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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
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Introduction

The measurement of the transmission and reflection characteristics of objects is essential to the science of
photography and graphic arts. When light, or other radiant energy, is incident upon an object, it is either
absorbed or propagated. Propagation can involve reflection, transmission, refraction, diffraction, scattering,
fluorescence, and polarization. The propagated light is distributed in various directions about the object. In
most practical applications it is neither necessary nor desirable to consider the light distributed in every
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energy is called radiant flux, or simply flux. This part of ISO 5 provides methods t

receiver, such

rate of flow of
b describe the

rements of the flux modulation in any system. To specify such a system accuraiely, geometric

eristics of the system, the spectral distribution of the flux incident on the_ object to be
ctral responsivity of the receiver need to be given. If the reflection characteristics of th
r affect the measurement, as they do in transmission measurements by the opal glas
be specified.

ba under consideration is defined by a sampling aperture, the dimensions of which can

measured, and
e illuminator or
5 method, they

be important in

pplications and need to be specified if the object has appreciable non-uniformity. If the measurement is

tify the way the object would modulate flux in a given-practical application, such as vie
, the geometric and spectral conditions of measitement need to simulate those co

tion is measured and expressed as a dimensionless ratio of fluxes; that is, the flux prg
n of the receiver and that part of the spectrum of interest divided by some reference flux
h be the incident flux or the flux propagated through the system when the object is repla
For some purposes, a logarithmically:scaled measure of modulation is more useful thar
tic ratio. In such cases, it is customary to use optical density defined as the negative log
e ratio.

bometric arrangements used in photographic and graphic arts optical systems can be cd
tely described in terms of uniform rays of flux bounded by right circular cones. A point

luminated by such.'@)conic distribution, and the geometric form of the pencil of ray
r is generally conic) The pupil of the eye, for example, subtends a conic solid angle at

bction systems,\the projection lens subtends a conic solid angle at the specimen poi
pecifies a conic distribution by the half-angle of the cone and the direction of its axis.

ing knewledge of radiometry is generally required to obtain primary standard me
ttance’ and reflectance. In good radiometric practice, for example, the effects of

minimi:

réd by the use of appropriate baffles and proper blackening of certain surfaces. Becaus
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n object point.

t. This part of

asurements of
stray light are
b the principles

and practice of radiometry are well known and are fully described in the Handbook of Applied

hotometry![101,

it is considered unnecessary to provide a detailed specification of radiometric procedures in this part of ISO 5.
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INTERNATIONAL STANDARD ISO 5-1:2009(E)

Photography and graphic technology — Density
measurements —

Part

1:

Geometry and functional notation

1 Sc¢ope

This part of ISO 5 establishes terms, symbols, functional notations and accoordinate systg

geome
flux for

This pgrt of ISO 5 primarily provides a system for describing anethods of measuring or
ssion and reflection properties of photographic and graphic arts materials. The geometfic and spectral
conditipns associated with such measurement are specified in 1SO 5-2, ISO 5-3 and ISO 5-4.

transm

2 Neormative references

The fo
referen
docum

ISO 5-1
transm

ISO 5-

ISO 5-4
reflecti

3 Teérms.and definitions

For the

ric and spectral conditions for the measurement of the degree to which a specimen mg
applications in photography, graphic technology, and radiometry,

lowing referenced documents are indispensable for the application of this docum
ces, only the edition cited applies. For undated references, the latest edition of
ent (including any amendments) applies.

P Photography and graphic technology — Density measurements — Part 2: Geometrig
ttance density

, Photography and graphic technology — Density measurements — Part 3: Spectral cof

}, Photography atd, graphic technology — Density measurements — Part 4: Geometrid
bn density

m to describe
dulates radiant

specifying the

ent. For dated
he referenced

conditions for

nditions

conditions for

plrposes of this document, the following terms and definitions apply?).

3.1

absolute reference reflected flux

¢rA
radiant

flux that would be reflected by a perfect reflecting diffuser

1) For the convenience of the user, Annex A lists those terms and definitions used in other parts of ISO 5 that are not

used in

this part of ISO 5.
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3.2

absolute reference transmitted flux

D

radiant flux that would be transmitted by a perfect transmitting diffuser
3.3

anormal angle

o
angle between the normal of the reference plane and a direction

NOTE Adapted from ASTM E1767.

3.4
azimuthal angle

n
angle between|the x-axis of the reference plane and the projection of a direction onto the reference plane

NOTE Adapted from ASTM E284.

3.5
cone half-angje
K
angle between|the central axis and the edge of the pupil with the apex at the’centre of the sampling apgrture

3.6
efflux
radiant flux collected by the receiver from the reference plane

NOTE Adapted from ASTM E1767.

3.7
illuminator axjs
central axis of fhe illuminator, usually the optical axis

3.8
illuminator region
intersection of the illuminator beam with the reference plane

3.9
incident flux
D

|
radiant flux inc|dent upof the sampling aperture

3.10
influx
radiant flux projected by the fituminator onto the Teference prane

NOTE Adapted from ASTM E1767.

3.11

influx spectrum

S

spectral distribution of the radiometric quantity, such as radiance, irradiance or radiant flux, incident upon the
sampling aperture

NOTE This is a function of the source and optics used for the illumination.

2 © 1SO 2009 — All rights reserved
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3.12

ISO 5 standard density

density value obtained using an instrument conforming to one of the geometries specified in ISO 5-2 or
ISO 5-4, and one of the spectral definitions in ISO 5-3

3.13
receiver axis
central axis of the receiver, usually the optical axis

3.14
receiver region
intersection of the receiver beam with the reference plane

3.15
reflectance
P
ratio of the reflected flux to the incident flux under specified geometrical and spectral| conditions of
measufement

NOTE Adapted from ASTM E284.

3.16
reflectance density

D,

negativie logarithm to the base 10 of the reflectance

3.17
reflectance factor
R
ratio of the reflected flux to the absolute reference reflected flux under the same geometrical and spectral
conditipns of measurement

3.18
reflected flux
D,

:
radiant|flux that emerges from the specimen surface on which the incident flux falls

3.19
reflection density
Dp
negativie logarithmstothe base 10 of the reflectance factor

NOTE ThevInternational Commission on lllumination (CIE) designates the measurement referred [to as “reflection
density’|in ISO(5 as “reflectance factor density”. (See IEC 60050-845:1987 |CcIE 17.4:1987.)

3.20
spectral responsivity

S

output signal of a receiver per unit input of radiant flux as a function of wavelength

NOTE Adapted from ASTM E284.

3.21

transmission density

Dr

negative logarithm to the base 10 of the transmittance factor

© 1SO 2009 — All rights reserved 3


https://standardsiso.com/api/?name=1496499dde9aec6be69e7f3156bd3409

ISO 5-1:2009(E)

3.22
transmittance
T

ratio of the transmitted flux to the incident flux under specified geometrical and spectral conditions of

measurement

NOTE 1 In practical instruments for transmittance measurements, the incident flux is defined by the combination of all
of the components that are placed before the reference plane (influx), so the incident flux is provided by the surface of the
opal diffuser for diffuse transmittance and by the film gate for projection density.

NOTE 2  Adapted from ASTM E284.

3.23

transmittance)
DT
negative logari

NOTE The

3.24
transmittance)
T
ratio of the trar
conditions of nj

NOTE Ada
3.25
transmitted fl
2}

radiant flux th
incident flux fa

4 Equatio

The terms and

density

factor

X

Is

ns

bted from ASTM E284.

thm to the base 10 of the transmittance

subscript is the lower case Greek letter tau.

equations applicable todensity measurements are given in Table 1.

Table &~—'Terms and equations for density measurements

smitted flux to the absolute reference transmitted flux underthe/same geometrical and 4
easurement

ht passes through the specimen and.emerges from a surface other than that on wh

pectral

ich the

Term Equation Term Equation
. Py , ,
Transmittance T= > Transmittance density D,=-logyg7
[
Reflectance pP= % Reflectance density D,= —logqg p
[
. Dy . .
Transmittance factor T= Do Transmission density Dy =-log4gT
tA
¢I” . .
Reflectance factor R= @ Reflection density Dp=-logqoR
rA
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5 Instrument representation

Every instrument used to perform optical density measurements of a specimen typically has three
components:

— an

illuminator to project radiant flux onto the specimen,

— areference plane at which the specimen is placed, and

— areceiver to measure the radiant flux from the specimen.

These components are shown schematically in Figure 1 for a general instrument. The illuminator consists of a

source| for providing radiant flux, and a director, which directs the radiant flux from the-s
reference plane. Likewise, the receiver consists of a collector, which guides the radiant fluxfror

plane

the detector, which is a device that converts radiant flux into a measurable)signa

sourcep are incandescent and arc lamps, while examples of detectors are photodiodes and
tubes. [The central axes, marginal rays, and chief rays of the illuminator and réceiver are
Figure [1 as dashed, thin, and thick lines, respectively.

The illyminator and receiver are optical systems with aperture and field stops. These stops
illuminator and receiver beams, which are the collections of rays that can pass through the

images
central
the cer
respec

of the aperture stops as viewed from the reference plane are the pupils. The illumin
axis of the illuminator beam, and is usually the optical axis ©f the illuminator, although i
troid of the distribution of rays within the beam. The illuminator axis has an angle of il
to the normal of the reference plane. Likewise, the receiver axis is the central axis

beam and has an angle of observation (or viewing) with respect to the normal of the refere

interse
regiong

Ctions of the illuminator and receiver beams with the reference plane are the illuminat
, respectively.

burce onto the
h the reference
. Examples of
photomultiplier
also shown in

determine the
systems. The
tor axis is the
t could also be
umination with
of the receiver
ce plane. The
r and receiver

Sou

N O g WON -

director

rce

illuminator
receiver
detector
collector
reference plane

Figure 1 — A schematic representation of the three components of an instrument used for

densitometry (illuminator, reference plane, and receiver) and their parts
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The sampling aperture is the intersection of the illuminator and receiver regions. These two regions are
typically centred at the same location on the reference plane, so the smaller of the two is the sampling
aperture. The sampling aperture is the area of the specimen selected for measurement.

The geometrical and spectral properties of the illuminator determine the influx, which is the radiant flux
projected by the illuminator onto the reference plane. The efflux is the radiant flux collected by the receiver
from the reference plane. The incident flux is the influx on the sampling aperture, while the reflected or
transmitted flux is the efflux from the sampling aperture detected by the receiver. If the sampling aperture is
determined by the illuminator region, then the incident flux is equivalent to the influx, and the reflected or
transmitted flux is equivalent to the efflux. However, if the sampling aperture is determined by the receiver
region, then the incident flux is not equivalent to the influx, although the equivalence of the efflux to the
reflected or transmitted flux is unchanged.

6 Coordinate system

Since the components of the instrument are fixed in space, they define the coordinate system (for the
measurement.|The coordinate system for describing the geometric factors affecting optical transmissjon and
reflection measurements is given in Figure 2. The xy-plane is the reference plane, which is the plane in which
the front surfape of the specimen is placed for measurement. The origin of the ‘reference plane (O) is the
centre of the sampling aperture. The z-axis is perpendicular to the reference plane:

An arbitrary difection and its projection on the reference plane are also giveh in Figure 2, with anormal angle,

6, and azimut
negative z-axig
azimuthal ang
y-axis to the p
order. Angle 7
90°).

Subscripts for

“” for incid
“r” for reflg
“t” for tran

EXAMPLE

If the thicknesy

referred to a s¢condary‘coordinate system (x’, )/, Z/, 8’, nn’) having its origin (O) displaced a specified di

h, correspondi
defined in a co|

hal angle, 1. The anormal angle of incident and reflected- rays shall be measured fr|
, while the anormal angle of transmitted rays shall be measured from the positive z-ax
e of a ray is the angle in the xy-plane from the pasitive x-axis in the direction of the
ojection of the ray on the xy-plane. A direction is,specified by the coordinates 6 and 7
is less than 360°, and angle @is less than or ggual to 180° (and usually less than or g
he directional angles of rays correspond to the subscripts for fluxes, i.e.

ent;

cted;

smitted.

6 1y 6y

of the specimen needs to be considered, then the description of the efflux distribution

ng to.the thickness along the positive z-axis, such that x'=x, y' =y, 2/ =z - h; the ang
fresponding manner.

pm the
is. The
bositive
in that
qual to

may be
stance,
les are

In a system in which the sampling aperture moves relative to the specimen, the standard direction of motion of
the aperture shall be in the direction of the positive x-axis. Such a sampling aperture is called a “scanning

aperture”.
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7

Key
1 oridin (O)
2 z-cgmponent of incident flux

Figure 2 — Coordinate system for describing the geometric factors affecting transmission
and reflection measurements

7 Description of geometry

The dgscription of the geometry starts with the type of geometry, which applies to both the jlluminator and
receivgr and depends upon their-axes. The types of geometry are

— dinectional,
— anhular, and

— hemispherical.

For thg directional geometry, the axis has one fixed anormal angle and one fixed azimuthal|angle. For the
annular geometry, the axis has one fixed anormal angle and all azimuthal angles. For the hemispherical
geometry, there is no defined axis. Specific cases of the directional geometry are the circumferential
geometry, in which there are more than one discrete fixed azimuthal angles, and the uniplanar geometry, in
which the illuminator and receiver axes and the normal to the reference plane are in the same plane.

In many cases, the illuminator and receiver beams can be adequately described in terms of cones. Figure 3
(which is an extension of Figure 2) shows the coordinate system and necessary conventions. The half-angle
of a beam is designated x (using subscripts “i” for incident, “r” for reflected, and “t” for transmitted) and it is the
angle from the central axis of the beam to the edge with apex at the centre of the sampling aperture. For the
directional geometry, the half-angle is rotationally symmetric about the axis. For the annular geometry, the
half-angle is confined to the anormal direction. For the hemispherical geometry, there is no half-angle.

© 1SO 2009 — All rights reserved 7
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Figure 3—C

8 Functio

8.1

Functional not
depends. The

a specific case

Y(G; S: g; s
where

G isthe

S isthe

g isthe

s is the

The illuminato

separated by s

General

pordinate system and angular conventions for describing distributions in terms of

nal notation

htion provides a means of denoting the measured quantity, Y, and the parameters on

in parentheses as:

illuminator geometry;

spectral power distribution of the influx;
receiver geometry;

spectral responsivity of the receiver.

and eceiver functions are separated by a colon. The geometric and spectral conditi
emicolons. The geometric parameters introduced in 8.2 are separated by commas.

cones

vhich it

symbol for the quantity is followed by the symbols for the various parameters (or their values in

pns are

8.2 Geometric conditions

8.21

General

For both the illuminator and receiver, the geometric conditions are denoted by the type of geometry, the
direction of the axis, the cone half-angle, and the diameter of the region, ¢. A complete description of the
geometry with the functional notation includes all of these parameters. However, for ease of use and
comprehension, some of these parameters can be omitted from the functional notation and instead be
included in a text description of the geometry.

© 1SO 2009 — All rights
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8.2.2 Directional geometry

The minimum representation of the directional geometry using the functional notation is:

G=206, (incidence)
g=20, (reflection)
g=6; (transmission)

The complete representation of the directional geometry using the functional notation is:

G¥F 0, x;, n;, ¢; (incidence)
g% 6, k., N, ¢, (reflection)
g7 6y K, Ny, @y (transmission)

EXAMPLE 1 G =45°,5° 45°, 10 mm, where the anormal angle of the illuminator axis is 45°, the cone|half-angle of the
illuminagor is 5°, the azimuthal angle of the illuminator axis is 45°, and the diameter 6f the illuminator regiop is 10 mm.

For theg uniplanar geometry, the azimuthal angle, 7, is eliminated from-the representation.
EXAMPLE 2 G =45°,5°,10 mm.

For th¢ circumferential geometry, the suffix “c” is appended to the anormal angle, and| the minimum
represé¢ntation is:

Gf 6c (incidence)
gF6.cC (reflection)
gF 6 (transmission)

The complete representation of the-Circumferential geometry with n azimuthal angles is:
G¥E Hic, Ki, ﬂi—l, 77i2, ceny ﬂin, ¢)| (incidence)
gF 0,C, K, Ny N2y Ny @ (reflection)

gF 0C, Kty Miga Mz -1 My Pt (transmission)

EXAMPLE 3 a=45°c, 5°, 0°, 120°, 240°, 15 mm, where the anormal angle of the receiver axis is 45°| the geometry is
circumfgrential;the cone half-angle is 5°, there are three azimuthal angles at 0°, 120°, and 240°, and the diameter of the
receiver region is 15 mm.

8.2.3 Annular geometry

The annular geometry is denoted by the suffix “a” appended to the anormal angle, and the minimum
representation of the annular geometry using the functional notation is:

G=06a (incidence)
g=06a (reflection)
g=06a (transmission)

© 1SO 2009 — All rights reserved 9
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The complete representation of the annular geometry using the functional notation eliminates the azimuthal
angle and is:

G=064a, x;, ¢; (incidence)
g=0.a, k., ¢, (reflection)
g=0ia, ki, ¢;  (transmission)

EXAMPLE g =45°, 10°, 20 mm, where the anormal angle of the receiver axis is 45°, the geometry is annular, the
cone half-angle is 10°, and the diameter of the receiver region is 20 mm.

8.2.4 Hemispherical geometry
The hemisphefical geometry is denoted by a “d”, with a suffix “i” or “e” appended to indicate that'the specular
(regular) component of reflection (transmission) is included in, or excluded from, the imeasuremept. The
minimum reprgsentation of the hemispherical geometry using the functional notation is:
G=di, p,lorG=de, ¢; (incidence)
g=di, ¢, prg=de, ¢, (reflection)
g=di, ¢, prg=de, ¢, (transmission)
The complete fepresentation includes the directions and half-angles for which radiant flux is either not ihcident

upon the spedimen, or not collected from the specimen. These angles are denoted by the prefix |-’. The
complete reprdsentation of the hemispherical geometry using.the functional notation is:

G =di, g (incidence with the regular component of transmission included)
G=di, -8| -n,;, ¢, (incidence with the_specular component of reflection included)
G=de, -4, -n; ¢, (incidence/wjth the regular component of transmission excluded)

G=de, -4, -1, —1o, ¢; (incidence with the specular component of reflection excluded)

g=di, ¢, (transmission with the regular component of transmission included)
g=di,-6)-n., o, (reflection with the specular component of reflection included)
g=de, -6, =1y, v, (transmission with the regular component of transmission excluded)

g=de, -6, -1, -1, ¢, (reflection with the specular component of reflection excluded)

EXAMPLE G =de, -3°, -5°, —-10°, 10 mm, where the geometry of the illuminator is hemispherical, the specular
component of reflection is excluded from the measurement, and the specimen is not illuminated at anormal angles of 3°
with cone half-angles of 5° and 10°, and the illuminator region has a diameter of 10 mm.

A summary of the functional notations for the different geometric conditions is given in Table 2.

10 © ISO 2009 — Al rights reserved
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Table 2 — Functional notations for geometric conditions

Geometry Full functional notation Minimum functional notation

Directional 6 xn ¢ 0
Uniplanar o K @ 6
Circumferential 0c, 15 101, M2y s Ty @ gc
Annular fa, K, ¢ fa

Regular transmittance included |di, ¢ Di
Hemispherical Regular transmittance excluded | de, -6, -7, ¢ De

Specular reflectance included di, -6, -1 ¢ Di

Specular reflectance excluded |de, -6, -1, =172, @ De

8.3 $pectral conditions

8.3.1 [llluminator

The spectral power distribution of the influx is a function of the sourcé.and the optical elements|of the director.
Many gpectral power distributions of interest in photography and_graphic arts are satisfactorily fepresented by
distribytion temperatures in Kelvin. Others can be specified by symbols for certain standardized sources, such
as CIE|standard illuminant A, or fluorescent lamps such as F-11. If the influx is limited to a narrow wavelength
band, it may be denoted by its central wavelength. If otherspectral power distributions are Used, a symbol
shall b¢ assigned and the spectral power distribution shall be specified.

8.3.2 |Receiver

The spgctral responsivity of the receiver includes not only the responsivity of the detector, but also the optical

elemerits of the collector.

The spgctral responsivity can be denated by symbols for a standardized spectral responsivity fynction such as
v for |visual, “P2” for the standard sensitivity of commonly used photographic papers, “S-4” for a
photomultiplier tube, or other such designators. If the spectral responsivity is limited to a narrpw wavelength
band, it may be denoted by. its) central wavelength. The general symbol for such a narrow band is “I” (lower
case L). If other spectral_responsivity functions are to be used, a symbol shall be assigned apd the spectral

respongivity specified.

8.3.3 |Spectral product

The prpduct'of-the influx spectrum, S, and the spectral responsivity of the receiver, s, at each wavelength, is a

function of wavelength and is called the spectral product, 77, of the instrument.

In principle, if the object being measured or optical elements of the instrument do not fluoresce or otherwise
radiate, S and s can be allowed to deviate from the specified spectral functions, if the combination provides the
same spectral product as would be obtained with the two specified functions. A filter in the receiver might be
designed to compensate for a deviation of the influx spectrum from the specified function. Such deviation is
not generally permissible if appreciable fluorescence is found in the object or the optical components. If the
object is fluorescent, the measured value of modulation depends on the influx spectrum, which should not be
allowed to deviate from the specified spectral function.

© 1SO 2009 — All rights reserved
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8.4 Exampl

(E)

es of functional notation

8.4.1 The complete notation for transmittance density D (di, 5 mm; CIE A: 0°, 10°, 10 mm; 7) means that

— the incident geometry is hemispherical, is uniformly distributed at all angles over the hemisphere with the
regular component of transmittance included, and has an illuminator region with a diameter of 5 mm that

is the sam

pling aperture;

— the spectral power distribution is CIE standard illuminant A;

— the transmitted geometry is directional, with the receiver axis along the normal, a cone half-angle of 10°,

and a rece

iver rpginn with a diameter of 10 mm;

— the spectr
8.4.2 Thend

— the incide
5°, and an

— the spectr

bl responsivity is the photopic spectral luminous efficiency function.

illuminator region with a diameter of 20 mm;

bl power distribution is CIE standard illuminant A;

tation for reflectance factor R(45°a, 5°, 20 mm; CIE A: 0°, 5°, 15 mm; V) means that

\t geometry is annular, with an illuminator axis at anormal angle 45°, with.a cone half-gngle of

— the transmitted geometry is directional, with the receiver axis along:the normal, a cone half-anglg of 5°,

and a rece

— the spectr

iver region with a diameter of 15 mm that is the sampling.aperture;

bl responsivity is the photopic spectral luminous efficiency function.

12
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Annex A
(informative)

Terms and definitions used in other parts of ISO 5

A.1 General

The fo owing terms ana aermnitions, used In other parts or ISV o, dre listed nere 1or tne convyenience of the
user.

A.2 Tlerms and definitions used in other parts of ISO 5

A.21
certifigd reference material
CRM
reference material, accompanied by a certificate, one or more of whose property values arg certified by a
procedlre which establishes traceability to an accurate realization ©f the unit in which the propprty values are
expresed, and for which each certified value is accompanied by.an uncertainty at a stated leve] of confidence

NOTE Adapted from ISO Guide 30.
[ISO 544:2009, definition 3.1]

A.2.2
CIE standard illuminant A
Planck|an radiation at a temperature of approximately 2 856 K, as defined in ISO 11664-2

NOTE 1 The radiation of a gas-filled «coil tungsten filament lamp operated at a colour temperaturg of 2 856 K will
approxinate this spectral distribution, and-thus can serve as a practical realization of this standard illumingnt.

NOTE 2 It is important to note-the-distinction between an illuminant and a source. An illuminant is defiped by a table of
relative [spectral power distribution’ that might not be precisely realized in practice. A source is an objept that produces
radiant flux.

[ISO 543:2009, definition’3.1]

A.2.3
diffusipn coefficient

ﬂdc

measute_af the diffi Isivity of the illuminating or receiving system

NOTE See ISO 5-2:2009, Annex A.
[ISO 5-2:2009, definition 3.1]

A24

efflux spectrum

spectral power distribution of the radiant flux collected by the receiver from the reference plane

NOTE This is a function of the influx spectrum and the spectral reflectance or transmittance characteristics of the
standard or specimen.

[ISO 5-3:2009, definition 3.2]
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