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Abstract: In the three-dimensional liver reconstruction, in 
order to decrease shrinkage and make up the lost important 
details in Laplacian smoothing, we make some improvements to 
revise the algorithm in this paper.The cost function after 
Laplacian smoothing process is constructed to make up the lost 
important details. When the value of cost function is minimum, 
the result is close to original liver volume. From the results, we 
can see that volume of the revised algorithm is more closely to the 
original volume compared with Laplacian smoothing algorithm. 
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I.  INTRODUCTION 
Primary hepatocellular carcinoma (HCC) and metastatic 

liver cancer are refractory malignancies. The alternative 
treatment mainly includes surgical operation, minimally 
invasive surgery and living donated liver transplantation 
(LDLT). By reason of the anatomical structure complexity and 
intrahepatic vascular variability, and patients with HCC often 
have chronic liver disease, such as chronic hepatitis, cirrhosis, 
preoperative planning of the liver resection volume, area 
around the tumor and relationship of intrahepatic vessels 
should be typically evaluated. 

The majority of work performed in radiology is presented 
as 2-D information, from conventional x-ray images to the 
most advanced computed tomography (CT), magnetic 
resonance imaging (MRI) or ingle-photon emission computed 
tomography (SPECT) studies[1,2]. Advances in radiological 
techniques have allowed three-dimensional (3D) hepatic 
reconstruction from multiple 2D slices of CT or MRI images, 
which can provide the complex anatomy present in slices and 
volumetric information [3-7]. 2D medical images may require 
special training, and although radiologists have these skills, 
they must often communicate their interpretations to the 
referring physicians, who sometimes have difficulty visualizing 
the 3D anatomy. Therefore, 3D reconstruction is useful to 
understand tumor localization and to make a resection proposal. 

The algorithm of 3D reconstruction mainly includes surface 
rendering and volume rendering. Marching cube (MC) 
algorithm creates triangle models of constant density surfaces 
from 3D medical data[8-10]. It is the most common method in 
surface rendering. Because of the segmented data is mask 

volume data, so Laplacian smoothing is used to smooth a 
polygonal mesh [11,12]. But there are some disadvantages in 
smoothing operation, for example, it reduces high frequency 
information in the geometry of the mesh. With excessive 
smoothing important details may be lost. Therefore, with the 
aim of decreasing the shrinkage, we make some improvements 
to Laplacian smoothing in this paper. 

II. MATERIALS AND METHODS 

A. Marching cube algorithm 
Marching squares algorithm we can adapt our approach to 

the 3D case: this is the marching cubes algorithm. In a 3D 
space we enumerate 256 different situations for the marching 
cubes representation. All these cases can be generalized in 15 
families by rotations and symmetries (Figure 1). 

 
Fig. 1. It represents the 15 families from the marching cubes algorithm 

In order to be able to determine each real case, a notation 
has been adopted. It aims at referring each case by an index 
created from a binary interpretation of the corner weights. 
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In this way, vertexes from 1 to 8 are weighted from 1 to 
128 (v1 = 1, v2 = 2, v3 = 4, etc.); for example, the family case 
3 example you can see in the picture above, corresponds to the 
number 5 (v1 and v3 are positive, 1 + 4 = 5). 

 

Figure 2  The creation of these complementary cubes allows giving an 
orientation to the surface. 

B. Laplacian Smoothing 
The Laplacian smoothing technique changes the position of 

nodes without modifying the topology of the mesh. Each 
internal surface node is moved to a new position given by the 
average of nodes connected to it by an edge. This works fine 
for triangular or quadrilateral meshes. For mixed meshes, 
however, this simple scheme behaves not fully satisfactorily. 
Let's assume, for example, the mesh depicted on the left 
consisting of ideal elements only (squares and equilateral 
triangles). Employing the standard Laplacian smoothing will 
move the nodes on the interface between the quadrilaterals and 
triangles towards the triangles and consequently deteriorate the 
quality of the elements. This effect can be eliminated by 
introducing weighted Laplacian smoothing with different 
weights for nodes connected to the smoothed node by an edge 
shared 

by two quadrilaterals ( 3ω = 3 − ) 

by one quadrilateral and one triangle ( 1ω = 3 − ) 

by two triangles ( 1ω = ) 

These weights can be determined using a “do not harm'' 
concept, the idea of which is to not move the node shared by 
elements of ideal shape (Fig. 7). 

The Laplacian smoothing can be further extended by 
weights accounting for the valence (connectivity number) of 
nodes connected to the smoothed node. It is well known that 
nodes with a valence larger (smaller) than the ideal one tend to 
attract (repulse) the smoothed node. Again, the setup of the 
weights for triangular and quadrilateral meshes is quite easy, 
because the ideal valence is evident. In a mixed mesh, however, 
the determination of the ideal valence is not straightforward. 
The following formulas for the ideal valence 

i
ν of an internal 

node and 
b
ν  of a boundary node in a mixed mesh proved to be 

beneficial. 

where q and t stand for number of quadrilaterals and 
triangles sharing the node and ω  is the angle (in degrees) in 
the surface tangent plane at the boundary node filled in by the 
surface. 

Note that the repositioning of a node is likely to shift the 
node out of the surface (unless the surface is planar). Therefore 
the projection must be employed to satisfy the surface 
constraint. 

C. Revised Laplacian smoothing algorithm 
Because of the segmented data is mask volume data, so 

Laplacian smoothing is used to smooth a polygonal mesh 
(Figure 3). But there are some disadvantages in smoothing 
operation, the surface may shrink towards the centroid 
(hrinkage) and the volume will become smaller (Figure 4). 

 
Figure 3 It is a polygonal mesh created by Marching cube algorithm. 

 
Figure 4 It is a polygonal mesh after Laplacian smoothing process 

 
Figure 5 The image is the composition of figure 3 and figure 4. 

Therefore, we improved the Laplacian smoothing algorithm 
and decreased the shrinkage problem in the smoothing process. 
We constructed the cost function after smoothing process.  
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d   ...

n
d is the projector distance of the point from the 

original mesh to all the points in the containing cells along the 
normal direction. 

 
Figure 6 
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Vp1-p ...Vpn-p is the projector Vector of the point from the 
original mesh to all the points in the containing cells. VDir is the 
Direction of movement. Increase parameter Vt is to prevent the 
mesh structural changes. 

Therefore, when the value of cost function is minimum, the 
result is close to original liver volume.  

 

 
Figure 7The image is the composition of originalmesh and polygonal mesh 

created by revised Laplacian smoothing.  
 
 

Table 1  The comparison of volumes from Laplacian smoothing and revised 
algorithm.  

Case 
Original vlume 

(mask data ) 
(ml) 

Volume after 
Laplacian 

smoothing (ml) 

Volume of 
revised 

algorithm (ml) 

L/O(ratio of 
laplacian 
volume to 
original) 

R/O(ratio of 
revised volume 

to original) 

1 1573 1482 1562 0.942 0.993 
2 1724 1653 1734 0.959 1.006 
3 1606 1509 1624 0.940 1.011 
4 1733 1606 1741 0.927 1.005 
5 1681 1604 1675 0.954 0.996 
6 1533 1484 1538 0.968 1.003 

 

III. RESULTS 
Figure 5 shows the composition of Figure 3 and Figure 4. 

Figure 3 is a polygonal mesh created by Marching cube 
algorithm. Figure 4 is a polygonal mesh after Laplacian 
smoothing process. From the composition result, we can see 
that polygonal mesh created by Laplacian smoothing is smaller 
than original mesh. And the Laplacian polygonal mesh is 
almost fully hidden by original liver model. From the Figure 6, 
we can see that original mesh and revised polygonal mesh are 
somewhat overlapped. 

From the results shown in Table 1, we take case 1 as an 
example. The original volume is 1573ml, volume after 
Laplacian smoothing is 1482ml, volume of revised algorithm is 
1562ml. The ratio of Laplacian volume to original is 0.942, and 
volume of revised algorithm to original is 0.993. Obviously, 
volume of the revised algorithm is more closely to the original 
volume compared to Laplacian smoothing algorithm. From the 
remaining 5 cases, results are the same. The mean±SD of the 
L/O is 0.948±0.015. The mean±SD of the R/O is 1.002±0.007. 
By analyzing the data using independent sample t test, the 
result shows remarkable difference (p<0.001). 

IV. DISCUSSION 
Advances in radiological techniques have allowed three-

dimensional (3D) hepatic reconstruction from multiple 2D 
slices of CT or MRI images, which can provide the complex 
anatomy present in slices and volumetric information. The 
algorithm of 3D reconstruction mainly includes surface 
rendering and volume rendering. Marching cube (MC) 
algorithm creates triangle models of constant density surfaces 
from 3D medical data. Because of the segmented data is mask 
volume data, so Laplacian smoothing is used to smooth a 
polygonal mesh. But there are some disadvantages in 
smoothing operation, for example, it reduces high frequency 
information in the geometry of the mesh. With excessive 
smoothing important details may be lost. The surface may 
shrink towards the centroid (Shrinkage) and the volume will 
become smaller. We constructed the cost function after 
smoothing process in this paper.  

From the results, we can see volume of revised algorithm is 
more closely to original volume (mask data) compared to 
Laplacian smoothing. And the mean±SD of the L/O is 
0.948±0.015. The mean±SD of the R/O is 1.002±0.007. By 
analyzing the data using independent sample t test, the result 
shows remarkable difference (p<0.001). Therefore, the 
improved Laplacian algorithm can make up the lost important 
details from Laplacian smoothing.  

By means of this, preoperative planning of the liver 
resection volume, area around the tumor and relationship of 
intrahepatic vessels as well as virtual surgery of hepatic cancer 
could be precisely evaluated.  
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