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Machine Learning; In recent years, the use of machine learning methods in the field of predictive vehicle maintenance
Predictive Vehicle Maintenance; has become an effective approach for reducing unexpected failures, increasing safety, and
Failure Prediction; optimizing repair costs. The aim of this study is to develop and evaluate various machine learning
Ensemble Models; models to predict vehicle maintenance needs based on operational data from vehicle systems.
Vehicle Data Analysis. After preprocessing, the collected data were split into 80% training and 20% testing sets and

modeled using twelve algorithms, including SVM, LR, NB, KNN, RF, DT, AdaBoost, Bagging,
Stacking, XGBoost, CatBoost, and LightGBM. The performance of the models was assessed using
accuracy, precision, recall, F1-score, and ROC-AUC metrics. The results indicated that tree-based
models and ensemble methods performed superiorly, among which LightGBM achieved the best
performance with an AUC of 0.9475 and an Fl-score of 0.9613. The findings highlight that
machine learning algorithms particularly ensemble models can play a key role in failure prediction
and the design of intelligent vehicle maintenance systems.

Extended Abstract

1. Introduction

reducing operational costs, and enhancing organizational productivity. Recent advancements in predictive maintenance

have been driven by technologies such as the Internet of Things (IoT), cloud computing, and big data analytics, which
enable real-time monitoring and fault prediction. Machine learning and deep learning techniques, including Random Forest,
XGBoost, CNN, and LSTM, have demonstrated strong capabilities in identifying complex failure patterns from sensor and
operational data. Previous studies have shown that ensemble learning methods often outperform traditional approaches due to
their ability to model nonlinear relationships and improve prediction accuracy. Furthermore, the integration of IoT-based
monitoring systems with artificial intelligence has significantly enhanced real-time maintenance decision-making. Research
has also highlighted the importance of feature selection and data preprocessing in improving model performance. Overall, the
literature confirms that data-driven predictive maintenance is an effective strategy for reducing downtime, extending equipment
lifespan, and optimizing maintenance operations.

r I \he literature indicates that maintenance and repair management plays a critical role in improving equipment reliability,

2. Modeling and formulation

The developed model demonstrated strong predictive capability for maintenance-related classification tasks by effectively
capturing complex patterns within the dataset. Among all evaluated algorithms, LightGBM achieved the best overall
performance, indicating its suitability for handling high-dimensional and potentially imbalanced data. The results highlight the
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advantages of ensemble learning techniques in improving classification accuracy and robustness. Therefore, the proposed
modeling framework can serve as a reliable decision-support tool for predictive maintenance applications.

3. Figures and Tables

The results of this study indicate that ensemble-based and gradient boosting models outperform traditional machine learning
algorithms. This finding is consistent with previous studies in the field of predictive maintenance, where ensemble methods
have demonstrated superior performance due to their ability to reduce variance and effectively model complex nonlinear
relationships. However, some prior studies reported XGBoost as the best-performing algorithm compared to other approaches,
whereas in the present dataset, LightGBM achieved the highest performance. This discrepancy may be attributed to differences
in feature characteristics, class distribution, and dataset dimensionality.

Table 1 Evaluation Results of the Algorithms

Algorithm Precision Accuracy Recall F1-Score ROC-AUC
SVM 0.8221 0.8978 0.8804 0.8890 0.8692
LR 0.8452 0.9350 0.8691 0.9009 0.9078
NB 0.8945 0.9475 0.9207 0.9339 0.9464
KNN 0.8426 0.9658 0.8351 0.8957 0.9227
RF 0.9053 0.9545 0.9254 0.9379 0.9350
DT 0.8894 0.9809 0.8785 0.9269 0.9200
Bagging 0.9316 0.9786 0.9347 0.9562 0.9431
XGBoost 0.8109 0.8089 0.9989 0.8939 0.9178
Stacking 0.9373 0.9767 0.9439 0.9600 0.9451
AdaBoost 0.8203 0.9581 0.8102 0.8780 0.9179
CatBoost 0.9048 0.9586 0.9205 0.9392 0.9320
LightGBM 0.9388 0.9706 0.9522 0.9613 0.9475

4. Conclusion

This study demonstrated the effectiveness of machine learning techniques for predicting maintenance requirements and
supporting predictive maintenance decision-making. Among the evaluated models, LightGBM achieved the best performance,
while Bagging and Naive Bayes also produced strong results. The findings indicate that tree-based and ensemble learning
methods provide higher accuracy, stability, and predictive capability than simpler algorithms. Consequently, these models can
serve as valuable decision-support tools for reducing unexpected equipment failures and improving operational efficiency in
maintenance management systems.
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Milcage -
Maintenance_History - -0.00
Reported_Issues - 0.01 0.00

Vehicle_Age --0.00 001 -001

Engine_Size - 001 -0.01 000 -0.00 b3
Odometer_Reading - -0.00 -0.00 000 0.00 0.00
Accident_History - 000 -0.01 001 -0.00 000 0.00 02
Fucl_Efficicncy - 001 001 000 -0.01 -0.00 0.00 001 -
Tire_Condition--0.01 001 000 001 -0.00 001 -0.01 001 o é
Brake_Condition - -0.01 -0.01 001 -0.00 000 -0.00 0.00 -0.00 0.00 S
Battery_Status - 0.00 000 001 001 -0.00 -001 -0.00 0.00 0.00 ,§
Need_Maintenance - -001 -013. 000 -0.00 001 008 001 001 .. e '§
Days_Since Last_Service - -0.00 -0.00 001 -0.00 -0.00 0.00 -0.00 0.01 -0.00 -0.00 0.00 8
Transmission_Type Manual - -001 0.00 000 -0.00 000 -0.01 000 000 001 000 -0.01 001 -0.00 -=0.1
Fucl_Type_Petrol - 000 -0.01 -0.00 -0.00 -000 0.00 000 -000 -0.01 001 000 -001 001 -0
Vehicle Model Car--000 -0.00 000 001 -000 -0.01 -0.00 001 -0.00 001 -0.00 001 001 000 000 02

Vehicle_ Model Motorcycle - 001 -0.00 -0.01 -0.01 -0.01 001 -0.01 001 001 -000 0.00 -0.01 0.00 -0.01 -0.00N
Vehicle_Model_SUV --001 001 -0.00 -0.01 001 0.00 001 001 -0.00 001 000 -001 -0.01 -0.00 0.00
Vehicle Model Truck - 0.00 -0.00 000 -0.00 -0.00 0.00 000 -0.01 -0.00 -0.00 -0.00 001 000 001 000

Vehicle Model Van - 001 000 -000 000 000 -0.00 000 -0.01 -0.00 -0.00 0.00 -0.00 -0.00 -0.01 000 =0.20
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Mileage -
Maintenance_History - -0.00
Reported_Issues - 001 0.00

Vehicle Age --0.00 001 -0.01

Enginc_Size - 001 -0.01 000 -0.00 i
Odometer_Reading --0.00 -0.00 000 000 0.00
Accident_History - 001 -001 001 -0.00 0.00 0.00 02
Fuel Efficiency - 001 001 000 -0.01 -0.00 000 001
Tirc_Condition --001 001 000 001 -0.00 001 -0.01 001 - 0.1

Brake_Condition --0.01 -0.01 0.01 -0.00 0.00 -0.00 000 -0.00 0.00
Battery_Status - 0.00 -0.00 000 -0.01 0.01 -0.00 -0.01 -0.00 -0.00 0.00
Need_Maintenance - -0.01 -o.u. 000 -0.00 001 008 001 001 .. T

Days_Since Last_Service --0.00 -0.00 001 001 -0.01 -0.00 000 -0.00 001 -0.00 -0.00 0.00

Transmission_Type Manual - -0.01 0.00 000 -0.00 0.00 -0.01 000 000 001 000 -0.01 001 -0.00 --0.1

Tuel_Type_Petrol - 0.00 -0.01 -0.00 -0.00 -0.00 000 000 -000 -0.01 001 000 -001 001 -0.01
Vehicle Model Car--0.00 -0.00 000 001 -0.00 -0.01 0.00 001 0.00 001 -0.00 001 001 000 000 02
Vehicle_Model Motorcycle - 0.01 -0.00 -0.01 -0.01 -000 001 -0.01 001 001 -0.00 0.00 -0.01 000 -0.01 -0.00
Vehicle_Model_SUV --0.01 001 -0.00 -0.01 001 000 001 001 -0.00 001 0.00 -0.01 -0.01 -0.00 0.00 4

Vehicle_Model_Truck - 0.00 0.00 000 -0.00 -0.00 0.00 000 -0.01 -0.00 -0.00 0.00 001 000 001 0.00

Vehicle Model Van- 001 000 000 000 000 -0.00 000 -0.01 -0.00 -0.00 0.00 -0.00 -0.00 -0.01 000 4
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