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Abstract. Three classifiers and multiple classifier combining rules are presented to identify materials in soil 
science images obtained from a CT scanner with different energies. 

1. Introduction 
An X and γ-ray CT scanner has been used by Embrapa to 
generate images of a phantom built with materials found in 
soil. Images with size 65x65 pixels of this phantom were 
obtained with transmission of energies 40, 60, 85 and 662 
keV (Figure 1). It has a basis of plexiglass, and 4 cylinders 
containing: water (left), aluminum (top), phosphorus (right) 
and calcium (bottom). 

A previous work successfully used the classifiers 
Maximum Likelihood, ICM and K-Means to identify 
materials in those images [1]. To observe the behavior of 
other techniques, new classification methods are proposed. 

    

Figure 1: Images obtained with the four energies 

2. Classification 

2.1     Classifiers 
The goal to achieve the best possible classification 
performance led to the use of different classification 
methods. We chose the classifiers K-Nearest Neighbors, 
Parzen and Logistic, due to their performance on trial 
experiments. 

2.2      Multiple Classifier Combining Rules 
Although one of the classification methods would yield the 
best performance, the sets of misclassified objects do not 
necessarily overlap. Results of different classifiers can offer 
complementary information that combined can improve 
performance. In this work, will be developed combination 
strategies based on the following decision rules: Voting, 
Maximum, Minimum, Mean and Median, presented in [2]. 

3. Performance Evaluation 
The Kappa coefficient will gave the average of the 
classification result on a  -1 to +1 interval. 

4. Preliminary Results 
We developed an experiment using an image acquired with 
662 keV energy, taking 64 samples over each of the 6 
classes: water; aluminum; phosphorus; calcium; plexiglass 
and background. Results are displayed on Table 1 and 
Figure 2. 

Classifiers Combination   
Logistic K-NN Parzen Median Mean 

Kappa 0.8281 0.8406 0.8500 0.8406 0.8988 
Table 1: Kappa coefficients for the classification results 
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Figure 2: 662keV band images classified with Logistic, K-
NN, Parzen and combination rules Median and Mean 

5. Conclusion 
Using a single image we obtained good performance, 
showing that combination rules can improve the best result 
(Mean rule), but also decreases it in some cases (Median 
rule). The challenge now is to explore new combination 
methods and to observe how they behave on multispectral 
images, also observing how classifiers with different 
characteristics can be combined successfully, and looking 
for a theoretical basis for the results. 
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