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Abstract - The work presented in this article was

sponsored by SIEMENS and the department of radi-

ology of the "Institut Calot de Berck sur Mer". It

was done in order to help doctors to monitor patients

with spinal diseases. The objective is the reconstruc-

tion of each vertebra of the lumbar spine from a se-

ries of parallel views. From an initial segmentation,

we are looking for the part of the image that better

represents the vertebra anatomical contour, in order

to give doctors a belief degree on each part of this

segmentation. To �nd the point of the cortex, the

information of low level is used : gray level associ-

ated with spatial constraints. The originalities of the

work are :

� in the low level fusion process,

� in the choice of the discriminating parameters

for the expertise,

� in the construction of the belief functions.

This allows us to obtain the most reliable decisions

which are illustrated by experimental results.

Keywords: belief functions, data fusion, statical train-

ing, MRI vertebrae image, Dempster-Shafer.

1 Introduction

The work presented in this paper lies within the scope
of a collaboration with the radiology service of the In-
stitut Calot de Berck sur Mer. It aims at providing
help to doctors for the monitoring of the diseases of
the spinal column. The objective is to construct each
vertebra of the lumbar rachis starting from a series
of parallel MRI slices of the spinal column. From an
initial segmentation, one seeks a segmentation which

represents as well as possible the anatomical contour
of the vertebra, in order to de�ne for the doctors the
points really forming part of the vertebra, and to high-
light the points on which one cannot conclude. The
method of segmentation most adapted for this type of
image is active contours based method. Unfortunately,
on certain slices the active contour diverges, we pro-
posed in a preceeding study [7] [10] [11] a �rst solution
of assistance to the classi�cation of active contours by
data fusion using the theory of the evidence. This so-
lution uses high level information and is based on the
knowledge of the geometry of the object to segment.
To complete the fusion process we use in the low data
levels (pixels) available, and we show that we can im-
prove the �nal decision if we exploit this information,
thanks in particular, to the judicious choice of the pa-
rameters necessary for the expertise. We show how to
obtain the belief functions and present our low level fu-
sion process using the the theory of evidence method
which is applied to a sequence of MRI images. Results
obtained for synthetic and real data are presented.

2 The data

The objective is to make a segmentation of the vertebra
of the lumbar spine. Each vertebra is delimited by a
thin area with a low signal intensity surrounded by
the vertebral body. We study only one vertebra at a
time. For the reconstruction of the spinal, the same
approach is repeated for each vertebra. The thickness
of the MRI acquisition slice is smaller than the size of
the vertebra. For a giving vertebra, the �rst and the
last slices are ignored because they are tangent to the
vertebra extremities. Each vertebra is measured by a
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Figure 1: Cortex in MRI

dozen of slices.

First of all, we tried to exploit the histogram of a
slice.
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Figure 2: Histogram of a slice of a vertebra

An example of a slice is giving in �gure 1 and the
distribution of the associated gray levels is showing in
�gure 2. It can be noted that it is diÆcult and even
impossible to determine the number of class directly
by analyzing the whole image.

3 The frame of discernment

Each slice is constitued by K types of elements
which represent K di�erent sets of biological enti-
ties de�ned in the frame of discernment 
, where

 = fskin; vertebral body; cortex; muscle; air; fat;

f luid; contours between two biological entitiesg.
Each slice is made up of many elements, a substan-
tial number of which are not separable from each
other. This problem of di�erentiation comes from the
principle of the MRI sensor function.

Several methods of segmentation have been tested
in order to extract from the picture the information
of the cortex. The segmentation by the active contour
method [2] has been chosen because of its good detec-
tion result and because it always results in a closed
contour. The segmentation result is de�ned by a set
of N pixels or snaxels corresponding to the set : fQig,
Qi 2 cortex with i 2 [1; ::; N ]

Unfortunately, because of the artefacts (partial vol-
ume e�ect, noise)[4] introduced by the MRI, it is not
always possible to aÆrm that the points obtained fol-
lowing the segmentation process which belong to cor-
tex , are e�ectively representative to the cortical bone.

The goal of this work is to determine the degree of
belief associated with each of the Qi points in order
to determinate if they are really a part of the cortical
bone.

4 The expert mass sets

4.1 The expert

An expert gives an opinion on one or several elements
of the frame of discernement. But, the expert can not
sometime di�erentiate between several hypotheses and
his opinion is distributed on the recovered family. The
belief theory [5] permits us to reduce the doubt by
passing from a K elements discernement frame to one
of 2K elements.

Then, the expert gives an opinion on the set of
propositions of 2
.

The information which can be exploited starting
from an unspeci�ed pixel includes the following :

� the intensity of the gray level of the contour point,

� the space dependence of the pixel,

� the variance in the neighbourhood of the pixel,

� the connexity property,

� the entropy.

This expertise can, using the preceeding parame-
ters, be done either starting from statistical training
or from heuristic training. We show how to obtain
the mass of distributions starting from the preceeding
discriminating parameters.

4.2 Mass set

The mass set quanti�es all the expert opinions on the
di�erent elements of the frame of discernment 
.

To carry out the expertise, we realise a statical train-
ing on several sequences MRI. Let us take, for a given
slice, the example of the �gure 3. We tried to take into
account all possible situations (A, B, C, D, E, F, G)
for a given pixel.

We deferred in table 1 for each of these situations,
give the minimal value of the intensity min and the
variance �2 for a 3x3 and 5x5 neighbourhood.

Table 1: Statistical training

neighbourhood
3x3 5x5

min. of
grey level

�
min. of
grey level

�

A 59 287 59 330 cortex

B 782 107 782 98 vertebral body

C 775 86 707 101 vertebral body

D 629 275 460 341
contour between 2
biological entities

E 285 103 198 101 muscle

F 40 80 40 91 air

G 387 166 373 206
contour between 2
biological entities
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Figure 3: Expertise picture

Note : The use of 5x5 neighboorhoud don't give more

informations for discrimining the pixel.

We show that if one takes into account one param-
eter (minimal grey level), that only one can then say
that the pixel belongs :

� to situation A [ F :low minimal grey level,

� to situation B [ C [ D [ E [ G :high minimal
grey level.

If we consider now two parameters (minimal grey
level and variance), then we can say that the pixel
belongs :

� to the cortex if we have high variance and low
minimal grey level, situation A.

� to the air if we have low variance and low minimal
grey level, situation F.

� to the other components if we have high minimal
grey level and low variance, situation B [C [D[
E [G.

This expertise enables us to obtain the functions of
required beliefs (�g. 4).
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Figure 4: Mass functions

The synoptic of the low level fusion used starting
from the active contour of an unspeci�ed slice is giving
in �gure 5.

After the expertise we de�ne the subset S1 that rep-
resents low minimal grey level and S1 represents high
minimal grey level.

Then :

S1 = fcortex; air; fluidg (1)

S1 = fskin; vertebral body; muscle; fatg (2)

For the second expert, S2 represents high variance.
Then :

S2 = fcortex; skin \muscle; skin \ air;

skin \ fat; muscle \ air; muscle\ fat;

muscle \ fluid; air \ fatg

(3)

The logical '\' between two elements represents the
contour between the two correspondant biological iden-
tities de�ned in 
 that cannot be di�erenciated. So
they are single elements of 
.

S2 = fskin; vertebral body; muscle;

fat; air; f luidg
(4)

S1 and S2 are two subsets of 
.
Note that : the found cortex corresponds only to the

subset S1 \ S2.
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Figure 5: Expertise

5 Expertise combination

The Dempster [5] rule is used to combine these mass
distributions.

m
1;2
Qi

= m1
Qi
�m2

Qi
(5)



Table 2: Experts Intersection

m2 nm1 S1 S1 [ S1 S1

S2 cortex S1 [ S1 S1

S2 [ S2 S1 
 S1

S2 air; fluid S2 S1

This relation gives the results shown in table 2 :
It corresponds to the intersection of the mass set

under the di�erent hypothesies that give us the new
mass set.

5.1 Decision

Several decision choices are possible, corresponding to
the maximum plausibility, the maximum credibility,
the credibily-plausibility interval, or the maximum ev-
idence. We choose to use the maximum credibility-
plausibility interval to extract information in order to
determine the set of contour points.

Cr (y) =
X

y�x

m (x) (6)

P l (y) = 1� Cr (y) (7)

This results in a decision interval, whose inferior
boundary corresponds to the credibility, while the su-
perior boundary to the plausibility.

The expert decision for each point is taken as that
with the higher belief degree.

6 Results

At the end of the low level fusion step, a segmentation
solution is proposed to the physician. This step gives
an opinion for each Qi point as to whether it belongs
to the cortex or an other subset.

In the following pictures 6 7 8 and 9 10 11 we show
a real example of low level fusion pictures 9 10 11 and
the resulting contour pictures 6 7 8. We note that the
contribution of low level informations makes it possi-
ble on the one hand to validate the points, presumelly
good, obtained during the level contour fusion process
and on the other hand to raise certain ambiguities.
The results thus found shows that �nnaly the decision
must be made not at the end of each fusion process
but rather at the end.

Figure 6: Contour pictures slice 1

Figure 7: Contour pictures slice 2



Figure 8: Contour pictures slice 3

Figure 9: Low level fusion pictures slice 1

Figure 10: Low level fusion pictures slice 2

Figure 11: Low level fusion pictures slice 3



7 Conclusion

This work follows a �rst study [10] which used the the-
ory of Dempster-Shafer to de�ne a fusion based con-
tour identi�cation process for MRI data. In the �rst
study, one could not separate the elements of the same
class. The low level data fusion method presented here
permits us to separate the cortex from air and uid.

We plan to continue our work by using other pa-
rameters in the low level fusion process, to improve
the expertise and thus the belief functions. We be-
lieve, that spatial information manipulation (Markov
random �elds technique) has not yet been extensively
investigated in fusion theory. It can be integrated in a
total fusion process which would include the low level
fusion stage described in this paper followed by a fu-
sion level contour stage between the di�erent slices,
the �nal decision being made at the end by combinat-
ing all information. All the diÆculty lies then us the
choice of the paremeters which, to lead to a good de-
cision, will have to make it possible to separate all the
assumptions solutions between them independently of
the fusion level.
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