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Abstract-In this study, a cascade algorithm combined 
Kohonen feature map with FCM was applied to segment the 
MR brain images. The method we proposed was proved has 
better performance than FCM method usually used in image 
segmentation researches. Because the algorithm is 
unsupervised, it can reduce the errors caused by intraobserver 
and interobserver estimation. In this paper, we also utilized 
the MR images acquired by PAIR protocol to verify the 
result of the image segmentation. 

I .  Introduction 

T H E  FCM(fuzzy c-mans, FCM) can be utilized to solve the 
clustering, feature selection, medical diagnosis, and 

automatic target recognition [I], but it always needs a large 
number of memory to keep the data set and also requires a 
large amount of CPU time to compute. In order to conquer 
these drawbacks, we  propose a cascade algorithm combined 
Kohonen feature map[2] with FCM to accelerate the 
computation and reduce the memory required to perform the 
image segmentation process. 

11. Methods and Materials 

An unsupervised algorithm Kohonen feature map of two- 
layer architecture was used to classify the pixels in the MR 
brain images into categories of gray matter, white matter, and 
cerebrospinal fluid (CSF). The processes learning algorithm 
of Kohonen feature map is 

where 7 is the leaming rate of the network, R is the radium 
of convergence, and Distance is the distance between the 
winner and other output nodes. When all of the output nodes 
were updated according to the learning algorithm, the 
average distortion was calculated to be as the criteria of the 
convergence of the system. The equation to calculate the 
average distortion is 

where xu is the jth vector of the ith input unit, w,,,,,,~ is the 
weighting vector between the winner node in the output layer 

and all nodes in the input layer, and E is the criteria of 
convergence. In this study, lhe parameter E was set as 
After the preprocess of the Kohonen feature map, the result 
of the output layer will be set to the parameters of the FCM 
to label the tissues in the image. The structure of the 
experiment is; shown in Fig. 1 .  All algorithms werc 
implemented in C language and run on Pentium-133 personal 
computer. 
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Fig. 1 The structure of this experiment 

The MR brain images of a 28 yr. healthy male acquired by 
TI weighted, T2 weighted and PD weighted(Fig. 2), 
respectively, were used to train the Kohonen feature map and 
conventional FCM for image segmentation. 
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Fig. 2 Original images 

Finally, Image segmented by the Kohonen feature map 
were examined by clinician and in comparison with a 
reference boundary image acquired by the PAIR (PArtial 
volume senstised Inversion Recovery, PAIR)[3] pulse 
sequence. The PAIR protocol was achieved by choosing TI 
properly to se1 the transition boundary between two different 
tissues of interest as nulling points to outline the tissues with 
a black profile. 

I11 Results 

The time needed to train the conventional FCM image 
segmentation method exceeids 44 minutes. The computation 
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times of the method proposed in this paper would vary with 
the size of the output layer of Kohonen feature map. They 
were 13 mins., 20  mins., 25 mins., and 37 mins., 
respectively, when the output mesh is from 6 by 6 to 9 by 9. 
The result indicates that Kohonen feature map with 8 by 8 
output layer has the best qualityitime ratio than others (Fig. 

Because the gray matter and the boundary between white 
matter and CSF will be set to null by the PAIR protocol 
(TI-=2500 ms), the image could be used as the reference to 
verify the result of image segmentation. The result showed in 
Fig. 4 indicates that the images segmented by Kohonen 
feature map and FCM can match the PAIR image. However, 
Kohonen feature map is better than FCM in noise immunity, 
because there is few spike in the image segmented by feature 
map method. 

In order to verify the reliability of the result of the 
proposed method in this study, different image slices 
obtained from the same volunteer and obtained from the 
different volunteers (26 yr. healthy male) were tested and the 
comparison was made. In Fig. 5 and Fig. 6, gray matter, 
white matter, and CSF can be classified clearly. 

3 ) .  

IV. Discussions 

Increasing the number of the output layer nodes of the 
Kohonen feature map makes the result of classification more 
accurate. But the performance and accuracy of the image 
segmentation by Kohonen feature map method is not 
proportional to the number of output layer nodes. The result 
shows that when the mesh of the output layer is 8 by 8, the 
Kohonen feature map has better qualityitime ratio than other 
architectures. 

The memory required by FCM algorithm and by Kohonen 
feature map for classifying six categories of  tissues in one 
256 by 256 image is about 1.6 Mbytes (6*4*64Kbytes) and 
0.4 Mbytes, respectively. It indicates that Kohonen feature 
map is less memory-consuming than FCM. And the method 
combined Kohonen Self Organizing Map with FCM saves 
more than 40% of time needed for training and adjusting the 
parameters for image segmentation when compared with the 
method of FCM classification. 

In order to prove that the results of the segmentation can 
be applied to clinical usage, we compared the segmented 
tissues in test images to that in the reference PAIR images. 
The result shows that it can not only match the reference 
image, but also pass the validation of  the clinician. 

Kohonen feature map based image segmentation method 
can reduce the deviation caused by the interobserver or 
intraobserver and has an excellent reliability for different 
volunteers. These results show that the method proposed in 
this study can be used to assist the clinician to delineate the 
tissue of interest more efficiently and correctly. And the 

result of segmentation can further be applied for the 
measurement and volume rendering, etc. 
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gray matter white matter CSF 
Fig. 3 The results obtained by the Kohonen feature map with 

8 by 8 output layer nodes. 

Fig. 4 The reference image and segmented images. 

gray matter white matter CSF 
Fig. 5 The result of image segmenlation of different slices of 
the same volunteer. 

gray matter white matter CSF 
Fig. 6 The result of image segmentation of image slices of 
different volunteer , 
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