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Foreword

ISO (the I
bodies (IS

nternational Organization for Standardization) is a worldwide federation of national standards
0 member bodies). The work of preparing International Standards is normally carried out through

ISO technical committees. Each member body interested in a subject for which a technical committee

has been

established has the right to be represented on that committee. International organizations,

governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may
WWwWWw.iso.

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had not.received ngtice of (a)
which may be required to implement this document. However, implemefiters are cautioned that
ot represent the latest information, which may be obtained from the patent database ayailable at
pbrg /patents. ISO shall not be held responsible for identifying any or allysuch patent righty.

Any trad{
constitutd

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

Organizat

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

This docyment was prepared by Technical CommitteeISO/TC 172, Optics and photonics, Subcommittee

SC 7, Opht
(CEN) Ted
cooperati

halmic optics and instruments, in collaborationwith the European Committee for Standardization
hnical Committee CEN/TC 170, Ophthalmicptics, in accordance with the Agreement onftechnical
pn between [SO and CEN (Vienna Agreement).

This secopd edition cancels and replaces the-first edition (ISO 15004-2:2007), which has been t¢chnically

revised.
The main
— Thet

— The {
meas

— Anur]
upda

— Thel

changes are as follows:
brms and definitions in€lude dose limited instruments and time limited instruments;

afe exposure limits,Have been reorganized into 4 tables (Tables 2 to 5), and the gssociated
Lrement condition$ have been reorganized into a companion table (Table 6);

hber of Group/T-exposure limits and Group 2 recommended maximum exposures (RMEs) have been
ed to conform to recent research and relevant standards;

hnguage has been clarified and simplified throughout the document, and a flowchart|has been

adde1l as a guide to make the standard more accessible to first-time users;

— Claus

es and associated exposure limits have been added for long-term repetitive exposures, such as may

apply to extensive use of head-mounted displays by people with visual impairments;

— Provi

sions have been added to ensure that the exposure limits and RMEs applicable to specific devices

are easily accessible to end users.

Alist of all parts in the ISO 15004 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete

listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Ophthalmic instruments are classified into two groups to distinguish instruments that can present a
potential hazard from those that cannot. The two groups are named Group 1 and Group 2. They are defined
as follows:

Group 1 instruments: ophthalmic instruments for which no potential light hazard exists when used as
intended (see Clause 4).

Group 2 instruments: ophthalmic instruments for which a potential light hazard exists (see Clause 4).

Limits and guidelines for optical radiation exposure of the eye during ophthalmic examination can differ

from thojg of non-ophthalmic applications. They can be more restrictive because of pupils dilation

image st
during su

All group
true forb
can vary.

NOTE 1
Ionizing R
where pup

NOTE 2
the measu

The flow
any devic

ilization, or less restrictive based on benefit/risk ratios. Furthermore, interruptions of|
rgical procedures mitigate the risk.

2 instruments pose a potential risk of injury at the upper emission values of theinstrume
bth photochemical (where time is critical) and thermal, where transmissior.and absorpt
Clinical judgement of individual susceptibility is also required.

The basic limits and guidelines in this document are based on the Interhational Commissig
pdiation Protection (ICNIRP) guidelines for human exposure to opticalradiation. They also c
ils are dilated, or the image is stabilized on the retina during ophthalmic examinations.

This document provides exposure limits for ocular tissues. The\exposures can be calculated b
red instrument emissions.

Chart in Figure 1 at the beginning of Clause 4 providesiguidance on how to apply this do
e to be tested or designed for light hazards conformaity.

or retinal
exposure

nt. This is
on values

n on Non-
bver cases

ased upon

Cument to
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Ophthalmic instruments — Fundamental requirements and
test methods —

Part 2
Light

hazard protection

1 Scop

This docu
and is ap
applicablg
well as to
diagnosti

NOTE

This docy
therapeut
document

Where vd
different

This docu

that are non-hazardous from those that are potentially hazardous.

2 Normative references

The follov
requirem
the latest

ISO 1500
requireme

3 Tern

For the pt

e

ment specifies fundamental requirements for optical radiation safety for ophthalmic ing
plicable to all ophthalmic instruments that direct optical radiation into_gryat the eye.

to all new and emerging ophthalmic instruments that direct optical radiation into or at {
those portions of therapeutic or surgical systems that direct optical radiation into or at
C, illumination, measurement, imaging or alignment purposes.

For the purpose of this document, optical radiation relates to the wavelength range of 250 nm tg

ment does not apply to therapeutic radiation. Howeveryinsthe case of the treatment
ic devices, when conducting risk assessments for nofi‘tdrget tissues, the limits givg
may be applied to those parts of the treatment beam that strike non-target tissue.

truments
It is also
he eye, as
he eye for

2500 nm.

beams of
en in this

rtical (instrument-specific) International Standafds contain specific light hazard reqiyiirements

rom those given in ISO 15004-2, then those in the'vertical International Standard take pr

ment classifies ophthalmic instruments into-either Group 1 or Group 2 to distinguish ing

ying documents are referred.to in the text in such a way that some or all of their content ¢
ents of this document. Fof. dated references, only the edition cited applies. For undated r
edition of the referenced-document (including any amendments) applies.

4-1, Ophthalmic instruments — Fundamental requirements and test methods — Part
nts applicable te:all ophthalmic instruments

ns and definitions

ecedence.

truments

nstitutes
bferences,

[: General

[rpases of this document, the terms and definitions given in ISO 15004-1 and the followir

ISO and I1
— ISOO0

nline browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1
aperture

aperture stop
opening that defines the area over which average optical emission is measured

g apply.

Note 1 to entry: For spectral irradiance measurements this opening is usually the entrance of a small integrating
sphere placed in front of the radiometer/spectroradiometer entrance slit.

© IS0 2024 - All rights reserved
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continuous exposure
continuous wave

cw

radiant exposure equal to or greater than 0,25 s duration

3.3

continuous wave instrument
CW instrument
ophthalmic instrument that is designed to expose the eye to one or more continuous wave radiation sources

3.4
continuo

1Iswave radiation source

CW radia
radiation
than 0,25

3.5
dose-lim

ion source
source that is, or can be, operated with a continuous output for a time that can be equal
s (i.e. a non-pulsed radiation source)

jted instrument

ophthalmfic instrument whose emission could exceed the Group 1 exposure limits, but through

and const
foreseeab

ruction and accounting for multiple exposures within a 24-hour period, cannot under r
le conditions expose any given eye to radiation that exceeds thée-Group 1 cumulative

DI greater

jts design
pasonably
exposure

luorescent

uminated,

posed

insertion

limits given in Table 2 and Table 3

Note 1 to|entry: This instrument would otherwise be a Group 2 instpument; for example, some UV-H
diagnosticlinstruments.

Note 2 to gntry: The maximal exposure duration of dose-limited instrirments is 30 000 s.

3.6

effectivefaperture

portion of the aperture that limits the amount of lightdelivered to the retina

Note 1 to eptry: For an obscured or noncircular aperture, the effective aperture is defined as the uniformly il
unobscured circular aperture that transmits the same radiant flux.

3.7

emission|limit

maximunj permitted value of opticalradiation output to which the eye is potentially exposed

3.8

exposur¢ limit

maximun} permitted valu€gf optical radiation exposure to which an ocular tissue is potentially ex
39

endoilluninator

instrumeft consisting of a light source and an associated fibre optic light guide that is intended fo
into the eje to illuminate any portion of the interior of the eye

3.10

field-of-view
conical solid angle as “seen” by the detector, such as the eye or the radiometer/spectroradiometer, over
which the detector receives radiation

Note 1 to entry: This is also referred to as acceptance angle.

Note 2 to entry: The field-of-view denotes the angle over which radiance is averaged (sampled) and should not be
confused with the angular subtense of the source @, which denotes source size.

Note 3 to entry: In this document, a plane angle is used to describe a circular symmetric solid angle field of view.

© IS0 2024 - All rights reserved
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group 1 instrument
ophthalmic instrument for which no potential optical radiation hazard exists and that can be shown to fulfil
Group 1 requirements

3.12

group 2 instrument
ophthalmic instrument for which a potential optical radiation hazard exists and that does not fulfil Group 1
requirements but does fulfil the Group 2 requirements

Note 1 to entry: Since Group 2 instruments do not fulfil the requirements of Group 1 instruments, special precautions
are necessary.

3.13

immobiljzed eye
eye that i§ physically fixed or whose movements are compensated so that a retinal image does-not

Note 1 to ¢ntry: For the purpose of this document, this term also refers to a retinal image stabilized by ey
technology. It does not refer to an eye that is maintaining voluntary fixation, e.g. during an pphthalmic exar

3.14

irradian¢e

E

<at a point on a surface> quotient of the radiant power d® incident on anelement of a surface cont
point, by the area dA of that element, i.e. given in Formula (1),

dp

E="F

da

Note 1 to gntry: Irradiance is expressed in units of watts per square centimetre, W/cm?2.

3.15

manufacfurer

natural of legal person with responsibility for design or manufacture of an ophthalmic instrumerI with the
intention [of making the ophthalmic instrument-available for use, under their name, whether or n
ophthalmjic instrument is designed or manufactured by that themselves or on their behalf by anoth

[SOURCE:ISO 13485:2016, 3.10, modified — The word "medical device" has been replaced by "o
instrument”, neutered.]

3.16

maximuipn intensity
highest optical radiation ihtensity the instrument can deliver under normal conditions

3.17

operatioh microscope
stereo mjcroscope’used for observation of surgical and other medical procedures, consist
illuminatjon,system and an observation system

3.18

move.

e tracking
hination.

hining the

e8]

t such an
er person

pbhthalmic

ng of an

optical radiation hazard
hazard related to the risk of damage to the eye by exposure to optical radiant energy

3.19

pulse duration
time interval equal to the full width at half maximum of the pulse

© IS0 2024 - All rights reserved
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pulsed instrument
ophthalmic instrument that emits radiation in the form of a single exposure of known duration of less than
0,25 s or a train of pulses where each pulse in that train has a duration of less than 0,25 s

Note 1 to entry: A continuous train of pulses or modulated radiant energy where the peak radiated power is at least

ten timest

3.21
radiance
L

he minimum radiated power is considered to be pulsed radiation.

electromagnetic radiation emitted in a specified direction at a given point of a real or imaginary surface

defined by Formula (2):
[—_| d® @
d4-cos0-dQ
where
d® | is the radiant power transmitted by an elementary beam passing thHrough the given jpoint and

dA
0

Note 1 to
power d@

Note2to e
is express¢

3.22
radiant e
H
at a point
a surface
Formula

H=4

equivalejjly, the radianteXposure is defined as the integral of the irradiance, E, at a given point ove

At as expy

-

propagating in the solid angle d(2 containing the given direction;
is the area of a section of that beam containing the given point;

is the angle between the normal to that section and the diréction of the beam

bntry: The same definition holds for the time-integrated radiance L, if, in the equation for L, the radiant

s replaced by the radiant energy dQ.

ntry: Radiance is expressed in watts per steradian square centimetre, W/(sr-cm?); time-integratd
d in Joules per steradian square centimetre, J/(sr-em?).

Xposure

of a surface, for a given duratien’quotient of the radiant energy, dQ, incident on an ¢
containing the point over the given duration by unit area dA of that element as exg

3):
Y

essed in Formula (4):

E-dt
\t

Note 1 to d

d radiance

lement of
ressed in

(3

" duration

(4)

ntry: Radiant exposure is expressed in Joules per square centimetre, J/cm?2.

3.23

recommended maximum exposure

RME

group 2 radiant exposure value above which a substantial risk of permanent injury exists

Note 1 to entry: Added precautions are recommended.

3.24

scanning instrument
instrument that emits radiation having a time-varying direction, origin or pattern of propagation with

regard to

a stationary frame of reference

© IS0 2024 - All rights reserved
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3.25
slit-lamp microscope
instrument consisting of a microscope and a swivelling illumination system providing a slit image

3.26

spectral irradiance

E;

quotient of the spectral radiant power d®(A) in a wavelength interval dA, incident on an element of a surface,
by the area dA of that element and by the wavelength interval dA, as expressed in Formula (5):

_d*® (1)

Y anan )

Note 1 to gntry: Spectral irradiance is expressed in watts per square centimetre nanometre, W/(cm?2-nm)}

3.27
spectral radiance
L

fgr a wavglength interval d4, in a given direction at a given point ratio of the spectral radiant power d®(A)
passing through that point and propagating within the solid angle d(2 in the given direction, to the product of
the wavelength interval dA and the areas of a section of that beam on a plane-perpendicular to this|direction
(cos 6 dA] containing the given point and to the solid angle d(2, as expressed.in Formula (6):

L d?d (1)
27 84 -cos6-dQ-dA

(6)

Note 1 to dntry: Spectral radiance is expressed in watts per steradian-$quare centimetre nanometre, W/(srjcm?-nm).

3.28
spectral radiant exposure
Hy
quotient ¢f the spectral radiant exposure dQ(A)dn a wavelength interval dA, incident on an element of a
surface, by the area dA of that element and by.the‘wavelength interval d4, given in Formula (7):

g%
Ti=laan 7)

Note 1 to gntry: Spectral radiant exgostre is expressed in joules per square centimetre nanometre, ]/(cm2-pm).

3.29
spot size
full-width half-maximum values of the dimension of an irradiated area

3.29.1
small spgt
spot with|a spot'size <0,03 mm

Note 1 to antrey: This npp]ipc wherethe minimum and maximum dimensions are less than or pnln:\] 0,03 m

3.29.2
intermediate spot
spot with at least one dimension between spot size >0,03 mm and <1,7 mm

Note 1 to entry: For the irradiated area with a non-circular cross-section, the value of spot size shall be determined by
averaging the maximum and minimum cross-section lengths with the exception that where one dimension is greater
than 1,7 mm, 1,7 mm is used for the averaging, the values are limited to no more than 1,7 mm and no less than 0,03 mm.

© IS0 2024 - All rights reserved
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3.29.3
large spot
spot with a spot size 21,7 mm

Note 1 to entry: This applies where the minimum and maximum dimensions are both greater than or equal 1,7 mm.

3.30

time-limited instrument

ophthalmic instrument for which the maximum exposure duration for each subject per 24-hour period is
limited by the manufacturer for each intended use and specified in the instructions for use

Table 1 — Symbols, quantities and units

Symbol Quantity Unit

E irradiance (at a point on a surface) Wycm?

Ey spectral irradiance W/(cim?-nm)

L radiance (in a given direction at a given point of a real or imaginary surface) W/(3r-cm?)

L, spectral radiance (for a wavelength interval dA, in a given direction at a given/peint)  |W/(srcm?nm)

L; time-integrated radiance J/(sf-cm?)
radiant exposure (at a point of a surface, for a given duration) Jlcm?

Hy spectral radiant exposure; the time-integral of spectral irradiance J/(cin?-nm)

Es.c1. ||S(A) weighted corneal and lenticular ultraviolet radiation irradidnce cm?

Eyy.ci, ||unweighted corneal and lenticular ultraviolet radiation irradiance cm?

Es,r  ||A(A) weighted retinal irradiance cm?

Ez.r ||B(A) weighted retinal irradiance cm?

Eip.c. ||/unweighted corneal and lenticular infrared radiation irradiance

slslsisislslsis
5

Eyir.cL ||unweighted corneal and lenticular visible and infrared radiation irradiance cm?
Eyirg || R(A) weighted iris visible and infrared radiation thermal irradiance cm?
Eyirr ||R(A) weighted retinal visible and infrared.radiation thermal irradiance cm?

Ly, luminance (in a given direction point©f'a real or imaginary surface) cdl/cm?

Hyrr ||R(A) weighted retinal visible and infrared radiation radiant exposure J fcm?
Higc. ||unweighted corneal and lenticular infrared radiation radiant exposure J fcm?

Hyp.c. ||unweighted corneal and lenticular visible and infrared radiation radiant exposure JAcm?
Hg ¢, ||S(A) weighted cornealandlenticular ultraviolet radiation radiant exposure Jjcm?
Hyy.cL ||unweighted cornedland lenticular ultraviolet radiation radiant exposure J fcm?

Hy r ||A(4) weighted retinal radiant exposure ] fcm?
I(A) iris radiation/hazard weighting function (see Annex A) —
S ultraviolet radiation hazard weighting function (see Annex A) —
AN aphakic photochemical hazard weighting function (see Annex A) —
B(A) blue-light hazard function (see Annex A) —
R(A)a I Etilldl I ddidLiUll L}lUl llldl lldel L‘l WUigllLillg fullLLiUll (b@C Allllt)& A) —
A wavelength summation interval nm
t exposure duration energy integration time; S
At pulse duration up to a time of 0,25 s s
Vg velocity of the scanning beam on the irradiated tissue surface mm/s
N number of pulses in a pulse train —
d; iris spot size mm

3 R(A) refers to R 4(A) for aphakic eyes or Rp(A) for phakic eyes, as appropriate.

NOTE  For simplicity, “c(4)” is assumed to be 1,0 and “z,(4)" is the re-normalized crystalline lens transmittance as specified in
Table A.1.

© IS0 2024 - All rights reserved
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Table 1 (continued)
Symbol Quantity Unit
d, retinal image dimension (diameter if image is circular) (see C.6) mm
T(A) aphakic spectral transmittance of ocular media —
7,(A)  |phakic spectral transmittance of ocular media —
Q radiant energy |
@ radiant power w

Table A.1.

2 R(A) refers to R ,(A) for aphakic eyes or Rp(A) for phakic eyes, as appropriate.

NOTE  For simplicity, “c(4)" is assumed to be 1,0 and “z,(4)" is the re-normalized crystalline lens transmittance as specified in

4 C(las

sification principles

4.1 General

Figure 1y

rovides guidance in instrument classification.

© IS0 2024 - All rights reserved
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START

Does
the instrument
direct optical radiation
into or at the eye?

Is there a vertical YES
international standard for the
instrument?
Is
YES there a light
hazards 'section in the >
vertical standard?
Does the /
instrument have the NO
means to limit total
exposure time?
The,instrument is a
NO time-limited
instrument.
maximal values
for all types of emitted
radiation at or below
Group 1 limits?
instrument contain
design features that reduce all
types of emitted radiation to
Group 1 limits?
The instrument is a
dose-limited —>
instrument.
ISO @5004-2 is The instrument is tested to ensure The instrument is a
notapplicable. that Group Z requirements are met. Group I instrument.

Figure 1 — Flow chart for guidance in instrument classification

Ophthalmic instruments are classified into two groups to separate instruments that can present a potential
hazard from those that cannot. The two groups are named Group 1 and Group 2. They are defined as follows:

© IS0 2024 - All rights reserved
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4.2 Group 1 instruments

Ophthalmic instruments for which no potential light hazard exists under conditions of intended use, i.e.
ophthalmic instruments that can be shown to fulfil the requirements of 5.2.

NOTE An instrument that fulfils the requirements of 5.2 does not need to fulfill the requirements specified in 5.3.

4.3 Group 2 instruments

Ophthalmic instruments for which a potential light hazard exists, i.e. ophthalmic instruments that do not
fulfil the requirements of 5.2 but do fulfil those of 5.3.

5 Requirements for classification

5.1 General

The folloyving requirements are intended to ensure that ophthalmic instruments are)so designefl that the
energy in|all wavelengths is consistent with the safe use of the instrument. Ophthalmic instruments should
be designpd to exclude unnecessary radiation exposure to the eye. Therefore, ophthalmic instrurtTents shall
comply wlith the requirements for classification as Group 1 instruments (see.5.2) unless higher pmissions
are necespary to achieve the intended clinical purpose.

be hazardous, others do not present such risks under any circumstances. This is the basis of dassifying

Whilst sr:{ue instruments, by the very nature of their design and their intended use, have the pqtential to
ophthalmfic instruments into two separate groups.

For Group 2 instruments, this document requires the conditions to reach a potentially hazardous|exposure
be given, rather than to set a limit, so that clinicians are infermed about potential optical radiation hazards
that may be associated with the use of their instruments\should they need to use an amount of radiation that
has a sigriificant likelihood of causing ocular tissue damage.

NOTE Visible light is necessary for diagnosis of e€ular pathology, and thus is commonly used in instruments such
as direct apd indirect ophthalmoscopes, slit-lampthicroscopes, operation microscopes and endoilluminatofs. It is not
reasonablg¢ to set limits on visible radiation thatis needed for the diagnosis of disease or for visualizatjon during
ocular surfgery. It is possible that a surgeon'will have to exceed an exposure level that is known to be potentially
hazardous|during an extended complicated surgery or a clinician will have to exceed an exposure level that is known
to be potemtially hazardous during an extended ocular examination for diagnosis of ocular pathology.

The use df instruments for examination and treatment of very young children (e.g. younger thar 2 years),
may reqyire special consideration due to the susceptibility to light hazards. For example, thg aphakic
weighting function should-be-used.

If one or more additionaldevices are intended to be used in combination with an ophthalmic instfument as
specified py the manufacturer and_in a way that could increase the optical radiation hazard, the fombined
system sHall be testéd to determine whether it fulfils the requirements for Group 1 or Group 2 lim|ts.

5.2 Re¢|1uirements for classification as a Group 1 instrument

An ophthalmic instrument shall be classified as Group 1 if any of the following criteria apply.

5.2.1 Its components, e.g. lamps, light-emitting diodes, non-removable filters, lenses, fibres, etc., prevent
exposures more than the limits specified for instruments in the Group 1 and manufacturer’s test certification
or relevant documentation exists. Such instruments shall be classified as Group 1 by the manufacturer’s test
certification of the components themselves without the need for further measurements on the instrument
itself. If such components prevent some, but not all exposures from exceeding the limits specified for Group 1,
then measurements shall be required only for those parameters in Table 2 where the limits can be exceeded.

Where more than one certified component is used, the manufacturer shall ensure that the combined
radiation does not exceed the Group 1 limit.
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5.2.2 The emission values from any of the following instrument types are less than or equal to those given
for the determination of Group 1 classification (see 5.4):

— continuous wave instruments;

— pulse

d instruments;

— time-limited instruments;

— scanning instruments;

— multiple source instruments;

— instrys

antc forlong £y A abibiyg
tHe

5.2.3 It
its constr

5.3 Requirements for classification as a Group 2 instrument

An instrul

531 T

532 U
Tables 4 3

5.3.3 Fq

a
PIITCIICS TUT TUTTS— CoT T T o petrerve

is a dose-limited instrument as defined in 3.5, for which the manufacturer shall demons
Liction and design achieve the requirements of a Group 1 instrument.

ment shall be classified as a Group 2 instrument if 5.3.1 and 5.3.2 apply.
e output level exceeds some or all the exposure limits of a Group, I instrument (see 5.2).

nder its intended conditions of use, the output level is~consistent with the exposure
nd 5.

r each operating mode where Group 1 limits aréZexceeded, the manufacturer shall da

trate how

values in

cument a

justification and address the associated risks in the risk management file. A justification is not required if a

vertical s

NOTE

5.34 If
preventec
requirem

5.4 Exposure limits for Group 1 classification

541 C

The crite
retinal iry

NOTE
duration o

andard contains requirements for Group 2 igstruments.

ISO 14971 provides a suitable risk management process.

an instrument has some operating modes that are dose limited (i.e. radiant emis
| from exceeding Group 1 exposure limits) and others in which Group 2 exposures are po
bnts of 5.3.1 and 5.3.2 apply 6unly for operating modes that are not dose limited.

pntinuous wave’inistruments

Fia for the_éxposure limits for continuous wave instruments relating to anterior seg
adiance ar€ specified in Table 2 and Table 3.

The éxposure limits for Group 1 continuous wave instruments are based on a maximum fores

sions are
5sible, the

ment and

eeable use
2 (i.e. HS-CL

ver aperiod of 5 000 s in a 24-hour period. Hence, the exposure limit for Eg_.; equals 0,6 pW/cm
Zgve i 2(jeH, p= m?2 over a period o

5.4.2 Pulsed instruments

=5000 s).

Pulsed instruments shall be evaluated at their highest single-pulse output. For repetitively pulsed instruments,
the cumulative effective (weighted) exposure for any given time interval shall not exceed the limit value
for that time interval. The ultraviolet, visible, and infrared limits for Group 1 pulsed instruments shall be
evaluated for the total cumulative effective exposure using the Group 1 criteria specified in Tables 2 and 3.

The effective radiant exposure depends on the spectral composition of the radiation and shall be calculated
as the sum of exposure values at all measurable wavelengths multiplied by the corresponding S(A) weights
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for corneal damage, A(1) or B(A) weights for photochemical damage, or R,(A) or Rz(A) weights for thermal
damage, as applicable.

The cumulative (time-integrated) radiant exposure is calculated as the maximum exposure per pulse times
the number of pulses emitted during the total exposure time. The time-averaged irradiance is calculated as
the ratio of the time integrated exposure divided by the total duration of the exposure.

If both photochemical and thermal injuries are possible, effective exposures shall be calculated using
all applicable weighting functions (tabulated in Annex A), and the most restrictive limit (i.e. the limit
corresponding to the lowest effective exposure) shall apply.

The exposure limits in Table 2 and Table 3 apply both to a single pulse and to any group of pulses.

NOTE Limits are not provided for exposure durations less than 10-13 (100 fs) due to a lack of biological flata. As an
interim guideline, for shorter pulse durations, a conservative guideline would be to limit peak irradiaficed below the
limit appligable to 10-13 s,

EXAMPLE An instrument emits 100 pulses, each with a duration of 0,01 s into a retinal area with d] = 0,1 mm
during a tqtal exposure duration of 3 seconds. The pulses are monochromatic, with a wavelength of either[440 nm or
650 nm. From Table 3, the thermal limit for 0,01 s duration pulses is 2,53 J/cm? and the photochemical linit is 2,2 ]/
cm?, For the 3 second total duration of the pulse train, the thermal limit is 182 J/cm? and-the photochemifcal limit is
2,2]/cmZ2,

For 440 nm pulses, the photochemical weight A(A) is 1,0 and the thermal weight"R(A) is 2,0. Therefor¢, effective
exposure yalues are equal to the measured values for comparison to the photochemical limit and twice thgf measured
values for[the thermal limit. The measured single-pulse exposure needed te match the 2,53 J/cm? thermpl limit for
0,01 s durftion pulses is 1,26 ]J/cm? and the photochemical limit is not applicable because the thermal RME is more
restrictive For the 3 second total duration of the pulse train, a measured cumulative exposure of 91 J/cm?2 (091 ]/
cm?2/pulse) is needed to match the 182 J/cm? thermal limit because‘of the 2,0 R(A) value. However, thesd limits are
irrelevant pecause the photochemical limit is 2,2 J/cm?2, much more restrictive than the thermal limit.

For 650 nrh pulses, A(A) is 0,001 and R(A) is 1,24. While the limits for weighted exposures are the same as fpr 440 nm,
the relatignship between the effective photochemical and thermal exposures is vastly different. Th¢ effective
photochenEcal exposure is near zero, so the measured cummulative 3-second exposure would have to be 2 200 J/cm? to

match the photochemical limit. In contrast a measuredsexposure of only 2,0 J/cm? is needed to match the single-pulse
thermal lifnit of 2,53 J/cm?, and a measured cumulative exposure of 147 J/cm? matches the 3-second therrhal limit of
182 J/cm?2|Thus, the thermal limit is more restrictive for both single pulses and the three-second pulse traip.

5.4.3 Tjime-limited instruments

The maximum exposure durationfor'Group 1 time-limited instruments is determined by the radiant power
output ofthe instrument and the .Group 1 limits in Table 2 and Table 3. This time limit applies to fany given
eye within a 24-hour period~The exposure duration shall be limited by the manufacturer to|meet the
requiremgnts for each intended use.

5.4.4 Dpose limited,instruments

The expogure limits for dose-limited instruments are the Group 1 limits in Table 2 and Table 3, taking into
account rTultiple exposures for any given eye within a 24-hour period.

5.4.5 Scanning instruments
If the radiant power exceeds the Group 1 limit for a static beam, do the following:

The value of pulse width At to be used as exposure duration in Table 2 and Table 3 shall be found using
the scan velocity, v,, and the linear dimension of the beam cross-section in the scanning direction at the
irradiated tissue surface, d, in Formula 8:

d
VS

where v, is the velocity of the scanning beam on the irradiated tissue surface expressed in mm/s.

© IS0 2024 - All rights reserved
11


https://standardsiso.com/api/?name=3d3f4ba18f9ecc8eeeead592d1335865

ISO 15004-2:2024(en)

If the value of d, is less than 0,03 mm, set d; at 0,03 mm.

When using the requirements for pulsed instruments (see 5.4.2) the value of N, the number of pulses, is the
number of times the scan passes over the circular aperture of 0,03 mm on the irradiated tissue surface.

The exposure over any portion of the scanned area shall not exceed the exposure limits that would apply to
a spot size equivalent to that portion.

NOTE If the static beam exceeds the Group 1 limit, it can meet the Group 2 RME and therefore the manufacturer
can choose the option to classify as Group 2 based on the output of the static beam.

5.4.6 Instruments with multiple sources

The optidal radiation emissions from instruments that are designed to direct optical radiation|on to the
same point(s) in or on the eye from multiple light sources shall be below all applicable limits! for each light
source alpne. For all intended consecutive and/or simultaneous use of the light sources,the limit that is
applicablg¢ for each surface of the eye (cornea, lens, retina) is given by Formula (9):

H H H;
Ly L <1 )
Limit; Limit, Limit;

If the limilts are expressed in irradiance E, replace H by E.

where

—

5 the quantity irradiance or effective irradiance<

=

if the quantity radiant exposure or effective radiant exposure;

i if the index for the sources.

5.4.7 Ipstruments for long-term repetitive daily use

Instrumepts such as head-mounted displays.that provide augmented or enhanced vision for lpw vision
patients dan be worn for many hours per_day on a continuing basis and shall be Group 1. Such Jong-term
repeated fexposures will require exposure.limits lower than those established for a 5 000 s duration. The
5 000 s duration has been established as a reasonably foreseeable maximum duration of use fpr clinical
ophthalmfic instruments. If ultravietet radiation exposure is possible, the Group 1 limit for an 8-lour daily
Hg 1. (250 nm to 400 nm) exposfirg shall be 0,1 pW/cm? (S(A) weighted). Aphakic retinal irradignce, E, g,
for visiblg light shall be limitedto-10 pW/cm? (A(A) weighted), and infrared retinal exposure, Ey gk, shall be
limited tg 10 mW/cm? (R(A).Wweighted) (see 5.5.6 for exceptions).

NOTE In most cases,@verage irradiance will be below this limit to provide visual comfort. Different weighting

functions gre used for UV, Visible, and IR spectral regions because the exposure limits are most restrictive fqr different
mechanisms of damagg/in these regions.

5.5 Reg¢oniniended maximum exposure (RME) values for Group 2 instruments

5.5.1 Continuous wave instruments

The criteria for calculating the recommended maximum exposures (RMEs) for continuous wave instruments
relating to anterior segment and retinal irradiance are specified in Tables 4 and 5.

5.5.2 Pulsed instruments

Pulsed instruments shall be evaluated at their highest single-pulse output. For repetitively pulsed instruments,
the cumulative effective (weighted) exposure for any given time interval shall not exceed the RME value
for that time interval. The ultraviolet, visible, and infrared RMEs for Group 2 pulsed instruments shall be
evaluated for the total cumulative effective exposure using the Group 2 criteria specified in Tables 4 and 5.
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The effective radiant exposure depends on the spectral composition of the radiation and shall be calculated
as the sum of exposure values at all measurable wavelengths multiplied by the corresponding S(A) weights for
corneal damage, A(A) or B(A) weights for photochemical damage, or R, (A) or Rg(A) weights for thermal damage.

The cumulative (time-integrated) radiant exposure is calculated as the maximum exposure per pulse times
the number of pulses emitted during the total exposure time. The time-averaged irradiance is calculated as
the ratio of the time integrated exposure divided by the total duration of the exposure.

For any given measured exposure parameters, effective exposures shall be calculated using all applicable
weighting functions, and the most restrictive RME (i.e. the RME corresponding to the lowest effective
exposure) shall apply.

EXAMPLE An instrument emits 100 pulses, each with a duration of 0,01 s into a retinal area with d. = 0,1 mm
during a tdtal exposure duration of 3 s. The pulses are monochromatic, with a wavelength of either 440 nm pr 650 nm.
From Tablp 5, the thermal RME for 0,01 s duration pulses is 3,5 J/cm?2 and the photochemical RME isTho6t|applicable
because the thermal RME is more restrictive. For the 3 s total duration of the pulse train, the thermalRME ig 251 J /cm?
and the phptochemical RME is 10 J/cm?2.

For 440 nm pulses, the photochemical weight A(A) is 1,0 and the thermal weight R(A) is(2,0: Therefor¢, effective
exposure Yalues are equal to the measured values for comparison to the photochemical RME)and twice thg measured
values for|the thermal RME. The measured single-pulse exposure needed to match the 3,5 J/cm?2 thermal RME for
0,01 s durjtion pulses is 1,75 J/cm?2 and the photochemical RME is not applicable bgcause the thermal RME is more
restrictive For the 3 s total duration of the pulse train, a measured integrated ekpgsure of 125 J/cm?2 (1,25 J/cm?2/
pulse) is n¢eded to match the 251 J/cm? thermal RME because of the 2,0 R(A) value. However, these RMEs ardirrelevant
because the photochemical RME is 10 J/cm?2, much more restrictive than the thérmal RME.

For 650 nrp pulses, A(A) is 0,001 and R(A) is 1,24. While the RMEs for weighted exposures are the same as fpr 440 nm,
the relatignship between the effective photochemical and thermal exposures is vastly different. The effective
photochenpical exposure is near zero, so the measured integrated 3:sé¢ond exposure would have to be 10 000 J/cm? to
match the photochemical RME. In contrast a measured exposure of only 2,8 ]/cm? is needed to match the single-pulse
thermal RME of 3,5 J/cmZ2, and a measured integrated exposuré of 202 J/cm?2 matches the 3-second thermal RME of
251 J/cm2[Thus, the thermal RME is much more restrictive for both single pulses and the three-second pulge train.

5.5.3 Time-limited instruments

The maximum exposure duration for Group, 2-time-limited instruments is determined by the radignt power
output of| the instrument and the Group/2;exposure values in Tables 4 and 5. This time limit applies to
any given| eye within a 24-hour period. The time limits shall be determined by the manufacturef for each
intended fise.

5.5.4 S¢anning instruments
If the radfant power exceeds.the Group 2 RME value for a static beam, do the following:

The valug of pulse widthAt to be used in Tables 4 and 5 shall be found using the scan velocity, {,, and the
linear dinpension of thre'beam cross-section in the scanning direction at the retina, d, in Formula (L0):

At =18 (10)

S

where v is the velocity of the scanning beam on the irradiated tissue surface expressed in mm/s.
If the value of d is less than 0,03 mm, set d; at 0,03 mm.

When using the requirements for pulsed instruments (see 5.5.2) the number of pulses, N, is the number of
times the scan passes over the circular aperture of 0,03 mm on the retina.

5.5.5 Instruments with multiple sources

The optical radiation emissions from instruments that are designed to direct optical radiation on to the
same point(s) in or on the eye from multiple light sources shall be below all applicable RMEs for each light
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source alone. For all intended simultaneous use and subsequent use for the ultraviolet radiation, the RME
that is applicable for each surface of the eye (cornea, lens, retina) is given by Formula (11):

E.H E,H E,H);
(E,H); +( )2 +'--+( )i <1 (11)
RME, RME, RME,

where

E  isthe quantity irradiance or effective irradiance;

H isthe quantity radiant exposure or effective radiant exposure;

. : =l - | L =l
1 1p TITCTITOTX TOT CIIC SOUTCES.

5.5.6 Ipstruments for long-term repetitive daily use

Although|head-mounted displays for long-term repetitive use would normally be Group 1 insfruments,
Group 2 exposures can be justified under extenuating conditions (e.g. irradiation of+tetinal implarjts in eyes
with no photoreceptors). Long-term repeated exposures higher than the Group 1 limits can be nedessary. In
such casep, the exposure shall be limited to the minimum effective level.

5.6 Exposure limits and maximum recommended exposure values

Table 2, Table 3, Table 4 and Table 5, each on a single page, list the exposure limits for Group 1 and naximum
recommehded exposure values for Group 2.
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Table 6 — Measurement conditions and guidance for Tables 2 to 5

Measurement conditions

The corneal and lenticular ultraviolet radiant exposure shall be evaluated by averaging the highest
localized radiant power incident upon a circular area with a diameter of 3 mm (0,07 cm?) at the corneal
plane (see Annexes D, E).

The corneal radiation radiant exposure shall be evaluated by averaging the highest localized radiant
power incident upon a circular area with a diameter of 1 mm (7,9-10-3 cm?) at the corneal plane (see
Annexes D, E).

The corneal radiant exposure shall be evaluated by averaging the radiant power incident upon the
circular area of 9,6-10-%2 cm? (diameter=3,5 mm) for continuous exposure at the corneal plane that is
centred on the location of the highest radiant exposure. For exposures less than 25 s, the measurement
areais 7,9-10-3 cm? (diameter =1,0 mm) (see Annexes D, E). Applies only if iris is not exposed. If iris is
exposed, see row 6.

This limit only applies to instruments that, in normal use, irradiate the eye with smallbdams <2 mm
diameter at any point between the anterior surface of the cornea and the postegionSyrface of the
crystalline lens.
The unweighted anterior segmentirradiance shall be evaluated at the point of smallest bepm diameter
by locating the highestlocalized radiant power and averaging the radiant power within a ¢ircular area
centred at that location having a diameter of 1,0 mm (7,9-10-3 cm?) (see Annéxes D, E).

These values only apply to instruments that are intended to expose theiitis! In determining the thermal
exposure limit (Group 1) or RME (Group 2), the minimum beam spot,diameter applicable fo the iris, d;,
is 0,2 mm. Iris thermal limits are based on retinal thermal limits Where the iris spot size|(d;) replaces
retinal spot size (d,) in the calculation.

For calculated d, values < 0,2 mm, d; = 0,2 mm shall be used.te calculate iris exposure.

The Group 1 photochemical limit for retinal exposure applies only to continuous wave and|dose limited
instruments. A time-limited or pulsed instrument doéshot qualify as a Group 1 instrunjent if it only
meets this limit for a single retinal exposure.

The retinal radiant exposure shall be evaluated‘by averaging the highest localized radignt power in-
cident upon a circular area on the retina with'd diameter of 0,18 mm (2,54-10-%4 cm?2), intpgrated over
time duration t. However, if the instrumentjs intended to be used with an eye that is imjmobilized, a
0,03 mm (7,07-10-6 cm?2) diameter aperfure'shall be used instead of a 0,18 mm diameter gperture. See
Annex D for instructions for this calculation. The retinal radiant exposure shall be at the radiant energy
detectable through a 7 mm diameteraperture at the cornea.

For instruments that produce awuniform beam on the retina with a diameter greater thhn 1 mm, an
averaging aperture smaller thanthe beam diameter may be used to evaluate retinal irradiance instead
of the apertures specified.

Theretinal irradiance shall be evaluated by averaging the highestlocalized radiant power ijicident upon
acircular area with a diameter of 0,03 mm (7,07-10-6 cm?) on the retina (see Annex D). F¢r calculated
d, values >1,7 mmyd;= 1,7 mm shall be used to calculate retinal exposure.
Theretinal radiantexposure shall be the radiant energy detectable through a 7 mm diamdter aperture
at the cornea.and shall be evaluated by averaging the highest radiant energy incident upon a retinal
area with a diameter of 0,03 mm (7,07-10-6 cm?). See Annex D for instructions on the way|to make this
calculation.

The'tetinal radiant exposure shall be evaluated by averaging the highest radiant power ificident upon
a‘cetinal area with a diameter of 0,03 mm (7,07-10-¢ cm?2). (Annex D).

For instruments that produce a uniform irradiance profile on the retina with a diameter greater than
1 mm, a 1 mm diameter averaging aperture may be used to evaluate retinal irradiance ifstead of the
apertures specified.
Theretinal radiant exposure shall be at the radiant energy detectable through a 7 mm diamgter aperture
at the cornea and shall be evaluated by averaging the highest localized radiant energy ifcident upon
acircular area on the retina with a diameter of 0,03 mm (7,07-10-¢ cm?2). See Annex D for finstructions
on the way to make this calculation.

Row Parameter
1 Hg ¢y,
2 Hyy_cL
3 Hyy.cy,
’ H
4(a,b) VIR-CL
Hig L
5 Hyr ey,
6 Hyp
7 Hyg
Hp g
Hyr g
8 (Large spotd, =
1,7 mm)
Hyjpr
9 (Intermediate
spotd,.>0,03 and
<1,7’'mm)
Qvirr, Pvirr
10 (Small spot d,.
<0,03 mm)

Generally, this relates to laser or SLD radiation sources where the total beam radiant enefgy or power
entering the eye is weighted by R(A).

6 Test methods

6.1 General

All tests are type tests. All measurements shall be made at the instrument’s intended working distance.

6.2 C(lassification of instruments into Group 1 or Group 2

The first step in determining whether an instrument with broadband radiant output is Group 1 or Group 2
shall be to measure the maximum radiation output of the instrument. If the maximum total radiant output
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is below the Group 1 limit specified in Table 2 or 3, the instrument is a Group 1 instrument, and no more
measurements are needed.

NOTE The maximum radiation output of the instrument can be measured with a broadband radiometer, or with a
Luminance or illuminance meter if the spectral distribution is known and limited to the visible waveband.

If the radiant output of any wavelength band exceeds the relevant Group 1 limit(s) shown in Tables 2 or 3,
the instrument shall fulfil the requirements of a Group 2 instrument.

The measurement methods specified in Annex D can be used. Annex F provides guidance.

6.3 Spectral measurements

Spectral [irradiance, spectral radiance, spectral radiant exposure, and integrated spectral| radiance
measurerfents shall take into account potential errors related to variation in spectral weighting Wwithin the
selected handwidth of the monochromator.

The apprppriate weighting factors tabulated in Annex A [A(A) and/or R4(A)] shall<be appligd. In the
exceptionfal case of an instrument intended for use only on phakic eyes of patientsever the age df 2 years,
B(A) replqces A(A) and Rp(A) replaces R4(A). Total irradiance or radiant exposure yalies over a givep spectral
range are|calculated by summing all the adjusted individual measurements over the range.

NOTE1 |[If irradiance is measured over a bandwidth range, irradiance divided\by the bandwidth is tlje spectral
irradiance

NOTE 2 |The weighting function R(A) is defined differently in differentiexposure duration ranges. See foptnote 2 in
Table 3 angdl Table 5.

Spectral measurements are not required for wavebands (e.g-'UV or IR) that are known to be fabsent or
filtered frlom the measured light source.

At all tim¢s, measurements shall be performed under the conditions defined in Table 6.

6.4 Grqup 2 instruments: determination:of time and number of pulses to reach
recommended maximum exposure

6.4.1 termination of time ¢, to reach the recommended maximum exposure for weighted

corneal and lenticular ultraviolet radiation radiant exposure, Hg

To deterrhine the time to reach a’potential optical radiation hazard for weighted corneal and [lenticular
ultravioldt radiation radiantexposure, Formula (12) shall be used:

-3 2
6-107)]/cm

tmax (Hs—cL) = . (12)
S—CL

The corngal radiant exposure shall be evaluated by averaging the highest localized radiant powejr incident
upon a cifculararea with a diameter of 3 mm (0,07 cm?) at the corneal plane.

6.4.2 Determination oftime ¢,

aphakic retinal radiant exposure

to reach the recommended maximum exposure for photochemical

To determine the time to reach a significant optical radiation hazard for photochemical aphakic retinal
exposure, Formula (13) shall be used.

2
2 10 J/cm
tmax (Ha-r =10 J /em? )= 10 J/em” (13)
Epr
Clause 7 requires a report of the time to reach a radiant exposure value of 10 J/cm?Z.

The limit for a Group 1 instrument is 2,2 J/cm?2 and above this value the potential risk increases.
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To calculate ¢,

for 2,2 J/cm? substitute 10 J/cm? by 2,2 J/cm? in Formula (13).

For instruments that will be used on phakic eyes of patients over the age of 2 years only, the blue-light hazard
function B(A) can be used, instead of the aphakic photochemical hazard weighting function A(A) to calculate
the time to reach maximum recommended photochemical exposure.

6.4.3 Determination of the number of pulses necessary to reach the recommended maximum
exposure for photochemical aphakic retinal exposure, n_ ., (for pulsed instruments)

To determine the number of pulses necessary to reach a significant optical radiation hazard for aphakic
retinal exposure, Formula (14) shall be used:

4n T 2 2 4 F—t 2
1U ]/ CIl 1U ]/ CIIl

2 " T 700
HpgJ/cm® /pulse [2305H,1]/cm2~A/1-A(/1)-A/1}

Hpg =10]/cm? )= (14)

max

pulse

Clause 7 ffequires a report of the number of pulses necessary to reach a radiant expgstire value of 10 J/cm?
designated n,, . (Hy zg=10 J/cm?).

7 Information supplied by the manufacturer

7.1 Infprmation provided on request

The manyfacturer shall, on request, provide the user with a graph showing the relative spectral|output of
the instryment between 305 nm and 1 100 nm when the instruthent is operating at maximum ligh§ intensity
and maxifnum aperture or effective aperture. The spectral gutput shall be shown for the beam affer it exits
the instryment.

For Group 2 instruments, if the RME values are ng€;directly given in the marking or via an glectronic
interface,[the manufacturer shall provide RME infoermation via an online link (see 7.3.3). The URL shall
remain stpble for the expected service life of thesnstrument.

7.2 Acqompanying documents

7.2.1 General

Manufactprers shall provide accompanying documents that contains all relevant optical radiatfon safety
informatipn. It is the responsibility of the manufacturer to provide the safety information indicafed below
and to de¢ide which additienal information is relevant and, therefore, is provided.

7.2.2 se-limited-instruments

For instryments'that are in Group 1 by being dose-limited, the manufacturer shall provide a desdription of
how the design‘and construction meet the requirements for classification as a Group1 instrument,

7.2.3 Cautionary statements

For Group 2 instruments, the following information and cautionary statements shall be provided in a
prominent position in the user manual.

The cautionary statements below are provided as examples. The manufacturer may use modified wording
as long as the same information is conveyed and no signal word of a lower warning level than CAUTION is
used. If appropriate, several statements may be combined
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7.2.3.1 Continuous wave and time-limited instruments

If the instrument does not fulfil the requirements of Table 2, Row 1, the manufacturer shall provide the user
with information concerning the time to reach a potential optical radiation hazard as determined in 6.4.1.

If the instrument does not fulfil the requirements of Table 2, Row 3, the manufacturer shall provide the user
with information concerning the time to reach a potential optical radiation hazard as determined in 6.4.2. A
cautionary statement shall be included, and the following are examples:

CAUTIONARY STATEMENT:

“CAUTION — The light emitted from this instrument is potentially hazardous. Exposure to light from
this instrument when operated at maximum intensity will potentially exceed the Group 1 exposure
limit of 2,2 J/cm# after ____ min. Although the risk of retinal injury just exceeding 2,2 ]/CT2 is low,

caution is advised, as some patients are more susceptible than others. Exposures excée¢ding the
recommé¢nded maximum exposure (RME) of 10 J/cm? (exposure duration exceeding ()~ mjin) entail
a signifigant risk of injury.

7.2.3.2 [Pulsed and time-limited pulsed instruments

If the insfrument does not fulfil the requirements of Row 7, Table 3 - Retinal'photochemical apHakic light
hazard, tlhe manufacturer shall provide the user with information concerning either the number] of pulses
or the tirhe to reach a potential optical radiation hazard as determined in 6.4.3, with either cputionary
statement A or cautionary statement B:

CAUTIONARY STATEMENT:

“CAUTION — The light emitted from this instrument is potentially hazardous. Exposure to ljght from
this instfument when operated at maximum intensity will potentially exceed the Group 1 exposure
limit of 2,2 J/cm? after ____ pulses or min at a pulse rate of pulses/sec. Although the risk of
retinal injury at an exposure just exceeding 2,2 ]J/cni?is low, caution is advised., as some pafl‘Ents may

be more susceptible than others. Exposures exceeding the recommended maximum exposufre (RME)
of 10 J/cip? (exceeding nificant
risk of injury.

pulses or min-at a pulse rate of pulses/sec) entail a si

7.2.3.3 |[Multiple source instruments

For multiple source instruments with-continuous wave output that can illuminate the same poipts on the
retina: THe manufacturer shall provide the user with information on how to determine the time to|reach the
recommehded maximum expaosure. This shall apply for the combination of light sources at variouq intensity
settings. ;A cautionary statemerit shall be included, and the following are examples:

CAUTIONARY STATEMENT:

“CAUTION — The-light emitted from this instrument is potentially hazardous. Exposure to the
summed [light of spatially overlapping light sources from this instrument when operated at maximum
intensity|will potentially exceed the Group 1 exposure limit of 2,2 J/cm? after, e.g. min fpr source

mih for source 2 ..... and min for source n, 1f all sources are operatmg concurrently Although

) ———— —

: H : ~ e patients
may be more susceptlble than others, cautlon is adv1sed Exposures exceedmg the recommended
maximum exposure (RME) of 10 J/cm? (cumulative exposure duration exceeding 4,5 times the Group
1 limits) entail a significant risk of injury.

NOTE1 The exposure from all light sources is cumulative and additive.
NOTE 2  If the intensity of any of the light sources is reduced to 50 % of the maximum intensity, the exposure
duration for that light source to reach the exposure limit is doubled. This linear relationship can be used to determine

the time to reach the exposure limit for the combination of light sources at various intensity settings.

For instruments with multiple sources of pulsed light output that can illuminate the same points on the
retina, the manufacturer shall provide the user with information on how to determine the number of pulses
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to reach the recommended maximum exposure. This shall apply for the combination of light sources at
various intensity settings. A cautionary statement shall be included, and the following are examples:

CAUTIONARY STATEMENT:

“CAUTION — The light emitted from this instrument is potentially hazardous. Exposure to light of
spatially overlapping pulsed light sources from this instrument when operated at maximum intensity
will potentially exceed the Group 1 exposure limit of 2,2 J/cm? after, e.g. _____ pulses for source 1,
_____ pulses for 2, ....... and ___pulses for source n. Although the risk of retinal injury at an exposure
just exceeding 2,2 J/cm? is low, caution is advised, as some patients may be more susceptible than
others. Exposures exceeding the recommended maximum exposure (RME) of 10 J/cm? (cumulative
exposures from all sources exceeding 4,5 times the Group 1 limit) entail a significant risk of injury.

NOTE 3 |The exposure from all light sources is cumulative and additive.

NOTE 4 |If the intensity of any of the light sources is reduced to 50 % of the maximum intensjty-the [number of
pulses for that light source to reach the exposure limit is doubled. This linear relationship can be‘uSed to|determine
the time tq reach the exposure limit for the combination of light sources at various intensity settings.

For multiple source instruments with continuous wave and pulsed light output thatican illuminatq the same
points on|the retina, the manufacturer shall provide information on how to determine the combjination of
the time dnd number of pulses to reach the maximum recommended exposure.This shall also apply for the
combinatjon of light sources at various intensity settings. A cautionary statément shall be includef, and the
following|are examples:

CAUTIONARY STATEMENT:

“CAUTION — The light emitted from this instrument is potentially hazardous. Exposure to ljght from
this instrument when all sources are operated at maximum intensity will potentially exceed the
Group 1 exposure limit of 2,2 J/cm? after ____ min. Altheugh the risk of retinal injury at an ¢xposure
just exceeding 2,2 J/cm? is low, caution is advised, as'some patients may be more susceptjible than
others. Exposures exceeding the recommended maximum exposure (RME) of 10 J/cm? (cymulative
exposur¢ duration exceeding min) entail a-significant risk of injury.

NOTE5 |The exposure duration and number of pulses from all light sources is cumulative and additive.

NOTE 6 |[If the intensity of any of the light sources is reduced to 50 % of the maximum intensity, the exposure
duration of number of pulses for that light source to reach the exposure limit is doubled. This linear relatipnship can
be used tg determine the time to reachtthe exposure limit for the combination of light sources at variouf intensity
settings.

7.2.3.4 |Variable brightness

Where provision is madeto vary brightness, the manufacturer shall provide the user with information
concernirlg the indication of the maximum intensity and fractions of maximum intensity.

7.2.3.5 |Operation microscopes, endoilluminators and slit lamps

For operation microscopes and endoilluminators, the accompanying documents shall include the(following
cautionary Statemrent:

CAUTIONARY STATEMENT FOR OPERATION MICROSCOPES AND ENDOILLUMINATORS:

“CAUTION — The light emitted from this instrument is potentially hazardous. Exposure to light from
this instrument when operated at maximum intensity will potentially exceed the recommended
maximum exposure (RME) of 10 J/cm? after ____min unless additional action is taken by the user to
minimize exposure.

For slit lamps, the accompanying documents shall include the following cautionary statement:

CAUTIONARY STATEMENT FOR SLIT LAMPS WHEN IMAGED TO THE RETINA:
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“CAUTION — The light emitted from this instrument is potentially hazardous. Exposure to light from
this instrument when operated at maximum intensity and focused on the retina at a fixed location
will potentially exceed the recommended maximum exposure (RME) of 10 J/cm? after ____min unless
additional action is taken by the user to minimize exposure.

7.2.3.6 Instruments intended for phakic eyes of patients over the age of 2 years

If the instrument is only intended to be used with phakic eyes and a phakic spectral weighting function
is used to show compliance with this document, the manufacturer shall include a cautionary statement in
the accompanying documents that warns the user that the use of the instrument on aphakic eyes may be
hazardous.

For instrymentsimtended for the useom phiakiceyes omnty, theaccompanying documents stratt-imclude the

following|cautionary statement:
CAUTIONARY STATEMENT FOR INSTRUMENTS INTENDED ONLY FOR PHAKIC EYES:
“CAUTION — Light output hazardous for aphakic or pseudophakic eyes.

This instfument is only intended to be used for phakic eyes. Using it on non-phakic eyes may lead to
eye injurly. Do not use the instrument for aphakic or pseudophakic eyes.”,

7.2.3.7 [Cautionary statements regarding risk of thermal injury

7.2.3.7.1| Continuous wave and time-limited instruments

If the insfrument does not fulfil the requirements of Table 3,(Rows 8 to 10, the manufacturer shalll provide
the user yith information concerning the time to reach a peteéntial optical radiation hazard at epch of the
available Fadiant output settings. A cautionary statementshall be included, and the following is anlexample:

CAUTIONARY STATEMENT:

“CAUTION — The light emitted from this instrument is potentially hazardous. Exposure to ljght from
this instfument may cause thermal retinal-injury when operated at radiant outputs that produce
weighted retinal intensities more tham0;7 W/cm2. Although the risk of retinal injury decreases
with decreasing exposure duration and-spot size for a given intensity, caution is advised, a$ the risk
increases$ rapidly with increasing_ itradiance, and some patients are more susceptible than others.
Exposurés exceeding 1,0 W/cm? for'more than 42 minutes entail a significant risk of injury.

7.2.3.7.2| Pulsed instruments

If the insfrument does net’fulfil the requirements of Table 3, Rows 8 to 10, Weighted retinal thefmal light
hazard, the manufactuber’shall provide the user with information concerning the potential opticallradiation
hazard aff each of the~available radiant output settings. A cautionary statement shall be included, and the
following|is an example:

CAUTIONARY STATEMENT:

“CAUTION —The Iight emitted Irom this instrument s potentially hazardous. Exposure to light from
this instrument may cause thermal retinal injury when operated at intensities that produce retinal
exposures that exceed the Group 1 limit for the exposure duration and spot size in use. Although the
risk of retinal injury is low at the Group 1 limit and it decreases with decreasing exposure duration
and spot size for a given intensity, caution is advised, as the risk increases rapidly with increasing
intensity, and some patients are more susceptible to injury than others. Exposures exceeding the
recommended maximum exposure (RME) for the exposure conditions in use entail a significant risk
of injury.
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7.3 Marking

7.3.1 Radiation output

For all Group 2 instruments, where provision is made to vary the radiation output, the manufacturer shall
provide on the instrument an indication of the maximum intensity and available intensity settings below
maximum intensity.

7.3.2 Consult accompanying documents

Group 2 instruments shall be marked with the refer to instruction manual/booklet mandatory action safety
sign ISO 7010-M002 (see Annex F, symbol 1).

7.3.3 Srfety information for optical radiation

Group 2 instruments shall be marked with a label indicating the time or the number‘of pulseg to reach
the Recojmmended Maximum Exposure for photochemical aphakic retinal radiant\exposure [see 6.4.2
and 6.4.3) - depending on what applies - or providing a link with access to this information. In gddition, a
dated refg¢rence to this document shall be given. Instruments with electronic user interfaces may|fulfil this
requiremgnt by providing the RME information on the interface.

NOTE The link can be realised, for example by a QR code (see ISO/IEC 18004,).

Group 2 instruments shall be marked with safety sign ISO 7010-W027{see Annex F, symbol 3).

If the ophthalmic instrument is a laser device, instead of safety signiSO 7010-W027, the safety sign{[SO 7010-
WO004 shdll be used (see Annex F, symbol 2).

WARNING: Optical Radiation Hazard
Recomimended Maximum Exposure

(RME) time = 2,5 min

See (URL) for additional safety information

((‘nmplinnt with IS0 1 '1004-2-2024-)

Figure 2 — Example optical radiation hazard warning label placed on Group 2 instruments emitting
laser radiation fulfilling all requirements of 7.3.2 and 7.3.3
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Annex A
(normative)

Spectral weighting functions

Table A.1 provides the spectral weighting functions for retinal hazard analysis for both the aphakic and the
phakic eye, the spectral transmittance of the crystalline lens of a young adult was used (see Column 4) in
deriving the aphakic and phakic weighting function (see Columns 2 and 3).

NOTE R(A) is defined differently in different exposure duration ranges. See footnote 2 in Table A.1,
Table A.1 — Spectral weighting functions for retinal hazard analysis
Wavelenjgth Iris or aphakicreti- | Phakicretinal thermal | Spectral transmit- Aphakic photachemi- | Blue-light photo-
nm nal thermal hazard hazard weighting tance of crystalline cal hazard,weighting chemical
weighting function? function? lensb function hazai|d function

Ry or i) Rp(A) (Y AR) B(Y
305 2,00 — — 6,00 0,010
310 2,00 — — 6,00 0,010
315 2,00 — — 6,00 0,010
320 2,00 — — 6,00 0,010
325 2,00 — — 6,00 0,010
330 2,00 — Q 6,00 0,010
335 2,00 — — 6,00 0,010
340 2,00 — — 5,88 0,010
345 2,00 — — 5,71 0,010
350 2,00 — — 5,46 0,010
355 2,00 — — 5,22 0,010
360 2,00 AR — 4,62 0,010
365 2,00 7 — 4,29 0,010
370 2,00 — — 3,75 0,010
375 2,00 — — 3,56 0,010
380 2,00 0,010 0,003 3,19 0,010
385 2,00 0,017 0,005 2,31 4,012 5
390 2,00 0,028 0,009 1,88 D,025
395 2,00 0,053 0,017 1,58 D,050
400 2,00 0,112 0,036 1,43 0,100
405 2,00 0,240 0,076 1,3 0,200
410 2,00 0,577 0,185 1,25 0,400
415 2,00 1,024 0,330 1,2 0,800
420 Z,00 1,289 0,485 T,I5 ,900
425 2,00 1,890 0,622 1,11 0,950
430 2,00 2,000 0,721 1,07 0,980
435 2,00 2,000 0,800 1,03 1,000
440 2,00 2,000 0,860 1 1,000
445 2,00 2,000 0,888 0,97 0,970
450 2,00 2,000 0,903 0,94 0,940

NOTE To calculate values of R(A) for all wavelengths between 540 nm and 1 050 nm, the following relationship applies: R(A) = 100.002(700-2),

a For pulse durations less than 1011 s (10 ps), replace R(A) with a constant of 1,0 for all R(A) less than 1. For exposure durations greater than 10 s, replace R(2)
with a constant of 1,0 for all R(A) greater than 1.

b Source: CIE 203:2012 (incl. Erratum) A Computerized Approach to Transmission and Absorption Characteristics of the Human Eye.
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Table A.1 (continued)
Wavelength Iris or aphakicreti- | Phakicretinal thermal | Spectral transmit- Aphakic photochemi- | Blue-light photo-
nm nal thermal hazard hazard weighting tance of crystalline cal hazard weighting chemical
weighting function? function? lensb function hazard function

Ry(A) or I(A) Rp(A) 7 (A) A B(A)
455 2,00 2,000 0,919 09 0,900
460 2,00 2,000 0,928 0,8 0,800
465 2,00 2,000 0,935 0,7 0,700
470 2,00 2,000 0,943 0,62 0,620
475 2,00 2,000 0,948 0,55 0,550
480 2,00 2,000 0,951 0,45 0,450
485 2,00 2,000 0,957 0,4 ,400
490 2,00 2,000 0,961 0,22 D,220
495 2,00 2,000 0,965 0,16 0,160
500 2,00 2,000 0,968 0,1 0,100
505 2,00 2,000 0,970 0,079 D,079
510 2,00 2,000 0,972 0506 D,063
515 2,00 2,000 0,973 0,05 D,050
520 2,00 2,000 0,974 0,039 8 0,040
525 2,00 2,000 0,976 0,031 0,032
530 2,00 2,000 0,978 0,025 0,025
535 2,00 2,000 0,979 0,0199 D,020
540 2,00 1,990 0,980 0,0158 D,016
545 1,98 1,945 0,982 0,012 6 0,013
550 1,94 1,908 0,983 0,01 0,010
555 1,90 1,870 0,984 0,007 9 0,008
560 1,86 1,831 0,984 0,006 3 0,006
565 1,82 1,793 0,985 0,005 D,005
570 1,78 1,754 0,985 0,004 0,004
575 1,74 1,716 0,986 0,0031 D,003
580 1,70 1,679 0,988 0,002 5 P,002
585 1,66 1,641 0,989 0,002 P,002
590 1,63 1,615 0,991 0,001 6 D,001
595 1,59 1,575 0,991 0,001 3 D,001
600 1,55 1,537 0,992 0,001 P,001
605 1,52 1,507 0,992 0,001 D,001
610 1549 1,479 0,993 0,001 D,001
615 1,45 1,439 0,993 0,001 0,001
620 1,42 1,411 0,994 0,001 D,001
625 1,39 1,381 0,994 0,001 0,001
630 1,36 1,353 0,995 0,001 0,001
635 133 1322 ;994 6,60 ,001
640 1,30 1,291 0,993 0,001 0,001
645 1,27 1,263 0,995 0,001 0,001
650 1,24 1,235 0,996 0,001 0,001
655 1,22 1,215 0,996 0,001 0,001
660 1,19 1,186 0,997 0,001 0,001
665 1,16 1,156 0,997 0,001 0,001

NOTE To calculate values of R(A) for all wavelengths between 540 nm and 1 050 nm, the following relationship applies: R(A) = 100,002(700-2),

a For pulse durations less than 1011 s (10 ps), replace R(A) with a constant of 1,0 for all R(2) less than 1. For exposure durations greater than 10 s, replace R(2)
with a constant of 1,0 for all R(A) greater than 1.

b Source: CIE 203:2012 (incl. Erratum) A Computerized Approach to Transmission and Absorption Characteristics of the Human Eye.
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Table A.1 (continued)
Wavelength Iris or aphakicreti- | Phakicretinal thermal | Spectral transmit- Aphakic photochemi- | Blue-light photo-
nm nal thermal hazard hazard weighting tance of crystalline cal hazard weighting chemical
weighting function? function? lensb function hazard function

Ry(A) or I(A) Rp(A) 7 (A) A B(A)
670 1,14 1,137 0,997 0,001 0,001
675 1,11 1,108 0,998 0,001 0,001
680 1,09 1,088 0,998 0,001 0,001
685 1,07 1,069 0,999 0,001 0,001
690 1,04 1,039 0,999 0,001 0,001
695 1,02 1,019 0,999 0,001 0,001
700 1,00 1,000 1,000 0,001 ,001
705 0,98 0,98 1,000 — —
710 0,95 0,95 1,000 — —
715 0,93 0,93 1,000 — —
720 091 091 1,000 — —
725 0,89 0,89 1,000 & —
730 0,87 0,87 1,000 > —
735 0,85 0,85 1,000 — —
740 0,83 0,83 1,000 — —
745 0,81 0,81 1,000 — —
750 0,79 0,79 1,000 — —
755 0,78 0,78 1,000 — —
760 0,76 0,76 15000 — —
765 0,74 0,74 1,000 — —
770 0,72 0,72 1,000 — —
775 0,71 0,71 1,000 — —
780 0,69 0,69 1,000 — —
785 0,68 0,68 1,000 — —
790 0,66 0,68 1,000 — —
795 0,65 0,65 1,000 — —
800 0,63 0,63 1,000 — —
805 0,62 0,62 1,000 — —
810 0,60 0,60 1,000 — —
815 0,59 0,59 1,000 — —
820 0,58 0,58 1,000 — —
825 0556 0,56 1,000 — —
830 0,55 0,55 1,000 — —
835 0,54 0,54 1,000 — —
840 0,52 0,52 1,000 — —
845 0,51 0,51 1,000 — —
850 ;50 6,56 1666 —
855 0,49 0,49 1,000 — —
860 0,48 0,48 1,000 — —
865 0,47 0,47 1,000 — —
870 0,46 0,46 1,000 — —
875 0,45 0,45 1,000 — —
880 0,44 0,44 1,000 — —

NOTE To calculate values of R(A) for all wavelengths between 540 nm and 1 050 nm, the following relationship applies: R(A) = 100,002(700-2),

a For pulse durations less than 10-11 s (10 ps), replace R(A) with a constant of 1,0 for all R(2) less than 1. For exposure durations greater than 10 s, replace R(2)
with a constant of 1,0 for all R(A) greater than 1.

b Source: CIE 203:2012 (incl. Erratum) A Computerized Approach to Transmission and Absorption Characteristics of the Human Eye.
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Table A.1 (continued)
Wavelength Iris or aphakicreti- | Phakicretinal thermal | Spectral transmit- Aphakic photochemi- | Blue-light photo-
nm nal thermal hazard hazard weighting tance of crystalline cal hazard weighting chemical
weighting function? function? lensb function hazard function
Ry(A) or I(A) Rp(A) 7 (A) A B(A)
885 0,43 0,43 1,000 — —
890 0,42 0,42 1,000 — —
895 0,41 0,41 1,000 — —
900 0,40 0,40 1,000 — —
905 0,39 0,39 1,000 — —
910 0,38 0,38 1,000 — —
915 0,37 0,37 1,000 — —
920 0,36 0,36 1,000 — —
925 0,35 0,35 1,000 — —
930 0,35 0,35 1,000 — —
935 0,34 0,34 1,000 — —
940 0,33 0,33 1,000 & —
945 0,32 0,32 1,000 > —
950 0,32 0,32 1,000 — —
955 0,31 0,31 1,000 — —
960 0,30 0,30 1,000 — —
965 0,30 0,30 1,000 — —
970 0,29 0,29 1,000 — —
975 0,28 0,28 15000 — —
980 0,28 0,28 1,000 — —
985 0,27 0,27 1,000 — —
990 0,26 0,26 1,000 — —
995 0,26 0,26 1,000 — —
1000 0,25 0,25 1,000 — —
1005 0,25 0,25 1,000 — —
1010 0,24 0,24 1,000 — —
1015 0,23 0,23 1,000 — —
1 020] 0,23 0,23 1,000 — —
1025 0,22 0,22 1,000 — —
1030 0,22 0,22 1,000 — —
1 035 0,21 0,21 1,000 — —
1040 0521 0,21 1,000 — —
1045 0,20 0,20 1,000 — —
1 050] 0,20 0,20 1,000 — —
1 055 0,20 0,20 1,000 — —
1060 0,20 0,20 1,000 — —
1065 6,26 6,26 1666 —
1070 0,20 0,20 1,000 — —
1075 0,20 0,20 1,000 — —
1080 0,20 0,20 1,000 — —
1085 0,20 0,20 1,000 — —
1090 0,20 0,20 1,000 — —
1095 0,20 0,20 1,000 — —

NOTE To calculate values of R(A) for all wavelengths between 540 nm and 1 050 nm, the following relationship applies: R(A) = 100,002(700-2),

a For pulse durations less than 1011 s (10 ps), replace R(A) with a constant of 1,0 for all R(2) less than 1. For exposure durations greater than 10 s, replace R(2)
with a constant of 1,0 for all R(A) greater than 1.

b Source: CIE 203:2012 (incl. Erratum) A Computerized Approach to Transmission and Absorption Characteristics of the Human Eye.
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Table A.1 (continued)
Wavelength Iris or aphakicreti- | Phakicretinal thermal | Spectral transmit- Aphakic photochemi- | Blue-light photo-
nm nal thermal hazard hazard weighting tance of crystalline cal hazard weighting chemical
weighting function? function? lensb function hazard function

Ry(A) or I(A) Rp(A) 7 (A) A B(A)
1100 0,20 0,20 1,000 — —
1105 0,20 0,20 1,000 — —
1110 0,20 0,20 1,000 — —
1115 0,20 0,20 1,000 — —
1120 0,20 0,20 1,000 — —
1125 0,20 0,20 1,000 — —
1130 0,20 0,20 1,000 — —
1135 0,20 0,20 1,000 — —
1 140, 0,20 0,20 1,000 — —
1 145 0,20 0,20 1,000 — —
1150] 0,20 0,20 1,000 — —
1155 0,20 0,20 1,000 & —
1160 0,20 0,20 1,000 =~ —
1165 0,20 0,20 1,000 — —
1170 0,20 0,20 1,000 — —
1175 0,20 0,20 1,000 — —
1180 0,20 0,20 1,000 — —
1185 0,20 0,20 1,000 — —
1190 0,20 0,20 15000 — —
1195 0,20 0,20 1,000 — —
1200 0,20 0,20 1,000 — —
1205 0,20 0,20 1,000 — —
1210 0,20 0,20 1,000 — —
1215 0,20 0,20 1,000 — —
1220 0,20 0,20 1,000 — —
1225 0,20 0,20 1,000 — —
1230 0,20 0,20 1,000 — —
1235 0,20 0,20 1,000 — —
1240 0,20 0,20 1,000 — —
1245 0,20 0,20 1,000 — —
1250 0,20 0,20 1,000 — —
1255 0520 0,20 1,000 — —
1260 0,20 0,20 1,000 — —
1265 0,20 0,20 1,000 — —
1270, 0,20 0,20 1,000 — —
1275 0,20 0,20 1,000 — —
128 6,26 6,26 1666 —
1285 0,20 0,20 1,000 — —
1290 0,20 0,20 1,000 — —
1295 0,20 0,20 1,000 — —
1300 0,20 0,20 1,000 — —
1305 0,20 0,20 1,000 — —
1310 0,20 0,20 1,000 — —

NOTE To calculate values of R(A) for all wavelengths between 540 nm and 1 050 nm, the following relationship applies: R(A) = 100,002(700-2),

a For pulse durations less than 1011 s (10 ps), replace R(A) with a constant of 1,0 for all R(2) less than 1. For exposure durations greater than 10 s, replace R(2)
with a constant of 1,0 for all R(A) greater than 1.

b Source: CIE 203:2012 (incl. Erratum) A Computerized Approach to Transmission and Absorption Characteristics of the Human Eye.
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Table A.1 (continued)
Wavelength Iris or aphakicreti- | Phakicretinal thermal | Spectral transmit- Aphakic photochemi- | Blue-light photo-
nm nal thermal hazard hazard weighting tance of crystalline cal hazard weighting chemical
weighting function? function? lensb function hazard function
Ry(A) or I(A) Rp(A) 7 (A) A B(A)
1315 0,20 0,20 1,000 — —
1320 0,20 0,20 1,000 — —
1325 0,20 0,20 1,000 — —
1330 0,20 0,20 1,000 — —
1335 0,20 0,20 1,000 — —
1340 0,20 0,20 1,000 — —
134 0,20 0,20 1,000 — —
1350 0,20 0,20 1,000 — —
1 355 0,20 0,20 1,000 — —
1360 0,20 0,20 1,000 — —
1365 0,20 0,20 1,000 — —
1370, 0,20 0,20 1,000 & —
1375 0,20 0,20 1,000 =~ —
1380 0,20 0,20 1,000 — —
1385 0,20 0,20 1,000 — —
1,390 0,20 0,20 1,000 — —
1 395 0,20 0,20 1,000 — —
1400 0,20 0,20 1,000 — —
NOTE To calcylate values of R(2) for all wavelengths between 540 nm and 1 050 nm, the followingrelationship applies: R(A) = 100,002(700-2),

a

with a consta

b

For puls

Source:

IE 203:2012 (incl. Erratum) A Computerized Approach to Transmissi@mand Absorption Characteristics of the Human Eye.

b durations less than 10-11 s (10 ps), replace R(A) with a constant of 1,0 for allR(A) less than 1. For exposure durations greater than 10 f, replace R(2)
tof 1,0 for all R(A) greater than 1.

Table A.2 — Spectral weighting,functions for corneal hazard analysis

Wavelength UV radiation hazard weighting function S(7)

nm

200 0,03
205 0,051
210 0,075
215 0,095
220 0,12
225 0,15
230 0,19
235 0,24
240 0,3
245 0.36
250 0,43
254 0,5
255 0,52
260 0,65
265 0,81
270 1
275 0,96
280 0,88
285 0,77
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Table A.2 (continued)

Wavelength UV radiation hazard weighting function S(7)

nm

290 0,64
295 0,54
297 0,46
300 0,3
303 0,12
305 0,06
308 0.03
310 0,02
313 6,00 x 1073
315 3,00 x 1073
316 2,40 x 103
317 2,00 x 1073
318 1,60 x 1073
319 1,20 x 1073
320 1,00 x 1073
322 6,70,x0-%
323 540 X104
325 5,00 x 10-4
328 4,40 x 10-4
330 4,10 x 104
333 3,70 x 104
335 3,40 x 1074
340 2,80 x 10-4
345 2,40 x 10~4
350 2,00 x 1074
355 1,60 x 104
360 1,30 x 10~*
365 1,10 x 104
370 9,30 x 105
375 7,70 x 105
380 6,40 x 105
385 5,30 x 1075
390 4,40 x 1075
395 3,60 x 105
400 3,00 x 10™
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Annex B
(informative)

Measurement instruments

B.1 General

If the opt
measurer
limits spe
weighted
radiation
luminanc
squared (
measured
known. H
are to be
from a lig
diameter

Cat Tadiatiomemissions are sutficientty tow, Tetativety simpte—amd-mexpernrsive opticahj radiation
hent instruments may be used to determine if an ophthalmic instrument is belowthé|exposure
cified in 5.4 (Group 1). Broadband meters that measure one of the spectrally weightdd or non-
quantities are commercially available and may be used to directly measurge,‘potential optical
ocular and skin hazards. Spot luminance meters are also available to measure the quantity
. In general, if the luminance for a white light source is less than one candela per centimetre
1 cd/cm?), spectral data would not be needed. Once the illuminance frofan illuminancg meter is
, the spectral irradiance can be readily determined if the relative spectral power distijibution is
pbwever, it is important to remember while performing these measurements that the meaqurements
veraged over a field-of-view of 0,011 rad (11 mrad or 0,63°). This means that at a distancg of 50 cm
ht source, the field-of-view of the instrument must be emission-limited to a circular ajea with a
of 5,5 mm.

B2 M

available photometers and spectrometers or spectral power distribution info

manufact
well spec
To use su
or spectr

hod for finding the spectral irradiance fune¢tion of a light source usin

fied or that the spectrum is given as relative values with respect to a maximum value, forf instance.
h spectral information to make the calculations required by this document the spectral ifradiance
1l radiant exposure absolute valuestare needed. To do this a scaling factor is needed, which when

multiplied by the available spectral valués,the absolute values needed are obtained. Such a scaliing factor

can be ob
the spect

Measure {
Find the

fained using the method given below when the source has sufficient energy in the visible portion of
'um so that its luminance can‘be reliably measured using available instrumentation.

he luminance of the source, L, with a calibrated photometer designed to make this meafurement.
spectral radiance distribution function of the source, f(A), by measuring its spectral radiance

distributipn with a spegetrometer or by using the published spectral distribution supplied by the

manufact

The norm
un-norma

urer of the soufce:

alized values of f(A) are calculated, using the un-normalized values of f(A), by first adding all the
lized values for the entire spectrum together and then dividing each of the un-normaliged values

by this sujm.
Determin[the proper scaling of the spectral radiance with the following method:
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The luminance is given by Formula (B.1):
780 780
0

Ly :6831m/W><j38 [Ly XV (A)]dA Ly ~6831m/WXAAXY ' SX f(A)XV ()

where L =S x f(A) with f(A), the spectral power distribution function, S the desired scaling factor a

(B.1)

nd V(1) is

the visibility function that is built into the meter’s optical system. As L, has been measured, S, is determined

in Formula (B.2):

Ly =5x6831m /WxAAX Y 0 £ (2)xV (4)

(B.2)

T 1 1,0-.—\ Cihno oo d yaliine oF £ Sn 1o Aoaloraguntbh tha yoliianc AFT1/7() £o00d 10 T
R R e f fornd-int

Using B.2| value of S is determined by Formula (B.3):
S= L
6431m /WxAAx S O f (2)xV (1)
380f

Having fojund the value of S, form its product with f(A) to give the spectral radiance function for the

=S x f(A) ps given in Formula (B.4):

Ly xf(2)

$831m /W 2780f(/1)><V(/l)><A/1
380

L, is thenjused for all subsequent hazard evaluation calculations;

L=

Note that[photometers typically give the value of L, in unitsef td/m?. To use the value of L, if givg
of cd/m2)for the purposes of this document in Formula:{B.4), its value needs to be multiplied
convert its units to cd/cm?2.

Table B.1 — Standard photopic visibility weighting function V(1)

(B.3)

source L,

(B.4)

n in units
py 104 to

Wavil:lngth Q)
380 0,000 04
385 0,000 064
390 0,000 12
395 0,000 215
400 0,000 4
405 0,000 64
410 0,0012
415 0,002 18
420 0,004
425 0,007 26
430 0,0116
435 0,016 84
440 0,023
445 0,029 8
450 0,038
455 0,048
460 0,06
465 0,073 9
470 0,091
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Table B.1 (continued)
Wavelength V)
nm
475 0,112 6
480 0,139
485 0,169 3
490 0,208
495 0,258 6
500 0,323
505 0,389
510 0,503 (l/b‘
515 0,608 2 (LQ
520 0,71 94V
525 0,793 2 Qb‘
530 0,862 ‘@Q
535 09149 ~"
540 0954 &~
545 09803
550 0,995
555 1,0007
560 0,995
565 2, 09786
570 SO0 0952
575 ¢ 09154
580 o ) 0,87
585 \,\_\ 0,816 3
590 & 0,757
595 - 0,694 9
<600 0,631
605 0,566 8
()- 610 0,503
N 615 0,441 2
QOf 620 0,381
??‘ 625 0,321
%0 630 0,265
<X 635 0,217
S 640 0,175
645 0,1382
650 0,107
655 0,08 16
660 0,061
665 0,044 6
670 0,032
675 0,023 2
680 0,017
685 0,011 92
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Table B.1 (continued)
Wavtrellringth V)
690 0,008 2
695 0,005 72
700 0,004 1
705 0,002 91
710 0,002 1
715 0,001 483
720 0,001 05
725 0,000 736 ‘l,b‘
730 0,000 52 (19
735 0,000 36 94V
740 0,000 25 Qb‘
745 0,000 172 ‘@Q
750 0,000 12 ~"
755 0,000084 &~
760 0,00006
765 0,000 042
770 0,060 03
775 0,000 02
780 2, 0,00001
N
¥
xO
O
o
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Annex C
(informative)

Measurement methods for radiance/irradiance

C.1 Measurements to determine Group 1 status and to determine radiance/
irradiance parameter values for Group 2 instruments

In order tp determine if an ophthalmic instrument has Group 1 status it should not exceed ang)of
set forth in Table 2 or Table 3. To determine the spectral irradiance values or spectral radiant)poy
needed tqd calculate the limit parameter values of an ophthalmic instrument, either the methods giy

annex or

pquivalent methods should be used.

If an ophthalmic instrument is determined to have Group 2 status, the limit§~of 5.5 apply.

complian
requires

measurement of spectral irradiance values and spectral radiant pewer values. This is

either thg methods given in this annex or equivalent methods.

C.2 Method to determine Eq ¢, Eyyy.cr, Ejp.c, and Eyg_ef

Corneal s
with a m
the speci
over an a

pectral irradiance values, E; used to calculate Eg_;, Ejwer, Eir.c, @and Eyg.cr, should be dg
pasuring instrument capable of measuring spectral irradiance or spectral radiant pq
fied wavelength band. The measuring instrumént should be able to collect all radis

into the glane where the cornea is placed during norial operation except in the case of Eyp_c|.
measurerpent should be evaluated at the point of smallest beam diameter.

If the medsuring instrument's output is in spectral radiant power, the spectral irradiance values a
the ophthlalmic instrument should be taken‘to'be the spectral radiant powers measured divided b

that the o

If the me|

phthalmic instrument irradiatesin the corneal plane.

asuring instrument's output'is radiant power or irradiance, an additional measurem

spectrum| needs to be made. Theh spectral radiant power or spectral irradiance is found by weig

radiant p

wer or irradiance by the spectrum measured.

C.3 Method to determine E,

The retin

h] spectralirradiance values, E; needed to calculate E,_ should be determined by first fj

spectral fadiance-of the ophthalmic instrument using one of the two following methods.

the limits
er values
Fen in this

To assess

e with these limits, emission levels of the ophthalmic instrument should be determigEd, which

ne using

termined
wer over
nt power

Fea defined by the aperture described in Table 6 that the tested ophthalmic instrumenit radiates

where the

bsigned to
y the area

bnt of the
rhting the

nding the
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If, from knowledge of the ophthalmic instrument design, the area of the instrument exit pupil, 4,,;, and the
distance of the exit pupil from the corneal plane, Dp, is available, the effective illumination solid angle, 2, is

determined by Formula (C.1):
Q¢ = Agyit /Dp2 €1

The spectral radiance, L,, is then found from the spectral irradiance in the corneal plane, E;__, as found using
the method of C.2 by Formula (C.2):

2
Ly =E; ¢ /€2, =E/1—CDp / Aexit (C.2)

If 2, is unknown, the measurement of spectral irradiance is made under the following controlled cpnditions.
An apertyre or effective aperture whose area, 4, is small with respect to the beam cross

sectional [area where it is placed is inserted into the beam between the ophthalmic instriGment and the
measurinﬁ plane. The spectral irradiance is measured using the method of C.2. The spectral radignce, L,, is
then found from the spectral irradiance, E;, by Formula (C.3):

L,=K,D*/A (C.3)

where D if the distance from the aperture or effective aperture, whose aréa is 4, to the measurement plane.

These spectral radiance values should then be used to calculate~the spectral irradiance valles at the
retina in fthe following way. The area of the pupil of the eye through which light passes in normal use of
the ophtHalmic instrument, Ap, should be determined. Its value:can either be determined by knowledge
of ophthdlmic instrument design and usage or by measurement. If it is necessary to determing its value
by measurement, the measurement should be made by plaeing a light-sensitive device such as p piece of
photographic film or a CCD camera sensor in the plane where the pupil of the eye would be placed [in normal
instrumept use and illuminating it to record the areailluminated. Then this illuminated area is measured
and its vajue is taken to be A,.

Calculatidn of retinal spectral irradiance should then be made by first assuming that the pupil lies
at an optjcal distance, D, of 17 mm from the retina. The retinal spectral irradiance, E), is ther] given by
Formula (|C.4):

Ej; =03 A, /Dy =L, A, /289 (C.4)

A third alternative method can‘be used for instruments, such as fundus cameras that produce a hommogenous
beam on|the retina. The-radiant power from the instrument is measured as in C.2. By knqwing the
instrumeft's optical pra@perties, the area into which this radiation falls is calculated. The retinal irradiance
is then found by dividinng the radiant power entering the eye by the area irradiated on the retinj. Specific
informatipn on making the relevant calculations is found in Annex D.

C4 Melthod to determine Hg (., Hyy.cr, Hip.c, and Hyp.cp,

Corneal spectral radiant exposure values, H,, used to calculate Hg ¢, Hyy.cL, Hig.c, and Hyjr.c, should be
determined using a measuring instrument capable of measuring all the spectral radiant power that the
tested ophthalmic instrument radiates during a single pulse.

The measurement should be taken by placing the measuring instrument so that its sensor collects all the
radiation emitted by the tested ophthalmic instrument that falls in the plane where the cornea is placed
during normal operation.

The spectral radiant exposure values are the measured spectral radiant power values divided by the
measured irradiated area.
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If the measuring instrument's output is radiant power or irradiance, an additional measurement of the
spectrum needs to be made. Then spectral radiant power or spectral irradiance is found by weighting the
radiant power or irradiance by the spectrum measured.

C.5 Method to determine Hyp  and H,

The position of the highest radiant exposure found in the irradiated retinal area should be found. The
weighted retinal visible and infrared radiation exposure value, Hy;g_g, should then be calculated by dividing
the spectral radiant energy. Qyg.r, in joules, incident on the retina in a 0,03 mm diameter circular disc
centred on the position of highest irradiance by the area of this disc (7,07 x 10-¢ cm?2).

Retinal spectral radiant exposure values, H,, used to calculate Hy;; o and H,  should be determined by first
finding the spectral radiance of the ophthalmic instrument using one of the two following methods.

C.5.1 If|from knowledge of the ophthalmic instrument design, the area of the instrumentlexit pjupil, A;,
and the djistance of the exit pupil from the corneal plane, D, are available, the effective #lumingtion solid
angle, Q,,]is determined by Formula C.5:

4 .
Q =fexit (C.5)

e 2

Dy
The spectral radiance, L,, is then found from the spectral radiant expesure in the corneal plang, H,__, as
found usipg the method of C.4 by Formula (C.6):

2
al H, ~D
Ly =fAC AL (C.6)

2. Xt Agyie Xt

If 2, is upknown, the measurement of spectral radiant exposure is made under the following ¢ontrolled
conditionf. An aperture or effective aperture whose area, 4, is small with respect to the beam crosq sectional
area where it is placed is inserted into the beam between the ophthalmic instrument and the measuring
plane. Th¢ spectral radiant exposure is measured using the method of C.4. The spectral radiance, [, is then
found from the spectral radiant exposure, H;, 4y Formula (C.7):

H,D?

L, = C.7
A laxe (C.7)

These spgctral radiance values should then be used to calculate the spectral radiant exposure values at the
retina in fhe following way. The area of the pupil of the eye through which light passes in normal use of
the instryment, 4, should.be-determined. Its value can either be determined by knowledge of ophthalmic
instrument design and usage or by measurement. If it is necessary to determine its value by meagurement,
the measfyirement shodld*be made by placing a light-sensitive device such as a piece of photograp}ic film or

a CCD carpera sensordin the plane where the pupil of the eye would be placed in normal instrument use and
illuminatjng it to record the area illuminated. Then this illuminated area is measured and its valye is taken
tobeA,.

p

Calculatiqn of retinal spectral radiant exposure should then be made by first assuming that the pyipil lies at
an optical distance, D, of 17 mm from the retina. The retinal spectral radiant exposure, H,, is then given by

Formula (C.8):

Ly A Xt Ly A, Xt
Hy =P 2P (C.8)
D, 289

A third alternative method can be used for instruments, such as fundus cameras that produce a homogenous
beam on the retina. The radiant power from the instrument is measured as in C.2. By knowing the
instrument's optical properties, the area into which this radiation falls is calculated. The retinal irradiance
is then found by dividing the radiant power entering the eye by the area irradiated on the retina. Specific
information on making the relevant calculations is found in Annex D.
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thod to calculate d,.

To calculate the limit values Eyg. and Lyz.g for continuous wave instruments and Hyg. and Lyp.g for
pulsed instruments, the dimension (in millimetres) of the source on the retinal surface, d,, should be given
a value. If the angular subtense of the source, a, as viewed by the eye with the ophthalmic instrument
positioned at its normal intended use distance from the eye, is known or has been measured, d, is found

using Formula (C.9):
d.=17tana

where 17

mm is the distance from the nodal point of the standard eye to the retina.

(C9)

Alternatiy
held at a ¢
measured
the value

For beam
Cross-sec
section le

NOTE
width ath

C.7 Ex{
Diffuse lig

For this a

fely, d. 1s found experimentally by forming an image ol the source using a 17 mm focal 14
listance from the ophthalmic instrument equal to the normal intended use position ofi th
width of the image so formed in a plane 17 mm from the secondary principal planhe of {
to use as d..

b with a non-circular cross-section, the value of d, should be determined by averaging the
ion length with the minimum cross-section length. In this calculation;yif the maxim;
hgth is greater than 1,7 mm, the value 1,7 mm should be used as the maximum cross-secti

h1f maximum for uniformity between Gaussian and top hat beams.

ample for determination of radiance from a medsurement of irradiance
rht source, 15 mm in diameter, with a central hot spotwith a diameter of 3 mm.

bplication, the eye is located a distance of 20 cmn*from the diffuse light source.

C.7.1 DEetermination of radiance

ngth lens
e eye. The
he lens is

naximum
im Ccross-
pn length.

Although laser safety standards define Gaussian beam diameter d, at\I’/é points, this document uses full

hpertures

£.10)

Radiance|can be determined by measuring the radiant power that is transmitted through two
spaced atfa known distance, z, apart using thé relationship given in Formula (C.10):
P T (
A-a
where
i the radiance;
@ ip the radiant-power;
a ip the area of the first aperture;
A ip the'area of the second aperture;

z isthe distance between the first aperture and the second aperture.

See Figure C.1.

Only the radiation that is within a field-of-view of 11 mrad needs to be considered.

Determin

ation of aperture size for field-of-view of 11 mrad.

In this application, the field-of-view of 11 mrad defines the diameter of the first aperture, d, that can be
placed directly over the diffuse source at a distance z =20 cm from the nodal point of the eye, since the pupil
of the eye is the field stop.
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Thus, 0,011:g and d=0,011xz=2,2mm

zZ

C.7.2 Determination of irradiance

Irradiance is determined by measuring the radiant power that is transmitted through the second aperture
with a diameter of 7 mm, at a distance z = 20 cm from the light source. The irradiance is then equal to the
radiant power divided by the area of a 7 mm aperture.

NOTE A7 mm diameter aperture is used as specified for the measurement of the optical radiation incident on the eye.
Since,
D
E= 4> (C.11)
0384 cm
Formula (|C.11) for radiance becomes Formula (C.12):
2
EK
L=-f% (C.12)
a
2
Lo EK(200)
1:(1,1)2
It is only [necessary to measure the irradiance at distance z = 20-cm, for the determination of the source
radiance fising an aperture of 2,2 mm over the hot spot of the diffuse source. This method takes thg 11 mrad

field-of-view into account.

Key

N R N XD

solid
area @
distar

first aperture

light s

ngle subtended by light source LS
f the second aperture
ce between theirst aperture (FS) and the second aperture (with area A)

ource

Figure C.1 — Solid angle (2 subtended by a light source
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Annex D
(informative)

Guidance on the direct measurement of irradiance

asurements of irradiance in corneal or pupillary plane

To deterr
instrume
the maxir

area in the applicable measurement plane by the area of the 1 mm aperture used.

D.2 Me

The specfral irradiance created in the plane of the retina by an ophthalmic in§tyument cannot be

directly s
measurer

If spectrall radiance measurements are chosen, procedures given in"€.3 and C.4 are to be used to

measurer
instrume
area of th
areas of t
specify th
radiance.
terms of {
values an
the eye. Tj
tangent o
of the eye

tan

lillt: L}le SPCELL dl illddidllLU ill LhU [JldllC Uf LllE CUI'TICd Ul Lilt: pupﬂ Uf LllC cyc, L}le U
0t is located in the intended position of use. The spectral irradiance is then determinedb
hum spectral radiant power or radiant exposure that can be collected in a 1 mm diameéte

asurements of retinal irradiance

o it must be calculated, either from spectral radiance measurements or from spect
hents taken outside the eye.

hents. A method using a photometer and the spectrum of the Source is given in B.2. Many o
ht illumination systems are extended sources, by which it is meant that they illuminatg
b retina. For sources of this type is it important to make the spectral radiance measuremg
he source with the highest intensity, rows 8 to 1Q~irf Tables 3 and 5 and rows 7 to 10 in ]
e size of the retinal area surrounding the highest intensity that is to be used to find th

his situation. It is most convenient to first-convert the required retinal areas to angular
d then use these angular sub tense values to set suitable limits on the measurement are
hble D.1 gives the conversion from theretina areas, given as their diameter d, in millimet
f the angular sub tense values using the standardized distance of 17 mm between the n

and the retina in Formula (D.1):
d
D =
17 mm

Table D.1 — Conversion from the retina areas

phthalmic
y dividing
r circular

measured
-al power

make the
bhthalmic
a sizable
nts in the
able 6, all
b spectral

However, as the measurements are taken. gutside the eye, a method is needed to set the area in

sub tense
hs outside
res, to the
pdal point

(D.1)

Specified diameter of the Tangent of the sub-
retinal area tended angle
mm
0,03 0,0018
0,18 0,010 6
1 0,0589

When using a photometer that measures in a small area and that allows to view the measured area and the
measured value while taking the measurement, it is easy to make the spectral measurements in the areas
of highest intensity. When a method, such as that given in C.7, is used or when the source is does not radiate
in the visible portion of the spectrum, other methods are needed to ensure that measurements are taken in
the source area of highest intensity. For instance, a CCD camera system that has sensitivity in the infrared
portion of the spectrum can be used to find the areas of high intensity so the measurement apparatus can
be directed at those areas. Once the apparatus is measuring in the correct general area of the source, its
positioning can be iteratively changed until the highest intensity is found, at which point measurements are
recorded.
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Once the spectral radiance of the source L, has been measured, the retinal irradiance E, is calculated using
Formula (C.4). The pupil area A, to use in this formula is either the pupil entrance aperture area set by the
instrument itself or, if the instrument does not set this area, the area of a 7 mm diameter disk (expressed in
units of square centimetres).

If spectral power measurements are chosen to be used, the spectral power radiated by the instrument is
measured at a distance from the instrument equal to that at which the pupil of the pupil is to be placed
when the instrument is used. If the instrument sets the entrance aperture size of radiation entering the
eye, the total power passing the measurement plane is recorded. If the instrument does not set the entrance
aperture, the measurement of power passing through a 7 mm diameter aperture placed in the pupil plane is
recorded.

Once Spe"fr:\] radiant power has been determined it is then necessary to determine the spa ial beam

profile or] the retina. The spatial beam profile of the radiation on the retina can be determinéd|by direct
measurerfients or by a combination of measurements and calculations using geometrical optics:

The area ¢fthe retina illuminated can be determined by geometrical optics for an ophthalmi¢'instruyment that
producesfa Maxwellian view with a circular beam waist at the pupillary plane of the-eye. This is applicable
for instruments that produce a homogenous beam on the retina. In this case, the cone'angle is detefmined by
measurerfents of the beam diameter, 2x (where x is the radius), at a known distance, I, beyond the|pupillary
plane. The cone half angle, 0, in this case is given by the Formula (D.2):

O=tdn"t (x /1) (D.2)
The radids, r, of the beam on the retina in centimetres, is given by the product, r=1,7tan =17 (x /). In
this case, [the area on the retina is given by the product of mr2.

In the casp of a collimated beam incident on the cornea of theeye, the area to be used is either 0,03 jmm, if the
eye is imrhobilized, or 0,18 mm if the eye is not immobilized.

In the casg of a divergent beam on the eye such as that’from a direct ophthalmoscope, the area on the retina
illuminated is given by Formula (D.3):

=P (1,7 cm)? (D.3)

where (2 i the solid angle subtended by:the source in steradians.

Q can be|determined by measunéments of the beam area at two distances from the exit apertfire of the
ophthalmfic instrument. The beam areas at the two different distances can be used to determing the cone
angle(s) ffom which the solid-arnigle can be derived,

In this cage, the solid angle™2 is given by Formula (D.4):
Q=2p(1-cosor) (D.4)

For evalugting photochemical hazards for divergent beams, the following procedures for a non-immobilized
eye shall peZused. The spectral irradiance on the retina is determined by dividing the maximum spectral
radiant power or radiant exposure that can be collected in a 0,18 mm diameter circular retinal area by
the area of the aperture used. For an immobilized eye, or for retinal thermal hazards, a 0,03 mm aperture
shall be used. However, for instruments that produce a uniform beam on the retina with a diameter greater
than 1 mm, a 1 mm diameter averaging aperture can be used to evaluate retinal irradiance instead of the
apertures specified.
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Annex E
(informative)

Examples of measurement methods for specific ophthalmic
instruments

asurement target: Liquid crystal chart (light source: white LED)

The liquifl crystal chart uses white LEDs as the backlight for presentation of Landoltirings ahd Arabic

numerals

Since the [emitted radiation from such charts is low, a luminance meter can be used as a sample screening

method t¢ determine whether strict measurements are required.

If the s
classifi

crgening results are confirmed as low, further, measurements are.not needed, and the chart can be
ed|as Group 1.

If there is|any uncertainty, rigorous measurements will be required te determine Group classificafion.

E.1.2

Prepar

a) Th

b) set qu the device as used in an ophthalmic examination setting and turn on the power;
c) sett

d) record the measurement settings.

E.1.3

See Figurg E.1 for the test settp.

MEasuring method
atipn:

e measurement is performed in a dark room;

e luminance at the maximum setting;

Brightness measurement: Luminance meter/colour luminance meter/spectral radiance meter

a) Set up the luminance/meter so that the reference position matches the eye's corneal position|(2,5 m to

7 m) In the ophthalmic examination;
b) SettHe measurément angle of the luminance meter to 1°

c¢) Measpre.the luminance value

iy

2)

3)
4)

An aperture is installed on the light emitting surface for evaluation at a measurement angle of
0,011 [rad]. (For example, when the inspection distance is 5 m, the aperture diameter is 55 mm);

The measurement point of the luminance meter is adjusted to the aperture, and the measurement is
performed after focusing;

Set the luminance meter to the exposure duration at which the measured value stabilizes;

If the measurement is not stable, measure multiple times and average;
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5) Measure multiple points and evaluate with the highest value.
d) Calculate the corrected luminance value:
(Corrected luminance value) = (measured luminance value)-(1°/0,63°)2

e) Judge whether the requirements for the document are met by considering the uncertainty of
measurement,

1) If the measured luminance value is 500 [cd/m?] and the measurement uncertainty is 10 %,
(Corrected luminance value) = 500-(1°/0,63°)% = 1 259,8 [cd/m?]

(Corrected luminance value considering uncertainty) = 1 259,8:1,10 = 1 385,7 [cd/m?]

If thg value does not exceed the specified value of 10 000 cd/m?2, measurement for groupjng is not
need¢d, and it is classified as Group 1.

Key
1  luminpnce meter

2 surfage of diffuse light source

Figure E.1 — Test setup for.the Brightness measurement

E.2 Funhdus cameras

E.2.1 Measurement target: Fundus camera (Example: Light source: Xenon lamp 420 nm - 1| 000 nm/
Emission ftime: 0,002 s)

The fundiis camera enables a yiew of the retina prior to photography by illuminating the retina with white
light fron] a separate light source.

At the pojnt of photography, a separate light source e.g. Xenon lamp, is flashed with an emissign time of
0,002 s. Therefore, thelinstrument becomes a pulsed instrument.

Furthermore, fundis cameras are not intended to be used with an immobilized eye. Immobilized pye refers
to situati¢gnswhere the eyes are physically fixed, such as during surgery.

E.2.2 Measuring method
Preparation:
a) The measurement is performed in a dark room;

b) Set up the instrument to be measured in the same way as used in an ophthalmic examination setting
and turn on the power;

¢) Increase light output setting to maximum;

d) Record the measurement settings.
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