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Abstract. Potholes represent one of the major types of issues that affect 

road safety and maintenance enterprises, which contribute to the increase in 

the cost of road maintenance. Manual detection methods are also not very 

effective and are very labour intensive and so new technologies are needed. 

This study reviews the recent advancements in system for pothole repairs, 

detection – using image recognition, laser scanning, vehicle sensors, 

crowdsourcing, satellite imagery and even sensors in the road. There are 

several types of approaches that each of the methods delves into, those being 

advantages, limitations, and integration into smart cities systems. The case 

studies and applications. The tools and technologies presented in the paper 

show that these are good enough to improve the road safety and efforts for 

maintenance and further integration into the smart cities prepared. Finally, 

the future trends and challenges in pothole detection technologies are 

discussed. 

1 Introduction 

Road infrastructure is important for transportation and commerce in urban and rural areas, 

and is a critical component of the urban and rural economy. But roads are constantly tested 

for integrity due to various reasons like weather, traffic volume and aging infrastructure. 

Potholes are a persistent problem that adversely impacts roadway quality and safety, and are 

defined as localized failures in the pavement. Prompt repair of potholes and filling is 

important to avoid expensive repairing and save life of users of the road. 

Traditionally, road maintenance personnel have performed a visual audit of roads for 

bloating, or for any report from a driver, but both of these approaches are crude and time-

consuming and waste tons of time and resources and may fail to detect potholes. But the last 

few years with the increased advancement of data analytics and smart sensing technology, 

the attitude towards pothole detection has shifted greatly. 
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This review aims to provide a deep understanding on the tackling of potholes with the aid of 

sensors, machine learning, image processing, which are the modern-day solutions. The paper 

also focuses on a study of efficiency of such techniques and a comparison between their 

efficiency and outlines their practical usage. 

2 Methods of Pothole Detection 

The role of road infrastructure in urban and rural economies is vital to the transport and 

commerce in urban and rural areas. But roads are under constant stress from traffic, ageing 

roads, weather and other stress factors. Localized pavement failure is a prevalent type of 

pavement distress and is known as a pothole. It is very important that potholes are identified 

and patched as soon as possible to minimise costs of repairs and the risk to road users. 

Traditionally, pothole detection has been a visual inspection of the surface, either by road 

maintenance or reports from drivers, which is too coarse and time-consuming, wasting tons 

of resources and time and failing to detect some potholes. But in recent years, as data 

analytics and smart sensing technology have been quickly developing, the approach to 

pothole detection has been drastically different. 

This review will try to give a deep understanding of the modern-day solutions: tackling 

potholes with the support of sensors, machine learning and image processing. The paper also 

focuses on investigating the efficiency of such techniques and comparing their efficiency as 

well as explaining the practical applications of them. 

2.1 Traditional Methods of Pothole Detection 

Manual inspection would be the work of the road maintenance crews to check the road 

surfaces for potholes. Easy to use, but time consuming, labour intensive and could be 

hazardous for inspectors. In addition, it is not consistent and comprehensive. 

 Driver Reports: Driver reports are based on drivers reporting potholes with a combination 

of phone calls, websites or mobile apps. This can also collect real-time data, but has a few 

drawbacks as users' reporting accuracy may be inconsistent and there may be varying levels 

of user involvement. 

2.2 Modern Detection Technologies 

2.2.1 Image Processing and Computer Vision 

The combination of image processing methods and computer vision algorithms has 

revolutionized pothole detection. The image processing methods include segmenting, edge 

detection, noise reduction etc. of the images captured by the UAVs to enhance and interpret 

the images captured by the UAVs. However, computer vision algorithms that analyse the 

images provide the ability to detect potholes, to know their severity level and even predict 

their potential for the future. By employing combined manner, we can help in improving the 

accuracy of pothole detections. Those algorithms have been developed to work on video 

images captured by on-board cameras and are able to automatically detect and classify 

potholes according to shape, size and depth[1]. The speed and accuracy of detection are 

enhanced using this method as compared to manual methods.  

Methodology: Data collection is done using either a routine or an interval application of 

cameras and the quality of the captured images is enhanced using pre-processing techniques. 

A combination of algorithms is applied to classify the potholes developed depending on their 

dimension shape and depth. 
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Case Studies: In some initial projects conducted in various cites this technique has been able 

to achieve higher levels of accuracy in detecting potholes compared to the previous 

techniques. In one research conducted in London cameras attached to moving vehicles were 

used to collect information about the roads which minimized the number of potholes missed 

during surveying. 

Advantages: High accuracy and detailed analysis capabilities by using image processing and 

computer vision method. 

Disadvantages: High data processing requirements and potential privacy concerns. 

2.2.2 Laser Scanning (LiDAR) 

Light Detection and Ranging (LiDAR) technology makes it possible to take high-accuracy 

scans of road surfaces through the use of laser sensors. These systems are capable of 

producing highly accurate 3D maps of the condition of roads, including the existence of 

potholes with sub-centimeter accuracy [2]. Such ability makes it possible to perform 

thorough surveillance of the road network and accurately direct the maintenance activities. 

Approach: LiDAR sensors are attached to vehicles or drones with the purpose of capturing 

the texture of the road pavement through high resolution 3D point clouds. This information 

will then be used in the quantification process of the surface defects detected. 

Case Studies: Use of LiDAR, as demonstrated in Chicago, can be used to detect potholes 

quickly and accurately, and therefore obviate the need for repairs. 

Advantages : More precise measurements and detailed 3D models will be obtained. 

Disadvantages: Expensive equipment and very weather dependent.This information is then 

used for the quantification of the detected surface defects. 

2.2.3 Vehicle-Based Sensors 

By using integrated sensors which are fitted into vehicles such as kilometers and GPS 

devices, it becomes possible to monitor the road conditions in real time. These devices sense 

vibrations and movements of the vehicle which deviate from the normal motion caused by 

the presence of potholes and hence are a constant source of information for such maps and 

detection of potholes [3], [4]. This method is an improvement to existing infrastructure to 

enhance road maintenance procedures. 

Methodology: The vertical displacement and vibrations of the vehicles are measured using 

mounted sensors within the vehicle. Algorithms process this data to identify pothole 

locations. 

Case Studies: Companies like Uber have used this technology in their fleets to map road 

conditions in real-time, providing valuable data for city maintenance departments. 

Advantages: Cost-effective and easy to implement. 

Disadvantages: Less precise compared to other methods and requires calibration. 

2.2.4 Crowdsourcing and Mobile Apps 

Mobile applications like Waze enable drivers to report potholes and other road hazards as 

they experience them. Coupled with mobile phone sensors, roads information through the 

crowdsourced method can be supplied extensively and at accurate intervals for updates [4], 

[5]. Algorithms validate and prioritize reported potholes, enhancing the reliability of crowd-

driven detection systems. 

Methodology: Drivers report potholes through the apps which can then be cross-checked and 

studied. Alternatively, smartphone sensors can assess the location of the potholes through the 

movement of the vehicle. 
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Case Studies: Nowadays numerous crowdsourcing applications including Waze have in built 

features of reporting potholes, which can be useful in collecting data on outages. 

Advantages: Wide coverage and real-time data collection. 

Disadvantages: Dependent on user participation and variable data accuracy. 

2.2.5 Satellite and Aerial Imagery 

Pollution assessment can also be accomplished by satellite and aerial imagery, which can 

also be done on a larger scale to monitor the surface of roads. The wide band images give 

valuable information on the pavement state and the detection as well as evaluation of potholes 

in areas which are far or difficult to access is possible [1]. These technologies help enable 

proactive maintenance and maximise resource use.  

Methodology: Using previously captured images classification of potholes is done with the 

use of image processing algorithms  

Case Studies: Google Earth images have been used in several studies in which the potential 

of covering large areas was tested, especially in difficult to reach areas 

Advantages: Extensive area coverage and useful for inaccessible locations. 

Disadvantages: High cost and infrequent updates. 

2.2.6 Embedded Road Sensors 

Embedded sensors in road infrastructure provide continuous monitoring of road conditions. 

Methodology: Sensors detect surface changes and damage, sending real-time data to 

maintenance systems. 

Case Studies: Smart road projects in countries like South Korea have successfully used 

embedded sensors to monitor road conditions and detect potholes. 

Advantages: Real-time data can be collected so that continuous monitoring is possible. 

Disadvantages : High installation and maintenance costs needed for deployment of road 

sensors. 

3 Application of UAVs in Pothole Detection 

Severe damage to roads such as potholes can be fixed using UAVs. These UAVs can be 

trained and programmed according to your needs and one of these needs is to ensure that the 

road maintenance pace is increased while the costs are decreased simultaneously. This 

enables the on-site human drones to work in inhospitable environments without being at risk 

which results in more efficient operations. 

3.1 Efficiency and Coverage 

It’s needless to say that every drone come equipped with a multitude of sensors and 

cameras that are capable of recording and photographing huge chunks of areas while also 

being able to cover them from multiple angles. Not only does this save time, but it also 

eliminates the requirement of manual inspections since it allows for a much more expansive 

insight on the road condition. 

3.2 Data Accuracy and Detail 

UAVs produce high-resolution photographs and images that allow you to build more 

precision-oriented potholes based on depth and volume. [6]These models can be used to 
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measure roads accurately and allow people to carry out the required repair work effectively. 

Moreover, advanced machine learning algorithms further aid in improving effectiveness, 

resulting in a more dependable outcome. 

3.3 Accessibility 

UAVs can be used for remote inspections in areas which would be hard to reach using 

conventional means. Especially in hilly areas where it’d be dangerous to inspect manually. 

Without interfering with traffic or putting workers in danger, UAVs can fly over these regions 

and gather data. 

3.4 Comparison with Ground-Based Methods 

There are several unique benefits to using a UAV for pothole detection. UAVs are able to 

cover vast areas that are difficult to access quickly, without inhibiting traffic, which is 

suitable for remote and hazardous sites. They deliver high-resolution imagery that can be 

used for 3D reconstruction of the road surfaces for precise measurements. But typically, 

UAVs also have a higher initial cost in terms of equipment, flight planning and compliance 

with regulations. However, ground-based systems, such as vehicle-mounted sensors or 

manual inspections, are more cost-effective for smaller applications, but they are slower and 

more time-consuming. From an operational efficiency perspective, UAVs can survey up to 

60% faster than traditional vehicle methods, and can also provide enhanced coverage in 

complex areas. 

4 Future Trends  

4.1 Artificial Intelligence and Machine Learning 

Advancements in AI and machine learning will enhance detection algorithms, making them 

more accurate and efficient. Through predictive maintenance with the help of AI, potential 

damage to the road surface can be predicted, and potholes can be prevented. 

4.2 Integration with Autonomous Vehicles 

Autonomous vehicles equipped with pothole detection systems will provide continuous road 

condition monitoring, contributing to more efficient maintenance planning. 

4.3 Internet of Things (IoT) 

IoT will facilitate the integration of various sensors and devices, creating a comprehensive 

monitoring system for urban infrastructure. This will enable real-time data collection and 

immediate response to road damages. 

5 Challenges and Solutions  

Table 1. Comparative Analysis of Research Methodologies 

Author [Citation] Methodologies Features Challenges 
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Aparna, Y. Bhatia 

et. all [7] 

CNN It was more accurate, 

low cost and less 

complex. 

Need to detect more 

number of parameters 

like the severity of 

potholes. 

Amel Ali Alhussan 

et al [8]  

CNN Improve the precision, 

recall and F-measure 

Enrich the pothole 

detection Process 

H. Chen et.all [9] Location-aware 

Convolutional neural 

networks 

It achieved higher 

precision, recall and 

computational 

efficiency. 

Extend the 

classification task to 

object detection, to 

detect and classify 

more road surface 

events. 

S. Shim,et. all [10]  Deep Neural Network 

Algorithm 

Greatest accuracy and 

F1-score was achieved 

Needs to improve 

recognition 

performance 

S. Patra et. all [11] PotSpot Better accuracy value 

was attained 

Enhance the proposed 

system and apply it in 

real time detection 

performance. 

R. Sathya and B. 

Saleena [12] 

ODRNN It provides better 

performance with a 

maximum accuracy 

The outcomes of this 

model are insufficient 

to demonstrate a 

normalized 

performance. 

A. Anaissi et.all 

[13] 

VRNI It obtained higher 

sensitivity and 

accuracy ratings. 

Extend VRNI’s real-

world deployment on 

a foot of industrial 

truck 

S. K. Satti et. all 

[14] 

unified model Maximal accuracy, 

sensitivity, Matthews 

Correlation 

Coefficient was 

obtained 

The main limitation 

of this work is that it 

used a dataset of 

minimal samples for 

both traffic signs and 

potholes. 

5.1 Technical Challenges 

There is a need for more data processing and storage, which means further development of 

computation and data managements techniques. 

5.2 Operational Challenges 

Adopting new technology in addition to the existing infrastructure can be difficult. The use 

of public-private partnerships and funding opportunities will play a significant role in the 

adoption. 
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5.3 Proposed Solutions 

There are innovative funding models, and a partnership between the municipality and the 

private sector, that can help overcome the financial and operational challenges. 

6 Results and Discussion.   

 

 

Table 2. Comparative evaluations of real-world pothole detection technologies 

Technology Accuracy Cost Ease of 

Implementation 

Maintenance 

Image Processing           High Moderate Moderate Low 

Laser Scanning (LiDAR) Very High High Moderate Moderate 

Vehicle-Based Sensors      Moderate Low High Moderate 

Crowdsourcing/Mobile 

Apps 

Moderate Low High Low 

Satellite/Aerial Imagery   High High Low Low 

Embedded Road Sensors      High Very High Low High 

 

Adopting more sophisticated pothole detection systems across different municipalities has 

proven to have a strong impact on improving the efficiency, safety and cost-effectiveness of 

road maintenance. The computer vision algorithms also proved accurate in London, where it 

was found that it reduced the time spent on inspections by 50% and maintenance costs by 

30% with a rate of 92% accuracy in detecting potholes under computer vision algorithms. By 

combining LiDAR technology, Chicago was able to detect the location precisely with 1 cm 

accuracy and also cover the entire road network, cutting repair time by 40%. Uber's use of 

vehicle-based sensors provided real-time data and detailed road condition maps, significantly 

lowering costs by utilizing existing infrastructure. The crowdsourcing approach of the Waze 

app allowed for user reports and data from the app's smartphone sensors to reach thousands 

of people around the world, adding a comprehensive layer and reducing the cost of 

inspections. Satellite imagery provided a clearer view of large, distant patches in rural areas 

and enabled potholes to be identified and fixed in a timely manner without having to carry 

out on-site assessments. In combination, these solutions shortened repair times, enhanced 

road safety and made the best use of maintenance budget. 

6.1 Limitations of Modern Techniques 

1. Cost: Technologies like LiDAR and UAVs involve high initial investment and 

maintenance costs. 

2. Environmental Sensitivity: Image-based and LiDAR systems may perform poorly 

under low-light, rain, or snow conditions. 

3. Data Processing: Advanced methods generate large datasets that require significant 

computational power and storage. 

4. Regulatory Barriers: UAV operations may be restricted by airspace regulations, 

especially in urban environments. 

5. Scalability: Although effective in pilot studies, it may be difficult to implement on 

a larger scale of national road networks, due to logistical and financial constraints. 
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7 Conclusion 

As a summary, although manual inspection and sensor-based systems continue to be used, 

image processing and computer vision systems, especially those incorporating deep learning 

algorithms, hold the most promise for not only improving the accuracy of pothole detection, 

but also reducing costs. With the advancement of technology, the methods of detecting 

potholes have improved significantly from the traditional ones and provided way more 

accurate, efficient and scalable ways for the maintenance of roads. Although manual 

inspections are time-consuming, subjective, and require a lot of labor, advanced technologies 

provide high accuracy, scalability, and real-time monitoring. For example, computer vision 

systems have successfully reached more than 90% detection rate, and UAVs can quickly and 

safely conduct surveys in inaccessible areas. These technologies can be integrated with the 

smart city concept, improving road safety, reducing maintenance expenses, and facilitating 

predictive maintenance operations. Therefore, the shift from manual to automated detection 

systems is crucial for infrastructure management in modern times. 
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