
  

 

 Abstract— The increasing number of vehicles on roads drives a 

need of preserving road network in good condition thereby 

improving the performance of the existing roads. Road 

performance can be monitored by observing its structural and 

functional performance or predicting the serviceability of a road 

from its initial service time to the desired evaluation time. 

Generally, road condition can be evaluated on the basis of four 

aspects i.e. riding quality, surface distress, structural capacity and 

skid resistance. In a road maintenance management system, the 

assessment of road surface distresses is one of the important tasks 

for developing repair and maintenance strategies. In the past few 

years, various image processing techniques have been developed 

for the detection of distresses like potholes, patches, cracks etc on 

the road surface. However, the effective use of these methods for 

the characterization of various distresses on roads particularly in 

Indian conditions is yet to be established. The aim of the present 

paper is to provide an overview of implementation of various 
image processing techniques for the detection and characterization 

of road distresses.  
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I. INTRODUCTION 

The quality and efficiency of road transportation plays a vital 

role in economic development of any country. In India, road 

transport occupies a dominant position in the overall 

transportation system as compared to the other modes of 

transportation of the country, due to its advantages like easy 

availability, flexibility of operation, door to door service and 

reliability. As per the statistics of the year 2014, India owns the 

second largest network of roads in the world, next to USA with a 

total road length of about 5.3 million kilometers [1].   

The increasing urban population in rapidly expanding cities 

has further resulted in growing urban travel demand. As per the 

2011 census, the urban population in India in 2011 was 377 

million, constituting 31.2 per cent of the total population. It 

grew from 159 million in 1981[2]. It is projected to grow 

to 820 million by 2051 [3]. There is a tremendous increase in 

the total number of registered motor vehicles in India from 

about 5.4 million as on 31st March, 1981 to 172.9 million as on 

31st March, 2014 [1],[3]. The total registered vehicles in the 

country grew at a Compound Annual Growth Rate (CAGR) of 

11.07 per cent between 1981 and 2014.  
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The increasing number of vehicles on roads drives a need of 

preserving road network in good condition thereby improving 

the performance of the existing roads. Performance of a road 

network can be monitored by observing its structural and 

functional performance or predicting the serviceability of a 

pavement from its initial service time to the desired evaluation 

time. Generally, road condition can be evaluated on the basis of 

four aspects i.e. riding quality, surface distress, structural 

capacity and skid resistance. The failure or deterioration of 

pavement occurs due to various factors like age, traffic, 

environment, material properties, pavement thickness, strength 

of pavement as well as subgrade properties which affect the 

mechanical characteristics of a pavement. In a road maintenance 

management system, the assessment of road surface distresses is 

one of the important tasks for developing repair and 

maintenance strategies [4].  

The four major categories of surface distresses of bituminous 

roads are [5],[6]:  

1. Cracking  

2. Surface deformation  

3. Disintegration (eg. potholes, etc.)  

4. Surface defects (eg. bleeding, etc.) 

The types of distress under each category are given in table I. 

TABLE I: TYPES OF DISTRESS IN BITUMINOUS ROAD 

Cracking Surface 

Deformation 

Disintegration Surface 

Defects 

Fatigue cracking 

Longitudinal 

cracking 

Transverse cracking 

Block cracking 

Slippage cracking 

Reflective cracking 

Edge cracking 

Diagonal Cracking 

Rutting 

Corrugations 

Shoving 

Depressions 

Swell 

Upheaval 

Potholes 

Patches 

 

Ravelling 

Bleeding 

Polishing 

Delamination 

For proper road maintenance operation, it is therefore 

important to first identify the type of distress present on the 

road and then provide suitable remedial measure.  

In the current field practices, road distress data assessment is 

done in many ways, which may be grouped into three categories 

depending upon the techniques or methods employed viz. 

manual, sensor and imaging based systems [7],[8]. 

At present, distress data collection is increasingly being 

automated by using various imaging systems. However, analysis 

of the collected raw video images for distress assessment is still 

predominantly being done manually. This is expensive, time 

consuming and slows down the road maintenance management. 

In the past few years, various automated methods have been 

developed for the identification of some of the distresses like 
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potholes, patches, cracks on the road surface using various 

image processing techniques [9], [10], [11], [12]. The 

application of these methods has shown encouraging results. 

However, the effective use of image processing techniques for 

the characterization of various distresses on roads, particularly 

in India is yet to be established.  

II. LITERATURE REVIEW  

A. For Crack Detection (Linear Feature) 

 [13] proposed a method for detection and characterization of 

cracks (linear features) on road surface using various image 

processing techniques.  The methodology was divided into the 

following steps: 1) Image enhancement, 2) Attribute extraction, 

3) Crack type characterization, 4) Assigning the severity level. 

Image enhancement was done using image normalization 

method so as to reduce non uniform background illumination. 

For attribute extraction, images were separated into image 

blocks. Mean and Standard deviation values were obtained for 

each block. Finally, the Kmean clustering algorithm was applied 

for the crack detection and characterization (Fig. 1). For 

assigning the severity level [14] to the cracks detected, Otsu’s 

gray thresholding method was used. The performance of the 

method was assessed by manually inspecting the pavement and 

the results of the manual analysis were compared with the 

results of the proposed approach.  

The results showed that out of 50 images, images without 

cracks were 10, images with transversal crack were 10, images 

with longitudinal cracks were 7 and images with miscellaneous 

cracks were 9. The accuracy was not determined for the 

proposed method.  

The study was confined to the detection and characterization 

of linear features only and the detection and characterization of 

area features was not included. 

 
                  Plain Road     Grid lines for       Crack         Grid lines for        

                                          Plain road            Image        Crack image 

 
     Clustering            Detected       Contour        Binary          Crack Image 

                                  Crack                                 Image 

Fig. 1:  Methodology used for crack detection [13] 

B. For Pothole Detection (Area Feature) 

[12] proposed a method for the detection of pothole (area 

feature) from road surface images. The videos of road surface 

were captured by a remote-controlled robot vehicle equipped 

with a camera. The distinctive visual characteristics (shadow, 

shape and texture) of a pothole (area feature) were utilized for 

the detection method, which was divided into (1) image 

segmentation, (2) shape extraction, and (3) texture extraction 

(Fig. 2). The performance evaluation of the proposed method 

was done by calculating the precision, recall and accuracy for 

the method.  

It was seen from the results that out of 70 images, 30 images 

contained one or two potholes, 13 images had cracks, 5 images 

had repair patches, 7 images showed several discoloration 

spots, 4 images had dark spot shadows, 1 image contained a 

manhole cover, and 10 images with no distress. The accuracy of 

86% was obtained, along with 82% precision and 86% recall. 

The result indicated that most area features (potholes) in 

bituminous road images can be correctly detected. 

  
Original      Histogram shape-based   Morphological   Elliptic regression for     

 Image         thresholding                     thinning            ellipse fitting 

 

 
Application of Texture classification                  Detected Potholes 

                    Filter banks 

Fig. 2: Methodology used for potholes detection [12] 

C. For Patch Detection (Area Feature) 

[15] proposed a method for detection of patches on 

bituminous road surface. The techniques used were histogram 

equalization for image enhancement, morphological operations 

for identifying the boundary of the patch and application of 

texture filters for the extraction and comparison of texture of 

pavement with patch (Fig. 3). The proposed detection method 

was first tested using 70 images out of which 58 included patch. 

The total number of patches included in these images was 63. 

The performance was measured by comparing the proposed 

method results with the ones produced by manually identifying 

the ground truth.  

It was found that the detection algorithm had detection 

accuracy of 75% with 82% precision and 86% recall. Although 

the results showed that the proposed method is promising and 

has high potential. But the study was limited to the detection of 

patches only, the quantification of patches and the detection and 

characterization of any other distress was not included in the 

study. 

The above proposed methods implemented for the detection 

of cracks, potholes and patches are based on pixel based image 

analysis. Most of the image processing techniques based on 

pixel based image analysis consider only spectral information 

and thus may have limitations in detecting all types of road 

distresses.  

 
 Initial image      Gray image    Noise removal     Contrast          Binary image 

                                                            enhancement 
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       Contour identification                     Texture extraction    Detected Patch 

Fig. 3: Methodology used for patch detection [15] 

III. APPLICATION OF OBIA (OBJECT BASED IMAGE 

ANALYSIS) FOR ROAD DISTRESS ASSESSMENT 

[16] proposed a method for detection and classification of 

roads and vehicles from high resolution satellite image using 

Object Based image analysis (OBIA). The study concluded that 

the pixel based image analysis largely neglects the spatial 

attributes such as texture, context and shape whereas the object 

based approach not only allows the user to work with large 

number of attributes but also provides the ability to include the 

user knowledge into the software based interpretation process. 

These extra types of information give OBIA the potential to 

produce results with higher accuracies than those produced by 

traditional pixel based approach. 

From the literature, it can be seen that no work has been done 

using Object Based image analysis for the detection and 

characterization of linear (crack) and area features (potholes, 

patches, delamination) of roads from ground images. Thus, the 

usefulness of OBIA in classifying roads from satellite images 

can be further extended to detect road distress types from 

images acquired from moving ground vehicles.  

IV. CONCLUSION 

The brief overview of the results from different researchers 

on detection of road distresses clearly indicate that,  

 Very few studies on identification and detection of road 

distresses using image processing on Indian roads have been 

observed. Most of the work in this direction is carried out 

manually.  

 Image processing techniques have lot of potential in 

effectively detecting the potholes, cracks and patches from 

images extracted from cameras fitted in moving ground 

vehicles. These techniques have been limited to detection of 

cracks, potholes and patches, and not much work has been 

done on the detection of other bituminous road distresses. 

Therefore, the detection of other types of road distresses 

needs to be explored further. 

 Majority of image processing techniques for the 

detection and characterization of linear (e.g., cracks) and area 

objects (e.g., potholes, delamination, and patches) are pixel 

based. 

 The application of Object Based Image Analysis 

(OBIA) can be seen for the detection of roads using satellite 

images. However, no work has been done using Object Based 

image analysis for the detection and characterization of linear 

and area features of roads from ground images. Thus, the 

potential of OBIA for detection and characterization of road 

distress types from ground images can be further explored.  

 It is believed that the advantages of OBIA in treating 

each road distress as an object and including geometric and 

textural characteristics in addition to spectral characteristics 

will improve in the accuracy of detection of road distresses.  
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