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Abstract— Clustering can be considered the most important 

unsupervised learning problem so, as every other problem of 

this kind; it deals with finding a structure in a collection of 

unlabeled data. The most widely used clustering method of 

this kind is the one based on learning a mixture of Gaussians 

it can actually consider clusters as Gaussian distributions 

centered. It is more flexible because you can view it as a fuzzy 

or soft clustering method. Soft clustering methods assign a 

score to a data point for each cluster. In this paper GMM 

clustering algorithm is applied into the road crack images and 

the performance parameters shows how the GMM is 

performed and find the cracks on the road. 
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I. INTRODUCTION 

The road is a way that support to connect two places. It plays 

major contributions in our daily life.  Due to improper 

maintenance and design, overloading, climate conditions and 

some other factors causes the distresses in the roads. The 

common distresses are cracking, Pothole and rutting. 

Enhancement is a technique that enhancing an image and 

provide the better contrast and more detailed image compare 

to non-enhanced image. Histogram is one of the enhancement 

techniques. Histogram processing is the act of altering an 

image by modifying its histogram. Common use of 

Segmentation is to subdivide an image into its components 

regions or objects. Clustering is a widely used exploratory 

data analysis tool that has been successfully applied to 

biology, social science, information retrieval, signal 

processing, and many other fields (for example, biological 

data analysis, anomaly detection, image segmentation, etc.), 

The goal is to identify rare groups or small clusters (in terms 

of number of members) in the presence of other larger 

clusters. A Gaussian of mixture model that assumes all the 

data points are generated from a mixture models as 

generalizing k-means clustering to incorporate information 

about the covariance structure of the data as well as the 

centers of the latent Gaussians. 

II. RELATED WORK 

[1]In the greedy approach, mixture components are inserted 

into the mixture one after the other. It propose a heuristic for 

searching for the optimal component to insert. In a 

randomized manner a set of candidate new components is 

generated. For each of these candidates find the locally 

optimal new component. The best local optimum is then 

inserted into the existing mixture. The resulting algorithm 

resolves the sensitivity to initialization of state-of-the-art 

methods, like EM, and has running time linear in the number 

of data points and quadratic in the (final) number of mixture 

components. Due to its greedy nature the algorithm can be 

particularly useful when the optimal number ofmixture 

components is unknown. Experimental results comparing the 

proposed algorithm to other methods on density estimation 

and texture segmentation are provided. 

[2] In this paper described Gaussian mixture models 

(GMMs) of texture and color features. It have evaluated the 

classification performances variety of ‘color’ and ‘structure’ 

features and found which the most appropriate one are. In 

addition we suggested several methods for combining the 

‘color’ and ‘structure’ information and analyzed the influence 

of the model selection of the GMM and the influence of using 

a diagonal covariance versus the full covariance of the 

Gaussian. The advantage of using the GMMs presented here, 

is that they provide improved performance over other existing 

methods, while requiring only modest computational 

requirements. 

[3] The problem of color image segmentation using 

color and texture is addressed. CIE lab color spaces and 

wavelet transformations are applied to extract color and 

texture features respectively. A novel Adaptive Spatial 

Gaussian mixture model which incorporates the spatial 

information into a mixture model, with a weighting factor 

swhich is adaptive to image information is proposed. The 

number of components is automatically identified using 

MML algorithm. Very good segmentation results are 

obtained for both synthetic and Berkeley dataset using the 

proposed method. 

[4] In this paper, the results of a semi-supervised 

approach based on the Expectation-Maximization algorithm 

for model-based clustering are presented. It show in this work 

that, if the appropriate generative model is chosen, the 

classification accuracy on clustering for image segmentation 

can be significantly improved by the combination of a 

reduced set of labeled data and a large set of unlabelled data. 

This technique has been tested on real images as well as on 

medical images from a dermatology application. The 

preliminary results are quite promising. Not only the 

unsupervised accuracies have been improved as expected but 

the segmentation results obtained are considerably better than 

the results obtained by other powerful and well-known 

unsupervised image segmentation techniques. 

[5] The models like mixture models, graphical 

models, Markov random fields and hidden Markov models 

play a vital role in probabilistic data analysis. The terms 

image segmentation means dividing a picture into different 

types of regions are classes of particular geometric shape that 

has different colours. So we can say that each class has 

normal distribution with specify mean and variance and 

hence the picture can be a Gaussian mixture model. In this 

paper Gaussian mixture model to the pixel of an image has 

been learnt for the purpose of training data and the parameter 

of the model is learned by EM-algorithm. Bayes rule is used 

for pixel labeling that corresponded to each pixel of true 

image. By using the EM-algorithm the labeled image is 

constructed. EM-MAP algorithm is introduced, in which we 

have made a sequence of the priors, posteriors and they then 
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convergent to a posterior probability that is called the 

reference posterior probability. By this reference posterior 

probability which will make labeled image, maximum a 

posterior estimation can be determined and that labeled image 

shows the segmented image with reduced noises. 

[6] The Expectation Maximization (EM) algorithm 

and the clustering method Fuzzy-C-Means (FCM) are widely 

used in image segmentation. However, the major drawback 

of these methods is their sensitivity to the noise. In this paper, 

propose a variant of these methods which aim at resolving 

this problem. Our approaches proceed by the characterization 

of pixels by two features: the first one describes the intrinsic 

properties of the pixel and the second characterizes the 

neighborhood of pixel. Then, the classification is made on the 

base on adaptive distance which privileges the one or the 

other features according to the spatial position of the pixel in 

the image. The obtained results have shown a significant 

improvement of our approaches performance compared to the 

standard version of the EM and FCM, respectively, especially 

regarding about the robustness face to noise and the accuracy 

of the edges between regions. 

[7] The manual detection of road anomalies is costly 

and time consuming task. Many efforts are made to develop 

a technology to asses and recognize the road anomalies. In 

Paper a new unsupervised method based image processing 

and spectral clustering. [8] Spectral clustering to identify 

regions by using histogram-based data from grayscaled 

image. Data is collected by using in-expensive and 

omnipresent equipment mounted on passenger vehicles and 

off the shelf digital cameras for video acquisition. Thus, it is 

suitable for rough estimation of potholes, and it is cost 

effective because it uses in-expensive equipment.  

[9] It gives view about image-processing method for 

the crack detection of road pavement. A different method for 

the detection of road cracks has been introduced. A new 

evaluation and comparison method for automatic detection of 

road cracks. It considered pixels as for detection of cracks. 

The dimension of the distressed area such as width in case of 

longitudinal, transverse cracks, and miscellaneous cracks are 

digitally and manually measured. 

III. MOTIVATION AND JUSTIFICATION 

In this paper proposed to enhance the image quality by using 

histogram equalization method. It is one of the method of 

image enhancement it enhance the quality and contrast of the 

image so it is very helpful to find the crack portion of the road 

images. Additionally it proposed the one of the clustering 

method called Gaussian of Mixture Model. The most widely 

used clustering method of this kind is the one based on 

learning a mixture of Gaussians it can actually consider 

clusters as Gaussian distributions centered on their 

barucentres, where the grey circle represents the first variance 

of the distributions. 

Motivated by all these facts, this paper used the 

GMM method for detect the road racks and the Histogram 

equalization method is also used to enhance the image 

quality. Hence I justify that the Histogram equalization with 

clustering is more suitable for this applications. 

IV. ORGANIZATION OF THE PROPOSED WORK 

The remaining paper is organized as follows: Section V 

includes Methodology which includes the outline of the 

proposed work, Section VI includes the Experimental results, 

Section VII includes the Performance Analysis, and Section 

VIII includes the conclusion of the paper. 

In this paper detect the cracks and identify using 

clustering and Enhancement methods has four steps there are: 

1) Get the cracked image. 

2) Apply enhancement technique Histogram Equalization. 

3) Apply GMM method to detect the cracks portion. 

4) Get a cracked portion. 

 
Fig. 1: Outline of Proposed Work 

Figure 1 shows the outline of proposed work. Get an 

Input images and apply histogram equalization and GMM 

techniques finally it get an cracked portion of the road. 

V. METHODOLOGY 

A. Histogram Equalization 

Image enhancement the image to a form better suited for 

analysis by a human or machine processes consist of a 

collection of techniques that seek to improve the visual 

appearance of an image or to convert the image to a form 

better suited for analysis by a human or machine. Histogram 

Equalization is a technique that generates a gray map which 

changes the histogram of an image and redistributing all 

pixels values to be as close as possible to a user –specified 

desired histogram. HE allows for areas of lower local contrast 

to gain a higher contrast. Histogram equalization 

automatically determines a transformation function seeking 

to produce an output image with a uniform Histogram. 

Histogram equalization is a method in image processing of 

contrast adjustment using the image histogram. This method 

usually increases the global contrast of many images, 

especially when the usable data of the image is represented 

by close contrast values. Through this adjustment, the 

intensities can be better distributed on the histogram. 

Histogram equalization accomplishes this by effectively 

spreading out the most frequent intensity values. Histogram 

equalization automatically determines a transformation 

function seeking to produce an output image with a uniform 

Histogram.  

B. Gaussian of Mixture Model 

The most widely used clustering method of this kind is the 

one based on learning a mixture of Gaussians: we can 
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actually consider clusters as Gaussian distributions centred on 

their barycentres, as we can see in this picture, where the grey 

circle represents the first variance of the distribution 

The algorithm works in this way: 

1) It chooses the component (the Gaussian) at random with 

probability ; 

2) It samples a point . 

Let’s suppose to have: 

1) x1, x2,..., xN 

2)  
We can obtain the likelihood of the sample: 

. 

What we really want to maximize 

is  (probability of a datum given the centre’s of 

the Gaussians). 

 

 

C. Advantage 

 well-studied statistical inference techniques available; 

 flexibility in choosing the component distribution; 

 obtain a density estimation for each cluster; 

 A “soft” classification is available. 

VI. EXPERIMENTAL RESULTS 

In this paper applied the GMM clustering algorithm to color 

images. The segmentation result as generated on different 

images algorithms then the output image is compared to the 

ground truth image which is already stored. Then the resulted 

images are shown below. 

Input Image 
Histogram 

Equalization Image 

  
Table 1: Histogram Equalization Image 

Table 1 Shows Histogram Equalization images. 

Histogram is used to enhance the image quality. 

Ground Truth Image GMM 

  
Table 2: Ground Truth Image and GMM 

Table 2 shows Gaussian of Mixture Model output. 

GMM output is compared to Ground Truth Image then it 

calculate the accuracy value. 

VII. PERFORMANCE ANALYSIS 

Performance measurement is the process of collecting, 

analyzing and/or reporting information regarding the 

performance of an individual, group, organization, system or 

component. It can involve studying processes strategies 

within organizations, or studying processes parameters 

phenomena, to see whether output are in line with what was 

intended or should have been achieved. 

A. Performance Metrics 

1) Sensitivity 

Sensitivity measures the ability of a test to detect the 

condition when the condition is present. Thus, 

Sensitivity = TP/TP+FN 

2) Specificity 

Specificity measures the ability of a test to correctly exclude 

the condition (not detect the condition) when the condition is 

absent. Thus, 

Specificity = TN/TN+FP 

3) Accuracy 

The comparison of a measurement with a known standard, 

used to determine whether the measurement is reliable. 

Measurement accuracy is identified as the difference between 

the measurement of a factor and the accepted value for that 

factor from a trusted external source, or the percentage by 

which the two values differ. 

Accuracy=TP+TN/TP+TN+FP+FN 

a) True positive: 

The recall or true positive rate (TP) is the proportion of 

positive cases that were correctly identified 

b) True Negative: 

The true negative rate (TN) is defined as the proportion of 

negatives cases that were classified correctly 

c) False Positive: 

The false positive rate (FP) is the proportion of negatives 

cases that were incorrectly classified as positive 

d) False Negative: 

The false negative rate (FN) is the proportion of positives 

cases that were incorrectly classified as negative 

B. Performance Evaluation 

 
Fig. 2: Performance Parameters  

 
Fig. 3: Sensitivity and Specificity Value 

Accuracy 
GMM 

93.74% 

Table 3: Accuracy Value 

In Table 3 mentions the accuracy value of an image. 

The accuracy value is calculated by using the performance 

parameters. It shows how the method is well performed. 

VIII. CONCLUSION 

This proposed work applied Histogram Equalization and 

Gaussian of Mixture Model. GMM is flexibility in choosing 

the component distribution obtain a density estimation for 

each cluster. It Shows GMM gives the best result to identify 
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the crack portion of the road and gives the best accuracy 

results. 
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