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Abstract  

The objective of this paper is to study the effect of noise on the performance of various clustering algorithms. 

Clustering is being widely used in many applications including medical, finance and etc. Clustering may be 

applied on database using various approaches, based upon distance, density, hierarchy, and partition. The data 

item which is not relevant to data mining is called noise. Noise is major problem in cluster analysis, which 

degrades the performance of various clustering algorithm in the term of efficiency and time. Our purpose is to 

study how a proposed algorithm is responsive to the noise in the efficiency. We have used K-mean algorithm and 

our proposed clustering algorithm which is based upon the partitioned or non-hierarchical clustering. We will 

introduce noise in our database and the same will be used for clustering algorithm. Then the percentage of noise 

will be varied, the efficiency and the time required for clustering will be calculated. The observation results will 

be used to compare algorithms efficiency and processed time. 
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1-Introduction 
We can recognize different human beings by looking at their faces. To identify an individual, 

we look at the external faces characteristics. We recognize many faces after several years of 

separation by comparing their faces outlines characteristics [1,2]. 

The evolution in computer sciences aided the researchers to recognize human beings from 

their faces by using different techniques in the fields of image processing, face recognition, and 

clustering [3, 4, 5]. 

Clustering is a grouping of data into clusters of similar objects. Each cluster consists of objects 

that are similar to each other and dissimilar with the objects of other clusters. Clustering 

technique represents many data by few clusters and hence, it models data by its cluster in spite 
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of losing certain fine details[6].For example, If we put many face images with different 

rotation angles for a certain person with hundreds face images of other persons, we can 

recognize these images from the other face images easily, that is because the face images of any 

person will still preserve his common characteristics in spite of the variation in these images 

which are caused from the horizontally and vertically rotation by a specific degree. This 

process caused the clustering of the images of any person in one cluster with small probability 

of an error ratio. [7] 

 2- Digital Image processing (DIP)  

DIP is one of the important fields in computer science that is concerned with the computer 

processing of images. These images come from many different sources such as digital cameras, 

scanners and satellite sensors. They are stored as a file of a specific format. In general, the 

purpose of digital image processing is to enhance or improve the image in some ways, or to 

extract information from it [8]. 

Different approaches are used to represent the image on computer systems such as binary 

images, gray-level images or color images; we will apply the gray-level images in this paper.  

The 2-D continuous image may be divided in N rows, and M columns. The intersection of a 

row and column is called a pixel. The value assigned to every pixel is the average of the 

brightness in that pixel rounded to the nearest value. The process of representing the 

amplitude of 2-D signal at a given pixel determines the gray-level of that pixel[7]. 

3- Clustering Techniques  

Clustering is a popular unsupervised pattern recognition technique which partition the input 

population of size N into M clusters ( regions) based on some similarity or dissimilarity 

metrics [9,10,11] .  

The Clustering technique had been applied for the first time in 1753 by Adnsion [12] in the 

biological field in order to classify the animals and plants. In 1963 Sokal and Sneath [13] had 

studied this technique in the field of the numerical taxonomy.  

After the evolution in the hardware and software of the computer sciences, the clustering 

analysis has been applied in different fields such as image classification, pattern recognition, 

image segmentation and classification of animals and plants [14-18]. 

The following subsections describe the principle ideas of automatic and none-automatic 

clustering techniques. 

3-1 Automatic clusteringtechniques 

In this type of clustering methods, the number of clusters is not given a priori by the user. The 

number of clusters is determined automatically through the execution of these methods and 

this number depends on the real structure of studied data [9,10,16,19,20].The practical 

application of these methods shows that the best methods of this type are those which applied 

R_neighborhood or adaptive neighborhood concepts. The number of the obtained clusters 

depends on the choice of threshold R, or on the choice of each K and R in using the adaptive 

neighborhood concept. When we apply the R_neighborhood in the clustering method, we 

noticed that choosing a very large value to the threshold R led to get one and only one cluster, 
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while choosing a very small value R led to get clusters such that each individual on the studied 

population will construct one cluster with one element. Therefore choosing an optimal value of 

R will give an optimal classification. The optimal value of R can be determined either 

experimentally or by using some approaches of computation. We proposed an automatic 

clustering algorithm by using the adaptive neighborhood concept, where the results of our 

algorithm depend on the chosen values of K and R.  

 

3-2Non-Automatic clusteringtechniques 

In this type of clustering, the number of clusters must be given a priori by the programmer. 

The K-means clustering algorithm is a sample of this type. The accuracy of the obtained 

results depends on the predicted number of clusters chosen by the user when this algorithm is 

implemented on real dataset. 

The following steps are represent the K-Means clustering algorithm steps [21]. 

Step[1]: Choose K cluster centers to coincide with K randomly chosen parameters. 

Step[2]: Assign each pattern of the studied dataset to the closet cluster center. 

Step[3]: Recompute the cluster centers using the current cluster memberships. 

Step[4]: If a convergence criterion is not met, go to step [2].  

 

4- Neighborhoods  

Neighborhood operation plays a key role in modern digital image processing and clustering 

techniques. In this paper we have used different types of neighborhoods for given images such 

as the K_nearest, the R and the adaptive neighbors. 

 

4-1 The K-nearest neighbors  

We can recognize the 4_ connected neighbors and the 8_connected neighbors in the 

rectangular sampling and the 6_connected neighbors in the hexagonal sampling [22]. In 

general, the K_nearest neighbors means that for each individual in the studied population we 

must determine the K individuals that must be the nearest with respect to the tested individual 

[23]. In the K_nearest neighbors, the number of neighborhood elements for each individual in 

the studied space is an integer constant.  

 

4-2 The R-neighbors  

From the literature review, we found that there exists another type of neighborhood which has 

not always constant number of neighbors [24,25].  

In this case, the number of neighbors for each individual of the studied population depends on 

the real location of this individual with respect to the other individuals. So the real structure of 

the studied individuals has influence upon the determination of the number of neighbors for 

each one. To determine the neighborhood for each individual, we can choose a threshold (R), 

and each individual whose distance is less than R must be put in the neighborhood of the 

tested individual. Let X be any individual of studied population, we take a circle (sphere) 
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whose center is X and radius is R. Therefore the neighborhoods of X in R_level will contain all 

the individuals in that population that are laying only in the interior region of that circle 

(sphere), we usually call this type of neighboring is R_neighborhood. 

Mathematically, let R be the value of the threshold, and X be any individual in the 

studied population, we can define the R_neighborhood of X as follows:  

R_neighborhood (X)={Y∈POP | d (X,Y) <R } where d is a distance measure.  

 

 

4-3 The adaptive-neighborhood  

From our experiments, we notice that if we take a constant threshold for all the studied  

individuals, we may get good results, but these results may not be the best. This is especially in 

the case where the real structure of the studied data contains many groups, where the 

individuals of some groups are distributed in small region while the individuals of the other 

groups are located in a large region.  

In order to solve this problem, we proposed an adaptive threshold such that each individual of 

the studied population has its special threshold value. We applied hybrid technique which uses 

the notions of K_nearest neighbors and R_neighborhood. 

5- Data preparation  

5-1 Samples of the processed images:  

In this paper we apply the proposed algorithm on the following face images:-  

1-Human face images which are taken from the ORL (Olivetti ResearchLaboratory) database 

for 25   persons and each one has (5) images with different orientations and with different 

simple facial expressions [26]. 

2- Human face images which are taken from the Iraqi persons for 15 persons and for each one 

we took 5 face images with different rotation angles.  

3-Merging the images of (1) and (2), and process them by using our algorithm. The following 

algorithm is used for the preparation human face images of Iraqi persons.  

5-2 Algorithm-1 :The pre-processingsteps 

The following steps are used to prepare data (face images) which are taken from Iraqi 

population to be in same conditions. We take (25) persons in different ages and we take (5) 

image for each one with different rotation angles. The rotation angles are (-10o, - 5o, 0o, 5o, 

10o).The steps are: 

Step [1]: Use the same camera with the same resolution and zooming, the samefixed 

distancebetween the camera and the person, and the same fixedlocation level (height ) for the 

camera with the respect to the person face.  

Step [2]: Use the same format. In this research the studied images are of typeJPEG.  

Step[3]: Convert each studied face image into the Gray-level.  

Step [4]: Normalize each studied face image by using the program ACDSee [22].  

Step[5]:  Use the same scale and size. In this study each face image has the size 92*112. 
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6-The proposed clustering algorithm  

We propose the following automatic clustering algorithm in which we apply the techniques of 

template matching of images. This algorithm is improve of the previous algorithm that have 

been proposed source [27] to handle imbalance that got in the previous algorithm. It consists 

of the following steps:  

Algorithm-2: Automatic clustering algorithm 

Input : 

- Number of images N . 

-Perfect clusters for calculating the efficiency.   

Output : 

-Clusters matrix C . 

-Threshold for higher efficiency . 

-Higher efficiency . 

Algorithm steps : 

Step[1] : Apply pre- processing steps on the input data. 

Step[2] : Find a distance matrix between all the images by calculating the Euclidean distance 

between each two images If the number of images N then the distance matrix will be N ×N. 

Step[3] :find a  neighbors matrix as a primary  value for the distance threshold. They are selected  

threshold according to a medium value reduces the overlap of clusters and prevent the dispersion 

per cluster. Where is the value of the distance test with the multiplication rate in the distances and 

threshold values shall take only the smallest distance and given the value of one of the neighbors 

matrix In the event that greater value is given a value of zero neighbors matrix. Thus, the 

neighbors matrix will be as well as the N × N. 

Step[4] : establishment of clusters matrix from neighbors’ matrix for each picture and in this case, 

the number of clusters is equal to the number of images. Through the guide rows or columns that 

are valued only 1. 

Step[5] :  Find intersecting groups and integrate them into a single group and delete the other 

group. Where is the comparison between each two clusters If the result of the intersection of two 

clusters is empty set, two clusters are merged in one cluster. 

Step[6] : calculate efficiency of this threshold . Where these clusters are compared with the perfect 

threshold clusters and the difference between them represent the error rate and from it the 

efficiency is calculated. 

Step[7] : Repeat steps(2) to (5) for new threshold. Find new neighbors matrix according to the new  

threshold and the establishment clusters and then merged the joint clusters and calculate the 

efficiency of these clusters with perfect clusters. For each threshold value and efficiency 

associated with them are stored then finding the higher value to the efficiency and finding the 

threshold value associated with them. 

Step[8] : End . 
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7- Add noise 

     After creating our database that contain the processing human face images, we 

apply the K-means algorithm and the proposed algorithm on it and extract the results, 

then we add noise to the images and created the new database. We added two types of 

noise (Gaussian, Salt and pepper) noises and each type of these types have been added in 

two ratios. These ratios are (2%and 8%).After created the new database that contains 

the noise we will again apply the K-mean algorithm and proposed algorithm on it and 

extract the results. After that we will compare and analysis the performance of the 

clustering algorithms based on the efficiency and the time required. Then we will 

conclude which algorithm is more realistic to noise. 

8- Practical results and discussions  

This section contains three experiments and the discussion of their results.  

8-1 Experiments  

Experiment_1:  

In this experiment, we applied our proposed clustering algorithm on the standard face images 

taken from the ORL database. We randomly chose (20) persons, and for each one there are (5) 

face images with different rotation angles and facial expressions. The following figure shows a 

sample of the results of this experiment: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure (1): Samples of results obtained from exprement_1. 
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Experiment_2:  

In this experiment we randomly chose (20) persons from the Iraqi population. We took five 

face images for each person, and apply the processing steps in order to decrease the 

percentage error which may occurred as a result of bad preparation. The studied data 

contains face images of females and males with different orientation and simple facial 

expressions. Some of them are with glasses.  

The following figure shows a sample of the results of this experiment: 

 
Figure (2): Samples of results obtained from exprement_2. 

Experiment_3:  

In this experiment, we merge the data of experiment_1 with the data of the experiment_2. 

Figure (3) shows a sample of the results obtained from this experiment. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure (3): Samples of results obtained from exprement_3. 
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Experiment_4:  

Firstly, we add Gaussian noise to our database with (2%) and apply the K-means algorithm 

andthe proposed clustering algorithm on noisy images. Table (1) shows the results of 

application of twoclustering algorithms (K-means algorithm andthe proposed clustering 

algorithm).The algorithms are applied on database with different sizes and number of 

clusters.Table (2) shows the results of application of two clustering algorithms after adding 

Gaussian noise with (8%). 

Table (1): The comparisons between the result of the two algorithms 

with Gaussian noise by (2%) 

The 

algorithm 

Datasets  

size 

Number 

of cluster 

Execution 

time 
threshold  

Efficiency 

ratio 

The 

proposed 

algorithm 

50 01 0.251159 0.6360 011% 

100 01 0.489761 0.6020 79% 

150 01 0.680703 0.6260 79% 

200 01 1.047561 0.6190 79.9% 

Non-

Automatic 

K-means 

clustering 

algorithm 

50 01 2.532670 - 011% 

100 01 5.663851 - 99% 

150 01 14.787453 - 91% 

200 01 25.613771 - 99% 

 

Table (2): The comparisons between the result of the two algorithms 

with Gaussian noise by (8%) 

The 

algorithm 

Datasets  

size 

Number 

of cluster 

Execution 

time 
threshold  

Efficiency 

ratio 

The 

proposed 

algorithm 

50 01 0.264292 0.6360 011% 

100 10 0.503107 0.6010 86% 

150 21 0.710335 0.6250 87% 

200 31 1.003489 0.6200 8454% 

Non-

Automatic 

K-means 

clustering 

algorithm 

50 01 2.422705 - 31% 

100 11 6.908963 - 61% 

150 21 12.619742 - 703.% 

200 31 18.200136 - 67% 
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Experiment_5:  

Secondly, we add Salt & pepper noise to our database with (2%) and apply the K-means 

algorithm andthe proposed clustering algorithm on noisy images. Table (3) shows the 

results of application of two clustering algorithms (K-means algorithm andthe proposed 

clustering algorithm).The algorithms are applied on database with different sizes and 

number of clusters. Table (4) shows the results of application of two clustering algorithms 

after adding Salt & pepper noise with (8%). 

Table (3): The comparisons between the result of the two algorithms 

with Salt & pepper noise by (2%) 

The 

algorithm 

Datasets  

size 

Number 

of cluster 

Execution 

time 
threshold  

Efficiency 

ratio 

The 

proposed 

algorithm 

50 01 0.267112 0.6170 011% 

100 11 0.522920 0.5880 88% 

150 21 0.699789 0.6200 87% 

200 30 1.007727 155111 8454% 

Non-

Automatic 

K-means 

clustering 

algorithm 

50 01 1.843770 - 51% 

100 11 6.071592 - 61% 

150 21 9.413613 - 5555% 

200 31 19.164856 - 68% 

 

Table (4): The comparisons between the result of the two algorithms 

with Salt & pepper noise by (8%) 

The 

algorithm 

Datasets  

size 

Number 

of cluster 

Execution 

time 
threshold  

Efficiency 

ratio 

The 

proposed 

algorithm 

50 01 0.265253 0.7360 011% 

100 11 0.556009 0.7040 86% 

150 20 0.678916 0.7090 8652% 

200 33 0.987175 0.7150 8154% 

Non-

Automatic 

K-means 

clustering 

algorithm 

50 01 2.638923 - 71% 

100 11 5.834061 - 41% 

150 21 15.560551 - 66% 

200 31 19.930660 - 52% 
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8.2. Discussions and Conclusions 

1. For the automatic clustering, the number of the clusters is determinated automatically by 

this algorithm, while for the K-means clustering algorithm, the number of the clusters is given a 

priori by the user. As consequence, the automatic clustering algorithm is better than the K-

means clustering algorithm because the first algorithm gives clustering results which simulate 

the real structure of the studied dataset. 

2. We notice that the quality of the obtained results depends on the chosen values for the 

threshold in the automatic clustering algorithm, and on the chosen value for (K) in the K-means 

algorithm. In fact, choosing large value for threshold in automatic algorithm will cause to put the 

face images of two persons or more in the same cluster, while choosing small value for this 

threshold, will cause to put the face images of one person in two clusters, or more. Conversely, 

for the K-means algorithm, choosing small value to K will merge the face images of more than 

one person in the same cluster, while choosing large value to K, will divide the face image for 

one person into many clusters. 

3. Regarding the execution time criterion, the automatic clustering algorithm is usually 

better than K-mean algorithm. 

4. Concerning the success percentage criterion, the automatic clustering algorithm gives 

always better results. 

5. Table (5) shows thecomparative results for the two algorithms, where each algorithm is 

firstly implemented on (50) face images concerned (10) personsfrom the ORL database, secondly 

each of the two algorithms is implemented on (100) face images concerned (20) personsfrom the 

ORL database, and thirdly each of the two algorithms is implemented on (200) face images 

concerned (40) persons from the ORL database. 

 

   Table (5): The comparisons between the result of the two algorithms for experiment 1: 

The 

algorithm 
Datasets  

size 
Number of 

cluster 
Execution 

time 
threshold  

Efficiency 
ratio 

The proposed 

algorithm 

50 00 0.267281 0.6830 85% 

100 11 0.532441 0.7110 82% 

111 31 1.073735 155701 74% 

Non-Automatic 

K-means 

clustering 

algorithm 

50 01 1.472165 - 31% 

100 11 3.584567 - 51% 

111 31 16.004329 - 45% 
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6. Table (6) shows the comparative results for the two algorithms, where each algorithm is 

firstly implemented on (50) face images concerned (10) personsfrom the Iraqi population, 

secondly each of the two algorithms is implementedon (100) face images concerned (20) 

personsfrom the Iraqi population, and thirdly each of the two algorithms is implemented on 

(400) face images concerned (80) personsfrom the Iraqi population. 

Table (6): The comparisons between the result of the two algorithms for experiment 2: 

The 

algorithm 
Datasets  

size 
Number of 

cluster 
Execution 

time 
threshold  

Efficiency 
ratio 

The proposed 

algorithm 

50 01 0.244867 0.6130 011% 

100 07 0.464675 0.6000 77% 

Non-Automatic K-

means clustering 

algorithm 

50 01 1.548849 - 51% 

100 11 5.845803 - 34% 

 

7. Table (7)  shows the comparative  results for the two algorithms, where each algorithm is 

firstly implemented on  (50)  face  images concerned (10) persons from the Iraqi population and 

the ORL database, secondly each of the two algorithms is implemented on  (100) face images 

concerned (20) persons from the Iraqi population and the ORL database , thirdly each of the two 

algorithms is implemented on  (150) face images concerned (30) persons from the Iraqi 

population and the ORL database ,fourthly each of the two algorithms is implemented on  (200) 

face images concerned (40) persons from the Iraqi population and the ORL database,and fifthly 

each of the two algorithms is implemented on  (600) face images concerned (120) persons from 

the Iraqi population and the ORL database. 

 

Table (7): The comparisons between the result of the two algorithms for experiment 3: 

The 

algorithm 
Datasets  size 

 
Number of 

cluster 
Execution 

time 
threshold  

Efficiency 
ratio 

The 

proposed 

algorithm 

50 10 0.257048 0.5720 100% 

100 21 0.504499 0.5320 99% 

150 .3 0.738374 0.5720 89% 

200 40 1.024322 0.5410 97% 

Non-

Automatic K-

means 

clustering 

algorithm 

50 03 2.297606 - 93% 

100 03 6.648932 - 93% 

150 .3 9.824124 - 93% 

200 03 38.649754 - 31.5% 
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8. From the three experiments, we noticed that the different face images of any studied 

person are often belonging to the same cluster. This means that the face preserves common 

features in spite of the variation which is caused by different rotation and different facial 

expressions.  

9. Finally, for the dataset size criterion, the proposed clustering algorithm is better than the 

K-means algorithm for the processing of the huge datasets. 
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