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PATTERN RECOGNITION METHODS FOR CLASSIFICATION
OF SOILS BASED ON THEIR RADIONUCLIDE CONTENT

S. Dragovi¢' and A. Onjia’

! Institute for the Application of Nuclear Energy — INEP, Banatska 31b, Belgrade, Serbia
° Vinéa Institute of Nuclear Sciences, P.O. Box 522, Belgrade, Serbia

Abstract

Multivariate data analysis methods were used to recognize and classify soils of un-
known geographic origin. A total of 103 soil samples were differentiated into classes,
according to regions in Serbia and Montenegro from which they were collected. Their
radionuclide (226Ra, 28y, P3U, YK, P4Cs, P'Cs, #*2Th and 7Be) activities detected by
gamma-ray spectrometry were then used as the inputs in different pattern recognition
methods. The prediction ability of linear discriminant analysis (LDA), k-nearest
neighbours (KNN), soft independent modelling of class analogy (SIMCA) and artifi-
cial neural network (ANN) were 82.8%, 88.6%, 60.0% and 92.1%, respectively.

Introduction

There are only few studies on employing the chemometric approach to describe the
correlation between locations and radioactive contamination, in which artificial neural
networks was used [1,2]. This approach is used predominantly for identifying of ra-
dioactive isotopes [3], quantitative gamma-ray spectrometry analysis [4] and for opti-
mization of gamma-ray spectrometric measurements [5,6].

In this work the feasibility of using pattern recognition techniques to predict soil
origin based on its radionuclide content was examined. Four commom pattern recogni-
tion techniques, LDA, KNN, SIMCA and ANN, were employed to classify soil sam-
ples based on their radionuclide contents determined by gamma-ray spectrometry.
Since a predominant part of the radioactivity in soil is derived from the decay of the
primordial radionuclides, **U, ***Th and *’K and the significant amounts of '*’Cs are
also present in soil as a result of nuclear weapon tests and nuclear accidents, these
radionuclides and their descendants are used for prediction. Soil samples (n=103) were
collected from fifteen geographic regions of Serbia and Montenegro and their
activities determined using an HPGe gamma-ray spectrometer ORTEC-AMETEK
model GEM 25 (34% relative efficiency and 1.65 keV FWHM for “Co at 1.33 MeV,
8192 channels).

Details on employed pattern recognition methods can be found elsewhere [7]. It is
only important to indicate the differences in thgeir characteristics and in the way in
which each of them define the classification rules. LDA is a parametric method which
searches for optimal boundaries between classes while it assumes that all classes have
the same multi-normal distribution and that they are linearly separable. KNN is a non-
parametric method which is very simple from a mathematical point of view and free
from statistical assumptions; however, it is very sensitive to gross inequalities in the
number of objects in each class. ANN does not impose any condition on the data
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structure. SIMCA is based on principal components for each category and critical
distances with probabilistic signification; hence this implies that a spatial and prob-
abilistic structure is present in the data.

Results and Discussion

Table 1 shows the activities (Bg/kg) of radionuclides in the analyzed soil samples. In
general, radionuclide activities in these soils varied by a factor of up to 3-5 for **’Ra,
238y, 25U, K and ***Th, 7 for 'Be, 13 for **Cs, and 21 for "*’Cs. The distribution
parameters (skewness and kurtosis) indicated normal (Gaussian) distribution.

Table 1. Descriptive statistics of radionuclide activities (Bq/kg) in soil samples

Variable Mean SD Min. Max. Median Skewness Kurtosis

Ra 308 9.14 136 549 299 0.42 -0.45
U 297 942 146 534 302 0.44 -0.33
Py 137 046 051 261 138 0.53 0.22
K 567 164 271 919 593 -0.17 -0.73
“Th 407 135 183 834 397 1.20 2.18
PfCs 0.09 0.07 0.02 026 0.05 0.91 -0.56
BiCs 483 262 525 112 429 0.44 -0.39
"Be 179 1.05 0.54 394 150 0.66 -0.91

The reliability of the classification models achieved was studied in terms of rec-
ognition ability (percentage of the members of the training set correctly classified) and
prediction ability (percentage of the members of the test set correctly classified by
using the rules developed in the training step).

Table 2 shows recognition and prediction abilities afforded with each multivariate
technique. The recognition ability of these methods ranged from 86.4 to 100% and the
prediction ability from 60.0 to 92.1%.

LDA produced a recognition rate of 95.1%; however, prediction ability was less
satisfactory (82.8%). The highest rate of recognition achieved by KNN classifier was
86.4% and that of prediction was 88.6%. The number of neighbours (k) assayed were
1,3,5,7 and 9. The results obtained by SIMCA were very poor, giving only 60.0% of
correct assignation for samples from test set containing autoscaled data.
Meancentering of the data resulted in prediction ability of only 42.8%. In this applica-
tion, ANN method overperforming the classification capabilities of other techniques.
All soil samples presented to the network were correctly classified, i.e. the recognition
ability was 100% and the prediction ability was 92.1%.
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Table 2. Recognition and prediction ability of LDA, KNN, SIMCA, and ANN to classify
soil samples

Recognition Prediction
Method ability (%) ability (%)
LDA 95.1 82.8
KNN (K=1; inverse squared
Euclidean distance) 86.4 88.6
SIMCA (normal range; 0=0.05) 86.4 60.0
ANN (8x7x15; 1=0.1; p=0.1; 100.0 91

sigmoidal transfer function)

Neural network are able to reproduce the training data in much more detail than
other statistical techniques, which is particularly important if the specific problem
under consideration requires a more detailed solution which the usual statistical ap-
proach based on means and variances may be unable to provide. The main advantage
of neural network-based decision models lies in their adaptive behaviour.

In gamma-ray spectrometry ANNs have shown many advantages because of their
full-parallel computing, simple implementation and nonlinearity. Automated pattern
recognition systems such as neural networks are particularly useful in hazardous envi-
ronments since an environment can be monitored without risk to human operators.
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