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ABSTRACT 

 Accidents are mainly due to pathetic condition of road. The most common form of distress on such roads are potholes, 

which can compromise safety, and result in vehicle damage. There are many methods existing for pothole detection 

which use sophisticated equipment and algorithms. Due to the huge data computation such processes are slow and 

power consuming. In this paper, we compare the existing techniques in pothole detection and also the improvements 

required for more efficient and accurate pothole detection.  
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1. INTRODUCTION

Potholes are uneven surface found on roads and 

highways, which are made by constant vehicular traffic and 

weather conditions. The occurrence of pothole has increased 

rapidly in extraordinary weather such as heavy rain in summer 

and snowfall, and has a great influence on traffic safety and road 

damage. 

Fig 1:- No of accidents in India till 2017(*data compiled 

by ministry of road transport, India) 

These dangerous road conditions are a distraction for all the 

commuters, hence detection of these potholes plays a major role 

in fixing them on time and can prevent many road accidents. For 

pothole detection many approaches are preexisting but each of 

them has their own drawbacks. In this paper, we investigate and 

analyze existing pothole detection methods and further propose a 

potential direction of developing a pothole detection method to 

accurately and efficiently detect potholes. 

2. RELATED WORK AND ANALYSIS

The existing research work in this domain of pothole detection 

is divided into broadly five categories. 

A. Vision based detection 

B. 3D Reconstruction 

C. Vibration (Sensor Module) based detection 

D. LiDAR based detection 

E. Machine Learning based detection 

 A.       Vision based detection : 

This research work was presented by Vigneshwar K and Hema 

Kumar B [1]. They compare and proposed   K-Means clustering 

based segmentation in image processing of 2D images as faster 

and efficient technique. The K-Means based image segmentation 

was done by taking a least square partition and cluster into a k-

groups of objects. The clustering was grouped based on the n-

observation and k- clusters of the nearest mean [1]. Observation 

are taken as a set of d-dimensional real vector (x1, x2......., xn), 

where clustering was done based on observation into k (<n) sets 

of S= {S1, S2…., Sn} as to achieve cluster sum of square to 

minimum. It is given by,     

• Random points are assigned for clustering at initial stage. The

mean value was obtained for each clustering. 

• The distance was calculated for each point from each cluster

and assigned to each point to nearest to the mean value obtained 

from the corresponding cluster. 

• The iteration continues until the sum of squared within group

errors cannot be reduced anymore. The groups are obtained based 

on the geometrical compactness around their respective mean 

value magnitude.  

Here the drawback was for multiple pothole detection-Means was 

able to detects pothole with incorrect counts and hence it is not 

preferred in case of multiple potholes.  

Year 
Number of Accidents 

Total Fatal 

2005 4,39,255 83,491 (19.0) 

2006 4,60,920 93,917 (20.4) 

2007 4,79,216 1,01,161 (21.1) 

2008 4,84,704 1,06,591 (22.0) 

2009 4,86,384 1,10,993 (22.8) 

2010 4,99,628 1,19,558 (23.9) 

2011 4,97,686 1,21,618 (24.4) 

2012 4,90,383 1,23,093 (25.1) 

2013 4,86,476 1,22,589 (25.2) 

2014 4,89,400 1,25,828 (25.7) 

2015 5,01,423 1,31,726 (26.3) 

2016 4,80,652 1,36,071 (28.3) 

2017 4,64,910 1,34,796 (29.0) 
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B.        3D Reconstruction: 

For the detection of potholes in real time, a laser scanning system 

is used in the 3D reconstruction. As we know, the equipment 

used in laser scanning is much higher at the vehicle level.  3D 

Reconstruction can be classified into three different categories.  

• 3D Laser method

• Stereo Vision method

• Kinect Sensor method

1.3D Laser method:-This method uses the reflected laser pulses 

which is used to create a digital model of the object. With the 

help of grid-based processing approach, the accurate 3D cloud 

points are captured during canning and focusing on distress 

features. This method will accurately calculate the amount of 

materials needed to fill the potholes.   

Chang et al. represent that scanning and extracted focusing on 

particular distress features were captured with accurate 3D cloud 

points with their elevation with the help of a grid based approach 

[2]. Using this method, the required amount of materials can be 

calculated accurately and automatically with the help of severity 

and coverage of distress [2],[3].   

2. Stereo vision method: -This method needs high computational

effort in reconstruction of pavement surface [4], with the help of 

matching feature points. It is not useful in real time environment. 

It is necessary to accurately align both the cameras, if it is not 

aligned perfectly then it will directly affect the quality of the 

outcome in case of vibration of vehicle motion [4].   

Stereo vision method [5] uses two digital cameras, which covers 

a pavement surface [4]. There are two steps in this method. They 

first analyze 2D images using both the cameras for detection and 

classification of cracks. The results of two source images are 

then combined so that missed cracks are counted in it which 

increases the accuracy [4]. Using a pair of images of the same 

pavement, they can establish a 3D surface model. They also 

found longitudinal and intersecting profiles [3] via geometric 

modeling.   

There are sequences of steps performed to recover the 3D 

properties from 2D image pairs, they are camera calibration, 

distortion correct, matching stereo points, 3D reconstruct, and 

profile report should be performed [4],[3]. A total of 4 cameras 

in two pairs to collect the images of the pavement surface were 

used for an experimental platform, DHDV (Digital Highway 

Data Vehicle) [4],[3] survey vehicle was used. They present 

feasibility after applying stereovision as a preliminary result 

[4],[3].   

3 Kinect sensor method: - This method uses the Kinect sensors 

which will collect the depth images of pavement. It is used to 

find the volume of a pothole [1]. Images of Roads made from 

concrete and asphalt were collected using a low-cost Kinect 

sensor. For better visualization purpose meshes were generated. 

Depth is used to analyze the area of a pothole. Using trapezoidal 

rule, the volume of the pothole was calculated which uses area 

depth curves.  

Joubert et al. [6] present a low-cost sensor system which uses a 

Kinect sensor [6] and a high-speed USB camera [6] for detecting 

and analyzing potholes. Some experiments were done on using 

Kinect to examine potholes. This method is cost effective [4],[3]. 

It is necessary to research  

Overall these 3D Reconstruction based approach   greatly reduced 

the  equipment’s  cost  but  still  failed  to  reduce  the 

computational   power   and   error   rate   for   analyzing   the 

potholes. 

C.      Vibration (Sensor Module) based detection: 

In the paper by Dhwani, Abhisek [2] ,they  implemented pothole 

detection by using ultraviolet sensor with Raspberry Pi (RPi) 

controller. In this method, accelerometer and ultrasonic sensor 

identify the pothole depth and distance. The size of the pothole is 

calculated by using the camera and the neural compute stick and 

its location by GPS.Further, Simple Mail Transfer Protocol 

(SMTP) is used to send E-mail notification to the rider. The 

ultrasonic sensor calculates distance continuously. The threshold 

distance set is 400 cms and the sensor keeps a check whether the 

distance is fixed or not. Whenever there is any change in the 

distance measured with the received ultrasonic waves, it alerts the 

rider, that there is a pothole or a speed breaker affecting the ride. 

The accelerometer works when the vehicle is crossing over the 

pothole. It continuously keeps a check over the altitude of the 

suspension and when there is a pothole it calculates its depth. 

Based on the depth of the pothole it is decided whether the 

pothole is major or minor in terms of depth. The stereo camera is 

mounted at the front panel of the vehicle and the size of the 

pothole is analyzed using neural computer stick. Whenever a 

pothole is detected, GPS collects longitudes and latitudes of the 

location and stores it. SMTP is used to send E-mail alert to the 

registered e-mail address of the rider with location and depth of 

the pothole.  

The main   advantage of this system was   the accuracy upto 90% 

when the speed of car varied from10 to 50 kmph. 

D.      LiDAR based detection: 

In the paper published by Byeong-ho Kang [8], an automatic 

pothole detection system using 2D LiDAR and camera was 

proposed. In this system, two 2D LiDAR, called as RPLIDAR, 

and a camera are connected to the Raspberry Pi 3 small single-

board computer. The RPLIDAR is the low cost 360-degree 2D 

laser scanner. Each LiDAR sends information such as the 

distance to the object, angle, and accuracy using serial 

communication to the single board computer. After obtaining 

LiDAR information, proposed pothole detection algorithm is 

performed using MATLAB. Estimated pothole information such 

as width and depth are compared with those of the actual pothole 

information.  

LiDAR and camera-based pothole detection system has the 

advantage that it is not affected by the electromagnetic wave and 

road surface state. 

E.     Machine Learning based detection:- 

In the paper by Karmel A.et al[9] ,the machine learning based 

development of pothole detection system is proposed. Support 

Vector Machine (SVM) and Decision Tree machine learning 

algorithms are used. s. In this algorithm, each data item is plotted 

as a point in n-dimensional space (where n is number of features 

you have) with the value of each feature being the value of a 

particular coordinate. Then, classification is performed by finding 
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the hyper-plane that differentiates the two classes very well. 

While in case of Decision tree In this technique, the population 

or sample is split into two or more homogeneous sets (or sub-

populations) on the basis of most significant splitter / 

differentiator in input variables in input variables. 

3.CONCLUSION
Accurate detection of potholes is vital task for determining 

proper strategies of pavement maintenance and rehabilitation. 

However, the person manually detecting and evaluating methods 

are expensive and time-consuming. Therefore, we investigated 

and analyzed the existing methods for pothole detection which 

can be divided into vibration-based methods, 3D reconstruction-

based methods, and vision-based methods.   Although the 

vision-based methods are cos effective compared to 3D laser 

scanner methods, it may be difficult to accurately detect a 

pothole by these methods due to the distorted signal generated 

by noise since they detect a pothole through analysis of the 

collected image and video data. Thus, there is need to develop a 

pothole detection method using various features in 2D images 

which improve the existing pothole detection method and can 

accurately detect a pothole. 
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