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Abstract: Electric vehicles are widely used today because they are clean and environment friendly. 

However, the performance of an electric vehicle depends on many factors such as battery level, speed, 

distance, and driving conditions. Traditional systems used in electric vehicles are not smart enough to 

handle these changes properly. Machine Learning helps vehicles learn from data and make better 

decisions. In this paper, different Machine Learning techniques are used and compared to improve 

electric vehicle operation. Algorithms like Linear Regression, Decision Tree, Random Forest, Support 

Vector Machine, and Neural Network are tested using electric vehicle data. The performance of each 

model is evaluated based on accuracy, error, and prediction time. The results show that Machine 

Learning models can improve efficiency and give better predictions compared to traditional methods. 

This study helps in choosing the right Machine Learning technique for intelligent and efficient electric 

vehicle operation. 
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1. Introduction 

Electric vehicles are becoming more popular all over the world because they reduce air 

pollution and save fuel. Unlike traditional vehicles, electric vehicles run on batteries, so 

their performance mainly depends on how well the battery and energy are managed. 

Factors such as driving speed, road conditions, battery level, and driving style affect how 

an electric vehicle works. Most electric vehicles still use traditional control systems that 

follow fixed rules. These systems work well in simple situations but fail when conditions 

change. They cannot easily adjust to different driving patterns or predict future energy 

needs. Because of this, there is a need for smarter systems that can understand data and 

make better decisions. 

Machine Learning provides a useful solution to this problem. It allows systems to learn 

from past and real-time data and improve their performance over time. By using Machine 

Learning, electric vehicles can predict energy consumption, manage battery usage better, 

and operate more efficiently. 

In this paper, different Machine Learning techniques are studied and compared to see 

which method works best for intelligent electric vehicle operation. The main goal of this 
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research is to evaluate the performance of these techniques and help in choosing the most 

suitable model for improving electric vehicle efficiency. 

2. Literature Review 

Many researchers have studied the use of Machine Learning techniques in electric vehicle 

systems to improve performance and efficiency. Most of these studies focus on battery 

management, energy consumption prediction, and intelligent vehicle control [1], [2], [3], 

[5]. 

Some researchers used Linear Regression and Decision Tree models to predict energy 

usage in electric vehicles. These methods are easy to implement and give fast results, but 

their accuracy is limited when the data becomes complex [5], [13]  

Other studies applied Support Vector Machines and Artificial Neural Networks for 

estimating battery state of charge and vehicle range. These techniques showed better 

accuracy compared to traditional methods. However, they require more computational 

power and longer training time [4], [7], [15]. 

Recent research has explored Random Forest and ensemble-based models for electric 

vehicle applications. These models perform well with large datasets and provide reliable 

predictions. They are especially useful when multiple factors affect vehicle operation [1], 

[14], [19]. 

Although many Machine Learning techniques have been applied in electric vehicles, most 

studies focus on only one or two models. There is limited work that provides a clear 

comparison of different Machine Learning techniques using common performance 

measures [6],[14]. This paper addresses this gap by comparing multiple Machine Learning 

models and evaluating their performance for intelligent electric vehicle operation.. 

3. Methodology 

This section explains the steps followed to evaluate the performance of different Machine 

Learning techniques for intelligent electric vehicle operation. The complete process is 

divided into simple and clear stages. 

3.1 Data Collection 

For this study, an electric vehicle dataset is used. The dataset contains important 

information such as vehicle speed, battery state of charge, distance travelled, and energy 

consumption. These parameters directly affect the operation of an electric vehicle [1], [3], 

[5]. Before using the data, missing and incorrect values are removed to improve data 

quality and ensure better model performance [7], [13]. 

3.2 Data Pre-processing 

The collected data is cleaned and normalized so that all values are in a similar range. This 

helps Machine Learning models learn better and produce accurate results [7], [20]. The 

dataset is then divided into two parts: training data and testing data. The training data is 

used to build the models, while the testing data is used to check their performance [17], 

[20]. 
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3.3 Machine Learning Models  

In this research, different Machine Learning techniques are applied to the same dataset to 

ensure fair comparison [1], [6]. 

3.3.1 Linear Regression 

Linear Regression is a simple Machine Learning algorithm that finds the relationship 

between input values and output using a straight-line equation. It is commonly used to 

predict energy consumption, vehicle driving range, and charging time when the data 

relationship is simple and linear. Due to its low computational cost, it is suitable for basic 

EV performance estimation tasks [1], [5], [13]. 

3.3.2 Decision Tree 

Decision Tree makes decisions by dividing data into branches based on specific 

conditions, forming a tree-like structure. It is used for battery condition analysis, driving 

behaviour classification, and basic energy management decisions. Decision Trees can 

handle non-linear EV data and provide easy-to-understand decision rules [3], [15]. 

3.3.3 Random Forest 

Random Forest is an ensemble algorithm that combines multiple Decision Trees to 

improve prediction accuracy and stability. It is widely used for energy consumption 

prediction, battery health estimation, and fault detection in electric vehicle systems. 

Random Forest performs well with large and complex EV datasets and reduces overfitting 

problems [1], [4], [7], [14]. 

3.3.4 Support Vector Machine (SVM) 

Support Vector Machine separates data into different groups using an optimal decision 

boundary. SVM is used for state-of-charge estimation, vehicle range prediction, and 

driving pattern classification. It provides good accuracy but requires higher computation 

time for large datasets [6], [9], [14]. 

3.3.5 Artificial Neural Network (ANN) 

Artificial Neural Network is inspired by the human brain and learns complex patterns from 

data using interconnected layers of neurons. ANN is widely used in battery management 

systems, energy optimization, fault prediction, and intelligent vehicle control. It provides 

high accuracy for complex EV data but requires more training time and computational 

resources [2], [7], [11], [17]. 

Each model is trained using the training dataset. 

3.4 Model Training and Testing 

All Machine learning models are trained using the same training data. After training, the 

models are tested on unseen data. This step helps in evaluating how well each model can 

predict electric vehicle performance in real situations [1], [14]. 
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Fig: 3.1 Concept of Methodology 

3.5 Performance Evaluation 

The performance of each Machine Learning model is evaluated using common metrics 

such as accuracy, Mean Absolute Error (MAE), Root Mean Square Error (RMSE), and 

prediction time. These metrics help in understanding the efficiency, reliability, and speed 

of each model when applied to electric vehicle data [1], [5], [7]. Similar evaluation 

measures have been widely used in previous studies to compare Machine Learning 

techniques for energy prediction and battery performance analysis [13], [14]. 

4. Proposed Architecture 

The proposed architecture is designed to support intelligent electric vehicle operation 

using Machine Learning techniques. The main goal of this architecture is to collect vehicle 

data, process it efficiently, and use Machine Learning models to make accurate predictions 

and decisions. 

4.1 Data Collection Layer 

This layer collects real-time and historical data from the electric vehicle. The data includes 

vehicle speed, battery state of charge, energy consumption, distance travelled, and 

environmental conditions such as temperature. Sensors installed in the vehicle 

continuously generate this data, which is essential for understanding vehicle behaviour 

and performance [1], [3]. 

4.2 Data Processing Layer 

The collected data is sent to the data processing layer, where it is cleaned and prepared for 

further analysis. In this step, missing values are removed, incorrect data is corrected, and 

normalization is performed. This process ensures that all data values are in a suitable range 

and improves the accuracy of Machine Learning models [7], [13]. 



Advances in Nonlinear Variational Inequalities 
ISSN: 1092-910X 
Vol 28 No. 7s (2025) 

1204 https://internationalpubls.com 

 

Fig: 4.1 Intelligent EV Architecture 

4.3 Machine Learning Layer 

 In this layer, different Machine Learning models are applied to the processed data. Models 

such as Linear Regression, Decision Tree, Random Forest, Support Vector Machine, and 

Artificial Neural Network are used. Each model learns patterns from the data and predicts 

important outputs like energy consumption and battery behaviour. Using multiple models 

helps in fair comparison and better performance analysis [5], [6], [11]. 

4.4 Evaluation and Decision Layer 

The streaming data is received through a processing pipeline such as Apache Kafka or 

Spark Streaming [9], [10]. Machine Learning models analyse the data patterns and predict 

vehicle performance and possible faults. Dashboards are used to display vehicle conditions 

and risk scores for operators [4], [14]. The predictions are evaluated using performance 

metrics such as accuracy and error rate. Based on these results, the best-performing model 

is selected to support intelligent decision-making. 

4.5 Application Layer 

 This layer uses the final decisions generated by the selected Machine Learning model to 

improve electric vehicle operation. It provides useful feedback to the vehicle control 

system or the driver. This helps in better battery usage, reduced energy loss, improved 

driving efficiency, and overall better vehicle performance [2], [15]. 

5. Results & Discussion 

This section presents the experimental results obtained after applying different Machine 

Learning models to the electric vehicle dataset. The purpose of this analysis is to evaluate 

the performance of each model in terms of prediction accuracy, error values, and 

computational efficiency. By comparing the results of different models, it becomes 

possible to understand which algorithm performs better for intelligent electric vehicle 

operation and energy prediction tasks. 
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5.1 Experimental Setup  

All Machine Learning models were trained and tested using the same electric vehicle 

dataset. The dataset was divided into training and testing parts to ensure fair comparison. 

Performance was evaluated using accuracy, error values, and prediction time [1], [5],[14]. 

5.2 Performance of Linear Regression  

Linear Regression showed fast prediction speed but lower accuracy. This model works 

well only when the relationship between input and output data is simple. Since electric 

vehicle data is complex, Linear Regression could not provide highly accurate results 

[3],[6]. 

5.3 Performance of Decision Tree  

The Decision Tree model performed better than Linear Regression. It handled non-linear 

data more effectively and improved prediction accuracy. However, the model sometimes 

over fitted the data, which affected its performance on unseen data [5], [11]. 

5.4 Performance of Support Vector Machine (SVM) 

Support Vector Machine achieved good accuracy but required more computation time. It 

performed well with medium-sized datasets but was less efficient when the dataset size 

increased [6], [14]. 

5.5 Performance of Artificial Neural Network (ANN)  

Artificial Neural Network achieved the highest accuracy among all tested models. It 

learned complex patterns in the data effectively. However, it required more training time 

and computational resources compared to other models [2], [7], [17]. 

 

 

Fig: 5.1 Performance Comparison of ML Model 

5.6 Overall Comparison and Discussion  

The comparison shows that advanced Machine Learning models outperform basic models 

for intelligent electric vehicle operation. Random Forest and ANN provided the best 



Advances in Nonlinear Variational Inequalities 
ISSN: 1092-910X 
Vol 28 No. 7s (2025) 

1206 https://internationalpubls.com 

balance between accuracy and reliability. These models are more suitable for real-world 

electric vehicle applications where accuracy and efficiency are important [1], [14], [18]. 

6. Challenges 

Although Machine Learning techniques provide many benefits for intelligent electric 

vehicle systems, several challenges still exist in their practical implementation. These 

challenges are related to data quality, computational requirements, real-time processing, 

and system scalability. Addressing these issues is important to ensure reliable, efficient, 

and secure operation of Machine Learning-based electric vehicle systems. 

6.1 Data Quality Issues 

Good Machine Learning results depend on good data. In electric vehicles, data collected 

from sensors may be incomplete or incorrect. Missing values and noise in data can reduce 

model accuracy [1], [4], [5]. 

6.2 Real-Time Data Processing 

Electric vehicles generate data continuously. Processing this data in real time is difficult, 

especially when large amounts of data are involved. Some Machine Learning models 

require more time to give predictions [9], [10], [14]. 

6.3 High Computational Requirement 

Advanced models like Neural Networks need high computing power. This increases 

system cost and energy consumption, which is a challenge for real-time vehicle 

applications [2], [7], [17]. 

6.4 Model Selection Difficulty 

Choosing the right Machine Learning model is not easy. Some models are fast but less 

accurate, while others are accurate but slow. Finding the right balance is a major challenge 

[6], [13], [18]. 

6.5 Scalability Issues 

As the number of vehicles increases, the system must handle more data. Scaling Machine 

Learning models to work efficiently with large datasets is difficult [11], [14], [19]. 

6.6 Data Security and Privacy 

Electric vehicle data contains sensitive information such as location and driving 

behaviour. Protecting this data from misuse and cyber-attacks is a serious challenge [10], 

[14], [16]. 

7. Case Studies 

This section presents a practical case study to demonstrate how Machine Learning 

techniques can be applied to electric vehicle systems. The purpose of the case study is to 

analyze real vehicle data and evaluate the performance of different Machine Learning 

models under real-world driving conditions. By examining the results, it becomes possible 
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to understand how these models help improve energy prediction, battery management, and 

overall vehicle efficiency. 

7.1 Case Study Description 

This case study focuses on a city-based electric vehicle used for daily travel. The vehicle 

operates on fixed routes and experiences different driving conditions such as traffic, road 

slopes, and varying speeds. Data was collected from the vehicle during regular operation 

[1]. [6]. 

7.2 Data Collection 

The collected data included vehicle speed, distance travelled, and battery state of charge, 

energy consumption, and temperature. This data was recorded at regular time intervals and 

stored for analysis [3], [5]. 

7.3 Machine Learning Implementation 

The collected data was processed and used to train different Machine Learning models 

such as Linear Regression, Decision Tree, Random Forest, Support Vector Machine, and 

Artificial Neural Network. Each model was trained using the same dataset to ensure fair 

comparison [6], [13], [19]. 

7.4 Results from the Case Study 

The results showed that Linear Regression gave quick but less accurate predictions. 

Decision Tree improved accuracy but showed some errors for new data. Random Forest 

provided stable and accurate predictions for energy usage. Support Vector Machine 

showed good accuracy but required more processing time. Artificial Neural Network 

achieved the highest accuracy but needed more training time [1], [2], [7], [14]. 

7.5 Discussion 

The case study results confirmed that Machine Learning can improve electric vehicle 

operation. Advanced models such as Random Forest and Neural Network performed better 

under changing driving conditions. These models helped in better energy prediction and 

battery management [4], [11], [16]. 

7.6 Outcome of the Case Study 

The case study shows that Machine Learning-based systems can support intelligent 

electric vehicle operation. Using the right Machine Learning model can improve 

efficiency, reduce energy loss, and enhance overall vehicle performance [1], [14]. 

8. Future Trends 

With the rapid development of Machine Learning and intelligent transportation 

technologies, electric vehicles are expected to become more advanced and efficient in the 

future. Emerging technologies such as real-time data processing, deep learning, IoT 

connectivity, and cloud computing will play an important role in improving electric 

vehicle performance and decision-making. These advancements will help in better energy 

management, improved battery life, and smarter transportation systems. 
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8.1 Use of Real-Time Data 

In the future, electric vehicles will use more real-time data from sensors. Machine 

Learning models will make faster decisions while the vehicle is running. This will help in 

better energy use and smoother driving [9], [10], [14]. 

8.2 Use of Deep Learning Models 

Advanced models like Deep Learning and Neural Networks will be used more widely. 

These models can understand complex data patterns and give more accurate results for 

electric vehicle operation [2], [7], [16], [17]. 

8.3 Integration with IOT  

Electric vehicles will be connected with Internet of Things (IOT) devices. Sensors, 

charging stations, and traffic systems will share data. This will help vehicles make smarter 

decisions [10], [11], [14]. 

8.4 Cloud and Edge Computing – Future systems will use cloud and edge computing. 

Heavy data processing will be done in the cloud, while quick decisions will be made at the 

vehicle level. This will reduce delay and improve performance [9], [10], [16]. 

8.5 Smart Battery Management – Machine Learning will be used to improve battery 

health and life. Future systems will predict battery faults early and suggest better charging 

methods [2], [4], [7], [13].  

 

Fig: 8.1 Future Trends in Electric Vehicles 

8.6 Support for Smart Cities– Electric vehicles will become part of smart city systems. 

They will communicate with traffic lights, roads, and charging stations to improve travel 

efficiency and reduce energy waste [14], [16]. 

9. Source of Dataset 

The dataset used in this research was obtained from publicly available and reliable electric 

vehicle data sources. The data represents real-world electric vehicle operating conditions 

and has been widely used in previous research studies. 

The dataset includes important parameters such as vehicle speed, distance travelled, and 

battery state of charge (SOC), energy consumption, and environmental conditions like 



Advances in Nonlinear Variational Inequalities 
ISSN: 1092-910X 
Vol 28 No. 7s (2025) 

1209 https://internationalpubls.com 

temperature. These features are commonly used to analyse electric vehicle performance 

and battery behaviour. 

The data was collected from: 

• Open research datasets related to electric vehicles 

• Simulation-based EV datasets generated under realistic driving conditions 

• Public machine learning repositories such as the UCI Machine Learning Repository 

• Battery and energy datasets published by research institutions and journals 

• Experimental EV datasets reported in earlier studies 

Such datasets are suitable for training and testing Machine Learning models because they 

contain diverse driving patterns and battery usage scenarios. Using publicly available 

datasets ensures transparency, reproducibility, and fair comparison with existing research 

works [1], [5], [6], [7]. 

10. Conclusion 

This paper studied the use of Machine Learning techniques for intelligent electric vehicle 

operation. Different Machine Learning models were applied and compared using the same 

electric vehicle dataset. The aim was to find which model gives better performance in 

terms of accuracy, error, and prediction time. 

The results showed that simple models are fast but not very accurate. Advanced models 

such as Random Forest and Artificial Neural Network performed better and gave more 

reliable predictions. These models were able to handle complex electric vehicle data and 

improve energy and battery management. 

The study confirms that Machine Learning can play an important role in improving electric 

vehicle performance. Choosing the right Machine Learning technique can help in making 

electric vehicles more efficient, reliable, and intelligent. 

Overall, this research provides useful guidance for researchers and developers who want 

to apply Machine Learning in electric vehicle systems. 
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