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Abstract: This review of the literature explores the field of pothole detection with state-of-the-art Machine 

Learning (ML) techniques. Given the growing worries about vehicle safety and road infrastructure upkeep, 

the study thoroughly examines a large number of research articles that cross the boundaries of computer 

vision, signal processing, and machine learning techniques. This research looks at a variety of approaches, 

from sensor-based approaches that use accelerometers and gyroscopes to image-based approaches that use 

convolutional neural networks. The survey also highlights how pothole detecting methods have changed 

over time by objectively analyzing the advantages and disadvantages of each technique. This survey seeks 

to provide a thorough overview of the state-of-the-art in pothole identification through machine learning by 

combining ideas from a variety of sources, opening up new directions for future research and developments 

in this important field 
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I. INTRODUCTION 

The threat of potholes in today's transportation infrastructure presents a significant obstacle for both road maintenance 

agencies and drivers. Damage from potholes not only results in expensive repair bills but also increases the risk of 

traffic jams and accidents. The application of machine learning (ML) techniques has become a viable path for early 

pothole identification and mitigation in the search for a proactive and effective solution. This review of the literature 

begins with a thorough investigation of the diverse range of studies devoted to using ML to identify potholes.The 

combination of machine learning with pothole identification has the potential to completely change the way we 

approach road maintenance and improve road safety, particularly as the need for intelligent transportation systems 

grows. The objective of this survey is to examine the current literature and explore the many approaches, methods, and 

technological developments that support the creation of machine learning-based pothole detection systems. Through an 

amalgamation of the many methodologies employed in multiple investigations, this manuscript aims to extract pivotal 

discernments, discern patterns, and clarify the obstacles that mold the present terrain of pothole detection through 

machine learning. The objective of this investigation is to not only understand the current state of the art but also to 

open up new research directions that will enhance and improve pothole detection's effectiveness.  

 

II. LITERATURE SURVEY 

Roy et Al., [1] as proposed, describes DenseSPH-YOLOv5, an improved infrastructure monitoring model that improves 

feature extraction and object detection accuracy by combining DenseNet and Swin-Transformer. It outperforms current 

models by accurately localizing various damage classes with low false positives. Future efforts will focus on integrating 

algorithms such as YOLO-X and YOLOv7 and optimizing its speed and adaptability for on-field application. While 

contextual feature extraction still needs work, YOLOv5's accuracy and speed make it stand out above other deep 

learning models such as SSD and Faster R-CNN. By strengthening feature extraction and object localization, the 

suggested DenseSPH-YOLOv5 closes this gap and provides a reliable solution for real-time damage identification in 

difficult contexts, enhancing computer vision's capabilities in infrastructure monitoring. Furthermore, Lieskovska et 

Al., [2] as proposed, explores an automatic pothole identification study presented at the TRANSCOM 2023 conference, 

using a dataset from an industrial district where there is road degradation. It uses computer vision models such as 
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Sparse R-CNN and YOLOv5 to target manhole covers and potholes. With its updated design, YOLOv5 demonstrated 

increased speed and accuracy. The accuracy of YOLOv7's pothole detecting was excellent. The topic of conversation 

includes mobile sensors, AI, and intelligent transport systems in addition to computer vision's contribution to road 

safety. Cost-effectiveness and automatic detection are benefits, while calculation requirements and data dependability 

are drawbacks. One important gap that has been found is that accurate detection requires training data that is specificto 

a given country. This highlights how crucial local data is to improving pothole detecting technologies and maximizing 

road upkeep. 

Bhatia et Al., [3] as proposed, investigates the viability and precision of thermal imaging in pothole identification by 

applying convolutional neural networks (CNNs) on a variety of datasets. Findings reveal that a pre-trained CNN-based 

residual network model achieves a high accuracy of 97.08%, surpassing that of self-built CNN models. While CNNs 

allow real-time detection and potential severity evaluation, thermal imaging has advantages such as cost-effectiveness 

and adaptability for inclement weather. Thermal imaging with CNNs offers a potential method, filling a research gap in 

underutilized thermal imaging technology for pothole identification, despite computational demands and data diversity 

requirements. This innovative approach sets a new standard for pothole detecting techniques and shows promise for 

improved road maintenance and safety, especially in resource-constrained situations. Also, Sriharipriya and kc [4] as 

proposed,the use of the YOLOX algorithm to improve pothole detecting systems. The goal of the project was to 

precisely and automatically identify potholes in real time on high-speed highways. Notably, the YOLOX-Nano model 

outperformed other models in terms of accuracy, attaining an AP value of 85.6% with a small size of 7.22 MB. The 

study emphasizes YOLOX's effectiveness in expediting road maintenance through effective pothole recognition by 

utilizing image processing, AI, ML, and DL. YOLOX is a viable option for real-time applications due to its precision 

and compactness, even though it may have slower inference speeds than alternatives. Its utility in road repair could be 

further enhanced by addressing detecting issues such as small or distant potholes and changeable illumination 

conditions. In summary, the research highlights the potential of YOLOX to transform pothole detecting systems and 

enhance road repair procedures. 

Thompson et Al., [5] as proposed, techniques for spotting potholes and cracks in road pavement is provided in this 

article, with a special emphasis on semantic segmentation of the pavement. Deep Learning approaches are used in 

seven separate runs—six from participants and one baseline method—that are compared. By utilizing sophisticated 

neural network designs and pre-trained encoders, the evaluation seeks to automate detection procedures. High accuracy, 

automation, scalability, and real-time monitoring are some of the benefits of deep learning; however, there are 

drawbacks as well, including data requirements, computational resources, overfitting, interpretability, and ethical 

issues. The document stresses the value of standardized evaluation methods and offers insights into the state-of-the-art 

in road damage detection methodologies, even though it doesn't specifically address research gaps. Furthermore, 

Saishree et Al., [6] as proposed, the use of deep learning classification methods to detect potholes in roadways, tackling 

the difficulties associated with manual identification and possible harm to vehicles. The algorithm attempts to identify 

potholes on muddy and highway roads by using image datasets from various sources. For training, pretrained models 

like VGG19, InceptionV2, and Resnet50 are used; VGG19 shows better accuracy than the others. A variety of image 

processing techniques, in addition to hardware elements like Raspberry Pi and sensors for in-the-moment monitoring, 

facilitate pothole detection. High precision and efficiency are benefits, while data requirements and computational 

complexity are drawbacks. The work intends to close the gaps in the literature that currently exist in the field of pothole 

detection, highlighting the need of automated, deep learning-based methods for road safety. 

Kanchi Anantharaman Vinodhini and Kovilvenni Ramachandran Aswin Sidhaarth [7] as proposed, the goal of the 

project is to improve pothole identification on bituminous roads by using convolutional neural networks (CNN) and 

transfer learning. The technique, which emphasizes the need of ongoing monitoring of road infrastructure, attempts to 

automatically detect potholes and provide vital information for Intelligent Transportation Systems (ITS). The transfer 

learning + CNN technique outperforms previous algorithms with an astounding 96% accuracy. Utilizing pre-trained 

models reduces development time and increases system affordability. Nevertheless, there are difficulties, such as the 

need for a wide dataset and model optimization experience. The study fills a research void by providing a reliable and 

accurate solution that is essential for car safety, road maintenance, and possible uses in the GPS-based automation and 

detection industries. Also Mohamed Anis Benallal and Mustapha Si Tayeb [8]as proposed the use of a convolutional 
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neural network and the YOLO technique, this study successfully detected fractures and potholes in the road surface. 

The efficacy of the system was demonstrated by its remarkable 91% worldwide detection rate, which included 90% 

accuracy for cracks and 93% accuracy for potholes. The study underlined the importance of local databases customized 

to particular traffic conditions and the need for increased detection accuracy. The development of an automatic road-

specific flaw detector equipment and the establishment of a comprehensive local database for Algerian roads are 

suggested as future directions. The paper recommends continued research for improved detection, expansion to 

different defect kinds, and customized solutions for certain regions. It also highlights the promise of the YOLO 

algorithm as a reliable model for adaptable road defect detection systems. 

A.Lincy et Al., [9] as proposed, with an astounding accuracy of 94.5%, the pothole detecting system uses the YOLO 

V7 machine learning approach to improve road safety by alerting drivers in real time. The system processes 45 frames 

per second by utilizing the speed and generalized object representation of the YOLO V7 algorithm, which makes it 

appropriate for effective real-time implementation. In particular, potholes are predicted by the algorithm's bounding 

boxes and class probabilities, which lowers vehicle repair costs, lessens traffic, and improves road quality. The rigorous 

dataset used in the system's validation necessitates a 64-bit laptop with 8 GB of RAM and an Nvidia 1660 GPU for best 

performance. When compared to CNN-based systems, the YOLO V7-based method exhibits better accuracy and 

computational efficiency, highlighting its potential for realistic real-time implementation. Furthermore, Qian L et Al., 

[10] as proposed,to solve issues like high accuracy, non-destructiveness, and real-time processing, the paper emphasizes 

the importance of pothole detection in intelligent transportation systems and advocates for the use of deep learning, 

notably the YOLOv5 architecture. The suggested approach entails building a unique dataset for thorough testing, 

validation, and training. The results demonstrate how effective the YOLOv5-based method is at improving the accuracy 

of pothole identification. Benefits include the possibility for high accuracy, real-time applicability, and automatic 

feature learning from massive datasets. Nonetheless, issues like the requirement for a large quantity of training data and 

reliance on high-quality photos still exist. For increased accuracy, the document suggests using other sensor modalities, 

such as LiDAR. By guaranteeing proactive maintenance and safer road networks, the proposed method enhances 

intelligent transportation systems. 

Sang-Yum Lee et Al., [11] as proposed, in addition to deep learning approaches, the study used a variety of machine 

learning techniques, such as multi-regression, SVM, decision and regression trees, and Gaussian process regression, to 

predict and detect potholes in metropolitan roads. These methods' benefits include real-time detection, automation, 

data-driven analysis, and high accuracy, all of which help to facilitate effective road maintenance. The availability of 

data, computing load, interpretability, and the requirement for ongoing model upgrades present difficulties, though. The 

current study updated old models, considered additional characteristics, and improved prediction capabilities in order to 

fill in research gaps from earlier studies. With the addition of weather, traffic, and pothole data, the machine learning 

model showed a notable improvement in accuracy when forecasting the incidence of potholes. With over 95% 

accuracy, the deep learning-based image segmentation method proved to be useful. It was stressed that constant model 

changes were necessary to adjust to shifting circumstances. Also,  Gui Yu and Xinglin Zhou [12] as proposed, in their 

pavement crack detection research, Gui Yu and Xinglin Zhou provide YOLOv5-CBoT, an improved model that 

combines YOLOv5 with a Bottleneck Transformer. In an effort to overcome the shortcomings of conventional manual 

inspections, the study highlights how crucial early fracture detection is to traffic safety and infrastructure upkeep. In 

order to identify thin crack features, long-range dependencies must be effectively captured by YOLOv5-CBoT. In 

comparison to the initial YOLOv5, the added C2f module significantly optimizes the network and produces competitive 

results with fewer parameters, reduced computational complexity, higher accuracy, and faster inference speed. The 

model's potential to improve road safety and maintenance efficiency is demonstrated by this research, which closes a 

gap in the cost-effective identification of pavement cracks and has implications for averting accidents and cutting 

maintenance expenses. 

 

III. CONCLUSION 

To sum up, this thorough review of the literature on machine learning (ML)-based pothole identification offers a wide 

range of approaches and developments meant to tackle issues with vehicle safety and road infrastructure upkeep. 

Combining machine learning methods (ML) with convolutional neural networks (CNNs), DenseNet, and YOLOv5 
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shows promising results for precise and instantaneous pothole detection. The studies show how detection techniques 

have changed over time and illustrate the benefits and limitations of each strategy. The investigation of thermal 

imaging, the YOLOX algorithm, and the YOLOv5 in conjunction with a Bottleneck Transformer for pavement crack 

identification are noteworthy contributions. All of the study points to how ML-based systems have the ability to change 

road maintenance, improve safety, and provide insightful information for new lines of inquiry. 
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