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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
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, RPart 2.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting)yPublication jas an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shill not be held responsible for identifying any or all such patent rights.

ISO 9848 wag prepared by Technical Committee ISO/TC 42, Photography:

This second gdition cancels and replaces the first edition (ISO 9848:1993), which has been technically re¢vised.
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ISO9

Introduction

848:2003(E)

This International Standard describes the method for determining the ISO speed and ISO average gradient of
camera negative microfiims exposed with an incandescent tungsten source at a distribution temperature of

2 650 K £ 100 K (to simulate “undervolted” photoflood).

The 1SO speed and ISO average gradient determined by applying this International Standard are for

film/pocess systems, not just the film alone. The sensitometric characteristics of microfilm are
pcess conditions (developer, time, temperature, agitation, etc.) and some films will pfoyig
$ only in specific processes. Therefore, process conditions are not specifiedcin-this
rd. They should be specified when the sensitometric values are quoted in manufacturer
¢ proper interpretation.

Becayse of “reciprocity law failure”, it is desirable to specify the exposure time used when quoti
and I$0O average gradient values to ensure proper interpretation. Source document microfilmin
not hgve a “standard” exposure time. The exposure time used in evaluating the sensitometric ¢
of the|film should be the same as that for which the film is intended tg,be’used. The alternative

one ekposure time in this International Standard could be misleading)if the film produces othef

“end yse” exposure time. If the film is used in a variety of applications, speed and contrast valueg
exposure times may be helpful to the user. Typical light sources: for microfilms include tungstg
fluoregcent. Since xenon and fluorescent sources are not yet standardized they are not in
Interngtional Standard, but will be incorporated in the dectment when standardized. Due to s
differgnces, ISO values determined by using tungsten sensitometric exposure cannot be used fqg
wherd fluorescent or xenon illumination are used.

ective density of film images depends onthe geometry of the optical system in which t
Many|source document microfilms are used(as “masters” for producing copies by contact pri
requir|ng diffuse density measurements. When film is viewed on a microfilm “reader”, projection
is mote appropriate. Since the more critical end use is the former, this International Standard sp
density.

Spectfal conditions of the density-measurement must also be specified. Printing density char
deperldent upon the spectral Sensitivity of the print flm chosen for use as well as the sp
distribution of the printingdight source. These parameters are determined by “end use” system
Since[no standard printing conditions have been agreed to or defined in this document, the U
density is precluded and visual density measurements will, therefore, be used as a compromise.

The speed point\density (1,20 above minimum density) was selected as a compromise of the
background densities. Since microfilms have medium to high average gradients, exposure lat

dependent on
e satisfactory

International
s literature to

ng 1ISO speed
j cameras do
haracteristics
of using only
results at its
at a range of
n, xenon and
tluded in this
bectral output
r applications

hey are used.
nting, thereby
densitometry
ecifies diffuse

hcteristics are
ectral energy
requirements.
se of printing

proper image
tude is rather
initial testing.
Xxposures and

slates the line

density to the background denS|ty This measurement correlates with the visual appearance of the recorded
image and should aid users in selecting the best film for their application. This International Standard is
concerned primarily with the evaluation of a few characteristics of source document microfiims that are
especially important in using the product. Therefore, the test method, sensitometric criteria and sampling
procedures can prove inadequate for controlling quality in a film manufacturing operation. Since speed and
contrast vary greatly depending on exposure time, illuminant quality and process conditions, it is important for
the user to consult the film manufacturer regarding the film and sensitometric characteristics that fit their

application.
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INTERNATIONAL STANDARD

ISO 9848:2003(E)

Photography — Source document microfilms — Determination

of ISO speed and ISO average gradient

1 cope

This Ipternational Standard specifies a method for determining the 1ISO speed and ISO~avera
black{and-white camera negative photographic films used for first generation microfilmi
documents at exposure times typically found with tungsten sources. These sourge’document
handwritten or printed alphanumeric and line documents such as boQks; periodica
corregpondence, and engineering drawings. The value-rating system described in this Internati
is only useful to the consumer if his exposure illumination is from an incandescent tungst

e gradient of
g of source
5 include any
Is, business
bnal Standard
BN source as

descriped in 5.3.3. It is not intended to include pictorial or continuous tone reproduction, computer output

microfilm (COM), reversal processed or direct positive films or other films exposed by non-tun
such as laser or cathode ray tube.

The |
intend

S50 speed and ISO average gradient values obtained- by applying this International
ed for practical use in comparing film/process combinations and for computing exposures.

2 Normative references

The fpllowing referenced documents are indispensable for the application of this docume
referepces, only the edition cited applies~"For undated references, the latest edition of th
document (including any amendments) appliés.

ISO 5

ISO 513, Photography — Density)measurements — Part 3: Spectral conditions

ISO 5p4, Standard atmospheres for conditioning and/or testing — Specifications

ISO 6§28, Photography — Camera lenses — Determination of ISO colour contribution index (I1S(

3 Tlerms-and definitions

jsten sources

Standard are

ht. For dated
e referenced

2, Photography — Density measurements — Part 2: Geometric conditions for transmission density

D/CCl)

For the_purposes of this document, the following terms and definitions apply

31

speed

quantitative measure of the response of the photographic material to radiant energy for
conditions of exposure, processing, density measurement and analysis

3.2

exposure

H

time integral of illuminance measured on the plane of the film surface

NOTE 1
“luminous exposure” is simply referred to as “exposure”.

© 1SO 2003 — Al rights reserved
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NOTE 2

NOTE 3

3.3

Exposure is measured in lux seconds.

Exposure is often expressed in log, o/ units.

average gradient

G

slope of a line drawn between two specified points on the sensitometric curve

3.4

minimum density

Dmin
minimum den
with the samp

4 Sampli

In determinin
evaluated yi¢g
periodically u
be stored acg
at which the
calibration of
above is to er

5 Testm

5.1 Princij

Samples are

obtained from
determine 1S¢

5.2 Safelig

To eliminate t
in complete d

5.3 Expos|

5.3.1 Samp|

Sity value obtainable from an unexposed sample of the same product processed simultan
le exposed for determining the sensitometric curve

hg and storage
g the ISO speed and ISO average gradient of a product, it is jmpertant that the sa
nder the conditions specified in this International Standard. Priorto evaluation, the sample
ording to the manufacturer's recommendations for a length of\time to simulate the averag
broduct is normally used. Several independent evaluations shall be made to ensure the

equipment and processes. The basic objective in selecting and storing samples as des
sure the film characteristics are representative of those obtained by a user at the time of u

bthod

Dle

exposed and processed as specified in 5.3 and 5.4, respectively. Density measuremen
the resultant images to produce a sensitometric curve from which values are taken and u
D speed and ISO average gradient. See Figure 1.

hts

Arkness during)sensitometric exposing and processing.

ure

bously

mples

Id the average results obtained by users. This requires evaluating several different batches

5 shall
e age
broper
cribed
5e.

ts are
sed to

he possibility of safelight illumination affecting the sensitometric results, all films shall be handled

ring conditions

During exposure, the samples shall be at a temperature of 23 °C + 2 °C and a relative humidity of (50 + 5) %.

See ISO 554.

5.3.2 Type of sensitometer

The sensitom

eter shall be a non-intermittent, illuminance-scale type.

© ISO 2003 — Al rights reserved
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1,2

logqoH,, logioH

Key
X log@,of, lux seconds

Y ISP standard visual diffuse transmission density

1 average gradient
2 minimum density

Figure 1 — Sensitometric curve

5.3.3 Radiant energy quality

ISO speed shall be determined using an incandescent tungsten source at a distribution temperature of
2650 K+ 100 K (to simulate “undervolted” photoflood) as modified by the spectral transmittance of the
standard camera lens as described in ISO 6728. Speed and average gradient determined for other illuminants
will be different.

ISO speed shall be specified for use without a filter in front of the camera lens. If film is used with colour

filtration in front of the camera lens, an “equivalent” speed number can be used to determine the exposure of
the film with that filtration. ISO speed does not apply to the filtered condition.

© 1SO 2003 — Al rights reserved 3
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5.3.4 Modulation

The total range of spectral diffuse transmission density of each area of the light modulator throughout the
wavelength interval from 400 nm to 700 nm shall not exceed 5 % of the average density obtained over the
same interval or 0,03 density, whichever is greater. In the interval from 360 nm to 400 nm, 10 % of this same
average density, or 0,06 density, whichever is greater, is acceptable.

If a stepped increment modulator is used, the base 10 logarithm of the exposure increment shall not be
greater than 0,15. The width and length of a single step shall be adequate to obtain a uniform density within
the reading aperture specified for densitometry. If a continuous variable modulator is used, the change of
exposure with distance along the test strip shall be uniform and shall not be greater than 0,02 logoH per
millimetre.

5.3.5 Expogure time

ped of
ed for

The exposurg
the film can ﬂ:

determining t
5.4 Processing

time shall correspond with the usage practice for the particular film tested. Sin¢e the sp
e dependent on exposure time because of reciprocity law failure, the expgsure time us|
e IS0 speed shall be specified.

5.4.1 Conditioning of samples
In the time int
humidity of (§
exposure.

erval between exposure and processing, the samples shatlbe kept at 23 °C + 2 °C and a relative
0 £+ 5) %. The processing shall be completed in not less than 3 h and not more than 4 hh after

5.4.2 Processing specifications

No processin
chemicals an
the film whe
characteristic
others who q
procedure us
sensitometric
significantly.

should be aw

) specifications are described in this Interfational Standard in recognition of the wide ra
| equipment used. The ISO speed values provided by film manufacturers will generally aj
h it is processed in accordance with their recommendations to produce the photog
5 specified for the process. Process information shall be available from film manufactun
jote 1ISO speed. This shall specify the chemicals, time, temperatures, agitation equipme
ed for each of the processing steps and any additional information required to obta
results described. The values for speed obtained using various processing procedures car
Although different speeds for a particular film can be achieved by varying the process, th
bre that other sensjtometric and physical changes can also accompany the speed changes

5.5 Densitometry

ISO standarg
densitometer

visual_diffuse transmission density of the processed images shall be measured us
complying with the geometric conditions specified in ISO 5-2 and spectral conditions spec

nge of
ply to
raphic
ers or
ht and
n the
differ
b user

ing a
fied in

ISO 5-3. Reafings shall be taken at least 1 mm from the edge of the exposed areas.

5.6 Evaluation

5.6.1

Sensitometric curve

The ISO standard visual diffuse transmission density values are plotted against the base 10 logarithm of the
corresponding exposure (H) expressed in lux seconds, to obtain a sensitometric curve similar to that
illustrated in Figure 1.

5.6.2 Minimum density

The minimum density shall be determined from an unexposed film sample, which is processed simultaneously
with the sample exposed for determining the sensitometric curve.

© ISO 2003 — Al rights reserved
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5.6.3 Determination of raw speed and raw average gradient

The method for determining raw speed and raw average gradient is illustrated in Figure 1. Raw speed is
determined at point m, which is located on the curve at a density of 1,20 above minimum density. Raw
average gradient is the slope of the line joining point m and point n, which is located on the curve at a density
of 0,10 above the minimum density. The exposures required to produce the densities at m and n are
designated H,,, and H,, respectively.

6 Product classification

6.1 [(ISO speed

6.1.1 | ISO speed scale

The 1$0 speed scale given in Table 1 was generated to include values of typical product samples whose raw
speeds are derived from the following equation:

=5 (1)
wherg

S is the raw arithmetic speed,;

H,, isthe exposure required to produce a density of 1,20 above minimum density.

6.1.2 | ISO speed of a sample

ISO speed shall be obtained directly from_lag;q/,,, by use of Table 1, which rounds the raw spegd value. The
ISO speed values shall be preceded by the capital letter “M”, to indicate the speed was determined by this
Interngtional Standard and not by some other speed standard.

For uge with cameras provided\ with automatic exposure control through variable shutter speed, i.e. AE
cameras, the speed values obtained through the above formula should be divided by the factor § and rounded
speed values then obtained from Table 1. See Annex A.

6.1.3 | ISO speed ofayproduct

The 1$0 speed-efia@ product (as distinguished from that of a specific sample) shall be based on [the arithmetic
mean|of the logarithms of exposures, log4y/,,,, determined from various batches of the product when selected,
stored and tested as specified in this International Standard.

The |< O=<$neead-of a3 nroduct Owith nranerroundinalis-then-determined - from-that mean-bhvusae-of able 1
~ 154 oo A=l ANARALIEN SR d SA AR A LA LLEM. I LA AR LA AR B A=A AR R LLIL A=A~ B T Ot T ToaT T oy oo oTt -

6.2 ISO average gradient

6.2.1 ISO average gradient scale

The ISO average gradient scale given in Table 2 was generated to include values of typical product samples
whose raw average gradients were derived from the following formula:

1,20 - 0,10 1,10

G = -
log1oH m —log49Hpn 10g949H m —10g919H

(2)

© 1SO 2003 — Al rights reserved 5
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where
G is the raw average gradient of a sample;

H

m is the exposure required to produce a density of 1,20 above minimum density;

H, s the exposure required to produce a density of 0,10 above minimum density.

Table 1 — ISO speed

LogrHn 1SO-speed
from to Arithmetic
-1,90 -1,81 M 3 200
-1,80 -1,71 M 2 500
-1,70 -1,61 M 2 000
-1,60 -1,51 M 1600
-1,50 -1,41 M 1250
-1,40 -1,31 M 1000
-1,30 -1,21 M 800
-1,20 -1,1 M 640
-1,10 -1,01 M 500
-1,00 -0,91 M 400
-0,90 -0,81 M 320
-0,80 -0,71 M 250
-0,70 -0,61 M 200
-0,60 -0,51 M 160
-0,50 -0,41 M 125
-0,40 -0,31 M 100
-0,30 0,21 M 80
-0,20 ~0,1 M 64
-0,10 -0,01 M 50
0,00 0,09 M 40
0,10 0,19 M 32
0,20 0,29 M 25
0,30 0,39 M 20
0,40 0,49 M 16
0,50 0,59 M12
0;60 0,69 M 10
0,70 0,79 M 8
0,80 0,89 M 6

6.2.2 SO average gradient of a sample

ISO average gradient of a sample (with proper rounding) shall be obtained directly from the value of
(log4oHy, — log4oH,,) for the sample by use of Table 2. The ISO average gradient values shall be preceded by
the capital letter “G” (e.g. G 1,6).

6.2.3 ISO average gradient of a product
The average gradient of a product (as distinguished from that of a specific sample) shall be determined from

the arithmetic mean of (log4¢H,, — log4o/,) values for various batches of the product when they are selected,
stored and tested as specified in this International Standard.

6 © ISO 2003 — Al rights reserved
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