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Abstract. The use of management zones is considered a viable economic alternative for the
management of crops due to low cost of adoption as well as economic and environmental benefits.
The decision whether or not to nhormalize the attributes before the grouping process (independent of
use) is a problem of methodology, because the attributes have different metric size units, and may
influence the result of the clustering process. Thus, the aim of this study was to use a Fuzzy C-
Means algorithm to evaluate the performance of various data normalization techniques used in the
data clustering process for generating MZs. The tests were conducted in three experimental areas. A
Fuzzy C-Means clustering method using Euclidean distance was used to define MZs in sub-regions
two, three, and four of each field, respectively. The conclusion was that the use of normalization
techniques is essential for defining MZs with a Fuzzy C-Means algorithm using the Euclidean
distance when there is a need to use more than one attribute with different metric units.
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Introduction

A management zone (MZ) is defined as a subregion of a field that exhibits similar combinations of
yield-limiting factors (Tagarakis et al. 2013). This facilitates the application of precision agriculture
(PA) techniques by reducing the costs of its adoption and implementation. Clustering methods are
appropriate for dividing data into groups with homogeneous characteristics. Of these, the Fuzzy C-
Means is used most often (Li et al. 2007; Zhang et al. 2013). A methodological problem is the
decision whether to normalize data before the clustering process because the attributes have
different metric size units (meters, degrees, t ha®, for example), and may influence the result of the
clustering process (regardless of use). The goal of this study was to evaluate the performance of
different normalization techniques used in the data clustering process by the Fuzzy C-Means
algorithm to generate MZs.

Material and Methods

This research was conducted in three commercial agricultural fields: Field A was 15 ha, located in
Céu Azul (PR, Brazil), Field B was 9.9 ha, located in Serranépolis do Iguacu/PR and Field C was
19.8 ha, located in Cascavel/PR. Selected for data considered to be stable, and the yield of
soybeans and corn was analyzed using spatial correlation statistics. The selected attributes were
interpolated using ordinary kriging to create a 5 x 5 m grid with greater detail than the layers of
sampling grids that were normalized using standard score (Larscheid and Blackmore 1996),
amplitude (Mielke and Berry 2007), and averaging (Swindel 1997) methods. A Fuzzy C-Means
clustering method using Euclidean distance was used to define MZs in sub-regions two, three, and
four of each field, respectively. Using the statistical methods of MPE (Modified Partition Entropy), FPI
(Fuzziness Performance Index), VR (Variance Reduction), SI (Smooth Index), and Kappa, the
normalization methods influenced the clustering process when using more than one layer.

Results and Discussion

MEP and FPI showed diverse results for each set of normalized data, indicating the normalization
process had a significant influence on the grouping results. For all fields, regardless of non-
normalization or the normalization method, the indexes showed that grouping into two MZs was best,
except for Field A, where it was indicated that three MZs were best when non-normalized data or
data normalized by average were used. The normalization method interfered with the analyzed
indexes (Figure 2; VR, FPI, and MPE) when there was more than one variable. The behavior of the
FPI and MPE were quite similar, providing the same interpretation (except for Field B with non-
normalized data). Normalization by amplitude was the method (except for slight inconsistency in
Field C) in which the choice of the best number of zones coincided in the three methods. The
smoothness index (Figure 2) decreased as the number of MZs increased indicating the smoothness
of the contour curves decreased, complicating the visual interpretation and site-specific management
of agricultural inputs. Perfect agreement among normalization methods occurred for Field C (MZs
defined using a single variable). Standard score and amplitude methods behaved similarly in all
cases, with slight advantages for amplitude. Additionally, mean and non-normalized methods
behaved more poorly than did the others.
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Fig. 1 Statistics of Variance Reduction (VR, %);Fuzziness Performance Index (FPI) and Modified Partition Entropy (MPE) obtained
in the clustering of Fields A, B, and C.
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Fig. 2 Smooth Index calculated for Fields A, B, and C, as a function of normalization methods.

Conclusion

The use of normalization techniques is essential for defining MZs with a Fuzzy C-Means algorithm
using the Euclidean distance when there is a need to use more than one attribute with different
metric units. When using a single attribute, there is no need to use normalization methods against
the input data for the algorithm. The amplitude method was considered the best normalization
method.
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