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A high-end drum film digitiser (Tango, Germany) and a calibrated linear microdensitometer developed by PTB were used to
assess the modulation transfer function (MTF) and the noise power spectra (NPS) of 3 mammographic screen film systems at
optical density levels of 0.8, 1.5 and 2.5. The use of a drum scanner to assess MTF and NPS data appears to be adequate but
requires an appropriate characterisation of the scanner to verify its internal noise level and its MTF. It is further necessary to
calibrate the scanner output in terms of visual diffuse optical densities. Processing of two-dimensional digital data of grating
images need to be more strictly defined for accurate MTF measurements of screen-film systems. Nevertheless, even now it
seems to be feasible to use commercially available high-end and well calibrated scanners to assess screen film systems. This is
especially important for quality assurance purposes because important parameters of screen film systems such like MTF and
NPS can now be determined without using sophisticated microdensitometers which are not commercially available.

INTRODUCTION

Film digitisers are becoming increasingly common in
medical environments because they produce data
offering important advantages such as image hand-
ling, image transfer and image archiving over films.
One field where the quantitative evaluation of film
radiographs is important is radiation therapy, where
films can be used for dosimetry. Film digitisers can also
potentially be used as microdensitometers to assess the
modulation transfer function (MTF) or Wiener spec-
tra of films. In such a context, it is essential that tests
are applied to characterise film digitisers in order for
check their adequacy for the intended uses(1–5).

In the framework of the fourth research pro-
gramme funded by the Commission of the European
Communities (CEC), a set of tests were proposed to
characterise film digitiser performances(6). The aim
of this work was to verify if—after having fully
characterised a commercially available drum film
digitiser—one could measure MTF and noise
power spectra (NPS) of mammographic films with
a reasonable precision.

MATERIALS AND METHODS

Drum scanner

A high-end drum film scanner (output linear in
transmittance—12 bits, type: Tango, Heidelberger
Druckmaschinen, Germany) was used in this study.
The characteristics of the drum film digitiser have
been previously published(6,7). The spatial resolution
of the system was assessed using a test film (Sine
Patterns, USA)(8) where sinusoidal modulations

have been printed in the range of 0.375–80 mm�1(9).
Figure 1 shows the MTF obtained in the vertical
direction when using the test film pattern. It appears
that for this type of film, the MTF remains >70% at
spatial frequencies <35 mm�1. This data set will be
used to correct the MTF measurements performed
on the different mammographic screen-film systems
involved in this study.

The noise characterisation of the drum scanner was
performed at different optical density levels using a set
of double-sided radiochromic films (Gafchromic MD/
55; Nuclear Associate, USA). Variation of the optical
density levels of the radiochromic film were produced
by irradiating the film at different dose levels on a
conventional 60Co radiotherapy unit. The NPS data
were determined by digitising the films with a spot
size of about 16 mm and a reading pitch of 2541 dpi
(dots or samples per inch). A matrix of 2048 pixels �
2048 pixels was acquired and Fourier-transformed
after having subtracted the dc part of the optical
density. Figure 2 presents the NPS obtained when
digitising a radiochromic film having an optical dens-
ity of 1.6. From the nature of this type of film (no
silver halide crystals) it is expected that its NPS is
considerably lower than the NPS of radiographic
films (Results and discussion). These measurements
can be used to estimate the upper level of the extra
noise coming from the drum scanner.

Microdensitometer

The microdensitometer used in this study has been
developed by PTB and was especially designed to
assess radiographic films. A picture of this device
is shown in Figure 3. The film sample is positioned
on a high-precision x–y translation stage. The
actual film position is measured with linear encoders
with sub-micrometer precision. An illuminated slit�Corresponding author: Francis.Verdun@chuv.ch
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(15 mm wide and 8 mm long) is imaged onto the
film with a high-end objective lens with unity
magnification.

While the film sample moves perpendicular to the
slit, a specially designed, very low noise light detector
collects the transmitted light. Care was taken to meet
the spectral requirements for the measurement of
visual densities according to ISO 5-3. The transmit-
ted light is, in general, spatially distributed within
the half sphere due to scatter effects. The light
collection efficiency is almost uniform with regard
to the spatial direction: the Callier quotient of the
microdensitometer is about 1.02 (Figure 4), which
shows for a medical X-ray film the relationship
between the measured microdensities and the

macroscopic diffuse optical densities (measured
according to ISO 5-2 and ISO 5-3). The microdens-
itometer can thus be regarded as a ‘linear microdens-
itometer’. This is an important prerequisite to
correct measured MTF and NPS data of film sam-
ples for the MTF of the microdensitometer.

The MTF of the microdensitometer is determined
by the width of the scanning slit and the numeri-
cal aperture of the lens is used to image the scanning
slit. Figure 5 shows the measured MTF of the
microdensitometer. The extra noise added by the
microdensitometer to sample signals increases with
the density of the samples: the NPS of the
microdensitometer is <0.005 mm2 for densities <2
and reaches 0.5 mm2 for a density of 3. It is thus

0 5 10 15 20 25 30

Spatial Frequency in mm-1

0.1

1

10

100

N
P

S
 µ

m
2

Figure 2. NPS of the drum scanner measured using an almost noise-less radiochromic film at an optical density level
of 1.6. The acquisitions were performed using a scanner spot size of �16 mm and a digitising pitch of 2541 dpi.
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Figure 1. MTF of the drum scanner measured using the Sine Patterns test film in the vertical direction with a scanner spot
size of �16 mm and a digitising pitch of 2541 dpi.
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smaller than the NPS of typical film samples by
more than two orders of magnitudes and can thus
be neglected.

Film screen systems

Three mammographic screen-film systems
(Fuji AD-M, Kodak Min R 2190 film with MinR

2000 and MinR screens) were involved in the com-
parison. The films have been acquired using a home
designed measurement bench, which allows the vari-
ation of the distance between the focal spot and the
image detector in a wide range (i.e. from 0.5 to 6.0
m) to measure the sensitometric (or density) curve of
the screen-film system, i.e. the response of the system
to air kerma variations. Air kerma measurements
have been performed using a Radcal Dosemeter
connected to a 10X5-6M (6 cm3, Radcal, Monrovia,
USA) traceable to the Swiss Federal Office of
Metrology (METAS).
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Figure 4. Linearity of the microdensitometer of PTB:
Microdensity vs. visual diffuse optical density measured

according to ISO 5-2 and ISO 5-3.

Figure 3. Picture of the reference microdensitometer of PTB used in this study.
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Figure 5. Measured MTF of the microdensitometer.
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The films have been exposed using a Toshiba
mammography unit using a high voltage value of
28 kV with an Mo–Mo anode filter combination.
According to the standard ISO 9231-3, an additional
filter of 2.1 mm Al (99.9% purity) was placed in the
beam in order to obtain a beam HVL equal to
0.63� 0.02 mm eq. Al. Film processing was
performed using a Kodak M35 system with a total
processing time of 90 s (35�C, using a Kodak chem-
istry). Film processing was controlled according to
the German standard DIN V 6868-55.

The films required to assess the MTF were expo-
sed using a copper resolution test pattern containing
the following square wave spatial frequencies:

0.025–20 mm�1. The processed films were measured
with the drum scanner and the microdensitometer.
The microdensitometer signals were evaluated by
means of a grating analysis method similar to the
method described in the German standard DIN
6867-2, which was originally developed to
determine the MTF of general purpose screen-film
systems. The MTF results were corrected for the
MTF of the microdensitometer. The processed
films were scanned with the drum scanner and the
digital image data were evaluated by applying the
Coltman method(10).

For each screen-film system, uniformly exposed
areas at optical densities 0.8, 1.5 and 2.5 were
prepared to estimate the NPS. From the microdens-
itometer scans one-dimensional NPS data were
extracted using a data processing algorithm
described elsewhere(11). The image data obtained
with the scanner were evaluated as described in
Drum scanner sub-section.

RESULTS AND DISCUSSION

Figure 6 shows the sensitometric curve of the Kodak
Min-R 2000–Min-R 2190 system. For each of the
systems involved in the study, such a density curve
was established. The data obtained were systematic-
ally in good agreement with the data provided by the
manufacturers. These sensitometric curves have been
used to convert optical density values into air kerma
values in the process of MTF evaluation.

Figure 7 shows, as an example, the comparison
between the MTFs for the Kodak Min-R 2000–
Min-R 2190 system. The MTFs were obtained from
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Figure 6. Density curve of the Kodak Min-R 2000–Min-R
2190 system required for the MTF calculation of the

system.
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Figure 7. Comparison of the MTF of the Kodak Min-R 2000–Min-R 2190 obtained at PTB by means of a
microdensitometer with the one obtained using the drum film scanner involved in the study. Data provided by the

manufacturer are also shown.
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the same set of films with a microdensitometer and
a film drum digitiser. The data provided by the
manufacturer, as far as available, have also been
added to Figure 7. The first MTF assessment using

the drum film digitiser was performed without a
proper calibration of the scanner with respect
to visual diffuse optical density. This introduced
relative differences of 5–8% between the
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Figure 8. Comparison of the NPS of the Kodak Min-R 2000–Min-R 2190 obtained at PTB by means of a
microdensitometer with the one obtained using the drum film scanner involved in the study (a) at an optical density

level of 0.8; (b) at an optical density level of 1.5 and (c) at an optical density level of 2.5.
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two techniques. After proper calibration of the
drum film digitiser with respect to visual diffuse
optical density and after consideration of the
scanner MTF a much better agreement of �3%
has been systematically achieved. In spite of the
good agreement between the two techniques, it
appeared that the drum film digitiser systematic-
ally tends to slightly overestimate the MTF. This
phenomenon might be due to the fact that differ-
ent light scatter properties between the film used
to assess the MTF of the drum film digitiser (and
used for data deconvolution) and the mammo-
graphic films might exist (i.e. thickness, colour,
material, etc ).

Figure 8a–c present the NPS for Kodak Min-R
2190 screen with the films Kodak Min R 2000 for 3
different optical densities (0.8, 1.5 and 2.5). The res-
ults show that the internal noise of the scanner,
assessed by means of a radiochromic film is about
one order of magnitude lower than the noise meas-
ured on the X-ray films, comparing with Figure 2.
One can thus estimate that the noise level added by
the scanner is <10%. The differences between the
results obtained with the drum scanner and the
microdensitometer are in the range of �10–20%, in
the interesting range of spatial frequency (i.e. up
to 20 mm�1), when dealing with relatively low
optical density levels (i.e. up to optical density of
�1.5). One has to notice that this relative difference
increases significantly (in the range of 30–40%
for spatial frequencies of up to 20 mm�1) when
dealing with optical density value >2.0 (Figure 8c).
A noticeable deviation between the results pro-
vided by the reference microdensitometer and the
drum film digitiser appears to be >20 mm�1

(Figure 8a–c). However, this range of spatial fre-
quencies is of marginal interest in the field of dia-
gnostic radiology.

CONCLUSIONS

The use of a drum scanner to assess MTF and NPS
data appears to be adequate but requires an appro-
priate characterisation of the scanner to verify its
internal noise level and assess its MTF. It is further
necessary to calibrate the scanner output in terms of
visual diffuse optical densities. From the good agree-
ment obtained for the three screen film system tested

in the framework of the study, it seems feasible to
use commercially available high-end and well calib-
rated scanners to assess screen-film systems, e.g. for
quality assurance purposes.
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