (.10) - and when to terminate laser emission

Competence to provide instructions to personnel who may be affected by laser
operations (.10)

How to report accidents and record incidents - report to governmental bodies,

Reporting raw data for accidents and incidents - record incidents for internal use

Laser safety responsibilities, authority and expectations of the various parties involved.
Includes chain of command, and reporting requirements when potential hazards develop.

LAWS, REGULATIONS AND STANDARDS

National government regulations and requirements - what must be done legally (but not
how to fill out forms).

FDA show-related forms - how to fill out FDA variance forms, Laser Light Show Report, and
Annual Reports (or similar national forms for courses in other countries)

FDA “projector variance” form - how to fill out & submit

FDA Product Report - how to fill out & submit

FAA Forms - how to fill out (or similar forms for students from other countries)

State and local laws - brief overview that they exist, some examples
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Refer to ESA safety at events information. At the beginning of the course,

state this course does not refer to general show production and event safety.

Only lasers specifically. Not how to use fall protection, or how to plug in 3-
phase power.

Not projector specific, but in general. Lyra has a video on this that she can
share — Laser Operator instructors have permission to use this. Suggest 1
for the LSO, 4 for the Operator.

For an Advanced Hands-On class, this should be demonstrated by the
student

LO - special concern about secure structures

LO must tell LSO as soon as it is safe to do so (e.g. situation has been
mitigated, the show is over, etc.)

For the region that the LSO course is taught. If in US focus on US rules, if in
Europe, etc. If you go international, need an LSO from that region.

The course should state what country/state/province/locality’s laws it covers
in depth, and what other countries/states/etc. are only briefly discussed. For
those only briefly discussed, or not discussed at all, tell the student they
must get additional information on their own For example:, research the
country/state/etc. consult with a LSO in that country/state/etc.

Greg - In states, it is fairly straightforward. Q for Trevor: If | do a show in
Australia, who do | report to, and who will tell me | can’t do XY or Z.

Trevor - In some states there are licensing requirements, in others you may
have no problems or questions. Our system needs work. Aviation people are
fairly relaxed.

Lyra - Teach the location where the person works. Tell them to contact an
LSO or company in the region if they go somewhere else.

Not product report

?? Needed only by manufacturer? Does a show person have to worry about
this? Suggest 2 for LSO, 0 for Operator.

Best to hire a consultant. Difficult to do even for a dedicated manufacturer.
Essentially impossible for a person who bought an uncertified projector and
wants to certify it themselves.

As part of the Advanced Outdoor Course

For Operators, let them know that there are state/local regulations but not
specifics of these

RLI has a list of state agencies: https://www.rli.com/resources/
statecontacts.aspx

ZONING/BEAM ATTENUATION MAP DISCUSSION COMMENTS

Lyra — The super important thing is how to do a zone. Things like BAMs, performers, you don’t
have to mention them if they are being zoned.

PM - Laser Operator course does not teach specifics of how to zone, BAMs, etc. That is a separate
“endorsement” probably from the manufacturer.

Lyra - Projection zones and BAMs are equivalent from a safety standpoint

Greg - In our installations we have our own interface so that Beyond can’t go beyond ha ha our
zone.

Lyra gives permission to use anything on YouTube for educational purposes, including info about
zoning and BAMs Very important for the Operator to know how to do zones, set up at low power,
start with small scan field and bring it up. Lyra - create a zone set up you think is correct. Start at
ceiling, minimum power, enable the zone, let it appear, then shape the process.
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TOPIC

Laser Safety Officer
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4 = Essential,
required, go in-depth
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but not in depth
1 = Mention
0 = Not required for
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Lasershow Operator
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required, go in-depth
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called
“endorsement” but
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because it sounds
like endorsing the
student’s skills)

Notes/Comments

State and local laws - more in depth overview of the most restrictive including NY, Arizona,
Texas, lllinois

Laser safety standards and organizations - ANSI, IEC

ANSI Z136.10 Safe Use of Lasers in Entertainment, Displays and Exhibitions - Basic
section (this is the appendix which describes a basic show similar to ILDA Category A)

ILDA Category A Laser Show Standard - brief mention

ILDA Category A - detailed overview sufficient to meet the requirements of an LSO for Cat A
shows

AUDIENCE SCANNING

Introduction to audience scanning - NOT telling how to do it, but why it is hazardous and
needs extra procedures and equipment

Audience scanning - hazards in detail, how to design a safe audience scanning show

Audience scanning - how to do it safely Question: Does this need to be hands on?

HOW TO USE LASER POWER AND IRRADIANCE METERS

Basics of laser power meters - to know how complex they can be, and take a special
course. How to know when you need and don’t need a specialist to come in.

How to use laser power and irradiance meters

VERY HIGH POWERED LASERS
Above 30 watts

HANDS-ON TRAINING (HOT)

Basic HOT - go practice before you go to the show site. They have to actually do it for the
course.

Advanced HOT -

RISK ASSESSMENTS

Brief introduction to risk assessments - let them know they are optional, when they may
be better than traditional ANSI-type analysis/controls

Detailed information on how to do risk assessments for laser shows

TESTING OF THE STUDENTS

Multiple-choice questions

4

1

ONLY AFTER .10 IS PUBLISHED

Discussion can probably be combined with Cat A discussion, e.g. “what is a
simple show”

When it is published, refer to .10 basic show annex

Not so much an “advanced” course as it is a separate course. E.g., a person
can take an ILDA Category A Laser Safety Officer course and they are then
qualified to design and produce shows that comply with the Cat A standard.
Their certificate of completion will state that it is only for Cat A courses.
Suggested language: “This certificate valid to be LSO for laser shows with all
beams 6 watts or less, no beams on or near humans, all beams terminated,
continuous monitoring by the Laser Operator, and all other requirements
listed in the ILDA Cat A Standard at ilda.com/cata.htm.”

Note that non-ILDA entities can teach Cat A courses if desired. The standard
lists topics to be discussed, course procedures, testing, etc.

“Advanced - Audience Scanning Show Design” Different content than below.
This is more for the LSO.

“Advanced - Audience Scanning Show Operation” Different content than
above. This is for the Laser Operator.

Would include same material as “Advanced - Using Laser Power and
Irradiance Meters”

Above could be combined into two courses: “Advanced - Audience
Scanning Show Design and Operation”

For people who need to validate a reflection, or if FAA says turn down the
beam power (how much). If LSO needs to measure power or irradiance, but
has not taken the Advanced power meter course, they must eliminate the
hazard instead.

A separate section within the main LSO and Operator courses. Teach the
NFPA ignition limit. Tell how to determine a safe exposure distance for
flammable surfaces.

Set zones, identify the safety features on your laser: labels interlocks, etc.
Can be done in a simplified hands-on training class.

For Operator, not for LSO. Because it is an optional “Advanced” course, it is
not required to have hands-on training in either the main LSO or Operator
courses listed in the first two columns.

“Advanced - Risk Assessment for Laser Light Shows”

Minimum 4 choices per question. Recommended 5 or 6 choices per
question.

HANDS-ON TRAINING DISCUSSION COMMENTS

Brian - ER class - You use a meter to measure irradiance as part of your training. (Different from
effects type class where you learn how to implement audience scanning. Line between tools and
skills to understand your tools, vs how do | do a cool audience scanning show)

Trevor - Safety training vs. on-the-job training. Depends on if it run by third party, you may not have
the same laser projector. Logistically it becomes hard. Often the best person to teach about safety,
is not the best person to train you on how to use it.

Jay - Best you can do is provide a checklist you can do with your own equipment.

Greg - Roberta has people send a video of them operating the equipment.

Jay - They don’t need a video. I'm not certifying them.

Lyra - An operator course should be easily done online. It could be a recorded video that they
watch, maybe a test that they take. LSO live in person or Zoom live. Endorsement should be done
in person.

Jay - Advanced courses are in a case-by-case basis. Outdoor not needed in person

Lyra - Anytime you have to touch something, move a pot on a PASS board, etc. you should do in
person.

Jay - A preparatory video done before the in-person and/or Advanced course.
Greg - Must have some basic knowledge before doing my Audience Scanning course
Lyra - There’s a vibe check when you see a person live in person - are they really competent

Trevor - | agree with Lyra, if it is more advanced, you need to do it in person. If not in person they
are not as engaged.

Lyra - But remember an Operator course needs to be super accessible. These are people who
don’t want a big course. We have a 16 minute course.

Trevor - Don’t make it easy for them to take the test.
Lyra - “Watch this video before you get the laser.” But you don’t know that the video has a test.

They are surprised about the test. They don’t know it exists until the end of the video. Lyra will send
a link and | (PM) will send it to everyone.
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Notes/Comments

Calculator questions - calculate MPE, NOHD, etc.

Scenario-based test questions - what do do in X situation

Randomize questions from test to test

COURSE AND TEST LENGTH

Minimum amount of time

How long should the test be (enter # of minutes)

Separate courses or is Operator part of LSO course

20 minutes (Lyra)

Could be in the form of a multiple choice.

Lyra wants the Operator course to be an automated scoring. Lyra herself
does not need to manually score the test. (10 Pango tests done per day) See
pangotest.com

Randomize questions, randomize order of answers, select from a pool of
questions, update tests from time to time. Avoid people sending a key.

Trevor has 10723 combinations of questions and answers. PM- CHECK
WITH HIM ABOUT DOING THIS FOR ILDA’'S LSO COURSES

Length depends on students — if not English speakers could take longer.
Instructor may want to tell more stories, do demonstrations, etc. which could
take longer

Have a normalized assessment for the course material

Trevor - 90 minute test

Lyra - Operator, one question per major subject. LSO - 3-4 questions per
major subject

Casey - For an LSO, the practice of having to do something will help retain
Lyra - Stage a photo or video of a terrible setup. What are all of the risks?

Trevor - Don’t assess their ability to find something, asses their ability to
think

Trevor - Laser welder mfgs give training, test. A code is given if they pass the
test.

LSO should know the safety things the Laser Operator does (and more, of
course). However, the LSO does not need to know specifics of how the
software works that the Operator knows.

The Laser Operator course is for safety, not for how to operate specific
software.



