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ABSTRACT
The purpose of this work is the automatic segmentation of the liver tissue in computed tomography (CT) images. Several expert
radiologist restrictions such as automation, an easy user-interaction, and a low time-cost were taken into account for selecting
the final algorithm. The method is based on a 3D region growing algorithm. CT images are noisy and with a poor gradient
between adjacent organs. These conditions are inappropriate for a region growing method, and, therefore, a pre-processing step
based on statistical image parameters and a post-processing step focused on 3D morphology are carried out to reduce these
intrinsic problems.
1. METHOD
The block diagram of our algorithm is presented in Fig. 1.
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Fig. 1. Algorithm segmentation flowchart.
The first purpose of the algorithm is to obtain a CT volume with a liver tissue as uniform as possible but preserving the
gradient between adjacent organs. Several smoothing filters were evaluated: a curvature flow filter [1], a morphological center
filter [2], and an adaptive filter proposed in this paper that is based on fist-order statistics of the image, such as the mean (m)
and the variance (σ). Several experiments demonstrate that the adaptive filter obtains a more uniform grey-level in the liver,
preserving better its boundaries.
In the next step, a 3D region growing method is applied to the smoothed CT volume. Finally, post-processing filters
are applied to obtain the final result. First, the holes are closed in all 2D images with a morphological reconstruction by
dilatation [3]. After that, a 3D erosion is applied with a cylindrical structuring element. The erosion step is carried out to
∗ E-mail: ferlomir@labhuman.i3bh.es. Thanks to the Hospital Clı́nica Benidorm (HCB) for funding this project. This work has been supported by the
Centro para el Desarrollo Tecnológico Industrial (CDTI) under the project ONCOTIC (IDI-20101153) and partially by projects Consolider-C (SEJ200614301/PSIC), ”CIBER of Physiopathology of Obesity and Nutrition, an initiative of ISCIII” and Excellence Research Program PROMETEO (Generalitat
Valenciana. Conselleria de Educación, 2008-157).

eliminate connexions between the liver and organs as heart, stomach or kidneys with similar greylevels that the 3D region
growing segmented as liver. Every object is labelled, the largest is selected, and a dilatation with the same structuring element
than the erosion is carried out to recover the original size of the liver.
2. RESULTS
Table 1 summarizes the mean (m) and the standard deviation (σ) of five goodness coefficients of the twenty training datasets [4].

Table 1. m and σ of 5 Coefficients of 20 training datasets
m
σ

VOE
(%)
11.91
4.24

RVD
(%)
-5.02
6.78

ASSD
(mm.)
3.03
0.96

RMSSSD
(mm.)
6.9
2.71

MSSD
(mm.)
53.5
24.9
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