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Abstract— Pavement condition assessment is essential when developing road network maintenance programs. In practice, 
the data collection process is to a large extent automated. However, pavement distress detection (cracks, potholes, etc.) is 
mostly performed manually, which is labour-intensive and time-consuming. Existing methods either come along with high 
equipment and computation costs, or make use of acceleration data, which can only provide preliminary and rough 
condition surveys. In this paper, we present a method for automated pothole detection in asphalt pavement images. In the 
proposed method, an image is first resized and converted to grayscale. It is then histogram equalized. This is followed by 
thresholding and basic edge detection using the Sobel filter. Morphological operations such as dilation and eroding are 
performed and median filtering removes excess noise. A logical addition of the results obtained till then, results in a relative 
pothole shape. A structuring element allows for the pothole to be defined and opened and a skeleton of the pothole is 
formed. A bifurcation process is applied so as to remove any branches. Subsequently, the result of this operation is used for 
multiplying image matrices and the pothole is extracted. This methodology has been implemented in a MATLAB prototype 
and tested on 24 pavement images. The stereoscopic camera technique is used to improve accuracy and to determine the 
depth or volume of the pothole. The volume of the pothole may be used to estimate the amount of asphalt material required 
to fill it. The results indicate that this method can detect potholes in asphalt pavement images with reasonable accuracy. 
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I. INTRODUCTION 
 
The highway system of a developed country contains 
thousands of kilometres of centreline pavement. 
Such systems consist of asphalt, concrete or 
composite pavements ranging in condition, age and 
performance. In recent years, several road network 
maintenance programs have been established in 
order to monitor the on-going performance of the 
road network, to predict future pavement conditions 
and assess long term needs, to support investment 
planning and decision making, and to identify 
rehabilitation and maintenance treatment. Many 
programs have been established that are concerned 
with data collection, data storage, data analysis and 
product development of the road network in India. 
Within this program, pavement surface condition 
assessment is identified as a key component that 
requires reliable and good-quality measurements on 
pavement distresses like cracks, potholes, rutting, 
etc. [5]. 
In current practice, pavement image and video data 
collected by digital inspection vehicles are reviewed 
by technicians on computer monitors in order to 
manually detect and assess defects. Besides this 
being a time-consuming and costly task, the final 
results are influenced by the subjectivity and the 
experience of the raters [6]. Several research efforts 
towards automating defect detection have been 
undertaken. Existing research work in pothole 
detection can be divided into 3D pavement 
reconstruction methods [7], [8] employing 3D laser 
scanning [9] and stereo-vision, and vibration-based 
approaches using acceleration sensors [10]. While 

the former basically suffer from high equipment 
costs and high computational effort, the latter are 
only intended for preliminary and rough condition 
surveys and therefore, lack accuracy and reliability 
[10].  
This paper presents a novel approach for automated 
pothole detection based on asphalt pavement surface 
images. These images are either cropped from 
available survey videos, or, according to future 
vision, cropped from pavement video data collected 
by ubiquitous passenger vehicles equipped with a 
high-speed camera.  
In this paper, a method for automated pothole 
detection in asphalt pavement images is stipulated. In 
the proposed method, an image is first resized and 
converted to grayscale. It is then histogram 
equalized. This is followed by thresholding and basic 
edge detection using the Sobel filter. Morphological 
operations such as dilation and eroding are 
performed. Median filtering removes excess noise. A 
logical addition of the results obtained till then, 
results in a relative pothole shape. A structuring 
element allows for the pothole to be defined and 
opened. A skeleton of the pothole is formed. This is 
bifurcated to remove any branches. Subsequently, the 
result of this operation is used for multiplying image 
matrices and the pothole is extracted. 
This methodology has been implemented in a 
MATLAB prototype and tested on 24 pavement 
images. The stereoscopic camera technique is used to 
provide ‘detail sensitive’ images and can be 
manipulated to determine the depth or volume of the 
pothole. The results show that this method can detect 
potholes in asphalt pavement images with reasonable 
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accuracy. Based on the test results, it was found that 
the proposed method can successfully detect potholes 
with an overall accuracy of 83%. 

 
A. Literature Survey  
Current research efforts in automating the detection 
of potholes can be divided into three categories. (1) 
3D reconstruction-based, (2) vibration-based and (3) 
vision-based methods. Detection methods which are 
based on a 3D reconstruction of the pavement 
surface rely on 3D point clouds provided by laser 
scanners or by stereo-vision algorithms using a pair 
of video cameras. 3D laser scanning systems can be 
further distinguished into time-of-flight scanners that 
employ reflected laser pulses to directly create 3D 
point coordinates [7], and hybrid systems that use 
digital cameras to capture consecutive images of 
lines projected by infrared lasers[9]. Methods using a 
real-time 3D laser scanning system for pavement 
rutting, shoving and pothole detection have been 
proposed. Using the combined approach, a system 
can obtain, measure and visualize 3D pavement 
surface data, which is used to identify possible 
distortions. Although laser scanning systems acquire, 
measure and visualize data in real-time and their 
costs have come down, they still suffer from high 
equipment costs (either time-off light laser system or 
combined laser projector and camera system) 
compared to a single camera system. Moreover, 
current literature on employing 3D laser scanning to 
detect pavement distress is focused on the local 
accuracy of 3D measurements. Validation in terms of 
distress classification results (e.g. precision and 
recall) for global survey tests has not yet been 
addressed. 
Vibration-based approaches use accelerometers in 
order to detect potholes [10]. In analogy to cameras 
‘‘looking’’ at pavement surface, an accelerometer 
‘‘feels’’ the ground conditions based on the vehicle’s 
mechanical responses. The advantages of a vibration 
– based system have been identified as requiring 
small storage, being cost-effective and amenable for 
real-time processing [10]. Projects such as BusNet 
[11] and Pothole Patrol [12] share the same basic 
idea of combining vibration sensors with GPS and 
using mobile nodes to sense road conditions in terms 
of pothole detection and positioning. An integrated 
pothole detection and warning system that distributes 
collected data (spatially tagged potholes) to the 
participating vehicles to assist drivers in avoiding 
potholes has been proposed. However, other papers 
specify that vibration-based approaches [12] could 
provide wrong results, e.g. in case of bridge 
expansion joints that have been detected as potholes 
by mistake. Moreover, potholes in the center of a 
lane are not hit by any of the vehicle’s wheels and 
thus cannot be recognized using accelerometers. 
Nevertheless, these potholes must be captured as 
they are pavement defects and, in addition, are 
particularly dangerous obstacles for motorcycles. 

A different approach is based on 2D vision (image or 
video data) since potholes are usually significantly 
different from the pavement background surface. A 
solution to the detection and avoidance of simulated 
potholes integrating a vision and motion system has 
recently been proposed. Although this approach can 
detect potholes in the center of a lane, it relies on 
simulated potholes that are larger than 2 feet in 
diameter and white in color. However, these are very 
simplified assumptions that do not reflect realistic 
pavement conditions. 
The rest of this paper is organized as follows. 
Section II describes the Overview of the proposed 
method. The proposed Pothole Detection and Depth 
Estimation algorithms are presented in Sections III 
and IV, respectively. The Results and Findings are 
discussed in Section V. Finally, the Conclusion is 
drawn in Section VI. 
 
II. OVERVIEW 
 
Two webcams, or stereoscopic cameras, are placed at 
the base of a crate at a distance of 6cm from each 
other and at an angle of zero degrees. Images of a 
pothole from two different perspectives are obtained. 
A left view and a right view of the pothole is 
obtained. This is analysed using various image 
processing operations and a definitive extraction of 
the pothole is obtained. This detected pothole then 
undergoes a form of 3D mapping and the volume of 
the pothole is determined. This volume information 
can be later used to determine the amount of material 
that is needed to fill a pothole. The MATLAB 
prototype is utilised for the implementation of the 
project. 

 
III. POTHOLE DETECTION SYSTEM 
 
Potholes, as one type of pavement distress, are bowl-
shaped depressions of various sizes in the pavement 
surface. Considering their visual impact, they can 
also be defined as almost elliptical pavement regions, 
which are fully or partially surrounded by a dark 
shadow (due to depression) and which have a 
granular and course textural appearance (due to 
fragmentation). Based on these visual characteristics, 
they are identified within visual inspections of 
pavement image and video data through a sequence 
of image processing operations. 
A combination of already existing photos of potholes 
that were randomly selected from the internet and 
photos of potholes captured under controlled 
conditions in and around the locality of our college 
were stored in a database. These were utilised for 
testing the pothole algorithm. 
Pre processing is mainly used to enhance the 
processing speed, improve the contrast and to reduce 
the noise in an image. The pothole images stored in 
the database were resized and converted into gray 
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scale images for easy analysis and faster processing 
speeds. 
In order to reduce the problem of low quality and 
low contrast in the grayscale images, they were 
enhanced by histogram equalization. 
The histogram of an image represents the relative 
frequency of occurrence of various gray levels in the 
image. It provides important information regarding 
the contrast of an image. A histogram with a small 
spread represents a low contrast image. A wide 
spread indicates a high contrast image. A histogram 
clustered at the low end indicates a dark image 
whereas one at the high end represents a bright 
image. 
Thresholding is a simple type of image segmentation 
that isolates objects by converting grayscale images 
into binary images. Image thresholding is most 
effective in images with high levels of contrast. It 
partitions an image into a foreground and 
background. 
In pavement surface images, color information, in 
particular RGB values are not essential when 
performing the segmentation process with regard to 
defect detection. Therefore, the first step was to 
transform original color images into gray-scale 
images. Subsequently, a 5 by 5 median filter was 
used to reduce noise that is always produced by 
hardware during image or video capturing processes. 
Darker regions that indicate defects were separated 
from the background within each pavement image. A 
histogram shape-based thresholding algorithm [1], 
which is based on the triangle algorithm, was used. 
In order to remove histogram peaks that might 
interfere with the subsequent method, a 1D median 
filter with an order of 5 was applied on the 
histogram. Then the threshold, T, was determined as 
the intensity value of a histogram point PT = [T, h 
(T)], which has the maximum distance to a line 
l=[P0, Pmax] that intersects the histogram’s origin 
P0 and the point Pmax indicating the maximum 
intensity (Fig. 2). 
 

 
Fig. 2: Histogram shape based thresholding to separate the 

background [1] 

Based on the threshold T, an enhanced image was 
converted into a binary image B using     Eq. (1). 

 
 
The basic step in recognition of a pothole shape is to 
detect its edges and it is mathematical morphology 
that is used to detect that region. Edge detection is an 
image processing technique for finding the 
boundaries of objects within images. It works by 
detecting discontinuities in brightness and is used for 
image segmentation and data extraction.  
Using the Sobel edge detector, regions with a high 
edge magnitude and high edge variance were 
identified. Edges help to characterize the boundaries 
and therefore, are of fundamental importance during 
image processing. Edges in images are the areas 
where strong intensity contrasts are present. There is 
a sudden variation in the intensity from one pixel to 
the next. Detecting the edges of an image 
significantly reduces the amount of data and it helps 
in filtering out the useless information, while 
preserving the important structural properties of an 
image.  
 
The “Gradient filter” family of edge detection filters 
includes the Sobel method. A pixel location is 
declared an edge location if the value of the gradient 
exceeds some threshold. The edges will have a 
higher pixel intensity value than those surrounding it. 
So, once a threshold is set, the gradient value can be 
compared to the threshold value and an edge can be 
detected whenever the threshold is exceeded. 
 
The Sobel function was applied on an image and 
based on the threshold value, an image with the 
edges detected was returned. 
 
Dilation and erosion was used to replace each pixel 
with the local maximum and minimum of the 
neighbourhood around the pixel, respectively. 
Median filtering was then implemented for the 
effective removal of speckle noise and salt and 
pepper noise (impulsive noise). The aim of this 
process is to increase and improve the visibility of 
the image. 
 
The result of each processing stage was logically 
added to get a complete pothole figure. This 
provided a filled outline of the intended pothole 
region. 
 
A structuring element was responsible for the 
accurate definition of the pothole region. It allows for 
the pothole to be opened easier. 
 
The pothole was subjected to image opening in order 
to fill or eliminate all minute imperfections. This 
way, the exact pothole region was defined. 
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The opened image underwent a skeleton function, 
where the skeleton of the pothole together with its 
branches was developed. 
 
The skeleton image of the pothole was bifurcated 
several times using a loop. Thus, all the branches of 
the pothole were eliminated. This resulted in a 
perfect outline of the pothole in the image. 
 
The bifurcated image was used as a mask and 
superimposed onto the original pothole image. By 
doing so, the pothole region was perfectly extracted 
from its background. This process occurs through 
matrix multiplication. The result was a perfectly 
extracted pothole region with the unwanted 
background eliminated. 

 
A process of boundary definition allowed for the 
exterior boundaries of the objects to be traced, as 
well as that of the boundaries of holes inside these 
objects. It was also able to descend into the 
outermost objects and trace the objects completely 
enclosed by the outermost objects. 
 

     
Fig. 3: Inputted potholes and detected outputs 

 
IV. DEPTH ESTIMATION 
 
A. Stereoscopic camera setup 
The camera setup includes two identical webcams, or 
stereoscopic cameras which are placed at the base of 
a crate at a distance of 6cm from each other and at an 
angle of zero degrees. Images of a pothole from two 

different perspectives are obtained. A left view and a 
right view of the pothole is captured. This is analysed 
using various image processing operations and a 
definitive extraction of the pothole is realised. This 
detected pothole then undergoes a form of 3D 
mapping in MATLAB Version 2015b and the 
volume and depth of the pothole is determined. By 
calibration of the stereoscopic setup, stereo 
parameters are obtained, which are needed for the 
accurate estimation of depth. This volume and depth 
information can be later used to determine the 
amount of material that is needed to fill a pothole. 
 

                
Fig. 4: Stereoscopic camera setup 

 
V. RESULTS AND FINDINGS 

 
For the purpose of testing the pothole detection 
methodology in the MATLAB prototype, a database 
of 24 images was formed. After applying the 
algorithm to each image, it was found that an 
accurate pothole determination was obtained for 20 
of the 24 images. 4 images provided inaccurate 
depictions of potholes. This study indicates that an 
accuracy of 83.33% exists for the detection of the 
pothole. Also, the depth and volume of potholes was 
obtained. However, the depth determination 
algorithm only proved to be accurate for potholes of 
a very large depth. Efforts are being made to refine 
the algorithm and address the issue. 
 

Table 1 
Method performance for the test of 24 images 

 
 

CONCLUSION 
 
Pavement condition assessment is a key component 
when developing road network maintenance 
programs. In current practice, pavement image and 
video data collected by digital inspection vehicles are 
reviewed by technicians on computer monitors in 
order to manually detect and assess pothole defects. 
Since this is time-consuming, costly and highly 
influenced by the subjectivity and the experience of 
raters, several research studies are focused on 
automating the procedure of pothole detection. 
Existing approaches utilize acceleration sensors that 
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can only facilitate preliminary and rough pavement 
condition surveys. 
 
In this paper, a method for automated pothole 
detection in asphalt pavement images is presented. In 
the proposed method, an image is first resized and 
converted to grayscale. It is then histogram 
equalized. This is followed by thresholding and basic 
edge detection using the Sobel filter. Morphological 
operations such as dilation and eroding are 
performed and median filtering removes excess 
noise. A logical addition of the results obtained till 
then, results in a relative pothole shape. A structuring 
element allows for the pothole to be defined and 
opened and a skeleton of the pothole is formed. A 
bifurcation process is applied so as to remove any 
branches. Subsequently, the result of this operation is 
used for multiplying image matrices and the pothole 
is extracted. 
 
An overall accuracy of 83.33% was measured for the 
detection of the potholes using the pothole detection 
algorithm. The stereoscopic camera technique used 
to determine the depth or volume of the pothole, gave 
appreciable results only for potholes of great 
depression.  
 
In the future, it is envisaged to improve the pothole 
detection rate by (a) analyzing additional visual 
characteristics when extracting the pothole shape 
(e.g. also using the region of defect texture to 
approximate the pothole shape), (b) performing 
parameter optimization to determine true optimal 
thresholds for shape classification, and (c) utilizing 
machine learning techniques. A sensitivity analysis 
can help to make the method more robust to varying 
lighting and viewing conditions. Pothole detection in 
real time videos needs to be focused upon. Another 
important future task is dedicated to the filling of 
detected potholes based on estimations and 
measurements regarding pothole depth and area. 
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