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A New Method to Find the Boundary Point from Volume Data
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Abstract It is important to improve the precision of the reconstructed surfaces from volume data. The
marching cubes method and its precision are analyzed in detail. It is found that the error brought by the
marching cubes method can reach to 1.5 pixels which is a serious problem for reconstructing the small and
thin objects such as human blood vessels. A new method with more precision is presented. The new
method distinguishes the pixels inside across or outside of the boundary by a threshold and determines the
position of the boundary point according to the values of the three adjacent pixels inside across and
outside  which is different from the marching cubes. The new method also modifies the grid topology of
the MC method considering the position change of boundary points. Theoretical analysis shows that the
new method can find the accurate boundary points when the boundary is a straight line in a pixel. The
precision and overhead of the new method are discussed. Finally examples of CT data show the contrast

between the new method and the MC method.
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MC Marching Cubes
1.5
2
4
MC 2 MC
3 MC
4 2.1
MC 3
1 MC
. Marching
Cubes 8
Cube *
3
1 A B C 3
98 I 1
12. 1 A B C
BC X BX=0.2. A mp mp mc. me <
C 100 10. my<I<my ma o ome B
B a 1—a B



1116 2007 44 7
mp = ampa+ 1 —a mg¢ 3
MC
_omyp — mg
ma — me’ MC
X 1
MAF M ma > mp> me 3.1
ma<mp<me 0<<a<l1. 2.2
B . B MC
A C 2
C B A 2.1
1 MC
B MC
A C 1
1/4 1/6 MC
B A 1/4
C 1/4 1 X" MC
B X
X’ X AC A
|AX|=a, |AY|=aq,
I —my
T gy — ma
Fig. 2 Pixel B includes two edges. ! !
2 B ax = 0.5+ a = 0.5+ BT
ma — me
MC 0<ae, <1 0.5<q,<1.5 ma>1>
mp M mp > me I> mpa+my [2 a,<0.5
1. MC @, <a, MC
mp> mpt me [2 a,>1
a,<a, MC
MC
MC
MC 0.5
MC
0.5
c A 1 MC
1 C
A B C B 3 MC
2 C
MC B
MC B, A Ay MC
MC 3



1117

MC

Fig.

3.1

~
o)

3

Self-intersection.

4

Fig. 5 The digitalized image.
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Fig. 4 Corrected results.
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Fig. 12 Blood vessel surfaces by two methods. a The
new method and b The MC method.
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Research Background

The visualization project based on human CT data was initiated three years ago collaborating with Qilu Hospital of Shandong
University. Firstly marching cubes method was employeed to reconstruct the human organ surfaces soon we found the MC method
can demonstrate a good effect on the whole but some thin and small human organs such as blood vessels can not be shown well. Some
reconstructed models of blood vessels are disconnected or much thinner than it should be. The researches on the marching cubes show
that the error produced by the marching cubes can reach to 1.5 pxels at most which can’ t be accepted if we hope to watch these
small organs. Further analysis finds that it is the interpolation method in marching cubes that brings the error so we try to find the
more accurate boundary point with other methods. The new method classes the pixesls into three kinds inside across or outside
boundary and the value of the pixel acrossing the boundary is determined by inside outside pixels and the position of the boundary.
Thus we can find the boundary by the values of inside across or outside pixels. Experiments show the new method obtains more
precision than the marching cubes which can be widely used in 3D reconstruction system based on CT data. This work is supported
by the National Natural Science Foundation of China 60573180 and the Shandong Province Natural Science Foundation
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