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Abstract. In this study, transfer learning techniques will be used for
model training, using edge computing [1] and deep learning object de-
tection technology, combined with image road pothole detection appli-
cations, and deploying devices and tools that accelerate neural network
operations, including DeepStream [2] and Intel NCS2. The performance
and accuracy of model recognition will be compared, and finally, real-
time streaming video technology will be used to present the results on
the web. According to the experimental results, the best model achieved
an mAP of 70.% in YOLOv4-tiny-3l, and in terms of operating efficiency,
deployment on Jetson Xavier NX using DeepStream for acceleration can
achieve 30FPS. Finally, the deep learning model recognizes the screen
presented on the web. This application can improve the accuracy of
Pavement Distress identification and help road maintenance units im-
prove the efficiency of repairing roads.

Keywords: Transfer Learning, Deep Learning, Edge Computing, Ob-
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1 Introduction

Traditional road survey work usually requires manual visual inspection and writ-
ten records [3], but this method has some problems. Factors such as the pressure
of driving on the road, rain, and high temperatures caused by sun exposure
can cause various potholes in the road. Passing through potholes can reduce
the service life of vehicle parts, increase vehicle maintenance rates, and seriously
affect the safety of road users. We can develop more efficient and accurate image-
processing methods for various application scenarios based on this approach [4].

On the other hand, You Only Look Once (YOLO) [5]belongs to the one-stage
object detection algorithm, in which the entire architecture consists of only con-
volutional and fully connected layers. After inputting an image, the algorithm
can quickly obtain the positions and categories of objects much faster than other
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methods like R-CNN [6]that require obtaining candidate regions before classi-
fication. Yang et al. [7] design a management system that uses drone-mounted
cameras combined with object identification and live broadcast systems to assist
disaster relief.

2 System Design and Implementation

2.1 System Architecture

In this study, we used Ubuntu 18.04 as the operating system for the research.
We conducted deep learning and object detection experiments using Tensorflow
and PyTorch, respectively, with Python as the primary programming language.
we collected videos of pavement distress in Taiwan using a dashcam and used
Python OpenCV to extract frames from the videos to augment the dataset. Var-
ious neural network architectures were constructed as different machine learning
models for training, followed by model evaluation and performance comparison.
The most suitable model was selected and deployed on different edge devices,
utilizing acceleration tools to improve FPS, ensure stability, and reduce data
transmission latency and network issues. The generated data was transmitted
to the client-side through a web server to enable real-time viewing functionality.
Figure 1 illustrates the complete system architecture.

Fig. 1. System architecture diagram.
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3 Type of Pavement Distress and Data Collection

3.1 Type of Road Damage

Considering that different countries and regions have varied types of road dam-
age, this study takes into account the limited availability of self-labeled data and
also refers to a pavement distress dataset from six countries in 2022: Japan, In-
dia, the Czech Republic, Norway, the United States, and China. [8] This dataset
consists of 47,420 road images and categorizes pavement distress into four classes,
as shown in Table 1.

Due to the limited availability of pavement distress data currently provided
in Taiwan, it is not possible to segment the data and conduct training, we will
utilize the pavement distress dataset from 2022 to conduct model training and
performance testing.

Table 1. 2022 Pavement Distress Dataset

Damage type / Eng Class Name

Longitudinal crack D00

Transverse crack D10

Alligator cracks D20

Pothole D40

3.2 Data collection

To train a deep learning model, a sufficient amount of dataset is required, and it
takes time to train a good model. In this study, we used the pavement distress
dataset provided by RDD2022 for our data. This dataset includes categories such
as potholes, alligator cracks, transverse cracks, and longitudinal cracks. It was
collected from roads in six different countries and exhibits excellent complexity.
However, only the test set of this dataset is annotated. Since our experiments are
conducted in Taiwan, we selected a dataset from Japan that is more representa-
tive of Taiwanese roads to ensure the accuracy of the model. The Japanese road
dataset consists of a total of 16,470 images. Additionally, we collected 2,000 im-
ages of pavement distress in Taiwan through car recorders, resulting in a current
total of 18,470 images. Figure 2 shows the pavement distress dataset.
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Fig. 2. Pavement Distress Dataset.

3.3 Data Augmentation

The training process of deep learning involves extracting meaningful image
features from the training data, such as edges, colors, orientations, positions,
and textures. However, since the collected data cannot cover all scenarios, this
study used a total of 18,470 images as the training dataset. Data organization
and augmentation were performed using the online data management platform,
Roboflow. Each image was augmented every 30 degrees, and additional trans-
formations like translation, flipping, and distortion were applied to account for
rotational variations in the shooting angles. This expanded the dataset to a to-
tal of 6,867 images, resulting in a final dataset of approximately 25,337 images.
Furthermore, all images were resized to a dimension of 416x416. In terms of data
distribution, the datasets were divided into 60% for training, 20% for validation,
and 20% for testing. Figure 3 shows the After data augmentation.

Fig. 3. After data augmentation.

3.4 Feature Label and CSV File Generation

In this study, LabelImg [9] will be used for feature labeling. This tool is open-
source software that allows setting the locations of the original and storage files
and annotating specific positions and classes of images. The generated XML
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files provide detailed information about the labeled images, including the image
name, image type, and x, y position values of the potholes, among other relevant
information. Figure 4 display the content of the CSV files, and Figure 5 illustrates
the number of labels for each category.

Fig. 4. Data annotation.

Fig. 5. amount of annotation

4 Pavement Distress Model Training Results

According to the comparison results in Table 2, YOLOv4-tiny-3l is more suit-
able for road pothole detection. This study trained models using six different
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neural network architectures. Since the images were resized to a size of 416×416
during the data augmentation process, all six models were trained with an input
size of 416×416. It can be observed that YOLOv4-tiny-3l achieved the highest
Precision at 75% while having a relatively lower Recall of 63%. This indicates
that the models have conservative predictions, resulting in high Precision but
lower Recall. On the other hand, YOLOv5m generated higher Recall but led to
a decrease in Precision. This implies that if a model is too greedy and aims to
predict more positive examples as Ground Truth, it may result in false positives.
In such a trade-off situation, another metric, F1-score, which is the harmonic
mean of Precision and Recall, is derived. It can be seen that YOLOv4-tiny-3l,
YOLOv5s, and YOLOv5m all achieved the same F1-score of 68%. Consider-
ing the same value, further comparison of the models is needed. Therefore, this
study adopted mAP0.5 as the final evaluation metric. The results showed that
YOLOv4-tiny-3l achieved the highest mAP0.5 at 70.5% among the six models,
while YOLOv5s and YOLOv5m achieved 68.4% and 69% respectively. On the
contrary, due to the complex architectures of VGG16 and ResNet101, they re-
quired more training time and exhibited relatively poorer performance in terms
of evaluation metrics compared to YOLOv4-tiny-3l. Meanwhile, YOLOv4-tiny
has only two yolo layers, reducing the computational complexity and model size
compared to YOLOv4-tiny-3l.

Table 2. Model prediction result table

F1-score mAP0.5 Precision Recall Training Time

VGG16 66% 66.5% 65% 66% 168H

ResNet101 66% 67.5% 65% 64% 192H

YOLOv4-tiny 65% 66.0% 66% 65% 36H

YOLOv4-tiny-3l 68% 70.5% 75% 63% 48H

YOLOv5s 68% 68.4% 67% 66% 26H

YOLOv5m 68% 69.0% 65% 68% 46H

5 Web Page Presentation

In terms of real-time streaming, this study utilized Kurento and WebRTC [10]
technologies to establish a web application for live video streaming. To enable
communication between WebRTC and IP cameras, their media formats must be
compatible. This encoding format conversion task is handled by a WebRTC gate-
way such as Kurento. The web application allows direct viewing in the browser,
while the server side is capable of performing video streaming recognition. In
addition to providing the edge device page, the web application also offers a
page for real-time video processing on the server side, supporting synchronized
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real-time streaming. Figure 6 showcases the interface of the real-time pavement
distress recognition web application.

Fig. 6. Web results screen
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