Evaluating Audience Scanning Effects

Moking Shows Sofe
And Enjoyable
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Armed with the proger equipment andd
an understanding of the theory belund Laser
exposure limits, it is possible to determing
whether a show that deliberately scans the
audicnce is safe. In past Laserisy amicles, |
have reviewed safety measurement devices.
This aricle discusses the basics of how to
cvaluate effects and shows. For more de-
failed, step-by-step instructions (including
formulas wsed im MPE calculations and tips
fior use in the field), please see an expanded
version of this anticle at the ILDA Web site:
W ilda wa. arg,

One fundamental safety concept is that
the cye needs time to recover from bright
light. For example, of vou view an audi-
ence scanning show, pay close attention to
your vision as various effects cross your
eves, Effects that leave a strong afierim-
age are artistically unpleasamt and detract
from the show. In general, effects that leave
afterimages may also exceed safory limits.

These limits are expressed by safety
authorities as “Maximum Permissible Ex-
posure” (MPE) levels. There is no single
“safe level.” For audience scanning shows,
the key MPE levels are: Single-Pulse MPE,
Multiple-Pulse MPE, and Average MPE.
The show must be under all three limits wo
be considered safe.

Evaluating a Tunnel

To understand why these three factors
wre used, consider a simple effect such as a
lnser winnel—a circle projected onto the
pudience, The safety level of this effect can
be determined from the beam power, the
beam diameter (a spread-out beam is safier
than a tight beam), and the scan rate (how
quickly and often the beam scans the eved,

For this example, let's say the laser beam
power is 250 mW, its diameter at the ¢los-
est audience access point 15 55mm, and the
cirele is scanned 60 times per second

For safety analysis, consider your pupil
diameter to be Tmm, the internationally rec-
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ognized diameter for a dark-adapted eve.
Since the beam diameter 15 larger than Tmm,
ofly a portion of the beam enters the eye.
Orur first task 15 to caleulate the power of
the laser’s light entering a Tmm pupil. This
irradiance, or power in a given area, is
10, SmW em?. This, we have 10.5 mW/em®
entering a pupil 60 times per seoomd,

Single Pulse Exposure

Thie circle effect can be considered an-
other way, as a single laser spurce pulsing
anand off. Each time the beam scins across
the eye, we have a “pulse’™ of laser light.
The “palse width” is the length of time the
light is in the eye. When viewing a scanned
effizet, vour eye is typically exposed to mul-
tiple pulses because the laser projector scans
the same pattern over and over again,

Pulses are important for two reasons: the
eyve can withstand more power if the pulse
width is shorter; and the eye neads time 1o
recover from each pulse. A single power-
ful, short pulse can be safe ifthe reting does
not absork a 1ot of energy. But if pulses
come o quickly there is insufficient time
Lo recowver, This is why there is o Multiple-
Pulse MPE as well as a Single-Pulse MPE.

Average power is also important, In the
circle example, 250 mW is spread out by

scannimgg over a large area. If the circle cir-
cumlerence is T meters, or 1,000 times the
Tmim pupil aperture, ihe average power re-
ceived at the pupil is 1,000 times less, or
025 mW. Average power, along with the
total time an effect lasis, is used when de-
termining the Average MPE.

To properdy evaluate whether a show
meets the three MPE limits, it must be
plaved back on a computer. Taped shows
{e.g.. ADAT) cannot be used since effects
canmot be paused toallow precise measure-
ments 1o be laken

To evaluate a shaow, it must first be run
a number of times o determine particu-
larly bright and hazardous effects. Then,
the effects are paused and the brightest part
of each effect (emplasized comers or over-
lapping lines) 15 measured,

It s easiest 1o use specialized meters that
take measurements and automatically com-
pare them to the MPE limins, All you do 1s
place the detector in the brightest pant of
the effect; the readout provides numeric
results, plus a “pass/fal”™ imdication. Such
meters reviewed in the last two issues of
the Laserist are: the Laser MPE by Preci-
gion Optical Engineering and the LMS5-2
by LOBO electromi,

If vou do not have one of these melers,



wou can use a calibrated power meter, a
fast silicon detecior, an oscilloscope and a
calculator o determine these key factors:
irradiance (raw laser power divided by areal;
pulse widih (single pulse length): and pulse
repetition rate (pulses per second). The re-
sults are then “plugged into” the MPE for-
matlis o see il the effect exceeds the limits.
If any MPE limit is exceeded, the effect is
considered unsafe,

In the circle example, the imadiance is
10,5 mWiem?®, the pulse width is 100 mi-
croseconds (the time it takes the beam to
scan onge across the pupil) and the pulse
repetition rate is 60 pulses per second.

Using the Formulas

Applying the Single-Pulse MPE formula,
the limit for a 100 microsecond pulse 15
found o be 18 mWiem®. Since the imads-
ance of the beam is only 105 mW/emd,
this test is passed, Applying the Multiple-
Pulse MPE formula, the limit ai 60 Hz is
reduced o 36 mWem”™. Qur effect excoeds
thiz, a% the irradiance is 10.5 mWem® for
each pulse. We don't have to continue, since

the effect exceeds the Multiple-Pulse MPE
and 15 therefore considered unsafe. How-
ever, for completeness we'll caleulate the
Average MPE as well,

Total Exposure Time

We previously determined the average
power was (.25 mW, To see if this iz be-
low the Average MPE we must consider
how long the circle effect lasts, since there
are different Average MPE limits fior dif-
ferent exposure times. Ten seconds is the
minximum time used for this caleulation. *
Applying the formula gives an Average
MPE limit for 10 seconds of 1| mW/iem’,
Since the average power of this effect is
0.25 mW, this test is passed.

If an effect exceeds an MPE limit {as
our circle does), you can lower the laser
beam’s power, enlarge the beam diamcter,
or spread the light out more by adding maore
complexity to the image.

Enlarging the beam is more effective
than reducing the laser’s power. This is be-
cause of the inverse square law: doubling
the beam size makes the irradiance four

times lower; tripling the size makes the ir-
radiance nine times bower, The beam may
appear “fuzsier” to the audience, but less
light will enter the pupil at any one time.

Remember that MPE measurements ane
only part of the total safety package. You
miust also consider possible falure maodes
and provide appropriate control measures.
These include keeping the audience Frorm
getting too close to the projector (hefore
the beam has sufficiently diverged) and in-
corporating scan-fail intedocks that shut
off the beam in case scanmng stops,

* Siricily speaking, exposure firmes for the mmd-
tiple-pulse MPE and average MPE should be for
e whiode show, whilch cowld be am howr or more.
This i ppaperarction] fo meanure or enforce for o
fepical shawe an i woirld Feguiee o measurement
af every effect in the show for the leapth of tha
eifiect and a tabulation of the iotal exposios s
Jow i wffecis, fevtead, Bridish expents have cos-
clindedd that @ [ 0-second window per effect is s

ficient. ifncae of the merswred efects exceed the
MPE for a | 0-second exposure, then the entine
show can reassmably be assumed o e bt
the MPE foee Weh article for mare defails).
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