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Abstract— In this paper, we proposed a vehicle damage 
volume level recognition algorithm based on convolution neural 
networks (CNNs) and you only look once v5 (YOLO v5) model. 
The proposed algorithm consists of 4 models: a body part 
detection model, a damage inspection model, a damage 
classification model, and a damage volume level analysis model. 
This algorithm is proposed to automate the vehicle insurance 
claim process and it can help calculate the repair cost according 
to the level of vehicle damage volume. This study will be 
expected to be a very useful in the field of automating the auto 
insurance claim process and recognizing the level of vehicle 
damage. 
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I. INTRODUCTION 

Among previous studies, there are studies on vehicle 
damage recognition using a deep learning model, but it is not 
yet at the level that can be applied to the automobile insurance 
claim process. In most cases, it is not possible to determine the 
level of vehicle damage by recognizing only the type of 
damage because the types of vehicle damage are often similar. 

Therefore, in this paper to improve this problem we 
propose an algorithm that can recognize the level of vehicle 
damage volume using 4 models: a body part detection model, 
a damage inspection model, a damage classification model, 
and a damage volume level analysis model. Ultimately, the 
purpose of the proposed algorithm is to fairly calculate the 
vehicle repair cost in case of a vehicle accident and to 
determine a fair negligence rate for vehicle accidents. 

II. RELATED STUDIES 

Many researchers have proposed several damage 
detection approaches and vehicle damage volume detection 
algorithms to reduce accident identification time and repair 
costs [1-4]. In recent years, convolutional neural networks 
(CNNs) have been used for many types of object detection, 
and in their applications, they have achieved much better 
performance than previous methods [3-4]. used the you only 
look once v5 (YOLO v5) model to determine the damaged 
part of the vehicle and the type of accident. YOLO v5 has the 
advantage of small amount of computation and fast 
recognition speed. 

III.  PROPOSED ALGORITHM 

A. Problem Analysis 

Most of the vehicle damage recognition technique based 
on deep learning are not at the damage volume level to be 
applied to the auto insurance claim process. In addition, since 

most types of vehicle damage are similar, it is necessary to 
determine the damage type as well as the degree of damage in 
order to apply it to a real situation. In previous studies [5-6],  

we proposed an algorithm for recognizing the degree of 
damage by calculating the damaged body parts to solve this 
problem. However, the algorithms were presented to 
determine the degree of damage to a vehicle by counting only 
the number of damaged body parts, regardless of the degree 
of damage. Finally, these algorithms are not quite applicable 
to the auto insurance claim process. Therefore, we propose an 
algorithm that can improve these problems in this paper. 

B. Design Philosophies 

The basic design philosophy of the proposed algorithm 
mainly consists of two parts: a deep learning model and a 
damage level analysis model. The proposed algorithm is 
designed with CNN, YOLO model, car datasets, car damage 
datasets, and damage volume level analysis. Datasets are 
constructed from Kaggle, Coco datasets  and other websites. 
The datasets are preprocessed using data augmentation 
methods, and each image in the dataset is labeled using an 
image annotation tool. These are trained using a pre-trained 
YOLO object detection model, a CNN image classification 
model with CNN.  

A damage volume level analysis method will be 
established as data frame based on vehicle body parts, damage 
inspection, and damage class. In the process of vehicle 
damage recognition algorithm, each body part is first detected, 
and then damage inspection and damage classification are 
carried out. All of these results are then used to analyze the 
level of damage using data frames. 

C. Proposed Algorithm 

The proposed algorithm consists of vehicle body parts 
detection model, vehicle damage inspection model, vehicle 
damage classification model, and vehicle damage volume 
level analysis as shown in Fig. 1. A body part is detected using 
the body part detection model, and whether each body part is 
damaged is checked using the vehicle damage inspection 
model. The damaged part is given a damage grade according 
to the damage class. The results of these 3 models are used as 
parameters for analyzing the data frame of the damage level 
analysis model.  

1) Vehicle Body Parts Detection Model: The function of 
the vehicle part detection model is to detect body parts such 
as front bumper, rear bumper, front door, tailgate, hood, lamp. 
The architecture of the vehicle body part detection model 
consists of the automotive dataset and the YOLO data model. 
During the detection process, the model detects all vehicle 



parts in the image. The results of the detected vehicle body 
parts are then collected as parameters for the data frame of 
the vehicle damage volume level analysis model. 

 

Fig. 1. Overview of proposed algorithm. 

2) Vehicle Damage Inspection Model: The function of 
the vehicle damage inspection model uses images to detect 
any damage to the vehicle as shown in Fig. 2. The 
architecture of this model consists of the vehicle damage 
dataset and YOLO data model. The detected damage results 
are used as parameters for the data frame of the vehicle 
damage volume level analysis model. 

 
Fig. 2. Vehicle damage inspection model. 

3) Vehicle Damage Classification Model: The function 
of the vehicle damage classification model is to detect body 
parts such as scratches, dents, shatters, breaks and smashed 
as shown in Fig. 3. The architecture of this model consists of 
a vehicle damage dataset and a CNN model [7]. The results 
of this model are used as parameters in the vehicle damage 
volume level analysis model. 

 
Fig. 3. Vehicle damage classification model. 

4) Vehicle Damage Volume Level Analysis Model: The 
function of the vehicle damage level analysis model is to 
analyze the damage level using the type of damaged body 
parts, damaged part, and damaged class as shown in Fig. 4. 
The damage volume level is defined as level-1, level 2, and 
level-3, respectively. Here are two examples: First, if the 
damage class of scratches and dents is detected on the vehicle 
body part, the damage volume level is estimated to be level-
3. Second, if two scratch damage classes are detected on the 
vehicle body part, the damage volume level is determined as 

Level 2. As described above, it can be seen that the damage 
analysis results vary according to the damage class and 
damage grade. 

 
Fig. 4. Sample information of vehicle damage volume level analysis model. 

IV.  CONCLUTION AND FUTURE WORKS 

 In this paper, we proposed a vehicle damage level 
recognition algorithm based on the CNN and YOLO model. 
The proposed algorithm in this paper will soon be 
implemented and tested to evaluate its performance. In order 
to implement the proposed algorithm, it is necessary to collect 
many image datasets, and it takes a lot of time to build and 
train the dataset. This study is expected to be a very useful in 
the field of automating the auto insurance claim process and 
recognizing the level of vehicle damage. 
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