
GUODONG CHEN et al: A STUDY ON LIVER ORGAN 3D RECONSTRUCTION FOR VIRTUAL SURGERY 

DOI 10.5013/IJSSST.a.17.48.02                                            2.1                             ISSN: 1473-804x online, 1473-8031 print 

A Study on Liver Organ 3D Reconstruction for Virtual Surgery 

Guodong CHEN*1,Nan YE2 
 

1.College of Physics and Information Engineering, Fuzhou University, Fuzhou,Fujian,350116,China 
2. The Department of Information Engineering, Fuzhou Institute of Technology, Fuzhou,Fujian,3500506,China 

 

Abstract — In the process of establishing the three-dimensional shape model of the liver organ, or vessel, the liver tissue slice 
images of organ segmentation and three-dimensional reconstruction are one of the key steps. According to VHP liver tissue 
characteristics of slice images sequence, we realize adaptive segmentation image sequences for vascular contour approach. Then we 
use vessel contours to construct a model of three dimensional form liver vascular. The results showed that the reconstruction of the 
liver vessel structure is clear, realistic shape, with a strong sense of three-dimensional space. Moreover, the results of our study 
forms the  groundwork for subsequent vascular tree parametric modeling for quantitative analysis.  
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I. INTRODUCTION 
 
Research on virtual surgery is the major needs of the 

development of information technology and modern medical 
technology. The liver as a largest digestive organ in the 
body, the surgery is difficult to carry out for its high-risk 
characteristics. While for liver surgery simulation design of 
virtual liver surgery, to a certain extent, it can reduce the risk 
of surgery. The modeling of virtual liver is one of the key 
technologies to realize the liver virtual surgery simulation. 
Due to the interdisciplinary multi-field characteristics, the 
modeling of virtual liver research has high scientific value 
and research significance, especially liver internal pipeline 
reconstruction and visualization research, resection liver 
surgery or liver transplant surgery and other clinical 
applications have very important practical significance and 
broad application prospects[1].   

Currently, in the vascular structure of 3D geometric 
modeling, which are mainly two kinds of surface rendering 
and volume rendering methods[2]. Surface rendering and 
volume rendering can be to display of 3D data field, but the 
two are very different method of drawing in the algorithm 
efficiency, interactivity and image quality and other aspects. 
Compared to the volume rendering and surface rendering, 
volume rendering more authenticity. Therefore, when 
considering the authenticity or quality of the reconstructed 
from the results, the results of the reconstruction volume 
rendering is better than surface rendering. However, the 
current mainstream hardware platform support for volume 
rendering is not good, low efficiency interactive volume 
rendering, processing speed is slow. The surface rendering 
using geometric information to represent the surface of the 
object, less demanding on memory and graphics, the small 
amount of data, the efficiency of the program's high-speed 
fast, interactive volume rendering is superior. Therefore, this 
research adopts the method of surface rendering of three-
dimensional reconstruction of the liver vessel. 

In this work, according to the current existing problems 
of the vessel image segmentation algorithm, Visible Human 

Project(VHP) data set is studied the extracting method of 
liver vessel, which is combined with medical image 
processing software package Insight Segmentation and 
Registration Toolkit (ITK).What’s more , adopted the 
connection threshold threshold method based on grey value 
of liver vessel contour segmentation and when the sequence 
was designed semi-automatic segmentation method of seed 
points. Then, through the study of three-dimensional 
visualization technology, the use of visualization toolkit 
(VTK) on the liver vessel contour images of three-
dimensional reconstruction, and further on the model of 
three-dimensional mesh smoothing and simplified. 

 

II. SEGMENTATION OF LIVER VESSEL  

A. Problems  of  vascular  image segmentation  

 
In the field of medical image segmentation vessels, 

people have entered the extensive and in-depth research, but 
the image segmentation is still a challenging task. On the 
one hand, the existing local characteristics or any single 
vascular description is difficult to fully expresses the 
vascular structures. On the other hand, most of the image 
segmentation method is still in a state of semi-automatic, 
which require the participation of artificial auxiliary, and the 
complexity of the algorithm is higher. Therefore, according 
to the characteristics of different  forms of vascular images 
combined with the known prior knowledge, finding out the 
suitable for specific vascular image features automatic 
extraction and segmentation method, is a problem of 
concern[3]. Secondly, for research method, the effective 
combination of a variety of algorithm will make full use of 
their advantages of improving the efficiency of 
segmentation, but also worthy of study[4]. 

B. The methods used in this paper 

In this paper, the liver vessel photos from the VHP 
dataset, the picture resolution of 2048 x 1216, the picture in 
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.jpg format color images. Selection the abdomen of 
sequence images, the image numbers for DRC10C001470 to 
DRC10C001616, a total of 146 pieces, its the spacing 
between two images is 1 mm and pixel pitch of 0.33 
mm.Use of ITK programming, using the connection 
threshold threshold region growing algorithm for image 
sequences of 146 semi-automatic segmentation, and 
extracting the vascular structures. Sequence of image 
segmentation processes as shown in Figure 1. Here, the 
specific description of all aspects of the flow chart. 
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Figure 1.  The flow chart of sequence image segmentation. 

1) Preprocessing 
The purpose of the early stage of the preprocessing is to 

get more clear image gradient information. In order to 
subsequent use of the connection threshold threshold region 
growing segmentation algorithm vascular structures, we 
must  gray  for this VHP dataset at first. 

Processing of the second task is to deal with the noise of 
the image.Here, the class selected is ITK smooth curve flow 
(Curvature Flow) algorithm to achieve. 

As shown in Figure 2, Figure (a) for DRC10C001512. 
JPG image, Figure (b) is the gray image. BMP format, 

Figure (c) is the effect after smoothing filter. In this 
experiment, both of the filter parameters of the smoothing 
filter are provided:the number of iterations is 20, the time 
step length is 0.25. 
2) Region growing algorithm 

In many segmentation algorithm, region growing 
algorithm is concise and effective method in image 
segmentation, as a result of the blood vessel image 
connectivity, as well as by sealing ability, and making the 
region growing algorithm is suitable for the blood vessels 
segmentation. Among them, the connection Threshold 
method is one of the region growing method. 

 
(a) Origina limage               (b) Gray image             (c) smoothed image 

           Figure .2  Processing of   the  experimental  results 
 

Connection threshold method is the use of waterflood  
iterative threshold ideas to achieve access to seed  pixel 
neighborhood. Connection threshold region growing 
segmentation threshold of flow chart shown in Figure 3. 
 

 
Figure .3   The flow chart of  Connection threshold region growing 

segmentation  method 
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3) Sequence of  image  segmentation 
 
Because of  the need to deal with many images  , and a 

key link in the process of realization of region growing is 
the seed point selection and brightness range of Settings. 
Thus, we are faced with how to simplify the seed point 
selection work tasks, in addition, how to determine the 
brightness values range and growth rules is we need to solve 
the key problems. 

 
a) The determination of seed points 

 
Image sequences in three-dimensional space is 

continuous, and the same blood vessels of pipeline on the 
adjacent images contour edge is close, so, when an image is 
extracted by vascular contour centroid coordinates, the 
centroid coordinates points must be located in the adjacent 
image area.Therefore, we could see this coordinates as 
adjacent image region growing method of seed point 
coordinates. In this way, we need to manually set up an 
image of the seed point, first carries on the image 
segmentation, extracting the target area, calculating the area 
of the center of mass point coordinates, and finally, maping 
the centroid point of each target area for the adjacent images. 
Thus, continue to executing region growing method for 
blood vessels segmentation, until you have all the image 
segmentation. 

Suppose 
n
mR is the m-th region of the n-layer, then the 

coordinates of the centroid of the region is xm mG( , y ) , the 

centroid is calculated as follows: 

 

  1 1
x

n n
m m

m m
( x ,y ) R ( x ,y ) Rm m

x , y y
N N

 

In the formula,  mN is represented by area, n
mR  is the 

total number of pixels. 
 
b) The determination of seed points 

 
Considering the grey value of pixels in the area of blood 

vessels and the surrounding liver tissue of gray value varies 
greatly, while the change of the blood vessels between 
adjacent pixel gray level geometry is consistent.We can 
calculate the current for the center pixel neighborhood area 
within the scope of the grey value, thus determined to be 
segmented regions of minimum threshold and maximum 
threshold. 

 
4) Postprocessing 

 
After using region growing segmentation image, more 

or less ,  the blood vessels will appear empty or inner 
chamber within this region . In order to follow the effect of 
the calculation accuracy and reconstruction, the  need to 

make use of  mathematical morphology expansion method 
for post-processing. As shown in figure 4, the eight serial 
number DRC10C001508 ~ 1515 by region growing 
algorithm segmentation after expansion of experimental 
results. 

 

III. 3D RECONSTRUCTION OF LIVER VESSEL 

 
This article take the implementation of the scheme is 

based on VTK toolkit isosurface extraction algorithm for 
liver pipeline visualization surface rendering 3D 
reconstruction. VTK provides two extraction equivalence 
classes below: vtkContourFilter filter and the MC 
(Marching Cubes) algorithm[5]. The basic idea is as follows: 
first of all, according to the blood vessels image 
segmentation and the post-processing of two-dimensional 
contour data as VTK data entry, and then according to the 
data pipeline VTK, using a variety of filter for data 
conversion; and then, seting the appropriate color function, 
density value, the function and interaction, and the final 
segmentation after using visualization window for all the 
vascular section of 3D reconstruction results are displayed. 

 
 

 
 
 

 
 
 
 
                                        
                                        
 
 

Figure .4  8 images  after dealing with the region  growing algorithm 
segmentation and expansion. 

 
 

According to the above thoughts, liver vessel 
reconstruction results obtained after Figure 5, Figure (a) and 
Figure (b) is the overall results of  liver vessel; Fig. (C) is 
the results of when the hepatic artery transparency set to 
0.00 ; Figure (d)  is the results of when the hepatic portal 
vein transparency is set to 0.00 . 
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             (a)                                                    (b) 

 
 
 
 
 
 
 
 
 

             (c)                                                    (d) 
           Figure .5  Reconstruction of   the  experimental  results 

 
Through the above experiment shows that using surface 

rendering isosurface extraction algorithm reconstruction 
model can approximate the real reflect the reconstruction of 
blood vessels, topology is better, but the surface of the 
reconstruction model is not enough smooth, there is a 
staircase phenomenon, and the number of triangle model 
contains too much, time consuming, memory consumption, 
contains a large amount of redundant information. Therefore, 
you need to be smoothed and simplified model of triangular 
facets next[6]. 

 

A. Triangular Mesh Smoothing Technique 

 
In this section, using the method of smoothing filter 

based on vtkWindowedSincPolyDataFilter,  the portal vein 
of the liver were 200 and 400 iterations of the iterative 
calculation to obtain the smoothing effect of different of 
Figure 6. Figure 6 is a piece of hepatic portal vein root 
rendering. Fig. (A) is the original renderings, Figure (b) is 
the result of renderings after 200 iterations, Figure (c) is 
after 400 iterations renderings . As can be seen from the 
figure set Laplacian iterative number can control smooth 
effect, the larger the number, the better the results.  

 
 
                      
 

  
(a) Original Image               (b)  200  Iterations             (c)  400  Iterations  

        Figure .6  Smoothing  of   The  Experimental  Results 

 
 

B. Triangular Mesh Reduction Technique 

 
In this section,we use the class of  the vtkDecimatePro. 
The experiment simplified rate is set to 0.3. Figure.7 

shows the experiment results, the Figure (a) and Figure (b) 
can be seen compared with the results after triangle clipping 
is much smoother. Table.1 lists the hepatic portal vein 
model in the triangle cut and not to reduce the number of 
triangles and the number of vertices, compared two rows of 
data can be seen in the triangle cut after several and vertices 
are reduced, and the calculation speed has been optimized[7]. 

 
 
 

 
 

                   (a)  Before Reducing                     (b) After Reducing 
          Figure .7  Reduction of   The  Experimental  Results. 
 
 
TABLE.1 COMPARE THE NUMBER OF VERTICES AND 

TRIANGLES 
 The number of 

triangles 
The number of 

vertices 
Before Reducing 116610 349830 
After Reducing 
(simplified rate) 

81629 244884 

 

IV. CONCLUSION 

 
In this paper, we first introduces the blood vessels image 

segmentation by existing problems, and studied the 
extraction methods of  liver vessel VHP data set.We adopted 
the connection threshold threshold method based on grey 
value of liver vessel contour segmentation, and designed 
semi-automation  segmentation method of seed points.   
Then, combined with visualization toolkit VTK isosurface 
extraction algorithm for three-dimensional reconstruction of 
the experiment. At the same time, the reconstruction process 
and liver vessel reconstruction results are given. Finally, in 
order to get ideal liver vessel model, on the reconstruction of 
the rough surface is smooth and triangular mesh processing, 
further for subsequent liver vessel parameterized modeling 
research laid the foundation. 

 Our experiment shows that the segmentation and 
reconstruction method can be used efficiently by virtual 
surgery system. Figure.8 shows the system based on liver 
vessel reconstruction. 



GUODONG CHEN et al: A STUDY ON LIVER ORGAN 3D RECONSTRUCTION FOR VIRTUAL SURGERY 

DOI 10.5013/IJSSST.a.17.48.02                                            2.5                             ISSN: 1473-804x online, 1473-8031 print 

 
Figure .8  Liver Vessel Visual Surgery  System. 
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