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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO 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 particular the different approval criteria needed for the different types of
ISO documents should be noted. This document was drafted in accordance with the editorial rules of the
ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any patent
rights identified during the development of the document will be in the Introduction and/or on the ISO list of
patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity assessment,
as well as information about 1ISO's adherence to the WTO principles in the Technical Barriers to Trade (TBT)
see the following URL: Foreword - Supplementary information

SO/CIE 19479 was prepared by CIE Technical Committee 2-40: Characterizing the performance of
illuminance and luminance meters, as CIE S 023. The committee responsible for this document is ISO/TC 274,
Light and lighting.

© 1SO 2014 — All rights reserved iii
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Foreword

International Standards produced by the Commission Internationale de I’'Eclairage are concise
documents on aspects of light and lighting that require a unique definition. They are a primary
source of internationally accepted and agreed data which can be taken, essentially unaltered,
into universal standard systems.

This CIE International Standard has been prepared by CIE Technical Committee 2-401
“Characterizing the Performance of llluminance and Luminance Meters”. It has been approved
by the Board of Administration and Division 2 of the Commission Internationale de I'Eclairage
as well as by the CIE National Committees. It is supposed to supersede CIE Publication 69-
1987.

1 This TC was chaired by R. Rattunde 1 (DE) and P. Blattner (CH).

Members were: R. Austin (US), J. Bastie, (FR), T. Bergen (AU), G. Czibula (DE), G. Dezsi (HU),
T. Goodman (GB), K.C. Khandelwal (IN), T.Q.Khanh (DE), U.Krliger (DE), J.Mahidharia (IN),
Y. Ohno (US), J. Pan (CN), J. Pietrzykowski (PL), |. Saito (JP), G. Sauter (DE), J. Schanda (HU),
H. Shitomi (JP), A. Sperli ng (DE), W. Steudtner (DE), R. Stolyarevskaya (RU), H.-G. Ulrich (DE),
G. Vandermeersch (BE), P. Vukadin (RS), X. Gan (SG), R. Young (GB).
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Characterization of the Performance of llluminance Meters and Luminance
Meters

1 Scope

This CIE International Standard is a pplicable to illuminance and luminance meters. The
Standard defines quality indices characterizing the performance of such devices in a general
lighting measurement situation, as well as measurement procedures for the individual indices
and standard calibration conditions.

Measurements of illuminance or luminance and their accuracy are influenced by various
parameters, such as operational conditions, properties of light sources, as we Il as
characteristics of the applied photometers. The characteristics of these photometers alone do
not allow the determination of the measurement uncertainty for a specific measurement task.
Nevertheless, it is generally true that instruments with “better” characteristics in most cases
produce smaller uncertainties than instruments with “worse” properties. This Standard has
been written to:

e give clear and unambiguous definitions for the individual quality indices;

e define measurement procedures and methods for numerical evaluation of these quality
indices;

e define calibration conditions for illuminance meters and luminance meters.

Where different, the definitions of the quality indices and the associated measurement
procedures and methods for numerical evaluation given in this Standard supersede those
given in CIE Publication 53-1982. CIE publication 69-1987 shall be superseded by this
Standard.

2 Normative References

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

CIE 202:2011 Spectral Responsivity Measurement of Detectors, Radiometers and
Photometers

CIE S 017/E:2011 ILV: International Lighting Vocabulary

ISO 11664-2:2007/CIE S 014-2:2006 Colorimetry — Part 2: CIE Standard llluminants

ISO 23539:2004/CIE S 010:2004 Photometry — The CIE System of Physical Photometry

CIE 198:2011 Determination of Measurement Uncertainties in Photometry

CIE 114/4-1994 CIE Collection in Photometry and Colorimetry - Distribution Temperature and
Ratio Temperature

IEC 60051-1:1997 Direct acting indicating analogue electrical measuring instruments and
their accessories — Part 1: Definitions and general requirements common to all parts

ISO/IEC Guide 98-3:2008' Uncertainty of measurement -- Part 3: Guide to the expression of
uncertainty in measurement (GUM:1995)

ISO/IEC Guide 99:2007° International Vocabulary of Metrology — Ba sic and General
Concepts and Associated Terms (VIM).

1 Also referred as JCGM 100:2008, available from BIPM webpage.
2 Also referred as JCGM 200:2008, available from BIPM webpage.
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3 Definitions

For the purposes of this document, the terms and definitions given in CIE S 017/E:2011
(International Lighting Vocabulary) and the following apply.

3.1 General Definitions

3.11

measurement accuracy

closeness of agreement between a measured quantity value and a true quantity value of a
measurand

Note 1 to entry: The concept ‘measurement accuracy’ is not a quan tity and is not given a numerical
quantity value. A measurement is said to be more a ccurate when it offers a smaller
measurement error.

Note 2 to entry: The term “measurement accuracy” should not be used for measurement trueness and
the term me asurement precision should not be used for ‘measu rement accuracy’,
which, however, is related to both these concepts.

Note 3 to entry: ‘Measurement accuracy’ is sometimes understood as closeness of agreement
between measured quantity values that are being attributed to the measurand.

[Source: ISO/IEC Guide 99:2007 (VIM), 2.13]

3.1.2
measurement error
measured quantity value minus a reference quantity value

Note 1 to entry: The concept of ‘measurement error’ can be used both

a) when there is a single re ference quantity value to refer to, which occursif a
calibration is made b y means of a measurement standard with a measured
quantity value having a negligible measurement uncertainty or if a conventional
quantity value is given, in which case the measurement error is known, and

b) if a measurand is supposed to be represented by a unique true quantity value or a
set of true quantity values of negligible range, in w hich case the measuremen t
error is not known.

Note 2 to entry: Measurement error should not be confused with production error or mistake.
[Source: ISO/IEC Guide 99:2007 (VIM), 2.16]

3.1.3

calibration

operation that, under specified conditions, in a first step, establishes a relation between the
quantity values with measurement uncertainties provided by measurement standards and
corresponding indications with associated measurement uncertainties and, in a second step,
uses this information to e stablish a r elation for o btaining a measurement result from an
indication

Note 1 to entry: A calibration may be e xpressed by a statement, calibration function, calibration
diagram, calibration curve, or calibration table. In some cases, it may consist of an
additive or multiplicati ve correction of the indication with associated measure ment
uncertainty.

Note 2 to entry: Calibration should not be confused with adjustment of a measuring sy stem, often
mistakenly called “self-calibration”, nor with verification of calibration.

Note 3 to entry:  Often, the first step alone in the above definition is perceived as being calibration.
[Source: ISO/IEC Guide 99:2007 (VIM), 2.39]

3.1.4

adjustment of a measuring system

set of operations carried out on a measuring system so that it provides prescribed indications
corresponding to given values of a quantity to be measured
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Note 1 to entry: Types of adjustment of a measuring system include zero adjustment of a mea suring
system, offset adjustment, and span adjustment (sometimes called gain adjustment).

Note 2 to entry: Adjustment of a measuring system should not be confused with calibration, which is a
prerequisite for adjustment.

Note 3 to entry: After an adjustment of a measuring system, the measuring system must usually be
recalibrated.

[Source: ISO/IEC Guide 99:2007 (VIM), 3.11]

3.1.5

(metrological) traceability

property of a measurement result whereby the result can be related to a reference through a
documented unbroken chain of calibrations, each contributing to the measurement uncertainty

Note 1 to entry: For this definition, a ‘reference’ can be a definition of a measurement unit through its
practical realization, or a measurement procedure including the measurement unit for
a non-ordinal quantity, or measurement standard.

Note 2 to entry: Metrological traceability requires an established calibration hierarchy.

Note 3 to entry: Specification of the reference must include the time at which this reference was used
in establishing the calibration hierarchy, along with any other rele vant metrological
information about the reference, such as when the first calibra tion in the calibration
hierarchy was performed.

Note 4 to entry: For measurements with more than one input quantity in the measuremen t model,
each of the input quantity values should itself be metrologically traceable and th e
calibration hierarchy involved may form a branched structure or a network. The effort
involved in establishing metrological traceability for each input qua ntity value should
be commensurate with its relative contribution to the measurement result.

Note 5 to entry: Metrological traceability of a measurement result does not ensure that th e
measurement uncertainty is adequate for a given purpose or that there is an absence
of mistakes.

Note 6 to entry: A comparison between two measurement standards may be viewed as a calibration if
the comparison is used to check and, i f necessary, correct the quantity value and
measurement uncertainty attributed to one of the measurement standards.

Note 7 to entry: The ILAC considers the elements for confirming me trological traceability to be an
unbroken metrological traceability chain to an international measurement standard or
a national measurement standard, a documented meas urement uncertainty, a
documented measurement procedure, accredited technical competence, metrological
traceability to the SI, and calibration intervals (see ILAC P-10:2002).

Note 8 to entry: The abbreviated term “traceability” is some times used to mean ‘metrolo gical
traceability’ as well as other concepts, such as ‘sample traceability’ or ‘document
traceability’ or ‘instrument traceability’ or ‘material traceability ', where the hi story
(“trace”) of an item is meant. Therefore, the full term of “metrolo gical traceability” is
preferred if there is any risk of confusion.

[Source: ISO/IEC Guide 99:2007 (VIM), 2.41]

3.1.6
photometer
instrument for measuring photometric quantities

[Source: CIE S 017/E:2011, 17-909]

Note 1 to entry: A photometer consists of a photometer head, a signal converter, an output device and
a power supply. The different parts can be builtt o a single device or splitinto
separate housings. Within this Standard, the term photometer refers to illuminance
and luminance mete rs having a single detecto r that measure s light spe ctrally
integrated.

3.1.7

reference plane (of a photometer or light source)

plane associated with a photometer or a light source for the purpose of measuring the
distance between them
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Note 1 to entry: For a photometer this is the plane perpendicular to the optical axis of the photometer
head at which the photometer or photometer head is calibrated. The reference plane
of a photometer should ideally coincide with the effective reference plane.

3.1.8

effective reference plane (of a photometer)

plane perpendicular to the optical axis of the photometer head where the inverse square law
holds when illuminance from a point source is measured and the distance to the source is
measured from this plane

Note 1 to entry: The effective reference plane may vary with wavelength. In such a case the type of
light source (i.e. CIE Standard Illuminant A) shall be stated together with the effective
reference plane.

3.1.9

limiting photometric distance

shortest distance between the reference plane of a light source and the effective reference
plane of a photometer, for a g iven acceptable error considering the photometric inverse
square law

Note 1 to entry: The limiting photometric distance is determined mainly from the geometrical
properties of the photometer and the source.

3.1.10

acceptance aperture

acceptance area of the photometer head of an illuminance meter or the measurement field of
a luminance meter

Note 1 to entry: Usually the acceptance aperture is at the effective reference plane of the photometer.

3.2 Quality Indices

A set of quality indices is used to ch aracterize the performance of photometers. Quality
indices are physical quantities characterizing selected properties of a photometer. They are
normalized response values, which do not describe errors directly and thus cannot be used
for correction. The name for each index has been taken from the physical effect influencing its
value to make it easier to memorize and understand its meaning

A quality index is symbolized by the symbol " f," where the subscript "x
considered property. The values are:

specifies the

e evaluated by formulas specific for each property, from data determined under specified
measurement conditions;

e stated as a percentage, with associated uncertainties; and
e ideally zero.

The quality indices of these photometers alone do not allow the es timation of the
measurement uncertainty for a specific measurement task. Nevertheless, it is generally true
that instruments with smaller f,-values, in most cases, allow smaller measurement

uncertainties than instruments with larger values.

3.21

initial adjustment index

fagj

index describing the absolute relative deviation of the photometer indication from the
corresponding reference value
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3.2.2

general V(1) mismatch index

f4

index describing the deviation of the relative spectral responsivity of the photometer from the
V() function

3.23

UV response index

fuv

index describing the responsivity of the photometer to UV radiation

3.24

IR response index

fir

index describing the responsivity of the photometer to IR radiation

3.2.5 (illuminance meter only)

directional response index for illuminance

fa

index describing the responsivity of the photometer to light incident at an angle other than
normal (the cosine law for general purpose illuminance meters)

3.2.6 (illuminance meter only)

directional response index for spherical illuminance

f20

index describing the responsivity of the photometer to light incident at an angle other than
normal

3.2.7 (illuminance meter only)

directional response index for cylindrical illuminance

f2,(:1

index describing the resp onsivity of the photometer to light incident at an angle other than
normal

3.2.8 (illuminance meter only)

directional response index for semi-cylindrical illuminance

f2,sc

index describing the resp onsivity of the photometer to light incident at an angle other than
normal

3.2.9 (illuminance meter only)

directional response index for semi-spherical illuminance

fo2n

index describing the responsivity of the photometer to light incident at an angle other than
normal

3.2.10 (luminance meter only)

directional response index for luminance

fag

index describing the responsivity of the photometer to light incident at an angle other than
normal

1 Previously used symbol f2,z .
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3.2.11 (luminance meter only)

directional symmetry index

f2,s

index describing the influence of the angle of light incidence within the measuring field of a
luminance meter

3.2.12 (luminance meter only)
surrounding field effect index
f2 u

index describing the influence of the ambient luminance outside the measuring field of a
luminance meter

3.2.13

linearity index

fa

index describing the deviation of the photometer response to illuminance or luminance at
different levels

3.2.14

display-unit index

fq

index describing the influence of the analogue or digital display of photometers

3.2.15

fatigue index

f5

index describing the stability of the photometer responsivity for constant illumination over long
periods

3.2.16
temperature dependence index

fe,1

index describing the influence of ambient temperature on the photometer responsivity when
the ambient temperature differs from that at the time of calibration

3.2.17

humidity test index

fo,1

index describing the stability of the photometer with respect to humidity

3.2.18

modulated light index

f7

index describing the influence of modulated light at various frequencies, compared to the
response for a constant illumination condition

3.2.19

polarization response index

fg

index describing the influence of polarized light on the responsivity of the photometer

3.2.20

spatial response index

fg

index describing the influence of non-uniform illumination incident on the photometer within
the acceptance aperture
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3.2.21
range change index

f11
index describing the influence of range settings of display-units or amplifiers

3.2.22 (luminance meter only)

focusing distance index

f12

index describing the influence of deviations of the test distance from the focus distance for
luminance meters

4 Calibration

4.1 Conditions

Photometers shall be calibrated by sources or detectors certified as reference standards and
whose calibration is traceable to the International System of Units (Sl). Traceability means an
unbroken chain of calibrations or comparisons, linking them to relevant primary standards of
the Sl-units of the measurement as published in the CMC lists of the BIPM and carried out by
laboratories with accredited competence.

Photometers shall be calibrated at an ambient temperature of 25 °C with unpolarized light
from an incandescent lamp with a correlated colour temperature of 2 856 K (CIE Source A).
Prior to commencing calibration, the photometer shall be allowed to thermally stabilize in the
ambient conditions for at least one hour. The entrance window of the photometer shall be
uniformly illuminated and overfilled.

Photometers shall be regularly recalibrated:

e at the interval recommended by the manufacturer; or

e atleast every 2 years; or

e ifitis suspected that the instrument’s performance has changed.

NOTE In practical terms, correlated colour temperature and distribution temperature are equivalent
when establishing a lamp as CIE Source A.

4.2 llluminance Meters

4.2.1 General

Illuminance meters shall be calibrated with light incident normal to the effective reference
plane where the light source is located at a distance greater than the limiting photometric
distance.

If the illuminance meter is calibrated against a reference photometer, the effective reference
plane of the illuminance meter shall be positioned at the identical location and orientation as
was the effective reference plane of the reference photometer. If the illuminance meter is
calibrated using a standard lamp, the calibration distance is given by the distance from the
reference plane of the standard lamp to the effective reference plane of the illuminance meter.

4.2.2 (Planar) llluminance E
E=E, (1)
where

E, is the illuminance on the effective reference plane.

The location of the effective reference plane with respect to the front area of the photometer
shall be declared by the manufacturer. For illuminance meters with flat diffusers, the effective
reference plane is usually at the front plane of the diffuser.
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4.2.3 Spherical llluminance EO1

Eg = Ey4 (2)
where

E, is the illuminance on the effective reference plane.
The effective reference plane is located within the spherical adapter, at a distance of
7y = 0,146 times the diameter, d, of the spherical adapter from the sphere zenith.

NOTE The factor jy, is determined such tha t the area cut o ut from the effective reference plane is
just half the area of the projected entrance window of the photometer. The solution is found

from geometrical relations: yq = (’I —cos (arcsin (1/ \/E)))/Z =0,146.

4.2.4 Cylindrical llluminance E_*°

1
E. =—E4 (3)

where

E, is the illuminance on the effective reference plane.

The effective reference plane is located within the cylindrical adapter, parallel to the entrance
window of the photometer, at a distance of 7, = 0,067 times the diameter, d, of the cylindrical

adapter from the lateral area (see Figure 1).

NOTE  The factor y, is determined such that the area taken out of the e ffective reference plane is
just half the area of the projected entrance window of the photometer. The solution is found
from geometrical relations: y. = (1 —cos (arcsin (1/ 2)))/2 =0,067 .

4.2.5 Semi-Cylindrical llluminance Esc4

2
Eec =—Ey (4)
T

where

E, is the illuminance on the effective reference plane.

The effective reference plane is located within the semi-cylindrical adapter, parallel to the
entrance window of the photometer, at a distance of 7, = 0,067 times the diameter, d, of the
semi-cylindrical adapter from the lateral area (see Figure 1).

NOTE The factor 7, is determined such that the area taken out of the effective reference plane is just
half the area of the projected entrance window of the photometer. The solution is found from
geometrical relations: y, = (1 —cos (arcsin (1/ 2)))/2 =0,067 .

1 For the definition of "spherical illuminance” see CIE S 017/E:2011, 17-1244 and 17-1245 respectively.

2 Previously used symbol E, .

3 For the definition of "cylindrical illuminance* see CIE S 017/E:2011, 17-273 and 17-274 respectively.
4 For the definition of "semi-cylindrical illuminance® see CIE S 017/E:2011, 17-1160.
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Figure 1 — Effective reference plane for a (semi-)cylindrical illuminance meter
4.2.6 Semi-Spherical llluminance £,
1
Ear =2 Ex (5)
where

E, is illuminance on the effective reference plane.

The effective reference plane is located within the semi-spherical adapter, parallel to the
entrance window of the photometer, at a distance of Yy = 0,146 times the diameter, d ,of the

semi-spherical adapter from the sphere zenith.

NOTE  The factor y, is determined such tha t the area cut o ut from the effective reference plane is
just half the area of the projected entrance window of the photometer. The solution is found

from geometrical relations: yg = (1 —cos (arcsin (1/ \/E)))/Z =0,146.

4.3 Luminance Meters

Luminance meters shall be calibrated with a luminance standard using a uniform luminous
surface significantly larger than the measuring field of the luminance meter. Uniformity of the
luminance standard shall be such that any non-uniformity does not significantly affect the
calibration or is corrected for.

4.4 Calibration Uncertainties

The uncertainty associated with the calibration factor of a photometer is a combination of the
uncertainties arising from the measurement process and the uncertainties associated with the
certified value of the reference standard. The overall uncertainty associated with the
calibration factor of the photometer shall be stated.

The uncertainty associated with the certified value of the reference standard shall be taken

from the calibration certificate of the standard. Additional uncertainty contributions arising
during the measurement process can result from:

© ISO/CIE 2014 — All rights reserved 9
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e uncertainty associated with the value of the working standard;
e ageing of the standard;

e the spectral mismatch to the V(1) function for the source being measured (in the case of
the source used for calibration of the photometer, which, as stated in 4.1,isa n
incandescent lamp with a correlated colour temperature of 2 856 K, this can be
characterized, for example, by the mismatch exponent m in Equation (9));

e uncertainties associated with the measured values of the electrical quantities of both the
standard and the device under test;

e uncertainties associated with the geometrical adjustments (the mutual position of t he
effective reference planes and angular alignments);

e stray light;

e ambient temperature change;

e temperature change of the photometer due to heating from the radiance of the source; and
e finite resolution of the display.

As in general corrections, if any of the parameters mentioned above or other contributions to
uncertainty can be quantified, and if the change of the photometer signal resulting from the
change of the parameter is known (e.g. through a sensitivity coefficient), then the reading
shall be corrected and the overall uncertainty decreased accordingly.

Uncertainties shall be estimated in accor dance with the procedures given in the ISO/IEC
Guide 98-3:2008 (GUM) and its supplements. Detailed considerations of measurement
uncertainties can be found in CIE 198:2011.

4.5 Initial Adjustment

The initial adjustment index is the absolute value of the relative deviation of the photometer
indication from the corresponding reference value. The quality index for initial adjustment

fag) = Y(;a|/Yca| —1‘ is the absolute value of the relative deviation of the photometer indication

Yca from the corresponding reference value Y.

The manufacturer will usually adjust the photometer indication to the reference value, and in
this case f,q =0, but the associated uncertainty of f,y will correspond to the uncertainty of

the initial calibration process; this uncertainty shall be stated together with the value of the
index faqy; (see 4.4).

NOTE For low cost photometers, the procedures for the adjustment of their indications are o ften
simplified, and the uncertainties associated with the values of the reference standards are
larger, which significantly increases the value of this quality index.

4.6 Checking of Photometers

The spectral match of the photometer to the V(A)function shall be regularly checked. A

simple method of verification is to first calibrate the photometer using a CIE Source A and
then compare the luminous response of the photometer due to a 3-band lamp (fluorescent
lamp or RGB-LED) to the luminous response of a reference meter.

However, it is usually not necessary to check any of the ot her quality indices for a
photometer, unless it has been damaged or it is suspected that the meter is not functioning
correctly.

If during regular maintenance check by the manufacturer or a calibration laboratory the
instrument is adjusted, the user shall be informed and the calibration factor prior and after the
adjustment shall be reported to the user.
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5 Properties of llluminance Meters and Luminance Meters

5.1 General Considerations

The present Standard defines specific measurement conditions, for example spectral
wavelength region and bandwidths. If, for any reason, the spec ific conditions cannot be
applied, alternative procedures can be applied. In this case the influence of choosing a
different procedure shall be evaluated, but the results shall be reported as specified in the
Standard. The uncertainty analysis will depend on the measurement procedure. For example,
5.3.2 gives requirements for the light source to be used when determining the UV response of
the photometer. The user of the Standard is allowed to use a different type of illumination, for
example a spectral scanning light source, and then perform calculations to determine the UV
response for the required source numerically. However, the influence of choosing a different
source shall be evaluated, and the uncertainty analysis adjusted correspondingly.

Most quality indices are based on absolute comparisons between the ideal property and the
measured property. Special considerations shall be applied for photometers with quality
indices that are close to ideal. In these cases, the equations defining the quality indices
cannot be applied directly and Monte Carlo analysis must be applied. Consequently, the value
of a specific quality index (e.qg. f1') may not only depend on the input quantities s(1) but also

on the uncertainties of the input quantities and their possible correlations.

Unless specified otherwise, the quality indices shall be reported for a CIE Standard llluminant
A according to |]SO 11664-2:2007/CIE S 014-2:2004 (or CIE Source A for real measurements).

5.2 Spectral Properties

5.2.1 General

The relative spectral responsivity, srel(/l), of a photometer shall match the spectral luminous
efficiency function for photopic vision V(1) '” Different parameters exist to describe t he
quality of the spectral match. If the relative spectral distribution of the source, S;(1), and the

relative spectral responsivity of the detector is known, the reading of the photometer shall be
corrected by the spectral mismatch correction factor F(SZ(/I)). If no i nformation about the

relative spectral distribution of the so urce is available, the concept of the general V(1)
mismatch index f1' can be used to characterize the photometer.

5.2.2 Measurement

In order to characterize the quality of the photometer in respect to light sources of different
spectral distribution, it is essential to know the spectral responsivity of the photometer. The
spectral measurement shall be done in agreement with the recommendations given in CIE

202:2011. The definition of the V(/l) function covers the complete photometric spectral range
from 360 nm to 830 nm. In practice measurements at the limits of the spectral range are very

difficult. For the evaluation of f1', the measurement of the relative spectral responsivity in the

wavelength range from 380 nm to 780 nm is sufficient as this Standard covers only the
general lighting measurement situation.

The contribution to the luminous responsivity due to the spectral responsivity at the borders of
the visible wavelength range is small and the measurement uncertainties increase
substantially. Nevertheless, for the determination of the luminous responsivity and the
spectral mismatch correction factor, the measurement range shall cover the full sensitive
wavelength range of the photometer. The measurements shall be done with a tuneable

1 This Standard covers only photometers for photopic vision. For non- photopic vision, similar concepts and
parameters might be derived.

2 The spectral luminous efficiency function is defined in |]SO 23539:2005/CIE S 010:2004.
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monochromatic light source in wavelength steps equal to or smaller than 5 nm. The spectral
bandwidth shall be equal or smaller than 5 nm. For as ymmetrical band pass functions or
bandwidths larger than 5 nm, a spectral band pass correction method shall be applied.

5.2.3 Luminous Responsivity

The responsivity of a photometer is usually defined as the quotient of the detector output by
the detector input. In photometry the input radiation is spectrally weighted by the spectral
luminous efficiency function V(1). The resulting responsivity is called the absolute luminous
responsivity, s, , and is defined as follows:

_ Amin
Sy = 830 nm (6)

Km [ Sz(2)-v(2)d2

where K,,= 683 Im-W™’ (in standard air), and s(ﬂ) is the spectral responsivity of the
photometer, and S;(A4)is the relative spectral distribution of the light source being measured.

Luminous responsivity includes illuminance responsivity and luminance responsivity and is
usually expressed in the units of A:Ix™', V-Ix', A-(cd-m?)”", etc. For example, s, will be

illuminance responsivity in Alx " if s(/I)is spectral irradiance responsivity in th e units of

[s(1)]=A-W™".m?.

The lower and upper integration limits (Ayin, Amax ) Should cover the entire range where

S,(4)'s(4)-has non-zero values. Photometers are normally calibrated with a CIE Source A
lamp. In this case, the luminous responsivity for CIE Standard llluminant A is expressed as

}“max
[ sa(2)-s(2)dz
@)
Km | Sa(2)V(2)d2
360 nm

where

Sa () is the relative spectral power distribution of CIE Standard Illuminant A.

5.2.4 Relative Luminous Responsivity and Spectral Mismatch Correction Factor

For a photometric measurement using a photometer whose spectral responsivity differs in
certain spectral ranges from the prescribed weighting function, incorrect measurement results
are obtained. When using the spectrally integrated responsivity function, such differences
may compensate each other to some extent when comparing two spectral distributions, e.g.
light source Z and CIE Standard llluminant A. To calculate this, the knowledge of the relative

spectral responsivity of the photometer, s (/1) and the relative spectral distribution of the
light source Z, Sz(4), is sufficient. The relative luminous responsivity, a*(Sz(/l)), is the ratio

of the luminous responsivity s, when the detector is illuminated with light source Z to the
luminous responsivity S, when it is illuminated with CIE Standard llluminant A:
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}“max }“max
[ S2(2) sw(2) d2 [ Sa(2)-srei(2) a2
a (SZ (ﬁ))_gz 83r‘n(;nnm Sf%mnm (8)
S7(4)-V(2)dA [ sa(r)v(2)daz
360 nm 360 nm

where

Sz is the luminous responsivity of the photometer using light source Z; and
SA is the luminous responsivity of the photometer using CIE Standard llluminant A.
The lower and upper integration limits ( Ayin, Amax ) Should refer to the entire wavelength range

where s _(4) has non-zero values. The reciprocal of a*(SZ(/‘L)) is called the spectral

* * _1
mismatch correction factor F (Sz (/1)) =(a (Sz(l))) (sometimes also abbreviated to SMCF).

If the relative spectral responsivity of the photometer and the relative spectral distribution of
the source are known, the measurement shall be corrected according to Equ ation (8). For
spectrally narrow light sources (e.g. LEDs), applying a spectral mismatch correction factor is
most important.

5.2.5 Colour Correction Factor and Mismatch Exponent

The relative spectral power distribution of an incandescent or halogen lamp is similar to a
Planckian distribution P(T4,4) and characterized by a distribution temperature T4, which is

defined in CIE 114/4-1994. In this case the spectral mismatch correction factor can be
approximated by a ratio of temperatures and a mismatch exponent m:

F(Ta)=(a’ (P(Tdﬁ)))_1 s [I—ZT 9)

where

Tp =2856 K refers to CIE Standard llluminant A,
Td is the distribution temperature of the source,
m is the mismatch exponent which is determined experimentally for the photometer.

Equation (9) is typically used in the uncertainty evaluation of the calibration procedure of
photometers.

5.2.6 Specific Mismatch Index

The quality of the spectral match of the photometer to the V(ﬂ) function for a specific light

source can be expressed by f;(Sz(4))=a(Sz(2))-1. However if the relative spectral

distribution of the source and the spectral responsivity of the p hotometer are known, the
result of the photometer should be corrected.

5.2.7 General V(1) Mismatch Index f1'

The specific mismatch index f1(SZ(/1)) is less suited for a general description of the

photometer performance, as it is at least theoretically possible to minimize f1(SZ (/1)) for a

specific spectral distribution — even if the relative spectral responsivity of the photometer
differs considerably from the V(1) function, and therefore might lead to large f1(Sz(/1))

values for other light sources. For general lighting conditions — in particular, white-light light
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source — the quality of the spectral mismatch can be best expressed by the general V(/i)

mismatch index f1'. For this purpose the relative spectral responsivity s (1) shall be
represented by means of the normalized spectral responsivity function:

780 nm
Sa(2)-V(4)da

* 380
Srel (ﬂ’) = Srel (’1) 780 nrr]nm (10)

SA (ﬂ,) . Srel (l) dA
380 nm

where S, (1) is the spectral distribution function of the CIE Standard llluminant A, which, in
principle, is used for the calibration of a photometer.

The index f{ is then defined by:

jnm\ Sret (1) -V (2)] 02

' 380nm
f1 - 780 nm ! (11)

V(4)da
380 nm

NOTE 1 f1' cannot be applied as a correction factor.

NOTE 2 For very closely matched photometers the uncertainty associated with the normalized spectral
responsivity values influences the value of f1'. In this case, Equation (11) cannot be directly
applied and Monte Carlo simulation is necessary.

NOTE 3 It is essenti al to kno w the values of the responsivity function and its uncertainty with
sufficiently high resolution in order to determine the V (/1) mismatch index f1', spectral
mismatch correction factor and the associated measurement uncertainties.

5.3 UV Response
5.3.1 General

Photometers shall not be sensitive to UV radiation. UV sensitivity may be caused by non-
perfect UV blocking or some fluorescence effects.

5.3.2 Measurement

The UV response is determined by irradiating the photometer using a UV lamp, which
provides radiation mainly within the UV-A region, and a UV band-pass filter with the given

spectral transmittance iy, (1), as defined below.

The lamp shall have a relative spectral distribution function of the type as shown in Figure 2.
The ratio of the visible radiation (illuminance) to the UV-A irradiance shall be 35 Ix-(W-m™2)™".
The tabulated data of the nominal relative spectral power distribution are given in Table A.2 in

Annex A.

The UV band-pass filter shall have a spectral transmittance as close as possible to that
shown in Figure 3, the spectral data are given in Table A.1 in Annex A.

If a different spectral distribution or transmittance is used the influence of the difference shall
be evaluated, but the results shall be corrected and reported as specified by the nominal
values.
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The irradiation of the photometer by the UV lamp without the filter shall cause a signal at least
1 000 times as large as the smallest resolvable signal.
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Figure 2 — Relative spectral distribution of the irradiance Sy, for determination of the
UV response fyy
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Figure 3 — Spectral transmittance 7y (1) of the UV filter for determination of the UV
response fyy

5.3.3 Characterization

The UV response f,, of a photometer is the ratio of the signal Y, , when the photometer is

irradiated by the UV source defined in 5.3.2 in combination with the specified UV filter, to the
signal Y when it is irradiated by the same source without the filter, according to Equation
(12):

830 nm
SUV (/,l) . TUV (/1) -V (/1) d/,l
360 nm
830 nm (12)

Suv (4)V (2)dA
360 nm

Yuv
fuv = ‘T— Ug

with Ug =

where

YV (/1) is the spectral transmittance of the filter for determining the UV response; and
Suv (ﬂ) is the relative spectral distribution of the irradiance for determining the UV response.
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5.4 IR Response
5.4.1 General
Photometers shall not be sensitive to IR radiation.

5.4.2 Measurement

The IR response shall be measured by illuminating the photometer with a tungsten filament
CIE Source A lamp combined with an IR filter whose spectral transmittance is specified in
Table A.3in Annex A andillustrated in Figure 4.If a different spectral distribution or
transmittance is used the influence of the difference shall be evaluated, but the results shall
be corrected and reported as specified by the nominal values.
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Figure 4 — Spectral transmittance rg (1) of the IR filter for determination of the IR
response fg

The applied lamp shall be without reflector, will have an untreated envelope and shall not be
reduced in respect of infrared radiation level. The illumination of the photometer without the
filter shall cause a signal at least 10 000 times as large as the smallest resolvable signal.

5.4.3 Characterization

The IR response of a photometer is the ratio of the signal Y,gr, when the photometer is

illuminated by an incandescent lamp with a correlated colour temperature of 2 856 K (CIE
Source A), and combined with a specified IR filter, to the signal Y , when it is illuminated by
the same source without the filter. This is defined in Equation (13):

830 nm
SR(A) 7R (4)-V(4)dA
MR . _ 360 nm
f|R —‘ Y ) with o = 830 m (13)
[ sr(2)-v(2)d2
360 nm
where
IR (/1) is the spectral transmittance of the filter for determining the IR response; and
SIR (/”L) is the relative spectral distribu tion of the irradiance used for determining the IR
response.
NOTE In practical terms, correlated colour temperature and distribution temperature are equivalent

when establishing a lamp as CIE Source A.
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5.5 Directional Response for llluminance Meters
5.5.1 General

The effect of light incident on the acceptance area of the photometer depends on the angle of
incidence. The directional response function (evaluation of the incident light as a function of
the angle of incidence) is determined by the for m and the optical construction of the
photometer head.

By equipping the photometer head with directionally selective optical elements (e.g. diffusing
adaptors of various shapes and special optical components) special evaluation functions can
be realized. These include:

e cosine adaptors for the measurement of the (planar) illuminance E;

e E, adaptors for the measurement of spherical illuminance;
e E. and E; adaptors for the measurement of semi-cylindrical and cylindrical illuminance;

e E,, adaptors for the measurement of semi-spherical illuminance.

NOTE In Equations (15), (17), (21), (25) and (29) of Clauses 5.5.3 to 5.5.7 the variable of integration
is expressed in the units of radian, [de¢] = rad and [d¢] = rad.

5.5.2 Measurement

For the measurement of directional response, a small light source (CIE Source A) shall be set
up at a distance corresponding to at least 2 times the limiting photometric distance of the
photometer and the light source.

Special precautions shall be taken to e xclude stray light from the acceptance area of the
photometer head. For a light source with a horizontal beam, the rotation of the photometer
head around a horizontal or vertical axis varies the angle of incidence with respect to the
centre of the acceptance area of the photometer head. The centre of rotation shall coincide
with the centre of the acceptance area, which is specified by the manufacturer. Measurements
of the signal as a fu nction of the angle of incidence shall be carried out in at least two
mutually perpendicular planes, and the average deviation from the specified angular
weighting function shall be used for the characterization. For the evaluation of the quality
indices for the directional response the measurements shall be evaluated in angular steps of
5° in the minimum range 0° to 80°. However the m easurements shall be performed and
reported in the full sensitive angular range of the photometer. Thus for cosine-corrected
illuminance meters with hemispherical diffuser it may go to beyond 90°. The angular size of
the detector as subtended from the lamp shall be smaller or equal than 1°.

NOTE For photometer with a nonlinear relatio nship between input quantity and signal output, the
measurement should be conducted at a constant signal level or the result should be corrected
via the measured input- output characteristic of the phot ometer. Inthe first case the
illuminance should be changed in a defined way (e.g. change of distance).

5.5.3 Characterization for (Planar) llluminance Meters

For a photometer with a plane input window measuring planar illuminances, the deviation in
directional response to the incident radiation is given by:

fa (e,0) = i Y(50) 1 (14)

0,(p)-COS€_

where

1 Previously used symbol E, .
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Y (g,(o) is the output signal as a function of the angle of incidence ¢ and azimuth angle ¢;

& is the angle measured with respect to the normal to the measuring plane or optical axis;
Q is the azimuth angle

(see Figure 5).

1

<
~
N /
~

w/
X

Figure 5 — Coordinates for the definition of the function f, (&,¢)

For characterizing the directional response, f,(&,¢) is measured in four or thogonal planes of azimuth
Q= {0, /2,7, 3n/2}. The index f, is calculated as:

800"

13 : . 180° .
f, :ZZ fo(p = jg), with  fo(p) = j | f2(2.0)| sin2z de (15)
j=0 0

5.5.4 Characterization for Spherical llluminance Meter
For a spherical illuminance meter, the deviation in directional response is characterized by:

fo0(e.0)= -1 (16)

B R

Figure 6 — Coordinates for the definition of the function f,,(s,¢)

For characterizing the directional response, f;(s,¢)is measured in four orthogonal planes of

azimuth ¢ ={0, /2, &, 3n/2} . The index f,q is calculated as

T

3

1 .
f = — f =
20 =7 2 20(p i3

. 17 .
), with f50(p) = E” fo0(e.0)) - sine de (17)
j=0 0
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5.5.5 Characterization for Cylindrical llluminance Meter’
For a cylindrical illuminance meter, the deviation in directional response is characterized by:

Y(e.0)

foc(e.0)= -1 (18)
Y(g,o)sing

g

Figure 7 — Coordinates for the definition of the function f,(s,)

NOTE It is advisable to give the function for the horizontal plane (&= n/2) and the v ertical plane
(@ = 0) separately:

Horizontal plane:

fz,c(ﬁ"/’j - Y[;wj - (19)

Vertical plane:

1 (20)

fo(2.0) = ————
Y(,O)sing
2

For characterizing the directional response by a single value, the index f; is used:

T
f A~
2"’[2 “"j

It is recommended that the two components in Equation (21) are given separately, i.e.

T
T
f —,0|-do.
2,0(2 (0)‘ 4

5 ‘1;00 > | n
foc = fﬂ |f2,c(5,0)|~sm gngrﬁ.[[
180°

170°

-de (21)

10°

170°

5 180° » .
foc.e = I |f2,c(5,0)|-sm ede and fp., :ZJ.
—T

om
180°

10°

1 Previously used symbol for cylindrical illuminance: f2,z
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5.5.6 Characterization for Semi-Cylindrical llluminance Meter

For a semi-cylindrical illuminance meter, the deviation f,. (&) in directional response is
given by:

2Y (&)

-1 (22)
Y (;‘oj sing (1+ cosp)

f2,sc(5s(ﬂ):

Figure 8 — Coordinates for the definition of the function f, . (s.0)

NOTE It is advisable to give the function for the horizontal plane (&= n/2) and the vertical plane
(@ = 0) separately:

Horizontal plane:

2Y(g,(pj
fos0 [g,(pj =— 1 (23)
Y [Z,OJ (1+cosp)

Vertical plane:

fz,SC(g,o):ﬂ_1 (24)

Y (n,oj sing
2

Figure 9 — Ideal responsivity of a semi-cylindrical illuminance meter in horizontal plane
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For characterizing the directional response, the index f,. is used:

1700 170"
5 180° L 1 180° i
frsc == J. |f2,SC(5,0)|.S|n ede+— I f2sc [_,wj -(1+cosg)de (25)
P 2n 2
100~ ~170°—=
180° 180°

It is recommended that the two components in Equation (25) are given separately, i.e.

1700 " 1700 "

2 1800 2 1 .1800 -
frsce =— j |f2‘sc(g,0)|-sin ede and fygo ,=— f2sc (—,goj -(1+cosg)de.
T - 2n i 2
19" 780° 170800

5.5.7 Characterization for Semi-Spherical llluminance Meter
For a se mi-spherical illuminance meter, the systematic deviation f,, (&¢) in directional
response is given by:

2Y(&9)

- (26)
(0,0)-(1+cos ¢)

f Q)=
2.27(&:9) v

~

W2

Figure 10 — Coordinates for the definition of the function f,, (s.¢)

NOTE It is advisable to give the function for the horizontal plane (&= n/2) and the vertical plane
(@ = 0) separately:

Horizontal plane:

s
jz 2 _)_4 (27)

f T
2,271(2140 Y(0,0)

Vertical plane:

2Y(&,0)

- (28)
(0,0)-(1+cos &)

f2,21‘c(‘9!0)= v
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Figure 11 — Ideal responsivity of a semi-spherical illuminance meter in vertical plane

For characterizing the directional response, the index f,,  is used:

n
180°

o

1 17 m
foze=— g |f5.2,(2,0)| (1+ cos ) -dg+2—nj fo0m (E,(p] -do (29)
—-T

It is recommended that the two components in Equation (29) are given separately, i.e.

T
foon [Ewﬂj

1700 L=
180°

1 17
fo2ms =~ j |£222(2,0)-(1+cose) -de and Ty, :EI
0 -7

-de.

5.6 Directional Response for Luminance Meter
5.6.1 General

Luminance meters shall evaluate the luminance of the assessed surface within a
measurement field of uniform responsivity. Luminous areas outside the measurement field
shall not influence the measurement results. The directional response function can be used to
describe the directionally dependent evaluation and the influence of the surrounding
luminance outside the measurement field. The response to incident light on the acceptance
area of the photometer head is a function of the incidence angle. The directional response
function (evaluation of the incident light as a function of the angle of incidence) is determined
by the geometric optics, construction of the photometer head and stray light in the optical
system. Special directional response functions can be generated by fitting the photometer
head with special lenses or other such accessories (e.g. interchangeable objectives). One
example is the measurement of the equivalent veiling luminance.

5.6.2 Measurement

In order to measure the directional response function, a light source shall be positioned at a
sufficiently large distance from the acceptance area in order that the extent of the luminous
area of the source shall not be greater than 5 % of the measurement field angle, «, i.e. the
maximum angle of the outer limits of the measured field to the central optical axis. Focusing
luminance meters shall be focused on the light source. The luminance meter shall be rotated
around the centre of the entrance pupil. As an alternative technique, the light is moved in the
plane perpendicular to the optical axis of the photometer, keeping the photometer head fixed.
The measurement of the output signal as a function of the angle of incidence shall be
obtained in at least four equally spaced directions of ¢ angles. Stray light shall be prevented
from falling on the acceptance area.

5.6.3 Characterization
The directional response of a luminance meter is characterized by the directional response
function f;, (&,¢0):
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(30)

where

Y (&,¢) is the output signal at angle of incidence ¢ and azimuth angle ¢ (Figure 12);

Y(O,(p) is the output signal at azimuth angle ¢ for light incident in the direction of the optical
axis of the photometer head.

Key: 1 Optical axis
2 Entrance pupil
¢ Angle of incidence, measured from the optical axis

¢ Azimuth angle

Figure 12 — Coordinates for the definition of the function f, (&,p)

The directional response index f2’g is given by:

\
fog= - (31)
' Ymax
where
Ymin is the smallest output signal for an angle of incidence within 90 % of the measurement

field using the measurement arrangement given in 5.6.2;
Ymax is the largest output signal for an angle of incidence within 90 % of the measurement field
using the measurement arrangement given in 5.6.2.

The index functions f2(89/10) and f2(81/1oo) are defined as:

3

f2(59/1o)=1—_9/10 (32)
€1/100
€110

f2(£1100) =1-= (33)

€1/100
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where

€ 9/10 is the average angle within which the output is equal to or greater than 0,9 times the
value of the incident light in the direction of the optical axis;

€110 is the average angle within which the output is equal to or greater than 0,1 times the
value of the incident light in the direction of the optical axis;

€4100 s the average angle within which the output is equal to or greater than 0,01 times the
value of the incident light in the direction of the optical axis.

These values are the average of at least four equally separated plane measurements.
The directional symmetry of the measurement is characterized by the index function f, ¢ given
by:

e - Ymax (£110: 1) =Ymin (Z1110- 22 (34)

Ymax (£110: 1)+ Ymin (Z1110: 22 )

where

Ymax is the maximum output signal at £4/1¢;
Ymin is the minimum output signal at 51/10;

@1 is the angle for output Y 44
@, is the angle for output Y, ;
€410 is the average angle within which the output is equal to or greater than 0,1 times the value
of the incident light in the direction of the optical axis.
For an abbreviated characterization of the directional response function f, (e,¢) the following
shall be given:

e the measurement field angle o (see 5.6.2),

e the directional response index f2,g7
e the index function f2(€9/10),

e the index function f2(51/100),

e the index function f, for characterizing the d irectional symmetry. Additionally, the
corresponding value, fz,s,wmo, may also be given for the equivalent angle for 0,01 times the
value of the incident light.

5.6.4 Measurement of the Effect of the Surrounding Field

For the measurement of the effect of the surrounding luminance, or veiling glare, a specific
illumination arrangement is necessary. A uniform luminous surface at least ten times as large
as the measurement field shall be used. The luminance of this luminous surface shall be set
such that it is at least 10 times the maximum signal on the most sensitive output range.

A gloss trap ("black" surface of negligibly small luminance) shall be fitted in front of the
luminous surface and centred on the measurement field. The gloss trap shall exceed the
dimensions of the measurement field in the image plane by 10 % (Figure 13). Measurements
shall be made with and without the gloss trap, with the luminous surface present for both
measurements.

The characterization of the effect of the surrounding luminance is given by function f, -
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_ YSurround (35)
YTotal - YSurround

f2,u

Ysuround 1S the output signal for measurement with the gloss trap, i.e. with black measurement
field and bright surround; and

Y1otal is the output signal f or measurement without the glosst rap, i.e. with bright
measurement field and bright surround.
1 2 1
3
LN
e
@ d
21,1d 3
Key: 1 Measurement field (diameter d)
2 Field of view
3 Gloss trap
Figure 13 — Diagram showing the size of the gloss trap used in determining f,
5.7 Linearity
5.7.1 General

Linearity of a photometer is the property whereby the change of the output quantity of the
photometer is proportional to a change of the input quantity —that is, the responsivity is
constant over a specified range of inputs.

NOTE 1 A detector is usually linear over a certain range of input levels only. Outside this range it can

become nonlinear.

NOTE 2 The range of linearit y of a photometer can be affected by the use of unsuitable electronic

circuitry.

5.7.2 Measurement

The most convenient method for measuring the linearity of photometers is by comparison with
a reference photometer of known linearity.

NOTE

Characterization of linearity of a reference photometer can be evaluated by the most accurate
measuring method using the principle of additivity of luminous fluxes b y the technique of
multiple sources or apertures.

5.7.3 Characterization

The characterization of the proportionality (not linearity) deviation of a photometer is given by:

Y X
f3(Y): .M_1‘ (36)
Ymax X
Y is the output signal due to illumination of the photometer with input quantity X ;

Xmax is the input value corresponding to the maximum output signal Y5, (largest value of the
measurement range);

Ymax i the output signal due to illumination of the photometer due to the input X . .
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The index f3 (Y) is used to characterize the linearity deviation in each range according to

Equation (37). Itc orresponds to the largest value of the function fj (Y) within the

measurement from 10 % of the range value to the full range value for all but the highest
sensitive range and from th e lowest specified value to the full range value at the highest
sensitive range.

The index f3 shall be given for each measurement range.

5.8 Display-Unit
5.8.1 General

The accuracy of the reading of analogue-display photometers depends on the class index of
analogue apparatus (classification by IE C 60051), the accuracy of the reading of digital-
display photometers depends on the resolution.

NOTE The class index gives the maximum output error with respect to the full-scale reading.

5.8.2 Characterization

For analogue displays the quality index for a display unit, f,, is given by Equation (38):
fy=k-ig (38)

where

k is the factor duet o changing output range (e .g. k=10 when the switching of t he
measurement range is at the ratio of 1:10);

ic is the class index as defined in IEC 60051.

k is given by:
Y
Kk = B,max (39)
YA,max
where

YB max IS the full scale reading of the less sensitive range B;
Yamax IS the full scale reading of the more sensitive range A.

NOTE The characterization by the parameter f, from Equation (38) is chosen in order to produce
the largest error, which occurs at the boundary of the range change.

The uncertainty of digital-display photometers is determined by the deviations in the display-
unit and the conversion deviations (in general £ 1 digit). The index is given by:

k-D

f4 :‘ fdisplay "" P— (40)
max

where

fdisplay is the relative deviation, related to the display-unit;

k is the factor for range changing;

Pmax is the maximum display capability of the digital instrument (e.g. for a 3 % digit display,

Pmax =1999);

D is the possible deviation of the least significant digit (e.g. £ 1 digit).



BS ISO/CIE 19476:2014
ISO/CIE 19476:2014(E)

The characterization by Equation (40) and the resulting index f, from Equation (38) are
designed to produce the largest deviation, which occurs at the boundary of the range change.

5.9 Fatigue
5.9.1 General

Fatigue is the temporary change in the responsivity, under constant operating conditions,
caused by incident illumination. The change in re sponsivity characterized by fatigue is
reversible, which means that the responsivity gradually returns to normal when the incident
illumination is removed.

NOTE 1 During the operation of phot ometers, reversible changes can occur in the spectral
responsivity as well as in the luminous responsivity. These changes are both designat ed
fatigue. However the change in spectral responsivity is difficult to quantify and so no test for
such influence is given here — onl y the absolute luminous responsivity has a charact eristic
index.

NOTE 2 Fatigue is generally greater for higher illu mination levels incid ent on the light-sensitive
detector. Fatigue cannot be separated from the temperature effect caused by irradiation of
the photometer head. Temperature changes induced by irradiation of the light-sensitive
detector are likewise not necessarily completely eliminated with thermostatic control.

5.9.2 Measurement

Fatigue shall be measured with temporally-stable illumination, at a level of 5000 Ix. The
operating conditions (ambient temperature, supply voltage, etc.) shall be held constant. The
output signal shall be measured as a function of the illumination period. Before beginning the
constant illumination, the photometer head shall not be exposed to light for at least 24 h.

5.9.3 Characterization

Fatigue is evaluated using the function of systematic deviation f5(t). It is given by:

fs(t) = )1 (41)

t is the elapsed time since the beginning of the illumination of t he photometer head with
constant illuminance;

Y (t) is the output signal at time t;

to is the reference time, e.g. 10 s.
For characterizing fatigue, the index fg is used:
Y (t =30 min)
Y(tg =10s)

5 =

(42)

where

Y (t =30 min) is the output signal 30 min after the beginning of the illumination;

Y (to =10 S) is the output signal 10 s after the beginning of the illumination.

5.10 Temperature
5.10.1 General

Temperature dependence characterizes the influence of the ambient temperature on the
absolute responsivity and the relative spectral responsivity of th e photometer. If th e
photometer is operated at an ambient temperature different from that used during calibration,
measurement errors can occur.
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Although the relative spectral responsivity of the p hotometer may cha nge with different
ambient temperatures, this is difficult to quantify and so no test for such influence is given
here — only the absolute luminous responsivity has a characteristic index.

5.10.2 Measurement

In order to measure temperature dependence, the entire photometer shall be exposed to the
desired temperature. The instrument shall attain thermal equilibrium before starting the
measurement.

The measurement shall be performed, at minimum, for ambient temperatures of 5 °C, 25 °C
(reference temperature) and 40 °C. The measurement shall be performed at an ill umination
level on the photometer head that approaches the largest value of an arbitrary measurement
range (this range should be selected taking account of the requirement to use a sufficiently
low illumination level as to minimize fatigue — see NOTE 2).

NOTE 1 In general, it can be assumed that the photometer will attain thermal equilibrium at the
desired temperature in ab out one hour. However if the photometer has been stored at a
temperature significantly different to the desired ambient te mperature then the stabilization
may take longer.

NOTE 2 In case there is a fatigue effect, the photometer head should be illu minated only during the
measurement and the illuminance level should be sufficiently reduced to minimize fatigue.

5.10.3 Characterization

The characterization of temperature dependence is given by the function fg1 (T):

fer (T)= -1 (43)

where

Y (T) is the output signal at temperature T ;

Y (TO) is the output signal at 25 °C reference ambient temperature.

The index f6,T for temperature dependence is given by:

(44)

¢ _|Y(T2)_Y(T1)_ AT |
o7 =|

Y(To)  To-Ty|

The following values shall be used:
T, =40°C; T4 =5°C; T; =25 °C; AT =10°C.

5.11 Humidity Resistance
5.11.1 General

The photometer shall resist humidity within a certain range. The quality index fg y describes

the durability against humidity by comparing the response before and after humidity exposure.
However, fg is not the sensitivity coefficient of photometers to humidity changes.

5.11.2 Measurement

In order to evaluate the humidity resistance, the entire photometer shall be exposed to the
desired humidity and temperature. The instrument shall attain thermal equilibrium at ambient
environmental conditions before starting the measurement. The ambient temperature shall be
set between 21 °C and 27 °C for the duration of the test, and shall be maintained within 2 °C
throughout. The relative humidity shall be set between 45 % and 75 % and the photometer
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shall be allowed to acclimatize for at least 3 hours. The photometer shall be illuminated by a
luminous intensity standard lamp on a photometric bench at a fixed photometric distance,
generating the photometer signal Y . . The relative humidity shall then be increased to
between 85 % and 95 % noncondensing and the photometer shall be subjected to that
condition for 3 hours. The relative humidity shall finally be set back to the original condition
and, just after the relative humidity is set back to the original condition, the photometer signal

Y .iter Shall be measured when illuminated by the same standard lamp.

5.11.3 Characterization
The characterization of humidity resistance is given by the index fg | :

| Vatter 4 (45)

f =
6,H
Ybefore

where

Ybefore iS the output signal before exposure to high humidity;

Yafter IS the output signal after exposure to high humidity.

5.12 Modulated Light
5.12.1 General

When measuring modulated light, the meter reading of a photometer can deviate from the
arithmetic mean value if the frequency of the modulated light is below the lower frequency
limit or above the upper frequency limit (see below), if the peak overload capability is
exceeded, or if the settling time is not completed.

The lower frequency limit v, (or upper frequency limit v, ) of sinusoidally modulated light

(modulation degree 1, see Figure 14) is the frequency above (or below) which the meter
reading does not differ more than 5 % from the reading for unmodulated light of the same
arithmetic mean.

Erel (1)

\/ Erel

}L

Figure 14 — Sinusoidally modulated light of modulation degree 1

5.12.2 Measurement

In order to characterize the frequency dependence of a photometer it is necessary to make
measurements at different modulation frequencies of the incident radiation. For these
measurements it is not necessary for the measurement area to be illuminated
homogeneously. However it is important that suitable means shall be employed to ensure that
the arithmetic mean output of the light source used for the measurement remains constant
when the modulation frequency is varied.

The measurement of the upper and lower frequency limits can be performed by means of light
emitting diodes (LEDs), the luminous intensities of which are modulated sinusoidally using a
suitable power supply.

Alternatively a rotating-sector disk in combination with a DC-powered lamp can be used,
although experience shows that the generation of modulated (not sinusoidal) light can only be
used for frequencies up to the order of 10* Hz. Higher illuminance values can be achieved by
this method than with a LED, however. For a 50 % duty-cycle sector disk the signal level for
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the measurement of modulated radiation shall be less than half of the full scale of the
measuring range used. The measuring range shall be stated.

5.12.3 Characterization

The characterization of the frequency effects is given by the function f7(u):

Y(v)
f7(v)= m—1 (46)

where

Y (U =0 HZ) is the output signal for illumination with unmodulated light;

Y (U) is the output signal for illumi nation, modulated with frequency v, with the same
arithmetic mean value as for illumination with steady-state light.

To characterize the effect of modulation using only a single numerical value, the following
shall be used:

Y (v =100 Hz or v =120 Hz)
f, = 1 (47)
Y(UO ZOHZ)

For photometers intended for use with high frequency sources, such as high frequency
fluorescent lamps and p ulsed LEDs, the value of f7(u) at higher frequencies shall

additionally be stated.

5.13 Polarization Dependence
5.13.1 General

The output signal of a photometer can depend on the polarization condition of the measured
light. In this case, the output signal Y changes when the linearly polarized quasi-parallel
incident light is rotated around the direction of incidence.

NOTE Photometer heads of illuminance meters may show a polarization dependence within certain
angles of light incidence. With photometer heads for the measurement of other quantities
(e.g. cylindrical illuminance, semi-cy lindrical illuminance and lu minance) such dependence
may also be observed with normal light incidence.

5.13.2 Measurement

In order to measure the polarization dependence, unpolarized light from a point source is
required, e.g. following the arrangement described in 5.5.2 (illuminance) or 5.6.2 (luminance).
The radiation from this unpolarized source is then completely polarized by placing a polarizer
(e.g. two sheet-polarizers placed back-to-back with their axes parallel) in front of the light
source. The polarizer can be rotated around the direction of incidence in order to change the
position of the plane of polarization. The maximum (Yax) and minimum (Y,i,) output signals of
the photometer are measured while rotating the polarizer.

NOTE 1 The light from an incandescent filament source is generally polarized. Depolarization can be
achieved by placing a glass plate, slightly tilted, in front of the light source. In orderto
achieve complete depolarization, the optimum position of the glass plate is determined w ith
the aid of a polarization-i ndependent detector, e.g. a windowless silicon planar photodiode
perpendicular to the incident light, which is placed behind a polarization filter.

NOTE 2 To determine whether the polarizer is completely polarizing the transmitted light, a second
polarizer (analyser) is used. After ascertaining complete polarization of the incident radiation

and prior to making measurements of Y5, and Y, , the second polarizer is removed.
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5.13.3 Characterization

To characterize the polarization dependence, the index function fg (g,(p) is given according to
Equation (48):

Ymax (£:2) = Ymin (£:)
48
Ymax (£:0) + Ymin (¢,0) (48)

fg (.0) =

where

Ymax is the maximum output signal;

Ymin is the minimum output signal;

& is the angle of incidence, measured from the optical axis
) is the azimuth angle

To characterize the polarization dependence, the index fg is stated for a photometer head
with measurement parameters depending on its application:

e llluminance: £ =30°, ¢=0°, and ¢ =30°, ¢ =90°, the mean value shall be reported.
e Spherical illuminance: ¢ =0°.

e Cylindrical illuminance and semi-cylindrical illuminance: &=60°, ¢=30°, and &=160°,
¢ =150°, the mean value shall be reported.

e Luminance: ¢ =0°.

5.14 Spatial Non-Uniformity Response
5.14.1 General

The construction of some photometer heads can lead to th eir responsivity and r elative
spectral responsivity having a significant dependence on the position of the incident light
within the acceptance aperture. This dependence disappears when the acceptance aperture is
uniformly illuminated.

5.14.2 Measurement

For this measurement, a light source is arranged as described in 5.5.2 (illuminance meter) or
5.6.2 (luminance meter). A circular aperture, A, with 1/10 of the diameter of the acceptance
aperture of the photometer, B, is placed in front of the acceptance aperture of the photometer.
Stray light shall be prevented from falling on the acceptance aperture.

The circular aperture, A, is placed in each of five positions in front of the acceptance aperture
of the photometer, B, as follows:

a) Position 1: centre of clear opening of aperture A in front of and centred on the photometer
acceptance aperture B;

b) Positions 2 to 5: centre of clear opening of aperture A placed in front of and centred on a
point which is 2/3 along the radius from the centre of the photometer acceptance aperture
B. The four positions (2 to 5) are at 90° intervals around the centre of the entrance
aperture.

5.14.3 Characterization

For characterizing the spatial responsivity on non-uniform illumination the index f; is used,
defined as
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5
2NVl

fooiz2 49

9 4v, (49)
where

Yi is the output signal from the incident radiation X; at each of the four points 2 to 5 in the
plane of the acceptance aperture;

Yy is the output signal from the incident radiation X, at the centre of the acceptance

aperture.

5.15 Range Change

5.15.1 General

The deviation arising from a change in the measurement range is the systematic deviation
arising when the photometer is switched from one range to an adjacent range.

5.15.2 Measurement

For the measurement of the deviation arising from a range change, the illumination on the
photometer head is adjusted to produce an initial reading of 90 % of full scale on the lower
range A. The illumination is then increased by a factor k. This factor shall correspond to the
factor for range change.

When changing the illumination, the range is changed from A to the next higher range B. The
reading on the next higher range B is recorded.

NOTE 1 For photometers with digital displays, a range change is usually made in the ratio 1:10. Then
k=10.

NOTE 2 For photometers with a linear input -output relationship (the linearity of the photometer), the
signal can be simulated by an accurate current source while the photometer head is switched
off.

5.15.3 Characterization

For characterizing the deviation arising from changing range, the index f44 is used.

VB
BA

f11=

_1‘ (50)

where

Ya is the reading onrange A, for aninput quantity X which corresponds to 90 % of full
scale (the maximum reading in the case of digital meters);

YB is the reading on the next higher range (range B) for an input quantity Xg, which is a
factor k greater than the input quantity Xp;
k is the factor defined in 5.15.2;

The index f4¢ is determined for each range change. The deviations caused by range changes
shall be listed.

5.16 Focusing Distance (luminance meter only)
5.16.1 General

Even when focused on a local luminance that is spatially and temporally constant, luminance
meters can have a change in output signal with a change of object distance.
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5.16.2 Measurement

In order to measure the influence due to a change in focusing distance, a luminance standard
is used whose luminous surface is sufficiently larger than the measurement field or the field of
view of the p hotometer head that the surrounding field does not have any effect on the
measurement. The luminance standard is positioned at a s hort distance in front of the
entrance aperture. The luminance of the luminance standard is set to a level that results in an
output signal approximately 90 % of the full-scale reading in an arbitrary range. The output
signals are measured by fo cusing the photometer head for th e longest and then for the
shortest focusing distance specified by the manufacturer.

5.16.3 Characterization

The influence due to a change in focusing distance is characterized by the index fq5:

Y
fro = |—1 51
127y, ‘ (51)

where

Y4 is the output signal, focused at the shortest distance;

Yy is the output signal, focused at the longest distance.
6 Acronyms
S International System of Units
IEC International Electrotechnical Commission
ILAC International Laboratory Accreditation Cooperation
ISO International Organization for Standardization
GUM Guide to the expression of uncertainty in measurement (ISO/IEC Guide 98-3:2008)
VIM International Vocabulary of Metrology — Basic and General Concepts and

Associated Terms (ISO/IEC Guide 99:2007)
CMC Calibration and Measurement Capabilities

BIPM Bureau International des Poids et Mesures
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Annex A
(normative)

Sources and Filters Used for the Determination of the UV and IR
Response

Table A.1 — Nominal spectral transmittance 7, (1) of UV band pass filter

Wavelength A/ nm ruv (2) Wavelength A/ nm ruv (4)
< 250 0 680 0,000 50
250 0,000 67 685 0,002 13
255 0,008 11 690 0,006 37
260 0,036 0 695 0,013 4
265 0,092 8 700 0,020 9
270 0,176 705 0,028 7
275 0,285 710 0,036 7
280 0,385 715 0,040 4
285 0,476 720 0,038 3
290 0,556 725 0,032 5
295 0,612 730 0,025 4
300 0,654 735 0,018 8
305 0,684 740 0,013 2
310 0,705 745 0,009 07
315 0,723 750 0,006 14
320 0,731 755 0,004 04
325 0,739 760 0,002 64
330 0,743 765 0,001 68
335 0,741 770 0,001 05
340 0,733 775 0,000 67
345 0,721 780 0,000 43
350 0,703 785 0,000 27
355 0,674 790 0,000 18
360 0,628 795 0,000 12
365 0,556 > 795 0
370 0,447
375 0,303
380 0,145
385 0,0397
390 0,004 4
395 0,000 14

400 - 675 0

NOTE The nominal spectral transmittance values are based on a 2,5 mm thick glass filter of type
UG11 (Schott, Germany), U-340 (Hoya, Japan), or ZWB1 (SCOG, China).

If a filter with different spectral transmittance is used the influence shall be evaluated, but the
results shall be corrected and reported as specified by the nominal values.
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Table A.2 — Nominal relative spectral power distribution of UV-A lamp

Wavelength A/ nm Suv (4) Wavelength A/ nm Suv (4)
<335 0 375 0,840
335 0,000 2 380 0,499
340 0,001 9 385 0,210
345 0,013 0 390 0,062 1
350 0,062 1 395 0,0130
355 0,209 400 0,001 9
360 0,499 405 0,000 2
365 0,840 Suv (4) =0 above 405 nm, except for an

emission at 545 nm. The ratio of the visible
370 1 part (545 nm) to the extended UV part
(2 405 nm) shall be 35 Ix-(W-m™2)""

NOTE The nominal relative spectral distribution values are based on a UV-A fluorescent lamp of

type OSRAM colour 78.

If a different spectral distribution is used the influence shall be evaluated, but the results shall
be corrected and reported as specified by the nominal values.

Table A.3 — Nominal spectral transmittance 7z (1) of IR filter

Wavelength A/ nm 71r(4) Wavelength A/ nm 71r(4)
<760 0 810 0,676
760 0,001 2 815 0,729
765 0,005 7 820 0,769
770 0,019 8 825 0,796
775 0,053 4 830 0,814
780 0,114 835 0,826
785 0,203 840 0,842
790 0,310 845 0,847
795 0,421 850 0,852
800 0,524 855 0,857
805 0,609 860 — 1100 0,860

NOTE The nominal spectral t ransmittance values are based on a 3 mm thick filter of type RG780

(Schott, Germany).

If a filter with different spectral transmittance is used the influence shall be evaluated, but the

results shall be corrected and reported as specified by the nominal values.
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Annex B
(informative)

General Comments
B.1 General

All the photometers covered by this Standard are designed to measure light evaluated in
terms of the photopic function, V(A1). It is important to note that there are situations where this
function is not an appropriate measure for evaluation of the visual perception of a given lit
environment, e.g. for measurements in the mesopic or scotopic regimes. The Standard
defines quality indices characterizing the performance of photometers in general lighting
measurement situations.

Examples of non-general lighting measurement situations are:

— photometry of spectrally narrow light sources (e.g. coloured LEDs, displays, lasers),
— photometry of sources radiating mainly outside the visible spectral range,

— special geometrical lighting conditions (e.g. highly non-uniform illuminance distributions,
grazing incidences, high luminance contrasts),

— fast time varying effects (e.g. above upper frequency limit, v, , or small duty cycles),

— extreme environmental conditions.

In these cases special considerations shall be applied. Some guidelines are given in the
following clause.

B.2 Quality Indices

B.2.1 V(1) Mismatch f4

This index describes how well the relative spectral responsivity of the photometer matches the
V(/l) function. As photometers are calibrated using CIE Source A, an incandescent tungsten

filament lamp with a distribution (colour) temperature of T, =2856 K, taking readings with
light from all typical incandescent lamps (relative spectral distribution similar to CIE Source A)
is likely to be reasonably accurate even if the V(1) match index has a large value. However,

when measuring light from other sources this index is no longer appropriate. If the spectral
distribution of the light and the spectral response of the photometer are known then it is
possible to calculate a correction factor for the photometer readings.

B.2.2 UV Response fyy

This index indicates the sensitivity of the instrument to UV radiation. While this may not be
important when working in an environment where there is no UV radiation, it is critical when
making measurements where UV is present: for example in daylight and under certain
discharge lamps.

B.2.3 IR Response fg

This index indicates the sensitivity of the instrument to IR radiation. While this may not be
important when working in an environment where there is no IR radiation, it is critical when
making measurements where IR is present: for example under incandescent lamps.

B.2.4 Cosine Response f, (illuminance meter only)

It is the cosine response of the photometer that determines the accuracy of the measurement
results for light that arrives at angles other than the normal to the photometer head. This
index is particularly important when measuring real lighting installations such as office lighting
and street lighting but is not important for meters used on optical benches in laboratories. It is
important for photometers operated in integrating spheres.
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B.2.5 Directional Response f; 4 and Surround Field f;, (luminance meter only)

These two indices characterize accuracy of the photometer when the luminance in the field of
measurement is not constant and when the surrounding area is of different luminance. These
indices are not important when the photometer is used for measuring small parts of uniform
areas of luminance, but very important when measuring scenes with high contrast and
arbitrary luminance of the surrounding field.

B.2.6 Linearity fg

The linearity index is associated with errors in readings due to variations in the responsivity of
the photometer to different light levels. Linearity is important for all light measurement
applications.

B.2.7 Display-Unit f,

This index is related to the possible error due to the reading resolution associated with the
display-unit in the photometer. This index is important in all light measurement applications.
However, if the photometer has an analogue output and that is connected to another
electronic meter, then it is the quality of the other unit that is being used to log or display the
reading that is important.

B.2.8 Fatigue f5

This index characterizes the performance of a photometer after long exposure to light. This
index is important if the meter is to be used to measure light continuously. However, if the
meter is only used for a few seconds at a time then it is not so important to have a low value
for this index.

NOTE Exposure of a photometer to a high ill uminance may cause the photometer temperature to
rise, see B.2.9 below.

B.2.9  Temperature Dependence fg 7

Photometers are calibrated at 25 °C. If they are operated at other temperatures it is possible
that the accuracy of the readings is reduced. The temperature dependence index indicates
the magnitude of the potential measurement error due to change in the re sponse of the
photometer with changing temperature. If a p hotometer is to be used in a laboratory at a
temperature close to 25 °C then this index is not particularly important. If it is known that a
photometer is going to be used at a particular temperature it may be possible to re-calibrate
the photometer at that temperature. Some photometers have built in temperature control that
can maintain a fixed internal temperature for specified parts of the instrument for a range of
ambient temperatures and thus reduce the temperature dependence.

B.2.10 Humidity Resistance fg

The photometer shall resist humidity within a certain range. The humidity resistance test index
evaluates the humidity resistance.

B.2.11 Modulated Light f;

When photometers are measuring illuminance or luminance that is modulated, the reading
given shall reflect the average value. This index reflects how well the meter averages out the
varying light level. When measuring light that is not modulated such as daylight or light from
DC lamps, this index is not important. However this parameter can be very important when
measuring the light from pulsed or modulated light sources such as pulsed LEDs and some
discharge lamps.

B.2.12 Polarization fg

Specular reflections and certain luminaries may cause light to be polarized. When polarized
light is present it is important for photometers to have a low value for this index.
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B.2.13 Spatial Non-Uniformity Response f9

In a general lighting situation it is presumed that the illumination is uniform over the sensitive
area of the photometer. In some cases (for example illuminance measurement of a LED at
short distance) the illuminance distribution may vary significantly and the photometer will
measure an averaged illuminance distribution. In addition, depending on the construction of
the photometer, the spectral responsivity may change significantly over the sensitive area of
the photometer and deviate from the measured spectral irradiance or radiance responsivity
function. When making measurements where the distribution of light is not uniform over the
sensitive area of the photometer it is important to have a low value for this index.

B.2.14 Range Change f,4

This parameter relates to the errors that may be introduced when the range is changed on the
instrument. This is important in all cases where different ranges are used, or if the calibration
has been performed on a range that it different from that used during measurements.

B.2.15 Focusing Distance f;, (luminance meter only)

This parameter relates to the errors that may be introduced when the focus of a luminance
meter is changed and thus it is important in all cases.

NOTE It is always necessary to focus a luminance met er before measurements are made, even if
the value for f4, islow, as other errors may be introduced. Alow value for f4p is

particularly important when measuring scenes where a large dept h of field is required, for
example measuring luminance at grazing incidence at short range.
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