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Abstract: In this paper, we develop an automatic detection method of non-isolated pulmonary nodules as a part of
computer-aided diagnosis (CAD) system for lung cancers in chest X-ray CT images. An essential core of the method is
to separate non-isolated nodules from connecting structures like chest wall and blood vessels. The isolated nodules can
be detected more easily by CAD syetems developed previously. To this end, we propose a binarization technique by
using two thresholds as a preprocessing for nodule candidates. We evaluate the performance using the receiver
operating characteristic (ROC) analysis in clinical chest CT images. The results suggest that detection ability of non-
isolated nodules by the proposed method is superior to that by the conventional preprocessing methods.
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I. INTRODUCTION

It is very important to detect cancers at an early
stage. To this end, the X-ray computed tomography
(CT) should be used because pulmonary nodules that
are typical shadows of pathological changes of lung
cancers and can be depicted more clearly compared to
use of the chest X-ray examination [1-3]. This is true
even the nodules are at early stages. A problem to use
the CT is that radiologists have to diagnose at least more
than 30 image slices per patient. Thus, some computer-
aided diagnosis (CAD) systems have been proposed to
help their diagnosis work. Some excellent results have
been reported for isolated pulmonary nodules [4-6]. The
previous methods are however inaccurate for non-
isolated nodules connected to the chest walls and blood
vessels, etc.

In this paper, as a preprocessing, we propose a novel
binarization method for detection of non-isolated
nodules. The core of this method is to use two
thresholds in order to convert such non-isolated nodules
into isolated ones. The effectiveness of the proposed
method is verified by using to some clinical cases of
lung cancer CT images.

1. AUTOMATIC NODULES DETECTION

1. Variable N-Quoit filter

The CAD system needs to detect suspicious lesions.
It is used the variable N-Quoit filter for pulmonary
nodules detection [4] in many CAD systems. Variable
N-Quoit filter is based on mathematical morphological
technique and formulated as
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where (x,y) is the coordinate. f and g are pixel values of
input and output images, respectively. R(x,y;) is a ring
filter function at the target point (x,y). Then the ring
filter R is defined by

R(Xl! yl) =
0, (X, Y) <A/ (X=X)2+(Y=¥,)% <5, (XY)
— 0, otherwise
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The ring area K is defined by a set of coordinates (x,y)
satisfying the condition R(x;,y:) = 0. ry and r, are
internal ring radius and external ring radius, respectively.
Here r, is set r, = r; + 1. Note that both r, and r, are as
functions of the coordinate. The internal ring radius r;
can be changed depended on the target nodule size, and
this is a reason why the filter is called “variable” N-
Quoit filter. To realize this adaptation, the following
distance transformation may be used.

2. Distance transformation

Distance transformation is a process to acquire the
minimum distance from background pixels (where any
pixel value is 0) to each pixel that forms arbitrary target
shape. This transformation is defined as

(4)

where d(m,n) is output of distance transformation, (m,n)
is the coordinate of the arbitrary shape, and (k,1) is of

d(m,n)zrrkliln(lm—k|+|n—ll)



background pixels. We compute this distance by four
neighbors in this paper.

In this transformation, the target area must be
distinguished from its background. This distinction can
be generally done by a thresholding. It is, however, very
difficult to determine the appropriate threshold because
it is depended on individual and local properties of each
image. In other words, optimal thresholds over a set of
images are different from each other. In conventional
method, due to this difficulty, detection ability of the
filter may be affected badly, especially for non-isolated
nodules. Indeed, non-isolated nodules are hardly
detected by the N-Quoit filter because of the connecting
structures. To overcome this problem, we will propose a
new thresholding method in next section.

I11. PROPOSED THRESHOLDING METHOD

Fig. 1(a) shows an example of a non-isolated nodule
that cannot be detected by the conventional N-Quoit
filter with the single thresholding technique. The
fundamental idea of the proposed thresholding
technique is to eliminate the effect of the connecting
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structures, the chest wall in this case, on the detection
ability of the N-Quoit filter. To achieve this, we first
consider the distribution property of the pixel value
along the cross line A-A’ over the undetectable nodule
as shown in Fig. 1(a). Fig. 1(b) shows changes of pixel
intensity as a function of the coordinates along the cross
line A-A’ shown in (a). From this figure, we can see that
if we use double thresholdings instead of the
conventional single one, we can separate the nodule
area from both the lung and chest wall area. This
process is defined as follows

1, Tow <1(X,y) =T,
|bi(x,y)={ on <104 Y) < T ®)

0, otherwise

where lpi(x,y) is output image, Tiow and Thigy are lower
and higher thresholds, respectively. I(x,y) is the pixel
value of intput at the coordinate (x,y). The image
acquired by this process is shown in Fig. 2(b), and the
input image in Fig. 2(a). Two thresholds were set as
following Tew = 100 and Thign = 200 in this study.
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Fig. 1. (a) Example of a non-isolated nodule. (b) Changes of pixel intensity as a function of the coordinates

along the cross line A-A’ shown in (a).

(b)

Fig. 2. (a) Original image has a non-isolated nodule in the white circle. (b) Binary image of the condition

T|0W =100 and Thigh = 200.
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Fig. 3. Average of histogram of 169 chest CT images.
Nodules may be included in gray area.

IV. RESULTS

We evaluated the performance of CAD system using
receiver operating characteristic (ROC) analysis by
changing the parameter of binarizing thresholds

Fig. 3 shows a histogram of 169 chest CT images,

and pixel values of nodules are included in the gray area.

Here, we need to discriminate nodules from lung and
chest wall. We then choose thresholds so that intensities
of nodules are greater than the lower threshold Ty, and
less than the higher one Thign. If Tiow is chosen around
100, the lung and other structures will be divided.
However, it is difficult to choose an appropriate value of
Thigh Tor discriminating chest wall from other structures
as shown in Fig. 3. We thus evaluated the detection
performance by using a range of Tygn that cover the gray
area: Thigh = {190, 200, 210, 2203}.

Conventional ROC curves were written as
parameter of a threshold (corresponding T, of our
method). Then, for comparison, we used a set of
parameter values of T, = {90, 100, 110, 120, 130, 140,
150, 160, 170, 180, 190}.

Fig. 4(@) shows the ROC curve using the
conventional single thresholding technique. While Figs.
4(b) and (c) show the ROC curves using proposed
thresholding technique with Tpg, = 200, and 210,
respectively. From the results, the best of true positive
(TP) is approximately 0.6 in Fig. 4(a) while it is
approximately 0.9 in Figs. 4(b) and (c). This result
suggests that the proposed technique can be effective for
improving the sensitivity of the detection.

There are, however, a larger number of false
positive (FP) in Fig. 4(c) than in Fig. 4(b). This would
be caused by isolated areas newly generated in the case
that binarizing threshold Ty, becomes approximately
equal to pixel values of the chest wall. In other words,
as Thigh enlarges, the number of pseudo-isolated areas in
chest wall increased. Note that the isolated areas in
chest wall are not nodules but noises, and thus such
areas make FP increase. Fig. 5 as expected from the

©ISAROB 2010

The Fifteenth International Symposium on Artificial Life and Robotics 2010 (AROB 15th ’10),
B-Con Plaza, Beppu,Oita, Japan, February 4-6, 2010

TP (%)
1

0.9r
081

0.5+
0.4+
0.3r
0.2r
0.1+

0

0.7} W
06}

. ° °

Tiow =100 Tiow =90

0

TP (%)

2 4 6 8 10
x 10 FP
(@) Conventional method.

1
0.9r

06+
0.5+
0.4+
03re
0.2r
0.1r

08l Tiow : Iarg(.a " . p A
0.7t .

L]

T|0W =100 T|0W =90 |

hd
00

TP (%)
1

2 4 6 8 10
x10* FP
(b) ROC when Thigh =200.

0.9r
0.8
0.7r
06+
0.5+
0.4+
0.3
0.2r
0.1+

%

05 1 15 2
x 10° FP
(C) ROC when Thigh =210.

Fig. 4. ROC curves
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Fig. 5. Many pseudo-isolated areas have generated by
an extra large threshold Thign. ( Tiow = 100 and
Thigh = 210)

result in Fig. 4(c), shows the binary image in case of
Tiow = 100 and Tpigh = 210. We can see that the number
of noise points in Fig. 5 increase compared to Fig. 2(b).
we used a smaller threshold than 200, such as Thigh =
190, TP is getting worse. On the other hand, a larger
threshold than 210, such as Tpnign = 220, the detection
performance are almost same as for Tpig, = 210. (results
area omitted.) From the results, The double thresholding
method with Ty, = 90 or 100 and Thg, = 200
demonstrates the best performance in our date set.

V. CONCLUSION

In this paper, we proposed a novel preprocessing
technique to improve detection sensitivity in CAD
system. The technique is able to divide non-isolated
nodules and connecting structures by using two
thresholds. We have not conducted to decrease FP yet,
but conventional effective methods [5] to do so can be
incorporated into the proposed technique.
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