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Abstract. Segmentation of the lung from HRCT Thorax images was
studied. An automatic method of determining segmentation area is pro-
posed. High quality of segmentation is considered achieved when the
segmented area from the proposed algorithm is almost identical to the
area obtained from the manual tracings by lung expert (ground truth).
High correlation between the two types of segmented areas showed that
regression may be used as a tool to measure segmentation quality. Sup-
plementary information may also be obtained from the regression plot.
Prediction interval may be used as a possible indicator of diseased whilst
outliers may show or indicate low segmentation quality or a possible
severity of the disease.
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1 Introduction

Lung segmentation is defined as the separation of the lung regions from back-
ground regions to obtain lung region defined by a boundary. Most segmentation
techniques can be attributed to the use of thresholding [1–6]. This is because
thresholding is particularly effective as the main approach of extracting the
region of interest (lungs) from the body region due to the difference in contrast
between the two regions. This attribute is due to content of air in the lungs that
causes less attenuation of than body regions [6]. Other examples of methods
include graph cut [7], texture [8] and active contours [9]. Thus the objective and
quantitative evaluation of segmentation is important especially with the array
of segmentation methods available today [10].
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Limited lung slices or levels can be used to view particular diseases in a
particular patient [11]. These levels correspond to different anatomic landmarks
and height of the lung as well. There are possible categorisations of levels to
three or five level slice viewing. For five levels, the levels can be represented as
L1: aortic arch, L2: trachea carina, L3: pulmonary hilar, L4: pulmonary venous
confluence and L5: 1–2 cm above right hemi-diaphragm [12].

Segmentation quality can be found using several measures. There are many
quality measures used such as volume overlap error, relative volume difference,
average symmetric surface difference [13]. For this study, the regression curve
which is often overlooked is highlighted to show its capability to exhibit the
segmentation quality across levels of the lung. Regression analysis is a powerful
tool to show the segmentation quality over a large sample base.

2 Data Collection

High Resolution Computed Tomography (HRCT) scans for 15 normal patients
and 81 diseased patients were collected retrospectively from Hospital Kuala
Lumpur. The images were obtained using a Siemens SomatomPlus4 CT scan-
ner, and observed by a senior radiologist using SyngoFastView version VX57G27.
Each slice was obtained at 10 mm intervals. Patients were at a supine position
will full suspended inspiration when scans were taken. Images taken were in the
size of 512× 512 pixels.

A senior radiologist was tasked to select the five predetermined levels of the
lungs to be processed with the segmentation algorithm. The five predetermined
levels correspond to anatomical landmarks were selected by senior radiologist as
Level 1 (L1) - aortic arch, Level 2 (L2) - trachea carina, Level 3 (L3) - pulmonary
hilar, Level 4 (L4) - pulmonary venous confluence, and Level 5 (L5) - 1–2 cm
above right hemi-diaphragm.

Since the gold standard or ground truth of segmentation is also done by a
human expert, in this study, the manual tracings of the ground truth were done
by a trained lung image expert who plotted the borders of the lung using a
software interface. The points plotted were saved in a (x,y) coordinate format.

3 Methodology

3.1 Segmentation Algorithm

The segmentation algorithm was developed and tested firstly for the normal
patients HRCT scans and was applied to the diseased patients for all five pre-
determined levels. The segmentation approach used here was able to segment
across all levels and in a fast manner. The segmentation algorithm combines
known techniques such as thresholding and morphology [12]. The flowchart of
the segmentation algorithm is shown in Fig. 1.

The HRCT scan image first undergoes an automatic global thresholding
known as Otsu thresholding. This enables the separation the body region from
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the surrounding region. Secondly objects less than 3000 pixels in area are
removed. Next, the body region is applied an empirical threshold of -324HU.
This threshold approach separates the lung region from the body region. Mor-
phology operations of dilation and erosion with a square structure element with
a size of 3× 3 pixels are then executed to smoothen lung boundaries. A con-
nected component analysis is done to extract the two lung regions. Besides the
body and surrounding there should be two other regions that can be seen to
have 8-connectivity. This property is used to detect the presence of both lungs.
A check is done to see whether there are two lungs present. If there are not, lung
separation operations are executed. Lung regions are then filled and contours
are extracted.

Fig. 1. Flowchart of segmentation algorithm.
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3.2 Regression Analysis

Regression analysis, using MINITAB, was done to analyze the relationship
between two measurements [14]. The first measurement is the lung area enclosed
by the automatically segmented boundary using the segmentation algorithm
termed as y. The second measurement is the lung area enclosed by the manually
traced lung borders termed as x. The lung area is calculated by summing the
area of pixels enclosed and the area of each pixel can calculated as Eq. (1).

A = h × l (1)

where A is the area of a pixel in mm2, h is the pixel height in mm and l the
pixel length in mm.

Regression analysis firstly plots the trendline that shows the relationship
between x and y. The trendline can be signified by an equation that models the
value of y when x changes. The parameters contributing to this model are the
slope of the trendline represented by β, and the intersect of the y axis represented
by α. The model can be represented as Eq. (2).

y = α + βx (2)

In this study, the prediction intervals (PI) with 95 % probability are also
used. A prediction interval can be defined as the range that is likely to contain
the response value of a new value of y when there are provided specified settings
of the predictors in the model Eq. (3).

y = α + βx + ε (3)

where y is the area of the segmented lung, x is the area of the manually traced
lung. α the intersection of y axis β is the slope of the trendline, and ε is the
random error term.

4 Results

The Fig. 2 shows the sample of good segmentation that the segmentation algo-
rithm was able to produce. The high quality segmentation is signified by the
degree of overlap between two contours noticed by the naked eye. There are
two contours present; green signifying the automatic segmented borders and red
borders signifying the manually traced lung borders. In some instances such as
in Fig. 2 the green totally overlaps the red contours. The overlap signifies the
high degree of similarity between the automatic segmentation and ground truth.

Next the regression curves for the combined five levels are shown for both
dis-eased and normal lungs are presented in Figs. 3 and 4. The X axis represents
the ground truth traced lung area and the Y axis represents the automatically
segmented lung area. The regression equations are inserted as well in the plots.
The dashed lines represent the 95 % prediction intervals. The solid red line rep-
resents the fitted linear regression line.
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Fig. 2. Samples of high quality segmentation across five levels (Color figure online).

RL (5 Levels) LL (5 Levels)

R-Sq: 99.9% R-Sq: 99.9%

Fig. 3. Regression plots for normal patients right (RL) and left (LL) lungs for five
levels combined (Color figure online).

RL (5 Levels) LL (5 Levels)

R-Sq: 96.4% R-Sq: 98.8%

Fig. 4. Regression plots for diseased patients right (RL) and left (LL) lungs for five
levels combined (Color figure online).

To further see in detail the segmentation quality, the regression curve of
separate five levels of right and left lungs for diseased and normal patients are
shown in Figs. 5 and 6. The dashed lines represent the 95 % prediction intervals.
The solid red line represents the fitted linear regression line. Again, the X axis
represents the ground truth traced lung area and the Y axis represents the
automatically segmented lung area.
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R-Sq: 99.9% R-Sq: 99.9%

R-Sq: 99.9% R-Sq: 99.9%

R-Sq: 99.8% R-Sq: 99.7%

R-Sq: 99.8% R-Sq: 99.6%

R-Sq: 99.9% R-Sq: 99.8%

Fig. 5. Regression curves for separate five levels for normal right (RL) and left (LL)
lungs for normal lungs (Color figure online).
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R-Sq: 97.0% R-Sq: 98.1%

R-Sq: 95.7% R-Sq: 98.1%

Fig. 6. Regression curves for separate five levels for diseased right (RL) and left (LL)
lungs for normal lungs (Color figure online).
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5 Discussion

The segmented area from the proposed segmentation algorithm (Y ) being highly
cor-related to the area obtained by manual tracings (ground truth, X) is the
basic definition of segmentation quality. The regression plots in Figs. 3, 4, 5 and
6 showing high correlation strongly suggesting that a high segmentation quality
was consistently achieved across all five levels. This is illustrated by the β values
of all the regression equations being close to one, this situation being the case
for normal lungs and more importantly diseased lungs as well. However, non-
zero α values may be considered as deviation of Y from X, but their values are
relatively small compared to the magnitude of the segmented area. This result
strongly suggest that the proposed segmentation algorithm is promising because
it shows the segmentation was able to exhibit segmentation quality similar to
ground truth provided by a human expert for most diseased lungs.

As a second indicator of segmentation quality, the regression plots displayed
should show points within the prediction interval, this being the general case. It
is of interest to note that prediction intervals are wider for disease cases, which
could suggest a possible method of differentiating disease cases from normal case.

Absence of outliers in the regression plots may also be used as an indicator of
segmentation quality. However, when outliers do exist such observation should
be separately studied. For example, in Fig. 7(a)-(b), two samples of such outliers
are presented. On further investigation, one observation showed the problem
of lung hardening whilst the second observation was a patient with a collapse
lung. A senior radiologist has confirmed that the lung hardening case has severe
reticular pattern and pulmonary consolidation which are features of Interstitial
Lung Disease (ILD). Henceforth outliers whilst suggesting lower segmentation
quality may provide other useful information.

(a) (b)

Fig. 7. Samples of outliers from regression curves (a) due to lung hardening and (b)
due to collapse lung.
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In summary, the simple regression model may be used as an indicator of seg-
mentation quality while outliers provide useful information of the lung condition.

6 Conclusion

As a conclusion this study showed that the regression plot has managed to
show the segmentation quality in detail when comparing five levels of diseased
and normal lungs. The width of the prediction interval of the regression plot
and outliers may in turn also provide supplementary information of the lung
condition.
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