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ABSTRACT

A volume data coding method based on the region
segmentation is proposed in the present paper. The
volume data is the three dimensional one, thus the vi-
sualization method is needed. To visualize the desired
portions in the volume data, the region segmentation
is indispensable. Hence, the region-oriented coding is
suitable for the volume data.
The �nite mixture model is used to estimate the

probability density function of the feature vectors ob-
tained from the volume data. The volume data is seg-
mented using a posteriori probability calculated from
this �nite mixture model. The information of the seg-
mented regions are represented as follows:(i)the con-
tours of the regions are represented by the chain code
in each slice,(ii)the colors of the regions are repre-
sented as the coeÆcients of the polynomial which is
used to approximate those colors,(iii)since the poste-
riori probabilities can be regarded as the opacities of
the voxels, the opacities which are needed to visual-
ize the segmented regions are represented as the es-
timated parameters of the �nite mixture model. An
experimental result for the CT data is shown.

1. INTRODUCTION

The region-oriented coding is one of the methods uti-
lizing the structural information for coding the image.
In this method, the image is segmented into the homo-
geneous regions, and then the contours and the colors
of the regions are coded separately. This method has
been applied to the gray-scale image, the color image
and the image sequence coding [1] [2] [3].
The volume data coding method based on the region

segmentation is proposed in the present paper. A vol-
ume data V (x; y; z) is the sampled function of three
spatial dimensions. The volume data is useful to repre-
sent the internal structure of an object. However, the
size of the volume data is normally very large. Thus
the coding method for the volume data is needed.

Since the volume data is the three dimensional one,
the rendering method which converts the volume data
into the two dimensional image I (X;Y ) is needed to
display it. The region segmentation is indispensable to
render only the desired portions. That is, the struc-
tural information is inherently needed in this visualiza-
tion. The region-oriented coding is, therefore, suitable
for the volume data.

Figure 1 shows the outline of the proposed cod-
ing method. First, the feature of the each voxel is
extracted. The probability density function of the
feature vectors is estimated using the �nite mixture
model. The volume data is segmented using the pos-
teriori probabilities of the feature vectors for each com-
ponent density function of the model. After the region
segmentation, the information of the regions, i.e. the
contour, the color and the opacity, are represented.
The contours of the regions are represented by the
eight directional chain codes in each slice. The col-
ors of the regions are approximated by the second or-
der polynomial. Hence, the colors can be represented
as the coeÆcients of this polynomial. Since the pos-
teriori probabilities can be regarded as the opacities
of the voxels, the opacities can be represented as the
estimated parameters of the �nite mixture model.

The experimental result for the CT data shows the
usefulness of the proposed method.

2. VOLUME RENDERING

The volume rendering[4] is one of the visualization
methods of the volume data. In this method, the high
opacities should be assigned to the portions to be visu-
alized. Thus these portions should be segmented in the
�rst place. After the segmentation, the colors of the
voxels calculated by the shading process are projected
onto the image plane I(X;Y ) through the transparen-
cies added from back to front along the viewing ray
(Fig.2). This process can be represented as follows:
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Fig. 1: Outline of the proposed coding method.
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where ci and �i are the color and the opacity of the i-th
voxel (i = 1; : : : ;K) which intersects the viewing ray.
Obviously, the region segmentation is indispensable to
visualize the desired portions in the volume data by
the volume rendering.

3. REGION SEGMENTATION USING

FINITE MIXTURE MODEL

The region segmentation for the volume rendering is
carried out using the �nite mixture model. The dis-
tribution of the feature vectors obtained from the vol-
ume data is represented by the following �nite mixture
model.
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where x is a feature vector in Rn, r is the number of
component densities �i (), � = ff�ig
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such that
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i=1 �i = 1; 0 � �i � 1, and �i is a set of
parameters of �i ().
The multivariate t distribution is used as a compo-

nent.
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Fig. 2: Volume rendering.

where � = fm;V ; �g, and m (n� 1), V (n� n) and
� are the location, the scatter matrix and the degree
of freedom, respectively. This distribution is identical
to the normal distribution when � !1, and can rep-
resent more heavy tailed distribution by changing �.
Furthermore, the maximum likelihood parameter esti-
mation of this distribution by the EM algorithm[5][6]
is a kind of the robust estimation techniques[7]. Thus
the segmentation using this �nite mixture model can
reduce the e�ect of the outliers in parameter estima-
tion process like as the robust clustering[8]. The EM
algorithm and the quasi-Newton method are used in
parameter estimation [7].
A following posteriori probability is calculated using

the estimated parameter, and it is used as the opacity
of each voxel.

P (Si jx ) = �i�i (x j�i ) =f (x j� ) (5)

where Si denotes the portion corresponding to the i-
th component. The components corresponding to the
portions to be coded are selected, and the opacities
of all voxels are calculated using them. The region
segmentation is carried out by extracting the voxels
which have larger opacity than the given threshold.

4. REPRESENTATION OF SHAPE, COLOR

AND OPACITY

After the region segmentation, the information of
the regions are represented as follows.
The shape of the regions is represented by the chain

code. First, the three dimensional connected compo-
nents are extracted. And then, the contours of each
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Fig. 3: Region boundary representation by the eight
directional chain code.

connected component are represented by the eight di-
rectional chain code on each slice(Fig.3). Thus the
shape is represented by the slice numbers, the start
points of the chains and the chain code numbers.
The colors of each connected components are ap-

proximated by the second order polynomial as follows:

C = WP (6)

C = [c1; : : : ; cN ] (p�N) (7)

ci = (ci1; : : : ; cip)
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wj = (wj1; : : : ; wjm)
t
; j = 1; : : : ; p (10)

P = [p1; : : : ;pN ] (m�N) (11)

pi = (1; xi; yi; zi; xiyi; yizi; zixi;

xixi; yiyi; zizi)
t
; i = 1; : : : ; N (12)

where N is the number of voxels in the connected com-
ponent, p is the number of dimensions of the color and
(xi; yi; zi) are the coordinates of each voxel. The col-
ors are represented by the matrix W constructed by
m coeÆcients of the polynomial.

W = CP+ (13)

where P+ is the Moore-Penrose generalized inverse
matrix of P .
The opacities are represented by the estimated pa-

rameters of the �nite mixture model. Given these pa-
rameters, the opacities can be calculated by (5).
Each information is used in the decoding process as

shown in Fig.4.
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Fig. 4: Decoding process.

5. EXPERIMENTAL RESULT

An experimental result for the CT data (128 � 128
� 128,16 [bit/voxel] ) is shown. The feature used in
the segmentation was the CT number of each voxel.
The probability density function of the CT number
was estimated by the �nite mixture model with eight
components(Fig.5).
The components 1,2 and 3 corresponded to the air,

4 and 5 corresponded to the soft tissue and 6,7 and 8
corresponded to the skull. In this experiment, the skull
was selected as a coding object. Hence, the opacities
of all voxels were calculated using the components 6,7
and 8. Then voxels which had larger opacity than the
threshold 0.1 were segmented.
The skull was correctly segmented by the �nite mix-

ture model(Fig.6 (a) and (b)). To render the decoded
data, the opacities were calculated by (5) using the
parameters of the �nite mixture model included in the
coded data. The rendering results of the decoded data
showed that the major features of the skull were suf-
�ciently reconstructed although the detailed features
were lost(Fig.6 (c) and (d)). The compression ratio of
the skull was 8.7:1 (1.84[bit/voxel]). The size of the
volume data was reduced to 1/17.4 of the original size
by the region segmentation. As a result, the total re-
duction of the size of the volume data was 1/151.4.

6. CONCLUSIONS

The volume data coding based on the region seg-
mentation was proposed. The �nite mixture model
with the t distribution as a component was used to
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Fig. 5: Estimation result of the probability density
function for the histogram of the CT number by the
�nite mixture model with eight components. (a) his-
togram of the CT number. (b) estimated probability
density function using the �nite mixture model.

segment the volume data. The posteriori probabilities
could be regarded as the opacities of the voxels. Thus
the opacities could be represented as the estimated pa-
rameters of the �nite mixture model. The shape and
the colors of the regions were represented by the chain
codes and the coeÆcients of the polynomial, respec-
tively. The experimental results for the skull of the CT
data showed that the major features of the skull could
be suÆciently reconstructed from the coded data, and
the total reduction of the size of the volume data by
the region segmentation and the coding was 1/151.4.

7. REFERENCES

[1] M.Kunt,A.Ikonomopoulos and M.Kocher:\Second-
Generation Image-Coding Techniques," Proc. IEEE,
Vol.73, No.4, pp.549-574, 1985

[2] Y. Horita, M. Miyahara, K. Ohtake:\Region Segmen-
tation Coding Using the Local Feature of Color Infor-

(a) (b)

(c) (d)

Fig. 6: Experimental result for CT data. (a),(b) ren-
dering result of the original data(front and side view).
(c),(d) rendering result of the decoded data(front and
side view).

mation," Trans. on the IEICE D-II, Vol.J76-D-II,
No.5, pp.1023-1037, 1993 (in Japanese)

[3] M. Gilge, T. Engelhardt and R. Mehlan:\Coding
of Arbitrarily Shaped Image Segments Based on a
Generalized Orthogonal Transform," Signal Process-
ing:Image Communication, Vol.1, No.2, pp.153-180,
1989

[4] M.Levoy:\Display of Surfaces from Volume Data,"
IEEE CG & A, Vol.8, No.5, pp.29-37, 1988

[5] A.P. Dempster, N.M. Laird and D.B. Rubin: \Max-
imum Likelihood from Incomplete Data via the EM
Algorithm," J.R.Statist.Soc. B, Vol.39, No.1, pp.1-
38, 1977

[6] R.A. Redner and H.F. Walker: \Mixture Densi-
ties,Maximum Likelihood and the EM Algorithm,"
SIAM Revies, Vol.26, No.2, pp.195-239, 1984

[7] K.L. Lange,R.J.A. Little and J.M.G. Taylor:\Robust
Statistical Modeling Using the t Distribution," Jour-
nal of the American Statistical Association, Vol.84,
No.408, pp.881-896, 1989

[8] N. Ichimura:\Inexhaustive Region Segmentation by
Robust Clustering," Proc. of IEEE International Con-
ference on Image Processing, Vol.III, pp.77-80, 1995


