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1)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOBIOLOGICAL SAFETY OF LAMPS AND LAMP SYSTEMS -
Part 5: Image projectors

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 62471-5 has been prepared by IEC technical committee 76:
Optical radiation safety and laser equipment.

The text of this standard is based on the following documents:

FDIS Report on voting
76/519/FDIS 76/521/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

« reconfirmed,

« withdrawn,

« replaced by a revised edition, or

o amended.

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

Most lamps and lamp systems are safe and do not pose photobiological risks except under
unusual exposure conditions. This also is the case for optical image projectors where
experience shows that even high power cinema projectors may be safe for accidental
momentary viewing and can only under some conditions pose optical hazards at close
distances or for intentional 'long-duration' staring into the source. The rapid development of
solid-state and other lamps or lamp systems has permitted new projector products, and
generated the need for a photobiological safety standard for this group of lamp systems.

Optical radiation hazards from all types of lamps and lamp systems are currently assessed by
the application of IEC 62471:2006 (CIE S 009:2002), Photobiological safety of lamps and
lamp systems. |IEC 62471 covers LEDs, incandescent, low- and high-pressure gas-discharge,
arc and other lamps. Following the concept of vertical standards, the risk group classification
system in IEC 62471 for lamps is to be adapted for specific product groups such as image
projectors.

This part of IEC 62471 provides a risk group classification system for image projectors, and
measurement conditions for optical radiation emitted by image projectors. It includes
manufacturing requirements that may be required as a result of an image projector system
being assigned to a particular risk group. Therefore, this part of IEC 62471 provides safety
requirements for lamp systems that are intended to produce projected visible optical radiation,
such as theatre projectors, data projectors and home-use projectors. The assigned risk group
of a projector product also may be used by projector manufacturers to assist with any risk
assessments, e.g. for occupational exposure in workplaces. National requirements may exist
for the assessment of products or occupational exposure.

The emission limits provided in this part of IEC 62471 are derived from the exposure limits
specified by ICNIRP in their 2013 Guidelines for incoherent visible and infrared radiation [1]1.
These exposure limits are also the basis for the emission limits to be specified in the future
International Standard IEC 62471-12.

1 Numbers in square brackets refer to the Bibliography.

2 Revision of IEC 62471:20086.
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PHOTOBIOLOGICAL SAFETY OF LAMPS AND LAMP SYSTEMS -

Part 5: Image projectors

1 Scope

This part of IEC 62471 provides requirements regarding photobiological safety of the optical
radiation emitted by image projectors. This part of IEC 62471 does not deal with other
hazards such as electrical, mechanical or fire hazards.

This part of IEC 62471 provides requirements regarding:

« optical radiation safety assessment of image projectors;
e projector risk groups;
« testing conditions and measurement conditions;

o manufacturer’s requirements including user information.

The scope of this part of IEC 62471 is photobiological safety of image projectors including the
emissions from laser-illuminated projectors that fulfill the requirements as specified in
IEC 60825-1:2014, 4.4 and for which visible light emission has been excluded from
classification in IEC 60825-1.

This part of IEC 62471 does not address safety requirements for laser display products where
collimated laser beams — generally scanned — are employed. It does address those laser-
illuminated projectors that employ a laser source to illuminate, for example, a micro-electro-
mechanical system (MEMS) without scanned beams or crystal-based display projector system.

NOTE Image projectors containing lasers are subject to those provisions of IEC 60825-1 applicable to the
embedded laser. See IEC 60825-1:2014, 4.4 for which visible light emission has been excluded from the laser
product classification.

This part of IEC 62471 includes projectors for only visible image projection and does not
include ultraviolet (UV) projectors, infrared (IR) projectors, general lighting service (GLS)
lamps (GLS; defined in IEC 62471) or projector lamp systems used for general lighting, which
are treated in separate International Standards.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 62471, Photobiological safety of lamps and lamp systems

IEC 60825-1:2014, Safety of laser products — Part 1: Equipment classification and
requirements

IEC 60050 (all parts), International Electrotechnical Vocabulary (available at
http://www.electropedia.org)

IEC 60950-1, Information technology equipment — Safety — Part 1: General requirements
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IEC 60065, Audio, video and similar electronic apparatus — Safety requirements

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 62471,
IEC 60050-845 [2] and the following apply.

3.1

accessible emission

AE

level of radiation determined at a certain distance from the product and with measurement
conditions described in Clause 5

Note 1 to entry: The accessible emission is compared with the AEL (see 3.2) to determine the risk group of the
product.

3.2

accessible emission limit

AEL

maximum accessible emission permitted within a particular risk group

3.3
angle of acceptance

I4
plane angle within which a detector will respond to optical radiation

Note 1 to entry: The angle of acceptance is usually measured in radians (Sl unit).

Note 2 to entry: This angle of acceptance may be controlled by apertures or optical elements in front of the
detector. The angle of acceptance is also sometimes referred to as the field of view (see 3.12).

Note 3 to entry: The angle of acceptance should not be confused with the angular subtense of the source
(see 3.4) or the beam divergence.

3.4

angular subtense

a

visual angle subtended by the apparent source at the eye of an observer or at the point of
measurement

Note 1 to entry: In this part of IEC 62471, subtended angles are denoted by the full included angle, not the half
angle.

Note 2 to entry: Sl unit: radian.

Note 3 to entry: The angular subtense a« may be modified by incorporation of lenses and mirrors as projector
optics, i.e. the angular subtense of the apparent source may differ from the angular subtense of the physical
source.

Note 4 to entry: The limitations of « in this part of IEC 62471 are:

For continuous wave: o =0,1rad, a = 0,001 5 rad.

min

For pulsed emission: ¢, is described in Table 7, ¢_; = 0,001 5 rad.

3.5
cinema-use projector
image projector used for projection in theatrical environment

3.6
consumer product
item intended for consumers or likely to be used by consumers, even if not intended for them
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Note 1 to entry: Products provided in the framework of a service to consumers are also considered to
be consumer products.

Note 2 to entry: RGS3 products are intended for professional use only, and are not intended for consumer use.

3.7

continuous wave emission

CW emission

emission of a projector which can be considered continuous when the output is continuous for
times greater than 0,25 s and the peak radiated power is not higher than 1,5 times the
average radiated power

3.8

data projector

image projector system using digital imager(s) routinely employed in offices, meetings and
sales presentations

Note 1 to entry: Examples of data imager are MEMS and liquid crystal based display.

3.9
exit pupil
image of the aperture stop which also functions as a virtual aperture of the projection lens

Note 1 to entry: The position of the apparent source is located at the apparent position of the exit pupil
(see Figure 1).

Lens front

Exit pupil
Aperture stop /

Screen

“ Origin of measurement
—(/{ distance (see 5.2.2)

Distance used for “Throw Ratio”
\ i J

Projection lens

Y

Projector IEC

Figure 1 — Exit pupil in projector

3.10

exposure limit

EL

maximum level of exposure of optical radiation to the eye or skin that is not expected to result
in adverse biological effects

Note 1 to entry: These ELs are used to determine hazard distances with respect to photobiological effects.

3.1

exposure to limit ratio

ELR

ratio of the exposure level and the exposure limit
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Note 1 to entry: Since both values can be functions of distance and exposure duration, the ELR can depend on
exposure distance and exposure duration.

3.12
field of view

?
solid angle as "seen" by the detector (acceptance angle), for example of a radiometer or
spectroradiometer, out of which the detector receives radiation

Note 1 to entry: Sl unit: steradian (sr).
Note 2 to entry: The field of view should not be confused with the angular subtense of the apparent source, a.
Note 3 to entry: A plane angle is sometimes used to describe a circular symmetric solid angle field of view.

Note 4 to entry: The field of view is sometimes referred to as angle of acceptance (see 3.3).

3.13
fixed projector installation
projector installed permanently or semi-permanently in a fixed location

EXAMPLE A cinema-use projector mounted in an operating booth.

3.14

hazard distance

HD

distance from the projector's nearest point of human access, where the beam radiance or
irradiance exceeds the applicable exposure limit (EL: see 3.10)

Note 1 to entry: The hazard distance for a projector is determined by the EL for a 0,25 s exposure. This also is
the time base of the accessible emission limit of RG2.

3.15

home-use projector

image projector used for audio-visual presentations in the domestic environment under non-
controlled conditions and non-professional use

3.16

image projector product

member of the family of products that includes all types of image projectors such as data
projectors (see 3.8), home-use projectors (see 3.15) and cinema-use projectors (see 3.5)

3.17

intended use

usage of a product, process or application in accordance with specifications, instructions and
information provided by the manufacturer or supplier

3.18

lamp

electrically powered device emitting optical radiation in the wavelength range between 200 nm
and 3 000 nm, with the exception of direct, non-diffuse laser radiation

3.19

lamp system

electrically operated product incorporating lamp(s), including fixtures, projection optics and
incorporated electrical or electronic components as intended by the manufacturer

Note 1 to entry: A lamp system can include diffusers, enclosures and/or beam modifying optics. An image
projector (see 3.16) is a type of lamp system.
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3.20
laser illuminated projecting system
LIP system

projection lamp system emitting visible diffused light as a result of laser light source(s) in
order to replace traditional projector lamps

3.21

light emitting diode

LED

solid-state lamp device embodying a p-n junction, emitting incoherent optical radiation when
excited by an electric current

3.22

liquid-crystal display projector

LCD projector

projector employing an LCD digitized image panel that is projected by the system

3.23

micro-electro-mechanical system based imager

MEMS based imager

micro-electro-mechanical system with electro-optical arrays of micro-mirrors

3.24

modifying optics

optical components that process the light, such as filters, lenses and reflectors, which change
the characteristics of the optical radiation from the initial light source when incorporated into
an image projector (see 3.16)

3.25

projector

optical system using reflection and/or refraction to increase the luminous intensity within a
limited solid angle

Note 1 to entry: The light emitted into a limited solid-angle is generally referred to as the “beam”.

Note 2 to entry: The emitted beam is intended to be incident on a screen or some other diffuse surface such as a
house or room wall.

3.26

projector lamp

lamp in which the luminous element is mounted in such a way that the lamp may be used with
an optical system to project the light in chosen directions

3.27

pulse duration

t

time increment calculated by D/L,.,x Where D is the total radiance dose of the pulse and
Lpeak is the peak radiance of that pulse (see Figure 2)
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D (total radiance dose of the pulse) D (total radiance dose of the pulse)
tp =D/ Lpeak 2‘p =D/ Lpeak
Lpeak / \ Lpeak U
M \ |
1 cycle 1 cycle

IEC

Figure 2 — Examples of the application of the definition of pulse duration

Note 1 to entry: Unit: second (s).

Note 2 to entry: For a pulse that has a triangular or rectangular temporal emission shape, this definition of pulse
duration is identical to the full-width-half-maximum (FWHM) definition.

Note 3 to entry: A rectangular pulse, shown with dashed borders in Figure 2, with the pulse duration l‘p has the
same radiance dose and peak radiance as the actual pulse.

3.28

pulsed emission

emission in the form of a single pulse or a train of pulses where each pulse is assumed to have
a duration of less than 0,25 s

Note 1 to entry: Pulsed emission refers to a product with a continuous train of pulses or modulated radiant energy
where the peak radiated power is at least 1,5 times higher than the average radiated power.

3.29

radiance

L

quantity defined by the formula

L = do/(dA-cosh-dn)

in a given direction at a given point of a real or imaginary surface,

where

d® is the radiant power (flux) transmitted by an elementary beam passing through the given
point and propagating in the solid angle (d) containing the given direction;

dA is the area of a section of that beam containing the given point;
0 is the angle between the normal to that section and the direction of the beam

Note 1 to entry: Sl unit: watt per square metre per steradian (W-m2-sr71).

3.30

radiance dose

D

time integrated radiance quantity defined by the equation

D = dQg/(dA-cosf-d)

where

dQ, is the radiant energy transmitted by an elementary beam passing through the given
point and propagating in the solid angle (d(2) containing the given direction;

dA is the area of a section of that beam containing the given point;
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0 is the angle between the normal to that section and the direction of the beam
Note 1 to entry: Sl unit: joule per square metre per steradian (J-m2-sr').

Note 2 to entry: Equivalent term: “(time) integrated radiance”.

3.31

restricted area

area where an engineering and/or administrative control measure is established to restrict
access except to authorized personnel with appropriate safety training

Note 1 to entry: Access is only possible through the use of a tool, lock, key or other means of security.

3.32

spatially averaged radiance
Lsa

quantity defined by the equation

Lsq = d®/(dA,-cos6-d)

radiance spatially averaged over a given angle of acceptance to account for physiological
factors such as eye-movements (sometimes referred to as “physiological radiance”)

where

d® is the radiant power (flux);

dAy is limited by area of field of view (see 3.12);

0 is the angle between the normal to that section and the direction of the beam;

df s the solid angle
Note 1 to entry: Sl unit: watt per square metre per steradian (W-m2-sr').

Note 2 to entry: The spatially averaged radiance may be lower than the true source radiance (see 3.34).

3.33

throw ratio

TR

ratio between the distance from the exit pupil to the screen and the width of the image on the
screen

Note 1 to entry: It is thus approximated by the inverse of the tangent of the full angle of the light beam in the
horizontal direction (see Figure 3).
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Ip : Lens front - Apparent source

I : Projection distance

Lens front

Apparent source
(Exit pupil)

W: Projection width

ANAYAN

N\

IEC

Figure 3 — Definition of throw ratio

Note 2 to entry: TR = (I, + [ )/W.

3.34

true source radiance

L

radiance of the emitting element of the source, physically measured

Note 1 to entry: The applicable averaging angle of acceptance for the determination of radiance shall not be
larger than 1,5 mrad.

Note 2 to entry: Sl unit: watt per square metre per steradian (W-m2-sr').

Note 3 to entry: This definition differs from spatially averaged radiance (see 3.32). This is a quantity that is useful
as information regarding the projector light source (see 5.7.3). For the spatially averaged radiance, the given angle
of acceptance should have a value as defined in Table 1 or Table 2. This value is defined based on physiological
factors. While the true source radiance should be averaged over a small angle in order to be more accurate, the
maximum allowed averaging angle is defined to 1,5 mrad.

3.35
unintentional viewing
condition when ocular exposure to optical radiation is not intended

4 General

4.1 Basis for risk groups

IEC 62471 provides the default method to determine the risk group of any lamp or any product
incorporating a lamp, unless a vertical (application-specific) standard exists. The risk groups
in IEC 62471 indicate the degree of risk from potential optical radiation hazards and minimize
the need for further measurements. The risk groups were developed based upon decades of
lamp use experience and the analysis of accidental injuries related to optical radiation
emission (where injuries were generally quite rare except from, for example, ultraviolet-
emitting lamps or arc lamps).

The risk groups are described as follows:
« Exempt Group (RGO0) where no optical hazard is considered reasonably foreseeable, even
for continuous, unrestricted use.

« Risk Group 1 (RG1) products are safe for most applications, except for very prolonged
direct ocular exposures (staring into the source for very long times, greater than 100 s).
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e« Risk Group 2 (RG2) products do not pose an optical hazard because of aversion
responses to bright light which make long exposures (staring into the source) not
reasonably foreseeable. RG2 projectors can be safely used in all situations, except if
intrabeam (direct) viewing is intended.

e Risk Group 3 (RG3) products pose a potential hazard even for momentary exposures at
close distance and product safety requirements are generally essential. RG3 projectors
pose a risk resulting from direct, intra-beam viewing at close distance. User information on
protective measures shall be provided. The RG3 projector products require controlled use
or special installation (for example, theatre projectors), and user instructions should
clearly state the HD and the requirement for supervised use or special installation. From
the labelling and information for the user, the user should recognize the risk and take
protective measures.

RG3 products are intended for professional use only, and are not intended for consumer
use.

4.2 Example applications
4.21 RGO / RG1 projectors

Typical examples are conventional tungsten halogen slide or film projectors for home use or
pico-projectors.

4.2.2 RG2 projectors

For example, home-use projectors or mobile projectors may be RG2 projectors.

4.2.3 RG3 projectors

For example, high luminance projection systems used in cinemas or theatres may be RG3
projectors. Rental projectors for professional staging applications, seminars and other big
events may also be RG3 projectors.

4.3 Projector lamps

It should be noted that the risk group classification system of IEC 62471 in its current version
is primarily applied to lamps. However, manufacturers of image projectors have the
responsibility for assessing the final product. They may have limited capabilities for tests and
measurements and may need to rely on the lamp data provided by the lamp manufacturer.
Therefore, guidance is provided in 5.7 on how and when projector system manufacturers may
rely on data provided by the lamp manufacturer.

4.4 Assessment criteria (background)

The standard measurement conditions consider the emission spectrum and, depending on the
hazard, either irradiance or spatially averaged radiance to determine risk to the eye and/or
the skin. The measurement conditions are related to potentially hazardous exposure
conditions and potential direct-viewing conditions and take into consideration physiological
factors of the eye, such as accommodation, pupil size and the aversion response.

Assessment and measurement conditions necessarily differ for different special application
lamp systems, such as image projector products. Different application groups define a range
of operational, maintenance and servicing conditions. The assessment applied to image
projectors (as a specific type of lamp system) in this vertical standard justifies somewhat
different measurement conditions than those in IEC 62471 for lamps. The requirements in this
application-specific (vertical) standard limit the product risk group that can be used in some
specific applications, such as in domestic environments or in schools. Performance features
are based upon the risk group specifications and application-specific control measures. Basic
guidance, based on the likelihood of direct source viewing, is provided in Clause 6. The
hierarchy of applicable safety measures follow the internationally accepted priority ranking of
manufacturer safety measures. Engineering controls (filters, shielding, etc.) have the highest
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priority, followed by collective organizational measures, and finally, only if the above
measures are not practical to reduce the risk to a tolerable level, personal protective
equipment.

Multiple limit values are specified in this safety standard to reflect different photobiological
hazards. Each of these limits, in principle, must be evaluated against the respective
accessible emission separately (see Annex A). The limit values are expressed as irradiance
or radiance.

Each risk group is associated with different time bases as found in Table 4.

To determine the risk group, the accessible emission must be first determined and then the
accessible emission is compared against the AEL values provided in Table 3 for the time
bases provided in Table 4 (see Annex B).

e« The product is RGO (Exempt Group) if no accessible emission exceeds the RGO AELs.

« The product is RG1 if any accessible emission exceeds the RGO AELs but no accessible
emission exceeds the RG1 AELs.

e« The product is RG2 if any accessible emission exceeds the RG1 AELs but no accessible
emission exceeds the RG2 AELs.

« The product is RG3 if any accessible emission exceeds the RG2 AELs. If an image
projector is to be assigned to RG3, the AE for UV, UV-A and IR shall be below the AEL for
RG2 (see 6.1).

5 Risk group determination

5.1 Test conditions

The image projector shall meet the safety requirements defined in this part of IEC 62471
under all expected operating conditions appropriate to the intended use of the product.
Factors to be considered shall include:

« climatic conditions (for example temperature, relative humidity);

« vibration and shock.

If no provisions are made in a specific product safety standard, the relevant subclauses of
IEC 60950-1 and/or IEC 60065 shall apply.

The product shall be adjusted to achieve the maximum emission. The light source shall be
operated at maximum optical power output. For image projectors this means that modulation,
colour and spatial characteristics should be chosen to achieve the highest radiant power.

The evaluation shall include reasonably foreseeable single fault conditions such as failure of
diffusers or light-beam processing optics prior to the projection lens or circuit failure. The
accessible emission of the image projector shall not exceed the AEL of the assigned RG
under any reasonably foreseeable single fault. The concepts of risk analysis should be
applied to characterize if a given fault is reasonably foreseeable or not.

It is not mandatory to measure the accessible emission or the angular subtense of the
apparent source (as parameter of the AEL). These parameters can also be determined by
calculation, or they can be inferred from information provided by the lamp manufacturer (see
5.7). Also, depending on the type of light source, some accessible emission values
(depending on associated wavelength range) need not be determined as specified
in Table A.1.
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5.2 Measurement conditions for image projectors
5.21 Measurement throw ratio

Fixed focal length projector systems that have no adjustable zoom shall be measured with the
focus adjusted to achieve maximum radiance.

Projectors with an adjustable throw ratio (zoom) lens that is non-interchangeable shall be
adjusted to achieve the highest ratio between the radiance and AEL.

Projectors with an interchangeable lens system shall be tested with the throw ratio adjusted to
2,0 or higher.

5.2.2 Measurement distance

The accessible emission shall be determined at a distance of 1,0 m from the closest point of
human access toward the light source along the axis of the light beam (see Annex D).

5.3 The position and size of apparent source, the calculation of angular subtense

In this part of IEC 62471, the position of apparent source is defined as the location of the exit
pupil of the projection lens.

The diameter is defined by using the 'Full Width at Half Maximum' (FWHM) (see Figure 4).

Maximum

50 % of
maximum

Diameter of the apparent source
(by way of full width at half maximum)

IEC

Figure 4 — Diameter of the apparent source

If the exit pupil is fully filled with an irradiance pattern (flashed), the outer diameters of the
exit pupil can be used to determine the angular subtense « as seen from the measurement
distance (see Annex C).

The AEL for the retinal thermal hazard depends on the parameter a, the angular subtense of
the apparent source (see 3.4). The angular subtense of the apparent source is calculated by
using the distance from the observer to the apparent source. If the radiance (AE to be
compared with the retinal thermal AEL) is determined with an 11 mrad averaging angle of
acceptance, then the minimum value of a for the determination of the AEL is 11 mrad. If the
radiance is determined with an averaging angle of acceptance of 5 mrad (for instance for
pulsed emission), the minimum value of « for the determination of AEL shall not be less than
5 mrad.

The angular subtense of an oblong source shall be determined by the arithmetic mean of the
maximum and minimum angular dimensions of the source. For example, for a 20 mm long by
10 mm diameter tubular source at a viewing distance of / =1 m in a direction normal to the
lamp axis, it would be determined from the mean dimension, Z;
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Z=(20+10)/2=15mm (0,015 m).
Thus
a=27Z/1=0,015/1=0,015rad.

Any angular dimension larger than o, shall be limited to «.,,, and any angular dimension
smaller than a,;, shall be limited to a,,;,, prior to the determination of the arithmetic mean.

NOTE In this part of IEC 62471, the value for a_, is 0,001 5 rad.
5.4 Measurement of irradiance — specified apertures

Where the limits in IEC 62471 are provided in irradiance or radiant exposure, the angle of
acceptance values are specified in Table 1.

Measurements of irradiance shall be made to include localized areas of highest irradiance
within the beam cross-section. On condition the irradiance profile in the beam for a white
image can be assumed to be homogeneous (constant irradiance profile), the diameter of the
aperture stop over which irradiance is averaged is not critical. A larger aperture stop can be
used to improve the signal to noise ratio. Typical input optics diameters are 20 mm, but as
long as a uniform irradiance profile is ensured aperture stop diameters up to 50 mm can be
used.

5.5 Measurement of radiance

In cases where the limits are provided as radiance or radiance dose to be compared to AE
that is spatially averaged radiance, the source radiance data shall be determined with
projector focus and throw ratio setting as specified in 5.2.1. The field of view (averaging angle
of acceptance of the radiance detector) is given in Table 1 for CW emission and in Table 2 for
pulsed emission. The area of the source producing the maximum spatial radiance (hotspot)
shall be determined.

Table 1 — Measurement criteria — field of view (angles of acceptance) for CW source

Wavelength Angle of acceptance y, rad
Hazard name
range, nm Exempt Group Risk Group 1 Risk Group 2
uv 200 to 400 1,4 1,4 1,4
Uv-A 315 to 400 1,4 1,4 1,4
Blue-light 300 to 700 0,11 0,011 0,011
Retinal thermal 380 to 1 400 0,011 0,011 0,011
Corneal/lens IR 780 to 3 000 1,4 1,4 1,4

Table 2 — Measurement criteria — field of view (angles of acceptance) for pulsed source

H Wavelength Angle of acceptance y, rad
azard name
range, nm Exempt Group Risk Group 1 Risk Group 2
uv 200 to 400 1,4 1,4 1,4
UV-A 315 to 400 1,4 1.4 1,4
Blue-light 300 to 700 0,11 0,011 0,011
Retinal thermal 380 to 1 400 0,005 0,005 0,005
Corneal/lens IR 780 to 3 000 1,4 1,4 1,4
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5.6 Accessible emission limits
5.6.1 For CW emission

When the output is continuous for times greater than 0,25 s and the peak radiated power is
not higher than 1,5 times the average radiated power, the pulse criteria defined in 5.6.2 need
not be applied. In this case, the AE for the retinal thermal hazard is determined as average
radiance (averaged over 0,25 s) and is compared with the CW-AEL for the retinal thermal
hazard specified in Table 3 (see 3.7).

Table 3 — AEL (accessible emission limits) for risk groups of lamps
and lamp systems emitting CW optical radiation

Symbol Emission limits
Hazard V!aar\]l;::nng;h emif:srion Exempt Risk Group | Risk Group Units
level' Group 1 2
uv? 200 to 400 Eg 0,001 0,003 0,03 W-m-2
UV-AZ 315 to 400 Eyva 10 33 100 W-m-2
Blue-light 300 to 700 Ly 100 10 000 4 000 000 W-m2-sr’
Blue-light small 300 to 700 E, 1,0 1,0 400 W-m?2
Retinal thermal 380 to 1 400 Lg 28 000/a 28 000/a 28 000/a W-m2-sr-"
IR anterior eye? 780 to 3 000 Er 100 570 3200 W-m-2
' Symbols for emission levels (Egs Eyyar Lg Eg Lg, E|g) and each formula are defined in IEC 62471. Some
formulae of above emission levels are defined by using weighting functions B(1) and R(1) (see Table 8).
2 for;gzimage projector that is to be assigned to RG3, the AE for UV, UV-A and IR shall not exceed the AEL
or

Table 4 — Time base values associated with the risk groups and hazards

Hazard Exempt Group Risk Group 1 Risk Group 2
uv 30 000 s 10 000 s 1000s
UV-A 1000s 300 s 100 s
Retinal blue-light 10 000 s 100 s 0,25 s
Retinal thermal 0,25 s 0,25 s 0,25 s
Infrared cornea 1000s 100 s 10s

Table 5 — Basic retinal thermal emission limit

Exposure duration t Radiance L Et Unit
t<1ps 0,63 't W-m-=2-sr!
1ps<t<0,25s 2,0 x 10%¢ 11025 W-m2-sr-"
t>0,25s Determined as CW

The angular subtense of the apparent source a is expressed in radians, and t is expressed in seconds.

The value of a in the determination of the AEL shall not be less than «_,, and not be larger than o

At el A
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5.6.2 For pulsed emission
5.6.2.1 General

The emission should be considered to be pulsed if the peak radiated power is more than 1,5
times the average radiated power (see 3.28).

5.6.2.2 For UV, UV-A, photochemical retinal limits and IR cornea limit

Compare the averaged irradiance or averaged radiance with the AEL values of Table 3
(averaging over the time base associated with the risk group and respective limit, see
Table 4).

5.6.2.3 For retinal thermal limit

For projectors emitting pulsed optical radiation, the classification criteria shall apply to the
most restrictive of the requirements for a single pulse, or to any group of pulses.

The criteria below apply to the general case of pulsed emission.

In the general case, two criteria apply, and the respective accessible emission shall not
exceed the AEL for either of the two criteria a) and b) as follows.
a) Compare the averaged radiance with the AEL values of Table 5.

(a-1) For regularly emitted pulse trains (constant pulse parameters), average over the time
base of 0,25 s.

(a-2) For irregular pulse patterns, average over emission durations that are shorter than or
equal to 0,25 s in order to also analyse groups of pulses.

b) Compare the peak radiance of each pulse with the AEL values of Table 5. The AEL values
shall be multiplied by the factor C5 in Table 6.

The pulse duration is defined as: t, = D/L ¢, (see 3.27).
And the value of a used in the calculation of the AEL is defined in Table 6.

Table 6 — The values of C5 and a for AEL calculation

Condition Value of C, Value of « for calculating AEL
a < 0,005 rad 1,0 0,005 rad
N<40 N-0.25 o
0,005rad<a<a

max N> 40 0,4 a

N <625 N0:25 Upax
Onax <@ <0,1rad
N > 625 0,2 O max
a20,1rad 1,0 o

N is the number of pulses that occur within the time base.

Qpax 18 defined in Table 7.
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Table 7 — Pulse duration dependent values of a,,,

Emission duration

Maximum angular subtense a_

t, < 625 pus

0,005 rad

625 ps < tp <0,25s

0,2 tp°’5 rad

where tp is given in seconds

t, 2 0,25 s

0,1 rad

5.6.3 Spectral weighting functions

Spectral weighting functions for assessing retinal hazards are given in Table 8.

Spectral weighting functions for assessing ultraviolet hazards are given in IEC 62471.
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Table 8 — Spectral weighting functions B(4) and R(A) for assessing retinal hazards

Wavelength Blue-light hazard spectral Retinal thermal hazard spectral
weighting function weighting function
nm B(4) R(%)
300 to 375 0,01 -
380 0,01 0,01
385 0,013 0,013
390 0,025 0,025
395 0,05 0,05
400 0,10 0,10
405 0,20 0,20
410 0,40 0,40
415 0,80 0,80
420 0,90 0,90
425 0,95 0,95
430 0,98 0,98
435 1,0 1,0
440 1,0 1,0
445 0,97 1,0
450 0,94 1,0
455 0,90 1,0
460 0,80 1,0
465 0,70 1,0
470 0,62 1,0
475 0,55 1,0
480 0,45 1,0
485 0,40 1,0
490 0,22 1,0
495 0,16 1,0
500 to 600 101(450-2)/50] 1,0
600 to 700 0,001 1,0
700 to 1050 - 101(700-2)/500]
1050 to 1150 - 0,20
1150 to 1200 - 0,2.100:02(1150-2)
1200 to 1400 - 0,02
Representative wavelengths are shown: other values should be obtained by logarithmic interpolation at
intermediate wavelengths

NOTE Tables 1, 2, 3, 4,5, 6,7 and 8 are from ICNIRP 2013 [1] and deviate from IEC 62471:2006.

5.7 Applying information from the lamp manufacturers
5.71 General

Under specific conditions, the assessment of a single lamp is directly transferable to the lamp
system or luminaire. The risk group will remain the same, or may be reduced (by filters, etc.).

At el A
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However, as a general rule for image projectors, the projection optics serve as a magnifier of
the original light source; hence, the source size at the reference distance can be increased
and irradiance in the beam, at the reference distance, will be increased. If the radiance of the
lamp is determined as averaged over a given angle of acceptance and the lamp is smaller
than that averaging angle of acceptance, then the averaged radiance for the projector will
also be increased (the Law of Conservation of Radiance has to be used with caution).

5.7.2 Limits provided in irradiance/radiant exposure

In the spectral ranges 200 nm to 400 nm and 780 nm to 3 000 nm where the emission limits in
IEC 62471 are provided in irradiance or radiant exposure, the measurements of an
incorporated lamp cannot simply be transferred directly to the projector system, but require an
analysis of the optical filtration and concentration by the projection optics to determine the
system risk group.

Additional optics modify the irradiance of a source, (i.e. may have a significant impact) where
the classification is based on irradiance or radiant exposure criteria.

5.7.3 Limits provided in radiance or radiance dose

In cases where the emission limits in IEC 62471 are provided in terms of spatially averaged
radiance or spatially averaged radiance dose, the Law of Conservation of Radiance has to be
used with caution. That is, if the true source radiance of a light source (arc lamp, single LED,
etc.) is below the radiance level specified (per risk group), the final lamp system (or LED-
array) also cannot exceed the accessible emission limits. True source radiance can be
reduced by apertures and transmission losses but not increased over that of the bare lamp.
IEC 62471 requires measurements of spatially averaged radiance (see 3.32) values with the
consequence that the relationship between the field of view and the source area, as it was
used for the characterization of a single component, may be changed by the projection optics.
Consequently, if the lamp is smaller than the averaging angle of acceptance (field of view), or
if it has radiance hotspots, the averaged radiance as determined for the lamp can be
significantly increased due to the projection optics.

6 Manufacturer’s requirements

6.1 General

The primary purpose of projector risk-group classification by the manufacturer is to determine
the need for any engineering controls and to inform the user of potential hazards that may
require precautions or limitations on installation. Therefore, when a projector is determined to
be Risk Group 1, 2 or 3, it is important that the user is informed by labelling and user manual
data, regarding which potential hazards may require controls.

The risk group of the image projector shall be determined according to Clause 5.

Projectors which are RG2 or lower may become RG3 when fitted with interchangeable lenses
with larger throw ratios. These lenses shall include user information (see 6.7.5).

Risk Group 1 and Exempt Group projectors do not require controls, since it is not reasonably
foreseeable that the emission of image projectors will be directed into the eyes of people for
extended periods of time (hours).

RG3 products are intended for professional use only, and are not intended for consumer use.

The products shall be designed not to emit unnecessary optical radiation outside of the
380 nm to 780 nm wavelength range. For image projectors that are assigned to RG3, the AE
for UV, UV-A and IR shall be below the AEL for RG2.
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The products shall be designed for foreseeable variations of installation conditions (the
possibility of installation on the ceiling, in a vehicle, etc.).

6.2 Determination of HD (hazard distance)

For RG3 products, the HD shall be determined under maximum emission power at each throw
ratio.

For interchangeable lenses, the maximum foreseeable HD should be provided.

The basis of the HD is the AEL for the retinal thermal hazard with assumed exposure duration
of 0,25 s (see Table 3 and Table 5). The value of a is to be in units of radians. See Annex E
for additional information.

6.3 Safety feature "soft start"

The initial emission from RG2 and RG3 projectors after power on shall be controlled so that
the full power emission start no sooner than one full second after light is first emitted from the
lens.

NOTE "The full power emission" includes any partial irradiance of the projection area.
6.4 Optional safety features
6.4.1 Projection of warning message

Risk of potential hazardous exposure can be reduced during system start up with the use of
visible or audible signals. Additionally, warning text and/or graphics may be projected on to
the screen. Projected warning may include text such as ‘Do not stare into beam’. Indicating
the hazard distance may also be useful guidance to the user.

EXAMPLE “Do not directly expose eyes to projected light closer than <insert HD> from projector lens”
6.4.2 Power reduction by sensor system

Sensors which detect the location of the human body or objects within hazardous areas are
used widely in factory automation fields. If such devices have a sufficiently high reliability
level and the output power is reduced automatically when personnel or reflective objects enter
the hazardous area, such a protective system can be considered effective for reducing the
risk of hazardous light exposure.

6.5 Labelling on products
6.5.1 General

Each product shall carry label(s) in accordance with the requirements of the corresponding
clauses in the following, depending on the projector risk group classification.

« The labels shall be durable, permanently affixed, legible, and clearly visible during
operation, maintenance or service, according to their purpose.

« They should be positioned so that they can be read without the necessity for human
exposure to optical radiation in excess of the applicable AEL.

« The label and symbol size should be adapted to the size of the product.
o For the RG2 label (Figure 6), RG3 label (Figure 9) and the optical radiation warning
symbol (Figure 10), text and borders shall be black on a yellow background.

If the projector incorporates lasers (laser illuminated projectors), the appropriate label
required by IEC 60825-1:2014, 4.4 shall also be carried.
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NOTE Projectors containing an enclosed laser system and whose accessible radiance during normal operation is
below the threshold specified in IEC 60825-1:2014 are exempted from the laser product classification and its
associated classification labelling for the projector light. Such laser product labelling applies only to accessible
laser emissions except for the projector light. Hence the laser product label would be typically Class 1 or in a few
instances, Class 2. Labelling in accordance with this part of IEC 62471 applies to the projector light.

Reproductions of all required labels should be included in the user manual.

Projectors which are RG2 or lower as evaluated under the throw ratio defined in this part of
IEC 62471, which may become RG3 when fitted with interchangeable lenses with larger throw
ratios, shall include additional labelling (see 6.6).

Explanations of each label according to each risk group are shown in Table 9.

Table 9 — Labelling on products

RGO RG1 RG2 RG3
Not required Not required e Caution label in Figure 6. e Warning label in Figure 9.
[Optional] or e  Optical radiation warning

e RG1 label in | * RG2 caution symbolin symbol in Figure 10.

Figure 5. Figure 7. e "Not for household use"
symbol in Figure 11.
or
e RG2 caution pictogram in
Figure 8 or a similar design.

6.5.2 RGO projector

RGO projector is safe for general use.
Projector products require no additional labelling.

6.5.3 RG1 projector

An optional label indicates “RG1” can be applied on the product (see Figure 5).

RG1

IEC

Figure 5 — RG1 label (optional)

At el A
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6.5.4 RG2 projector

A label shall be applied on the product similar to:

“Caution Do not stare into the beam, RG2” (see Figure 6).

Caution
Do not stare into the beam

RG2

IEC

Figure 6 — RG2 label

Alternatively,
o the RG2 caution symbol (Figure 7) may be used, comprising symbol IEC 60417-6069
(2011-08) with the addition of the text "RG2", or

o the RG2 caution pictogram (Figure 8) or a similar design may be used with the addition of
the text "RG2".

&>

A
wliy
;7,,&

L

RG2 IEC
Figure 7 — RG2 caution symbol

)

A ]

Figure 8 — Sample design of RG2 caution pictogram

The RG2 caution symbol should be placed close to the aperture. Direct printing or engraving
on the product is acceptable.
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6.5.5 RG3 projector

A label shall be applied on the product similar to:

“Warning! Do not look into the beam. No direct eye exposure to the beam is permitted,
RG3. Hazard Distance: Refer to the manual” (see Figure 9).

4 )\
Warning !
Do not look into the beam.

No direct eye exposure to the beam is
permitted

RG3
Hazard Distance: Refer to the manual

IEC

Figure 9 — RG3 label

RG3 projectors shall also have the optical radiation warning symbol [ISO 7010-W027
(2011-05), see Figure 10] and the "Not for household use" symbol [IEC 60417-5109 (2002-10),
see Figure 11].

¥

Figure 10 — Optical radiation warning symbol

r ol

L _J

Figure 11 — "Not for household use" symbol

6.6 User information
6.6.1 General

Manufacturers shall provide adequate user information according to the risk group of the
product.

The user information shall include the risk group classification of the projector, any required
precautions and hazard distance for RG3 product if applicable. The risk group shall be
described in the user manual with the name and the edition of this standard.

Normal intended use and safety instructions shall be described in detail. If required, training
and installation requirements (e.g. restricted area requirements) shall be specified in the user
manual.

NOTE National legislation regarding occupational safety and health (OSH) and/or event safety may contain
additional or different requirements.

.
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The manufacturer shall provide information on how the hazard distance may change for
different optical features (i.e. zooming feature, interchangeable lens system) for RG3 products.

If an interchangeable lens system can be used on the projector, all possible reasonably
foreseeable worst-case hazard distances shall be listed for the appropriate range of modifying
optics in the user manual (see 6.7). These values could be displayed in one graph or table
and could be based on calculations (see Annex E).

Explanations of specified information according to each risk group are shown in Table 10.

6.6.2 Assessment of user accessible area

A label or symbol is sufficient to warn against staring into the product from close distances.

However, an RG3 system has an associated hazard distance for momentary direct viewing
(assumed exposure duration of 0,25 s) of greater than 1 m. The person who is in the
accessible area within the hazard distance should be protected from this potential viewing
hazard. In addition to warning labels, further requirements for RG3 projectors to avoid such a
risk are then needed.

The requirements for user safety in the accessible area of an RG3 system are defined in
6.6.3.5.

6.6.3 User information (user manual)
6.6.3.1 General

Table 10 — User information in user manual

RG1 RG2 RG3
e "RG1 IEC 62471-5:2015" | e "As with any bright source, do | e "No direct exposure to the beam shall be
not stare into the direct beam, permitted, RG3 IEC 62471-5:2015"

RG2 IEC 62471-5:2015 « Hazard distance

e Reproductions of all required

labels e "Operators shall control access to the

beam within the hazard distance or install
the product at the height that will prevent
exposures of spectators' eyes within the
hazard distance"

e Reproductions of all required labels

6.6.3.2 RGO projector

RGO projectors are safe for general use.
Projector products require no special information.

6.6.3.3 RG1 projector
User manuals and product information shall state “RG1 IEC 62471-5:2015".

6.6.3.4 RG2 projector

User manuals and product information shall state the following text, or equivalent:

“As with any bright light source, do not stare into the beam, RG2 IEC 62471-5:2015”
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6.6.3.5 RG3 projector

The risk group and the hazard information including HD according to the throw ratio shall be
provided.

User information shall indicate that the user must understand the risk and apply protective
measures based upon the hazard distance as indicated on the label and in the user
information. Installation method, barriers, detection system or other applicable control
measure shall prevent hazardous eye access to the radiation within the hazard distance.

For example, cinema projectors that have a HD greater than 1 m and emit light into an
uncontrolled area where persons may be present should be positioned in accordance with
“the fixed projector installation” parameters, resulting in a HD that does not extend into the
audience area unless the beam is at least 2 m above the floor level. In non-cinema
environments where unrestrained behaviour is reasonably foreseeable, the minimum
separation height should be greater than or equal to 3,0 m to prevent potential exposure, for
example by an individual sitting on another individual's shoulders, within the HD. For example,
a sufficiently large separation height may be achieved by mounting the image projector on the
ceiling or through the use of physical barriers.

User manuals and product information shall state the following text, or equivalent:

« “No direct exposure to the beam shall be permitted, RG3 IEC 62471-5:2015".

o “Operators shall control access to the beam within the hazard distance or install the
product at the height that will prevent spectators' eyes from being in the hazard distance”.

6.6.4 User information for maintenance

The instructions for the replacement of lamps shall clearly state risks and proper procedures.
In the case of maintenance of the RG3 projector, only authorized trained service personnel for
RG3 products shall perform these tasks.

Advice on safe operating procedures and warnings concerning reasonably foreseeable
misuse, malfunctions and hazardous failure modes shall be given in the user manual. Where
maintenance procedures are detailed, they shall include explicit instructions on safe practices.

6.7 Labelling and user information for image projectors where the risk group will be
changed by interchangeable lens

6.7.1 General

If the projector incorporates a removable 'modifying optics system' (projection lens), HD
information according to the optical specifications of the lens shall be stated.

As the risk group determination for removable optics is performed for a throw ratio (TR) of 2,0,
lenses with TR higher than 2,0 can potentially create a HD that exceeds 1 m. If there are
removable modifying optics that have a TR higher than 2,0 that can be used with the product,
and if a higher TR leads to a HD longer than 1 m (see also Annex E), the following labels as
specified in 6.7.2 shall be provided on the product and also contained in the user manual.

Projectors that change to Risk Group 3 are intended for professional use only, and are not
intended for consumer use.

6.7.2 Labelling on the projector

Along with the standard RG label (as for RG2, the caution message is provided), the following
message or similar shall be included on the same label:
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"This projector may become RG3 when an interchangeable lens with throw ratio greater
than xxx (unique value for each projector) is installed. Refer to the manual for the lens
list and hazard distance before operation. Such combinations of projector and lens are
intended for professional use only, and are not intended for consumer use."

Even if the original RG is RG1 or RGO, this warning shall be provided as a label.

The label is selectable from Figure 12, Figure 13 or Figure 14;

4 N\
Caution
Do not stare into the beam
RG2

This projector may become RG3 when an
interchangeable lens with throw ratio
greater than xxx is installed. Refer to the
manual for the lens list and hazard
distance before operation.

Such combinations of projector and lens
are intended for professional use only, and
are not intended for consumer use.

IEC

Figure 12 — RG2 label with the caution for RG3

M 1

>

}\b
/7:|\’§

IEC

4 )

This projector may become RG3 when an
interchangeable lens with throw ratio
greater than xxx is installed. Refer to the
manual for the lens list and hazard
distance before operation.

Such combinations of projector and lens
are intended for professional use only,
and are not intended for consumer use.

. J

IEC

Figure 13 — RG2 caution label with the caution for RG3
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s
-X>_

RG2
IEC

é )

This projector may become RG3 when an
interchangeable lens with throw ratio
greater than xxx is installed. Refer to the
manual for the lens list and hazard
distance before operation.

Such combinations of projector and lens
are intended for professional use only,
and are not intended for consumer use.

. J

IEC

Figure 14 — RG2 pictogram with the caution for RG3

6.7.3 Mark on the interchangeable lens

“Throw Ratio Range” or “Model Number" shall be marked with their relevant parameter value
on interchangeable lenses so that the user can identify the parameter name and value from
the outside even after installation.

Direct printing or engraving on the product is acceptable.

When the mark is not displayed, the manufacturer shall design the projector so that it displays,
on the screen, the information about the hazard mentioned in 6.7.2. That information shall be
provided at the beginning of the projection by emissions below the RG3 level until it is ended
by manual operation.

6.7.4 The user information in the user manual of the projector

The information shall include:

« The explanation of the change of hazard magnitude by installing interchangeable lenses.
The explanation shall include the warning of RG3 projectors as follows similar to:
“No direct exposure to the beam shall be permitted”

“Operators shall control access to the beam within the hazard distance or install the
product at a height that will prevent eye exposure within the hazard distance”.

« The list of model numbers (or model names) of interchangeable lenses for the projector.

« The hazard distance at the maximum TR of each lens when installed on the projector. The
manufacturer should select an easily understandable method of informing users, such as
tabular or graphical information.

6.7.5 The user information in the user manual of the interchangeable lens
The information shall include:

« An explanation of the change of hazard by installing the lens. The explanation shall
include the RG3 warning as follows similar to:

“No direct exposure to the beam shall be permitted”
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“Operators shall control access to the beam within the hazard distance or install the
product at a height that will prevent eye exposure within the hazard distance”.

o The throw ratio range of the lens.
« The list of model numbers (or model names) of projectors with which the lens may be used.

« The hazard distance according to the highest TR for typical models. The manufacturers
should select an easily understandable method of informing users, such as tabular or
graphical information.

7 Information for service
Potential hazards may exist during lamp or product servicing.

In addition to the requirements of user information for maintenance (6.6.4), the manufacturer
shall provide information sufficient for safety training of servicing personnel.

Laser-illuminated projectors — although generally Class 1 laser products during operation —
usually contain Class 3B or Class 4 embedded lasers. Service shall be performed only by
authorized, trained servicing personnel (IEC 60825-1; IEC TR 60825-14 [3]).
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Annex A
(normative)

Test scheme for lamp types

Table A.1 —Required evaluations

Lamp Type E_ Eyva Lg/Eg L. E
LED Not required? Not required? Required Required Not required
Tungsten- S S . . .
halogen Not required Not required Required Not required Required
Discharge or Not required1 Not required1 Required Required Not required
arc-lamp
Laser ) ) . . .
generated Not required Not required Required Required Not required

' Not required unless UV transmissive projection optics are installed.

2 Not required unless phosphor conversion originated from a UV source.

Low visual stimulus evaluation is not required.

At el A
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Annex B
(informative)

Example of calculations

B.1 Radiance calculations

B.1.1 General

The radiance L (W-m2-sr'') is determined (see, for example, Figure B.1) by measuring the
radiant power P (W) passing through a defined measurement aperture stop and field stop, at
a defined measurement distance /.

The diameter d of the aperture defines the solid collection angle £ (sr) and the measurement
area Aggy (herein defined as the area under the “field of view”, in m2) corresponds to the
acceptance angle (y) predetermined by the circular field stop in front of the detector.

L (W-m2-sr1) = P (W) / (22 (sr) Aggy (M2)),

which can also be expressed as

L=ElQ (B.1)

where
E is the irradiance on a detector placed at 1 m from the projector; and

0 is the solid-angular subtense of the projected source.
For retinal thermal hazard:

11 mrad for CW source

y (angle of acceptance)

5 mrad for pulsed wave source

The zoom position of projection lenses shall be adjusted so as to achieve maximum radiance
(the longest throw ratio in general).

Projectors with an interchangeable lens system shall be tested with the throw ratio of the
lenses adjusted to 2,0 or higher.

B.1.2 Calculation from measured irradiance

For example, consider a measured irradiance of 0,7 W-m2 at 1 m from a data projector, and a
measured source size of 1,8 mrad by 2,2 mrad.

Assumes:
The optical emission is CW from a homogeneous source.

The source size solid-angular subtense then is:

02=0,0018x0,0022=4,0x106sr.

Thus:

L=0,7/(4,0x108)=1,8x105W-m2srt.
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Since radiance is a radiometric invariant, it can be measured at the source, along the beam
path, or at the detector. In some cases where apertures are filled uniformly with radiation, the
radiance can also be estimated from the output specifications (or luminance L,;) instead of
irradiance as in the above example. The luminance can be derived from output lumens and
beam divergence angle of the projector.

B.1.3 Calculation from luminous output

For example, a theatre projector with a 25 000 Im output, a beam diameter of 4,0 cm at the
exit point from the projection optics, and with a large beam spread of about 14,3° high by
28,6° wide (250 mrad by 500 mrad) will produce a beam with an associated solid angle

02=0,25x0,5=0,125sr .
Hence the approximate radiance can be estimated by employing the cross-sectional area Ag:
Ag =m(0,04/2)2=12,6 x 104 m2.
And the luminous exitance M, would therefore be
M, =25000/12,6 x 104 =1,98 x 107 Im'm-2 .
Therefore,

Ly = My/2=1,98 x 107 /0,125 = 1,59 x 108 cd'-m-2 .

For a luminous efficacy of radiation k=160 Im/W, photometric luminance is converted to
radiometric radiance as

Lo =Lylk=(1,59 x 108) /160 = 9,9 x 105 W-m-2-sr-1

k is calculated from the spectrum as follows:

k = 683-[V(1)®(1)di/fd(2)dA ,

where
V(2) is the spectral luminous efficiency in photopic vision; and
@(4) is the spectral power distribution of the output light.

NOTE This only applies for fully uniform filled apertures.
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a: Angular subtense of the Circular
apparent source aperture stop Circular
field stop

y: Angle of
acceptance

A
\{
A
\4

Apparent source Measurement Image distance

(Exit pupil) ly distance: /
(See Figure B.2) IEC

Figure B.1 — Image of the apparent source and measurement condition

Apparent source size

IEC

Figure B.2 — Picture of the apparent source of a projector at the exit pupil
of the projection lenses with a scale

B.2 Calculation example of risk group (CW)

B.2.1 Example of a 5 000 Im projector
The lenses are interchangeable.

The maximum throw ratio of one lens model (Ntg) is 2,0.

The aspect ratio Npg is 0,75 (Horizontal:Vertical = 4:3).

The apparent source size of a projector is 20 mm in diameter where Nt = 2,0.

The distance /,, between the outer surface of the lens and the exit pupil is /, = 10 cm.

Assumes:

The spectral weighting functions are 1,0 for visible wavelength.
The luminous efficacy of radiation is 300 Im/W.
The optical emission is CW from a homogeneous source.

At el A
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Angular subtense « of the source at a measurement distance of 1 mis

a=0,02/(1+0,1)=0,018rad .

The angular subtense a is 18 mrad and the solid angle subtended by « is

Q=7(0,018)2/4 =260 x 104 sr .

The width of the projection area at a measurement distance of 1 m is

(1+0,1)/2,0=0,55m (Nyg = 2,0) .

The height of the projection area is

0,550 m x 0,75=0,413 m .

Therefore, illumination area is

0,550 m x 0,413 m .

The radiant power P (W) passing through the above illumination area is

P =5000/300=16,7W .

The irradiance E at 1 m distance from the outer surface of the lens is then

E=16,7/(0,55x0,41) =73,5W-m=2 .

Therefore,

L=E/Q=73,6/(2,54 x10%) =2,83 x 105> W-m2-sr1 .

« Retinal thermal hazard
The emission limit of retinal thermal hazard Ly is obtained from Table 3.
Lr for RG2 =28 000/a = 1,54 x 106 W-m2-sr1;
L is smaller than Lg.
o Blue-light hazard
The emission limit of blue light hazard Lg is obtained from Table 3.
Lg for RG2 =4 000 000 W-m-2-sr;
Lg for RG1 =10 000 W-m-2-sr.

Because Lg (LA\,erage of blue-light hazard) is calculated by using B(l) (see Table 8), it is
obviously lower than L ,erage Of retinal thermal hazard using R(2).

In this example, L erage Of retinal thermal hazard is lower than AEL of blue-light hazard for
RG2.

Therefore, the blue-light hazard of the emission is RG2 or lower.
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Therefore the projector is classified as RG2 if other hazard elements do not exceed each
emission limit for RG2.

B.2.2 10 000 Im professional-use projector with an apparent source of small
subtense angle (CW)

The lenses are fixed.

The maximum throw ratio Ntg is 5,0

The aspect ratio Npg is 0,75 (Horizontal:Vertical = 4:3).

The apparent source size of a projector is 30 mm in diameter where N;g = 5,0.
The distance between the outer surface of the lens and the aperture; /,, = 18 cm.

Assumes:

The spectral weighting functions are 1,0 for visible wavelength.
The luminous efficacy of radiation is 300 Im/W.
The optical emission is CW from a homogeneous source.

Angular subtense a of the source at a measurement distance of 1 m is
a=0,03/(0,18 +1,0)=0,025 rad .

The angular subtense a is 0,025 rad and the solid angle subtended by « is

0Q=7(0,025)2/4 =508 x 104 sr.

Illumination area is

0,236 m x 0,177 m at 1,18 m from the aperture of the projector (Ntg = 5,0).

The radiant power P(W) passing through the above illumination area is

P =10000/300=33,3W.

The irradiance E at 1 m distance from the outer surface of the lens is then

E =33,3/(0,24 x 0,18) =798 W-m2 .

Therefore,

L=FE/Q=798/ (4,9 x 104) = 1,57 x 106 W-m-2-sr1 .

» Retinal thermal hazard
The emission limit of retinal thermal hazard Ly is obtained from Table 3.
Lr for RG2 =28 000/a = 1,10 x 106 W-m-2-sr1;
L is greater than Lg.
Therefore the projector is classified as RG3.

When radiance exceeds the RG2 limit, the HD is the distance where the exposure level is
equal to the exposure limit for retinal thermal injury for an exposure duration of 0,25 s.

At el A
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o Calculation of hazard distance (HD)
L=E/
E =P/ S where Sis projection area;
S=(/Ntr)Nps(I/Nir);

Q=na?]4.
Assume: the apparent source size of a projector dg is not changed at the position of HD,
Q=ndg2 /412

Lg for RG2 = 28 000/a = 28 000 /yp / dg
where
lyp is the distance between the source and the RG2 position:
Iyp = 4 P Ntr?2 /(28 000 Npg m-dg)

P=333

N:g = 5.0

Njg = 0,75

dg = 0,03

lyp = 1,68 (m)

HD = 1,68 - 0,18 = 1,5 (m)

B.2.3 2 000 Im projector with small apparent source (CW)
The lenses are fixed.

The maximum throw ratio is 0,8.
The aspect ratio (Horizontal:Vertical) is 4:3.
The apparent source size of a projector is 4,0 mm in diameter where TR = 0,8.

The distance [, between the outer surface of the lens and the exit pupil is /, = 3,0 cm.
Assumes:

The spectral weighting functions are 1,0 for visible wavelength.
The luminous efficacy of radiation is 300 Im/W.
The optical emission is CW from a homogeneous source.

Angular subtense a of the source at a measurement distance of 1 m is
o =0,004 /(0,03 +1,0)=3,9x 103 rad .
The angular subtense a is 3,9 mrad and the solid angle subtended by a is
2=71(0,0039)2/4=12x100sr.
[llumination area is 1,29 m x 0,966 m at 1,03 m from the aperture of the projector (TR = 0,8).

The radiant power P (W) passing through the above illumination area is

P =2000/300=6,67W.

The irradiance E at 1 m distance from the outer surface of the lens is then
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E=6,67/(1,29 x 0,966) = 5,36 W-m™2 .

Therefore,

L=E/I2=5,36/12x10% =453 x 105 W-m2-sr1,

« Retinal thermal hazard
The emission limit of retinal thermal hazard Ly is obtained from Table 3.
L for RG2 = 28 000/a = 28 000 / (3,88 x 10-3) = 7,21 x 106 W-m2-sr-1 .
The angular subtense a is 3,9 mrad.
As a result, L is smaller than Lg.
e Blue-light hazard
The emission limit of blue light hazard Ly is obtained from Table 3.
Lg for RG2 = 4 000 000 W-m-2-sr1;
Lg for RG1 =10 000 W-m-2-sr-1.
LAverage of retinal thermal hazard is lower than AEL of blue-light hazard for RG2.
Therefore, the blue light hazard of the emission is RG2 or lower (see B.1.4).

Therefore the projector is classified as RG2 if other hazard elements do not exceed each
emission limit for RG2.

B.3 Calculation example of risk group (pulsed emission)

B.3.1 General

The pulsed emission is defined by 3.27 (pulse duration) and 3.28 (pulsed emission).

If the emission of the projector is categorized as pulsed emission, the AEL for retinal thermal
is calculated and risk group is determined as follows (see 5.6.2.3).
« Compare the averaged irradiance or averaged radiance with the AEL values of Table 3.

« The peak radiance shall be compared to the emission limit (AEL) in Table 5. The AEL
values shall be multiplied by the factor Cs in Table 6.

~

b pulse duration, t, = D/L ¢ ¢

D
Lpeak: Ppeak radiance

: radiance dose
o used in the calculation of AEL is defined in Table 6.
B.3.2 14 000 Im projector with one peak

See Figure B.3.




-42 - IEC 62471-5:2015 © IEC 2015

5,6 ms (= 180 Hz)

Peak level = 92 W

colour
D
Average power
level 50 W
40wW 40W
2g W |colour | colour colour
B c B
Average 7W  10W 10W 23W t

power
IEC

Figure B.3 — Example with one peak of pulsed emission

The lenses are fixed.

The maximum throw ratio is 2,0.

The aspect ratio (Horizontal:Vertical) is 4:3.

The apparent source size of a projector is 20 mm in diameter where TR = 2,0.

The distance /,, between the outer surface of the lens and the exit pupil is /, = 15,0 cm.

Assumes:

The spectral weighting functions are 1,0 for visible wavelength.
The luminous efficacy of radiation is 280 Im/W.
The optical emission is pulsed emission from a homogeneous source.

Angular subtense o of the source at a measurement distance of 1 m is

a=0,020/(0,15+1,0)=1,74 x 102 rad .
lllumination area is 0,575 m x 0,431 m at 1,15 m from the aperture of the projector (TR = 2,0).

The average radiant power P (W) passing through the above illumination area is

P =14 000/280=50,0W.

The average irradiance E at 1 m distance from the outer surface of the lens is then

E =50,0/(0,575 x 0,431) = 202 W-m2 .

The angular subtense a is 17,4 mrad and the solid angle is

Q=7(0,0174)2/4 = 2,38 x 104 sr .

A Anuriaht : =l hrinal O
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Therefore,

average radiance is

Laverage = E/2= 202/ (2,38 x 104) = 8,49 x 105 W-m-2-sr-1 .

Evaluation of retinal thermal hazard

1)

Comparison of the average radiance with the CW AEL

Laverage = E/€2= 8,49 x 10° W-m-2-sr-1 .

The exposure duration time tis

t=0,25s.

From Table 6 and Table 7, the maximum angular subtense a,,,, is

=0,25=0,1rad .

%max

o < Amax

Therefore, o is selected for the calculation of AEL.

AEL = 2,0 x 104 x 0,250.25 x (1,74 x 10-2)"1 = 1,63 x 106 W-m-2-sr-1 .

Therefore,

averaged radiance < AEL

Comparison of the pulse energy and AEL of multiple pulse emissions
Calculate for the total radiance dose D of one cycle:

D = Layerage 1/180 = (8,49 x 105)/ 180 = 4,72 x 103 J-m2-sr-! .

Calculate for the combination of peak radiance:

L 92 /50 =1,56 x 106 W-m-2-sr1 .

peak = LAverage

The calculation of AEL
The pulse duration is

ty = DiLygqy = (4,72 x 103) / (1,56 x 106) = 3,02 x 103 s .

From Table 6 and Table 7, the maximum angular subtense o, is

=0,2 95 rad = 0,2 x (3,01 x 10-3)0.5 =11 x 103 rad .

amax

Omax <a

Therefore, ay,,, is selected for the calculation of AEL.

The calculation of Cg

N (the number of pulses that occurs within the time base) is

N =180 x 0,25 =45 .
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For o < a <100 mrad, for N < 625,

max
Cs=N025=0,39.
The emission limit of retinal thermal hazard (AEL) is obtained from Table 5.
AEL = 2,0 x 104 x (3,02 x 10-3)70:25 x 0,39 x (11,0 x 10-3)"1 = 3,0 x 106 W-m=2-sr1 .

Peak radiance (Lpeak) of [colour D] is less than AEL of multiple pulse emissions.
o Evaluation of blue-light hazard
The emission limit of blue-light hazard Lg is obtained from Table 3.
Lg for RG2 = 4 000 000 W-m-2-sr-1;
Lg for RG1 =10 000 W-m-2-sr-1;
Laverage is smaller than Lg for RG2, larger than Lg for RG1.

Therefore the projector is classified as RG2 if other hazard elements do not exceed each
emission limit for RG2.

B.3.3 14 000 Im projector with two peaks

See Figure B.4.

180 Hz
100 W
colour
colour B
B 87 W

Average power
level 50W

- —————— - —— - ———— - —— ——— - ——— = ——— ——————-— -

40 W colour

D
25 W colour
c
Average 10 W 15W 12W 13 W t

power
IEC

Figure B.4 — Example with two peaks of pulsed emission

The lenses are fixed.

The maximum throw ratio is 2,0.

The aspect ratio (Horizontal:Vertical) is 4:3.

The apparent source size of a projector is 20 mm in diameter where TR = 2,0.

The distance /,, between the outer surface of the lens and the exit pupil is /, = 15,0 cm.

Assumes:

The spectral weighting functions are 1,0 for visible wavelength.
The luminous efficacy of radiation is 280 Im/W.
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The optical emission is pulsed emission from a homogeneous source.

Angular subtense « of the source at a measurement distance of 1 m is

a=0,02/(0,15+1,0)=1,74 x 102 rad .

The angular subtense a is 14 mrad and the solid angle is

Q=1(0,0174)2/4 = 2,38 x 104 sr .

[llumination area is (0,575m x 0,431 m) at 1,15 m from the aperture of the projector (TR = 2,0).
The average radiant power P (W) passing through the above illumination area is

P =14 000/280 =50,0W.
The average irradiance E at 1 m distance from the outer surface of the lens is then

E =50,0/(0,575 x 0,431) = 202 W-m2 .
Therefore,

average radiance is

L = E/Q=202/2,38 x 104 = 8,49 x 10° W-m-2-sr-1

average

o Evaluation of retinal thermal hazard
1) Comparison of the average radiance with the CW AEL:

Laverage = 8,49 x 105 W-m-2-sr-1 .

The time base is

t=0,25s.

From Table 6 and Table 7, the maximum angular subtense a,,,, is

amax = 0,2 9% rad = 0,1 rad .

Therefore, since a < a o is selected for the calculation of AEL.

max ?’
AEL =2,0 x 104 x 0,250:25 x (1,74 x 10-2)"1 = 1,63 x 106 W-m2-sr-1 |

Averaged radiance < AEL
2) Comparison of the pulse energy and AEL of single pulse multiplied by Cg
Calculate for the total radiance dose of one cycle.

In the case of multiple peaks, the maximum peak value is selected for the calculation
of L :
peak

D= LAverage 1/180 = (8,49 x 105)/ 180 = 4,72 x 103 J-m2-sr-1;
Lpeak = LA\,E,,.age 100/50 = 1,70 x 106 W-m-2-sr-1.
o The calculation of AEL

The pulse duration is

ty = DiLygqy = (4,72 x 103) / (1,70 x 106) =2.78 x 103 s .
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From Table 6 and Table 7, the maximum angular subtense a,,,, is

=0,295rad = 0,2 x (2,78x10-3)%:% =10,5 x 10-3 rad .

%max

Therefore, a5 < @ > a5« IS Selected for the calculation of AEL.
The calculation of Cg
N (the number of pulses that occurs within the time base) is

N =180 x 0,25 =45 .

For o, < @ < 100 mrad, for N < 625,

Cs=N025=0,39.

The emission limit of retinal thermal hazard (AEL) is obtained from Table 5.
AEL = 2,0 x 104 x (2,78 x 10-3):0.25 x 0,39 x (10,5 x 10-3)1 = 3,2 x 108 W-m2-sr-1 .
Peak radiance (L,g5¢) is less than AEL of multiple pulse emissions.
Blue-light hazard
The emission limit of blue-light hazard Lg is obtained from Table 3.
Lg for RG2 =4 000 000;
Lg for RG1 =10 000;
Laverage is smaller than Lg for RG2, larger than L, for RG1.

Therefore the projector is classified as RG2 if other hazard elements do not exceed each
emission limit for RG2.
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Annex C
(informative)

Example of intra-beam of projector sources with millimetre scale

See Figure C.1.
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Tungsten projector lamp Digital MEMS device LCD projector source

Figure C.1 — Examples of intra-beam images of projector sources with millimetre scale
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Annex D
(informative)

Measurement distance

The reference distance of 1,0 m for the determination of image projector risk group is based
upon a number of considerations. The worst-case default condition of 20 cm provided in
IEC 62471:2006 was provided for applications and use conditions totally unknown; however,
the use conditions, operation and potential exposure conditions of an image projector are very
well known and understood.

The apparent source is well within the projection optics and can vary in exact position relative
to the closest plane of human access, the external surface of the projection lens system.
Furthermore, the apparent source and beam irradiance will vary little in the immediate near-
field of the projection optics in front of the lens. Since the measurement distance from the
external surface of the lens system is straightforward to measure, there will be no variation
from measurement to measurement. In the immediate near field in front of the projection
optics, the irradiance can be substantial, but the eye cannot focus on a bright source.

High-power xenon-short-arc cinema projectors have been in use for more than 50 years, and
there has never been a reported public retinal injury, despite the fact that the beams of these
projectors exceed current exposure limits to distances on the order of 1 m. An analysis of
accidental viewing conditions shows that direct viewing of the projector’s bright light beam is
not reasonably foreseeable at such close distances. Unintentional viewing is certainly not on-
axis nor does it occur with a large, 7-mm pupil. Pupil size greatly affects the amount of light
entering the eye.

Blue-light photochemical hazard, from staring into the projector for a long enough duration to
pose a blue-light hazard, is not reasonably foreseeable because of the aversion response
limit exposure of 0,25 s.

The potential hazard of concern for very bright projectors is the potential risk for retinal
thermal injury from viewing the projector source at very close distances. The current exposure
limits for retinal thermal injury are created under the assumption of a 7-mm dark-adapted
pupil; however, a smaller pupil will exist for reasonably foreseeable, direct-beam viewing
conditions. Unintentional viewing would rarely, if ever, involve the macular (central retinal)
area, but, rather, the peripheral retina, which further reduces the pupil size before direct
macular exposure. Data projectors are normally used in a room with ambient illumination, and
reflected light from the screen adds to the ambient light level. A more realistic pupil size of
about 3 mm is typical of these settings. Smaller pupil sizes are also required for good acuity
(i.e. vision is very poor and acuity low for a 6-mm to 7-mm pupil). A smaller pupil also results
from viewing the glare from the projector lens from outside the beam, and as a person
approaches the beam.

For typical high luminance projectors, the apparent source (the exit pupil) is at least 15 cm to
20 cm behind the front lens surface and the near-field (collimated) part of the beam is
contained within the projector lens or a few centimetres in front of it. Assuming a typical
diameter of the exit pupil of 18 mm and the exit pupil being 15 cm behind the front lens
surface, the angular subtense of the apparent source at 1 m from the lens equals
18 mm/(150 mm + 1 000 mm) = 0,016 rad. Considering that in the far-field condition, radiance
is constant with distance and the exposure limit scales with the inverse ratio of the angular
subtense of the apparent source, the ratio of exposure (constant radiance) and exposure limit
increases linearly with distance relative to the exit pupil. On the other hand, the exposure limit
expressed as radiance, for a given pupil size, can be scaled with the square of the ratio of the
pupil diameter to 7 mm (see also [1]). For instance, a pupil with a diameter of 3,5 mm would
result in an increase of the exposure limit by a factor of 4. From these dependencies it follows
that a reference distance of 1 m for the determination of the risk group, where the emission
limit is based on the assumption of a 7 mm pupil is equivalent to a reference distance of
20 cm from the lens for the assumption of a pupil diameter of 3,8 mm, when the exit pupil is
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15 cm behind the lens surface. In other words, if the exposure level at 1 m distance is just
below the exposure limit for 0,25 s exposure duration for a 7 mm pupil, it will also be below
the exposure limit for exposure at a distance of 20 cm when the pupil diameter is 3,8 mm or
less. Thus, for a pupil diameter of 3,8 mm, the classification reference distance of 1 m is
equivalent to the conservative reference distance of 20 cm. Additionally, for a complete risk
analysis, the safety margin of the exposure limits compared to injury thresholds, particularly
for large apparent sources, was taken into consideration. Thus the choice of a 1 m
measurement/assessment distance for all projectors can be considered as a conservative
value based upon detailed analysis of pupil size and constriction for unintentional viewing,
projection optical design and macular exposure.
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Annex E
(informative)

Hazard distance as a function of modifying optics

This part of IEC 62471 requires in 6.2 that the manufacturer provides HD information if the
product's HD exceeds 1 m due to the possible use of modifying optics. This is to assist the
end user in estimating the HD of their image projectors.

The given example is derived from a theoretical system with the following characteristics:

Lumen output:

Imager chip:

F number:

Lens:

Hazard distance:

10 000 lumens (luminous efficiency 251 Im/W)
25,4 mm in diagonal
2,5

variable throw SXGA resolution, 130 mm outer diameter, 20 % off axis
capabilities

based on 28 000/a W-m-2-sr-1

Figure E.1 displays the radiance of a 10 000 Im projector and its related HD determined from
the nearest point of human access. At the point where the AEL crosses the radiance of the
system, the hazard distance approaches 1 m. This is at a throw ratio of 4,0.
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Figure E.1 — Hazard distance as a function of modifying optics (example)
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