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Standard Practice for
Obtaining Spectroradiometric Data from Radiant Sources
for Colorimetry *

This standard is issued under the fixed designation E 1341; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone] indicates an editorial change since the last revision or reapproval.

INTRODUCTION

The fundamental procedure for characterizing the color and absolute luminance of radiant sources
is to obtain the spectroradiometric data under specified measurement conditions, and from these data
to compute CIE chromaticity coordinates and luminance values based on the CIE 1931 Standard
Observer. The considerations involved and the procedures to be used to obtain precision spectrora-
diometric data for this purpose are contained in this practice. The values and procedures for computing
CIE chromaticity coordinates are contained in Practice E 308. This practice includes minor
modifications to the procedures given in Practice E 308 that are necessary for computing the absolute
luminance of radiant sources.

1. Scope of Ultraviolet, Visible, and Near-Infrared Spectrophotom-

1.1 This practice prescribes the instrumental measurement _€ters _
requirements, calibration procedures, and physical standardsE 284 Terminology of Appearante _
needed for precise spectroradiometric data for characterizing E 308 Practice for Computing the Colors of Objects by
the color and luminance of radiant sources. Using the CIE Systeh _

1.2 This practice lists the parameters that must be specified E 387 Test Method for Estimating Stray Radiant Power
when spectroradiometric measurements are required in specific _Ratio of Spectrophotometers by the Opaque Filter Method
methods, practices, or specifications. E 925 Practice for the Periodic Calibration of Narrow Band-

1.3 This practice describes the unique calculation proce- _Pass Spectrophotometérs _ _
dures required to determine basic colorimetric data of luminous E 958 Practice for Measuring Practical Spectral Bandwidth
sources. of Ultraviolet-Visible Spectrophotometérs

1.4 This practice is general in scope rather than specific as 2-2 NIST Publications: o
to instrument, object, or material. NIST Technical Note 594-1 Fundamental Principles of Ab-

1.5 The values stated in S| units are to be regarded as the Solute Radiometry and the Philosophy of the NBS Pro-
standard. gram (1968-1971%)

1.6 This standard does not purport to address all of the NIST Technical Note 594-3 Photometric Calibration Proce-
safety concerns, if any, associated with its use. It is the dures

responsibility of the user of this standard to establish appro- 2-3 CIE Publications: _
priate safety and health practices and determine the applica- Publication CIE No. 15.2 Colorimetry, 2nd ed., 1686

Characteristics of Materials and their Measurement, 1977
2. Referenced Documents Publication CIE No. 63 Spectroradiometric Measurement of
2.1 ASTM Standards: Light Sources, 1984

E 275 Practice for Describing and Measuring Performance 2-4 |IES Standard:

2 Annual Book of ASTM Standardgol 03.06.
2 Annual Book of ASTM Standardgol 06.01.
1 This test method is under the jurisdiction of ASTM Committee E12 on Color  *Available from National Institute of Standards and Technology (NIST),
and Appearance and is the direct responsibility of Subcommittee E12.06 offaithersburg, MD 20899-0001.
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IES Guide to Spectroradiometric Measurements, £983 6.1.3 The spectral parameters, including the spectral region,

2.5 ANSI Standard: wavelength measurement interval, and spectral bandwidth.

ANSI/IES RP-16-1980 Nomenclature and Definitions for 6.1.4 The type of standard used to calibrate the system, a
llluminating Engineering standard lamp, a calibrated source, or a calibrated detector, and

. the source of the calibration.
3. Terminology

3.1 Definitions: 7. Apparatus
3.1.1 The definitions of appearance terms in Terminology 7.1 The basic instrument requirement is a spectroradiomet-
E 284 are applicable to this practice. ric system designed for the measurement of spectral radiance

: or irradiance of light sources. The basic elements of a spectro-
4. Summary of Practice radiometric system are calibration sources with their regulated
4.1 Procedures are given for selecting the types and opepower supplies, a light detector, electronics for measuring the
ating parameters of spectroradiometers used to produce d3$fotocurrents, a monochromator with control equipment for
for the calculation of CIE tristimulus values and other colorcomputer interfacing, receiving optics, and a computer as
coordinates to describe the colors of radiant sources. Thgescribed in CIE 63 and IES Guide to Spectroradiometric
important steps of the calibration of such instruments, and thgjeasurements. The computer is listed as an integral part of the
standards required for these steps, are described. Parametgystem since the required precision is unobtainable without
are identified that must be specified when spectroradiometrigutomated control. The characteristics of each element are
measurements are required in specific methods or other dochiscussed in the following sections.
ments. Modifications to Practice E 308 are described in order 7.2 Calibration Sources-The standard calibration lamp for
to account for the differences between objects and radiapectroradiometry is a tungsten-filament lamp operated at a
sources. specified current. Such lamps are available from many stan-
5. Significance and Use Qardizing laboratories. Typical of such standards is the tungsten
' . o filament, 1000 W, halogen cycle, quartz-envelope FEL-type
5.1 The fundamental method for obtaining CIE tristimulus|gmp recommended by the National Institute of Standards and
values or other color coordinates for describing the colors Ofrechnology (NIST). (See NIST Tech Note 594-1, and 594-3.)
radiant sources is by the use of spectroradiometric measurgmcertainties in the transfer of the scale of spectral radiance or
ments. These measurements are used by summation togeth@hdiance are about 1 %. It is preferable to have more than one
with numerical values representing the CIE 1931 Standardtandard source to permit cross-checks and to allow calibration
Observer (CIE publication No. 15.2) and normalizeKfg the 4t a range of illuminance levels. Such sources can be con-
maximum spectral luminous efficacy function, with a value of gtr,cted from lamps operating at any color temperature and
683 Im/W. _ _ _ spectral nature that have been characterized against a standard
5.2 This practice provides a procedure for selecting thqamp_ Monochromatic emission sources, such as a low-
operating parameters of spectroradiometers used for providiqg(essure mercury arc lamp or tunable laser, should also be
the desired precision spectroradiometric data, for their calibragyaijable for use in calibrating the wavelength scale in accor-
tion, and for the physical standards required for calibration. gance with Practice E 925. Multiline lasers, such as continuous
5.3 Special requirements for characterizing sources of lighfyayve (cw) argon-ion and helium-neon, are preferred since they
possessing narrow or discontinuous spectra are presented af¢h pe tuned to a small number of lines of well known
discussed. Modifications to the procedures of Practice E 30§/avelengths.
are given to correct for the unusual nature of narrow or 72 1 Calibration Source Power Supplies The electrical
discontinuous sources. supplies for the calibration sources should be of the constant
6. Requirements When Using Spectroradiometry current type. The supp!y should be Iinea_r ar_ld not a switching
o . supply. Current regulation should be maintained to better than
6.1 When describing the measurement of radiant sources Ry y o This level of regulation is required to maintain a
spectroradiometry, the following must be specified. constant flux across the entrance to the spectroradiometer.

_ 6.L1 The r?ﬁdiometri_c quantity&determined, such as the 75 5 A standard for the measurement of length (such as a
irradiance (W/m) or radiance (W/msr), or the photometric ;g _quality metric rule) should also be available since abso-

qluantltzy determlrrlrgd, S#Ch as |Ilfurr|1|nan|ce (IMyior luminance e jrradiance calibrations must be performed at exact dis-
(Im/m “-sr or cd/nt). The use of older, less descriptive names;, . -o< from the filament of the standard lamp.

or units such as phot, nit, stilb (see ANSI/IES RP-16-1980) iS 7 3 petectors

not recommended. 7.3.1 Photomultiplier Tubes-Photomultiplier tubes are the

6.1.2 The geometry of the measurement conditions, includg yitional detectors in spectroradiometers. This is due to their

ing whether a diffuser was used and its material of construcgnerior performance in low-light-level conditions such as are

tion, the distances from the source of irradiation to the entrancg, ~yuntered at the exit slit of a low-efficiency monochromator.

to the spectroradiometer, and the presence of any Specighe photocathodes of photomultipliers are sensitive to tem-

intermediate optical devices such as integrating spheres.  noraqre, polarization, and magnetic fields. Light levels on the
photocathode should never be allowed to generate photocur-

s Available from American National Standards Institute, 1430 Broadway, Ny, FENtS in excess of I6A. The high-voltage supply should be
NY 10018-3308. stabilized to better than 0.01 % since the gain of the multiplier
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tube is controlled by the voltage across the dynodes. The CIE recommends the use of a rotatable integrating sphere

7.3.2 Silicon Photodiodes-Recently, silicon photodiodes as the input optics (CIE No. 63). The entrance port of the
have superseded photomultiplier tubes in radiometric instrusphere is rotated to view first the calibration source and then to
ments. Photodiodes are less sensitive to temperature, polarizd€W the test source. Since the efficiency of integrating spheres
tion, and magnetic fields than photomultipliers, but care shouldend to be rather low, this method is only useful for bright
still be taken to control these variables. sources.

7.4 Monochromators-The monochromator is the wave- 7.6 Computer System
length dispersive element in the system. The region of the 7.6.1 There are no special requirements for the computer.
monochromator should be 360 nm to 830 nm for highesAny minicomputer or microcomputer should suffice. The
accuracy, but a region of 380 nm to 780 nm should suffice foprogram should control or monitor as many of the instrument
most characterizations. The bandwidth should be kept constapairameters as possible. Included in the computer system is the
across the region of measurement at between 85 % and 100 8®alog to digital conversion process, which changes the pho-
of the measurement interval, but no greater than 5.0 nm. Thi@currents to voltages, amplifies the voltages, and digitizes the
CIE recommends a 1.0 nm bandwidth and measurememoltages into computer-readable signals.% digit autorang-
interval for highest accuracy, and suggests 2.0 nm as &g digital ammeter with a computer interface is suitable for
compromise for characterizing radiation sources with spectréhis purpose. Alternatively, an autoranging electrometer with a
that contain both continuous and line emissions (CIE No. 63)computer interface can be used, but shielding and guarding of
The precision of the wavelength setting should be 0.1 nm wittihe low level signals becomes more critical. This is equivalent
an absolute accuracy of better than 0.5 nm. The size and shafsea twelve bit ADC (analog to digital converter) with variable
of the entrance and exit slits of the monochromator should bgains on the input signal. The use of a detector housing with a
chosen to provide a symmetric bandshape, preferably triangdpuilt-in current to voltage amplifier is recommended since the
lar. The entrance slit should be completely and uniformly filledphotocurrents are very small and can be affected by stray
with light. Specialized versions of the general spectroradiomelectromagnetic fields and capacitances. Amplification and
eter may be constructed and used for specific applicationgonversion to voltage at the detector package minimizes these
where the instrument can depart from the above guidelines. F&ffects and will provide the voltage signal necessary for
example, a source with little or no radiant energy in the far reccommon ADC converters that are available for mini and
end of the visible spectrum may be correctly characterized bynicrocomputers.
measurements to 700 or 710 nm rather than 780 nm. 7.6.2 The data that is acquired by the computer should be

7.4.1 Scanning MonochromatorsThe newer technology converted and displayed as real number values. The raw
of holographically reproduced gratings has made possible theeadings should be corrected for dark current by subtraction of
production of single- and double-grating monochromators witthe measured signal with no light impinging on the entrance to
very high throughputs and very low stray-light levels. Secondihe monochromator, and then scaled to the absolute values of
order spectra need to be eliminated through the use of eithertBe calibration source measurements. The results can be
predisperser or a long-pass filter. A drive mechanism andlisplayed on any appropriate device, though a printed copy is
position encoder should be attached to the scanning monochrg-desirable option. The corrected values should be stored on the
mator drive to allow the monochromator to scan the wavecomputer's storage media for later processing. The generation
length region under control of a computer. Prism-based scar®f & plot of normalized radiance (irradiance) versus wavelength
ning monochromators can also be used though the drivis also desirable, since a skilled operator will be able to obtain
mechanism is more complex and the slit width must bemuch useful information for both diagnostic and analytic
changed as a function of the wavelength to maintain constarurposes from the graph.
bandwidth.

7.4.2 Polychromators—Photodiode arrays are used in flat-
field spectrographic radiometers. The bandwidth and sampling 8.1 Calibration and its verification are essential steps in
interval are determined by the pitch of the array and theensuring that precise and accurate results are obtained by
reciprocal linear dispersion of the spectrograph. The guidelinespectroradiometric measurements in accordance with Practice
given above should be followed for the diode array instrumenk 275. They require the use of physical standards, some of
as well. which may not be normally supplied by commercial instrument

7.5 Receiving Opt|C'5—T0 maximize the ||ght throughput, manufacturers. It remains the user’s responsibility to obtain
the number of optical surfaces between the source of ligh@nd use the physical standards necessary to keep his instrument
(either a calibration or test source) and the monochromatdf Optimum working condition.
entrance slit should be kept to a minimum. In extended diffuse 8.2 Radiometric Scate
sources, only a set of limiting apertures may be needed. For 8.2.1 Zero Calibration or Its Verification—All photometric
small sources a diffusing element may be required, such asdevices have some inherent photocurrent, even in the absence
PTFE-fluorocarbon cap or integrating sphere. In some inef light. This so called “dark current” must be measured and
stances, it may be desirable to image the source with asubtracted from all subsequent readings either electrically or
intermediate focusing lens or mirror assembly. Care should beomputationally. The easiest way to measure the dark current is
taken to use a magnification that will adequately fill theto block the incoming light, preferably at the entrance to the
entrance slit when viewing both the calibration and test sourceeceiving optics. Some commercial systems provide a shutter

8. Calibration and Verification
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between the detector and the exit aperture of the monochra@orrection. Random errors larger than 1 nm should be cause for
mator. While this provides a means to determine the electricatoncern. Fitting the differences to a quadratic or cubic poly-
noise of the detector, it does not determine the instrumemomial can correct for significant nonlinear wavelength errors.
signal due to other sources of stray optical radiation. This 8.3.2 Spectral Bandwidth Verificatier The low pressure
method is only appropriate if all optical components in thearc lamps used for wavelength calibration may also be used to
instrument system are absolutely light tight. verify the spectral bandwidth if data can be collected with a
8.2.2 Radiometric Scale Calibratiea- The output of the sufficiently small measurement interval in accordance with
detector is an electric current. Some means of relating thdtractice E 958. The interval should be at least one tenth of the
electric current in amperes to the incident optical power innominal bandwidth. Only singlet lines should be chosen to be
watts is required. A physical standard of spectral irradiance (foused in the analysis. The line should be measured using the
example NIST 39040C, see NIST Tech Note 594-1) is norsmallest measurement intervals available. When plotted, the
mally used. After the dark current has been determined, théata should show a symmetric, monomodal peak with the
calibration source is positioned in front of the receiving opticsmaximum at or near the wavelength of the spectral line and the
at the specified distance and operated at the specified electiddth of the peak at one half of the peak value will be
current. This provides a good approximation to a Planckiar@Pproximately equal to the bandwidth.
radiator across the visible spectrum. The calibration source is 8.4 Stray Light—The level of stray light can be estimated by
measured and the values of the dark-currentcorrected photgsing the same low-pressure arc lamp used in wavelength
current are recorded. These photocurrents are then related gglibration. The arc lamp’s lines are essentially infinitely
the calibration values of spectral irradiance that were provide@arrow since there is very little line broadening in the low
by the standardizing laboratory. The ratio of spectral irradianc@ressure conditions. Thus, at wavelengths more than two
to photocurrent becomes the instrument calibration factor. AlPandwidths away from the center wavelength of a spectral line

subsequent measurements are multiplied by this ratio. there should be no light passing through the system in
8.2.3 Linearity Verification—Periodically after the radio- accordance with Test Method E 387. Any detectable signal

metric and zero-scale readings are established, the linearity 81pove the noise level of the measuring system is stray light.

the scale should be verified. The use of the double-aperture ?.‘5 System Ver|f|tcat|o?-The_ plrec;:_lsm:\h andl b'la?. of tfh(e:IE
method or the superposition of two sources is recommended. fnure measurement system, including the caiculation o

the former, the light from the calibration source is reduced b nstimulus values, radiance (irradiance), luminance (i!lgmi-
using an aperture plate with two smaller areas. The Spectrg,ance), and correlated color temperature should be verified by

character is unchanged while the light output is measured fc?g::?r?Icarzgﬁnsrutfr?egr;&fre;[hceor(r:ggtti)garl\t?i(ljtesrOt:gt?/(\je:ennogr:felelin?y
each of the two apertures individually and then simultaneousl 9 P ) ; P
. . . . nd the detector. The transmittance of the filter can be
in combination. In the latter, each source is measured indepen- : . o _

. . etermined independently and the modified spectral radiance
dently and then simultaneously. The simultaneous measure-

ment should be equal to the sum of the two independen\falues calculated by multiplying the tabulated calibration
measurements values by the transmittance values on a wavelength by wave-

length basis. The calculated distribution should be checked
8.3 Wavelength Scale against the measured distribution.
8.3.1 Scale Calibration and Verificatien- Since the output
of some sources contain spectral line structure, the wavelengfh Procedure
scale must be precise and accurate enough to characterize thi®.1 Selection of Measurement Parameters
line structure. The best method of wavelength calibration 9.1.1 If the source is small or highly directional, measure
utilizes a low-pressure mercury or neon arc lamp. In gratinghe spectral irradiance or illuminance. If the source is a large,
monochromators, where the blocking filters can be removediffuse source, like a bank of fluorescent tubes, measure the
the second-order spectrum of the arc lamp may be usedpectral radiance or luminance. If the property of interest is not
Generally, the best method of either calibration or verificationthe source itself but rather the amount of radiant energy
of the wavelength scale is to determine the difference betweeincident on a given area at a specific distance from the source,
the measured peaks, or more preferably, the wavelengtmeasure the spectral irradiance or illuminance. (See CIE No.
centroids and the tabulated positions of the emissions lines @&8.) The appropriate calibration source must be utilized. Mount
the arc lamp. The mercury lamp has five useful lines forall pieces of the apparatus solidly in place. An optical table or
calibration: 404.7, 435.8, 546.1, 577.0, and 579.1 nm. A neoibench is highly recommended.
arc will provide six additional lines in the longer wavelength 9.1.2 Select the spectral region and measurement interval
region at 614.3, 633.4, 638.3, 640.2, 650.6, and 703.2 nnand the spectral bandwidth (if possible). Try to keep the
Most monochromators exhibit significant nonlinear wave-spectral bandwidth and measurement interval equal. Make sure
length errors in addition to random linear errors. Generally, theéhat the bandwidth is no greater than 5.0 nm. Make sure that the
best method of either calibration or verification of the wave-spectral region includes 380 nm to 780 nm. (See CIE No. 15.2.)
length scale is to determine the differences between the 9.1.3 Place the test and calibration sources at the specified
measured peaks and the tabulated positions of the emissialistance from the monochromator entrance aperture.
lines of the arc lamps. The differences should be averaged and9.2 Selection of Computational Parameters
reported. A sign test on the differences will reveal systematic 9.2.1 Depending on the geometry of the measurements,
offsets in wavelength reading and will require mechanicalselect either radiance or irradiance calculations. If correlated
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color temperature calculations are required, use the Standard10.1.4 Size of the measured area, in linear dimensions.
Observer and chromaticity coordinates as currently recom- 10.1.4.1 All dimensions should be reported in Sl units
mended by the CIE. As of date of this practice, these are thémetres).

CIE 1931 Standard Observer and the CIE 1960 uniform 10.1.5 The spectral region, spectral bandwidth, and mea-
chromaticity scaleu,V), respectively (CIE No. 15.2). Robert- surement interval.

son has published formulae that have found widespread use 10.1.5.1 All wavelength related parameters shall be reported
for determining correlated color temperature. U§g=683  in S| units (nanometres).

Im/W for the maximum spectral luminous efficacy. Note that 10.1.6 The radiometric or photometric scale used.

neither luminance nor color temperature is defined in terms of 10.1.6.1 All radiometric related parameters shall be reported

the CIE 1964 Supplementary Standard Observer. in Sl units, either watts per square metre per nanometre for
9.2.2 Practice E 308 indicates that CIE tristimulus valueSrradiance or watts per square metre per nanometre per

are to be normalized by a constant that is calculated for theteradian for radiance.
illuminant-observer pair. Here the test source is both the Object 10.1.6.2 All photometric related parameters shall be re-

and the source of light. To calculate CIE absolute tristimulusyorted in SI units, either lumens per square metre per steradian
values, multiply each spectroradiometric reading (in Watts) bytor luminance or lumens per square metre for illuminance.

the value of the CIE 1931 color-matching functior (y or2) 10.1.6.3 The use of certain archaic names or units such as
for that wavelength. Sum these products over all wavelengthg;t stilb, phot is not recommended.

for each of the color-matching functions. (See CIE No. 15.2.) 101 7 The spectral data in the form of tables of wavelength
Multiply the sum byK,, the maximum spectral luminous 44 measured quantity.

efficacy, which equals 683 Im/W. 10.1.8 The CIE absolute tristimulus values and chromaticity
9.3 Measurements coordinates.

9.3.1 Determine the zero scale first. This can be done either 10.1.9 The CIE uniform chromaticity scale coordinates (if
by scanning the spectral region with the entrance slit blockeqequi're'd)
and subtract'lng.the readlng from subsequent scans or by 10.1.10 The correlated color temperature in kelvins (if
manually adjusting the radiometer to read zero when th?equired)
entrance slit is blocked. '
9.3.2 Scan the calibration source and determine the SYS1 . Precision and Bias
tem’s spect_ral ca!ibrat_ion factor by ratioing the tabulated '111 R biliv—CIE Publication 63 ci he followi
spectral radiance (irradiance) values to the measured photocur-11.1 Repeatability— ublication 63 cites the following
rent. values for inter-laboratory comparisons of the sp'ectral irradi-
9.3.3 Replace the calibration source with the test source arfd'c€ of two classesoof_sources: for mcarde()sc_ent filament lamps
scan the test source using the same settings. Multiply thﬁ‘edriggseﬁ/""_erﬁ‘l % In thefultrz(aj\./l?let,ﬁl % in the|V|S|bIe,h
readings by the spectral responsivity factor, wavelength bynd =3.5% In the near infrared; for fluorescent lamps that

wavelength. contain line structure, the ranges werd0 % in the ultravio-
let, =2 % in the visible, and+10 % in near infrared. In
10. Report general, as an approximate guideline for a near white source, a
10.1 The report of the color measurement of a luminougprecision of=0.001 in chromaticity will require a precision of
source shall contain the following: +1 % in spectral radiance or irradiance.
10.1.1 Identification of the type of source (incandescent
lamp, fluorescent lamp, arc lamp, natural, etc). 12. Keywords
10.1.2 Date of measurement. 12.1 calibration; CIE color-scale system; CIE tristimulus
10.1.3 Orientation of the source relative to the spectroradivalues; color; illuminance; instrumental measurement (color/
ometer. light); instrumental measurement (spectroradiometric); irradi-

ance; luminance; radiance; radiant sources; radiometry; self-
7 Robertson, A. R., “Computation of Correlated Color Temperature and Distri-luminous _sources; _SpeCtraI data; spectroradiometers;
bution Temperature”). Optical Society of Am., 5®p. 1528-1535, 1968. spectroradiometry; tristimulus values; wavelength scale

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at
610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (www.astm.org).



