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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 ISQ, alsa take part in the work. 1SO collaborates closely with the International Flectrotechnical
Commission|(IEC) on all matters of electrotechnical standardization.

International [Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Paft'3.

Draft International Standards adopted by the technical committees are circulated to the member bodies|for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this International Standard may be the|subject of
patent rights] ISO shall not be held responsible for identifying any or all such patent rights.

International [Standard 1SO 14807 was prepared by Technical Committee ISO@/TC 42, Photography.

iv © SO 2001 — All rights reserved
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Introduction

Over the past few years, the subject of densitometer performance specifications has been discussed at length, with
the observation made that the densitometer customer is met with a plethora of claims and specifications, in a
variety of formats, pertaining to densitometer performance. Furthermore, various manufacturers have often used
dlfferent terminology for descrlblng what |s speculated to be the same characterlstlc Wlth this in mind, this
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INTERNATIONAL STANDARD ISO 14807:2001(E)

Photography — Transmission and reflection densitometers —
Method for determining performance

1 Scope

This Internjational Standard defines a common set of reporting parameters and describes the methods to be used in
the determination and presentation of individual densitometer performance and manufacturerireported|performance
specificatipns. This International Standard applies to transmission and reflection)-densitometers typically
manufactyred for and used by the photographic, graphic arts and radiographic trades.

2 Normative references
The followfjng normative documents contain provisions which, through reference in this text, constitute [provisions of
this Interrjational Standard. For dated references, subsequent améndments to, or revisions of, any of these
publications do not apply. However, parties to agreements based onthis International Standard are ehcouraged to
investigate the possibility of applying the most recent editions of\the normative documents indicated below. For
undated references, the latest edition of the normative document referred to applies. Members of [SO and IEC
maintain re¢gisters of currently valid International Standards.

ISO 5-1:1984, Photography — Density measurements <-*Part 1: Terms, symbols and notations
ISO 5-2:2001, Photography — Density measureménts — Part 2: Geometric conditions for transmissior) density
ISO 5-3:1995, Photography — Density measurements — Part 3: Spectral conditions

ISO 5-4:1995, Photography — Density-measurements — Part 4: Geometric conditions for reflection density

ISO 554:1p76, Standard atmospheres for conditioning and/or testing — Specifications

3 Terms and definitions
For the purposes of\this International Standard, the following terms and definitions apply.

NOTE Theére ‘are a number of terms that are commonly used in connection with the subject of measurement] such as bias,
repeatability, “Stability and traceability. One can avoid confusion by using such terms in a way that is consistent with other
international documents. Definitions of many such terms are given in the International Vocabulary of Basic and General Terms
in Metrology[2] 1) | the title of which is commonly abbreviated, as VIM. The VIM was developed by ISO Technical Advisory
Group 4 (TAG 4).

3.1
true value (of a quantity)
value consistent with the definition of a given particular quantity

NOTE 1 Thisis avalue that would be obtained by a perfect measurement.

1) Throughout this International Standard, raised numbers in square brackets refer to informative documents listed in the
bibliography.

© 1SO 2001 - All rights reserved 1


https://standardsiso.com/api/?name=80a4f829245fd39ade72b7ffabb95591

ISO 14807:2001(E)

NOTE 2

NOTE 3

True values are by nature indeterminate.

may be many values consistent with the definition of a given particular quantity.

[VIM:1993, 1

3.2

19]

conventional true value (of a quantity)
value attributed to a particular quantity and accepted, sometimes by convention, as having an uncertainty
appropriate for a given purpose

The indefinite article “a”, rather than the definite article “the”, is used in conjunction with “true value” because there

[VIM:1993, 1

NOTE 1 “Q
reference val

NOTE 2 Al
3.3
measurand

20]

onventional true value” is sometimes called assigned value, best estimate of the value, conventior
ie.

assigned value of a certified reference material is one type of conventional true value!

particular quantity subject to measurement

EXAMPLE

NOTE TH

[VIM:1993, 2

3.4
repeatability
closeness of
under the sa

NOTE1 Th

NOTE2  Rd

— the samq
the same
the same
the same

repetition

NOTE3  Rg

Vapour pressure of a given sample of water at 20 °C.

e specification of a measurand may require statements about(guantities such as time, temperature an

6]

(of results of measurements)
the agreement between the results of suceessive measurements of the same measurand
Mme conditions of measurement

ese conditions are called repeatability-conditions.

bpeatability conditions include:

measurement procedure

observer

measuring instrdment, used under the same conditions
location

over a short period of time.

bpeatability may be expressed quantitatively in terms of the dispersion characteristics of the results.

al value or

l pressure.

carried out

[VIM:1993, 3

3.5

6]

experimental standard deviation

S

for a series of n measurements of the same measurand, the quantity s characterizing the dispersion of the results

and given by

the formula:
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X; being the result of the ith measurement and X being the arithmetic mean of the n results considered

[VIM:1993

3.6
systemati

,3.8]

c error

mean that would result from an infinite number of measurements of the same measurand carried out under

repeatability conditions minus a true value of the measurand

[VIM:1993, 3.14]

NOTE Like true value, Systematic erfor and its causes cannot be completely Known.

3.7

stability

ability of almeasuring instrument to maintain constant its metrological characteristics with time

NOTE 1 [Where stability with respect to a quantity other than time is considered, this should be.stated explicitly
NOTE 2 |Stability may be quantified in several ways, for example:

— in ter:[s of the time over which a metrological characteristic changes by a stated amount, or

— inter

[VIM:1993
3.8

error (of i
indication
[VIM:1993
3.9

bias (of a

systematid

NOTE

s of the change in a characteristic over a stated time.
5.14]

ndication) of a measuring instrument

pDf a measuring instrument minus a true value .of;the corresponding input quantity
5.20]

measuring instrument)

error of the indication of a measuring instrument

The bias of a measuring inStrument is normally estimated by averaging the error of indication over

number of fepeated measurements.

[VIM:1993

3.10
traceabili
property o

usually nationpal>~or international standards, through an unbroken chain of comparisons all h

uncertaint

5.25]

y
f the result’of a measurement or the value of a standard whereby it can be related to state

es

hn appropriate

H references,
aving  stated

NOTE 1
NOTE 2
[VIM:1993

EXAMPLE

The concept is often expressed by the adjective traceable.
The unbroken chain of comparisons is called a traceability chain.

,6.10]

If a ruler used to measure the width of a sheet of paper has been calibrated to a more accurate ruler and this,
in turn, has been calibrated to precision gauge blocks, the measured value of the width of the paper would be traceable to the
gauge blocks (provided the uncertainties of all steps are known).

© ISO 2001 - All rights reserved
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3.11
calibration

2001(E)

set of operations that establish, under specified conditions, the relationship between values of quantities indicated
by a measuring instrument or measuring system, or values represented by a material measure or a reference
material, and the corresponding values realized by standards

[VIM:1993, 6

3.12
reference m

1]

aterial (RM)

material or substance one or more of whose property values are sufficiently homogeneous and well established to

be used for

QA acon ar-forac

values to

materials
[VIM:1993, 6

3.13

certified ref¢rence material (CRM)
pterial, accompanied by a certificate, one or more of whose propertyyvalues are cerfified by a

reference m
procedure w
expressed, a

[VIM:1993, 6

3.14
combined s
uC

standard unq
other quantit
of these othg

[2.3.4 of the

3.15
coverage fa
k

numerical fg
uncertainty
NOTE 1 A
NOTE 2 TH
result in a levd
approximately
distribution of
Measurement

a-calibeation aof An Atuc tha comant Af A Ao A ANt antihad PSTaTatTara
rC—ComoratrorT O ar P pParata S, ic T SSCoSTTICTitT Or o riCaSur et et ot O ToT TS STy g

13]

hich establishes traceability to an accurate realisation of the unit in‘which the property
nd for which each certified value is accompanied by an uncertainty at.a'stated level of confid

14]

andard uncertainty

ertainty of the result of a measurement when that result is obtained from the values of a
es, equal to the positive square root of a sum ©f terms, the terms being the variances or ¢
r quantities weighted according to how the measurement result varies with changes in these

Guide to the Expression of Uncertainty in-Measurement:1993 [1] ]

Ctor

ctor used as a multiplier of the combined standard uncertainty in order to obtain an

Coverage factor, K, istypically in the range 2 to 3.

e coverage factor is chosen based on the level of confidence desired. A coverage factor (k) of 2 g
| of confidence of approximately 95 %, and a coverage factor of 3 generally will result in a level of cd
99 %. This association of confidence level and coverage factor is based on assumptions regarding th¢
measurement results. For a more thorough explanation, the Guide to the Expression of Un
1993'[1] should be consulted.

alues are
ence

number of
Dvariances
quantities

expanded

bnerally will
nfidence of
e probability
Certainty in

[This definition and the first note are taken from 2.3.6 of the Guide to the Expression of Uncertainty in
Measurement:1993 [1]]

3.16

expanded uncertainty

U

guantity defining an interval about the result of a measurement that may be expected to encompass a large fraction
of the distribution of values that could reasonably be attributed to the measurand

[2.3.5 of the Guide to the Expression of Uncertainty in Measurement:1993 [11]

NOTE

Expanded uncertainty is the product of the combined standard uncertainty (u;) and the chosen coverage factor (k).
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4 Sampling and handling

In determining any of the ISO performance characteristics of an individual densitometer, the densitometer shall be
stored, handled and operated in accordance with the manufacturer’s instructions. Alternatively, a user may wish to
evaluate the performance of a densitometer when operated in conditions or by following methods not
recommended by the manufacturer. In the latter case, though the evaluation may prove useful for a particular
application, the results of such an evaluation shall not be reported as “ISO repeatability”, “ISO stability” or “ISO bias
estimate”. In such a case, any deviation from the manufacturer's instructions should be reported.

In a manufacturer's determination of performance specifications of ISO repeatability and 1SO stability, it is important
that the densitometers evaluated yield results that may be expected by users. This will require evaluation of a
statisticallyvatid—samptimg—of dernsitormeters—periodicatty, fottowmngthe—procedures—setfortirimttisy International
Standard. [During the time period from manufacture through evaluation, it is important that the densitometers are
stored, hgndled and operated in accordance with the manufacturer’s instructions in order that-the¢ results are
representative of the performance obtained by a user when operating the densitometer, according to normal
procedureg as set forth in the densitometer’s operating manual.

5 Detgrmination of performance

5.1 General

Colour depsitometers have multiple spectral responses, or colour chanhels, (typically red, green, blug and visual)
and as sugh have the possibility of different performance for each ofithese channels. To be inclusive, [repeatability,
stability and bias estimate should be determined for each colour channel.

For a colour densitometer, performance when measuring speéctrally selective materials cannot be copstrued to be
equivalent to performance assessed with spectrally non-selective reference materials. For such measurements,
appropriate spectrally selective references shall be used:

In the evaluations carried out in 5.2, 5.3 and 5.4, it is*extremely important to avoid confusion between the uniformity
of the spefimen and the characteristic of the instrument under evaluation. In order that specimen nonj-uniformity is
not miscomstrued as poor instrument performance, proper care should be taken to assure that the measurements
are made pt the same position on the specimen.

5.2 Repeatability determination

Stable spécimens shall be selected with densities that cover at least 80 % of the stated operating |[range of the
densitomegter. There shall be-at least three density levels, and they shall be roughly evenly spaced ovef the range.

Covering 80 % of thetstated operating range means, for example, that for a densitometer with a stated operating
range of (0,0 to 4,0, the densities of the lightest and darkest specimens selected should differ by [no less than
0,80 x (4,0 — 0,0)°0r'3,2. See 6.2, example 1.

The densijometer and specimens shall be in equilibrium with the environmental conditions in a room where the air
is maintained at 23 °C £ 2 °C (see 1SO 554) and (50 + 20) % relative humidity. Following warm-up, calibration and
other normal starting procedures (as provided to users in the operating instructions), repeatability shall be
assessed by making several independent measurements of the density of each specimen over a short period of
time, and calculating the experimental standard deviation, s, of these measurements. The number of
measurements, n, shall be large enough to ensure that additional measurements do not significantly affect s. The
arithmetic mean of the measurements, X, and the experimental standard deviation, s, shall be recorded for each
specimen. The time period within which these measurements are performed shall be short enough that the
measurement results are not affected by any changing conditions or instrument drift.

© ISO 2001 - All rights reserved 5
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5.3 Stability determination

Stability shall be determined by performing the tests of 5.3.1 and 5.3.2 while operating the densitometer in
accordance with the manufacturer’s instructions (see clause 4).

Some manufacturer’s instructions may recommend recalibrating, rezeroing, or otherwise adjusting the densitometer
at a specific time interval or after a specific number of measurements. Additionally, some densitometers
automatically recalibrate, rezero or otherwise automatically adjust at a pre-programmed time interval. In order for
the stability determination(s) to be indicative of the performance that the user should expect, the manufacturer's
normal operating instructions regarding recalibrating, rezeroing and otherwise adjusting shall be adhered to. For
any densitometers that employ automatic recalibration, rezeroing or other automatic adjusting features, such

features shal

In cases whq
according to
results.

Some users|
manufacture
wish to evaly
5.3.2 may b
stability”.

NOTE In
groups of me
standard devi

be fully operational during testing.

brmal user
d with the

rein such operating instructions or the use of such automatic features is optional for'the n
the manufacturer, pertinent details of the stability determination procedure shall Hbe reporte

may wish (for experimental purposes) to evaluate densitometer stability without following the
's instructions regarding recalibrating, rezeroing or otherwise adjusting=—Similarly, some lsers may
ate densitometer stability with automatic features turned off or disabled” The procedures of 5.3.1 and

b useful for such evaluations, but results shall not be reported, as)“ISO 8 h stability” or YISO 7 day

ns of small
Lally, these
ther and to

5.3.1 and 5.3.2, standard deviations are determined in order te_quantify the dispersion of the med
hsurement results over the specified time periods. It is reecognized that, when considered individ
htions give little if any information regarding stability. Howeyver, when they are compared to each d

values reported for other densitometers, the standard deviations are(expected to be useful for comparing depsitometers’

stabilities.

531 8hs

Stable speci

densitometel.

The densiton

ability determination

nge of the
the range.
ere the air

mens shall be selected with densities-that cover at least 80 % of the stated operating ra
There shall be at least three density*levels, and they shall be roughly evenly spaced over
neter and specimens shall be in equilibrium with the environmental conditions in a room wh

is maintained at 23 °C £ 2 °C (see ISO 554)\and (50 + 20) % relative humidity.

operating
he start of

Following warm-up, calibration and ‘ether normal starting procedures (as provided to users in the
instructions),|five density measurements of each specimen shall be made over a short period of time at
a period of 8 h. This “short period-of time” (during which the five measurements are made), shall be sm

instructions),
specimen sh
set of five
measurements.

Next, determine and record the experimental standard deviation of these mean values.
The number of sets of measurements shall be large enough (and thus, the time interval between sets shall be small

enough) to ensure that additional sets of measurements do not significantly affect the standard deviation of the
means.

5.3.2 7 day stability determination

Stable specimens shall be selected with densities that cover at least 80 % of the stated operating range of the
densitometer. There shall be at least three density levels, and they shall be roughly evenly spaced over the range.

© ISO 2001 - All rights reserved
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The densitometer and specimens shall be in equilibrium with the environmental conditions in a room where the air
is maintained at 23 °C £ 2 °C (see ISO 554) and (50 £ 20) % relative humidity.

Following warm-up, calibration and other normal starting procedures (as provided to users in the operating
instructions), five density measurements of each specimen shall be made over a short period of time at the start of
a period of 7 days. This “short period of time” (during which the five measurements are made), shall be small
enough to ensure that, within the short period, the results are not affected by any changing conditions or instrument
drift. The arithmetic mean of this initial set of five measurements shall be determined.

Without manually recalibrating, rezeroing or otherwise adjusting (except as directed by the manufacturer's
instructions), and without changing any conditions in the interim, similar sets of five density measurements of each

specimen wm—mmmmmm-ﬁmdone for the
initial set of five measurements, the arithmetic mean shall be determined for each of these subseguent sets of five

measurenjents.
Next, determine and record the experimental standard deviation of these mean values.

The number of sets of measurements shall be large enough (and thus, the interval ‘between sets shall be small
enough) tp ensure that additional sets of measurements do not significantly affeCtthe standard deyiation of the
means.

NOTE It is expected that in most determinations, the 8 h stability test would be conducted concurrently with|the first 8 h of
the 7 day sfability test.

5.4 Biap estimate determination

NOTE 1 |[Since bias is defined in terms of systematic error, and,sihce systematic error cannot, by definition, |be completely
known, ong cannot completely determine bias. Bias can, however, be“estimated (see the note in 3.9).

Neutral and/or non-neutral certified reference materials *(CRMs) should be selected with densities that cover at
least 80 %4 of the stated operating range of the densitometer. There shall be at least three density levels, and they
shall be rpughly evenly spaced over the range.-The densitometer and CRMs shall be in equilibrjum with the
environmgntal conditions in a room where the\air is maintained at 23 °C £2 °C (see I1SO 554) and (50 £ 20) %
relative humidity.

Following |warm-up, calibration and (other normal starting procedures (as provided to users in the operating
instructiong), bias estimates are détermined as follows. Several density measurements shall be tak¢n at each of
the densify levels and the mean-measurement result, X, and experimental standard deviation| s, shall be
determinefl and recorded for-each. The number of measurements, n, shall be large enough to| ensure that
additional [measurements_de)not significantly affect X . The assigned value (see note 2 of 3.2) and expanded
uncertainty of the assigned.value (from the CRM's certificate) shall be recorded.

For thoroygh guidahce concerning measurement uncertainty, it is recommended that one refer to the|Guide to the
Expressiof of Uncertainty in Measurement [11.

The bias gstimate (the mean measurement result minus the assigned value) shall be calculated for each level
assessed.

Bias estimates depend greatly on the degree of conformance of the densitometer's spectral product(s) to the
specifications of ISO 5-3 and on the spectral characteristics of the specimens whose densities are measured. As a
result, generally, bias when measuring densities of spectrally non-selective specimens will be lower than when
measuring densities of spectrally selective specimens. Similarly, an instrument which exhibits low bias in
measurement of specimens produced with one set of colorants, even though these may be highly spectrally
selective (printing inks, for example), will not necessarily exhibit low bias in measurement of specimens produced
with other colorants (photographic dyes, for example). For this reason, it is important that the CRM used be
identified when bias estimates are reported. Users should be aware that no single reference material can be used
to estimate bias for all possible applications.

© 1SO 2001 - All rights reserved 7
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Finally, the uncertainty (u,) of the bias estimate shall be estimated by a statistical combination of the experimental
standard deviation (s) and the expanded uncertainty (U) and coverage factor (k) of the assigned value of the CRM

as follows:

Up = (U/k)2 +s2

6 Reporting (individual instrument performance)

6.1 Gene

al

Acknowledgi
characteristiq
the entire ins
measuremert]
included wit
exemplified i

In no cases

hg that colour densitometers have multiple spectral responses, or colour channels,-th

trument. When reporting ISO repeatability, ISO stability and 1SO bias estimate; a descri
t (transmittance or reflectance, influx and efflux geometries, and influx and efflux spectr
N the reported data, using the functional notation of terms and symbels”*given in IS
N 1SO 5-2, ISO 5-3, and ISO 5-4.

shall any of the terms “ISO Repeatability”, “ISO 8 h Stability”, “ISO 7 Day Stability” and

Estimate” be used for reporting performance unless they have been determined in accordance

requirementg

of this International Standard.

6.2 Repeatability reporting

Repeatability
Repeatability
5.2 shall be 1

NOTE TH
results be rep

EXAMPLE 1
operating rang

assessed according to the requirements of this nternational Standard shall be reporte
". The mean density measurement results, X, and experimental standard deviations, s, det
eported.

e following examples are for illustrative purpeses only. It is not a requirement of this International St
rted in the format given in these examplesyas long as all required values are reported.

For ISO standard diffuse status A.blue transmission density; assessment of a densitometer wi
e of 0 to 4:

ISO Repeatability for
D71(90° opal; S4: < 10°; Ag)

X =0,039 s= 0,006
X = 1,625 s=0,010
X=3,851 s=0,016

EXAMPLE 2

following

s should be reported for each channel. Alternatively, the worst-case channel data shall be r¢ported for

ion of the
) shall be
D 5-1 and

“ISO Bias
with the

d as “ISO
Brmined in

andard that

th a stated

For 1SO standard status E green reflection density: assessment of a densitometer with a state|

operating

range of 0 to 2,5:

ISO Repeatability for

DR (40° to 50°; Sp: 5°; Eg)

s=0,004
s=0,012
s=0,021
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