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INTERNATIONAL STANDARD

1SO 5/4-1983 (E)

Photography — Density measurements —
Part 4: Geometric conditions for reflection density
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1 Scope and field of application
This part of 1ISO 5 specifies the, geometri¢ conditions for
measuring reflection density of photographic materials.

2 References

ISO 5/1, Photography-'=— Density measurements _:{,:art 1:
Terms, symbolsanid notations. )

U Thensiti oo swretidnts — Part 3:

Spectral canditions.2)

3. Definitions

3.1 reflectance factor (R): The ratio of the measured
reflected flux from the specimen, @, to the mtfasured reflected
flux from a perfect-reflecting and perfect-diffusing material,
% 4. located in place of the specimen.

R =

D,4

3.2 reflection density (or reflectance factof density3) (Dg):
The logarithm to the base 10 of the reciprocal ¢f the reflectance
factor, R.

1
Dp = logyg— = — logy g R
R 910 R 910

4 1S0 standard reflection density

-«

It is important to recognize that this International Standard
specifies that the surface behind the specimen shall be spec-
trally non-selective, diffuse-reflecting, and has an ISO reflec-
tion density above 1,50. Some reflection density standards
have generally specified backing materials with much lower
reflection density.

The spectral conditions for measuring reflection density are
described in Part 3 of this International Standard.

4.1 Influx and efflux geometry

Annular reflection measurements may be made with an annular
illuminator and a normal directional receiver, or a normal direc-
tional illuminator and an annular receiver. These modes shall be
known as the “annular influx mode” and the "“annular efflux
mode”’, respectively. The annular influx mode is illustrated in
the figure. The annular efflux mode would be illustrated by the
figure if the arrows showing flux direction were reversed.

1) At present at the stage of draft. (Revision of 1SO 5-1974 and ISO/DIS 6136.)

2) At present at the stage of draft. (Revision of 1ISO 5-1974.)

3) The International Commission on lllumination (CIE) proposes to designate the measurement referred to as ‘‘reflection density’ in this International

Standard as ‘‘Reflectance Factor Density”.
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Efflux

- Inﬂux/

These modes can bg described geometrically in terms of an an-
nular distribution gnd a normally directed distribution. The
distribution may be p distribution of radiance or a distribution of
sensitivity, dependihg on the mode. The distribution of sen-
sitivity includes the|effect of all of the optical components in
the receiver,

4.2 Sampling dperture

Geometric aspects pf the optical system of an instrument limit
the measurement fo a well-defined region of the specimen
plane, called the ‘qampling aperture’’. The sampling_aperture
shall be determined by the angular field of sensitivity of the
receiver. |f a mechgnical aperture is used in thé plane of the
specimen, its area ghall be greater than the sampling aperture,
and its boundary shpll lie at least 2 mm beyond-the boundary of
the sampling apertyre.

The sensitivity of the receiver to radiation from each point in
the sampling apertyire and its surreunding area should ideally
be constant from goint to point) within the sampling aperture
and zero at all poirjts in theSurrounding area. The sensitivity
may be measured by the fesponse of the receiver to a small
constant radiant sd urce placed at the dlfferent points in the
sampling aperture 3
have an area equal ta one- tenth ‘of the area of the samphng
aperture.

The response for any position of the source in the sampling
aperture shall be not less than 90 % of the maximum response.
The response for any position of this source in the surrounding
area shall be not greater than 0,1 % of the maximum response
obtained within the sampling aperture.

The maximum size of the sampling aperture depends on the
dimensions of the receiver optical system used for the measure-
ment of the reflectance factor or reflection density. The sam-
pling aperture may be any size for which the angular conditions
specified in 4.4 and 4.5 are satisfied for every point in the
sampling aperture, but not so small that granularity, specimen

Figure — Geometry of the annular influx mode

Specimen

texture and diffraction would have to be consideref. For non-
uniform specifens, the size of the sampling apertune should be
specified.

4.3 -Irradiated area

The irradiated area of the specimen shall be greatpr than the
sampling aperture, and its boundary shall lie at [east 2 mm
beyond the boundary of the sampling aperture. Ideally, the irra-
diance should be uniform over the irradiated area. The variation
of the irradiance shall be measured with a photodetgctor having
an aperture similar in shape to, but one quarter thelsize of, the
sampling aperture. The irradiance measured at any point in the
irradiated area shall be at least 90 % of the maximum value.
Lack of uniformity is immaterial when uniform spdcimens are
measured, but can be an important source qf error in
measurements on a non-uniform specimen.

4.4 Annular distribution

The angular distribution of influx radiance or the angular
distribution of sensitivity shall be at its maximum at 45° to the
normal to the sampllng aperture at the centre of the sampling

¢ -40° or:more
than S_Qf to. the normal ata qmt on the samplmg aperture.
The symbols. G or K, to‘k,z are used to represent this annular
distribution of the influx in functional notation as described in
ISO 5/1.

An influx distribution of this kind may be measured by placing a
small aperture in the specimen plane and measuring the flux
passing through the aperture in various directions, using a
detector of appropriate size and shape at a given distance.

A sensitivity distribution of this kind may be measured by
placing a small aperture in the specimen plane, irradiating it
with a constant source of appropriate size at a given distance,
moving the source about to irradiate the receiver at various
angles, and noting the corresponding response.
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If the reflection characteristics of the specimen do not depend
on the longitudinal angle of illumination or viewing, the
distribution need not be uniform around the annulus. However,
for some materials, such as those embossed to simulate the
surface texture of fabric, the measured density may depend on
the longitudinal orientation of the grain of the specimen with
respect to the instrument, if the annular illumination or sensing
is not uniformly distributed longitudinally. If the specimen is
rotated about the z-axis, in its own plane (x, y plane), and there
is no change in the measured value, the annular distribution is
sufficiently uniform in any longitudinal direction for such a
specimen.

ISO

4.7 Backing material

5/4-1983 (E)

This International Standard specifies that the specimen shall be
in contact with a backing material which is spectrally non-
selective and diffuse-reflecting and has an ISO reflection den-
sity above 1,50 {see annex A).

4.8 Reference standard

ISO reflection density is determined by using a perfect-
reflecting and perfect-diffusing material as a reference stan-
dard. Since such a perfect material does not exist, a reference

4.5 Normal|directional distribution

The angular distribution of influx radiance or the angular
distribution of pensitivity in the normally directed distribution
shall be at its maximum on the normal to the sampling aperture
at the centre of|the sampling aperture, and shall be negligible at
angles of morg than 5° from the normal, at any point on the
sampling apertuire. This distribution may be measured for either
mode by the nethods described in 4.4.

4.6 Stray flux

Stray flux shall pe reduced to a negligible amount by the use of
clean optical cgmponents, appropriate baffles, and by suitable
blackening surfaces exposed to the specimen in accordance
with good photometric practice.

material such as a check plaque or bariym

sulfate is often

used to maintain calibration. The density,-relation between
these and the perfect material shall be'kKnown and utilized in

determining ISO reflection densities: Densito
turers and national standardizinglaboratorie

meter manufac-
5 can generally

provide the ISO reflection density-of such refgrence materials.

5 Designation

Density values obtdined using the specificatigns given above

may be referred“to as "ISO standard refl
or simply “ISO reflection density”. In fun

ection density”’
ttional notation

they may be denoted as Dyp(40° to 50°; S:5°;s) or
Dy (5° S : 40° to 50° ; s) where S and s arg defined as the
spectial characteristics of the influx and thg¢ photodetector

system respectively.

The adjective defining the spectral condition should be inserted

before the word reflection (i.e., 1SO visual ref

ection density).
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Annex A

Backing material

(This annex does not form part of this standard.)

It is necessary to specify the characteristics of the material used behind a specimen when determining reflection density to
define unequivocally the measurement. For I1SO reflection density, the backing material shall be spectrally non-selective, diffuse-
reflecting, and have an I1ISO reflectlon densuty above 1,50. This choice was made to reduce readlng varlabrhty mtroduced by the back-
ing material. This is jmparta ] the backing sur-
face from the standpoint of spectral density, and phyS|caI requrrements are greatly reduced compared to using a low dengity surface.
It also permits the qalculation of absorption directly from density readings. This practice also provides density values)that correlate
well with the way most photographic prints are viewed; i.e., hand held with none of the transmitted light reflected.

It is recognized thal this would not generally be the case for prints that are mounted or viewed in atbums. Also, in the printing
industry, specimens|are often viewed by backing them with two layers of the same substrate. There is no-reason that ISO flensities of
a specimen consistifg of a combination of an image bearing material along with substrate cannot be read-together. However, precau-
tions shall be taken o identify the readings as being from the combination of the image layer and substrate and not the image layer by
itself.

Annex B

Reflectance density and reflection density

(This annex does not form(part of this standard.)

The need to specify accurately the geometric conditions for measuring either reflectance or reflectance factor cannot be over
emphasized.

Reflectance is defined as the ratio of the reflected)flux to the incident flux under specific geometric conditions of illumjnation and
viewing.

S

[4

Reflectance:|o = —
?;

Reflectance density: Dg s —log o

Reflectance can neyer be 'greater than one because no surface can reflect more light than is incident.

The reflectance fact
material under identical geometnc conditions of |Ilum|nat|on and viewing.

ct-diffusing

Reflectance factor: R = ——

Reflection density: Dp = —log R

To illustrate the difference between reflectance and reflectance factor, consider a glossy surface. Such a surface reflects much more
light at certain angles than a perfect-reflecting and perfect-diffusing material. Therefore, the reflectance factor can be much greater
than one for example when the angle of viewing is the angle of reflection for collimated incident light on a glossy surface.
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