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Squat defect detection method for railway using Yolov8 model
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Abstract

Railway transportation plays a crucial role in the national economy by safely transporting goods and passengers.
Therefore, ensuring the safety of railway operations through regular inspection of rail surface quality is extremely
important. However, detecting squat defects on rail surfaces poses a significant challenge due to factors such
as weather conditions, lighting, and the inconsistent contrast of captured images. To address this challenge, this
paper proposes using the YOLOv8 model to detect and classify squat defects. The method includes several
steps: collecting images from an imaging system, preprocessing the images to reduce noise, labeling squat
defects and training the YOLOv8 model with labeled data. With a high accuracy of 0.92, the proposed method
has proven effective in detecting squat defects, especially big squats, as demonstrated through the experiments
conducted.

Keywords: Squat defect; deep learning; Yolov8; railway inspection system; object detection.

Tém tat

Nganh van tai dwong sat déng vai trd quan trong trong nén kinh té qudc dan véi viéc van chuyén hang héa
va hanh khach. Do vay, viéc kiém tra chat lwong bé mat duwdng ray dé dam bao an toan 1a cuc ky quan trong.
Tuy nhién, viéc phat hién cac hw hai nghiém trong nhw cac vét I16m trén bé mat dwdng ray la mét thach thirc Ion
véi cac hé thdng kiém tra trwc quan do cac yéu t6 nhu thoi tiét, anh sang va do twong phan khéng déng nhat
ctia anh chup. D& khac phuc khé khan nay, bai bao nay dé xuét st dung mé hinh YOLOVS8 dé phat hién va phan
loai cac hw hai vét 18Bm. Phuong phap nay bao gdm céc buéc: thu thap anh tir hé thdng chup anh, tién x& ly anh
dé& gidm nhiéu, gan nhan hu hai vét 16m, va huén luyén mé hinh YOLOVS véi dir liéu d3 dwoc gan nhan. Véi do
chinh xac cao 0,92 trong cac thi nghiém da duoc thwe hién, phuwong phap dé xuat da chirng té hiéu qua trong
viéc phat hién cac hw hai vét Idm trén bé mat dwdng ray, déc biét 1a cac vét 16m co kich thuéc lon.

Tor khéa: Hw hai vét 16m; hoc séu; Yolov8; hé théng kiém tra duong ray; phat hién déi tuong.

1. INTRODUCTION and repair of squat defects are crucial for ensuring the

The railway transportation sector plays a crucial role safety of both passengers and cargo on trains.

in our daily lives, serving as an effective, safe, and Currently, methods for inspecting railway track

environmentally friendly means of transporting goods
and passengers. However, to ensure the smooth and
safe operation of the railway system, it is essential
to inspect and detect any defect on the rail surface.
Common defects can include cracks, roughness,
waves, and squat defects. Among these, squat defects
are one of the most dangerous types of defects, as they
can cause severe vibrations, defective wheels, and
even lead to serious accidents. Squat defects typically
occur due to material fatigue, uneven forces acting on
the rail, or severe weather conditions. Timely detection

Reviewers: 1. Prof.Dr. Than Ngoc Hoan
2. Dr. Do Van Dinh

surfaces commonly include ultrasonic testing, eddy
current testing, vibration analysis and visual inspection.
Each method has its advantages and disadvantages:
ultrasonic and eddy current tests have high accuracy in
detecting subsurface defects but are often expensive
and require complex equipment; vibration analysis
can detect defects such as squats from a distance but
requires high expertise in data analysis; while visual
inspection, especially with computer vision systems,
excels in automation and quickly detecting visible
defects on the surface of the tracks.

Comparing traditional defect detection techniques
based on image processing with deep learning
techniques, traditional methods such as edge detection
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and image segmentation, although simple and easy
to implement, often lack accuracy and struggle with
complex or obscured surfaces. In contrast, deep
learning models like Convolutional Neural Networks
(CNNs) excel in accuracy due to their ability to learn
and classify complex features from large datasets.
Deep learning models commonly used for object
detection in images include Faster R-CNN, SSD
(Single Shot MultiBox Detector), and YOLO (You Only
Look Once). Among them, YOLO stands out for its rapid
and accurate object detection capabilities, especially
the latest version YOLOvV8. YOLOVS is enhanced with
a more efficient network structure, which improves
both accuracy and processing speed while providing
better support for real-time object detection tasks. With
these advantages, YOLOv8 becomes a powerful tool
in the field of detecting and classifying squat defects
on railway surfaces. Based on the reasons analyzed,
this paper investigates and proposes a method for
detecting and classifying squat defects on railway
surfaces using the YOLOv8 model.

2. RELATED WORKS

Detection of defects on railway surfaces is a crucial
factor in ensuring the safety and efficiency of railway
transportation systems. These defect detection
techniques encompass a range of methods, from
traditional approaches to modern technologies. Here
are some common techniques:

In [1], the author employs guided ultrasonic wave
techniques to detect and locate defects on railway
tracks. The advantage of this technique lies in its ability
to select and excite specific guided wave modes that
are sensitive to defects at various locations on the rail
head, rail web, and rail base. The results obtained show
that the desired wave modes were effectively captured,
being responsive to defects, and the positioning
errors were sufficiently small to be acceptable for
maintenance purposes. In [2], guided ultrasonic wave
(UGW) techniques are used to detect internal defects
within the rail head. Simulation results indicate that the
selected wave mode has a high sensitivity to internal
rail defects and can accurately locate these defects.
Both methods have the advantage of high sensitivity
and precise defect localization in the rail, thanks to
comprehensive analysis through simulations and
complex calculations. However, the drawbacks include
computational complexity, dependency on excitation
conditions and potential difficulties in practical
implementation.

In [3], the author uses the eddy current technique
combined with the convolutional neural network (CNN)
to detect and classify defects on the rail online. The
results show that the embedded system achieves a
classification efficiency of about 98%. In [4], the author
applies the eddy current technique (ECT) to non-
destructively inspect the surface and internal defects of

the rail, and evaluates the depth, length, and width of
the defect using a defect assessment algorithm. These
methods have the advantages of high sensitivity and
accurate defect detection, but the method using CNN
in [3] achieves a higher classification efficiency.

In [5, 6], the vibration analysis method is used to detect
defects on rails by monitoring the changes in vibration
signals when the train passes over them. Defects such
as cracks, deformations, or weak points on the rails can
cause characteristic changes in the vibration pattern,
allowing early detection and timely maintenance. This
technique has the advantage of being applicable over
long sections of rails and under actual train operating
conditions.

Wavelet denoising technique is applied in rail surface
defect inspection by removing noise from the signal
obtained from the inspection sensors [7, 8]. When
vibration or eddy current signals are recorded to detect
defects, they often contain noise that reduces the
accuracy of the analysis. Wavelet Denoising helps to
filter out unwanted noise components, retain important
information related to the defect and improve the ability
to detect and locate small defects on the rail surface.
This technique is capable of effectively removing noise,
and retaining important details in the signal, thereby
improving the accuracy of defect detection. It is also
well adapted to unstable or irregularly shaped signals.

In [9], a convolutional neural network (CNN) is used
to automatically detect defects on the rail surface. The
study evaluates ten popular CNN models in depth to
find the model with the best performance in defect
recognition. The classification results achieved an
average accuracy of 83.7% for light defects and squat
cracks, with the Inceptionv3 model giving the best
results, correctly identifying 92% of images with severe
squat defects. In [10], a novel unmanned aerial vehicle
(UAV)-based image inspection method is proposed to
detect defects on the rail surface, focusing on two main
issues: image enhancement and defect segmentation.
Among them, the Local Weber-like Contrast (LWLC)
algorithm s proposed to improve the image, while a new
threshold segmentation method gray stretch maximum
entropy (GSME) emphasizes gray stretch and noise
reduction and selects the optimal segmentation
threshold.

In addition to the above techniques, laser techniques
are also used to inspect and detect defects on the
rail surface. In [11], the author applies a high-level
structured laser sensor, which helps to collect accurate
data and reduce the computational volume compared
to traditional methods, but requires specialized
equipment and can be complicated in data processing.
Meanwhile, the combination of laser techniques
with automatic defect detection algorithms such as
Covariance and Normal Intersection is introduced in
[12], which allows for automation of the repair process
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and increases transparency but depends on the quality
of the equipment and the refinement of the algorithm.

It can be seen that the main disadvantages of the above
methods are high costs, the requirement for complex
equipment, and the need for advanced data analysis
skills. Additionally, some methods, such as ultrasonic
testing and eddy current testing, require direct contact
with the tracks, making it challenging to conduct quick
and continuous inspections over long distances.
Vibration analysis also requires large amounts of
data and complex processing time. Compared to the
aforementioned methods, the advantage of using
YOLOV8 for non-contact visual detection of rail damage
is its ability to automatically and quickly detect surface
defects, thanks to advanced computer vision models.
YOLOVS8 can classify and locate defects directly from
images, reducing the need for complex equipment
and eliminating physical contact with the tracks. This
method not only saves costs but is also easy to deploy
in real-time, with high accuracy in identifying visible
defects. This significantly improves the efficiency and
feasibility of regular inspection activities and ensures
the safety of the railway system.

3. SYSTEM CONFIGURATION

To collect images for the visual inspection system of
the railway, an image capture system is designed as
shown in Figure 1. The system consists of a camera
used to capture images of the railway in the longitudinal
direction, and two light sources installed on two sides
symmetrically across the camera output. To obtain a
clear image of the railway, we use an industrial camera
with a resolution of 1024x1024 pixels. This camera is
installed at a distance of 50cm from the railway surface.

Camera
Light source . ! . Light source
Rail N

Figure 1. Structure of the imaging system
This system is installed on the railway inspection
vehicle of Hunan Intercity Railway Company to inspect
the railway line connecting Changsha and Zhuzhou
in Hunan Province, China. As the vehicle moves, the
system continuously captures images of each section
of the track, with each image covering a length of 1
meter. The images are then sequentially named to

accurately identify the location of each track section on
the inspection route map.

To accurately detect the squat defect on the rail
surface, we propose a defect detection method using

the YOLOvV8 model as shown in Figure 2. First, the
image captured by the camera is preprocessed to
reduce noise, then the image area containing the rail is
extracted into small images and resized to 200x1024
pixels to facilitate defect detection. Next, these images
will be used to train a YOLOv8 model. After the model
is trained, it is used to detect squat defects on the rail

surface.

c) d)

Figure 2. Pipeline of the proposed method:
(a) Image captured by the imaging system;
(b) Rail image extracted from the original image;
(c) Squat defect detection using the YOLOv8 model;
(d) lllustration of the deep learning model

4. METHODOLOGIES AND DATA

Figure 3. lllustration of sample images in
the original dataset

Figure 3 illustrates sample images extracted from the
original image set captured by the imaging system
installed on the inspection vehicle. From these images,
it can be observed that the photos taken by the system
are affected by various factors such as weather, lighting,
the reflective properties of the rail surface and the
inconsistent contrast between the ballast gravel roadbed
and the concrete roadbed. Furthermore, the squat defects
themselves exhibit varying gray levels across different
images. These issues pose significant challenges for
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accurately detecting squat defects, especially with
traditional image processing-based methods.

The dataset for detecting squat defects consists of
1000 greyscale images with a resolution of 1024x1024
pixels. For convenience in training and testing stages
using the model, as well as reducing the image size
and inspection time, the images are cropped into small
patches with a resolution of 200x1024 pixels.

These images were then labeled as illustrated in
Figure 4. It is important to note that the squat defects
appearing on the rail surface vary in size and gray
level. In this paper, we classify the defects into two
categories based on their size, namely Big squats and
Small squats. To label each image, the Labellmg tool
was used.

After labeling all the original images, they, along with
their corresponding labels, were used as the original
dataset. Of this dataset, 80% of the rail images and
labels were collected into the training set. 10% was
used as the validation set, and the remaining portion
was selected as the test set.

a) b)
Figure 4. lllustration of labeling technique:
(a) Small squat, (b) Big squat

In this paper, we use the YOLOv8 model to tackle
the object detection problem. The dataset consists of
1,000 original images, divided into three sets: Training,
Validation and Testing, in an 8:1:1 ratio. This ratio is
chosen to ensure that the model has sufficient data
to learn during training while retaining a large enough
portion to evaluate the model’s performance on the
validation and test sets.

We chose a number of epochs is 200 to ensure that
the model has enough time to learn the features from
the data, but not so many as to cause overfitting.
The batch size was set at 16, allowing the training
process to be more efficient in terms of time and
computational resources. The learning rate was set at
0.001, a sufficient value to allow the model to learn
stably without large fluctuations between steps. Finally,
we used the Adam optimizer because it combines
the advantages of both the momentum optimization
method and the RMSProp method, helping to speed
up the convergence process while maintaining stability
in updating the model’s parameters. The results of the
model training are presented in Figure 5.

metrics/precision(B) metrics/recall(B)

1.0 1.0
0.8 0.8 H
0.61 0.6
s 0.4
0.2 1
0.2

0.0

0 100 200 0 100 200

metrics/mAP50(B) metrics/mAP50-95(B)

1.0
f 0.8
0.8
0.6} 0.6
0.4 1 0.4 4
0.2 1 i 0.2 1
0.0 14 0.0
0 100 200 0 100 200
Figure 5. YOLOv8 model training results with
our dataset

After the model was trained, the images from the
test set were input to detect squat defects on the rail
surface. With the two object classes pre-trained, the
model will classify the detected defects in the images
so that operators can be informed and take appropriate
corrective measures.

5. EXPERIMENTAL RESULTS

Figure 6. Experimental results with different methods:
(a) Our method; (b) EfficientDet-DO; (c) SSD
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The results of squat defect detection are illustrated in
Figure 6. It can be observed that the defects in each
rail image were fully detected. Additionally, the model
accurately classified them into two categories based
on their size, namely Big squats and Small squats.

To evaluate the squat defect detection performance of
the proposed method, we used two metrics: Precision
(Pre) and Recall (Re). These metrics are described in
detail in formulas (1) and (2).

Pre = ———— (1)
+

)

Where True Positive (TP) represents correctly detected
defects; False Positive (FP) represents incorrectly
detected defects; and False Negative (FN) represents
defects that were not detected.

From Table 1, it can be seen that all big squat defects
were detected, although some were misclassified as
small defects. As for the small defects, a few were
not detected. The reason for this result is that these
defects have small shapes and sizes and their contrast
with the rest of the rail image is insignificant.

Table 1. Evaluation of the accuracy of the proposed
method

Defect type TP FP FN Pre Re

Big Squat 32 3 0
Small Squat 91 8 6

0.92 1.00

092 | 0.94

In this paper, we do not have the technical means
to implement the aforementioned railway inspection
methods, such as eddy current, laser, or ultrasonic
testing. Therefore, to demonstrate the superiority of
the proposed method, experiments were conducted
with two other deep learning models, including
EfficientDet-DO and Single Shot MultiBox Detector
(SSD). The metric used for comparison in these
experiments is the Confidence value. The experimental
results in Figure 6 show that our method achieves
a higher Confidence value for each type of squat
compared to the other methods. This value allows deep
learning models to eliminate unreliable predictions,
i.e., predictions with a Confidence value much lower
than 1. From these experimental results, it can be seen
that the predictions of the proposed method are more
reliable than those of the other methods.

6. CONCLUSION

This paper presents the use of the YOLOv8 model
to detect squat defects, a significant type of damage
on the rail surface, to ensure the safety of railway
transportation. The inspection system includes an
industrial camera and light sources to capture images

of the rail. These images are then preprocessed by
noise reduction, rail region segmentation, and division
into smaller sections to facilitate defect detection. Next,
labeling is performed using the Labellmg tool to classify
squat defects into big squats and small squats, helping
the YOLOv8 model differentiate the severity of each
defect. The data is divided into three sets at a ratio of
8:1:1 to optimize the training and testing process of the
model. The results show that YOLOvV8 is capable of
detecting squat defects with high accuracy, particularly
with big squats, demonstrating the effectiveness of this
method in supporting rail maintenance.
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