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ABSTRACT  

Lobe segmentation of chest Computed Tomography (CT) images is significant in 

clinical diagnosis but it is difficult for cases with incomplete fissures. To find out the 

appropriate treatment, the location and position of the disease is essential. A lobe based 

investigation shows the evolution of the ailment in more detail. For a better diagnosis 

process the various anatomical information from lungs, vessels, airways, fissures are 

combined to develop an automatic lobe segmentation method. Watershed segmentation 

is performed on the Computer Tomography images to segregate the lungs into lobes. The 

information from bronchi, fissures and pulmonary vessels are combined to calculate a 

cost image. The watershed transformation is computed from the derived cost image. This 

approach is comparable to the way human determine the lobar boundary. 

KEYWORDS: Lobe segmentation, Incomplete fissures, Watershed segmentation, 

Computed Tomography. 
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INTRODUCTION 

 The human lungs are anatomically and 

purposefully divided into large subunits called 

lobes. The right lung is vaguely larger than the 

left and it is subdivided into three lobes namely 

superior lobe, middle lobe and inferior lobe. In 

the left lung there are only two lobes , superior 

and inferior lobes. Each lobe receives air from 

its own secondary bronchus and it is separated 

from its adjacent lobe by visceral pleura or 

pulmonary fissures. These anatomical partitions 

help prevent mechanical damage or infectious 

agents from affecting neighbor lobes. The 

upper and middle lobe in the right lung is 

divided by the horizontal fissure; the right 

oblique fissure split the lower lobe from the 

rest of the lungs. The left oblique fissure aids 

the partition of two lobes of the left lung. These 

lobes and fissures are also present on the 

mediastinal surface of the lungs.  

 Lung lobe segmentation is necessary in 

clinical practice especially for planning the 

treatment. This method is applicable in the 

quantitative monitoring of pulmonary diseases 

such as emphysema or fibrosis. Computed 

Tomography is a painless and non-invasive 

method, which creates a precise picture of the 

lungs. CT scans images show more detail than 

images from a standard X-ray. As typical CT 

scans contains over 400 slices with more 

anatomical details, the manual segmentation is 

tedious process. This creates a need for 

automatic segmentation method. The 

segmentation of pulmonary lobes is 

problematic because of anatomical variations 

and incomplete fissures. In some patients, the 

pathologies can collapse the lobes and make it 

indistinguishable. Another problem is, even in 

patient with normal lung parenchyma , 

incomplete fissures are often found. The 

radiologist interprets the lobar boundaries from 

anatomical information of vessel and bronchi 

trees for cases with incomplete fissures. 

LITERATURE SURVEY 

Many lung lobe and pulmonary fissure 

segmentation are found in literature. Van 

Rikxoort et al.[2], Wiemker et al[3], Wang et 

al. [4], Pu et al. [5], and Wei et al. [6] 

presented methods for lobar fissure 

segmentation in CT. Segmentation of the 

fissures is adequate to obtain lobe segmentation  

for cases with complete pulmonary fissures. 

But if the fissures are incomplete, additional 

processing steps are necessary for lobe 

segmentation. 
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 Van Rikxoort et al. published two 

different lung lobe segmentation methods. In 

[7] pulmonary lobes and segments were found 

by supervised classification. First, the fissures 

were enhanced and segmented by the 

eigenvalues and eigenvectors of the Hessian 

matrix. The second lobe segmentation method 

by van Rikxoort et al. [8] is an automatic multi-

atlas approach. First, the lungs, fissures, and 

bronchi were segmented automatically and 

combined into one cost image. A fast 

registration of this result with a set of five 

atlases with complete fissures gave the best 

matching atlas that was chosen for a fine 

registration to get the lobe segmentation result. 

 In 2005,Kuhnigk et al. [9] presented a 

framework for automatic lung and lung lobe 

segmentation. The lobe segmentation was 

based on a watershed transformation that takes 

an analysis of lobar airways and vasculature 

into account. It was robust against missing 

fissures but therefore frequently inaccurate at 

clearly visible fissures. 

 In 2009, Ukil and Reinhardt [10] 

presented a pulmonary lobe segmentation 

similar to Kuhnigk et al. [9]. In the first step, 

the lobes were segmented by a watershed 

transformation based on a distance map of the 

vasculature and markers from the labeled 

bronchi tree. In the second step, a 3-D optimal 

surface detection was performed in a region of 

interest (ROI) around the initial segmented 

fissures to refine the lobe boundaries. As a last 

step, incomplete fissures were extrapolated 

based on a fast-marching method. 

 In 2009, Pu et al. [12] proposed an 

automatic lobe segmentation method that 

started by detecting plane patches in 

subvolumes in the lungs. From these patches 

the pulmonary fissures were inter- and 

extrapolated using implicit radial basis 

functions. Based on the implicit functions 

representing the fissures, the lungs were 

divided into five lobes. No anatomical 

information of bronchi or vessels were taken 

into account in cases of incomplete fissures. 

 In 2011, Lassen et al. [13] presented an 

interactive approach for lung lobe segmentation 

and correction of a given segmentation. An 

observer sketched the pulmonary fissure on 

slices of arbitrary orientation and got instant 

feedback in the form of an inter- and 

extrapolated fissure surface that covered the 

total lung. 
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PROPOSED METHOD 

 A lobe segmentation method is 

developed which combines anatomical 

information from the lungs, vessels, airways, 

and lobar fissures to obtain the lobes using a 

watershed-based segmentation method. The 

method is an extension of the framework of 

Kuhnigk et al. [9] which performs a watershed-

based lobe segmentation that does not make use 

of the lobar fissures and airways for 

construction of the cost image for the 

watershed segmentation. Initially, the lungs, 

fissures, vessels, airways are segmented and 

later combined into a cost image for watershed 

segmentation.  

PREREQUISITE SEGMENTATION 

4.1) Pulmonary Vessels  

 A coarse segmentation of the 

pulmonary vasculature is sufficient to quantify 

the absence of vessels at the lobar boundaries. 

There is high contrast between blood vessels 

and lung parenchyma that facilitates a coarse 

segmentation of the pulmonary blood vessels 

by thresholding the data inside the lung region. 

The goal is to include as many vessels as 

possible but exclude fissures and other dense 

structures. 

 

4.2) Pulmonary Fissures 

 A pulmonary fissure is a boundary 

between the lobes in the lungs. A fissure can 

have a variety of appearances, which makes its 

detection and segmentation challenging.  

The fissure segmentation process is an 

enhancement of the fissures based on the eigen 

values of the Hessian matrix that gives a fissure 

probability for each voxel.  

4.3) Bronchi 

 Since each lobe is separately supplied 

by subtrees of the bronchial tree, distance to the 

bronchi is a suitable feature to detect lobar 

boundaries, similar as for the vessels.  

First, to reduce noise, a Gaussian 

smoothing with fixed kernel width (σ=1.0 

voxel) is applied to the image. Second, a 

bronchi enhancement filtering is applied to the 

blurred image. The goal of the bronchi 

enhancement filtering is to detect voxels that 

are surrounded by dense circular structures as 

bronchi and to revert these volume averaging 

effects by decreasing their density again. 
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The workflow for the proposed method is 

described below, 

 

CONSTRUCTION OF COST IMAGE  

 A perfect cost image for the watershed 

transformation used for lobe segmentation 

shows local maxima at the lobar boundaries 

and low values within the lobes. The cost 

image is formulated using four features. The 

first feature is derived from the segmentation of 

the vascular tree (Vcost). The second feature is 

derived from the segmentation of the bronchial 

tree (Bcost). Since the lobes are supplied by 

separate subtrees of the bronchial tree there are 

no bronchi near the lobar borders. The third 

feature is derived from the segmentation of the 

fissures (Fcost). Since the fissures are the 

physical boundaries between the lobes, on 

locations where they are present they indicate 

the exact lobar boundary and should be 

emphasized. The fourth feature (Ocost) is the 

original CT scan, normalized and clamped to 

the range [0, 255]. The vasculature is masked 

out since vessels usually show even higher 

density than thick fissures. 

In order to obtain the final cost image, the four 

features are combined with equal weight 

                Vcost + Bcost + Fcost + Ocost 

Cost = 

                                  4 

 By combining the four input features 

false positive responses of individual features 

are reduced since those areas that have a high 

value in all individual cost images are 

enhanced. 

LOBE SEGMENTATION AND POST 

PROCESSING 
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 To obtain lobe segmentation from the 

cost image and the markers, the 3-D watershed 

transformation is performed. Downsampling of 

the cost image to a resolution of 1.5mm × 1.5 

mm × 1.5 mm is applied to reduce calculation 

time. Watershed segmentation technique is one 

of the best methods to group pixels of an image 

on the basis of their intensities. Pixels falling 

under similar intensities are grouped together. 

Watershed Techniques have the ability to 

detect the continuous boundary of the region of 

interest; it can be best suited for those types of 

applications where high accuracy and precision 

is needed. Watershed is a gradient-based 

segmentation technique where different 

gradient values are considered as different 

heights. A hole is made in each local minimum 

and immersed in water; the water will rise until 

local maximums. When two body of water 

meet, a dam is built between them. The water 

rises gradually until all points in the map are 

immersed. The image gets segmented by the 

dams. The dams are called watersheds and the 

segmented regions are called catchments 

basins. 

RESULT AND CONCLUSION 

 This paper presented a lobe 

segmentation method that combines 

information from automatic segmentations of 

the lungs, fissures, vessels, and bronchi to 

segment the lobes. The approach is 

anatomically inspired and parallel to the way 

humans determine the lobar boundary. Visible 

fissures are used for segmentation because they 

are the most precise feature, but in absence of a 

fissure, the vessels and airways become more 

important. Vessels are distributed all over the 

lung and due to the high contrast to the lung 

parenchyma a good segmentation of the vessels 

is possible. But in some cases vessels cross the 

lobar boundaries. Thus, the assumption that 

there are no vessels at the lobar boundary is not 

always correct. In contrast a deep segmentation 

of the bronchi is challenging but there are 

definitely no bronchi at the boundary between 

the lobes. By combining the information of 

different anatomical structures we expect to get 

as much as possible information to perform 

accurate lobe segmentation. 

 Automated segmentation of anatomical 

structures is challenging in cases with 

abnormalities. By combining information from 

several structures the method becomes more 

robust against a failed segmentation of one of 

these structures 
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