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Abstract: As the demands and usages for image classification and retrieval increase, the 
classification methods need to be improved to be more automatic and effective. The 
traditional text-based image classification fails to recognize the underlying content of image 
that would lead to misclassifying issue. In this paper, a new classification based on weighted 
Euclidean distance whereas the weights are estimated via Support Vector Machine (SVM) is 
proposed. To overcome the problem of misclassification and increase the classifier accuracy 
for some particular classes, the new classification method uses the weight set estimated from 
SVM, which is then applied to the Euclidean-based K-Nearest Neighbour (K-NN) method. 
The experiments have revealed the proposed method has an accuracy of 93.75%, which is 
better than traditional classification such as K-NN and SVM. Moreover, the accuracy of the 
image feature vector has minimal impact on the accuracy of the method compare to other 
classifier. The SVM weighted K-NN classifier has provided a promising direction for criteria-
based image retrieval. 
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INTRODUCTION 

 
 With advances in the multimedia technologies and the advent of the Internet, classifying content-based 
images has been an active research topic since the early 1990’s. Most of the early research has been focused on 
text-based image classification alone. However, after years of research, the classification accuracy is still far 
from users’ expectations. It is mainly because of the large gap between high-level concepts and low-level 
features. Motivated by the limitations of the low-level based approach, an interactive classifier mechanism was 
appeared in recent years e.g.(Huang, et al., 2004: Gevers et al., 2005). The basic idea is to build a model 
according to image colour feature vectors, which the images are relevant to the query images. 
 Moreover, content-based classification of images has been explored in previous researches. The main 
research focus is how to deal with image in classification, to classify image by low-level features such as colour. 
Geves et al., (2005) Paek et al., (2005) used weighted term and color invariant image features in image 
classification. Paek et al., (2005) (Smith and Chang 2005) tested photograph classification by combining image-
based approach to classification. Smith and Chang proposed multi-stage classification scheme of image  Lu et 
al., (2001) (Schettini et al., 2002) investigated the image classification on Yahoo! Sports pages. They proposed 
a classifier schema, to classify top levels objects by using images. They distinguish images by computing the 
Euclidean distance of colour histogram features of image. Schettini et al., (2002) (Smith, and Chang 2005). 
proposed a classification strategy for digital documents, which first classified images into compound and non-
compound by low level features, categories by images were then classified as photographs or graphics. 
 However, previous work does not solve the issue of misclassification which produces a significant decrease 
in classifier accuracy. Therefore, a new classifying method is proposed which takes advantage of the weight 
factor estimated from Support Vector Machine (SVM) and incorporates it into the weighted Euclidean 
measurement in K-Nearest Neighbour (K-NN). As a result, the classifier would be more sensitive to the 
effectiveness of individual feature component and therefore increase the classifier accuracy. 
 This paper is structured as follows: Section 2 presents the concept of feature extraction. Section 3 explains 
the distance measurement used in the proposed method. Section 4 explains the classification models used in the 
new method. Section 5 explains the proposed method. Section 6 shows the experiments and results. Section 7 
contains conclusion. 
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2.0 Feature Extraction: 
 Feature extraction is to extract the features which are the good representation of the content of images. In 
the proposed method, the images are extracted using color histogram. A color histogram denotes the joint 
probabilities of the intensities of the three color channels (Kerminen and Gabbouj 2004). 
 Moreover, the most common color space used in classification is RGB and YUV. However, the RGB color 
space does not exhibit perceptual uniformity and the component values are correlated and depend on change in 
light intensity, previous work (Ahmed and  Rao 2002) suggested YUV color space.  
 In our experiment we have used YUV color space with 24 feature vectors. Then, these feature vectors are 
transformed into useful information by using Discrete Cosine Transformation (DCT) (Zhou et al., 2004) DCT 
helps to divide the images into parts of differing importance. For instance, an original block of image-pixel 
values is shown below:  
 

 
 
 After the original image pixels have transformed and quantizes using the DCT algorithm, the result of 
image pixels gives more zeros. This is because DCT transform the image size into smaller size by keeping the 
more important image information but dropping the useless information of an image. The image pixel values 
resulted from the DCT transformation, C, is shown below: 
 

 
. 
3.0 Distance Measurement: 
 The distance measurement provides a way to measure the similarity of the two arrays. In the content-based 
classification, it is used to quantify the difference between two feature vectors. In the proposed method, we are 
using Euclidean distance technique to measure the distance between the two sets of image colour feature vectors 
which each sets consist of 24 feature vectors. 

 
3.1 Euclidean Distance: 
 The Euclidean distance is effective to measure the similarity between two arrays with the same dimension 
and phase (Chih-Chung and Chih-Jen 2001) For any dimension of i, it is defined as: 
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 In the image classification, we use Euclidean distance to measure the distance between two datasets of color 
feature vectors from two different images. After each image has gone through the DCT transformation, all the 
feature vectors will be in the same length. Thus, this would reduce the computational complexity in computing 
the difference between two datasets of feature vectors in two different images. Then, this information will be 
used in three classification methods (SVM, K-NN and Weight-kNN) which will be mention later in this paper. 
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4.0 Classification Model: 
 In the proposed method, we use two types of classifications to be compared to the proposed method. The 
two types of classifications are Nearest Neighbor (K-NN) and Support Vector Machine (SVM). The details of 
these two classification methods are shown below: 
 
4.1 Support Vector Machine (SVM): 
 SVM is an effective classifier that has been widely used in image classification. In intuition, a SVM 
constructs the Optimal Separating Hyperplane (OSH), which separates a set of positives from a set of negative 
samples with maximum margin. In the case when classes are not linearly separable, SVM use kernel functions 
to map the input space to high dimensional space, the feature space (Fig. 1). So that non-linear problem can be 
solved. One common non-linear kernel functions are Radial Basis Functions (RBF), which can be used to do the 
nonlinear transform. 
 

 
 
 
Fig. 1: Kernel function in SVM. 
 
 In our experiment, we use LIBSVM software (Demsar et al., 2004) LIBSVM is optimized and efficient 
software. We have tuned the parameters for our experiments. The RBF kernels can be written in primal form as: 
 

 
 Here r is a width parameters defined by users and ai, i = 1,….M are parameters (Lagrange multipliers) 
determined by the SVM algorithm. Using this parameter in RBF kernel, it provides non-linearly maps samples 
into a higher dimensional space compare to other types of kernel such as polynomial, sigmoid and linear 
functions. Secondly, the tuned parameter has less numerical difficulties. For example, the image feature vectors 
values consist of pixel values which require complex computation. 
 
4.2 Nearest Neighbour: 
 K-NN is an instance-based classification method, has been an effective approach to abroad range of pattern 
recognition and image classification. This algorithm is based on initially determining the k instances from the 
training samples that are closest to the pattern to be classified. The classification decision is chosen as the class 
to which the majority of these nearest neighbors belong. Moreover, the Nearest Neighbor (K-NN) rule is widely 
used to classify the observation into the category, which only depends on a collection of correctly classified 
samples. 
 In our experiment, we have used these K-NN rules are used to classify the images in later experiment by 
ranking the distance between test image feature vectors and the training images feature vectors in our datasets. 
The nearest K winners would perform a voting scheme to determine the right label for class. Also, we have used 
Orange tools to classify image feature vectors using K-NN classifier. Orange is component-based data mining 
software (Demsar et al., 2004 Using this software, the accuracy of the classification can be calculated and 
compared to the proposed classification method in section 6. 

 
5.0 Proposed Image Classification Method: 
 The proposed classification method is based on the weight factor in SVM and Euclidean-based K-NN 
method. In the Euclidean distance, each dimension is calculated equally, while for some classification criteria, 
some dimensions may not as important as other dimensions. The purpose of this method is to extract the weight 
set from the training SVM model. Due to the outstanding property of minimized structural risks in Supporting 
Vector Classifier, the model can imply the bias for each dimension under the classification criteria. To 
implement the weight in Euclidean distance calculation, the Euclidean distance will be more sensible to the 
classification criteria, and it can become more flexible to solve different classification by offering different 
results. In order to analyze the problem in the same feature space, we choose to use linear decision function to 
derive the weight (Chih-Chung, et al., Chih-Jen 2001) The explanation of the Weight-K-NN is as following: 
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 The weight vector is defined as follows: 
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 This weight factor will be interpreted in the decision function f(x) = sgn(w. xi  + b) of the SVM [13] .It can 
indicate the correlation level of each dimension regarding to the specific classification criteria. 
The improved Euclidean distance can be derived as  
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 The effect of Weight-K-NN can be proved as following:  
 In the decision function, g(x) = w• xi + b, w = (w1, w2,…., wn), n is the dimension of feature vector x. To 
unfold the decision function, we derive 
 
f(x) = sgn {(…+ wl xl

i+ … + wn xn
i  )+b} 

  
 For any i, xi is constant which refers to the input vector. We suppose that for w = (w1, w2,…., wn), wn is 
constant when n ≠ k. We change |wk| to observe the effects. Considering the sign of xk

i and wk, the wk xk
i = |w

k|| xk
i 

| or wk xk
i = - |w

k|| xk
i |. Suppose constant φ0 = w1x1
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function is converted to f(x) = sgn {wk xk
i + φ0}. It is clear that when xk

i is unchanged, the larger the |wk| is, the 
more the deviation is from φ0, which indicates the influence on the final objective value. Likewise, for any given 
k ≤ n, the larger the wk is, the more it will enlarge the influence of xi. 
 This classification method is used in the experiments to classify the six classes which are difficult to 
discriminate each other with the conventional Euclidean-based K-NN method. By applying the SVM-based 
weight, the Euclidean distance can be more sensitive to the classification boundary, which, in the experiments, 
is the boundary of different instruments. 
 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3(a): Euclidean distance with no weight added Fig. 3(b): Euclidean distance with weight (1) 
 
 The function of the weight application in Euclidean distance is displayed in Fig. 3(a)(b). In Fig. 3(a), each 
dimension is calculated with the same weight. In this condition, the grey point on the vertical axis has the same 
distances with the two points in the picture. In Fig. 3(b), when we change the weight of one dimension, the 
Euclidean distance between the grey point and the other two points has changed. This is because the changed 
dimension plays much more important role regarding the classification. When the points have larger distance 
along this dimension, the Euclidean distance would be larger for these two points. Likewise, if another 
dimension transforms based on the weight given, the distance will change accordingly. The theory can be used 
in image retrieval as well. 
  By analyzing the overall distribution of dimensions for training data, the SVM-based weight can help the 
retrieval activity recognize the dimensions with larger weights. In this way, the retrieval could be more sensitive 
to the classification boundary. Moreover, this method takes advantage of Euclidean distance, NN rule, and the 
SVM. As the SVM is outstanding for its minimized structural risks, the hyperplane can indicate the distribution 
of each dimension. For Euclidean distance and NN rule, they are methods based on enumeration which serve 
well in retrieval. By combining the two mechanisms together, the enumeration method can be aware of the 
boundary and criteria of the practical classification, finally it will achieve the better result in both classification 
and retrieval 
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RESULTS AND DISCUSSIONS 
 

 In our experiment, we have used 620 images in JPEG format which has been extracted in YUV color with 
24 feature vectors. Each image has been prepared accordingly to the process below: 
 
1. The image is broken into 8X8 blocks of pixel 
2. Working from left to right, top to bottom, the DCT is applied to each block. 
3. Each block is compressed through quantization 
4. The array of compressed blocks that constitute the image is stored in a drastically reduced amount of space. 
  There are 6 classes of images which are tiger, bird, alligator, cat, horse and dog. The images in each class 
are divided into two datasets which are training set and testing set. The two datasets are shown in Table 1: 
 
Table 1: Image datasets which consist of both training set and testing sets. 

 
Class 

 
Training set 

 
Testing set 

Tiger 50 50 

Bird 50 50 

Alligator 50 50 

Cat 50 50 

Horse 50 50 

Dog 50 70 

Total 300 320 

 
 Each training set will be tested for three types of classifications algorithms which are SVM, K-NN and 
Weighted-kNN. The accuracy of each classification algorithms are compared and their results shown in Table 2 
(a), (b), (c). From the range of classifications undertaken, the highest accuracy (93.75%) was obtained from the 
Weighted-kNN trained with 300 images shown in Table 2(c). Moreover, this classification was significantly 
more accurate than that derived from SVM and K-NN. 
 
Table 2(a): Accuracy for SVM classification algorithm and its confusion matrix. 

SVM Classification 
Method 

Predicted Class 

Class Tiger Bird Alligator Cat Horse Dog Total 
Tiger 89 4 1 0 2 1 97 
Bird 8 79 6 1 0 2 96 
Alligator 3 0 48 0 0 0 51 
Cat 0 0 0 33 0 0 33 
Horse 0 2 0 0 23 1 26 
Dog 0 0 0 0 0 17 17 
Total 100 85 55 34 25 21 320 
 Accuracy: 90.31% 

 
Table 2(b): Accuracy for K-NN classification algorithm and its confusion matrix. 

K-NN Classification 
Method 

Predicted Class 

Class Tiger Bird Alligator Cat Horse Dog Total 
Tiger 90 3 1 0 3 0 97 
Bird 3 84 7 1 0 1 96 
Alligator 0 2 49 0 0 0 51 
Cat 0 2 0 31 0 0 33 
Horse 0 2 0 0 23 1 26 
Dog 0 0 0 0 0 17 17 
Total 93 93 57 32 26 19 320 
 Accuracy: 91.88% 

 
 With all three classification methods, it was apparent that classification accuracy was positively related to 
training set size (Fig. 4). Classification by the K-NN algorithm appeared to be the most sensitive to training set 
size, with the accuracy increasing from 76.20% to 91.88% as the training set increased from containing 15 to 
105 images of each class. For all classifiers, except the K-NN, the difference in the accuracy of the 
classifications derived with the use of the largest and smallest training sets was statistically significant. At each 
training set size, the Weight-kNN was also relatively accurate with 93.75% accuracy as the training set size 
increases. 
 
 



Aust. J. Basic & Appl. Sci., 5(9): 2053-2059, 2011 

2058 

Table 2(c): Accuracy for Weight-KNN classification algorithm and its confusion matrix. 
Weighted-kNN 
Classification Method 

Predicted Class 

Class Tiger Bird Alligator Cat Horse Dog Total 
Tiger 89 6 0 0 1 1 97 
Bird 2 88 5 1 0 0 96 
Alligator 1 1 49 0 0 0 51 
Cat 0 0 0 33 0 0 33 
Horse 0 2 0 0 24 1 26 
Dog 0 0 0 0 0 17 17 
Total 92 97 54 34 25 18 320 
 Accuracy: 93.75% 

 

 
 
Fig. 4: Relationship between classification accuracy (%) and training set size with each of the three classifiers  
            used. 
 
Conclusion: 
 In conclusion, a new image classification algorithm has been proposed. The new image classification 
method extract the weight factor from Supporting Vector Model (SVM) and applying it to the Euclidean 
distance measurement. The proposed method has significantly increased the classification accuracy and solves 
the misclassifying issue. This is shown in Section 6, where the new algorithm has more accuracy compared to 
traditional SVM and K-NN classification algorithm. Furthermore, the result also shows that the recognition 
accuracy for the proposed method (Weighted-kNN) has superior accuracy of 93.75% compared to SVM with 
90.31% and K-NN 91.88%. Besides that, the test on the impact of training size on classification accuracy has 
been experimented. The result shows that the accuracy for the proposed method is increasing as the training size 
increases. Furthermore, using the weight factor of Supporting Vector, the Euclidean-based distance 
measurement becomes more sensitive to the classification boundary. Therefore, this new proposed method not 
only can provide strong foundation to the content-based image retrieval but also solve the misclassification 
issues and at the same time increase the accuracy of certain image retrieval system. 
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