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Abstract: An algorithm for classification of healthy and diseased vine leaves images using color 
features is presented in the paper. Classification accuracy is assessed when different complexes of 
informative features and classification methods are used. Three methods are used for classification: 
support vector machines (SVM), k-nearest neighbors (k-NN) algorithm and decision tree. The 
classification accuracy is in the range between 79.86% and 97.14% according to the selected complex 
of color features. 
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1. INTRODUCTION 
 
The effectiveness of precision recognition depends not only on fast collection of field data, as 
early as possible, but also on analysis and interpretation of the collected data and the 
development of classification techniques. Various statistical and artificial intelligence 
methods have been used for analysis of agricultural data.  
The purpose of the paper is to compare classification accuracy of healthy and diseased wine 
leaves when different complexes of informative features and classification methods are used. 

 
2. MATERIAL AND METHODS 
 
2.1. Sample preparation 
 
Classification of the vine leaves requires using of two data sets - training and test. The 
training set is formed from the images of typical vine leaves for class healthy and class 
diseased. Obtained RGB colour components of each vine leaf are collected in matrixes. 
STATISTICA software was used for image data processing.  

 
2.2. Data Processing 
 
On the basis of preliminary review of standard methods classification (Alpaydin, 2010; 
Tsang, 2007), the trends outlined by a variety of other contemporary scholars systems for 
real-time (Burges; Damyanov, 2010) and last but not least set requirements to solve the 
specific task in the thesis using the following classification algorithms process the support 
vectors, a method of complex they most nearest neighbour, Bayesian classifier and decision 
tree. 
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These algorithms are selected, since each operates on a different basically method for 
differently generates the model for predicting the target variable (class). Therefore, the 
implementation of these algorithms on the same data may lead to the preparation of mixed 
results - in some cases certain algorithms give better results in others - other algorithms do 
better in terms of predicting class (this actually seen from the results obtained in the present 
study). Therefore comparison between the operation of several different methods allowing it 
to be selected optimal solution for the subsequent application on the new data. 
The data were analyzed using three commonly used in precision agriculture classifiers - 
kNN, SVM and decision tree.  
The k-Nearest Neighbours algorithm (or k-NN for short) is a non-parametric method used for 
classification and regression. In both cases, the input consists of the k closest training 
examples in the feature space. The output depends on whether k-NN is used for 
classification or regression. In k-NN classification, the output is a class membership. An 
object is classified by a majority vote of its neighbours, with the object being assigned to the 
class most common among its k nearest neighbours (k is a positive integer, typically small). If 
k = 1, then the object is simply assigned to the class of that single nearest neighbours. In k-
NN regression, the output is the property value for the object. This value is the average of the 
values of its k nearest neighbours. k-NN is a type of instance-based learning, or lazy 
learning, where the function is only approximated locally and all computation is deferred until 
classification. The k-NN algorithm is among the simplest of all machine learning algorithms. 
Both for classification and regression, it can be useful to assign weight to the contributions of 
the neighbours, so that the nearer neighbours contribute more to the average than the more 
distant ones. 
The measure of similarity, which is the second parameter setting k-NN classifier and 
depends on the characteristics of the input data in this case is chosen to be the Euclidean 
distance  as (1); V-fold cross validation (V=10) was applied as well. 
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The choice of this classification stems from the need for fast and simple from a mathematical 
standpoint classification. kNN classifier is one of the most frequently used non-parametric 
classifiers, it works on the principle classification by association to a group of images from a 
class called nearest neighbours (Figure 1).  

 

 
 

Figure 1. Geometric interpretation of kNN classifier for two classes 
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In the phase of training data sample trainees are regarded as typical samples and on the 
basis of these aggregations of multiple standards form descriptions of classes. In every 
phase of classification unknown input image refers to the class to which they belong, at least 

S  of the nearest neighbours of providing a sample of images. S  is a threshold of credibility 

and is usually selected within a range kSk 2/ . 

If k separates the image of the sample, the number of images belonging to the same class is 

equal to S  or greater than, it is assumed that the object belongs to this class. If this 

condition is met for two or more classes, the unknown image refers to the class with the 
largest number of nearest neighbors. "k" is an integer, which normally has a small value. The 
choice depends on the characteristics of the data, the larger value of k reduces the impact of 
noise on the results of the classification, but makes the boundaries between classes less 
clear. The number of nearest neighbours to which calculates the Euclidean distance is 
specified experimentally. 
The RBF kernel is one of the most popular kernel functions of SVM classifiers. SVM makes 
use of the so-called kernel. The most commonly used kernels are linear kernels, polynomial 
kernels, and radial basis functions. Each kernel represents a given space and, depending on 
the data distribution in the problem, linear separation cannot be guaranteed. First, the 
average test data set classification accuracy obtained from a single SVM without any 
involvement of the designing procedure proposed was estimated. The implementation of the 
method was made for radial basis function (RBF) with a width σ and is formulated as 
 

                                    ))2/(exp(),( 22
yxyxK                                              (2) 

 
The optimal values of the regularization constant C and the kernel width have been selected 
experimentally. To select the values, a “qualified guess” was made from several 
experiments, first. Then, several loops were run to refine the values by keeping one 
parameter fixed and adjusting the other one, interchangeably. We studied the effectiveness 
of the feature selection procedure applied to single SVMs. 
The method of support vectors - SVM (Support Vector Machines) is a basic, modern method 
widely used in a number of studies on the classification of objects in an asymmetrical 
structure of the available data and an inability classes be divided directly by linear functions. 
It is a method of classification by nonlinear transformation of the original data in another area 
with a higher dimensionality, wherein the objects are linearly separable (Figure 2). 
In SVM method the pillars that represent breakpoints for a class data in the space of signs is 
built optimal hyper plan. It satisfies the condition, the distance between the borders of the two 
classes is maximum (Figure 2.a).  
The function Φ determine the image of the entrance area K (x, y) in a new high dimensional 
feature space:             
 

                         K(x,y)= (Φ(x), Φ(y))                                                       (3) 
 
As for training and classification is used only scalar product of pairs of vectors Φ (x), Φ (y). 
With nuclear (kernel) function can indirectly define the work in this space, such as the use of 
different kernel functions constructed various classifiers, some of which are the same as 
traditional architectures - linear classifier, polynomial, RBF classifier, neural network MLP 
(Nashata, 2011). 
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a)                                                                b) 
 

Figure 2. Optimal hiperplan at SVM method.  
a) with linearly separable areas; b) non-linear separable areas 

 
Characteristic of this method is not required to calculate or even to know the transformation 
function Φ, since it never used explicitly. This in turn permits, without requiring significant 
computing resources to work indirectly in multidimensional feature space, which gives better 
opportunities to improve severability between classes in a limited capacity. 
In the case of linearly inseparable classes can use the strategy "soft Margin", where 
necessary compromise between the size of the marginalized and the number of incorrectly 
classified training data. RBF function is most preferred in nonlinear separable areas given its 

good properties ( 10  K ). 

The classification accuracy of samples is evaluated by the method of support vectors using 
software package of StatSoft STATISTICA 8. The realization of method is made for radial 
basis function (RBF) with width σ. 
 

                              ))2/(exp(),( 22
yxyxK                                     (4) 

 
The training of a SVM classifier with nuclear function type Radial basic function - Radial 
Basis Function (RBF) there are two parameters setup: capacity and gamma. 
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The significance of the parameter Capacity - C, which is common to all types of SVM, 
account during the phase of training the classifier and is expressed in prioritizing one of the 
two factors - minimizing the number of wrongly classified sites by providing sample or factors 
complexity synthesized hyper surface (simplicity of the decision surface). 
By the adjusting parameter C it reaches a balance between accuracy and error tolerance. As 
the value of the parameter C is smaller as the final hyper surface is simpler from a 
mathematical point of view, whereas at high values of the priority C is the synthesis of such 
hyper surface whereby all the objects of the training sample is correctly classified. 
The parameter gamma determine what is the impact of each element of the training sample, 
at high-degree m of gamma proximity of the elements to be classified to the class must be 
greater. When using the RBF kernel-type functions recommended joint search of parameters 
Capacity and gamma, as it is previously known which values for gamma and C are most 
suitable. For this purpose, the parameter is appropriate for both matrix to be scanned in the 
selected ranges in the process of cross-validation. 
Decision tree learning is a method commonly used in data mining. The possibility to classify 
samples using General Classification and Regression Trees (GC&RT) is examined using 
CART algorithm. The term CART analysis first introduced by Breiman et al. (1984) is used to 
refer to both of the procedures – classifiaction and regression analysis. The so called 
Random Forest classifier uses a number of decision trees, in order to improve the 
classification rate. Algorithms for constructing decision trees usually work top-down, by 
choosing a variable at each step that best splits the set of items. Different algorithms use 
different metrics for measuring "best". These generally measure the homogeneity of the 
target variable within the subsets. These metrics are applied to each candidate subset, and 
the resulting values are combined (e.g., averaged) to provide a measure of the quality of the 
split. Used by the CART (classification and regression tree) algorithm, Gini impurity is a 
measure of how often a randomly chosen element from the set would be incorrectly labeled if 
it were randomly labeled according to the distribution of labels in the subset. Gini impurity 
can be computed by summing the probability of each item being chosen times the probability 
of a mistake in categorizing that item. It reaches its minimum (zero) when all cases in the 
node fall into a single target category. 
Construction of a decision tree (Decision Tree) is a standard method in the systems for 
extracting knowledge and classification (Figure 3). There are different varieties, including 
algorithms CART, ID3, C4.5. Methods for building a decision tree to enjoy more popularity 
than other nonparametric because of its visibility (possibility of interpreting the results) and 
efficiency of training algorithms (Webb, 2002). The decision tree constitutes a tree root, 
usually binary, simple classifiers (a threshold value) in each internal node and classification 
decisions in the end nodes. In some algorithms measure of informativeness of the classifier 
using information entropy as defined by Shannon. The result of the classifier determines the 
unique path from the root to the end node. In any internal node route follows the left branch if 
the result of the function is +1 or right, if the result is -1. This time is called the time for 
evaluation. The value of the function T (x) obtained in the final node is the result of the 
classification. Decision tree is derived from a training process that starts from the root of the 
tree and choose incremental separation of data that maximizes a "price" function. After 
selecting the separation is that data on both arms and the process continues recursively until 
a satisfactory set criterion end.  
If appropriate, the wood is subjected to a "pruning" by the search procedure from the leaves 
to the roots in order to eliminate redundant nodes. Usually classifiers in the internal nodes of 
the tree represent comparisons of input parameters with threshold. Thus, the output space is 
divided into areas parallel to the coordinate axes. Standard algorithm for this type of training 
is S4.5. Another possible strategy is implemented is to use hyper surfaces in any position. 
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Figure 3. Graphic interpretation of classification method "decision tree" 
 
The algorithm for classification review process determines the sequence - a set of logical if-
then conditions, which may make subsequent classification or prediction of belonging 
objects. The purpose of the analysis is to be inferred classification model based on statistical 
estimates and allocations of available signs. 
Advantages of using the "decision tree" Decision Trees: 
• interpretation of the results obtained by this method is extremely simple (instead of linear 
equations is obtained a set of conditions of the type if-then); 
• frequently classification model that is built by this method is considerably more simple, but 
no less effective; 
• the method is non-parametric and nonlinear; 
• there are no prerequisites for the presence of a linear relationship between the predictor 
variables and the dependent variables. 
It allows to solve two types of tasks - for classification and regression. 
  
2.3. Experimental researches 
 
The obtained images of healthy and diseased vine leaves are distributed into two sets. The 
training set includes 20 images of healthy and 20 images of diseased vine leaves of each 
kind or totally 40 images. The test set includes 30 images of healthy and 30 images of 
diseased vine leaves of each kind or totally 60 images.  
The informative colour components of all pixels in the image are shown in Table 1. 
The results from classification of healthy and diseased wine leaves using k-nn and SVM 
classifiers are presented in Table 2. The results obtained with classifier decision tree are less 
than the others.  
 
Table 1.  
Methods for feature extraction of informative colour features combination of the vine leaves 

 Methods for feature extraction 

Classes Discriminant Analysis SFR BFC 

Healthy - 
Diseased 

G,B,H,S,V,a,Z,Ycbcr, cb,cr,ym  ym,b,cb,S,B,xm,Z ym, b, B 
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Table 2. Classification results of healthy and diseased wine leaves  

            Class Method for feature selection 

Classification 
Accuracy,% 

SVM 
classifier 

k-nn 
classifier 

Healthy - Diseased 

General Discriminant Analysis 
GDA 

95.75 97.14 

Scalar Feature Ranking - 
SFR 

87.23 80.00 

Best Feature 
Combination - BFC 

86.98 79.86 

 
3. CONCLUSION 
 
The paper presented assessment of classification accuracy of different complexes of 
informative features for classification of healthy and diseased wine leaves - Discriminant 
Analysis, SFR and BFC. Three methods are proposed for classification - support vector 
machines (SVM), k-nearest neighbours (k-NN) algorithm and decision tree. The experiment 
results show that the classification accuracy is in the range between 79.86% and 97.14% 
according to the selected complex of colour features. The best classification accuracy is 
achieved with General Discriminant Analysis for feature extraction and k-NN classifier for 
classification. 
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