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Abstract
For more than three decades, the technique of “audience scanning” has been routinely  used at 
laser light shows outside of the United States. Visible beams from continuous-wave lasers are 
projected towards viewers, to put them inside cones, fans and other moving light shapes set to 
music. Most commonly, irradiance levels have not been measured by operators; instead they 
have been set by eye to look “OK”. Since MPE-level irradiance at the audience is somewhat 
dim, most shows have exceeded the MPE. Estimated irradiance levels range from 5-10 times 
the MPE, to 100 times or more. Despite this, there have been remarkably  few proven or even 
claimed reports of injuries from deliberate audience scanning. A number of possible reasons are 
presented, including the greater distance to the audience (e.g., wider beam), the use of moving 
beams, and viewers who actively take action to reduce exposure.

Audience-scanning lasers are often found in venues such as discos where patrons enjoy riskier-
than-normal activities. This includes hearing-damaging sound levels, alcohol consumption 
(sometimes to excess), smoking, and even potential consumption of illegal drugs. Patrons self-
manage the risk; they  can move farther from the speakers or use earplugs; they can avoid 
alcohol, smoking etc. Similarly, if an audience-scanning show is uncomfortable and/or above the 
MPE, patrons can and do avoid direct exposure by glancing away, blinking, blocking the direct 
beam, moving farther from the lasers, etc. This is one of the reasons why  there have been so 
few injury reports in the past 30 years. 

However, there are too many shows which are far in excess of the MPE. ILDA therefore 
proposes changes it believes would significantly  increase safety, while still allowing crowd-
pleasing brightness levels. All shows would be required to accurately measure their irradiance. 
Shows below the MPE would remain legal as they are now. Shows up to 10 times the MPE 
would be permissible if the audience was cautioned via signs and announcements (e.g., "Extra-
bright lasers are in use; avoid direct eye exposure"), if scan-fail circuits are used, and if show 
producers accept stricter liability. Shows greater than 10 times the MPE would no longer be 
allowed. It is expected that conservative venues (corporate shows, theme parks) would remain 
with current below-the-MPE shows, while  discos, nightclubs and rock concerts would prefer 
brighter, more exciting "10x" shows.
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Introduction
One of the most exciting and 
beautiful visual experiences one can 
have is to be inside an audience-
scanning laser show set to music. A 
typical show might start off with a 
cone of light that expands to 
encompass the audience. The solid-
color cone fades to become striped, 
with areas of light and dark. Each 
stripe becomes a different color of 
the rainbow. The cone begins to 
shrink vertically  until it is a thin plane 
of laser light. Because the plane is 
only  a few centimeters thick, a slice 
of theatrical fog can be seen swirling 
throughout the plane. Suddenly, 
alternate stripes move up and down, like a giant keyboard being played. Then, from two side 
projectors, mirror-image beams create mid-air sculptures made of intangible laser light. As these 
sculptures change instantly  on the beat of the music, the center projector sweeps planes, 
cones, waves and other shapes through the audience.

The experience has been compared 
to being inside a fireworks show, or 
being in a “swimming pool filled with 
light”. Unlike watching a movie 
screen or TV projection, audience-
scanning shows reach out and touch 
spectators, including them inside the 
spectacular visuals. The closest non-
laser experience would be when 
theatrical lights at a pop concert 
sweep over an audience. But the 
laser images are much more precise 
and varied. Under computer control, 
any shape and any  beam pattern can 
be created, and it can have endlessly 
changing patterns of color, and of 
light and dark.

The uniqueness of being inside “digital” light is why  audience scanning is the most popular and 
common type of laser show being done today. Every  night, in discos, nightclubs, and concert 
venues across the world, tens of thousands of willing patrons are deliberately  scanned with 
laser light.
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How Audience-Scanning Shows are Created
This paper discusses the most common type of audience-scanning show: using non-resonant 
galvanometer scanners1 under computer control. A laser beam is bounced off of a tiny  (1/4” 
square) mirror on one scanner to create horizontal movement. This horizontal line is then 
bounced off a second mirror on a second scanner which creates vertical movement. The result 
is the ability to place the laser “dot” anywhere in a square area (scan field).

The scanners are controlled by  a computer. The laser show creator uses specialized graphics 
software to draw a path for the laser beam to follow. This is essentially  a “connect-the-dots” 
drawing. It is internally  represented in the computer as a series of points with X and Y 
coordinates. The computer steps through the coordinates and converts them into voltages 
which are sent to the X- and Y-axis scanners. In addition, each XY point can be assigned a color 
and/or intensity.

For audience-scanning laser shows, the computer-controlled graphics are usually simple 
shapes such as lines, waves, circles, and squares. The projector is aimed towards the 
audience, and theatrical fog or haze is added to the air. Viewers see flat planes, wavy  planes, 
cones and pyramids of light which emanate from the projector.

It is also possible to “turn the projector around” to draw more complex shapes onto a viewing 
screen. This results in a graphics laser show, where logos, words and complex animations are 
projected onto the screen or other surface.

Audience scanning is not intended for eye exposure

It is important to note that audience scanning is not done in order to directly  expose viewersʼ 
eyes to laser light. Direct eye exposure is a by-product of audience scanning – it is not the 
intended function.

If practical technology existed to detect and avoid viewersʼ  eyes, laser show producers would 
use it. Since it does not, producers continue to create audience-scanning shows that include 
direct eye exposures.

Lowering power in the audience area

One successful technique, to reduce audience exposure yet have an aesthetically  pleasing 
display, is to use higher power beams outside the audience zone. (In the U.S., beams must be 
kept 3 meters vertically and 2.5 meters laterally from the point of closest audience access.)

As a fan, cone or other effect comes down into the audience, the power of the audience-
scanned part is reduced. Conceptually, the simplest technique is to use a neutral density  filter 
below the audience “horizon”. More commonly, software automatically  reduces the laser output 
power (e.g., it dims the beam) when the beam is below  the audience horizon. The use of 
software gives more flexibility  in defining which areas have reduced power levels, and how far 
the power is reduced in those areas.
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This can be an effective technique. Although the beam is being dimmed, it is also coming closer 
to the viewer which causes it to appear brighter. These two effects tend to cancel out. As the 
beam sweeps down into the audience, the brightness reduction is often not noticeable.

Safety Implications
In an audience-scanning show, shapes are scanned into an audience. When the beam crosses 
a viewerʼs eye, the eye sees a series of pulses. If the shape remains static (e.g., a non-moving 
cone) and the eye is at a fixed location, the pulses will be at a fixed frequency  and amplitude for 
that particular shape. The Maximum Permissible Exposure (MPE) can be calculated as a 
multiple-pulse exposure.

However, this is a simple case. During an audience-scanning laser show, many  different shapes 
are created. At any  giving viewing location, each time an effect crosses the eye, the scan 
frequency (pulse rate) and the color/intensity may be different.

This is what makes safety  analysis so challenging. Unlike high-inertia or resonant scanners 
which have fixed frequencies and amplitudes, galvanometer scanners produce variable 
frequency and amplitude pulses. 

Exposure parameters during a show

During a typical audience scanning show, a person may  be exposed to the direct laser beam on 
the order of one or two dozen times. In other words, there are about 12 to 24 times the viewer 
sees a “flash” as a direct beam enters their eye.

Because the beam is being scanned, a typical flash is composed of five to ten pulses, each 
typically less than one millisecond.

The nominal laser power used for audience scanning is in the range of 0.5 to about 5 Watts. 
Due to losses in the projector from scan mirrors, steering mirrors, and color/intensity  control 
devices, the beam power at the projector aperture can be about half of the nominal laser power.

The laser wavelengths are always in the visible region, as there is no point to a non-visible IR or 
UV show. Also, lasers used for audience scanning should be continuous wave (CW). As 
discussed later, the use of pulsed lasers can be much more hazardous. This discussion 
assumes the use of visible CW lasers.

Very Few Reported Injuries
Given these parameters, many  laser safety experts would initially  be highly  concerned. Certainly 
if a person was working close to a laser, as in a laboratory  or industrial setting, these 
parameters would cause almost certain injury. Yet there have been just a handful of eye injury 
reports.
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A 1996 study 2 found only  five reported accidents (eye injuries) in the first 20 years of audience-
scanning laser shows. The study  noted that there was likely  underreporting, but even if 9 out of 
10 accidents do not become public, this means there were roughly 25 injuries per decade, 
worldwide. This is a surprisingly  low number, considering the millions of people who viewed 
audience-scanning shows during the period. It is also surprisingly  low compared to injury  rates 
for other entertainment-related activities. For example, amusement park rides incidents caused 
roughly 72,000 injuries and 44 fatalities over a decade, in the U.S. alone.3

In addition, there are very  few laser injury  reports in the press, or in medical or safety  journals. 
For example, using Google to look for various search terms (combinations of “laser” “show” 
“injury”, “retina” etc.), one finds a large number of results about a July  2008 incident in Moscow. 
But beyond this one show (which is discussed below), there are almost no reports of incidents 
listed in Googleʼs search results.4

A third source of injury  reports is the Rockwell Laser Industries database of over 1600 incidents 
and accidents.5  Below is a complete list of all Rockwell cases listed in the “entertainment” 
category where audience members were injured:6

• Case #36: Eye irritation following laser show. 1980.

• Case #183: Temporary vision loss after beer cans were tossed into beams (not scanning 
on the audience), reflecting the laser light. 1992.

• Case #350: Retinal scotoma produced while watching laser show (beam hit into eye). 
1997.

• Case #400. Nineteen disco dancers partially blinded in Bulgaria. 1999. Other reports 
have stated this was caused by illegal use of a pulsed (not CW) laser. As discussed below, 
pulsed lasers such as Q-switched Nd:YAG should never be used for audience scanning, 
so this is an exceptional situation.

Thus, the Rockwell database contains only one serious injury  from a continuous wave laser, 
case #350. Two other cases were minor, while one case was caused by a type of laser which 
should never have been used for audience scanning (as discussed immediately  below). This 
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2 Murphy, P. Is Deliberate Audience Scanning Unsafe? Proceedings of the 1997 International Laser Safety 
Conference, Vol. 3, pp. 493-502.

3 Levinson, M.S. Amusement Ride-Related Injuries and Deaths in the United States: 2005 Update, U.S. Consumer 
Product Safety Commission. Ten-year injury estimates calculated using Table A1, p. 13, taking the average number of 
injuries per year for the eight listed years, and extrapolating to a ten-year period. Death estimates based on “an 
average of 4.4 estimated fatalities per year”, p. 7.

4 Try a search for the following: “laser show” retina  -Russia -Russian -Moscow. Using the dash (minus sign) causes 
the search to ignore results from the Moscow incident. Note that there are only a handful of actual injury reports in the 
1,430 results found. Similarly, replace “retina” with “injury”. Again, very few of the 4,130 results are actual cases or 
reports of injury to audience members.

5 Rockwell Laser Industries database. Available online at www.rli.com/resources/accident.aspx.

6 Rockwellʼs database includes 12 other “entertainment” cases not related to audience scanning injuries. These 
include incidents where light show technicians were injured during alignment, where pilots were illuminated, or where 
the audience was unintentionally illuminated but no injuries were reported.

http://www.rli.com/resources/accident.aspx
http://www.rli.com/resources/accident.aspx


result – one serious injury  out of 1600 laser injuries and incidents in the database – gives an 
indication of how few injuries are being reported from audience scanning.

Pulsed lasers not included in this discussion

Rockwell case #400, of the nineteen disco dancers in Bulgaria, brings up an important point. 
Pulsed lasers should not be used for audience scanning applications. This includes lasers such 
as Q-switched Nd:YAG and copper vapor. The powerful pulses increase the potential hazard. 
This in turn makes it more difficult to properly  analyze the safety  hazards of beams which are 
also being scanned (pulses on top of pulses). 

For example, a 40W argon (continuous wave) and a 40W Nd:YAG (pulsed) both emit the same 
amount of energy. However, each 600 nanosecond YAG pulse has 70 times the energy  as the 
argonʼs beam, during the pulse duration. 

There have been only  three reported accidents in the past 30 years where multiple audience 
members have suffered confirmed eye injuries. In all three cases, pulsed lasers were used:

• In Israel, two teenagers in a club were injured. (They may have been intentionally staring 
at the beam.) As a result of the accident, Israel now requires specific laser training for 
show operators.

• In Bulgaria in 1999, 19 disco dancers were partially blinded, as listed in Rockwell case 
#400.

• Near Moscow in July 2008, 35 persons who attended the Aquamarine Open Air Festival 
went to hospitals and clinics complaining of problems with their eyes.7 A Russian laserist 
who spoke with the doctor who did the examinations stated that “normal sight was 
restored in all but four of those injured.” The four have “spots or other noticeable injuries.”8

Because of the increased hazard, the International Laser Display  Association requires its 
members to affirm that they  will not scan audiences with pulsed lasers.9  Throughout this 
document, it is assumed that only continuous wave lasers are used for audience scanning.

Real-world Exposures Well Over the MPE
In theory, the irradiance at the point of closest audience access should be below the MPE. 
However, Greg Makhov  (ILDA Safety  Committee chair), John OʼHagan (U.K. Health Protection 
Agency), James Stewart (Laser Visuals safety  consultancy) and many  others involved with laser 
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7 July 5 2008 Russian Incident, International Laser Display Association webpage available online at www.laserist.org/
2008-07_Russian-incident.htm. There are numerous other online sources with accounts of this incident. A video news 
report from a Russian TV station, with footage of the incident, clearly shows the dotted lines characteristic of 
scanning with a pulsed laser. The video is at http://news.ntv.ru/136097.

8 Timofeyev, A., Presentation at the 2009 ILDA Conference, Sept. 9 2008. A summary is online at www.laserist.org/
c2008-report.htm; scroll down to “ILDA Safety Workshop.” Dr. Timofeyev is with Orion-Art Production International in 
Moscow.

9 An exception is made for “very special conditions that have been reviewed and confirmed by a qualified and 
experienced laser safety specialist.” The affirmation goes on to note that “such special conditions are so rare that the 
general rule is to never allow audience scanning with a pulsed laser.”

http://www.laserist.org/2008-07_Russian-incident.htm
http://www.laserist.org/2008-07_Russian-incident.htm
http://www.laserist.org/2008-07_Russian-incident.htm
http://www.laserist.org/2008-07_Russian-incident.htm
http://news.ntv.ru/136097
http://news.ntv.ru/136097
http://www.laserist.org/c2008-report.htm
http://www.laserist.org/c2008-report.htm
http://www.laserist.org/c2008-report.htm
http://www.laserist.org/c2008-report.htm


displays have routinely  experienced shows which are clearly  well over the MPE. Makhov 
estimates that shows are routinely 25 to 100 times over the MPE.10

In fact, as discussed below, shows which are at or below the MPE tend to have dim and fuzzy 
beams. It is the natural tendency of a show producer to “turn up the brightness” and “make it 
sharper”, coupled with a feeling that “itʼs safe enough” which leads to shows that are well above 
the MPE.

If most shows are above the MPE, and some shows are very  far above the MPE, then why  are 
there so few injury reports?

Definition of “Injury”
A person must notice a change in vision in order to report a real or suspected injury.11 Thus, by 
definition, a reported injury would be due to a noticeable change.

It can be argued that audience scanning causes changes in the eye which are not noticed by 
the subject, but which are detectable during a detailed examination. For purposes of this paper, 
we shall call these “changes” but not “injuries”. If the change is not noticed except during an 
exam, it has no adverse effect on vision and we would not define it as an “injury”.

We are not aware of any  studies undertaken to find retinal changes in people who attend 
audience-scanning shows. Therefore, the primary  resource for estimating any  harm from such 
shows comes from injury reports. Since there are remarkably few such reports, this leads to the 
conclusion that audience-scanning laser shows are not a significant hazard -- despite many  or 
perhaps most shows being done at levels well beyond the MPE.

Potential Injury-Preventing Mechanisms
There are a number of reasons why deliberate audience scanning at laser shows is causing far 
fewer injury reports than one might initially expect.

MPEs have a built-in safety  factor. MPE levels are set roughly  10 times below the level at 
which a change could be seen in 50% of typical human eyes. Thus, if a person is exposed to a 
level of 10 times the MPE, there is still only  roughly  a 50% chance that a detectable change to 
the retina will be seen.
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10 Makhov did a detailed analysis of a show he attended. The projector had a nominal output of 3 Watts; due to color 
palette limiting and projector inefficiency, “a less conservative measure might suggest that only 1 Watt was projected 
at any one time.” Divergence was 1 milliradian, and he was located 25 meters away. For a static beam at this 
distance, the irradiance was 162 mW/cm2, or 65 times the average power MPE.
     Fortunately, the show was well-designed with no static beams in the audience. As will be seen later in this paper, 
the fact that the beam was scanning means the single-pulse MPE is more relevant. Makhovʼs calculations indicate 
the exposure at his location was 16 times the single-pulse MPE.
     Performers were much closer to the laser – about 10 meters. At this distance, the exposure was 75 times the 
single-pulse MPE.

11 This assumes the claim is not made under false pretenses; for example, to try and get a settlement for a pre-
existing injury.



Viewers are not  always looking at the laser source. In a disco or concert situation, the focus 
is not usually  exclusively  at the laser source. Therefore, direct laser light will either miss those 
looking away  from the source, or will enter the eye at an oblique angle and be focused on the 
periphery of vision.

Aversion response helps avoid serious injuries. The natural aversion response to bright light 
causes viewers to blink and/or move their head if light entering the eye is too bright. This 
reduces the potential harm from exposures longer than the nominal 1/4 second aversion 
response time.

Avoidance response helps avoid 
minor injuries. In addition to the sudden 
aversion response, viewers also take 
more subtle, often subconscious 
avoidance actions if the light is too 
bright. This has been routinely  observed 
at shows with bright lasers. As an effect 
is about to cross a viewerʼs face, they 
will move their head slightly, glance 
down, squint and/or blink.

Blocking the beam avoids any 
exposure. We have seen viewers 
deliberately  position themselves so 
another personʼs head, a column, or a 
similar obstacle blocks the direct beams 
coming from the projector. In such a case, most of the show can still be enjoyed.

Less light  is entering the eye than standards anticipate. Laser safety  standards are based 
upon a dark-adapted pupil size of 7 mm. However, most displays are not viewed as a single 
beam in total darkness. The pupil is constricted a bit, making a pupil size of 4-5 mm more likely. 
At 5 mm, the pupil lets in only  about 50% as much light as at 7 mm, and the pulse width is 
decreased by 30%. Both factors lead to a hazard reduction.

The pupil is relatively far from the laser source. In laboratory  and industrial accidents, the 
pupil is often within a meter or two of the laser source. In most displays the audience is much 
further away. This gives the beam more room to diverge.

There is a small chance of hitting a pupil. For example, the total pupil area of 100 persons in 
a nightclub (scan field of 10 x 10 meters) is roughly  1/25000 of the total area scanned by  the 
laser. Thus, any  randomly  positioned static beam would have only  a 1/25000 chance of directly 
hitting a pupil.

The audience is spread out. The MPE is calculated for the closest audience members. 
However, most viewers are farther away. They  receive less light for two reasons: 1) the beam 
diverges more and 2) the linear velocity  of a scanned beam increases with distance. Depending 
on the crowd depth, the beam power may  be much-reduced for audience members who are not 
in front.
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Avoidance response 

The avoidance response should be discussed further, as this is an important factor.

When the authors attend audience-scanning shows, they  watch the audience to see how they 
are reacting to the show. Often, as beams approach a personʼs face, the person will move their 
head or upper body  in the opposite direction. This reduces the exposure time. Other 
mechanisms seen are to glance, or to blink as the beam approaches the eye. 

An avoidance response is more subtle than the 1/4 second aversion response which occurs 
when bright light is flashed in an eye. The turning away  and the blink are not severe. But like the 
aversion response, the avoidance response may  be involuntary  -- viewers are not consciously 
aware of moving slightly to avoid the beam.

In a few cases, viewers deliberately  position themselves so another personʼs head is blocking 
the direct beams coming from the projector. (In such a case, most of the show can still be 
enjoyed.)

An interesting line of research would be to videotape viewers during audience-scanning shows 
of various powers and pattern designs. In shows which are too bright, many viewers will be 
seen using avoidance techniques.

Pulsed MPE is More Relevant For Scanned Effects
For a show  which meets laser safety  guidelines, irradiance at the closest point of audience 
access should be at or below the MPE. However, it is not accurate to use the average power 
MPE. 

As described earlier, by  scanning the beam, the exposure is reduced from 1/4 second (until the 
aversion response kicks in), to a shorter time on the order of a millisecond or less. A laser being 
scanned in a circle, to create a cone of light, is effectively  a pulsed source for the viewer who 
has the circle cross their eye. The viewer may experience one flash if the scanned pattern 
continues moving past their eye, or they  may experience multiple flashes if the scanned pattern 
remains at their eye location and they  do not move their head. The MPE then must be 
calculated as both a single pulse and as a multiple pulse.

The major challenge in analyzing show safety is that a show is composed of hundreds of 
effects. In addition, viewersʼ eyes may  be located anywhere in the scan field. Even if there were 
a “magic” exposure meter that could measure MPE at a single location, the show would have to 
be repeated dozens of times with the meter at different locations, just to give a first-order 
approximation of the showʼs safety.

Calculating Scanning Parameters
One of the co-authors (Makhov) has done extensive studies of scanning behavior as it relates to 
laser safety. He has looked at many audience-scanning shows and has determined the basic 
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parameters for audience-scanning shows.12 This analysis indicates that by  scanning the beam, 
the allowable exposure is from 4 to a maximum of 10 times greater than if the beam were static. 
Here is how he reached this conclusion:

By examining the computer signal sent to the galvanometer scanners, the minimum velocity  of a 
moving effect is found to be on the order of 10 radians per second. The maximum velocity  is 
about 1000 radians per second. The minimum distance from a projector is about 1 meter (in a 
small club or disco), while the practical maximum range is 10,000 meters.

Given that linear velocity  equals angular velocity  (10 to 1000 radians per second) times range (1 
to 10000 meters), the range of possible linear velocities (beam crossing a viewerʼs eye) is from 
10 meters per second to 10,000,000 meters per second. Makhov  states that this is “a large but 
manageable area.”13

From this, the range of pulse durations can be calculated. Assuming a 1 milliradian divergence – 
which is tight for laser projectors – the pulse duration is the beam diameter divided by  the linear 
velocity. The range of pulse durations is 2 milliseconds to 1 microsecond.

This is mostly  within the range of Thermal MPE values ranging from 10 seconds to 18 
microseconds. The MPE for the pulse is therefore 1.8 × t3/4 × 10-3 J/cm2. 

A table of MPE values for various exposure times is derived:

Exposure time MPE

1.0 second 1.8 mW/cm2

0.25 second 2.5 mW/cm2

0.01 second 5.6 mW/cm2

0.001 second 10 mW/cm2

18 microseconds 27 mW/cm2

Table 1. MPEs for selected exposure times

Makhov  first notes that a person exposed to bright light will have an aversion response. The 
accepted value is 0.25 second. After this time, the person has blinked and/or turned away. So, 
1/4 second is the longest exposure duration needing to be considered.

Next, Makhov  notes that “from 1/4 second to 1 millisecond, average MPE increases only  by a 
factor of 4” and “from 1/4 second to 18 microseconds, average MPE increases by  a factor of 
10.”

The result of this analysis is that by scanning the beam, the allowable MPE is increased only  by 
a relatively  small factor relative to the average power MPE. Makhov  states “Since the increase 
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12 Makhov, G. & Benner, W.R. A Safety System for Audience Scanning Displays. Presentation at the 2009 ILDA 
Conference, Sept. 9 2008. The PowerPoint slides are available from Makhov in PDF format.

13 Ibid. Quotes are from Makhovʼs PowerPoint slides.



in MPE as a function of scanning is small (only  4 to 10 times), scanning parameters are a minor 
factor. To stay  within the MPE, the accessible irradiance is the major factor.” (Emphasis in the 
original.)

This leads to two important conclusions:

• Show measurement is vastly simplified. The show operator only needs to measure the 
accessible exposure at the point of closest audience access. If the operator sets the power 
to about 10 mW/cm2 (four times the 2.5 mW/cm2 average power MPE), this will 
approximate the single-pulse MPE limit for the audience-scanning portion of the show.14 
This simplification assumes the show has been designed so effects are kept moving, and 
the scanned shapes are smooth with no “hot spots”.

• Increasing divergence allows power and visibility to be increased. Show operators 
can increase the laser power, and thus the beam visibility, by increasing the beam 
divergence. The key is to keep the irradiance under the MPE. The best technique is to use 
a beam with 5 to 10 milliradian divergence. Beyond about 10 milliradians, the beam 
becomes too fat and fuzzy. In Makhovʼs view, a show using “a high divergence beam with 
more power ʻlooks betterʼ than a low divergence beam with less power.”

Other Safety Steps
Some laser show producers attempt to increase safety by  automated means. For example, 
electronic circuits can be used which terminate laser output if scanning stops. This does not 
affect the overall exposure – whether scanned beams are above or below  the MPE –  but it 
does protect against a failure that could cause static beams to enter the audience.

Such “scan-fail” circuits monitor the velocity  signal at the galvanometer. To provide safety, the 
scan fail detection circuit needs to cut off the laser within at least 10 milliseconds, and preferably 
within 1 millisecond. Not all commercially-available circuits have such a fast response.15 Scan-
fail devices can have other drawbacks as well.

First, many audience-scanning shows use full-power beams for non-audience areas, with a 
lower power being used in the audience area. Most scan-fail circuits look at the scanner velocity 
without regard to beam location. They  will cut off any  static beam effects that might be used in 
the non-audience area.

Also, scan-fail circuits may not detect when the beam is moving but the effect is unsafe. A 
simple example is a shape consisting of two dots. The laser scans between the dots, so the 
circuit sees it as having velocity. Yet it is not safe to have essentially  two stationary  beams, each 
with 50% of the projector output power.
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14 This finding, that the increase in MPE due to scanning is about a factor of four, is echoed by laser safety expert 
John OʼHagan. He states “our experience with a range of moving effects is that scanning instead of static beams only 
makes the beams ʻsaferʼ by about a factor of 3-5.”  See OʼHagan, J. Laser Roundtable Panel: Audience Scanning and 
Safety, conducted by ILDA. Available at http://www.laserist.org/laserist2008/roundtable.htm

15 Any functioning scan-fail circuit is better than nothing. Even if the response time is slower than 10 milliseconds, it is 
likely to be much faster than a human operator can notice failure and shut off the beam.

http://www.laserist.org/laserist2008/roundtable.htm
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More sophisticated systems have been developed. To give one example, the Pangolin 
Professional Audience Safety  System meets the demanding requirements of the U.S. Center for 
Devices and Radiological Health (CDRH), which reviews American laser show projectors and 
show setups. PASS uses redundant analog circuits “to continually  monitor the laser power, 
scanner signals, and other projector-related parameters .... in a very intelligent way so as not to 
destroy the intended visual effect.”

Other companies market devices intended for audience-scanning use. To give two examples, 
LOBO has a “Laser Safety  Measurement System” used to measure audience exposure, while 
Eye-Magic produces the IRIS Safe scan-fail circuit which has provisions for allowing full-power 
beams over the audience while monitoring and protecting beams in the audience.

Anyone intending to use scan-fail circuits and/or monitoring systems for audience scanning 
needs to understand their capabilities and limitations. Such systems are not at the “set and 
forget” stage yet. And the input laser show still needs to be designed with audience scanning in 
mind (e.g., no static beams in the audience area).  

The Problem with Audience Scanning at the MPE
Thus far, we have described how audience scanning can be done, relatively  easily, within the 
MPE.

The problem with this is that the effects are relatively  dim. They  need to be viewed in a space 
that is almost completely dark. The increased beam divergence causes “fuzzy” beams with soft 
planes and cones of light. Some feel that the show is less exciting to audiences.

In the photo at right,16 beams above 
the audience have powers above the 
MPE. Beams going into the audience  
are below the MPE. The difference in 
brightness is readily apparent. The 
green beams above are bright, sharp 
and well-defined. The blue beams 
are soft (due to using a lens to 
increase beam divergence), and the 
portion of the beams which are in the 
audience are also dim (due to using 
software which lowers irradiance 
when the beams are below a 
specified height).

This illustrates the primary  reason 
why  so many  shows are well above 
the MPE: they look more like the top 
of the photo above, than the bottom half. Beams above the MPE are brighter and sharper. Just 
as people turn up the volume when they  hear a song they  really  like, laser show producers 
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16 Photo taken at the Nov. 2007 ILDA Laser Theater, during the Lighting Dimensions International trade show in 
Orlando. This was one of the first public demonstrations of CDRH-approved audience scanning using the Pangolin 
Professional Audience Safety System.



increase the power to make the show more exciting. Unfortunately, most show producers do not 
measure their shows, or they  rely  on incorrect “seat of the pants” assumptions, so they  have no 
real idea of how far above the MPE they are scanning.

An important secondary  reason shows are well above the MPE is the paucity  of injury  reports. If 
audience members were to complain to show producers or venue owners about the lights being 
“too bright”, or if they  were to file injury  claims, this would lead to changes. No one wants to 
present shows which are unpopular or could lead to costly legal actions.17

Risk Assessment

Risks from common activities

All of us have participated in potentially  injurious activities; for example, playing sports, going 
hiking or camping outdoors, riding bicycles, etc. Most of us have experienced some sort of injury 
at times, ranging from cuts and bruises to broken bones or possibly  worse.18 Usually, the injury 
eventually  heals. Often there is a scar, skin blemish or other detectable remnant of the injury. 
Despite suffering visible injuries, we continue to play sports, or go camping, or ride a bicycle, or 
whatever. Minor injuries are a normal and accepted part of doing interesting, enjoyable things in 
life.

This is not to argue that changes or even injuries to an eye due to laser exposure should be 
cavalierly  accepted. The point is that everything we do has a risk/benefit ratio. Individuals 
choose activities based on their personal risk assessment. The goal is to manage and minimize 
the risk, not to eliminate or water down the activity to bland nothingness (e.g., allowing only 
touch football, staying indoors, or requiring outboard training wheels on all bicycles). 

Audience perception of laser show risk

People clearly enjoy  audience scanning laser shows. At entertainment trade fairs we attend, 
often the largest crowds can be found at the stands of laser show companies who perform 
elaborate audience scanning shows every hour, as shown in the photos in the Introduction 
section.

Certainly  the audience is aware that lasers are being used. From exposure to movies and TV 
shows, they may  have a pre-conception of lasers as dangerous, devastating weapons, able to 
disable or kill with a single blast. Yet they willingly stand in an area where they  are scanned one 
or two dozen times with bright laser beams.
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17 In July 2008, after widespread news accounts of the injuries caused by the Aquamarine rave near Moscow, many 
ILDA members were contacted by concerned clients. Clients wanted to know if the ILDA membersʼ shows were 
actually safe (e.g., not using pulsed lasers as Aquamarine did). More relevant for this discussion, clients were also 
very concerned whether the shows were perceived as safe by audience members. A few clients cancelled already-
contracted for shows, because they felt that audiences would fear the laser beams. Note that just one reported 
incident was able to cause skittishness and cancellations. Obviously, clients would not want audience-scanning laser 
shows if they or their audiences perceived the shows as unsafe.

18 To give just one example, the U.S. CPSC estimates that in 1998 there were more than 1,000,000 “medically-
attended” sports-related injuries to persons in the 35-54 age group. Despite such large numbers of injuries, 
participant sports remain very popular. CPSC data from Baby Boomer Sports Injuries, 2000. U.S. Consumer Product 
Safety Commission, p. 2.



The reason for this behavior is that viewers are making a risk assessment. They  subconsciously 
evaluate a number of risk factors. They are “voting with their feet” that the risk is low  compared 
with the benefit of seeing a spectacular show. Factors being considered include:19

• Voluntary exposure vs. involuntary: “Can I choose to watch the show, or is this 
something I am required to do?”

• Single-person injury vs. multiple persons: “If an injury occurs, will it happen to one or a 
few audience members, or to everyone at once?”

• Common vs. unusual: “Is exposure to bright lights something Iʼm familiar with, or is it 
something I dread (example: nuclear radiation)”

• Non-fatal vs. fatal: “What is the worst that can happen to me?”

• Immediate vs. delayed: “If there is an injury, will I notice it immediately, or will it occur 
hours or days later?”

• Controllable vs. uncontrollable: “How much control do I have over the risk? Can I leave 
or take other action such as turning away or masking the direct beam?”

• New vs. old: “Is this something novel that Iʼm not familiar with? Or have I heard about and 
seen laser shows so I am generally aware of the risks?”

• Known vs. unknown: “Have I read about injuries, or potential safety concerns? Or have I 
never seen anything about laser show injuries or hazards?” 

Clearly, they assess the risk as low or else they  would not remain in the audience area. Based 
on the small number of injury reports, there is a high probability that they are correct.

Analogies with similar risky activities

Audience scanning laser shows are most popular in venues such as discos, nightclubs and rock 
concerts, where patrons willingly participate in activities which feature a number of potential or 
actual risk factors:

• Sound systems can be painfully loud and are known to cause hearing damage. It is 
common for patrons to have “ringing ears” the morning after exposure to loud music, 
indicating hearing damage. In fact, a single evening too close to a speaker can cause 
permanent hearing damage. Yet there is no move to have completely ear-safe volume 
levels at all musical performances. Patrons have determined that the potential loss of 
hearing is not as important to them as the enjoyment of loud levels of sound.

• Alcohol consumption is widespread. Often, it is consumed to excess.

• Smoking is commonly allowed in many countries.

• Drugs may be illegally consumed, especially at raves.

• Patrons may engage in risky behavior after the show, such as inebriated driving.
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19 These factors are adapted from Paul Slovicʼs book The Perception of Risk, Earthscan Publications Ltd., 2000.



This is not to suggest that “anything goes” with laser power levels, just because “anything goes” 
with sound levels or alcohol consumption. But it should be recognized that those who patronize 
discos, nightclubs, concerts, etc. will accept a certain level of increased risk.

In fact, the risk may  be part of the attraction. A disco with moderate, OSHA-approved sound 
levels and that serves only soft drinks will have very few patrons.

Further, patrons have control over risks. If high sound levels are a concern, they can move to 
the back of the room or wear earplugs. If they  prefer not to drink or smoke, patrons can abstain. 
Similarly, if a person wants to avoid laser exposure, they  can move their head, glance away  or 
blink as direct beams approach them (these actions may  be involuntary and unnoticed), they 
can block the direct beam with their hand, or they can stand outside the audience-scanning 
zone. In the latter two cases, they still enjoy most of the show while having no direct exposure.

ILDA believes that patron-initiated risk assessment is an important factor responsible for the 
lack of eye injury reports, even from shows that are well over the MPE.

Finding the Right Balance
The International Laser Display  Association has wrestled for years to balance safety, artistic, 
and commercial concerns. Given the choice of two shows, one with fuzzy  beams below the 
MPE, and one with bright, thin beams above the MPE, viewers and clients will prefer the latter. 
(If a show is too far above the MPE – too bright – it becomes unpleasant to experience the 
direct beams. Even then, there are plenty  of audience members who will attend such shows, 
perhaps because they compensate by taking avoidance actions when the beam comes near.)

Even at our own conferences, which tend to alternate between North America and Europe/Asia, 
ILDA has seesawed. In the U.S., conference hosts have presented CDRH-legal, below-the-MPE 
displays which exasperated European members (“You ruined my  show! No one could see the 
effects!). In Europe, conference hosts have done rehearsals at below-the-MPE levels, but then 
they turned up the power significantly  for the performance, to match how the shows were 
presented in their original form.

ILDA’s position on audience scanning

ILDA currently has the following position on audience scanning:

• Shows which are below the MPE should be encouraged whenever possible. However, 
these tend to be dim and fuzzy which makes them less artistically satisfying (and less 
commercially viable).

• Shows which are somewhat above the MPE are safe in the empirical sense of leading 
to very few (if any) legitimate reports or claims of injuries. Significant reasons were listed 
earlier; these include: less laser light entering the eyes than is assumed under current 
standards; actions taken by audience members to reduce exposure, and the built-in safety  
margins of the MPE concept. Audiences enjoy these shows, and they are probably the 
most common type of show done throughout the world.

• Shows which are significantly above the MPE should be completely banned. These 
shows are uncomfortable for audiences, they reflect a lack of concern and/or knowledge 
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about safety issues, they may be causing changes and perhaps injuries (though still very 
minor, given the lack of reports), and they are not good for the image of responsible laser 
show operation. Unfortunately, there are far too many shows where the MPE is clearly 
being exceeded by a factor of 25 to 100 or more.

We also note that too many  laser show producers do not accurately know how much power they 
are putting out. They use seat-of-the-pants methods to essentially  say  “well, this show does not 
look too bright to me.”

As one way  to try  and improve safety, ILDA has developed a list of basic principles of laser 
show safety. All members are required to affirm that they have “read, understand and 
acknowledge” the principles.20  Sections 8-10 state that audience scanning should be done in 
accordance with applicable laws, regulations and standards; that pulsed lasers should not be 
used; and that appropriate measurements should be taken.

A New Approach to Audience Scanning
Based on all the information presented in this paper, ILDA is therefore proposing a new 
approach which leads to greater overall safety than todayʼs situation. We suggest that there be 
two types of audience scanning shows:

Shows below the MPE would of course be allowed, just as they are today.

A new category  of show would allow shows with levels up to ten times the MPE, under specified 
conditions which include safe show content, accurate measurements of the beam, cautionary 
warnings to the audience, and increased liability  exposure. In exchange for this, audience 
scanning would be banned at any level above ten times the MPE.

This could be considered a compromise between those who want only  MPE-level shows, and 
those who feel that todayʼs higher-than-MPE shows are effectively safe. A key benefit of this 
proposal is that all shows would have to be measured, to accurately  know the showʼs power. 
Any really high powered show (greater than 10x the MPE) would be banned completely.

We call the first type of show  “Level 1” and the second type “Level 2”. Here are details about 
these two levels.

Level 1 Show: Below the MPE (similar to current practice)

A “Level 1” show does not exceed the MPE limits. A quick and easy-to-measure approximation 
is to set each laser projector so it does not exceed 10 mW/cm2 in the audience area, when 
measured as a static beam at maximum show power, at the point of closest audience access.

A scan-fail circuit should be required which can detect and terminate a static beam in the 
audience area within 1 millisecond. There must be a trained laser show operator continually 
monitoring the show who will shut down the beam in cases of scan failure or other increased 
hazard. For increased flexibility, a more advanced analysis can be performed, taking into 
account scanning speed and patterns, effective scan-fail safeguards, automated monitoring, or 
other means as long as equivalent or better safety is provided.
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http://www.laserist.org/safety-basics.htm
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A Level 1 show does not need to have any  signage or other indication for audience members 
that lasers are in use.

If there is any  legal action against the laser show company  (e.g., by  someone claiming an 
injury), and the laser show company  can demonstrate that they took accurate measurements 
correctly  indicating their static beam was within the stated Level 1 limits, then the burden of 
proof is on those bringing the suit to prove that the injury was caused by the laser show.

Level 2 Show: Greater power in return for greater responsibility

A “Level 2” show is allowed to exceed the MPE limits by  a factor of ten. Specifically, the 
exposure limit is raised to 100 mW/cm2 for a static beam. As with Level 1, there must be a 
scan-fail circuit, and the show must be continuously monitored by a trained laser show operator.

A Level 2 show must post signage with wording such as “Caution: Extra-bright laser lights in 
use. Avoid direct exposure to beams.”21 If audio announcements are normally made before the 
event (such as at a concert), then there must also be an audio warning to the audience that 
“Extra-bright lasers will be used. Do not stare directly into the beams.”22

If there is legal action against the laser show company, the burden of proof is on the laser show 
company  to demonstrate that 1) they  were no greater than 10 times the MPE and 2) that the 
laser show did not cause the claimed injury.

Certainly, there will be venues and clients which are “scared off” by  the Level 2 requirements. 
For example, corporate clients and amusement parks may  be more comfortable with Level 1 
shows. This is fine; Level 2 is intended for discos, nightclubs, concerts and other venues where 
audiences may  already  be accepting (or even welcoming) a higher level of risk and a greater 
degree of personal risk management.

Non-measured shows are not permitted

It is important to note a corollary  of the above proposal. All audience scanning shows must be 
measured. It does not matter which Level, 1 or 2, is in use; the irradiance at the audience must 
be accurately known before the show starts.

This is a significant improvement over current practice, where many  audience scanning shows 
are not adequately  evaluated. The laser power is simply  adjusted until “it looks good”. Under the 
Level 1/Level 2 proposal, no audience scanning is permitted unless the power is known.
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21 This is similar to the warning signs that are posted at amusement parks, such as “Ride at your own risk. Persons 
with heart conditions or a fear of heights spaces should not go on this ride”. The signs give additional information to 
willing participants, without preventing everyone from riding. The signs may also help in liability cases, to demonstrate 
that participants were warned in advance of the risks.

22 Such warnings may have real benefits. In the few cases where an audience member had a proven, severe eye 
injury, often a key factor is that the person deliberately stared into a beam. (This may be due to intoxication or simply 
to poor judgment.) Warning signs and announcements are one way to try and reduce even these small number of 
cases.



Simplifying Audience-Scanning Projectors
The Level 1/Level 2 requirements may be relatively  easy  for full-time laser show professionals 
to achieve. They have, or can easily  gain, knowledge of how to accurately  measure the static 
beam and how to adjust the projector to achieve the required limits.

However, this is not so easy  for users of increasingly  popular mass-produced laser projectors 
that run off the DMX standard used by  lighting consoles. Such a person may  be a mobile DJ or 
a disco owner who goes to eBay  or other Internet sources to purchase a “plug-and-play” DMX 
laser projector. They may  not be aware of, or want to comply  with, restrictions on audience-
scanning. Since the laser projector looks and works like a standard lighting instrument, the 
buyer may aim it at the audience in the same way.

To help improve safety in this situation, ILDA proposes that laser projectors can have an 
optional user-activated audience-scanning mode. This can be done by sliding a lens in front of 
the output, by electronic controls, or by  any  other means so that the maximum laser power is 
known at a given distance from the projector. The projector will have a permanent label stating 
the distance, such as “Approved for Level 1 audience scanning when lens is inserted and laser 
is at least X meters from the closest point of audience access.” Also, when in audience-
scanning mode, a scan-fail circuit capable of detecting and terminating laser output within 1 
millisecond would be required.

There may  need to be an upper limit on the output power of such a “consumer-level” laser 
projector.23  It is intended for discos, nightclubs, hotel ballrooms and other relatively  small 
venues where someone with limited laser knowledge might install a mass-produced laser in the 
same way  they  buy and install a lighting instrument. It is not intended for concerts, stadium 
shows and other venues requiring high powered lasers.

Other considerations for audience-scanning projectors

Here are some additional implementation notes:

• The distance requirement stated on the label is for the laser with the power turned up to 
maximum. The user of course may turn down the power if desired.

• A projector may  come preset with no user safety  adjustments other than turning down the 
beam power. In such a case, the labeling is simple (see example immediately above).

• A projector may  be user-adjustable to give options such as unrestricted output, Level 1 at 
30 meters output, and/or Level 2 at 30 meters output. Such adjustability  is acceptable as 
long as it is made clear to the user what the closest acceptable Level 1/Level 2 distance is 
to the audience, in each mode.

• The buyer or end-user is legally  responsible for correct implementation. For audience 
scanning, they shall not operate the laser at a closer distance than what is indicated on the 
laser projector.
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23 ILDA has not at this time considered what might be a reasonable upper limit. A very rough approximation might be 
500 milliwatts.



One advantage of this system is that it makes it much easier for non-experts such as a disco 
owner to check whether an installation is safe. They  merely  note the indicated distance on the 
projector, and measure to the point of closest audience access. (For a full safety  inspection, the 
beam irradiance should of course be measured directly.)

Summary
In an audience-scanning laser show, viewers are surrounded by  beautiful, futuristic light 
patterns, moving to music. As an unintended side effect, laser light scans across viewers eyes 
roughly  one or two dozen times per show. The irradiance at the point of closest viewer access 
should be below the lowest (safest) applicable MPE: average, single-pulse or multiple-pulse. 
However, MPE-level effects tend to be dim and fuzzy.

Current practice is for shows to be over the MPE, and often well-over by a factor of 25 to 100 
times or more. Fortunately, injury  claims are very rare, both on an absolute scale (a few  per 
year) and compared to other entertainment activities such as amusement park rides. It is likely 
that there are a number of mechanisms that reduce exposure below that which is assumed by 
current standards and regulations.

By analyzing shows, it can be shown that scanning reduces the exposure by  4 to 10 times 
compared with the same beam in a static condition. This is because the scanned beam is seen 
as pulses as it crosses the eye. Thus the single-pulse or multiple-pulse MPE applies.

This knowledge makes it much easier to set up  a safe audience scanning show, by measuring 
the static beam at the point of closest audience access. Beam power is lowered (or, preferably, 
divergence is increased) until the irradiance is four times that of the static MPE. (Additional 
analysis can be done to confirm that effects do not have hot spots, that any scan-fail circuit 
works as intended, etc.)

ILDA recognizes the tension between those wanting MPE-level dim and fuzzy  shows, and those 
wanting to continue doing brighter, more impressive (and commercially  viable) shows. We note 
that current shows (even those well over the MPE) do not appear to be causing significant 
numbers of injuries, that there are mechanisms which reduce exposure (avoidance, smaller 
pupil), and -- especially  -- risk acceptance by  the audience. Many audience-scanning shows 
take place in environments where risks such as loud music and drinking are accepted and even 
sought out.

ILDA therefore proposes allowing “Level 2” shows which can be up to 10 times the MPE, if 
patrons are cautioned to avoid direct viewing and if liability  burden of proof is on the operator. 
Shows above 10 times the MPE would be prohibited.

Finally, ILDA proposes a method for “plug and play” mass-produced laser projectors to have an 
audience-scanning mode which is easy for just about anyone to understand and implement.

ILDA understands that these proposals may  not find their way  into standards and regulations -- 
certainly not anytime soon. ILDA may modify  the proposal based on additional comments and 
analysis. But we put forward these observations in the hope that they can stimulate some 
interest and discussion among everyone involved: laser show producers, clients hiring laser 
shows, laser safety experts, and regulators.
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