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(Adaptive image enhancement technique considering
visual perception property in digital chest radiography)
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Abstract

The wide dynamic range and severely attenuated contrast in mediastinal area appearing in typical
chest radiographs have often caused difficulties in effective visualization and diagnosis of lung diseases.

This paper proposes a new adaptive image enhancement technique which potentially solves this problem
and thereby improves observer performance through image processing. In the proposed method, image
processing is applied to the chest radiograph with different processing parameters for the lung field and
mediastinum adaptively, since there are much differences in anatomical and imaging properties between
these two regions. To achieve this, the chest radiograph is divided into the lung and mediastinum by gray
level thresholding using the cumulative histogram. and the dynamic range compression and local contrast
enhancement are carried out selectively in the mediastinal region. Thereafter. a gray scale transformation
is performed considering the the JND(just noticeable difference) characteristic for effective image displa.

The processed images showed apparently improved contrast in mediastinum, and maintained moderate
brightness in the lung field. No artifact could be observed. In the visibility evaluation experiment with 5
radiologists. the processed images with better visibility was observed for the 5 important anatomical
structures in the thorax.
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The response characteristics of dig-
ital and film imaging system to the
attenuation index. The solid line is
for the digital imaging system
represented as gray levels in digital
unit, and the dotted line is for the
film imaging system represented as
optical density of film.

Fig. 1.
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monitor.
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JND curves obtained from the psy-
chophysical experiment. JND was
highest at the dark end of gray
level. and lowest in the mid low
range of gray scale. JND increased
slowly as the gray level increased to
the bright end.
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Fig. 4. An illustration of threshold selec-
tion method used in this study. (a)
Routine chest radiograph. (b)
Histogram(dotted line) and cumu-
lative histogram(solid line) of (a).
Lung/mediastinum threshold T was
selected as the gray value that
corresponds to 50% level in cumu-
lative histogram. This value
coincides well with the histogram
valley between the lung(L) and
mediastinum(M). (¢) The thresh-
olded image of (a).
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(a) Routine chest radiograph and
(b) its histogram. which doesn ‘t
show distinct separation of his-
togram peaks between the lung and
mediastinum. However, the lung
and mediastinum are separated
clearly by using our method (c).
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The mapping table H(thin line} and
gain function a(thick line) gener-
ated from the histogram of Fig. 4.
H provides a unity slope for the
lung, and 0.5 for the mediastinum,
thereby compressing the dynamic
range of mediastinum selectively. a
varies smoothly around the thresh-
old as a cosine function. Multiply-
ing the high frequency component
by a enhances the detailed struc-
tures in the mediastinum prefer-
entially.
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Fig. 7. The display mapping table G(solid
line) generated from the histogram
of the modified image(dotted line)
of Fig. 4(a). G transforms the gray
scale so that the processed image
may be visualized with the full
useful dynamic range of the CRT.
The lowermost and uppermost 15
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' display because of high JNDs in

these ranges.
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(a) The processed image of Fig. 4
(a). Enhanced visualization of
mediastinal structures such as
tracheobronchial tree, vertebral
columns, and pulmonary vessels
behind the heart and diaphragm is
distinct
(b) Comparison of the lineplots of
the unprocessed and processed
images across the center of the
heart. The increased contrast in the
mediastinum is well demonstrated.
For better comparison, the lineplot
of unprocessed image is shifted

Fig. 8.

downward.
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Chest radiographs with multiple
(a) Unprocessed
image shows hardly any visible
nodules behind the heart and the
diaphragm. (b) Processed image

lung nodules.

shows clear visualization of the
nodules.
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The result of visibility evaluation
experiment. It is shown that the
processed image provides improved
visibility of the 5
anatomical structures in the thorax
evaluated.
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