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Foreword

ISO (the Internatignal Organization for Standardization) is a worldwide federation of
national standards|bodies (ISO member bodies). The work of developing International
Standards is carried out through ISO technical committees. Every member body
interested in a suljject for which a technical committee has been authorized has the
right to be represdnted on that committee. International organizations, governmental

and non-governmental, in liaison with ISO, also take part in the work.
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INTERNATIONAL STANDARD

I1ISO 6728-1983 (E)

Photagraphy — Camera lenses — Determination of|ISO

colour contribution index (1ISO/CCI)

0 Introduction

The overall colour balance of a photographic film camera image
depends on| the spectral characteristics of the film/process
combination] the illuminant, and the optical system.(These
three elements are made by a large number of manufacturers
throughout [the world, but are expected to .work inter-
changeably with one another to produce satisfactory pictures
either in the| form of transparencies or printsy For this reason
common stahdards or aims have to be established for products
and variabilily has to be tightly controlled.

This International Standard is coheerned with the optical com-
ponent of thg photographic systém which, in most cases, is the
lens. It descrjbes the spectralcharacteristics of an 1SO standard
camera lens |and a methed/for determining the contribution of
spectrally selective lenses’to the colour of the final camera film
image. The method;is based on the assumption that the film
will have thg spéoctral sensitivity of an average colour film and
be exposed fo“photographic daylight'” illumination. Spectral

values obtained through the use of this International Standard
cannot be compared to those obtained with| other methods
prior to 1980. The use of the notation 0/5/4 Tther than 5-0-1
should indicate the values are obtained by dising this Inter-
national Standard.

The annexes provide additional information or} this subject.

1 Scope and field of application

This International Standard describes a method for determining
and specifiying the contribution of camera lenses to the colour
of a photograph. The procedure can also be gpplied to other
optical elements in the camera.

2 References

1SO-B61—PRhotography—Density—measurements — Part 1:

transmittance values of an ISO standard camera lens are sug-
gested aims for lens manufacturers.

Previous to this International Standard, the colour contribution
of lenses was determined using the procedure based on den-
sity, while the procedure in this International Standard is based
on log transmittance. This International Standard also updates
the average spectral sensitivity values for the latest colour films.
For the above reasons, the colour contribution index (CCl)

1) At present at the stage of draft.
2) At present at the stage of draft. (Revision of ISO 3028-1974.)

Terms, symbols and notations for reflection and transmission
density. 1)

ISO 2239, Photography — Light sources for use in sen-
sitometric exposure — Simulation of the spectral distribution of
daylight.

ISO 3028, Photography — Camera flash — Determination of
IS0 spectral distribution index.2)
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CIE Publication No. 15 (E-1.3.1), Colorimetry, Official Recom-
mendations of the International Commission on lllumination.

3 Definitions

3.1 photographic response: The effective response of a
photographic film or paper to radiant flux. This can be
represented by the equation

considered in evaluating its colour contribution to the photo-
graphic result. This International Standard has been developed
on the assumption that the lens is the only element in the
optical system, since this is the case for most types of cameras.
If additional elements are used, the combined spectral effect of
all components has to be considered.

The spectral transmittance of the lens over the wavelength in-
terval to which the film involved has significant sensitivity has
to be determined. Monochromators providing bandwidths of
10 nm are required as well as an integrating sphere collector or

)

R= " setd)stnan T
A4

where
R is the|photographic response;
S; is thq spectral power distribution of the light
source;
T(A) is the| axial relative spectral transmittance of the

camefa lens (or optical system);
s(A) spectfal sensitivity of the camera film or paper;
A is the|wavelength;

Aqto A, is the wavelength region over which the photo-
graphic film or paper is sensitive.

amount of radiant| energy required at each wavelength to-pto-

3.2 spectral sIsitivity (of a film) : The reciprocal of the
duce a specified density in the final image.

3.3 weighted spectral sensitivity values_: Values ob-
tained by combin|ng the relative film sensitivity and relative
spectral power vallies for daylight to simplify the determination
of colour contribution index values.

3.4 colour contributiondindex (CCl): A three number
system which desgribes the-degree to which a lens is expected
to change the ovgrall colour of a photograph. relative to that
obtained with no leps.in the system.

[i5] equlvalent to measure the specErEl transmittance|of a lens.

4.2.1 1SO standard camera lens
The spectral transmittance characteristics of 57 typidal camera
lenses found in medium- and high-priced cameras|were de-
termined in a survey in 1979~ The average relative spectral

transmittance values are given-in table 1 and designated as
being those of the ISO standard camera lens.

4.3 Weighted spectral sensitivity values
4.3.1 llluminants

4.3.1.1 Photographic daylight

Most camera colour films are designed to produce optimum
results with ‘photographic daylight” illumination. The spectral
power distribution of daylight varies with the ti of day,
geographical location, and the orientation of the i{luminated
surface. Extensive radiometric measurements were| made for
five different conditions of daylight normally encountered. Data
corresponding to a correlated colour temperature ¢f 5 500 K
were selected as the most appropriate for photogfaphy and
designated as Dgg. This is the prevailing condition when the sun
is 40° above the horizon in a cloudless atmosphere (see
ISO 2239). The relative power distribution values for Dgg are
given in table 1 and used as a reference in this In
Standard.

43.1.2 Artifical illuminants

Blue flashbulbs and electronic flash units are normally designed

4 Method of test

4.1 Principle
The colour contribution index of a camera lens is calculated

from its spectral transmittance values and the weighted spec-
tral sensitivity values provided in this International Standard.

4.2 Lens transmittance values

The spectral transmittance of a camera’s imaging system, in-
cluding such elements as lenses, mirrors and filters, has to be

2

to produce the same photographic results as daylight even
though their relative power distribution may be different.

4.3.2 Spectral sensitivity of colour film

Some layers of colour film are primarily sensitive to blue light,
while others will have primary sensitivity in the green and red
regions. Since colour films differ in their relative spectral sen-
sitivity, the effective colour of a lens depends on the film used
for evaluation. During 1977, manufacturers worldwide were
requested to supply average spectral sensitivity data for their
daylight-type camera colour films used in pictorial photo-
graphy. Data from four manufacturers were received and
averaged. The average values are used as references in this
International Standard. Average spectral sensitivity values,
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Table 1 — Spectral data

Relative spectral .
Wavelength transmittance ;:::itt;::i::e:: ':;;:?;'::1’ )
of the ISO standard lens
(A) nm T () Dgs
350 0,00 28
360 0,07 31
370 0,23 34
380 0,42 33
390 0,80 38
400 0,74 61
410 0,83 69
420 0,88 72
430 0,91 68
440 0,94 86
450 0,95 98
460 0,97 100
470 0,98 100
480 0,98 103
490 0,99 98
500 0,99 101
510 1,00 101
520 1,00 100
530 1,00 104
540 1,00 102
550 1,00 103
560 1,00 - 100
570 1,00 97
580 1,00 98
590 0,99 9N
600 0,99 94
610 0,99 95
620 0,98 94
630 0,98 920
640 0,97 92
650 0,97 89
660 0,96 90
670 0,95 94
680 0,94 90
690 0,94 80
1) CIE Publication No. 15 (E-1.3.1).
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5(A), for the blue, green and red sensitive layers, each normal-
ized to a peak of 100, are given in table 2.

Table 2 — Average relative colour-film sensitivity (1)
(The sensitivity of each layer is normalized to a peak of 100.)

SglA)  is the relative spectral sensitivity of the blue sen-
sitive layers of average daylight-type colour film;

Aqyto A, is the wavelength region over which the blue
layers are sensitive.

4.3.3 Determination of weighted spectral sensitivity

Wavelength Blue Green Red Multiply the integrand by a constant Kg to make the blue
response equal to 100, i.e.;
(A) nm T (1) T (4) S A) A
- " Re= | KgDepa at = 100 03
360 5 A
370 12
380 26 equation (3) may be written :
390 49 1 .
)
410 87 1 4
- . } where Wg(A) = Kg Dgg 55 (4)
440 87 1 . .
The values of Wg(1) are called/weighted spectral $ensitivity
450 80 1 values of the blue sensitivelayers. Likewise, weighted values
460 68 1 for the green W(4) and red’ Wg(A) sensitive layers c@n also be
470 47 2 calculated by equating their photographic responses tp daylight
480 25 3 to 100. In other wotds, the weighting factors have bedn derived
490 n 6 so that the red, green, and blue responses are equal|when no
lens is in the system. The values for Wy, W, and Wj |are given
500 4 9 in table 3.
510 3 14
520 1 20
530 31 1 .
540 60 1 4.4 Photographic response using a lens
550 100 2 The photographic blue response of average colour film using
560 51 3 Dss, when a lens is included in the system, can be dgtermined
570 54 5 from the general equation :
580 39 7
590 1 12 Ay
Re= | mmwar ...
600 2 19 A
610 26 . . .
620 34 where (1) is the relative spectral transmittance of thg lens. For
630 54 discrete values of Wg(4) and t(A), the blue response hecomes :
640 83
Rg = X WglA)t(2) ...(6)
650 100
660 70 Likewise, Rg and Ry are determined.
670 17
680 2 NOTE — If alens is to be used with a specific film or group df films, the
spectral sensitivities of those products can, of course, Qe used to
determine the photographic response of a lens in that gpplication.

Since camera lenses vary primarily in transmittance pf shorter

value

The spectral characteristics of a lens can be evaluated in terms
of its total effect on the various layers of an average colour film.
The effect on the blue sensitive layers is referred to as the blue
photographic response to the lens. The relative blue photo-
graphic response of the average colour film to Dgg illumination
with no camera lens in the system, can be denoted as :

)
Blue photographic response : Rg = S Dgg sg(4) dA
‘ (2
where

Dgg is the relative spectral power distribution for Dgg;

wavelengths, differences in the spectral sensitivity of film in this region
are generally the most important in evaluating the effect of various
lenses on the colour of the resultant photograph.

4.5 Calculation of ISO colour contribution index
(1ISO/CCI)

The relative spectral transmittance values of a lens are multi-
plied by the weighted spectral sensitivity values for the blue,
green, and red sensitive layers in table 3. The total
photographic responses, Rg, Rg, and Ry are obtained by sum-
mation. Logyo response values are determined to two decimal
places. To simplify, make the smallest element of this three-
number designation equal to zero by subtracting it from all
three log values.
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Table 3 — Weighted spectral sensitivity values W (1)
(to be used with transmittance values)
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evaluated. These calculations are illustrated in the example
below :

Rg =89 logygRp = 1,95 gyptracting 0.00 multiplying 0

_ _ 1,95 from each value
Rg =99 logio Rg = 2,00 each value ' by 100 °
RR =97 |Qg10 RR = 1,99 giVes 0,04 gives 4

Colour Contribution Index = 0/5/4

This means the average colour film in Dgg illumination sees the
lens as providing more green (by 0,05 log R) and red layer (by

Wavelength :
Wg () Wg (4) Wg (A)
(1) nm
370 1
380 1
390
7
10
12
12
13
13
12
8
4 1
2 1
1 2
1 4
5
8
15
25 1
13 1
13 1
9 2
2 3
1 4
6
8
12
19
22
16
4
1

0,04 log R) response relative to the blue~tHan that obtained
with no lens in the system. In other weords, the lens would
produce pictures which were primarily-yellowy when compared
to those obtained with no lens present. An example showing all
the calculations is given in annéx A.

5 Tolerances for-CCI

When the weighted factors in table 3 ar¢ used with the
transmittance-values of the ISO standard famera lens, the
colour contrnibution index is 0/5/4 (see annex A for calcula-
tions).

Film;manufacturers generally establish aims|for daylight-type
¢alotr products based on the Dgg illuminant gnd a camera lens
having the spectral transmittance values given in table 1. If a
lens has characteristics significantly different from the 1SO
standard camera lens, the average picture produced from it
would be expected to be biased for colour balance. Such a lens

A further simplification occurs’if the decimal is eliminated by
muitiplying|by 100. The final reduction of the three-numbers is
called the |'Colour Céntribution Index’” for the particular lens

would also produce colour shifts if it were use
with lenses which are close to the standard|
transmittance. For this reason, it is recomn
used as an aim for the colour contribution

d interchangeably
lens for spectral
nended 0/5/4 be
index of camera

lenses (or optical imaging system). Suggested tolerances for

CClI are given in annex B.

6 Marking and labelling

The ISO colour contribution index of a camer,
using the method specified in this Internatio
be denoted in the form “/ISO/CCI 0/5/4".

lens determined
al Standard may
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Annex A

Example of the method used for calculating the colour contribution index
of a lens from transmittance measurements

(Relative spectral transmittance values of the ISO standard camera lens are used in this ei(ample)

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

Wavelength Relative transmittance
Wg Wgt Ws Wgt Wa Wit
(A) nm T
350 0,00
360 0,07
370 0,23 1 0,23
380 0,42 1 0,42
390 0,60 3 1,80
400 0,74 7 5,18
410 0,83 10 8,30
420 0,88 12 10,56
430 0,91 12 10,92
440 0,94 13 12,22
450 0,95 13 12,35
460 0,97 12 11,64
470 0,98 8 7,84 1 0,98
480 0,98 4 3,92 1 0,98
. 490 0,99 2 1,98 1 0,99
500 0,99 1 0,99 2 1,98
510 1,00 1 1,00 4 4,00
520 1,00 5 5,00
530 1,00 - 8 8,00
540 1,00 15 15,00
550 1,00 25 25,00 1 1,00
560 1,00 13 13,00 1 1,00
570 1,00 13 13,00 1 1,00
580 1,00 9 9,00 2 2,00
590 0,99 2 1,98 3 2,97
600 0,99 1 0,99 4 3,96
610 0,99 6 5,94
620 0,98 8 7,84
630 0,98 12 11,76
640 0,97 19 18,43
650 0,97 22 21,34
660 0,96 16 15,36
670 0,95 4 3,80
680 0,94 1 0,94
Wt 89,35 99,90 97,34
logy (ZEW 1) 1,95 2,00 1,99
Subtract 1,95 0,00 0,05 0,04
Multiplying by 100 0 5 4
Colour contribution index = 0/5/4
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Annex B

Recommended values for colour contribution index of camera lenses

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

The colour contribution index for an average ISO standard camera lens is 0/5/4. Ideally, all manufacturers should use this as an aim
point. As a guide, the following tolerances, for each value, are recommended :

Blue : 6 +3
Green ] 5 _(2)
Red : 4 i—;

A trilinear graph is a useful method for portraying CCl values. Plotting the above tolerances yields a hexagon within which CCl values
of lenses should fall (dotted lines in the figure). Index values should be plotted moving in the blue, green, and red ditections indicated
in the figurg (for example, for CCl 0/2/3, starting at the origin 0/0/0, move 0 unit in the blue direction, then 2 units ih the green direc-
tion, and from there, 3 units in the red direction).

Because the procedure for deriving CCl equates the smallest value to 0, it is not readily apparent whether a CCl is acceptable by com-
paring the yalues directly to the above tolerances. For example, in the case of 0/2/3, the green and red values do nat seem to comply
when compared directly to the tolerances. However, the plotted values indicate it falls within the hexagon. This ilbecause indexes

0/2/3 and |-2/0/1 (all values meet the tolerances) are equivalent and plot in the same location since they only differ because of a
neutral shiff (—2/ -2/ —2). Therefore, it is recommended that CCl indexes be plotted on a trilinear graph to determine if they.comply
with the tolerances.
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Figure — Trilinear graph
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