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DISCLAIMER

IES publications are developed through the consensus standards development process approved by the American
National Standards Institute. This process brings together volunteers representing varied viewpoints and interests to
achieve consensus on lighting recommendations. While the IES administers the process and establishes policies and
procedures to promote fairness in the development of consensus, it makes no guaranty or warranty as to the accuracy
or completeness of any information published herein.

The IES disclaims liability for any injury to persons or property or other damages of any nature whatsoever, wheti =r
special, indirect, consequential or compensatory, directly or indirectly resulting from the publication, use of, or relicnce
on this document.

In issuing and making this document available, the IES is not undertaking to render professional or other servic=s for or on
behalf of any person or entity. Nor is the IES undertaking to perform any duty owed by any person or®»ntity to someone
else. Anyone using this document should rely on his or her own independent judgment or, as'canipriate, seek the
advice of a competent professional in determining the exercise of reasonable care in any given ci.cumstc nces.

The IES has no power, nor does it undertake, to police or enforce compliance witi'he ¢antents of this document.
Nor does the IES list, certify, test or inspect products, designs, or installations for compinze with this document. Any
certification or statement of compliance with the requirements of this docun=nt hall not be attributable to the IES and
is solely the responsibility of the certifier or maker of the statement.

AMERICAN NATIONAL STANDARD

Approval of an American National Stadai requires verification by ANSI that the requirements for due process,
consensus, and other criteria have bean n =t by the standards developer.

Consensus is established when, il *he iidgment of the ANSI Board of Standards Review, substantial agreement has been
reached by directly and matc fally arected interests. Substantial agreement means much more than a simple majority,
but not necessarily unas.ity. Consensus requires that all views and objections be considered, and that a concerted
effort be made toward aeir 1 'solution.

The use of America. Nationar Standards is completely voluntary; their existence does not in any respect preclude anyone,
whether tnat pe son 1ias approved the standards or not, from manufacturing, marketing, purchasing, or using products,
processes, or  rocedures not conforming to the standards.

TheAmerican National Standards Institute does not develop standards and will in no circumstances give an interpretation
tcany Ar2rican National Standard. Moreover, no person shall have the right or authority to issue and interpretation of an
Ame.‘caniational Standard in the name of the American National Standards Institute. Requests for interpretations should
beaddressed to the secretariat or sponsor whose name appears on the title page of this standard.

CAUTION NOTICE: This American National Standard may be revised at any time. The procedures of the American National
Standards Institute require that action be taken to reaffirm, revise, or withdraw this standard no later than five years from
the date of approval. Purchasers of American National Standards may receive current information on all standards by
calling or writing the American National Standards Institute.


https://www.stdhive.com/standards/ies-lm-58-20-pdf/

Prepared by the IES Testing Procedures Committee

Becky Kuebler, Chair
Andrew Jackson, Vice Chair
David N. Randolph, Secretary
Jianzhong Jiao, Treasurer

Members

C. K. Andersen K. C. Fletcher M. Kotrebai C. C. Miller
R. P. Bergin M. L. Grather J.E. Leland E. Radkov
R.S.Bergman Y. H. Hiebert S.Longo M. B. Sapcoe
E. Bretschneider J. Hospodarsky J. P. Marella J. E. Walker
P. Elizondo J.N. Hulett P. McCarthy

D. J. Ellis P-C. Hung G. McKee

Advisory Members

L. M. Ayers J. Frazer J. Lockner o W.S irres

J. Baker K. J. Hemmi Y. Ohno 7. A. Steinberg
C. A. Bloomfield S.Hua E. Page L. Swainston
P-T. Chou G. John D. Park J.S. Swiernik
M. Damle H. Kashaninejad E.S. Perkins A.Thorseth

L. Davis T. Kawabata M. Piscitelli R. C. Tuttle

J. J. Demirjian R. Kelley D.Rngeis J. C. Vollers

M. E. Duffy K. C. Lerbs M. P. haver Y. Zong

V. Eberhard K. M. Liepmann T Schneicer



https://www.stdhive.com/standards/ies-lm-58-20-pdf/

Foreword

1.0

1.1

1.2

2.0

3.0

4.0
4.1

4.2

Please refer to the IES Bookstore for possible Errata: www.ies.org.

Introduction and Scope

INtrOdUCHION. . ... e
110 Safety PreCautioNs .. .v .ttt et e et e e e
1T oo T o1 PP
Normative References. ... .. ..ottt e e e
Definitions and Nomenclature ......... ... ... i e
Y e 2= e oY = e L oYy 1] =Y
Characteristics . ... ..ot e e e e
401 Wavelength Dispersion. . .. ... e e e
4.1.2  Wavelength Calibration . ... . ..ot e e e e e e s
e T 2 -1 o Ve [ o - 113
4.1.4  Slit Scattering Function (Bandpass FUiictioNn) ... u v e e
415  Wavelength Interval. .. ... 0. e e e e e e
4.6 Stray Light ..o e
A 11 o1 L CT=T o] o V=] 1 PP
4.1.8  Calibration SOUMCES (.. e e

4181  Spectral

[ T < AP

471.8.2  SPe il Rodiance .o e e

41.8.3  Tot!Spactral Radiant FIUX . . ..ottt e e e
ATy SP O IO Ot Y . ittt ettt e e e e e
N I O =T [ PP

4201  CCD Array SPeCtrOmMETerS . . ..ottt ettt e et e e

4.2.1.2  Linear Diode Array SPeCtrOMEters. ... ..ottt et
2 ntegratioN TiMIE . ot e e e
4.2.2. /D Converter Data Rate ... ..o e
4.4 DYNAMIC RANG e . ettt e e e e
4.2.5 Signal-to-Noise Ratio (S/N Ratio) . . ....uiui i e e e i e
42,6 LIN@arity .ottt e
4.2.7  Dark MEasUIEIMENTS. . ..ttt ettt et et et et e e e e e et e e e et e
4.2.8 Spectral ResOIULION ... ..o i e e e
429  Trigger Capability . ... ..o e


https://www.stdhive.com/standards/ies-lm-58-20-pdf/

4.2.10 Wavelength UnCertainty . .......ouiininit ittt et ettt 7

4217 Bandpass Determination ... ...ttt e e e e e 7
4.3 SCANNING SPECIIOM Y . ..ottt ettt e e e e e e 8
4.3.1  CONTINUOUS SCANNING ..o\ttt et ettt ettt et e ettt et e e et et e et et et e e a e eae e enenen 8
4.3.2  SequeNntial SCaNNiNg . ...ttt e e e 8
L T D = =¥ i ] P k]
LT I =T 4 YT - C)
5.2 Ultraviolet-Visible Region (UV-VIS) .. ... e e e 9
527 PhotomURIPIIErs . ...t e e e e e e e o - NG Y 9
5.2.2  Silicon Photodiodes . . ....ovinii e e et e e e e 9
5.2.3  Other Photodiodes. . .....ouini e e ettt . ........ 9
5.3  Near-Infrared (NIR) REGION ... ...ttt et et ettt el et e 10
531  Germanium Photodiodes. . ... ...t e e e 10
5.3.2 Indium Gallium Arsenide (INGaAS) Photodiodes . . .....vvneit e e e 10
5.3.3  Other NIRPhOtOdIiOdEs. . ...t e et 10
6.0 CorrectionMethods ............ ... ... i A 10
6.1  Flicker and Corrections. ... ......ouiiii e e e e e e e 10
6.2  Bandpass Correction ....... ...t e e 10
6.3  Stray Light and Stray-Light Correction. ........ ... i i i et e n
7.0  Calculations . ... . ... e n
7.1 Spectral Radiometric Quantities. ........ ... o e n
7.2 Radiometric QUaNtities. .. ... ..ol 12
7.3 Photometric QUaNtities ... ... ... i e e 12
8.0 Reporting ReqUirements . . . i . i e e e e 12
Additional Reading . ...... i e e 13

RE I ENCES . ... . e 14


https://www.stdhive.com/standards/ies-lm-58-20-pdf/

Approved Method: Spectroradiometric Measurement Methods for Light Sources

This guide is a revision of IES LM-58-15, IES Guide to
Spectroradiometric Measurements with editorial changes
only.

1.1 Introduction

In evaluating the color performance of light sources,
there are two factors to be considered:
« The light source color appearance (hue and
saturation)

« Its color rendering ability (the effect of the light
source on the appearance of objects, compared to
their appearance under a reference source)

The perceived color of a light source is its appearance as
a separate consideration from its luminance, geometry,
and time variations. This in turn depends upon the
relative spectral power distribution (SPD) of the radiant
energy from the source and on observer adaptatian.
Two sources with entirely different spectral pawer
distributions may produce the same color ag deurance
when illuminating one surface (i.e., they vroduce a
metameric match) but can look quite diferent when
illuminating a surface with differentsp: ctra, reflectance
characteristics.

The SPD constitutes the" nasic data needed for the
computation of chromatici. coordinates and the
metrics that descrive color rendering. These data are
obtained by spec.roraliometry, whereby the light from
the source is dispersed into its component wavelengths
and ti e pawer in each narrow band of wavelengths
is n.7asu.=d. {pectroradiometry has been practiced
si.ze Novrton discovered the dispersive properties of a
Lsism on light. Spectroradiometry is now recognized as
the most accurate, precise, and dependable method of
determining the chromaticity of any light source.

Where visual phenomena such as color are involved, the
SPD usually is determined between the wavelengths

of 380 nm and 780 nm, and should be measured
with sufficiently narrow bandpass to show the desired
resolution. For more-complete coverage, the SPD
should be determined between the wavelengths of
360 nm and 830 nm. The curves are often plotted at
five-nanometer intervals and are based on a spectral
bandpass of approximately five nanometers. Computer
plotted spectral power distributions are commoi
at intervals much smaller than five nanometers. Fo.
sources containing line spectra, it has L=en found
necessary for accurate resolution of spectia to :itilize a
bandpass of approximately two nan xme =rs.

All photometric, colorimetric, ar d radiometric values
can be calculated using *he 2%D)s measured by a
spectroradiometer. Suffizient \accuracy is attainable
with modern speci. nraaiometric systems such that they
can be used for defini>g standards for other methods
of colorime'ry (e.g., with tristimulus colorimeters).
In generzl; a  spectroradiometer consists of a
monochrcmatr (dispersing instrument), a detector to
mea_:ire (e power at the output of the monochromator,
ind a device for recording data. A standard light source
o1 'iown spectral power distribution is used for
calibration.

The spectroradiometric method is advantageous
because once calibration has been carried out against
one standard source (usually an incandescent filament
lamp), the spectroradiometer can determine—with
equal accuracy—the SPD of light sources of any color,
providing only that the unknown SPD is within the
range of calibration. This range can comfortably run
from 380 nm to 780 nm—or preferably from 360 nm
to 830 nm—and therefore covers the visible region of
interest for determining chromaticity.

1.1.1 Safety Precautions. Since overexposure to
bactericidal (and/or germicidal) and erythemal
ultraviolet radiation may result in erythema (reddening
of the skin) or keratoconjunctivitis (inflammation of the
cornea and conjunctiva, the exposed eye membranes), it
isimperative that suitable eye protection and clothing be
used when conducting measurements in these spectral
regions. Lamp manufacturers' recommendations for
safety precautions should be followed.
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