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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
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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
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illurination or a colour target), metrology and photographic test procedures for @c¢quiring DSC
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racterization data. It specifies test procedures for “scenes”, the most general picture, ‘taking
re metameric colours and a range of illumination sources are encountered. It ‘also specifies test
edures for hardcopy “originals”, a more narrowly defined picture-taking condition in which the|illumination
'ce and the colorants being imaged are pre-defined.

conditions

ISO 17321 series will distinguish among several possible image representations in diffgrent colour
bdings as depicted in Figure 1 which shows the diagram of a generic image workflow

for digital

Scene edit|ng
(re-lighting, ¢tc.)

Camera compensation

-

l Exposure adjustment

~
| SCENE-REFERRED

| White balancing

| COLOUR ENCPDING
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| Sensor characterization |

Colour rendering
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Display colour
transform

Softcopy image

Picture editing
(add text, etc.)

Figure 1 — Generic image workflow for digital photography

OUTPUT-REFERRED
COLOUR ENCODING

Printer colour
transform

Hardcopy image

The DSC characterizations obtained using this part of the 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
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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.

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 cameras, 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 problematic for

DSCs that ¢mploy colour-rendering algorithms in order to produce output-referred image data. For such-D

S5Cs,

it would frequently be impossible to determine if colour analysis errors relative to the scene or(ariginal

captured were due to sensor image encoding errors or to proprietary colour rendering algorithms."The

pnly

way to makg this distinction is if the colour rendering used is well documented and available, and\the rendgred

data can bg converted to un-rendered data by inverting the colour rendering. This situation is unlikely to o
because orle of the major differentiators in DSC performance is the colour rendering. Sephisticated col

ccur
our-

rendering algorithms can be image dependent, and locally varying within an image. This makes it extremely

difficult to r
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liably determine the exact colour rendering used by analysing captured test secenes.

nd to assist camera manufacturers in the determination of the colour;analysis capabilities of D
re developing. This standard is applicable to any DSC intended for photographic or gra
applications. However, for many users it is not practical-~to)apply this part of ISO 1732
SCs. Some of the measurements described in this part of ISO 17321 require complex, expen
nt equipment. In the case of test targets that are commercially produced, spectral as we
measurement data would ideally accompany the target.

Mmiliar with this part of ISO 17321 are encouraged-to read through the entire standard (in partig
live annexes) before proceeding with DSC characterization, in order to verify appropriatenes
ular application. In some cases, the procedures described in the multimedia stand
D [51 might be more applicable.

ed that other parts of 1ISO 17321 will.be developed in the future to deal with other aspects of
hcterization of digital still cameras.

e of this part of ISO 17321 is both to assist in the characterization of, DS€s for colour management
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Graphic technology and photography — Colour
characterisation of digital still cameras (DSCs) —

Part 1:
Stimuli, metrology and test procedures

1 |Scope

Thig part of ISO 17321 specifies colour stimuli, metrology, and test procedures for the colour characterization
of aldigital still camera (DSC) to be used for photography and graphic technology. Two methods afe provided,
one| using narrow spectral band illumination and the other using a spectrally and colorimetrically calibrated
target. Except for a specific set of permitted data operations, these DSC-data are raw.

Thig part of ISO 17321 does not specify the methods for deriving,transformations from raw DSC data in order
to eptimate scene colorimetry.

2 |Normative references

Thel| following referenced documents are indispensable for the application of this document| For dated
references, only the edition cited applies. For undated references, the latest edition of the|referenced
docpment (including any amendments) applies:

ISO[7589:2002, Photography — llluminants for sensitometry — Specifications for daylight, incandescent
tungsten and printer

ISO[13655:1996, Graphic techiology — Spectral measurement and colorimetric computation for graphic arts
images

ISO[14524:1999, Photography — Electronic still-picture cameras — Methods for measuring opfo-electronic
conyersion functions {OECFs)

3 [Terms:and definitions

Forlthe purposes of this document, the following terms and definitions apply.

31

adopted white

spectral radiance distribution as seen by an image capture or measurement device and converted to colour
signals that are considered to be perfectly achromatic and to have an observer adaptive luminance factor of
unity; i.e. colour signals that are considered to correspond to a perfect white diffuser

NOTE 1 The adopted white can vary within a scene.
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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.

[ISO 22028-

3.2

digital still
DSC
device that

NOTE A
removable m

3.3

1]

camera

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

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

opto-electjonic conversion function

OECF
relationship

between log of input levels and corresponding digital output levels for an epto-electronic di

image captiire system

NOTE
quantization
process and

34
raw DSC in
image data
the followin
lineariz
dark cu
shadin
flare re
white b

missing

3.5
spectrally

[ the input log exposure points are very finely spaced and the output noisé is small compared td

nage data
produced by, or internal to, a DSC that has not been ‘precessed, except for A/D conversion
) optional steps:

ation,

rrent/frame subtraction,

) and sensitivity (flat field) correction,

moval,

alancing (e.g. so the adopted white produces equal RGB values or no chrominance),

) colour pixel reconstruetion (without colour transformations).

hon-selective

exhibiting reflective or transmissive characteristics that are constant over the wavelength range of interest

4 DSC

colour characterization methods

pbn a

gital

the

interval, the OECF possibly has a step-like character. Such behaviour is_an artefact of the quantiztion
needs to be removed by using an appropriate smoothing algorithm or by: fitting a smooth curve to the datg.

and

4.1

General

Two methods are specified for obtaining raw DSC colour characterization data, a spectral method and a target
method. The method that is most applicable in any particular situation depends on a variety of factors
including, but not limited to, the following:

the equipment available;

the accuracy required.

the extent of one's prior knowledge about the spectral content of the scenes or originals to be captured;
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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

cha

4.2

4.2.

4.2.

Spe
mor
(ligh

Inte
waV
and

racteristics match those of the scene or original to be photographed.
Spectral sensitivity-based characterization — Method A
1 Equipment

1.1 General

ctral sensitivity-based characterization measurements shall be obtained by using a light
ochromator to evenly illuminate a diffuse transmissive or reflective surface with electromagne
t) containing a limited range of wavelengths centred on selected wavelengths, as specifi
grated relative radiance measurements of the illuminated surface shall be obtained for ea
elength using a radiance or irradiance meter with a spectral sensitivity calibration/accurate to
traceable to a national standards laboratory.

source and
tic radiation
ed in 4.2.3.
ch selected
vithin 0,1 %

4211.2 Light source

Thel light source shall output radiation where the power is a smooth, function of the wavelength, guch as that
obtgined from a quartz-halogen source. Light sources that have strong emission lines shall not be uised.

NOTE A fluorescent lamp is a typical light source with strong entission lines.

4.2.1.3 Monochromator spectral sampling and band‘pass

The| bandpass of the illuminating instrument (monochrometer) shall be 5 nm or narrower. ThHe sampling

inte
triar
spa
mor
with

requirement.

4.2.

The]
inte

illunminated by the‘monochromator. This produces an even illumination on the interior of the s

sec
surf
cha
entgq

'val shall not be greater than the bandpass’ The monochromator should exhibit an ap
gular band pass, with the full width at halfsmaximum wavelength range approximately equal to|
cing. The integrated radiance at all wavelengths more than 10 nm from the peak wavelength o
ochromator is set shall be less than:4Y1°000, and should be less than 1/10 000, of the integrat
in 10 nm of the peak radiance. Interference filters or a double monochromator may be used

1.4  llluminated surface
illuminated surface-should be the interior of an integrating sphere. It is recommended t
prating sphere with“three ports close together. A transmissive diffuser is placed over on

bnd port is fordhie DSC, and the third port is for the radiance or irradiance meter. Other evenly
pces may\be used, but it is the responsibility of the user to ensure such surfaces d
racteristies” that could influence the measurements. In all cases, stray light shall be prey
ring the integrating sphere or camera.

NO

proximately
the sample
n which the
ed radiance
0 meet this

b obtain an
b port, and
phere. The
illuminated
b not have
ented from

=
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| == o vait o aullicveUu Uy LAlTIUIly TTICIUOITTY UIT TTITYradity opricic Wit uic LaltiCra atlaulicU vwi

k fabric or plastic.

parable to those encountered in the normal operation of the digital camera.

4.2.2 Camera settings

h an opaque

The radiances produced for this measurement, and for the OECF measurement described in 4.2.3, need to be

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.

© I1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=cb2ea4fa4ea1636da78eaac7873eeb9e

ISO 17321-1:2006(E)

4.2.3 Capturing of raw images of the output of the monochromator

The proced

a)

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

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)

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

functio
c) Captur
prefera
ISO 14
lens ar
output
relativg
shown
ranges

Determ
measu

d)

4.2.4 Poslt-processing of the data

Use the in

Average a §4 x 64 pixel block of values at the centre of each image to determine the linearized DSC respd

at each wa

4.2.5 Calq

Calculate tH
linearized I
various sce|
the spectra

Normalize t
may be nor

NOTE I
absolute spe]

4.2.6 Data reporting

Tof wavetergthr

e images of the illuminated surface at wavelengths ranging from 360 nm to at least 830 nm,
bly to 1100 nm in 10 nm or smaller increments. The DSC shall be set up as, describe
524 for alternative focal plane OECF measurements. The images shall be captured,with the [
d any filters used for general picture taking (such as an infrared blocking filter) in place. The
by each colour analysis channel of the DSC shall remain independent, i.e. notHbe matrixed.
radiance of the surface shall also be recorded for each image. Where the DSC under test ca
to have essentially no sensitivity at wavelengths within the above wavelength ranges, th
may be truncated appropriately.

ine the alternative focal plane OECF of the DSC in accordance with ISO 14524, except that
rement may be performed at the peak sensitivity wavelength for-€ach colour analysis channel.

erse alternative focal plane OECF to linearize the“raw DSC responses at each wavelen

elength.

tulation of the relative spectral sensitivities of the DSC

e relative spectral sensitivities at each wavelength for each colour analysis channel by dividing
DSC response by the relative surface radiance. Optionally, DSC relative response valueg
he spectral radiances may be calculated by taking the scalar product of the spectral radiance
sensitivity vectors for each(DSC colour channel (see Annex D for more information).

he spectral sensitiviti€s so the sum of the green channel sensitivities is unity. A different cha
malized to unity if sg-féported.

f desired, the OEEF of each channel, as measured in accordance with ISO 14524, can be used to deter
Ctral sensitivities from the relative spectral sensitivities.

The data s

and
4 in
DSC
Hata
The
N be
ese

the

gth.
nse

the
for
and

hnel

nine

hallbe reported in tabular form, with the relative spectral sensitivity reported for each channg

bl at

each selected wavelength.

4.3 Target-based characterization — Method B

4.31

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 specified illumination,
recording the output of the DSC for each patch, and providing these data for subsequent processing.

NOTE
geometric an

d spectral illumination characteristics.

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

The choice of test target to be used shall be a decision of the individual doing the characterization and may be
a commercially available target or a custom target developed for the purpose of digital still camera
characterization. Annex C provides a listing of some of the characteristics that should be considered in
developing an ideal target for DSC characterization.

Regardless of the target used it shall have available a tabulation of the spectral reflectance factor or spectral
transmittance factor for each patch. This data shall be from at least 380 nm to 730 nm at least at every 10 nm
and should be from 360 nm to 830 nm at least at every 10 nm. In addition, colorimetric values for all of the
colour patches should be included. Measurements and computation of colorimetric parameters shall be in
accprdance with ISO 13655. The use of telephoto-spectrometer from the identical position where [the camera
is s¢t is preferred.

Where the DSC under test can be shown to have essentially no sensitivity at wavelengths” within the above
length ranges, the target measurement requirements may be truncated appropriately.

ne traditional
hecker is the

Two commonly available commercial targets that many have used for this\application are t
tch ColorChecker and the 237 patch ColorChecker DC Digital Camera Color Reference Chart. (ColorCl

4.3.3 Test procedure
4.33.1 Test target illumination
4.3.8.1.1 For laboratory characterization using a reflection target

The| spectral power distribution for illuminating the test target shall be photographic daylight D55, g
ISO[7589. The illuminance at the.target plane should be between 2 000 Ix and 4 000 Ix and have
varigtion of 1 % over the ar€a) being imaged. Annex A outlines a recommended laboratory

Df this part of
e used if they

y will not be
I IR blocking
b example in

s defined in
A maximum
set-up for

photographing a colour reflection test target.

entre of the
e normal to

The| primary axis of the incident illumination should be approximately 45° to the normal to the ¢
target area being imaged. Two or more illumination sources, which are equally spaced around th
the entre of the area of the target that is being measured, should be used.

With the optical axis of the DSC normal to the test target, this will help to minimize the probabilif
tions.entering the field of view of the DSC.

y of specular

In dualifying the illumination source, particular attention should be paid to the rolloff in red response. The
spectral distribution index (SDT) 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. Annex B of ISO 14524 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 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 rolloff in 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
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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 infrared rejection of the DSC.
The ratio of the sum of spectral responses from 360 nm to 730 nm to the sum of spectral responses from
740 nm to 1100 nm should be greater than the 1SO DSC luminance dynamic range, as measured in
accordance with ISO 15739[3],

4.3.3.1.2 For in situ characterization

When the DSC is to be characterlzed in situ, the |Ilum|nat|on source to be used for actual imaging shall be
used. This
targets, or natural light (elther artificial or dayllght)

Where posgible, the primary axis of the incident illumination for a reflection target should be approximately|45°
to the nornpal to the centre of the target area being imaged. Two or more illumination sources,” which|are
equally spaced around the normal to the centre of the area of the target that is being measured, should be
used.

NOTE FPlacing the optical axis of the DSC normal to the surface of a reflection test target will help to minimize the
probability off specular reflections entering the field of view of the DSC.

4.3.3.2 Gamera focusing

The target glistance is dictated by the size of the target, the field of view/of\the camera, and the focal length(s)
of the camgra lens. These should be chosen such that the DSC isxnin® sharp focus for the resulting target
distance.

4.3.3.3 (Gamera settings

For DSC characterizations performed in laboratory settings, the flash shall be turned off, any automatic gain
control shall be disabled, compression shall be minimized, and all user settings shall be recorded. If possjble,
any digital white balancing should be turned off\and any analog white balancing should be fixed, so [that
variations i the analog white balance do not confound the white balance of the raw DSC data revealed by the
OECFs.

For DSC characterizations performed ja situ, compression shall be minimized, and all user settings shall be
recorded. While local conditions can reguire the use of automatic gain control, if possible it should be disapled.
If possible, pny digital white balanging-should be turned off and any analog white balancing should be fixed, so
that variatigns in the analog white-balance do not confound the white balance of the raw DSC data revepled
by the OECFs.

4.3.3.4 Image capture.geometry

4.3.3.4.1 |Full frame image capture

If full framelimage 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 In the case of in situ characterization, the target can, of necessity, occupy a smaller portion of the captured
image.

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 senor area.

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

6 © I1SO 2006 — All rights reserved
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4.3.3.5 Data collection

Multiple images of the colour target, or individual patches, shall be recorded. These shall be analysed to
derive average DSC digital code values for each channel corresponding to each patch. In selecting sensor
element values to average, only those elements that are within the central 50 % of the area (70 % in linear
dimensions) of the image of each patch shall be included. At least, (64 x 64) pixels should be used to analyse
image data. Averaging shall be accomplished both within images and between at least three DSC image
capture samples.

4.3.3.6 Data reporting

Dat

h reported shall include at least the following:
make, model, serial number, etc., of target used;
measured or reported spectral reflectance/transmittance factor of each patch;

computed colorimetry of each individual test patch for photographic daylight D55 and
illumination used for testing;

measured spectral power distribution of actual illumination source used;

make, model, serial number, etc., of DSC(s) used for the test;

mean and standard deviation of DSC code values corresponding to each patch;
summary of DSC settings at time of image capture;

DSC OECEF used for analysis;

capture geometry.

©IS
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Annex A
(informative)

Recommended laboratory set-up for photographing
a reflection colour test target

A.1 Gengral prerequisites

Three gene
target:

a) accura
b) proper

c) capturi

ral prerequisites should be addressed in setting up a laboratory for photographing the colour

e positioning of the camera with respect to the test target;
illumination of the target;

ng of essential data.

A.2 Camegra positioning

A well-desig
optical
optical
no ske
no key
easy tg

easy td

ned system for positioning cameras will accomplish thefollowing objectives:
axis of camera perpendicular to the target plane;

axis of camera intersects centre of target;

ving of target relative to image sensor;

stoning of target relative to image sensor;

mount cameras in a repeatable fashion;

adjust shooting distanee 1o fill camera’s field-of-view.

A.3 Target illumination

A well-desig

simulat

ned system'for illuminating the test target will accomplish the following objectives:

ed photographic daylight, or else spectral power distribution should be specified;

direct il

aim val

geometry same as for measurement of spectral radiances reaching the camera;
no specular reflections within the camera’s field-of-view;

uniform illuminance at the target plane;

lumination of the target, with negligible secondary contribution from scattered or reflected light;

regulated lamp voltage, with fixed level of direct current;

ues.

test

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

— | means of extracting metadata tags pertaining to camera make and/or model settings;
— | means of recording all data into a tab-delimited text document;

— | means of archiving all images with their associated measurements.

© I1SO 2006 — All rights reserved 9
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Annex B
(informative)

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

B.1 General

In order to

Luther cong
camera sel
elements. §
values but ¢

DSC/SMis

CIE Publicgtion 13[6l. The indices consist of an average DSC/SMI and a special DSC/SMI.

Average D
eight colou
colour patg]
correlation

Special DS
average DS
objects sug
allows use
appropriate

Both meas
defined in (

colour mismatch corresponding to the same.colour rendering index value as defined in CIE Publication 13

index of 10
approximat
source.

Both indice
specified in
signals sug
spectral refl

juarantee the colorimetric reproduction, a set of camera sensitivity curves is required to_gbey
itionl12], which requires a linear transformation of colour matching functions. In practice,“howe
sitivity curves deviate from the condition due to production reasons of filters, senser ahd op
uch a camera will reproduce different sensor outputs for two objects having the same tristim
ifferent spectral distributions.

are designed to give a measure for such potential colour error using the framework

BC/SMI will give a measure of camera metamerism for ordinary reflective objects. In this in

hes are used, simulations using ISO/TR 160664 verify thaf\the average DSC/SMI has a
coefficient.

C/SMI is an optional measure by defining arbitrary objects depending on applications. Althg

h as highly saturated objects, fluorescent objeets, and self-emitting colours. Special DSC
's to specify arbitrary objects in order to-@ptimize for a specific application. For insta
types of objects may be chosen from ISO/TR*16066.

ires give figures with the maximum ©f-100. The meaning of both indices is similar to the
CIE Publication 13. The colour mismatch indicated by a DSC/SMI value will be comparable tg

0 means that there is a very ‘close match to the Luther condition. An index of 50 correspd
bly to the difference in coldun rendering between D65 and a warm white fluorescent (WWF)

5 can be measured-through either spectral basis (Method A) or test target basis (Method B
Clause 4. Method'B, however, can only be applied to a camera that can output linear proces|
h as sensor raw data. On the other hand, Method B requires test targets having approp
ectances.

B.2 MeaTurement of DSC/SMis using Method A

the
ver,
tical
ulus

of

Hex,

patches, defined in CIE Publication 13, represent reflective objects. Although a small numbegr of

nigh

ugh

bC/SMI will give a statistically reasonable measurej.the measure may not be reliable for special

SMI
hce,

one
the
An
nds
ight

as
sing
iate

B.2.1 Step 1: Measurement of camera spectral sensitivities

Measure j channels of spectral sensitivities in accordance with 4.2.

IEC 61966-9°%] 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. llluminant D55 should be used as default.

10
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B.2.3 Step 3: Calculation of sensor outputs and tri-stimulus values
Calculate tristimulus values X, Y;, Z;, and sensor outputs O, ;, O, ,,..., O, ; using the following equations. Here,
R,(A) is one of the spectral reflectances of colour patches, and s(1) is t{1e sensitivity of the jth channel (j < 8).
The spectral reflectances of the colour patches for average DSé/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 LAR(Ax(A) (B.1)
=380
780
Y, =K Y LAR;(A)F(4) (B.2)
1=380
780
Z; =K Y. L(A)R;(A)Z(4) (B.3)
1=380
whdre
K= g B4
D LA(A)
1=380
L(A) is the light source;

x(1), ¥(1), z(4) are colour matching fufigtions.

Sensor outputs are calculated by the follewing equation:
780

0ji= 2, LIAR(A)s;(A) (B.5)

2=380

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

NOTE Jj is restricted to less than eight because only eight patches are used from CIE Publication 13[6].

B.2l4 Step'4: Calculation of linearly optimized colour matrix

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

1
A=157(ss7) (B.6)
where
X4 X; Xg
T=|1, Y, Yg (B.7)
Z4 Z, Zg
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s=| : : (B.8)

A new set of estimated tristimulus values is calculated using:

where
Xy
¥
and
D1k
S, = : (B.11)
?171{

A measure| for a system having more than three channels (e.g. complémentary colour filter set such as
CMYG) maly not be realized due to practical processing limitations. In such a case, a set of three compgsite
channels should be evaluated.

B.2.5 Step 5: Calculations of average DSC/SMI and special DSC/SMI

Calculate ayerage DSC/SMI and special DSC/SMI as follews using the following equations:

. Y, . \3
L. =116] 2L |" -16 B.12
I,
YI’
1 1
. X .. \3 Y..\3
a”»=500( J -( J 8.13)
X, Y,
1 1
* Y 3 Z ; 3
b, ; =200 ( ] —[ ] 8.14)
Y, Z,
1
\ E
Ly; =116 L] -16 (B.15)
Yy
1 1
x X, )3 Y. . \3
a, ;=500 =& |7 | Zhi (B.16)
' X, Y,
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1 1

. Y,:\3 (Z,.)3
by =200 [ﬁj —(i] (B.17)
Yy Zy

Colour difference AE is calculated by the following equation:

1

* * * 2 * * 2 * * 2 E
ABgp; = (Lr,i _Lk,i) +(ar,i _ak,i) +(br,i _bk,i) : (B.18)
where
X Y1 Zy, are the estimated tristimulus values of white (light source);
X.,Y,Z are the real tristimulus values of white (light source);

L;{’,-,a,z’,-,b,:,i s Xiis Yieir Zii are the estimated L*, a*, b* and tristimulus values of test target

~.

* * *

L..,a, ..b. ., X

7,0

Y

70

VA

i

rirpisby s are the real L*, a*, b* and tristimulusvalues of test target i.

Special DSC/SMI R; and average DSC/SMI R, are obtained by the following equations, respectively (note that
the poefficient value of 5,5 is determined in order to align with-GE Publication 13[6]).

R; =100 -5,5AE; (B.19)
1 <]
R, =§ZR1' (B.20)

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

Matfix A shall be optimized in a_nen-linear optimization technique in order to minimize the average DSC/SMI
with the initial matrix of the linear/optimization. The resultant R, ,;, R,_»; shall be used. Note that [Excel sheet
“DSC/SMI.xls”, available from http://www.i3a.org/downloads_iso_tools.html as part of
ISO[17321-1-Tools_ver101.zip, can be used for the non-linear optimization with the Solver command.

B.3 Measurement of DSC/SMIis with Method B

B.3[1 Step1: Capture of colour patches

Capture the CIE Publication 13[6] eight patches (and also arbitrary colour patches if necessary) als 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 13[6l. 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 output in
Equation (B.5).

© IS0 2006 — Al rights reserved 13


http://www.i3a.org/downloads_iso_tools.html
https://standardsiso.com/api/?name=cb2ea4fa4ea1636da78eaac7873eeb9e

ISO 17321-1:2006(E)

B.4 Data reporting

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.

Table B.1 — Spectral distributi £ col ol | D55 | for DSC/SMI
Wave-lengkh Spectral distribution

nm 7,5R6/4 | 5Y6/4 | 5GY6/8 | 2,5G6/6 |10BG 6/4 | 5PB 6/8 | 2,5P 6/8 | 10P 6/8 D5%

380 0,2190 | 0,0700 | 0,0650 | 0,0740 | 0,2950 | 0,510 | 0,3780 | 0,104.0 32,58
390 0,2498 | 0,0895 | 0,0700 | 0,0935 | 0,3095 | 0,2680 | 0,5133 | 0,177 3 40,2p
400 0,2555 | 0,1098 | 0,0728 | 0,1145 | 0,3133 | 0,4058 | 0,5508 1\0;3235 59,04
410 0,2515 | 0,1180 | 0,0738 | 0,1238 | 0,3188 | 0,4890 | 0,5583 | 0,4555 67,98
420 0,2440 | 01210 | 0,0738 | 0,1283 | 0,3260 | 0,5165 | 0,560-0 | 0,487 5 70,76
430 0,2365 | 0,1220 | 0,0730 | 0,1350 | 0,3343 | 0,5310 | ¢«0,5553 | 0,4813 70,58
440 0,2295 | 0,1230 | 0,0730 | 0,1445 | 0,3458 | 0,544 3 |\.0,5435 | 0,4618 84,96
450 0,2245 | 0,1265 | 0,0740 | 0,613 | 0,3603 | 0,5548%| 0,5213 | 0,4385 96,7p
460 0,2200 | 0,1310 | 0,0773 | 0,1873 | 0,3813 | 0,8533 | 04878 | 0,4123 | 100,09
470 0,2160 | 0,1383 | 0,0860 | 0,2293 | 0,4025 | 0,5405 | 04485 | 0,3818 | 100,34
480 0,2140 | 0,1505 | 0,1095 | 0,2810 | 0,4145 |~0,5183 | 0,4075 | 0,3518 101,81
490 0,2160 | 01743 | 0,1485 | 0,3310 | 0,4183"| 0,4873 | 0,3630 | 0,324 3 98,99
500 0,2223 | 0,2073 | 0,1973 | 0,3688 | 04130 | 0,4500 | 0,3250 | 0,299 3 100,36
510 0,2258 | 0,2405 | 0,2408 | 0,3893 [.\04028 | 04135 | 0,3010 | 0,2828 100,61
520 0,2253 | 0,2593 | 0,2795 | 0,3940 1| 0,3888 | 0,3768 | 0,2825 | 0,2695 | 100,41
530 0,2273 | 0,2668 | 0,3375 | 0,3848 | 0,3720 | 0,3413 | 0,2658 | 0,2563 | 10342
540 0,2368 | 0,2723 | 0,3883 |.03663 | 0,3528 | 0,3090 | 0,2578 | 0,2505 | 10247
550 0,2633 | 0,2823 | 0,3980 (| 00,3408 | 0,3310 | 0,2790 | 0,2588 | 0,2543 | 102,49
560 0,2723 | 0,2990 | 0,3795-| 0,3118 | 0,3080 | 0,2530 | 0,2595 | 0,263 8 100,02
570 0,2993 | 0,3205 | 03488 | 0,2798 | 0,2838 | 0,2340 | 0,2560 | 0,2718 97,68
580 0,3418 | 0,3345 |(0;3153 | 0,2465 | 0,2595 | 0,2248 | 0,2553 | 0,278 5 96,8P
590 0,3890 | 0,3405 }-0,2853 | 0,2138 | 0,2328 | 0,2210 | 0,2708 | 0,297 5 92,60
600 0,4230 | 0,34+8® | 0,2643 | 0,1858 | 0,2100 | 0,2200 | 0,3030 | 0,3490 94,14
610 04418 | 0,3418 | 0,2520 | 0,693 | 0,1943 | 0,2200 | 0,3435 | 0,4335 94,94
620 0,4498 4)0/3405 | 0,2410 | 0,1600 | 0,1855 | 0,2233 | 0,3763 | 0,526 5 93,8p
630 0,4510 0,3388 | 0,2293 | 0,1540 | 0,800 | 0,2330 | 0,3998 | 0,6013 91,1p
640 0,451M0 | 0,3378 | 0,2203 | 0,1508 | 0,176 0 | 0,2445 | 0,4198 | 0,6470 91,6p
650 04503 | 0,3360 | 0,2163 | 0,1483 | 0,1750 | 0,2575 | 0,4375 | 0,6750 89,4y
660 0,4508 | 0,3338 | 0,2195 | 0,1483 | 0,755 | 0,2680 | 0,4515 | 0,6928 90,5p
670 8:452-8——6:3318—16:236-5—16: 5131648600162 51 6:46+8—16;7645 93;0

680 0,4553 | 0,3308 | 0,2523 | 0,1580 | 0,1860 | 0,2833 | 0,4680 | 0,7120 89,17
690 0,4583 | 0,3290 | 0,2893 | 0,1650 | 0,1920 | 0,2910 | 04733 | 0,7170 81,36
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 | 0,698 | 0,1990 | 0,3253 | 0,4960 | 0,7200 82,77
720 0,4658 | 0,3243 | 0,4303 | 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 | 0,728 8 78,88
740 0,4668 | 0,3220 | 0,4805 | 0,1683 | 0,1975 | 0,4010 | 0,5390 | 0,7300 82,64
750 0,4670 | 0,3198 | 0,4928 | 0,1768 | 0,2028 | 0,4248 | 0,5528 | 0,7300 71,14
760 0,4670 | 0,3163 | 04998 | 0,1850 | 0,2083 | 0,4470 | 0,5648 | 0,7300 58,07
770 0,4670 | 0,3148 | 05055 | 0,1918 | 0,2148 | 04683 | 0,5745 | 0,7300 72,52
780 0,4670 | 0,3140 | 05160 | 0,1970 | 0,2190 | 0,4850 | 0,5810 | 0,7300 71,82
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Annex C
(informative)

Characterization target considerations

C.1 Physical characteristics

A rlctangular shape with a 3:2 aspect ratio best fits the image area of a broad range of DSEC%. Individual
coldur patches need to be large enough to allow accurate spectral measurements of them-to e made (at
leagt 6 mm x 6 mm for typical instruments), and to allow adequate sampling by the DSC.(12 mm|x 12 mm or
larger at a typical chart capture distances). The complete target should be constructed so that it is rigid
enolgh to be self supporting and flat when standing on edge and leaning against asvertical supporf.

Thin black grids may be used to demarcate the colour patches and to secure them to a physical support or
subgtrate. However, if used, such grids

— |should not interfere with measurements of the individual colour patChes,
— | should have very low reflectance,

— |should not fluoresce,

— [should not introduce specular reflections or flare,

to apoid introducing extraneous reflected energy.

C.2 Designing an ideal DSC characterization target

C.2l1 General
Anyltarget used for DSC characterization should meet the following two basic criteria.

a) |Colour patches are representative of typical scene objects, or real-world objects; i.e. colour$ cannot be
reproduced by,métamers (e.g. process colour printers or RGB displays).

b) |Colours are>widespread to adequately cover all regions of the colour gamut.
In addition;-there are a number of other characteristics useful to include. These characteristics, their selection

critgria; ‘and recommendations that facilitate meeting the two criteria listed above are described|in C.2.2 to
C.211.

C.2.2 Extended neutral scale
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.

NOTE 1 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
Hue angle chroma aims versus hue-angle
degrees

L* c L* c L* cr

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 91 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
Care should be taken to avoid high-gless colour patches to the extent possible. Where high-gloss patches

necessary fo achieve the desired’levels of chroma, they should be identified and grouped to facil
elimination pf specular reflections; and covered when not needed.

C.2.5 Special colours

In charactefizationstargets, it is useful to include spectral radiances of common or critical natural objects, 9
as human dkinfoliage, flowers, and sky, as found in natural environments. However, such radiances ar¢g

are
tate

uch
not
eful.

always reproducible in coloured patches, and this is one reason spectral characterization data can be us
Annex D brieftydescribes—the—use—of-spectratcharacterization—data—and—provides—some—exampte—spe
radiance measurements.

C.2.6 Infrared rejection test patch

ctral

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 q
estimation of the effectiveness of DSC infrared rejection.

uick
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The background of the target should be spectrally non selective and approximately equal to an L* of 50. It
ideally 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 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

Mat
ligh

C.2

Fidd

incllided and located as defined in C.2.6. All targets should also carry identifying information in

ider

C.2

As

patd
sen
colg
and
med

C.2
A td
spe
C.3

Ins
cur

NOT

3 O ical :

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

L9 Fiducial marks and identifying information
cial marks to designate image capture boundaries for aspect ratios of 16:9;*3:2; 4:3 and 1:1

tity of the manufacturer, and the date and batch number of manufacture:

10 Reflectance measurements of the colour target

equired in 4.3.2, all test targets will be accompanied by either target-specific or batch meas
h reflectances or transmittances covering the wavelength range of 380 nm to 730 nm. If D
Sitivity is a concern, it may be helpful to provide. éxtended measurements to 1 000 nm.

rimetric values for all of the colour patches are helpful. ISO 13655 is a useful guide to the m
calculation of colorimetric data. Measurements-provided should be identified as target spec
surements.

111 Target map

ble that provides a mapping between target physical location and the data identifiers used to
ctral and colorimetric data of the target is essential for the efficient use of a target.

Target implementation based on using a minimum number of patches

bme situations theZnumber of patches, and/or target size, is limited. A set of 24 patches having
es that matchthe data shown in Tables C.2 and C.3 are suggested for use in such situations.

E A24 )patch Macbeth Color Checker provides patches that approximate these reflectances.

erials used in the fabrication of the test target should have negligible fluorescence. Tocensule adequate

need to be
cluding the

irements of
SC infrared
In addition,
pasurement
fic or batch

abulate the

reflectance
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Table C.2 — Suggested spectral curves 1 to 12

Wave-length Reflectance values for spectral curve

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

380 0,048 | 0,103 | 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 | 0,061
390 0,055 | 0,141 | 0,174 | 0,049 | 0,197 | 0,167 | 0,054 | 0,150 | 0,123 | 0,135 | 0,059 | 0,063
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 | ©;Q65
410 0,068 | 0,197 | 0,320 | 0,049 | 0,418 | 0,303 | 0,053 | 0,293 | 0,144 | 0,199 | 0,064 0,064
415 0,067 | 0,199 | 0,330 | 0,050 | 0,437 | 0,314 | 0,053 | 0,311 | 0,141 | 0,203 | 05061 | 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 |-0y131 | 0,168 | 0,068 | 0,065
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
465 0,052 | 0,251 | 0,316 | 0,063 | 0,413 | 0,433 ,/%0,052 | 0,361 | 0,126 | 0,110 | 0,093 | 0,073
470 0,052 | 0,262 | 0,310 | 0,064 | 0,405 | 0,460 | 0,053 | 0,345 | 0,125 | 0,101 | 0,104 | 0,977
475 0,053 | 0,273 | 0,302 | 0,065 | 0,394 [.0,492 | 0,054 | 0,325 | 0,123 | 0,093 | 0,118 | 0,084
480 0,054 | 0,282 | 0,293 | 0,067 | 0,381 [ 0,523 | 0,055 | 0,301 | 0,119 | 0,086 | 0,135 | 0,092
485 0,055 | 0,289 | 0,285 | 0,068 }-0,372 | 0,548 | 0,056 | 0,275 | 0,114 | 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 | 0,185 | 0,107
495 0,059 | 0,296 | 0,268 |,0,072 | 0,352 | 0,577 | 0,059 | 0,223 | 0,105 | 0,070 | 0,221 | 0,115
500 0,061 | 0,301 | 0,260(|)0,078 | 0,342 | 0,582 | 0,061 | 0,202 | 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 | 0,068 | 0,167 | 0,100 | 0,061 | 0,384 | 0,146
515 0,067 | 0,326/ 0,234 | 0,130 | 0,294 | 0,576 | 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 0,0#2.]" 0,310 | 0,215 | 0,173 | 0,249 | 0,560 | 0,101 | 0,125 | 0,091 | 0,056 | 0,516 | 0,329
530 0,074 | 0,298 | 0,208 | 0,181 | 0,231 | 0,549 | 0,120 | 0,116 | 0,089 [ 0,054 | 0,534 | 0,373
535 0,075 [ 0291 [ 0,203 |1 0182 | 0219 | 0535 | 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 | 0,168 | 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 | 0,533 | 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 | 0,183 | 0,137 | 0,201 | 0,436 | 0,297 | 0,090 | 0,108 | 0,055 | 0,513 | 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
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Table C.2 (continued)

ISO 17321-1:2006(E)

Reflectance values for spectral curve

Wave-length

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

580 0,115 | 0,358 | 0,163 | 0,122 | 0,206 | 0,346 | 0,452 | 0,083 | 0,157 | 0,052 | 0,454 | 0,584
585 0,122 | 0,397 | 0,160 | 0,119 | 0,215 | 0,324 | 0,481 | 0,085 | 0,208 | 0,052 | 0,436 | 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 | O;368 | 0,630
610 0,146 | 0,530 | 0,144 | 0,098 | 0,245 | 0,234 | 0,552 | 0,085 | 0,517 | 0,074 1,0,346 | 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 | 0,38 | 0,650
630 0,163 | 0,564 | 0,130 | 0,100 | 0,247 | 0,215 | 0,578 | 0,088 4 0,591 | 0,126 | 0,3R5 | 0,654
635 0,167 | 0,569 | 0,126 | 0,099 | 0,254 | 0,212 | 0,583 | 0,092,717 0,597 | 0,138 | 0,3R2 | 0,658
640 0,173 | 0,574 | 0,123 | 0,097 | 0,269 | 0,210 | 0,587 | 0098 | 0,601 | 0,149 | 0,3R0 | 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 | 0,3119 | 0,672
655 0,196 | 0,597 | 0,115 | 0,095 | 0,351 | 0,209 +\0,602 | 0,118 | 0,608 | 0,182 | 0,3R0 | 0,675
660 0,204 | 0,605 | 0,112 | 0,095 | 0,384 | 0,241 | 0,604 | 0,123 | 0,607 | 0,193 | 0,3R4 | 0,676
665 0,213 | 0,614 | 0,110 | 0,097 | 0,417 ["0;215 | 0,606 | 0,126 | 0,606 | 0,205 | 0,330 | 0,677
670 0,222 | 0,624 | 0,108 | 0,101 | 0,446 0,220 | 0,608 | 0,126 | 0,605 | 0,217 | 0,337 | 0,678
675 0,231 | 0,637 | 0,106 | 0,110 (-0,470 | 0,227 | 0,611 | 0,124 | 0,605 | 0,232 | 0,345 | 0,681
680 0,242 | 0,652 | 0,105 | 0,125 0,490 | 0,233 | 0,615 | 0,120 | 0,605 | 0,248 | 0,34 | 0,685
685 0,251 | 0,668 | 0,104 |-0,447 | 0,504 | 0,239 | 0,619 | 0,117 | 0,604 | 0,266 | 0,362 | 0,688
690 0,261 | 0,682 | 0,104-| 0,174 | 0,511 | 0,244 | 0,622 | 0,115 | 0,605 | 0,282 | 0,368 | 0,690
695 0,271 | 0,697 | 0,303 | 0,210 | 0,517 | 0,249 | 0,625 | 0,115 | 0,606 | 0,301 | 0,375 | 0,693
700 0,282 | 0,713(] 0,103 | 0,247 | 0,520 | 0,252 | 0,628 | 0,116 | 0,606 | 0,319 | 0,379 | 0,696
705 0,294 | 0,728 | 0,102 | 0,283 | 0,522 | 0,252 | 0,630 | 0,118 | 0,604 | 0,338 | 0,381 | 0,698
710 0,305 (]..0,745 | 0,102 | 0,311 | 0,523 | 0,250 | 0,633 | 0,120 | 0,602 | 0,355 | 0,379 | 0,698
715 0,318/| 0,753 | 0,102 | 0,329 | 0,522 | 0,248 | 0,633 | 0,124 | 0,601 | 0,371 | 0,376 | 0,698
720 07334 | 0,762 | 0,102 | 0,343 | 0,521 | 0,244 | 0,633 | 0,128 | 0,599 | 0,388 | 0,373 | 0,698
725 0,354 | 0,774 | 0,102 | 0,353 | 0,521 | 0,245 | 0,636 | 0,133 | 0,598 | 0,406 | 0,372 | 0,700
730 0,372 | 0,783 | 0,102 | 0,358 | 0,522 | 0,245 | 0,637 | 0,139 | 0,596 | 0,422 | 0,35 | 0,701
735 0,392 | 0.788 | 0,104 | 0,362 | 0,521 | 0.251 | 0.639 | 0.149 | 0,595 | 0.436 | 0.382 | 0,701
740 0,409 | 0,791 | 0,104 | 0,364 | 0,521 | 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 | 0,695
750 0,436 | 0,789 | 0,104 | 0,362 | 0,514 | 0,278 | 0,633 | 0,197 | 0,584 | 0,471 | 0,412 | 0,694
755 0,450 | 0,794 | 0,106 | 0,364 | 0,514 | 0,288 | 0,636 | 0,219 | 0,584 | 0,481 | 0,422 | 0,696
760 0,462 | 0,801 | 0,106 | 0,368 | 0,517 | 0,297 | 0,641 | 0,242 | 0,586 | 0,492 | 0,433 | 0,700
765 0,465 | 0,799 | 0,107 | 0,368 | 0,515 | 0,301 | 0,639 | 0,259 | 0,584 | 0,495 | 0,436 | 0,698
770 0,448 | 0,771 | 0,110 | 0,355 | 0,500 | 0,297 | 0,616 | 0,275 | 0,566 | 0,482 | 0,426 | 0,673
775 0,432 | 0,747 | 0,115 | 0,346 | 0,491 | 0,296 | 0,598 | 0,294 | 0,551 | 0,471 | 0,413 | 0,653
780 0,421 | 0,734 | 0,120 | 0,341 | 0,487 | 0,296 | 0,582 | 0,316 | 0,540 | 0,467 | 0,404 | 0,639
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