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Foreword

(E)

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 1SO
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
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Introduction

This part of ISO 5 specifies the geometric conditions that are used to define ISO 5 standard reflection density
and to make measurements of ISO 5 standard reflection density. These conditions correspond approximately
to practical situations for viewing reflection-type photographs or graphic reproductions, which specifically
requires illuminating the print at an angle of 45° to the normal to the surface and viewing along the normal.
These conditions tend to reduce surface glare and maximize the density range of the image, which is

o.Nno° :

photogfaphing a specimen. There might be some engineering advantages in designing a measuring
instrument with normal illumination and 45° collection. Reversing the geometry® in thisl way has no
demongtrated effect on the measured values in most cases, so both geometric arrahgements fre included in
this part of 1SO 5. However, work by Voglesong!!!l has demonstrated-that there ar¢ times when
measufements of the same printed sample with 0°/45° & 45°/0° can be significantly differemt. This part of
ISO 5 pttempts to specify unambiguously the geometric conditions that~define reflection densitometry by
providing what is termed “ideal requirements”. The actual design and<manufacture of instrumients, however,
require| tolerances around these ideal conditions which, in this~part of ISO 5, are shown as practical
specifi¢ations.

This pdrt of ISO 5 serves three primary functions:

a) tolprovide the basis for unequivocal measurements.that are needed for specifications, for communication
between organizations, and for contractual agreefments;

b) toprovide a reference to assist in resolving seemingly different measurement data between systems; and
c) tojaid in the calibration and certification.of densitometers, or spectrophotometers used as [densitometers,
by|allowing for the generation of certified reference materials (CRMs) with numerical valugs traceable to

fupdamental physical phenomena;

For grgphic arts applications, guidance in the use of densitometry is provided in ISO 13656.

© 1SO 2009 — All rights reserved Vv
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Part
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1) IEC 60050-845:1987 is a joint publication with the International Commission on lllumination (CIE). It is identical to
CIE 17.4:1987, International Lighting Vocabulary.

© 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=385832c41373b03865a0689df82d9922

ISO 5-4:2009(E)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5-1, IEC 60050-845:1987 |CIE 17.4:1987
and the following apply.

31

certified reference material

CRM

reference material, accompanied by a certificate, one or more of whose property values are certified by a
procedure which establishes traceability to an accurate realization of the unit in which the property values are
expressed, and for which each certified value is accompanied by an uncertainty at a stated level of confidence

NOTE Adapted-frommtSOGuide30-

3.2

gloss suppregsion factor

P

numerical expression of the polarization efficiency of a densitometer with polarizing means
NOTE For g precise definition of P, see Annex D.

3.3

receiver

portion of the densitometer that senses the efflux, including the collection.optics and detector

3.4
reflection density
Dp
negative logarithm to the base 10 of the reflectance factor

NOTE The|International Commission on lllumination (CIE)) designates the measurement referred to as “reflection
density” in ISO § as “reflectance factor density”. (See IEC 60050-845:1987 |CIE 17.4:1987.)

[ISO 5-1:2009,| definition 3.19]

35
reflectance fagtor
R
ratio of the reflected flux to the absolute reference reflected flux under the same geometrical and gpectral
conditions of measurement

[ISO 5-1:2009,| definition 3.17}

3.6

screen ruling
number of image_ €lements, such as dots or lines, per unit of length in the direction which produces the highest
value

NOTE Adapted from ISO 12647-1.
3.7

screen width

reciprocal of screen ruling

NOTE Adapted from ISO 12647-1.

4 Coordinate system, terminology and symbols

The coordinate system, terminology and symbols described in 1ISO 5-1 are used in this part of ISO 5 as a
basis for specifying the geometric conditions for reflection density measurements.

2 © 1SO 2009 — All rights reserved
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stinction between ideal and realized parameters

The unambiguous definition of density requires that geometric, as well as spectral, parameters be exactly
specified. However, the practical design and manufacture of instruments require that reasonable tolerances
be allowed for physical parameters. The definition of ISO 5 standard reflection density shall be based on the
ideal value specified for each parameter. The tolerances shown for the realized parameter values represent
allowable variations of these standard parameters, which for many applications have an effect of less
than 0,01 on the density values resulting from measurements made with instruments. A method for

determ

ining conformance of a realized parameter with the tolerances is given in Annex A.

6 Regquirements

6.1 Ipflux and efflux geometry

ISO 5 standard reflection measurements may be made with two equivalent measurement geg
“annulgr influx mode”, the geometry of the illuminator is annular and the ,geometry of the receiver is
directignal. In the “annular efflux mode”, the geometry of the illuminator is directional and the g
receivgr is annular. The annular influx mode is illustrated in Figure 1. Thevannular efflux

illustra
interch

d by Figure 1 if the arrows showing the radiant flux direction were reversed and t
hnged. The modes can be described in terms of specified ,@nhular and directional

illumination radiance (subscript i) or receiver responsivity (subscriptr);depending on the mode.

angle 1
theta, ¢

The id
K= 5°
are 0, 5

For the
Ki = 5°
are 6, 4

- (lower case Greek kappa, «) is the angle between the angle*of illumination or view (low
) and the marginal ray.

pal angles of illumination and view and half-angles for the annular influx mode are 6
and x.=5°. The realized angles of illuminationtand view and half-angles for the annu
F45°+2° 6, =0°+2°% k,=5°"%£1° and k.= §%& 1°.

annular efflux mode, the ideal angles of-illumination and view and half-angles are 6
and x,=5°. The realized angles of. illumination and view and half-angles for the annu
F0°+2° 6,=45°+£2°, k;=5°+1%7and x, =5+ 1°.

metries. In the

eometry of the
ode would be
e labels were
distributions of
The cone half-
er case Greek

=45°, 6,=0°,
ar influx mode

=0° 6,=45°
ar efflux mode

Key

1 influx
2 efflux
3 specimen

NOTE

Angles indicated represent the practical tolerances for the half-angle of the cone.

Figure 1 — Geometry of the annular influx mode

© 1SO 2009 — All rights reserved
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6.2 Sampling aperture

The extent and shape of the area on which density is measured are the sampling aperture. Physically, the
sampling aperture is realized by the optical systems of the illuminator and receiver. The size and shape of the
sampling aperture are not critical

a)

aperture, or

b)

structure become significant.

if no dimension is so large that the influx and efflux geometric conditions vary materially over the sampling

if no dimension is so small that the effects of granularity, specimen texture, diffraction, or half-tone dot

For case b), th
shall not be le
which the instr
not be smaller

The sampling
larger shall be
on the measur
those over the
NOTE 1 This]
The realized H
boundary of th

be at least 0,5
overall measur

NOTE2 The
uncertainty of m

Any physical 3
receiver region

The ideal illun
aperture. The
sampling apert
more than ong
any place on th

NOTE3  Lach
error in measurg

6.3 Annula

e diameter of a circular sampling aperture should not be less than 15 times the screen
5s than 10 times the screen width that corresponds to the lower limit for the screen

than that required for circular sampling apertures.

pperture is defined as the smaller of the illuminator region and the receiver region. Ideg
greater than the smaller to the extent that any increase in size of the latger region has n
ement result. The specimen characteristics over the illuminator region*should be the s
receiver region.

requirement prevents lateral diffusion error.

oundary of the larger of the illuminator region and thé-receiver region shall be outs|
e smaller by at least 2 mm. Where small sampling apertures are required, this dimensig
mm. The magnitude of the resulting lateral diffusion error should be accepted as par
ement uncertainty, or a greater boundary differential should be used.

be dimensions are an acceptable compromise between the need to measure small areas and a n
basurement.

perture present in the reference plane that is not used to limit either the illuminator re
shall be kept well clear of both the influx and efflux beams.

ninator radiance and receiver responsivity distributions shall be uniform over the s
realized distributions shall.be uniform to within 10 %. This can be determined by scann
ure laterally with a geometrically similar aperture, similarly oriented and having dimens

e sampling aperture shall be at least 90 % of the maximum radiance.

of uniformity»is immaterial when uniform specimens are measured, but can be an important s
ments of.fon-uniform specimens.

I distribution

width; it
ling for

Liment is recommended by the manufacturer. The area of non-circular sampling aperturgs shall

lly, the
b effect
hme as

de the
n shall
of the

egligible

gion or

mpling
ing the
ons no

-quarter of those of the corresponding dimensions of the sampling aperture. The radiance at

burce of

The ideal angular distribution of radiance from the illuminator (influx) or of responsivity of the receiver (efflux)
shall be uniform for angles within the cone defined by the illuminator or receiver axis and half-angle and zero
for angles outside the cone. The realized angular distribution shall be uniform to within 10 % within the cone
and less than 2 % of the maximum of the cone distribution outside the cone.

The distribution of radiance from the illuminator or responsivity of the receiver shall be uniform around the
annulus, unless the reflection characteristics of the specimens to be measured do not change as they are
rotated in their own plane, in which case the realized radiance or responsivity need not be uniform around the
annulus.

© 1SO 2009 — All rights reserved
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For applications where specimens have been shown to have only a slight dependency on directional effects
(i.e. if density measurements made at azimuthal angles of 0°, 45°, and 90° differ by an amount that is less
than the tolerance acceptable for the intended application), strict uniform annular distribution may be replaced

by a distribution in which either:

two equally spaced azimuthal angles), or

two equally spaced azimuthal angles).

6.4 istribution

the illuminator has a directional geometry at two azimuthal angles 90° apart (or, preferably, at more than

the receiver has a directional geometry at two azimuthal angles 90° apart (or, preferably, at more than

The idgal angular distribution of radiance from the illuminator (influx) or of responsivity of-the 1
shall b¢ uniform for angles within the cone defined by the half-angles and zero for angles|outsid

The illyminator radiance distribution can be determined by placing areceiver having uniform an

eceiver (efflux)
e the cone.

an 2 % of the

gular response

over a|conic distribution with a half-angle of 2° at the centre of:the sampling aperture. Anormal angles are

scanngd with the receiver both inside and outside the ideal¢influx cone, and the signal fror
receivdr is recorded at each angle. The signal at any angle within the influx cone shall be at le
maximpym signal recorded. Outside the influx cone, the signal shall be less than 2 % of the mj
recorded within the influx cone.

6.6 [Determination of receiver responsivity distribution

The refeiver responsivity distribution can.bé-determined by placing a small beam with a cg
having|a half-angle of 2° at the centre of.the sampling aperture. Anormal angles are scanned
both ingide and outside the ideal efflux cone, and the signal from the receiver is recorded at e

n the scanned
st 90 % of the
aximum signal

nic distribution
with the beam
ach angle. The

signal for any angle within the efflux;cone shall be at least 90 % of the maximum signal record¢d. Outside the

efflux done, the signal shall be less-than 2 % of the maximum signal recorded within the efflux ¢

6.7 PRolarization efficiency

Ideally| for ISO 5 standard density measurements made with polarization, gloss suppression
for evely availablesspectral channel.

Practicplly, forimeasuring instruments with polarization means, the gloss suppression factor
Annex D, shall be not less than 50 for every available spectral channel.

one.

shall be infinite

as defined in

NOTE

NOTE 2

6.8 Scattered flux

S.

Measurements made with polarization means will generally not match to those made without polarization.

Scattered flux shall be reduced to a negligible amount by the use of clean optical components and appropriate

baffles, and by suitable blackening of surfaces exposed to the specimen, in accordance with go
practice.

© 1SO 2009 — All rights reserved
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6.9 Backing material

6.9.1 General

When measuring ISO 5 standard reflection density, the specimen shall be firmly positioned in the
measurement plane and backed by either a black or white backing that satisfies the characteristics specified
in 6.9.2 and 6.9.3. While density measurements may be made over either a black or white backing, a black
backing is the default condition and, unless otherwise indicated, shall be assumed to be the backing used.
Where white backing is used, the measurements shall be identified as being made “over white”.

Deviations from these criteria are allowed only if it can be demonstrated that another backing gives the same
results on the particular type of specimen being measured. In particular, the backing for opague specimens is
not critical and|need not meet these criteria.

See Annex E fpr additional discussion of backing materials.

6.9.2 Black backing
For measurements made over a black backing, the backing shall have all of the characteristics listed bglow.

a) The backiphg shall have an infinite ISO 5 standard reflection density for all spectral products of ipterest.
For practigal applications, the specimen shall be in contact with a backing material that has an I1ISO 5
visual reflgction density of at least 1,30.

b) The backipg shall be spectrally non-selective, i.e. the total range, of spectral reflection density thrqughout
the wavelength interval from 400 nm to 700 nm shall ideally .be*zero, while practically it shall not pxceed
5 % of the|laverage density obtained over the same interval:

c) The backipg shall be diffuse-reflecting, i.e. it shall have ho perceptible specular reflection when vigwed at
any angle [under any illumination conditions.

d) The backing shall be essentially opaque (ene*whose own reflection density does not depend|on the
presence of or type of backing material usedin its measurement).

As black backing is the default condition,(unless otherwise noted, measurements shall be assumed {o have
been made ovér black.

6.9.3 White backing

For measurements made over“a white backing, the backing shall conform to the white backing spegified in
ISO 13655. Such measurements shall be reported as being made “over white”.

NOTE 1 Dengity is ‘a,measure of the amount of light absorbed by the specimen. A white backing scatters light {hat was
not modulated bl thesspecimen back into the receiver and thus lowers the density. ISO 13655 contains a recomméndation
for white backing, But this measurement condition, while allowed for compatibility with ISO 13655, is not recommehded for
the measurement of reflection density.

NOTE 2 The use of white backing is usually encountered in the graphic arts and colour management areas where
measurements of spectral data are used to compute both density and colorimetry.

6.10 Reference standard

ISO 5 standard reflection density is defined in relation to a perfectly reflecting and perfectly diffusing material.
Since such a perfect material does not exist, reference materials such as ceramic check plaques or barium
sulfate (BaSO,) are acceptable for use in maintaining calibration. The density relation between these and the
perfect material shall be known and utilized in determining ISO 5 standard reflection densities. Densitometer
manufacturers and national standardizing and metrology institutes can generally provide the 1ISO 5 standard
reflection density of such reference materials.

6 © 1SO 2009 — All rights reserved
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6.11 Designation

Density values obtained using the specifications given in 6.1 to 6.10 shall be referred to as “ISO 5 standard
reflection density”. In functional notation this shall be denoted as

— Dp(45a°, 5°% §5: 0°, 5°% s) for the annular influx mode, or

— Dg(0°, 5°%; S: 45 a°, 5°%; s) for the annular efflux mode,

where S is the spectral power distribution for reflection density, and s is the spectral responsivity of the
receiver. The allowed values for S and s shall be as given in ISO 5-3.

NOTE
denotes

NOTE 3

The adjective describing the spectral product as defined in ISO 5-3 may be inserted bg

“reflect
EXAMP]

If ame

6.12 (

Physic
measu
measu
determ

approp,

The values for § identified in ISO 5-3 for reflection densitometry are A, M1, M2 and M3,
polarization.

The values for s identified in ISO 5-3 for reflection densitometry are V, A, T, E, | and.narfow-bg

on”, and if a graphic arts influx is used, that may be added as a suffix.
LE “ISO 5 standard status E reflection density — M3”.

hsurement is made over a white backing, it shall be identified as/over white”.

Lonformance testing

bl tolerances of specific instruments may vary depending on the application and n
red, so that final determination of conformance:will include an understanding of the ap
fements. It is the responsibility of the user, in conjunction with the instrument m
ne conformance of measured density t0) density as defined by this part of ISO
riate certified reference materials (CRMSs) is recommended for testing of measurement s

where M3 also

nd.

fore the word

haterials being
plication of the
anufacturer, to
b. The use of
ystems.
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Annex A
(normative)

Determining conformance with tolerances

A.1 General

This part of 1S
conformance
the measurem
which extensiv

A.2 Statem

A densitomete

Lys—|U] (den
Lg+|U|&
where
Lys isth

ofa

L g isthe

of a

y is th
mea

U is th
may|

be aftributed to the méasurand (see ISO/IEC Guide 98-3).

The coverage
to obtain an e
annex, a covel
determination

D ' ' ' ' 'mining
ith these specmed tolerances taking into account the estimated uncertainty associated with
nt of these parameters. This annex adopts the ideas and notations presented in.ISO 14253-1,

ly discusses the matter of proving conformance with given specifications.

nt of conformance with specification

r conforms with this part of ISO 5 if the result of measurement y“is between L, g+ |[U| and
pted in ISO 14253-1 as the “conformance zone”), as shown inEquation (A.1):

y<Lys—|U]| (A.1)

b upper specification limit: a specified value giving the upper boundary of the permissible values
particular densitometer characteristic;

lower specification limit: a specified yalue giving the lower boundary of the permissible| values
particular densitometer characteristic,

e result of measurement: a_value attributed to measurand Y (particular quantity subject to
surement), obtained by a méasurement;

b expanded uncertainty:)a quantity defining an interval about the result of a measurement that
be expected to encempass a large fraction of the distribution of values that could reagonably

actor, k, is a-niumerical factor used as a multiplier of the combined standard uncertainty in order
xpanded wuncertainty. It is based on the level of confidence desired. For the purposes| of this
age fattor (k) of 2, equivalent to a confidence level of approximately 95 %, shall be used in the
bf the expanded uncertainty.

EXAMPLE

I'nhe tolerance stated In this part or 15O o 1or the hall-angle of maximum radiance In the annular influx

mode is 45° +2° i.e. [, g=43° and L5 =47°. Suppose, as an example, that the expanded uncertainty associated with
the measurement of the half-angle of the influx cone is £1° (k= 2). Hence, conformance with the specified tolerance is
demonstrated if the measured value of the half-angle of maximum radiance is between 44° and 46°.

NOTE ISO/IEC Guide 98-3 provides additional material on this subject.

© 1SO 2009 — All rights reserved
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Annex B
(normative)

Determination of accuracy and linearity of a densitometer

After standardization of the densitometer on all channels in accordance with the manufacturer’s instructions,
the reflection densities of a CRM set conforming to ISO 15790 shall be measured with the instrument under
evaluation. On at least three CRMs covering a nominal ISO 5 standard reflection density range of (0,1 £ 0,1)
to (2,0 + ﬂ,’-'\)y the measured rinneify shall agree with the dnneify reported in the documentation accompanying
the CRM. The extent of this agreement (i.e. the accuracy) is best specified by the user, in acCordance with the
requiregments of the application. In the absence of such a specification, a generally acceptabhle accuracy is
1+ 0,02 Po or £ 2 %, whichever is the greater.

For mdasuring instruments with polarizing means, the CRMs shall, in addition, conform to the rnequirements of
Annex C.

NOTE The CRMs conforming to Annex C can also be used for measuring instrdments without polarizihng means.
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ISO 5-4:2009(E)

Annex C
(normative)

Certified reference materials for measuring instruments

with polarizing means

A CRM for linearity testing of measuring instruments with polarizing means shall consist of a white ceramic
plate with at least three “neutral density” absorptive glass filters attached to the surface (see Figure C.1). The

ceramic base
polished, plain

using a spectra

The filters sha
finished CRM {

In the documsq

uncertainties a
reflection dens

Key
1,2,3 spectra
4 ceramic

Figure C.1

NOTE 1 This|
without polarizat

NOTE 2 For

10

and essentially spectrally non-selective (see 6.9). They shall be adhered to the ceram
lly non-selective cement (see Figure C.1).

uld be selected such that the following ISO 5 visual reflection densities are”realized
et: 0,0t00,2; 1,0+ 0,2; 2,0+ 0,5.

ntation accompanying the CRM, the (absolute) 1ISO 5 standard reflection densities ar
I a stated level of confidence shall be reported for the spectral conditions, including ISO
ty and at least one of the following sets: ISO 5 status T, ISO 5status | or ISO 5 status A

1

/

2

/

3

y

y non-selective glass filters
base plate

construction~of-a CRM set provides an opportunity for calibration of measuring instruments
on means; using the same set.

urther\information, see Reference [10].

ptically
c plate

by the

d their
b visual

— Cross-section-of-the test object for measuring instruments with a polarizing melans

vith and
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ISO 5-4:2009(E)

Annex D
(normative)

Polarization efficiency

D.1 Determination of polarization efficiency

D.1.1 [For simpficity, the method described I this annex appiies o the case of a densiy

intende
use.

D.1.2

measufing instrument, carry out the steps described in D.1.3 to D.1.9.

d to be used by placing it on top of a horizontal test object, but this does not precludé

Use a polarization test object (an example is described in D.2) and, for every spectral

ometer that is
other types of

channel of the

D.1.3 | Remove the polarization means from the measuring instrument, ‘and set it to zefo on a white
reference.

D.1.4 | Mount the polarization test object horizontally and place the'measuring instrument on it

D.1.5 | Adjust the horizontal position of the measuring instrurhent, such that the reflection density reaches a
minimym.

D.1.6 | Adjust the vertical position of the pointed cylinder, such that the reflection density again reaches a
minimym value, D,. If the detector and accompanying:electronics operate outside their linear operating range,

or if an

do not fisturb the geometry.

EXAMP

D.A.7

D.1.8
minimu

D.1.9

D.1.10

P

error condition is otherwise indicated, insert attenuating means into the light path and

LE The insertion of a thin, spectrally non-selective density filter.
Reinstall the polarization means into the measuring instrument, and set it to zero, as in

Place the measuring instrument back on the polarization test object at the same locati
m density was achieved’in D.1.5.

Read the new eflection density, D,.
Calculate-the gloss suppression factor, P, as shown in Equation (D.1):

= 10,0271

nake sure they

D.1.3.

bn at which the

(D.1)

where
D

D,

is the density determined in D.1.5 (without polarization means);

is the density determined in D.1.8 (with polarization means).
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