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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Pa
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1 was prepared by Technical Committee ISO/TC 42, Photography, in collaboration v
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d edition cancels and replaces the first edition (ISO 17321-1:2006), of which it constitut
sion with the following changes:

B.4.2, the typographical error “senor image area” was corrected to “sensor image area”;
b, a broken link to tools for non-linear optimjzation has been updated.

Consists of the following parts, under the.general title Graphic technology and photograph
acterization of digital still cameras (DSCs):

Stimuli, metrology and test procedutres

Considerations for determinifig scene analysis transforms [Technical Report]
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Introduction

The spectral responses of the colour analysis channels of digital still cameras (DSCs) do not, in general,
match those of a typical human observer, such as defined by the CIE standard colorimetric observer. Nor
do the responses of different DSCs ordinarily match each other. In characterizing DSCs, it is therefore
necessary to take account of the DSC spectral sensitivities, illumination, and encoding colour space.
This part of ISO 17321 will begin to address these considerations. This part of ISO 17321 defines stimuli
(spectral illumination or a colour target), metrology and photographic test procedures for acquiring
DSC characterization data. It specifies test procedures for “scenes”, the most general picture taking

conditions where metameric colours and a range of illumination sources are encountered. It also
spefifies test procedures for hardcopy “originals”, a more narrowly defined picture-taking)condition in
whilch the illumination source and the colorants being imaged are pre-defined.
[SO|17321 will distinguish among several possible image representations in differént-coloui encodings
as depicted in Figure 1 which shows the diagram of a generic image workflow for'digital phdtography.
Original scene
Scene editjng
(re-lighting, etc.)
Camera compensation ( )
1] o | Exposure adjustment l ( )
Digital | A/D Raw digital | _| SCENE-REFERRED
camera Converter camera captures | Whiebalancing | COLOUR ENCPDING
. J
| Sensor characterization I
Colour rendering
| Tone mapping |
| Gamut mapping |
| Colour preference |
Display colour Softcopy image ﬂ
transform
Picture editing OUTPUT-REFERRED
(add text, etc.) COLOUR ENCODING
Printer colour
transform Hardcopy image

Figure 1 — Generic image workflow for digital photography

The DSC characterizations obtained using this part of ISO 17321 will be applicable to raw (sensor-
referred) DSC data. Two alternative methods are described for obtaining these characterization data.
Method A, the spectral method, uses spectral lights as stimuli for measuring the colour performance
of a DSC. Method B, the target method, involves the use of a physical colour test target under specific
lighting conditions to measure DSC colour performance. Annexes A to C recommend a laboratory set-up
for photographing reflection targets, provide target patch selection criteria, and provide a digital still
camera metamerism index.
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Some operations (colour pixel reconstruction, flare removal, white balancing) can be performed without
disqualifying the DSC data as being raw. However, operations that render the image data so that they

become output-referred (ready to display or to print) generally do disqualify the data. With such came

ras,

this standard can only be applied if the capability exists to extract or to regenerate raw data, e.g. by applying

the inverse of the rendering transform or by tapping the appropriate signals internal to the camera.

The technical experts who have developed this part of ISO 17321 recognize that a standard that could

be applied generally to any (not just raw) DSC output would be desirable. Such a standard is problem
for DSCs that employ colour-rendering algorithms in order to produce output-referred image d
For such DSCs, it would frequently be 1mp0551b1e to determlne if colour analy51s errors relative to
scene or original ¢a < <

algorithmg. The only way to make this dlstlnctlon is if the colour rendering used is Well documented
available, dnd the rendered data can be converted to un-rendered data by inverting the colour rendetfi
This situatfion is unlikely to occur because one of the major differentiators in DSC performance is
colourrendering. Sophisticated colour-rendering algorithms can be image dependent, and locally vary
within an ifnage. This makes it extremely difficult to reliably determine the exact colourrendering y
by analysing captured test scenes.

The purpose of this part of ISO 17321 is both to assist in the characterization of DSCs for co
management purposes and to assist camera manufacturers in the determinatign of the colour anal
capabilities of DSCs that they are developing. This standard is applicable ‘to any DSC intended
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photographic or graphic technology applications. However, for many users it is not practical to apply

this part of ISO 17321 to individual DSCs. Some of the measurements described in this part of ISO 17|
require complex, expensive measurement equipment. In the case of'test targets that are commerci

produced, $pectral as well as colorimetric measurement data would ideally accompany the target.

Those unfgmiliar with this part of ISO 17321 are encouragedsito read through the entire standard
particular [the informative annexes) before proceeding with DSC characterization, in order to ve
appropriateness for their particular application. In some cases, the procedures described in
multimedig standard, IEC 61966-9[5] might be more applicable.

[t is propoged that other parts of ISO 17321 will be'developed in the future to deal with other aspect
the colour fharacterization of digital still caméras.
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Graphic technology and photography — Colour
characterisation of digital still cameras (DSCs) —

Part 1:
Stimuli, metrology and test procedures
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5 part of ISO 17321 specifies colour stimuli, metrology, and test procedures for
Facterization of a digital still camera (DSC) to be used for photography and graphic techr
hods are provided, one using narrow spectral band illumination and the-other using a
colorimetrically calibrated target. Except for a specific set of permitted-data operations
h are raw.

5 part of ISO 17321 does not specify the methods for deriving transformations from raw
br to estimate scene colorimetry.

Normative references

following referenced documents are indispensable for the application of this document
rences, only the edition cited applies. For undated references, the latest edition of the
ument (including any amendments) applies.

7589, Photography — Illuminants forn~sensitometry — Specifications for daylight, in
jsten and printer

13655, Graphic technology — Spectral measurement and colorimetric computation for graphic

14524:2009, Photography — Electronic still-picture cameras — Methods for measuring opt
bersion functions (OECFs)

Terms and definitions

the purposesofthis document, the following terms and definitions apply.

pted white
Ctral ¥adiance distribution as seen by an image capture or measurement device and ca

the colour
ology. Two
spectrally
these DSC

DSC data in

. For dated
referenced

candescent

artsimages

-electronic

nverted to
luminance

ursignals thatare considered to be perfectly achromatic and to have an observer adaptive

factor of unity; 1.e. colour signals that are considered to correspond to a perfect white ditfuser

[ISO 22028-1]

NOTE 1

NOTE 2

The adopted white can vary within a scene.

No assumptions can be made concerning the relation between the adapted or adopted white and

measurements of near perfectly reflecting diffusers in a scene, because measurements of such diffusers will
depend on the illumination and viewing geometry, and other elements in the scene that can affect perception.
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3.2

digital still camera

DSC

device that incorporates an image sensor and that produces a digital signal representing a still picture

NOTE

aremovable memory, such as a solid-state memory card or magnetic disk.

3.3

opto-electronic conversion function

OECF

A digital still camera is typically a portable, hand-held device. The digital signal is usually recorded on

relationship between Tog of input Ievels and corresponding digital output levels for an opto-electr
digital imajge capture system

NOTE
the quantiz
quantizatio
smooth cur

3.4

raw DSC image data

image data
the followi

ling

dar

flaj

wh

—

m

q

3.5
spectrally
exhibiting 1

4 DSC dolour characterization methods

4.1 Gen

Two methd
a target mg

IIf the input log exposure points are very finely spaced and the output noise is small.compare]

shading and sensitivity (flat field) correction,

ation interval, the OECF possibly has a step-like character. Such behaviour is an_artefact of]
h process and needs to be removed by using an appropriate smoothing algorithm ‘or by fitti
e to the data.

produced by, or internal to, a DSC that has not been processed, except for A/D conversion
hg optional steps:

arization,

k current/frame subtraction,

e removal,
te balancing (e.g. so the adopted whiteproduces equal RGB values or no chrominance),
sing colour pixel reconstruction (without colour transformations)

non-selective
eflective or transmissivecharacteristics thatare constant over the wavelength range of inte

bral

ds aresspecified for obtaining raw DSC colour characterization data, a spectral method
thedXThe method that is most applicable in any particular situation depends on a varief]

bnic

d to
the
g a

and

rest

and
y of

factors inc

uding, but not limited to, the following:

— theextentofone’s prior knowledge about the spectral content of the scenes or originals to be captured;

— the equipment available;

— the accuracy required.

The spectral method requires elaborate equipment in a laboratory environment, but can be used to
produce characterization data for samples with arbitrary spectral distributions. The target method is
suitable for studio and field use, but can only provide accurate characterization data to the extent that
the target spectral characteristics match those of the scene or original to be photographed.
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4.2 Spectral sensitivity-based characterization — Method A
4.2.1 Equipment

4.2.1.1 General

Spectral sensitivity-based characterization measurements shall be obtained by using a light source and
monochromator to evenly illuminate a diffuse transmissive or reflective surface with electromagnetic
radiation (light) containing alimited range of wavelengths centred on selected wavelengths, as specified
in 4.2.3. Integrated relative radiance measurements of the illuminated surface shall be obtained for
each selected wavelength using a radiance or irradiance meter with a spectral sensitivity [calibration
accyirate to within 0,1 % and traceable to a national standards laboratory.

4.2{1.2 Light source

The light source shall output radiation where the power is a smooth function, of\the wavelength, such as
thagobtained from a quartz-halogen source. Light sources that have strong emission lines shall ot be used.

NOTE A fluorescent lamp is a typical light source with strong emission lines:

4.2]1.3 Monochromator spectral sampling and band pass

Thegbandpass of the illuminating instrument (monochrometér)shall be 5 nm or narrower. The sampling
intdrval shall not be greater than the bandpass. The mongchromator should exhibit an appjroximately
triajngular band pass, with the full width at half-maximum-wavelength range approximately gqual to the
sanjple spacing. The integrated radiance at all wavelengths more than 10 nm from the peak Wwavelength
on yhich the monochromator is set shall be less than 1/1 000, and should be less than 1/10[000, of the
intdgrated radiance within 10 nm of the peak radiance. Interference filters or a double mondchromator
may be used to meet this requirement.

4.2)1.4 Illuminated surface

The illuminated surface should be the interior of an integrating sphere. It is recommended tp obtain an
intggrating sphere with three poxts close together. A transmissive diffuser is placed over one port, and
illuninated by the monochremator. This produces an even illumination on the interior of the sphere.
The second port is for the DSC, and the third port is for the radiance or irradiance meter. Other evenly
illuminated surfaces may be used, but it is the responsibility of the user to ensure such surfaces do not
have characteristics thrat could influence the measurements. In all cases, stray light shall b prevented
from entering the integrating sphere or camera.

NOTE1 Thistwan be achieved by carefully enclosing the integrating sphere with the camera attached with an
opafjue blackdabric or plastic.

NOTE 2¢ \'The radiances produced for this measurement, and for the OECF measurement described in 4.2.3, need
to b comparable to those encountered in the normal operation of the digital camera.

4.2.2 Camera settings

Fixed exposure settings shall be selected to provide peak output levels between 50 % and 90 % of
saturation. Any automatic gain or adaptive tone reproduction (analog or digital) shall be disabled,
compression shall be minimized, and all user settings shall be recorded. White balancing (analog or
digital) shall be fixed, so that variations in white balance do not influence the measurements. Flash
should be disabled to reduce the possibility of stray light.

© IS0 2012 - All rights reserved 3
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4.2.3 Capturing of raw images of the output of the monochromator

The procedure for capturing raw image data using Method A shall be as follows.

a)

Use a monochromator to illuminate a diffuse transmitting or reflecting surface with light centred

on selected wavelengths so the illuminated area is large enough to fill the field of view of the DSC.
The radiance fall-off at the DSC focal plane should be even, constant as the monochromator peak
wavelength is changed, and circularly symmetric with the radiance at the edge no less than 70 % of
the radiance at the centre.

b)

functign of wavelength.

Captute images of the illuminated surface at wavelengths ranging from 360 nm to at least 830

Use a radiance or irradiance meter to measure the relative radiance of the illuminated surface as a

nm,

and prjeferably to 1 100 nm in 10 nm or smaller increments. The DSC shall be set up as descriped

in ISO|14524 for alternative focal plane OECF measurements. The images shall bejcaptured v
the DSLC lens and any filters used for general picture taking (such as an infrared-blocking filte
place. The data output by each colour analysis channel of the DSC shall remain ihdependent, i.e.
be mafrixed. The relative radiance of the surface shall also be recorded for.each image. Where
DSC under test can be shown to have essentially no sensitivity at wavelengths within the ah
wavelg

d)
measu

4.2.4 Po

Use the iny

Average a
response a

4.2.5 Calculation of the relative spectral sensitivities of the DSC

Calculate the relative spectral sensitivitiés jat each wavelength for each colour analysis channe

dividing t
values for

spectral r3

more infor

Normalize
channel m:

NOTE |
determine 4

4.2.6 Da

Detern

ngth ranges, these ranges may be truncated appropriately.

hine the alternative focal plane OECF of the DSC in accordancéwith ISO 14524, except that
fement may be performed at the peak sensitivity wavelengthfor each colour analysis chan

st-processing of the data

rerse alternative focal plane OECF to linearizethe raw DSC responses at each wavelen
b4 x 64 pixel block of values at the centre ofeach image to determine the linearized
each wavelength.

linearized DSC response byithe relative surface radiance. Optionally, DSC relative respad
various scene spectral radiances may be calculated by taking the scalar product of
diance and the spectral sensitivity vectors for each DSC colour channel (see Annex D
mation).

the spectral sensitivities so the sum of the green channel sensitivities is unity. A diffe
y be normalizéed to unity if so reported.

If desired,thé*OECF of each channel, as measured in accordance with ISO 14524, can be use
bsolute spectral sensitivities from the relative spectral sensitivities.

ith
) in
not
the
ove

the
nel.

pth.
PSC

by
nse
the
for

'ent

d to

tareporting

The data shall be reported in tabular form, with the relative spectral sensitivity reported for each

channel at

each selected wavelength.

4.3 Target-based characterization — Method B

4.3.1 General

The method to be used for the collection of target-based characterization data consists of imaging a
reflective or transmissive colour target of known spectral and colorimetric characteristics, under
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specified illumination, recording the output of the DSC for each patch, and providing these data for

sub

NOTE

sequent processing.

similar geometric and spectral illumination characteristics.

4.3

.2 Testtarget

When target-based characterization is used, the resultant characterization data is only applicable for

The choice of test target to be used shall be a decision of the individual doing the characterization
and may be a commerc1ally available target or a custom target developed for the purpose of digital

con
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4.3

4.3

4.3

Thd
as ¢
and|

labg¢ratory-set-up for photographing a colour reflection test target.

The
of t

idered in developing an ldeal target for DSC characterization.

ardless of the target used it shall have available a tabulation of the spectral reflectanc
tral transmittance factor for each patch. This data shall be from at least 380 nm_to 730
ery 10 nm and should be from 360 nm to 830 nm at least at every 10 nm. In"addition, c
es for all of the colour patches should be included. Measurements and computation of c

tion where the camera is set is preferred.

ere the DSC under test can be shown to have essentially no sensitivity at wavelengths
[ve wavelength ranges, the target measurement requirements may be truncated appropr

E1 Twocommonlyavailable commercial targets that manyhave used for thisapplication are th
atch ColorChecker and the 237 patch ColorChecker DC Digital Camera Color Reference Chart. (Col
f'rade name of a product supplied by GretagMacbeth. This infermation is given for the convenieng
part of ISO 17321 and does not constitute an endorsement by ISO of the product named. Equivale
be used if they can be shown to lead to the same results:)

E2 Ifmeasurements are not performed to 830"nm, there is a possibility that unwanted IR ser]
be identified during subsequent testing. One approach is to separately look at the transmittance o

ocking filters, the basic DSC filters, and theesponse of the detector itself. Another approach is il
bxample in ISO 14524 which provides a method for evaluating the sensitivity of a DSC to IR radiaf

3 Test procedure
3.1 Testtarget illumination

3.1.1 For laboratory characterization using a reflection target

spectral powern distribution for illuminating the test target shall be photographic da
efined in [SQ~7589. The illuminance at the target plane should be between 2 000 Ix af
have a maximum variation of 1 % over the area being imaged. Annex A outlines a rec

primary axis of the incident illumination should be approximately 45° to the normal to

t should be

e factor or
hm at least
blorimetric
blorimetric

hmeters shall be in accordance with ISO 13655. The use of telephoto-specttometer from tle identical

within the
ately.

b traditional
rCheckeris
e of users of
nt products

sitivity will
any UV and
ustrated by
ion.

ylight D55,
id 4 000 1x
bmmended

the centre

he f:\rgnf area hning im:\gnd Twoormoreillumination sources, which are nqnn”y cp:\r‘nr‘

round the

nor

NOTE

mal to the centre of the area of the target that is being measured, should be used.

specular reflections entering the field of view of the DSC.

With the optical axis of the DSC normal to the test target, this will help to minimize the probability of

In qualifying the illumination source, particular attention should be paid to the rolloff in red response.
The spectral distribution index (SDI) described in ISO 7589 assumes a rolloff in red response which
is normal with silver halide films, but does not naturally occur with typical DSC sensors. If a DSC has
a long wavelength red response that is significantly different from that assumed in ISO 7589, the SDI
criterion is possibly not sufficient for qualifying the illumination source. ISO 14524:2009, Annex B, also
contains information about the relevancy of SDI calculations to the qualification of illumination sources
for DSCs. If there is some question about the relevancy of the SDI, the illumination source used should be
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chosen so that its spectral power distribution matches that of the desired source as closely as possible,
in addition to meeting the SDI criterion.

If it is determined that an IR blocking filter is required for OECF determination, in accordance with
ISO 14524, the long wavelength red and infrared response of the DSC should be checked to determine if
the response is being appropriately dealt with by the DSC'’s filters. If the DSC shows abnormally high long
wavelength red response (see the standard red rolloffin ISO 7589), or significant near infrared response,
additional filters can be used with the DSC at all times. It is also possible that the illumination source can
be emitting excessive amounts of infrared radiation, in which case the IR blocking filter should be placed
on the source, and the source requalified. If measurements of the DSC spectral response to wavelengths
from 840 nm to 1 100 nm were obtained, these spectral response values can be used to further qualify
the infrare{d rejection of the DSC. The ratio of the sum of spectral responses from 360 nm to 730mn to
the sum offspectral responses from 740 nm to 1 100 nm should be greater than the ISO DSC lumingnce
dynamic range, as measured in accordance with ISO 15739I3].

4.3.3.1.2 |For in situ characterization

hall
for

When the |
be used. T
transparer

DSC is to be characterized in situ, the illumination source to be used for*actual imaging s
his can be the digital still camera’s own illumination, studio illumination, backlighting
t targets, or natural light (either artificial or daylight).

be
fion
Ping

bsible, the primary axis of the incident illumination forya ‘reflection target should
kely 45° to the normal to the centre of the target area beingdimaged. Two or more illumina
hich are equally spaced around the normal to the centre of the area of the target that is b¢
should be used.

Where po
approxima
sources, w
measured,

NOTE I
the probabi

lacing the optical axis of the DSC normal to the surface.6fa reflection test target will help to minithize
ity of specular reflections entering the field of view of'the DSC.

4.3.3.2 (Gamera focusing

pcal
[ing

distance is dictated by the size of the target, the field of view of the camera, and the f
Fthe camera lens. These should be'chosen such that the DSC is in sharp focus for the resul
hnce.

The target|
length(s) o
target dist

4.3.3.3 (Gamera settings

For DSC ch
gain contr
If possible,
fixed, so th
data revea

For DSC ch
be recorde
be disabled

hracterizations perfarmed in laboratory settings, the flash shall be turned off, any autom|
1 shall be disabled,Compression shall be minimized, and all user settings shall be recor
any digital whitébalancing should be turned off and any analog white balancing shoul
at variationsjinvthe analog white balance do not confound the white balance of the raw
ed by the QECFs.

hracterizations performed in situ, compression shall be minimized, and all user settings s
d. While local conditions can require the use of automatic gain control, if possible it sh

atic
ed.
be
PDSC

hall
uld

.Ifpossible, any digital white balancing should be turned off and any analog white balan

fing

should be fixed, so that variations in the analog white balance do not confound the white balance of the
raw DSC data revealed by the OECFs.

4.3.3.4

4.3.3.4.1

Image capture geometry

Full frame image capture

If full frame image capture is to be used, the test target should be framed within the DSC field of view so
that the set of fiducial marks appropriate for the aspect ratio of the DSC end up just inside the corners
of the captured image.

NOTE

captured image.

6

In the case of in situ characterization, the target can, of necessity, occupy a smaller portion of the
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4.3.3.4.2 Individual patch capture

If individual patch image capture is to be used, a black mask shall be used that has an aperture equal to
the size of an individual patch. The DSC or target shall be moved such that one patch at a time is seen by
the DSC at the centre of the image sensor area.

NOTE Individual patch capture can be used to minimize the effects of flare in the image capture step.

4.3.3.5 Data collection

Multiple images of the colour target, or individual patches, shall be recorded. These shall be analysed to
der]ve average DSC digital code values for each channel corresponding to each patch. In selec{ing sensor

elemnent values to average, only those elements that are within the central 50 % of the arda (70 % in
lingar dimensions) of the image of each patch shall be included. At least, (64 x 64) pixels-shoyild be used
to analyse image data. Averaging shall be accomplished both within images and between at|least three
DS{ image capture samples.

4.3]3.6 Datareporting

Datp reported shall include at least the following:

— |make, model, serial number, etc., of target used;

— |measured or reported spectral reflectance/transmittancefactor of each patch;

— |computed colorimetry of each individual test patch-fer photographic daylight D55 and any other
illumination used for testing;

— |measured spectral power distribution of actual illumination source used;

— |make, model, serial number, etc., of DSC(s}uused for the test;

— |mean and standard deviation of DS€icode values corresponding to each patch;
— [summary of DSC settings at timie of image capture;

— |DSC OECF used for analysis;

— |capture geometry.

© IS0 2012 - All rights reserved 7
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A1l Genleral prerequisites

Three gen
colour test

accurate positioning of the camera with respect to the test target;

a)

b) proper
c) captur
A.2 Can

A well-designed system for positioning cameras will accomplishthe following objectives:

optica
optica
no ske
no keyl
easy t(

easy tq

Annex A
(informative)

Recommended laboratory set-up for photographing a reflection

colour test target

bral prerequisites should be addressed in setting up a laboratory for photographing|the
target:

illumination of the target;

ing of essential data.

jera positioning

axis of camera perpendicular to the target plan€;
axis of camera intersects centre of target;

wving of target relative to image sensors

stoning of target relative to imagesehsor;

mount cameras in a repeatable fashion;

adjust shooting distance\to fill camera’s field-of-view.

et illumination

uniform illuminance at the target plane;

direct

illumination of the target, with negligible secondary contribution from scattered or

reflected light;

regulated lamp voltage, with fixed level of direct current;

easy way to confirm that the correlated colour temperature and illuminance at the target plane are
at their aim values.

© ISO 2012 - All rights reserved
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A.4 Data acquisition

A well-designed system for acquiring data from images and for any associated metadata will accomplish
the following objectives:

computer with adequate memory, DSC interfaces, and a visual display;
means of downloading images from camera or from removable memory media;

means of extracting statistical data from captured digital images;

maanc aof avtracting rantadato b gc artat g b oo s lon S d Joe o dA]l catbin oo,

TICOTTS UT CATT attIirg e tatata ta g S PT tariiiiTg toO- oo ot ot/ OT IOt STCTTIITS S)

means of recording all data into a tab-delimited text document;

means of archiving all images with their associated measurements.

© IS0 2012 - All rights reserved 9
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Annex B
(informative)

Digital still camera/sensitivity metamerism index (DSC/SMI)

B.1 General

In order tq guarantee the colorimetric reproduction, a set of camera sensitivity curves is require
obey the Luther condition[12], which requires a linear transformation of colour matching' functi
In practice, however, camera sensitivity curves deviate from the condition due to production reasg
of filters, sensor and optical elements. Such a camera will reproduce different sensor-outputs for
objects havying the same tristimulus values but different spectral distributions.

DSC/SMIs jare designed to give a measure for such potential colour error using the framewor
CIE Publicgtion 13[6]. The indices consist of an average DSC/SMI and a speciallBSC/SMI.

Average D$C/SMI will give a measure of camera metamerism for ordinavy reflective objects. In

 to
DNsS.
ons
fwo

K of

Lhis

index, eight colour patches, defined in CIE Publication 13, represent refléctive objects. Although a siall

number of colour patches are used, simulations using ISO/TR 16066/#}+verify that the average DSC
has a high forrelation coefficient.

Special DSC/SMI is an optional measure by defining arbjtfary objects depending on applicati
Although afverage DSC/SMI will give a statistically reasonable measure, the measure may not be reli
for speciall objects such as highly saturated objects, fltiorescent objects, and self-emitting colo
Special DSC/SMI allows users to specify arbitrary objécts in order to optimize for a specific applicat
For instange, appropriate types of objects may be chosen from ISO/TR 16066.

Both meaqures give figures with the maximum of 100. The meaning of both indices is simila
the one ddfined in CIE Publication 13. Thejcolour mismatch indicated by a DSC/SMI value wil

SMI

DNS.
hble
urs.
ion.

" to
be

comparablp to the colour mismatch corresponding to the same colour rendering index value as defined

in CIE Publication 13. An index of 100.ineans that there is a very close match to the Luther condition
index of 5( corresponds approximately to the difference in colour rendering between D65 and a w
white fluofescent (WWF) light saurce.

Both indic¢s can be measured through either spectral basis (Method A) or test target basis (Metho
as specified in Clause 4./Method B, however, can only be applied to a camera that can output liq
processingl signals suchas sensor raw data. On the other hand, Method B requires test targets hay
appropriate spectrakreflectances.

B.2 Medsurement of DSC/SMIs using Method A

An
hrm

1 B)
ear
ring

B.2.1 Step 1: Measurement of camera spectral sensitivities

Measure j channels of spectral sensitivities in accordance with 4.2.

IEC 61966-9[5] provides an alternate procedure that can be used where the requirements of 4.2 cannot

be fully met.

B.2.2 Step 2: Selection of light source

Assign an appropriate light source. [lluminant D55 should be used as default.
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B.2.3 Step 3: Calculation of sensor outputs and tri-stimulus values

Calculate tristimulus values Xj, Y;, Z;, and sensor outputs Oyp;, 0z,j,..., 0j; using the following equations.
Here, Ri(A) is one of the spectral reflectances of colour patches, and sj(A) is the sensitivity of the jth
channel (j < 8). The spectral reflectances of the colour patches for average DSC/SMI and the spectral

distribution of the light source are listed in Table B.1.

Tristimulus values are calculated by the following equations:

780
X;=K Y LR, (M)A
A=380
780
V=K Y LAR;(A)V(A)
A=380
780
Z;=K Y LAR;(AZ(A)
A=380
whére
B 100
780
Y, L)
A1=380
L(A) is the light source;

x(1), ¥(1), z(A) are colour matching functions.

Senkor outputs are calculated by the following equation:

780
0,,= Y. LARAs;(A)

A=380

Herg, a spectral range from 380\im to 780 nm with a 10 nm increment is suggested.

NOTE jisrestricted todessthan eight because only eight patches are used from CIE Publication

B.2{4 Step 4: Calculation of linearly optimized colour matrix

Calgulate the tentatively optimized linear matrix using Equation (B.6):

A=TST(SST)_1

 3[6].

where
X1 Xi Xg
Z4 Z; Zg

© IS0 2012 - All rights reserved
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(B.6)
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017 =+ O1; - Oqg
S=| : : : (B.8)
0j; = 0;; - 0jg
A new set of estimated tristimulus values is calculated using:
where
=
Tk = Yk (B 10)
K
and
[k
S.=| | (Bi11)
[k
A measurd for a system having more than three channels (e.g. compleméntary colour filter set Juch

as CMYG) may not be realized due to practical processing limitations, In’ such a case, a set of th

composite channels should be evaluated.

B.2.5 Ste

Calculate average DSC/SMI and special DSC/SMI as follows-using the following equations:

p 5: Calculations of average DSC/SMI and special DSC/SMI

* Yri 3
L ;=116/ = " ~16 (B
YI"
1 1
* X.: \3 Y.. )3
a,; =5p04| — |” —| £ (B
' Xr r
1 1
by, =2pod| Lri P [ Zri P (B
r,l Yr Zr "
1
* Yki 3
Ly =1Jt6| —£4"-16 (B
¥
[ 1 1
(B.

12

ree

12)

13)

14)

15)

16)
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1 1
) Yo B (Zii )3
by, =200]| &L |° _| 2k (B.17)
’ Y Zy

Colour difference AE is calculated by the following equation:

1
* * x \2 * % \2 * ¥ \2 E
AE 3, = (Lr,i_Lk,i) +(ar,i_ak,i) +(br,i_bk,i) :

(B.18)
whére
XY Zy are the estimated tristimulus values of white (lightsource);
X, Y., Z, are the real tristimulus values of white (light'source);

* ko x are the estimated L*, a*, b* and tristimfutus values of test target i;
Ly ayibyirXkiYkirZk, §

* kg are the real L* a* b* and tristimulus values of test target i.
Lr,i'ar,i'br,i'Xr,i'Yr,i'Zri &

Spefial DSC/SMI R;and average DSC/SMI R, are obtained\by the following equations, respectively (note
that the coefficient value of 5,5 is determined in orderd®o align with CIE Publication 13[6]).

R, =100-5,5AF; (B.19)
1 8

R, :5212,. (B.20)
i=1

B.2l6 Step 6: Non-linear optimization for Matrix A

Mafrix A shall be optimized in'a non-linear optimization technique in order to minimize the average
DS{/SMI with the initialhmatrix of the linear optimization. The resultant R;_y1, Ra-ni shdll be used.
Note that Excel sheet £BSC/SMI.xls”, available from http://standards.iso.org/iso/17321 as part of the
[SOL7321-1-Tools_ver101.zip, can be used for the non-linear optimization with the Solver cohmand.

B.3 Measurement of DSC/SMIs with Method B

B.3{1 «Step 1: Capture of colour patches

Capture—the—tHPubticatiomr3teteight patches—tamd—=atso—arbitrary cotourpatches—ifrecessary) as
described in Clause 4.

NOTE A commonly available commercial source of such target patches that may be used for this application
is the Munsell colour book. The Federal Institute for Materials Research and Testing (BAM) of Germany also
offers reflection and transmissive test targets, accompanied by measurement data, meeting the requirements of
CIE Publication 13I6l. This information is given for the convenience of users of this part of ISO 17321 and does not
constitute an endorsement by ISO of these products.

B.3.2 Step 2: Calculation

Follow Step 3 to Step 5 as described in B.2. The data reported in 4.3.3.6 can be used for sensor outputin
Equation (B.5).
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B.4 Datareporting

Average DSC/SMI should be reported with a measurement method (Method A or B). If the illuminant
differs from D55, the light source should be identified. When Method A is used, spectral range and
spectral increment used in Equations (B.1) to (B.4) should be reported. When Method B is used, spectral
distributions of objects and light source should be measured and reported.

Special DSC/SMIs should be reported with spectral distributions of sample objects in addition to the
items required for average DSC/SMI.

Wave-lerlgth Spectral distribution

nm 7,5R 6/4| 5Y6/4 | 5GY 6/8 |2,5G 6/6 12}1‘; 5PB 6/8 | 2,5P 6/8| 10P 6/8/ D5p

380 0,2190 | 0,0700 | 0,0650 | 0,0740 | 0,2950 | 0,510 | 0,3780 |0,1040 | 32,48
390 0,2498 | 0,0895 | 0,0700 | 0,0935 | 0,3095 | 0,2680 | 0,5133.]°0,1773 | 40,46
400 0,2555 | 0,1098 | 0,0728 | 0,1145 | 0,3133 | 0,4058 | 0,550)8 | 0,3235 | 59,d4
410 0,2515 | 0,180 | 0,0738 | 0,1238 | 0,3188 | 04890 [0,5583 | 0,4555 | 6798
420 0,2440 | 0,1210 | 0,0738 | 0,1283 | 0,3260 | 0,5165 0,560 0 | 0,4875 | 70,75
430 0,2365 | 0,1220 | 0,0730 | 0,1350 | 0,3343 | 03370 | 0,5553 | 0,4813 | 70,18
440 0,2295 | 0,1230 | 0,0730 | 0,1445 | 0,3458 [\0,5443 | 0,5435 | 0,4618 | 8445
450 0,2245 | 0,1265 | 0,0740 | 0,1613 | 0,3603 0,5548 | 0,5213 | 0,4385 | 96,15
460 0,2200 | 0,1310 | 0,0773 | 0,1873 | 0,3813 | 0,5533 | 0,4878 | 04123 | 100,09
470 0,2160 | 0,1383 | 0,0860 | 0,2293 (0,4025 | 0,5405 | 0,4485 | 0,3818 | 100,B4
480 0,2140 | 0,1505 | 0,1095 | 0,2810'| 04145 | 0,5183 | 0,4075 | 0,3518 | 101,B1
490 0,2160 | 0,1743 | 0,1485 | 03310 | 04183 | 0,4873 | 0,3630 | 0,3243 | 9849
500 0,2223 | 0,2073 | 0,197 31°0,3688 | 0,4130 | 04500 | 0,3250 | 0,2993 | 100,86
510 0,2258 | 0,2405 | 0,240.8 | 0,3893 | 04028 | 04135 | 0,3010 | 0,2828 | 100,61
520 0,2253 | 0,2593 |(0,2795 | 0,3940 | 0,3888 | 0,3768 | 0,2825 | 0,2695 | 100,61
530 0,2273 | 0,2668-00,3375 | 0,3848 | 0,3720 | 0,3413 | 0,2658 | 0,2563 | 1032
540 0,2368 | 0,2723 | 0,3883 | 0,3663 | 0,3528 | 0,3090 | 0,2578 | 0,2505 | 102,47
550 0,2533 |C092823 | 0,3980 | 0,3408 | 0,3310 | 0,2790 | 0,2588 | 0,2543 | 102,49
560 0,2723-1 0,2990 | 0,3795 | 0,3118 | 0,3080 | 0,2530 | 0,2595 | 0,2638 | 100,p2
570 02993 | 0,3205 | 0,3488 | 0,2798 | 0,2838 | 0,2340 | 0,2560 | 0,2718 | 97,43
580 0,3418 | 0,3345 | 0,3153 | 0,2465 | 0,2595 | 0,2248 | 0,2553 | 0,2785 | 96,49
590 0,3890 | 0,3405 | 0,2853 | 0,2138 | 0,2328 | 0,2210 | 0,2708 | 0,2975 | 92,40
600 04230 | 03418 | 0,2643 | 0,1858 | 0,2100 [ 0,2200 [ 0,3030 [ 0,3490 | 9414
610 04418 | 03418 | 0,2520 | 0,1693 | 0,1943 | 0,2200 | 0,3435 | 0,4335 | 94,94
620 04498 | 0,3405 | 0,2410 | 0,1600 | 0,1855 | 0,2233 | 0,3763 | 0,5265 | 93,86
630 04510 | 0,3388 | 0,2293 | 0,540 | 0,1800 | 0,2330 | 0,3998 | 0,6013 | 91,16
640 04510 | 0,3378 | 0,2203 | 0,508 | 0,1760 | 0,2445 | 0,4198 | 0,6470 | 91,66
650 04503 | 0,3360 | 0,2163 | 0,1483 | 0,1750 | 0,2575 | 04375 | 0,6750 | 89,47
660 04508 | 0,3338 | 0,2195 | 0,1483 | 0,1755 | 0,2680 | 04515 | 0,6928 | 90,59
670 04528 | 0,3318 | 0,2305 | 0,1513 | 0,1800 | 0,2775 | 0,4618 | 0,7048 | 93,00
680 04553 | 0,3308 | 0,2523 | 0,1580 | 0,1860 | 0,2833 | 0,4680 | 0,7120 | 89,17
690 04583 | 0,3290 | 0,2893 | 0,1650 | 0,1920 | 0,2910 | 04733 | 0,7170 | 81,36
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Spectral distribution

Wave-length
nm 7,5R6/4| 5Y6/4 |5GY 6/8 |2,5G 6/6 12;1(; 5PB 6/8 |2,5P 6/8| 10P6/8 | D55
700 04618 | 0,3278 | 0,3395 | 0,1698 | 0,1983 | 0,3033 | 0,4830 | 0,7203 82,70
710 0,4640 | 0,3260 | 0,3895 | 0,1698 | 0,1990 | 0,3253 | 0,4960 | 0,7200 82,77
720 04658 | 0,3243 | 04303 | 0,1660 | 0,1963 | 0,3510 | 0,5108 | 0,724 8 73,20
730 0,4660 | 0,3238 | 0,4598 | 0,1643 | 0,1953 | 0,3763 | 0,5250 | 0,7288 78,88
740 0,4668 | 0,3220 | 0,4805 | 0,1683 | 0,1975 | 0,4010 | 0,5390 | 0,730\ 82,64
750 0,4670 | 0,3198 | 0,4928 | 0,176 8 | 0,2028 | 0,4248 | 0,5528 | 07300 71,14
760 0,4670 | 0,3163 | 0,4998 | 0,1850 | 0,2083 | 0,4470 | 0,564 81 60,7300 58,07
770 0,4670 | 0,3148 | 0,5055 | 0,1918 | 0,2148 | 0,4683 | 0,5745 | 0,7300 72,52
780 0,4670 | 0,3140 | 0,5160 | 0,970 | 0,2190 | 0,4850 | 00,5810 | 0,7300 71,82
© IS0 2012 - All rights reserved 15
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Annex C
(informative)

Characterization target considerations

lar shape with a 3:2 aspect ratio best fits the image area of a broad range of DSCs. Indivi
hes need to be large enough to allow accurate spectral measurements of them to be, mad
x 6 mm for typical instruments), and to allow adequate sampling by the DSC (12 mm x 12
[ a typical chart capture distances). The complete target should be constructed so that i
h to be self supporting and flat when standing on edge and leaning against dwvertical sup

grids may be used to demarcate the colour patches and to secure them to a physical sup
e. However, if used, such grids

not interfere with measurements of the individual colour patches,
have very low reflectance,

not fluoresce,

not introduce specular reflections or flare,

d introducing extraneous reflected energy.

jgning an ideal DSC characterization target

neral
used for DSC characterization should meet the following two basic criteria.

patches are representative of typical scene objects, or real-world objects; i.e. colours car
Foduced by metamers-(e.g. process colour printers or RGB displays).

s are widespread-to adequately cover all regions of the colour gamut.

, there are\a~humber of other characteristics useful to include. These characteristics, t
riteria,~and recommendations that facilitate meeting the two criteria listed above
n C.2:2to C.2.11.

C.2.2 Ex

ended neutral scale

ual
(at
m
tis
ort.

ort

not

heir
are

It is important to include at least 12, and preferably 21 neutral grey patches. These neutral patches
should cover an L* range of at least 12 to 92, and be approximately equally spaced in steps of L*. The
C* of each patch should be less than 2. In addition, the reflectance of these patches should be generally

constant over the range of 350 nm to 1 100 nm.
NOTE1  ISO 14524 describes the method used to measure the opto-electronic conversion function (OECF) of a DSC.

NOTE 2  The background ideally has the same characteristics as one of the neutral patches defined, which is
positioned close to the centre of the target.
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C.2.3 Hue-lightness-chroma combinations

A series of patches can be used to represent a hue-lightness-chroma mapping, in CIELAB, of scene colour
space. At each hue-angle three lightness levels are recommended. At each hue-angle and lightness,
three chroma patches are also recommended. One at maximum chroma, of the selected colour space,
for that hue-angle lightness combination and two others at approximately 2/3 and 1/3 of the achieved
chroma of the related maximum-chroma patch. Table C.1 lists one set of recommended lightness and
maximum chroma aims.

Table C.1 — Set of recommended lightness and maximum chroma aim combinations

Recommended combinations of lightness and maximum chroma aidls versus
Hue angle hue-angle

degrees I o P p e p
0 15 49 50 83 85 26
30 15 51 50 88 85 34
60 30 57 65 107 85 59
90 30 47 65 a 90 113
120 30 50 70 97 90 47
150 15 39 50 88 85 45
180 15 47 50 85 85 36
210 15 38 50 73 85 35
240 15 37 50 68 85 33
270 10 38 40 73 80 35
300 20 98 50 77 80 38
330 10 58 40 95 80 38

C.2|4 High-gloss colour patches

Carg should be taken to avoid high-gloss colour patches to the extent possible. Where high-glpss patches
arenecessary to achieve the desired levels of chroma, they should be identified and grouped {o facilitate
elimination of specular reflections, and covered when not needed.

C.2|5 Special colours

In characterizationtargets, itis useful to include spectral radiances of common or critical natujral objects,
such as human'skin, foliage, flowers, and sky, as found in natural environments. However, suﬂl radiances
are|not always reproducible in coloured patches, and this is one reason spectral characterifation data
can|be useful. Annex D briefly describes the use of spectral characterization data, and proyides some
example.spectral radiance measurements.

C.2.6 Infrared rejection test patch

A patch whose reflectance or transmittance is less than 3 % at all wavelengths between 360 nm and
650 nm and greater than 60 % at all wavelengths between 750 nm and 1 000 nm should be included to
allow quick estimation of the effectiveness of DSC infrared rejection.

C.2.7 Target background

The background of the target should be spectrally non selective and approximately equal to an L* of 50.
Itideally would have the same characteristics as one of the neutral patches positioned close to the centre
of the target. It should extend at least three patch widths beyond any colour patches and be large enough
to include fiducial marks to designate image capture boundaries for aspect ratios of 16:9; 3:2; 4:3 and
1:1. Fiducial marks need to be at least two patch widths beyond any colour patches. This surround area
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can be used to verify or correct for non-uniformities, e.g. due to lighting conditions or vignetting by the
DSC. It also should be adequately large to completely fill the field of view of any DSC being tested.

C.2.8 Other optical properties

Materials used in the fabrication of the test target should have negligible fluorescence. To ensure adequate

lightfastne

ss, preferably only ASTM category 1 as defined in ASTM D4303[8] materials are used.

C.2.9 Fiducial marks and identifying information

Fiducial m

arks to dpcignnfp imngp capture boundaries for aspect ratios of 16:9: 3:2: 4-3 and 1:1

eed

to be inclu
including t

C.2.10 Re

Asrequire
of patch re
infrared se
addition, c
the measu
target spec

C.2.11Ta

Atabletha
the spectrs:

he identity of the manufacturer, and the date and batch number of manufacture.

flectance measurements of the colour target

1in 4.3.2, all test targets will be accompanied by either target-specific or batch'measureme
flectances or transmittances covering the wavelength range of 380 nm‘to 730 nm. If

blorimetric values for all of the colour patches are helpful. ISO 13655 is a useful guid
‘ement and calculation of colorimetric data. Measurements provided should be identifie
ific or batch measurements.

rget map

1 and colorimetric data of the target is essential forthe efficient use of a target.

C.3 Target implementation based on usinga minimum number of patches

ded and located as defined in C.2.6. All targets should also carry identifying informag

—

on

nts
PSC

nsitivity is a concern, it may be helpful to provide extended measurements to 1 000 nn. In

b to
1 as

provides a mapping between target physical location'and the data identifiers used to tabuflate

In some sifuations the number of patches, and/or target size, is limited. A set of 24 patches haying
reflectancg curves that match the data showninTables C.2 and C.3 are suggested for use in such situatipns.
NOTE A 24 patch Macbeth Color Checker provides patches that approximate these reflectances.
Table C.2— Suggested spectral curves 1 to 12
Wave- Reflectance values for spectral curve
length
nm 1 2 3 4 5 6 7 8 9 10 11 12
380 0,048 | 9,203 | 0,113 | 0,048 | 0,123 | 0,110 | 0,053 | 0,099 | 0,096 | 0,101 | 0,056 | 0,060
385 0,051.}/0,120 | 0,138 | 0,049 | 0,152 | 0,133 | 0,054 | 0,120 | 0,108 | 0,115 | 0,058 | 0,d61
390 0,055 | 0,141 | 0,174 | 0,049 | 0,197 | 0,167 | 0,054 | 0,150 | 0,123 | 0,135 | 0,059 | 0,463
395 0,060 | 0,163 | 0,219 | 0,049 | 0,258 | 0,208 | 0,054 | 0,189 | 0,135 | 0,157 | 0,059 | 0,064
400 0,065 | 0,182 | 0,266 | 0,050 | 0,328 | 0,252 | 0,054 | 0,231 | 0,144 | 0,177 | 0,060 | 0,065
405 0,068 | 0,192 | 0,300 | 0,049 | 0,385 | 0,284 | 0,054 | 0,268 | 0,145 | 0,191 | 0,061 | 0,065
410 0,068 | 0,197 | 0,320 | 0,049 | 0,418 | 0,303 | 0,053 | 0,293 | 0,144 | 0,199 | 0,061 | 0,064
415 0,067 | 0,199 | 0,330 | 0,050 | 0,437 | 0,314 | 0,053 | 0,311 | 0,141 | 0,203 | 0,061 | 0,064
420 0,064 | 0,201 | 0,336 | 0,050 | 0,446 | 0,322 | 0,052 | 0,324 | 0,138 | 0,206 | 0,062 | 0,064
425 0,062 | 0,203 | 0,337 | 0,051 | 0,448 | 0,329 | 0,052 | 0,335 | 0,134 | 0,198 | 0,063 | 0,064
430 0,059 | 0,205 | 0,337 | 0,052 | 0,448 | 0,336 | 0,052 | 0,348 | 0,132 | 0,190 | 0,064 | 0,064
435 0,057 | 0,208 | 0,337 | 0,053 | 0,447 | 0,344 | 0,052 | 0,361 | 0,132 | 0,179 | 0,066 | 0,065
440 0,055 | 0,212 | 0,335 | 0,054 | 0,444 | 0,353 | 0,052 | 0,373 | 0,131 | 0,168 | 0,068 | 0,065
18 © IS0 2012 - All rights reserved


https://standardsiso.com/api/?name=5919066c6abcd961ad2738d6f0e83d7a

Table C.2 (continued)

IS0 17321-1:2012(E)

Wave- Reflectance values for spectral curve
length

nm 1 2 3 4 5 6 7 8 9 10 11 12

445 0,054 | 0,217 | 0,334 | 0,056 | 0,440 | 0,363 | 0,052 | 0,383 | 0,131 | 0,156 | 0,071 | 0,066
450 0,053 | 0,224 | 0,331 | 0,058 | 0,434 | 0,375 | 0,052 | 0,387 | 0,129 | 0,144 | 0,075 | 0,067
455 0,053 | 0,231 | 0,327 | 0,060 | 0,428 | 0,390 | 0,052 | 0,383 | 0,128 | 0,132 | 0,079 | 0,068
460 0,052 | 0,240 | 0,322 | 0,061 | 0,421 | 0,408 | 0,052 | 0,374 | 0,126 | 0,120 | 0,085 | 0,069
400 0,052 [ 0,251 | 0,316 | 0,063 | 0,413 | 0,433 | 0,052 | 0,361 | 0,126 | U, I10 | 0,003 | 0,073
470 0,052 | 0,262 | 0,310 | 0,064 | 0,405 | 0,460 | 0,053 | 0,345 | 0,125 | 0,101~ '0,1p4 | 0,077
475 0,053 | 0,273 | 0,302 | 0,065 | 0,394 | 0,492 | 0,054 | 0,325 | 0,123 | 0,0937| 0,118 | 0,084
480 0,054 | 0,282 | 0,293 | 0,067 | 0,381 | 0,523 | 0,055 | 0,301 | 0,119_]N0,086 | 0,1B5 | 0,092
485 0,055 | 0,289 | 0,285 | 0,068 | 0,372 | 0,548 | 0,056 | 0,275 | 0,11%" 0,080 | 0,157 | 0,100
490 0,057 | 0,293 | 0,276 | 0,070 | 0,362 | 0,566 | 0,057 | 0,247 | 0,109 | 0,075 | 0,1B5 | 0,107
495 0,059 | 0,296 | 0,268 | 0,072 | 0,352 | 0,577 | 0,059 | 0,223,1°0,105 | 0,070 | 0,221 | 0,115
500 0,061 | 0,301 | 0,260 | 0,078 | 0,342 | 0,582 | 0,061 | 05202 | 0,103 | 0,067 | 0,269 | 0,123
505 0,062 | 0,310 | 0,251 | 0,088 | 0,330 | 0,583 | 0,064¢| 0,184 | 0,102 | 0,063 | 0,326 | 0,133
510 0,065 | 0,321 | 0,243 | 0,106 | 0,314 | 0,580 | 6,068 | 0,167 | 0,100 | 0,061 | 0,384 | 0,146
515 0,067 | 0,326 | 0,234 | 0,130 | 0,294 | 0,576.4°0,076 | 0,152 | 0,097 | 0,059 | 0,440 | 0,166
520 0,070 | 0,322 | 0,225 | 0,155 | 0,271 | 0,569 | 0,086 | 0,137 | 0,094 | 0,058 | 0,484 | 0,193
525 0,072 | 0,310 | 0,215 | 0,173 | 0,249y 0,560 | 0,101 | 0,125 | 0,091 | 0,056 | 0,516 | 0,229
530 0,074 | 0,298 | 0,208 | 0,181 | 0,237 | 0,549 | 0,120 | 0,116 | 0,089 | 0,054 | 0,5B4 | 0,273
535 0,075 | 0,291 | 0,203 | 0,182_9,219 | 0,535 | 0,143 | 0,110 | 0,090 | 0,053 | 0,542 | 0,323
540 0,076 | 0,292 | 0,198 | 0,177 0,211 | 0,519 | 0,170 | 0,106 | 0,092 | 0,052 | 0,545 | 0,374
545 0,078 | 0,297 | 0,195 {0,468 | 0,209 | 0,501 | 0,198 | 0,103 | 0,096 | 0,052 | 0,541 | 0,418
550 0,079 | 0,300 | 0,191 { 0,157 | 0,209 | 0,480 | 0,228 | 0,099 | 0,102 | 0,053 | 0,5B3 | 0,456
555 0,082 | 0,298 | (0,188 | 0,147 | 0,207 | 0,458 | 0,260 | 0,094 | 0,106 | 0,054 | 0,524 | 0,487
560 0,087 | 0,295.70,183 | 0,137 | 0,201 | 0,436 | 0,297 | 0,090 | 0,108 | 0,055 | 0,5[13 | 0,512
565 0,092 |.0;295 | 0,177 | 0,129 | 0,196 | 0,414 | 0,338 | 0,086 | 0,109 | 0,055 | 0,501 | 0,534
570 0,100,/~0,305 | 0,172 | 0,126 | 0,196 | 0,392 | 0,380 | 0,083 | 0,112 | 0,054 | 0,487 | 0,554
575 0,107 | 0,326 | 0,167 | 0,125 | 0,199 | 0,369 | 0,418 | 0,083 | 0,126 | 0,053 | 0,472 | 0,570
580 0,115 | 0,358 | 0,163 | 0,122 | 0,206 | 0,346 | 0,452 | 0,083 | 0,157 | 0,052 | 0,4p4 | 0,584
585 0,122 | 0,397 | 0,160 | 0,119 | 0,215 | 0,324 | 0,481 | 0,085 | 0,208 | 0,052 | 0,4B6 | 0,598
590 0,129 | 0,435 | 0,157 | 0,115 | 0,223 | 0,302 | 0,503 | 0,086 | 0,274 | 0,053 | 0,416 | 0,609
595 0,134 | 0,468 | 0,153 | 0,109 | 0,229 | 0,279 | 0,520 | 0,087 | 0,346 | 0,055 | 0,394 | 0,617
600 0,138 | 0,494 | 0,150 | 0,104 | 0,235 | 0,260 | 0,532 | 0,087 | 0,415 | 0,059 | 0,374 | 0,624
605 0,142 | 0,514 | 0,147 | 0,100 | 0,241 | 0,245 | 0,543 | 0,086 | 0,473 | 0,065 | 0,358 | 0,630
610 0,146 | 0,530 | 0,144 | 0,098 | 0,245 | 0,234 | 0,552 | 0,085 | 0,517 | 0,074 | 0,346 | 0,635
615 0,150 | 0,541 | 0,141 | 0,097 | 0,245 | 0,226 | 0,560 | 0,084 | 0,547 | 0,086 | 0,337 | 0,640
620 0,154 | 0,550 | 0,137 | 0,098 | 0,243 | 0,221 | 0,566 | 0,084 | 0,567 | 0,099 | 0,331 | 0,645
625 0,158 | 0,557 | 0,133 | 0,100 | 0,243 | 0,217 | 0,572 | 0,085 | 0,582 | 0,113 | 0,328 | 0,650
630 0,163 | 0,564 | 0,130 | 0,100 | 0,247 | 0,215 | 0,578 | 0,088 | 0,591 | 0,126 | 0,325 | 0,654
635 0,167 | 0,569 | 0,126 | 0,099 | 0,254 | 0,212 | 0,583 | 0,092 | 0,597 | 0,138 | 0,322 | 0,658
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1ISO 17321-1:2012(E)

Table C.2 (continued)

Wave- Reflectance values for spectral curve
length

nm 1 2 3 4 5 6 7 8 9 10 11 12

640 0,173 | 0,574 | 0,123 | 0,097 | 0,269 | 0,210 | 0,587 | 0,098 | 0,601 | 0,149 | 0,320 | 0,662
645 0,180 | 0,582 | 0,120 | 0,096 | 0,291 | 0,209 | 0,593 | 0,105 | 0,604 | 0,161 | 0,319 | 0,667
650 0,188 | 0,590 | 0,118 | 0,095 | 0,318 | 0,208 | 0,599 | 0,111 | 0,607 | 0,172 | 0,319 | 0,672
655 0,196 | 0,597 | 0,115 | 0,095 | 0,351 | 0,209 | 0,602 | 0,118 | 0,608 | 0,182 | 0,320 | 0,675
660 0,204 1 0,605 | O, I1Z | 0,095 | 0,384 | 0,211 | 0,604 | 0,1Z3 | 0,607 | 0,193 | 0,324 | 0,476
665 0,213 | 0,614 | 0,110 | 0,097 | 0,417 | 0,215 | 0,606 | 0,126 | 0,606 | 0,205 | 0,330-[°0,477
670 0,222 | 0,624 | 0,108 | 0,101 | 0,446 | 0,220 | 0,608 | 0,126 | 0,605 | 0,217 | 0,337 | 0,478
675 0,231 | 0,637 | 0,106 | 0,110 | 0,470 | 0,227 | 0,611 | 0,124 | 0,605 | 0,232 N0O,345 | 0,481
680 0,242 | 0,652 | 0,105 | 0,125 | 0,490 | 0,233 | 0,615 | 0,120 | 0,605 | 0,248" 0,354 | 0,485
685 0,251 | 0,668 | 0,104 | 0,147 | 0,504 | 0,239 | 0,619 | 0,117 | 0,604 | 0,266 | 0,362 | 0,488
690 0,261 | 0,682 | 0,104 | 0,174 | 0,511 | 0,244 | 0,622 | 0,115 | 0,605+ 0,282 | 0,368 | 0,490
695 0,271 | 0,697 | 0,103 | 0,210 | 0,517 | 0,249 | 0,625 | 0,115 |, 0,606 | 0,301 | 0,375 | 0,493
700 0,282 | 0,713 | 0,103 | 0,247 | 0,520 | 0,252 | 0,628 | 0,11%/| 0,606 | 0,319 | 0,379 | 0,496
705 0,294 | 0,728 | 0,102 | 0,283 | 0,522 | 0,252 | 0,630 | 0/118 | 0,604 | 0,338 | 0,381 | 0,498
710 0,305 | 0,745 | 0,102 | 0,311 | 0,523 | 0,250 | 0,633%+0,120 | 0,602 | 0,355 | 0,379 | 0,498
715 0,318 | 0,753 | 0,102 | 0,329 | 0,522 | 0,248 | 0,633 | 0,124 | 0,601 | 0,371 | 0,376 | 0,498
720 0,334 | 0,762 | 0,102 | 0,343 | 0,521 | 0,244+ 0,633 | 0,128 | 0,599 | 0,388 | 0,373 | 0,498
725 0,354 | 0,774 | 0,102 | 0,353 | 0,521 | 0,245 | 0,636 | 0,133 | 0,598 | 0,406 | 0,372 | 0,400
730 0,372 | 0,783 | 0,102 | 0,358 | 0,522 (0,245 | 0,637 | 0,139 | 0,596 | 0,422 | 0,375 | 0,701
735 0,392 | 0,788 | 0,104 | 0,362 | 0,52%+ | 0,251 | 0,639 | 0,149 | 0,595 | 0,436 | 0,382 | 0,701
740 0,409 | 0,791 | 0,104 | 0,364 ( 9,521 | 0,260 | 0,638 | 0,162 | 0,593 | 0,451 | 0,392 | 0,701
745 0,420 | 0,787 | 0,104 | 0,360 0,516 | 0,269 | 0,633 | 0,178 | 0,587 | 0,460 | 0,401 | 0,495
750 0,436 | 0,789 | 0,104 _|(0,362 | 0,514 | 0,278 | 0,633 | 0,197 | 0,584 | 0,471 | 0,412 | 0,494
755 0,450 | 0,794 | 0,186.10,364 | 0,514 | 0,288 | 0,636 | 0,219 | 0,584 | 0,481 | 0,422 | 0,496
760 0,462 | 0,801 |.\0;206 | 0,368 | 0,517 | 0,297 | 0,641 | 0,242 | 0,586 | 0,492 | 0,433 | 0,400
765 0,465 | 0,799,4+/0,107 | 0,368 | 0,515 | 0,301 | 0,639 | 0,259 | 0,584 | 0,495 | 0,436 | 0,498
770 0,448 | 0,771 | 0,110 | 0,355 | 0,500 | 0,297 | 0,616 | 0,275 | 0,566 | 0,482 | 0,426 | 0,473
775 0,432\/)0,747 | 0,115 | 0,346 | 0,491 | 0,296 | 0,598 | 0,294 | 0,551 | 0,471 | 0,413 | 0,453
780 0,421 | 0,734 | 0,120 | 0,341 | 0,487 | 0,296 | 0,582 | 0,316 | 0,540 | 0,467 | 0,404 | 0,439

Table C.3 — suggested spectral curves 13 to 24

Wave- Reflectance values for spectral curve

length
nm 13 14 15 16 17 18 19 20 21 22 23 24
380 0,069 | 0,055 | 0,052 | 0,054 | 0,118 | 0,093 | 0,153 | 0,150 | 0,138 | 0,113 | 0,074 | 0,032
385 0,081 | 0,056 | 0,052 | 0,053 | 0,142 | 0,110 | 0,189 | 0,184 | 0,167 | 0,131 | 0,079 | 0,033
390 0,096 | 0,057 | 0,052 | 0,054 | 0,179 | 0,134 | 0,245 | 0,235 | 0,206 | 0,150 | 0,084 | 0,033
395 0,114 | 0,058 | 0,052 | 0,053 | 0,228 | 0,164 | 0,319 | 0,299 | 0,249 | 0,169 | 0,088 | 0,034
400 0,136 | 0,058 | 0,051 | 0,053 | 0,283 | 0,195 | 0,409 | 0,372 | 0,289 | 0,183 | 0,091 | 0,035
405 0,156 | 0,058 | 0,051 | 0,053 | 0,322 | 0,220 | 0,536 | 0,459 | 0,324 | 0,193 | 0,093 | 0,035
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Table C.3 (continued)

IS0 17321-1:2012(E)

Wave- Reflectance values for spectral curve
length

nm 13 14 15 16 17 18 19 20 21 22 23 24

410 0,175 | 0,059 | 0,050 | 0,053 | 0,343 | 0,238 | 0,671 | 0,529 | 0,346 | 0,199 | 0,094 | 0,036
415 0,193 | 0,059 | 0,050 | 0,052 | 0,354 | 0,249 | 0,772 | 0,564 | 0,354 | 0,201 | 0,094 | 0,036
420 0,208 | 0,059 | 0,049 | 0,052 | 0,359 | 0,258 | 0,840 | 0,580 | 0,357 | 0,202 | 0,094 | 0,036
425 0,224 | 0,060 | 0,049 | 0,052 | 0,357 | 0,270 | 0,868 | 0,584 | 0,358 | 0,203 | 0,094 | 0,036
450 0,244 7 0,062 | 0,049 [ 0,053 | 0,350 [ U,Z8T | 0,878 | 0,585 | 0,359 | U,Z03 | 0,0p4 | 0,036
435 0,265 | 0,063 | 0,049 | 0,053 | 0,339 | 0,296 | 0,882 | 0,587 | 0,360 | 0,204~ 0,0p5 | 0,036
440 0,290 | 0,065 | 0,049 | 0,053 | 0,327 | 0,315 | 0,883 | 0,587 | 0,361 | 0,2057| 0,0p5 | 0,035
445 0,316 | 0,067 | 0,049 | 0,054 | 0,313 | 0,334 | 0,885 | 0,588 | 0,362 _|~0;205 | 0,0p5 | 0,035
450 0,335 | 0,070 | 0,049 | 0,055 | 0,298 | 0,352 | 0,886 | 0,588 | 0,362)1 0,205 | 0,0p5 | 0,035
455 0,342 | 0,074 | 0,048 | 0,056 | 0,282 | 0,370 | 0,886 | 0,587 | 0,361 | 0,205 | 0,0p4 | 0,035
460 0,338 | 0,078 | 0,048 | 0,059 | 0,267 | 0,391 | 0,887 | 0,586,1°0,361 | 0,204 | 0,0p4 | 0,035
465 0,324 | 0,084 | 0,047 | 0,065 | 0,253 | 0,414 | 0,888 | 0;5685 | 0,359 | 0,204 | 0,0p4 | 0,035
470 0,302 | 0,091 | 0,047 | 0,075 | 0,239 | 0,434 | 0,888¢| 0,583 | 0,358 | 0,203 | 0,0p4 | 0,035
475 0,273 | 0,101 | 0,046 | 0,093 | 0,225 | 0,449 | 0,888 | 0,582 | 0,358 | 0,203 | 0,0p3 | 0,035
480 0,239 | 0,113 | 0,045 | 0,121 | 0,209 | 0,458.}1\0,888 | 0,581 | 0,357 | 0,202 | 0,0p3 | 0,034
485 0,205 | 0,125 | 0,045 | 0,157 | 0,195 | 0,461 | 0,888 | 0,580 | 0,356 | 0,202 | 0,0p3 | 0,034
490 0,172 | 0,140 | 0,044 | 0,202 | 0,182 |, 0;457 | 0,888 | 0,580 | 0,356 | 0,202 | 0,0p3 | 0,034
495 0,144 | 0,157 | 0,044 | 0,252 | 0,172 | 0,447 | 0,888 | 0,580 | 0,356 | 0,202 | 0,0p2 | 0,034
500 0,120 | 0,180 | 0,044 | 0,303 /(0,163 | 0,433 | 0,887 | 0,580 | 0,356 | 0,202 | 0,0p2 | 0,034
505 0,101 | 0,208 | 0,044 | 0,351~ 0,155 | 0,414 | 0,887 | 0,580 | 0,356 | 0,202 | 0,0p3 | 0,034
510 0,086 | 0,244 | 0,044 |(0,394 | 0,146 | 0,392 | 0,887 | 0,580 | 0,356 | 0,202 | 0,0p3 | 0,034
515 0,074 | 0,286 | 0,044 |' 0,436 | 0,135 | 0,366 | 0,887 | 0,581 | 0,356 | 0,202 | 0,0p3 | 0,034
520 0,066 | 0,324 | 0,044 | 0,475 | 0,124 | 0,339 | 0,887 | 0,581 | 0,357 | 0,202 | 0,0p3 | 0,034
525 0,059 | 0,354, [0,044 | 0,512 | 0,113 | 0,310 | 0,887 | 0,582 | 0,357 | 0,202 | 0,0p3 | 0,034
530 0,054 | 0;363 | 0,044 | 0,544 | 0,106 | 0,282 | 0,887 | 0,582 | 0,357 | 0,203 | 0,0p3 | 0,034
535 0,051+{-0,363 | 0,044 | 0,572 | 0,102 | 0,255 | 0,887 | 0,582 | 0,358 | 0,203 | 0,0p3 | 0,034
540 0,048 | 0,355 | 0,045 | 0,597 | 0,102 | 0,228 | 0,887 | 0,583 | 0,358 | 0,203 | 0,0p3 | 0,034
545 0,046 | 0,342 | 0,046 | 0,615 | 0,105 | 0,204 | 0,886 | 0,583 | 0,358 | 0,203 | 0,0p3 | 0,034
550 0,045 | 0,323 | 0,047 | 0,630 | 0,107 | 0,180 | 0,886 | 0,583 | 0,358 | 0,203 | 0,0p3 | 0,034
555 0,044 | 0,303 | 0,048 | 0,645 | 0,107 | 0,159 | 0,887 | 0,584 | 0,358 | 0,203 | 0,0p2 | 0,034
560 0,043 | 0,281 | 0,050 | 0,660 | 0,106 | 0,141 | 0,887 | 0,584 | 0,359 | 0,203 | 0,093 | 0,033
565 0,042 | 0,260 | 0,053 | 0,673 | 0,107 | 0,126 | 0,887 | 0,585 | 0,359 | 0,203 | 0,093 | 0,033
570 0,041 | 0,238 | 0,057 | 0,686 | 0,112 | 0,114 | 0,888 | 0,586 | 0,360 | 0,204 | 0,093 | 0,033
575 0,041 | 0,217 | 0,063 | 0,698 | 0,123 | 0,104 | 0,888 | 0,587 | 0,361 | 0,204 | 0,093 | 0,033
580 0,040 | 0,196 | 0,072 | 0,708 | 0,141 | 0,097 | 0,887 | 0,588 | 0,361 | 0,205 | 0,093 | 0,033
585 0,040 | 0,177 | 0,086 | 0,718 | 0,166 | 0,092 | 0,886 | 0,588 | 0,361 | 0,205 | 0,093 | 0,033
590 0,040 | 0,158 | 0,109 | 0,726 | 0,198 | 0,088 | 0,886 | 0,588 | 0,361 | 0,205 | 0,093 | 0,033
595 0,040 | 0,140 | 0,143 | 0,732 | 0,235 | 0,083 | 0,886 | 0,588 | 0,361 | 0,205 | 0,092 | 0,033
600 0,039 | 0,124 | 0,192 | 0,737 | 0,279 | 0,080 | 0,887 | 0,588 | 0,360 | 0,204 | 0,092 | 0,033
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