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PROGRAMME

TUESDAY MORNING

Chairman Mr R, J, Hercock

9.30 am. Information Loss in Medical Radio-

graphy
B. KRATY, llford Ltd.

Information losses at all stages of the medical X-ray
system are reviewed with particular regard to the influence
of the photographic material and intensifying screens.
Following a discussion of exposure conditions, the de-
gradation of the aerial image is analysed by the evaluation
of the system modulation transfer functions. The intro-
duction of noise at low spatial frequencies by the screens
and processing is demonstrated. The results are combined
to produce a single performance factor to enable objective
comparisons between radiographic systems to be made.

10.15 a.m, The Application of Information Theory
to Photography

A. E. SAUNDERS, Kodak Ltd.

Two methods of estimating the information capacity of
photographic layers have been described. The first involves
the division of the layer into “cells”, each of which may
take one of a set of distinguishable density levels, while the
sccond involves the use of sine-waves. It has been claimed
that the second method is superior, owing to the absence
o( “intersymbol interference” and the fact that both the
Wiener spectrum of granularity and the spread function
are explicitly contained in the formula for information
capacity. The purpose of this contribution is to analyse
these claims.

11.15 a.m. Modulation Transfer Function and
Wiener Spectra Measurements of Films
Exposed to X-rays

R. HALMSHAW, R.A.R.D.E.

Measurements on a range of different emulsions, using
a very wide range of X-rays from about 50 kV to 5 MV,
are described and related to experimental measurements
of detail sensitivity on radiographs. A film quality index
using these measurements is proposed. The quality indices
obtained depend markedly on the range of frequency
values considered in the integration, which in turn depends
on the frequency limits of the MTF of the eye of the film
reader, and the MTF of the object detai' heing considered.

11.45 a.m. The Photographic Process as a Photon
Counting Device

R. SHAW, CI.B.A. — Geigy Photo-
chemical

In the study of photography at low light levels it can
be instructive to consider the photographic process simply
asa photon counter, Itis then straightforward, for example,
to make the necessary space-time transforms between
time-integrating photo-detectors of the photographic type
and time-varying photo-detectors of the photo-electric
type. In this way, it is possible to proceed to systems-
optimisation without the confusions which may arise when
using criteria based on photographic density. Practical
examples are given to illustrate the relative merits of the
noise-equivalent number of quanta, the detective-quantum-
efficiency, and the photographic gamma-to-sigma ratio.

TUESDAY AFTERNOON

2.15 p.m. Detail Perceptibility in Medical and
Industrial Radiography

M. de BELDER, Agfa-Gevaert N. V.

This paper deals with recent advances in subjective
evaluation methods for radiographic systems, and their
correlation to the physical characteristics of the sysiesss -

bz D, RV ICeHEER LI,

2.45 p.m. Some Aspects of the Relationship
Between Grain Size and Granularity

H. COLMAN, H. F. MALLINDER,
Ilford Ltd.

Measurements of the relationship between granularity
and density for a range of uniform mono-sized photo-
graphic emulsions, developed to give compact uniform
grains, are compared. These results, which confirm the
lincar relationship proposed by Siedentopf, are used to
derive an effective grain size. Differences between the
geometric size of the grains and their effective size are
considered. The effect of granularity on the information
capacity of emulsions with different crystal size is con-
sidered.

3.45 p.m. Optical Spatial Filtering of Radiographs

R. J. NEVILLE, M. J. FITZGERALD,
Kodak Ltd.

The frequency content of a photographic image can be
considerably modified using a suitable optical system. The
Fraunhofer diffraction pattern (the Fourier transform) of a
transparency is produced using parallel light from a laser.
This spatial frequency spectrum can be differentially
filtered to produce a re-constructed image of arbitrary
frequency content. The radiographic image is a convolu-
tion of the X-ray source with the object under examination.
The filtering operation lessens the degrading effect of
penumbra by means of a de-convolution using a filter that
is representative of the Fourier transform of the X-ray
source. Manufacture of the spatial filter is described and
results showing enhancement of detail in radiographs by
reduction of penumbra are presented.
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Determination of the Modulation Transfer Function of a

Television Scanner System

H. Kanamori
Kyoto Technical University

This work was done at the Swiss Federal Institute of

Abstract Technology.

Modulation transfer functions (MTFs) of the Quantimet 720
Television Scanner System have been determined by means of radial
test objects and the threshold level selector, which is part of the system.
There are noticeable differences between the values along and across the

scan lines and also between on-axis and off-axis positions.

Working of the Quantimet 720 System

The Quantimet 720 Scanner System operates as follows: An
optical image is focused on a vidicon surface. The image is scanned by
the vidicon combined with a television system. The number of scan
lines is 720. Each scan line is divided into 890 separately resolvable
picture points. The system samples each of these separately. The
system contains threshold level selectors. By means of these selectors,
a bi-level image consisting of either dark or light areas can be obtained.
The system contains an automatic shading corrector, which corrects the
shading arising from non-uniform illumination and from variations in
electro-optical response over the vidicon surface.

In the present experiments, a photographic image placed on an
illuminator was focused by a lens on the vidicon surface, as shown in
Fig.10. The purpose of the experimentis to be described below was to
establish a method by which the modulation transfer function (MTF) of

the system can be determined both on- and off-axis.
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Fig.1 The radial test object used.
The diameter is 5 cm, the number Fig.3 Relation between spatial frequency
of segment pairs 36. and threshold level.

Fig.? Determination of frequency response amplitudes by = radial test
object and the threshold level setting:
(=) original blurred image
(®) (e} () () Relations of brightness of the original imsges
(solid lines) and modified bi-level images [(dotted
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Principle of the Determination of MTEF

Radial test objects as shown in Fig. 1 were used for this
experiment. If the number of segment pairs is n, the position on
the circle of radius r from the center corresponds to a spatial

frequency of

¢ [mm™1] = z—an[m—
When the test object is imaged by the optical and by the scanner
system, sharp edges of the object are blurred and contrasts between
the light- to dark-peaks decreased as shown in Fig. 2 (a). The MTF
can be obtained by measuring the contrasts for various spatial
frequencies.

As the Quantimet 720 system contains threshold level
selectors, the contrasts can be easily measured. The principle of
the measurement is explained in Fig. 2.

Along a circle of radius rj, the intensity of the blurred
image will appear as a wavy curve as in Fig. 2 (b). If we set the
threshold level to the upper part of the wave, we obtain a modified
bi-level image consisting of either dark or light regions like the
dotted line in (b). This line corresponds to the dark and light parts
along the circle of radius rj in (d). At the radius rg, i.e. at a higher
spatial frequency, the contrast is lower as in (¢). Therefore by the
same threshold level setting as for (b), the whole image becomes dark
as in (¢). Consequently the original image (a) is modified to (d), as
can be observed on the monitor.

On the modified image (d), the point at the tip of the arrow,
which is on the envelope of the top of the light segments, just corre-
sponds to the threshold value. Therefore, by measuring the radius at
such points for various threshold level setiings, we can obtain the
relation between spatial frequency and light peak values like the upper

curve of Fig. 3.
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Fig. 4 Fig. 5

Fig. 6

Fig.4 Bi-level images of radial test objects when the threshold level

is set at a light position.

Fig.5 Bi-level images of radial test objects when the threshold level

is set slightly lower than the level corresponding to the medium

intensity.

Fig.6 Bi-level image of radial test objects when the threshold level

is set at a dark position.

Threshold level

Fig.7

Fig. 8

Corrected threshold level

Relative light input

|
[ors
m
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Characteristics of the system:

on illuminator.

Spatial frequency

Fig. 8

threshold level vs. rel.intensity

Relation between spatial frequency and "corrected threshold

level". The two curves should be symmetrical with respect

to the center line. Each of them can be used to derive the MTF.
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If we set the threshold level to a lower value, such as in Fig, 2
(e) and (f), the modified image will appear like (g). From such modified
images we can obtain the dark peak values, from which the lower curve
in Fig. 3 is obtained.

Figs. 4, 5 and 6 show typical examples of modified bi-level
images. If the threshold level is set to a sufficiently high value, the
whole image will be dark. By decreasing the level, the light part in-
vades the modified image as in Fig. 4. Radii at the envelope of the light
segments should be measured along the direction in which the MTF is
to be obtained. By this method, any unisotropy is readily observed. In
Fig.4 we can see that MTF along the vertical direction is poorer than
that along the horizontal direction. By further decreasing the threshold
level setting, the light parts increase in area. As at the center the
intensity of the original image has a medium value, the segments not being
resolved, dark turns into light when the threshold level setting corresponds
to this intensity.

Fig.5 shows a modified bi-level image, when the level setting is
slightly lower than that corresponding to the medium intensity, the center
being light. By further decreasing the level setting the light area in-
creases in size as in Fig. 6. In the end the modified image becomes uni-
formly light. Thus we can obtain the relation between spatial frequency
and peak values expressed as threshold level settings as in Fig. 3.

The next task is to relate the threshold level settings to intensities
in the object. The relaticn between the input light intensity, or the intensity
in the object, and the scale of the threshold level selector is not linear, as
indicated in Fig.7: the system has a curved characteristic, which has to be
determined. In this way we can obtain "corrected threshold levels' which
are linearly related to intensity, and if we replot Fig. 3 as corrected levels
against spatial frequency, the two curves should ideally become symmetrical
with respect to the center line as in Fig. 8. In this figure, vertical values

measured from the center line then represent the MTF of the scanner system.
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Fig.9 Original images of radial test objects. Measurements were

made at an on-axis (a) and an off-axis-position (b).
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Fig.10 Geometrical relation of the optical part of the experimental

arrangements.
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Fig.11 Relation between the on-axis and off-axis positions.
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Experimental results

MTFs were measured on the monitor at an on-axis and an off-
axis position. The test objects used were in positions (a) and (b) in Fig. 9,
To measure the radii, four scales were placed on the monitor along the
scanning (x) and across the scanning (y) directions from the center of the
two test objects. The positions of the scales are shown with solid lines
in Fig. 9. In order to reduce the amount of scattered light, the test objects
on the illuminator were covered by black paper, except for right-angled slits
of width 5 mm along the scales. If the slit width was less than 5 mm the
black edges appeared a little blurred. For the same reason, the inner
right angle was rounded off because sharp corners caused a kind of trail.

The lens used was a Macro-Switar by Kern, F/19 and focal
length 50 mm. For the present measurements an aperture F/4 was usec.
The density of the dark segments of the radial test object was 0.5; its
radius 25 mm. The number of segment pairs was 36. Therefore,

y . _5.13
r m

f [mm~

The geometrical relation of the illuminator with the test objects,
the lens and the vidicon camera is shown in Fig. 10. Distances between
the on-axis and the off-axis positions both on the illuminator and on the
monitor are shown in Fig.11. In the right-hand figure, the number of
picture points of the scanner is also shown.

From Fig.10 and 11, it follows that:

(1) Magnifications of the monitor image to the object on the
illuminator are 1.44 and 1.35 for the x- and y-directions: 100 picture
points on the monitor cover 3.2 and 3.0 cm in the x- and y-directions
respectively. This error represents a (harmless) electronic fault of the

monitor.
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Fig.12 Experimental results of the relatiom between spatial frequency
and threshold level, for the x-(scan)direction at the on-axis

position.
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Fig.13 Experimental characteristics of the system: threshold level
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(2) A spatial frequency of one mm-1 on the monitor corresponds
-1
to frequencies of 26.9 (x-direction) and 25.2 mm (y-direction) on the

vidicon surface, because the reduction between vidicon and illuminator is

50 1

935 18.7 .

(3) The angles between off-axis beam and axis were
(tan_1 119.4/935 =) 7915" and (tan-l 86.4/935 =) 5917 for the x-and y-
directions.

(4) The radius of the test object being 25 mm, the minimum
frequency in the object plane is 0.23 mm-:l and that on the monitor surface
is 0.16 and 0.17 mm" ! in the x- and y-directions.

The threshold levels for zero frequency were determined outside
the star proper of the test object; the density of the region surrounding
the star was the same as that of the dark segments. There were no
corresponding light areas; therefore for zero frequency, measurements
were made only for the dark levels (lower curve of Figs. 3 and 12); the
level settings for zero frequency were always identical with those at the
minimum frequency measurable by the test object. Therefore it was
assumed that the values of the threshold level at zero frequency was also
identical with that at the minimum frequency for the upper curves in
Figs.3 and 12, i.e. for the light levels.

It should be noted that the shading corrector was used through-
out these measurements.

The relation between spatial frequency and light- and dark-peak
level values for the x-direction and the on-axis position are shown in
Fig.12. For the dark side or lower curve, the radii were easily
determined with little uncertainty. For the light side or upper curve,
however, flicker occurred; therefore the radii, and hence the values

of spatial frequency could not be determined with certainty.
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Fig.14 Relation between spatial frequency and "corrected threshold

level'.
MTFs of a television scanner system
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Fig.13 shows the characteristic of the system, i.e. the relation
between the threshold level and the relative light input. The relation was
determined by means of a step wedge comprising a range of densities.
To reduce the effect of scattered light, the wedge was covered by black
paper except for a circular hole of diameter 2 cm, the width of the steps.
The hole was fixed at the same two positions where the test objects had
been placed, i.e. at (a) and (b) in Fig. 9. The step wedge was shifted step
by step over the hole. The measurements were made under the same
conditions as Fig.12 was obtained, i.e. the threshold level settings were
determined at which the steps of the wedge were "detected" to approxi-
mately 50%. The relations obtained at the two points coincided within
experimental error, as the shading corrector was operated.

The curve in Fig. 13 obtained in the above manner shows that
for the light positions, a small error in threshold setting represents a
large error in light input; hence uncertainties occur more readily at
the light side than at the dark.

After "correcting' the level of Fig. 12 by the data in Fig. 13,
Fig.14 was obtained. On the light side, there were uncertainties lying
between the two solid lines. The mirror image of the lower dark-side
curve with respect to the center line, is shown by a dotted line, lying
within the uncertainty region of the upper curves. For the other three
cases studied this also applied. Therefore the dark-side (lower) curves
were utilized to derive the MTF curves in Figs.15 and 16.

The MTF curves for the two positions and two directions, along
and across the scan lines on the monitor, are shown in Fig. 15, the

equivalent curves for the vidicon surface in Fig. 16.



Discussion and conclusion

As can be seen from the MTF curves in Figs. 15 and 16,
the performance of the system at an off-axis position is noticeably
poorer than for the on-axis position. This is due to the angular
characteristics of the lens and/or vidicon surface which should be
separated by further experiment. Secondly, the performance of the
system is worse across the scan lines than along, especially so for
the off-axis position.

The method described here provides a simple procedure of
determining MTFs of television scanner systems equipped with
threshold levei settings by means of which a sharp discrimination of
a continuous-tone into a bi-level image is obtained, such as the

Imanco Quantimet.
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Fig.16 MTFs on the vidicon surface; legend as in Fig. 15.
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