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| . Introduction

In the current society, vehicle have been the main of
transportation in daily life. With the continuous
increase in the number of vehicles, the problem of
vehicle damage has gradually come to the fore.
Therefore, timely and accurate detection of vehicle
parts and vehicle damage classification have been
urgent problems[1]-[3]. Manual inspection methods
for large—scale vehicle numbers are inefficient, time-—
consuming, and subjective. Computer vision and
machine learning techniques provides a new way to
solve these problems[4],[5].

In recent years, there has been a surge of interest
in the field of computer vision towards detecting
vehicle parts and damage classification[6]-[8]. As the
performance of the Residual Network-50(ResNet—50)
has  been

proved in the field of image

classification(extracting  high—quality features of
images on ImageNet), Mahboub Parhizkar et al.[9]
scheme employed this model to explore some
informative details about the damaged car and
applying

layers(more feature extraction layers), a better result

background. Moreover, by deeper
in detecting damaged parts of a car will be obtained.
Kalpesh Patil et al.[10] scheme employ Convolutional
Neural Network(CNN) based methods for classification
of car damage types. Specifically, they consider
common damage types such as bumper dent, door
dent, glass shatter, head lamp broken, tail lamp
broken, scratch and smash.

This paper proposes the vehicle parts detection
model and damage classification model that use You
Only Look Once(YOLO) and transformer technologies
for detecting and repairing damages to vehicle parts.
The model can efficiently and comprehensively
provide vehicle repair recommendation plans.

The purpose of the proposed model is to help driver
better to develop a repair plan to improve vehicle
safety and performance. It is to collect images of
vehicle parts and use YOLO and transfer learning to
extract images of each vehicle parts, these images as
a dataset, for damage classification based on the
transformer method is employed to ensure detailed
vehicle repair plans for users. Transfer learning is the
reuse of a pre—trained model on a new problem.

The proposed model utilizes YOLO to extract each
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part of the vehicle and then use transformer
technology to classify the damage for each part.

The proposed model used the pre-trained YOLO
model and transfer learning to train the vehicle parts
detection model, to detect the vehicle parts in the
image and get the object box, then each detected
vehicle part is extracted from the original image to get
a series of image segments containing different parts.
Finally, use these segment image and transformer to
train the vehicle damage classification model, to
classify vehicle damage.

This paper will collect and label large amounts of
vehicle image for vehicle repair recommendation
guidance. The proposed model has the following
features. First, it can detect each vehicle part rapidly.
Second, it ensures detection accuracy across various
environments. Third, it accurately classifies correlations
between different types of damages, thus enhancing
classification accuracy and robustness.

What we would like to do is as follow based on the
analysis of the latest papers, we plan to design the
vehicle parts detection model and vehicle damage
classification model based on YOLO, transfer learning
and transformer to improve the efficiency of vehicle
maintenance. By collecting vehicle data and training
model with machine learning, our aim is to propose the
models with higher accuracy to provide drivers with
more detail repair recommendation report.

The composition of this paper is as follows, chapter
2 discusses the current status and previous works of
the vehicle parts detection and damage classification.
Chapter 3 proposes the vehicle parts detection model
and damage classification model, while Chapter 4
carries out comparative evaluations of the proposed
model and the existing model, and finally concludes in
the Chapter 5.

Il. Related Works

2-1 Current Status of the Vehicle Parts Detection and
Damage Classification

Recent studies have indicated that the use of
advanced technologies to improve the accuracy of
vehicle parts detection and damage classification has
become a state-of-art in the field of vehicle
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Table 1. Case study of applying vehicle parts detection and
damage classification in vehicle field

Field Application
Vehicle Help mechanics quickly identify the damages
Maintenance and

Repair of vehicle parts

Assess vehicle damage accurately, determine
claim amounts, and expedite the claims
processing procedure

Insurance Claims
Processing

Used Vehicle
Transaction

Assess the overall condition and repair history
of a vehicle accurately

By detecting the condition of vehicle
components and damages, these
technologies aid in evaluating vehicle safety
performance, including crash worthiness and
driver safety.

Vehicle Safety
Assessment

maintenance. In this field, effective detection of the
condition vehicle parts and damage classification are
critical to vehicle performance and safety. Which
provide useful references for the application of
technology and performance optimization in vehicle
parts detection and damage classification. Table 1 is a
study of the cases of applying vehicle parts detection
and damage classification so far in the vehicle field.

2-2 Previous Works

Wang Liqun et al.[10] scheme proposed a method of
using depth learning to solve the problem of the
detection of vehicle parts, it mainly uses the Visual
Geometry Group—-16 Layers(VGG-16) network and
inceptionvd module to improve the accuracy of the
vehicle parts detection. However, it is limited by the
image data, because, most of the vehicle parts
detection is covert color image into grayscale images
and then detect.

Thonglek et al.[11] scheme proposed the damaged
vehicle parts detection platforms, it consists of four
modules: the first module is a data labeling(for
insurance experts), the second module is deep learning
Interface(API) for data
scientists, the third module is the web monitoring

Application Programming

application for the operators, and the fourth module is
LINE official integration for field employees.
Jaywardena et al.[12] scheme proposed a method
for vehicle scratch damage detection by registering a
3D Computer-Aided Design(CAD) model(ground truth
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model) of an undamaged vehicle on the image of the
damaged vehicle. This innovative approach aims to
utilize the precise alignment of the 3D CAD model of
the undamaged vehicle with the image of the damaged
vehicle, thus facilitating the recognition and
localization of scratches. By using the undamaged
vehicle model as a reference point, the method
provides a systematic and accurate means of detecting
and assessing the extent of vehicle scratch damage.
The introduction of a 3D CAD model in the analysis
enhances the robustness and reliability of the damage
detection process. This contribution by Jaywardena et
al.[12] scheme marks a significant advance in the field
of vehicle damage detection, particularly in the area of

scratch recognition.

lll. Vehicle Parts Detection and Damage
Classification

3-1 Overview

With the continuous advancement of Artificial
Intelligence(Al) technology and computer vision, the
field of vehicle maintenance has also introduced some
advanced technologies, including the application of
computer vision and deep learning techniques. By
combining computer vision and deep learning methods,
users can detect vehicle parts and damages, thereby
providing better repair services. However, the need to
detect the vehicle parts and classify the damages is
increasing because it can be save time and accurately.

This paper proposed a vehicle parts detection model
and damage classification model to ensure the user
using this to get the details of the vehicle repair plan.
The basic design idea of this module mainly includes
seven parts. It includes image collection, train vehicle
parts detection model, vehicle parts detection result,
extract each part image, image processing, train
damage classification model and damage classification
result.

The proposed models aim to collect the vehicle
images, and use the YOLO method to train the model,
use the model can detect each vehicle parts.
According the vehicle parts images, use Transformer
method to train model and classify the damage types.
Fig. 1 shows the method of damage detection and
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Fig. 1. Transfer learning method for damage detection and
classification

classification. The proposed model's process is uses
Resnet-101 feature pyramid network model as a
the
pretrained model and train only the network heads to

backbone, initialize model weights from a
increase the model performance.

Fig. 2 shows the process for the vehicle parts
detection model and damage classification model. The
proposed models in Fig. 2 ensures that the images can
be detect each part and classify the damages. In
particular, in the process, the result is more accurately
for users who need to get the detailed repair vehicle

plans.
3-2 System Design

1) Vehicle Parts Detection Model

This model is designed to detect the vehicle parts. It
mainly consists of dataset, pre—trained YOLO model
and transfer learning, as shown in Fig. 3. During the
detection process, the each vehicle parts image will be
extracted from in the origin image, and it will be as the
image sets for the damage classification model.

YOLO v5

Transfer Learning Model

Vehicle Parts Detection Model
Fig. 2. Proposed scheme for vehicle parts detection model and damage classification model
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Fig. 3. Vehicle parts detection model

2) Damage Classification Model

This model is classify the damage types such as
front light broken, back light broken, front glass
broken, back glass broken, side glass broken, door
scratch and wheel deformation as shown in Fig. 4. The
driver can get the repair recommendation plans
according the result of the damage classification.

Front Light broken
Back Light broken

Front Glass broken

‘ ﬂ -—{ Image Processing ]—)[ Transformer Back Glass broken
= = SideGlass broken
Door Scratch
zﬁﬁcﬁ;ﬁdx W heel Deformation
No Damage

Fig. 4. Damage classification model
3-3 System Process

The proposed in this paper consists of two model.
The flow chart of the vehicle parts detection model is

shown in Fig. 5 and the flow chart of the damage
classification model is shown in Fig. 6.

Transformer Encoder

Multi-Head
Attention

Damage Classification Model
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{ Start
A

Image Collection
A

Train Vehicle Parts
Detection Model
with YOLO and

il

Transfer Learning

h 4
Image Result
h 4

End

Fig. 5. Flow chart of the vehicle parts detection model

In summary, this model is including the image
collection, train model and get the result.

* Image Collection

We collect the vehicle image for this research from
the website, such as Kaggle dataset, Common Objects
in Context(COCO) dataset, and labeled. The classes of
the vehicle parts including the front light, back light,
front glass, back glass, side glass, door and wheel.

* Train Vehicle Parts Detection Model

We used pre-trained You Only Look Once(YOLO)
model and transfer learning method to train the vehicle
parts detection model.

* Image Result
According the trained model, input the vehicle
image, can get the result image of each vehicle part.

In summary, this model is including the image result
of vehicle parts detection, vehicle parts image
extraction, image processing, train model and image
result.

* Image Result of Vehicle Parts Detection
According the vehicle parts detection model, we can
get the result image.

* Vehicle Parts Image Extraction
From the result image, we can extract the image of
each part, then put these as the training data.

| Start )
Vehicle Parts
Detection Results

Extract Vehicle
Parts Image

Image Processing

Train Damage

with Transformer

Image Result

Fig. 6. Flow chart of the damage classification model

* Image Processing
We make these images as the dataset, adjust the
size of the images and labelled.

* Train Model
We use the transformer method and the dataset to
train the damage classification model.

* Image Result

According the trained model, input the vehicle
image, can get the result image of vehicle, it shows the
damage types.

IV. Evaluation and Results

In this chapter, the vehicle parts detection model
and vehicle damaged classification model were
implemented and tested.

4-1 Experiments
1) Dataset Collection and Dataset Labeling
In this paper, for vehicle parts detection model, this

paper uses the dataset from website, such as, Kaggle
data, COCO Data. For damage classification model, this
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paper uses the dataset from the vehicle parts detection
result images to extract.

The details of the dataset collection are as follows,
for vehicle parts detection we have chosen 1000
training sets and 700 test sets and all these 1700 data.
For damage classification we extract the each vehicle
part image 2000 training sets and 700 test sets and all
these 2700 data and labeled from completely different
There,
enhanced and the fitting rate is reduced.

people. the robustness of the project is

2) Dataset Training
The testing environments for testing are described
in Table 2.

Table 2. Testing environments

Resources Specification
GPU * GeForce GTX 1080
Language * Python 3.6
oS * Windows 10 64bit
Libraries * TensorFlow 2.3.0  * Keras 2.6
* PyTorch 2.1

4-2 Performance Evaluation

1) Efficiency in Vehicle Parts Detection and

Damage Classification
For vehicle Parts Detection, we can get the
with  CNN, Shot  MultiBox
Detector(SSD) and ourselves as shown in Fig. 7. We

comparison Single
use the same image dataset, CNN, SSD and ourselves
method to train the vehicle parts detection model 10
times, the Fig. 7 shows the accuracy of each time for
each method, and the result shows the accuracy of

DAMAGE CLASSIFICATION MODEL

TIME

=4—CNN =@=55D Ourselves

Fig. 7. Comparison with CNN, SSD and ourselves for
vehicle parts detection model
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VEHICLE DAMAGE CLASSIFICATION

TIME

=== CNN  ==SSD =t Ourselves

Fig. 8. Comparison with CNN, SSD and ourselves for
damage classification model

ourselves method is higher than other methods.

the
comparison with CNN, SSD and ourselves as shown in
Fig. 8. We use the same image dataset, CNN, SSD and
ourselves method to train the damage classification

For damage classification, we can get

model 10 times, the Fig. 8 shows the accuracy of each
time for each method, and the result shows the
accuracy of ourselves method is higher than other
methods.

2) Accuracy of the Vehicle Parts Detection Model
and Damage Classification Model

We use the accuracy, confusion matrix, precision,
recall, Fl-score, and support as the performance
metrics for each model. In this section, we describe
the results for vehicle parts detection model and
damage classification model.

The Confusion Matrix of vehicle parts detection

model is shown in Fig. 9. Fig. 9 shows the number of

correct detections for each class, according
Confusion Matrix
Frant Light 2 1 1 1 0
Back Light - 80
@ FrontGlass- 1
E 60
1.3’ Back Glass- 0
E »
£ sideGlass- 0

Door - -20

wheel -

Door - ©

Front Light -
Back Light- o
Front Glass -
Back Glass - o

SideGlass - o

True Label

Fig. 9. The confusion matrix of vehicle parts detection
model
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Table 3. Performance of precision, recall, F1-score,
support for vehicle parts detection model

Table 4. Performance of precision, recall, F1-score,
support for damage classification model

Class Precision Recall F1-score Support Class Precision Recall F1-score Support
Front Light 0.93 0.92 0.92 100 Front Light 0.89 0.92 0.91 100
Back Light 0.88 0.93 0.90 100 Back Light 0.87 0.87 0.87 100
Front Glass 0.97 0.98 0.98 100 Front Glass 0.95 0.86 0.90 100
Back Glass | 0.95 0.92 0.93 100 Back Glass | 0.95 0.86 0.90 100
Side Glass 0.98 0.93 0.95 100 Side Class 0.97 0.93 0.94 100
Door 0.95 0.99 0.97 100 Door 0.77 0.87 0.82 100
Wheel 0.99 0.98 0.98 100 Wheel 0.86 0.92 0.89 100

Fig. 10. The result image of vehicle parts detection model

this figure, we can get the performance of each class
and the accuracy of vehicle parts detection model.

The Performance of accuracy, precision, recall,
Fl-score, support is shown in Table 3 and the result
image of vehicle parts detection model is shown in Fig.
10. Fig. 10 shows that use the vehicle parts detection
model, we can detect each part from the input image.

The confusion matrix of damage classification model
is shown in Fig. 11. Fig. 11 shows the number of
correct detections for each class, according this

figure, we can get the performance of each class and

Confusion Matrix

Front Light broken

Back Light broken -

E Front Glass broken - 2 - 60
it
B Back Glass broken - 1
g - 40
L sideGlass broken - 0
Door Scratch - 5 -20
wheel Deformation- 0 3 1 0 0 4
| | ' | | I -0
c = e c [ = [~
£ < < g ] = S
2 2 2 e e g ©
a o a a o 3 £
e £ a @ ] 5 2
2 2 & gt ] <] 2
3 = [ [C) 5 fa) o
g S g ¥ = ®
g & & 3 @ £
True Label
Fig. 11. The confusion matrix of damage classification

model
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Fig. 12. The result image of damage classification model

the accuracy of damage classification model.

The Performance of accuracy, precision, recall,
Fl-score, support is shown in Table 4 and the result
image of vehicle parts detection model is shown in Fig.
12. Fig. 12 shows that use the damage classification
model, we can detect damage part and classified the

damage types from the input image.
4-3 Analysis of the Proposed Model

In Table 5, we compare the efficiency of similar
studies when the test datasets are unchanged, for
vehicle parts detection model, such as Berwo et al.[13]
Network(CNN)

which used a Convolutional Neural

Table 5. Comparison of vehicle parts detection model and
damage classification model

Model Scheme Method Accuracy
Proposed YOLO +
P Transfer 95%
Scheme Learnin
Vehicle Parts g
Detection Berwo et al. o
Model Scheme CNN[13] 90%
Cao et al. o
Scheme SSD[14] 92%
Proposed Transformer 89%
Scheme
Damage Berwo et al
Classification Scheme ’ CNN[13] 75%
Model
Cao et al. o
Scheme SSD[14] 83%
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method, and Cao et al.[14] which used a Single Shot
MultiBox Detector(SSD) method.

V. Conclusion

Recently, with the vehicle have become more
important in daily life, vehicle parts detection and
damage classification are being applied more
extensively. This is due to the application of deep
learning and computer vision in the vehicle repair field,
which offer for the users to get the better services.

In this paper, we propose a method for vehicle parts
detection and damage classification based on computer
vision and deep learning techniques using YOLO,
transfer learning and transformer models.

Proposed YOLO and transfer learning model ensures
to quickly and accurately detect each part of the
vehicle, and the proposed transformer model is bale to
classify the detected parts with damage types, which
effectively improves the accuracy and robustness of
the classification. To tackle the current research
challenges and better adapt to varying image qualities
in different environments, we propose using YOLO to
detect each vehicle and use transformer to accurately
classify damage types. This method can greatly
improve accuracy.

According the comparison of the performance, for
the vehicle parts detection model, this paper method is
higher 5% accuracy than Berwo et al.[13] Scheme and
is higher 3% accuracy than Cao et al.[14] Scheme, for
the damage classification model, this paper method is
higher 12% accuracy than Berwo et al.[13] Scheme
and is higher 6% accuracy than Cao et al.[14] Scheme.

For the future studies, we can use the model trained
in this paper, and collect the more images including
multiple qualities, then train the new model to get the
higher performance for vehicle damage classification.
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