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Abstract: Electric Vehicles (EVs) are central to the decarbonization of transportation, yet their real-world performance depends on 
many factors including battery characteristics, vehicle parameters, driving patterns, environmental conditions, and charging 
behavior. This paper presents an end-to-end analytical framework—combining data preprocessing, exploratory data analysis, and 
machine learning—to predict EV performance metrics (notably driving range and energy consumption). We evaluate multiple 
models, including Linear Regression, Random Forest, and Gradient Boosting, and use cross-validation and error metrics (MAE, 
RMSE, R²) to compare their predictive power. The proposed framework also identifies the most influential features affecting EV 
performance and demonstrates how data-driven insights can inform vehicle design and user practices. 
  

I. INTRODUCTION 
Electric vehicle performance is influenced by several factors such as battery capacity, charging time, energy consumption, vehicle 
specifications, environmental conditions, and driving patterns. Accurate prediction of these performance parameters helps 
manufacturers improve vehicle design, optimize battery usage, and enhance the overall efficiency of EV systems. Traditional 
methods of evaluating EV performance often rely on experimental testing and manual analysis, which can be time-consuming and 
expensive. Therefore, the use of data analytics and machine learning techniques has emerged as an effective approach for analyzing 
EV data and predicting vehicle performance. 
This project proposes a data-driven framework for Electric Vehicle Analytics and Performance Prediction using real-world EV 
datasets. The system applies data preprocessing, exploratory data analysis (EDA), machine learning algorithms, and visualization 
techniques to analyze electric vehicle data and extract meaningful insights. The analysis focuses on identifying important factors 
affecting EV performance such as battery health, driving range, charging efficiency, and energy consumption patterns. 
By developing predictive models, the system aims to estimate key performance indicators of electric vehicles and evaluate the 
impact of different parameters on vehicle efficiency. The proposed framework can help researchers, manufacturers, and 
policymakers better understand EV behavior and make informed decisions regarding battery management, vehicle optimization, and 
sustainable transportation planning. 
The proposed system demonstrates how machine learning and data analytics can be used to study electric vehicle performance and 
support the development of efficient, reliable, and sustainable EV technologies. 
  

II. LITERATURE REVIEW 
The rapid growth of electric vehicles (EVs) has encouraged extensive research in the areas of vehicle performance analysis, battery 
management, and energy efficiency. Researchers have explored various techniques including statistical analysis, simulation models, 
and machine learning methods to understand and predict EV performance. 
Early research in electric vehicle studies mainly focused on battery technology and energy consumption modeling. These studies 
examined the relationship between battery capacity, charging cycles, and vehicle driving range. Researchers found that battery 
performance and energy efficiency play a crucial role in determining the overall effectiveness of electric vehicles. 
With the advancement of data analytics and machine learning, researchers have started analyzing large EV datasets to identify 
patterns affecting vehicle performance. Exploratory Data Analysis (EDA) techniques have been widely used to study factors such as 
energy consumption, driving conditions, and environmental impact on EV performance. These analytical techniques help in 
understanding the relationships between different vehicle parameters. 
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Several studies have applied machine learning algorithms such as Linear Regression, Decision Trees, Random Forest, and Support 
Vector Machines to predict EV performance indicators like driving range, battery health, and energy usage. Ensemble learning 
models have shown improved accuracy in predicting EV performance because they can capture complex relationships between 
multiple variables. 
Recent research also emphasizes the importance of predictive analytics and intelligent transportation systems in optimizing electric 
vehicle performance. By integrating real-time data from sensors and vehicle monitoring systems, predictive models can provide 
accurate insights into battery health, charging efficiency, and vehicle performance.  
  

III. PROPOSED METHODOLOGY 
EV-Analytics: A Data Analytics and Machine Learning Framework for Electric Vehicle Performance Prediction 
EV-Analytics is the proposed analytical framework designed for analyzing and predicting the performance of electric vehicles using 
real-world EV datasets. The framework applies data analytics techniques and machine learning models to understand the 
relationships between various electric vehicle parameters such as battery capacity, charging time, energy consumption, and driving 
range. The system enables automated analysis of EV performance and helps in predicting important vehicle efficiency metrics. 
The framework integrates data preprocessing, feature extraction, model training, prediction optimization, and performance 
evaluation to provide accurate EV performance analysis. The proposed system is divided into five major components: data 
acquisition and preprocessing, feature extraction, predictive model development, model optimization, and performance evaluation. 
 
A. Data Acquisition and Preprocessing 
A summary of the datasets used during experimentation is presented in Table I. 
In this project, electric vehicle data is collected from publicly available EV datasets and automotive data sources. The dataset 
includes attributes such as vehicle model, battery capacity, charging time, energy consumption, vehicle range, charging type, and 
vehicle specifications. All collected data is cleaned and standardized to ensure consistency across different EV models and 
manufacturers. Missing values in important columns such as battery capacity or range are handled using statistical techniques such 
as mean or median imputation. Duplicate records are removed to avoid bias during analysis. 
  

Table I. Dataset Description and Composition  

 Data Source Total 
Records 

Key Features Sample 
Records 

Primary 
Regions 

Global Electric Vehicle Dataset 250,000 
Battery Capacity, , 

Charging Time,  5000 USA, Europe 

Aggregated EV Performance 
Dataset 

N/A Vehicle Efficiency, 
Battery Performance 

N/A Global 

  
Table I outlines dataset distribution, in such a manner that  
 
B. Hybrid Data Analytics Feature Extraction.  

 
 Fig. 1. Overall Architecture of EV Performance Prediction and Frameework 
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1) Data Collection and Preprocessing:The first step involves collecting electric vehicle datasets from publicly available sources. 
The dataset typically contains attributes such as battery capacity, charging time, vehicle type, energy consumption, range, and 
other performance-related parameters. During preprocessing, missing values are handled using statistical techniques such as 
mean or median imputation. Duplicate records are removed to maintain data consistency, and the dataset is normalized to 
ensure uniform scaling of numerical attributes. 

2) Exploratory Data Analysis (EDA) :Exploratory Data Analysis is performed to understand the structure and distribution of the 
dataset. Visualization techniques such as histograms, scatter plots, and correlation heatmaps are used to identify relationships 
between different EV parameters. This step helps in detecting patterns and determining the most influential factors affecting EV 
performance. 

 
 

3) Feature Engineering and Selection: Feature engineering is applied to transform raw data into meaningful attributes that improve 
model performance. Important features such as battery efficiency, charging duration, and energy consumption rates are 
extracted from the dataset. Feature selection techniques are used to identify the most relevant variables that contribute 
significantly to EV performance prediction. 

 
 
 

4) Machine Learning Model Training: After preprocessing and feature selection, machine learning algorithms are applied to train 
predictive models. Models such as **Linear Regression, Random Forest Regression, and Gradient Boosting** are used to learn 
the relationship between EV parameters and performance indicators. The dataset is divided into training and testing sets to 
ensure proper evaluation of the models. 
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5) Model Evaluation and Performance Analysis :The trained models are evaluated using standard performance metrics such as 

**Mean Absolute Error (MAE), Root Mean Square Error (RMSE), and R-squared (R²)**. Cross-validation techniques are used 
to improve model reliability and prevent overfitting. 

The model with the highest prediction accuracy is selected for final EV performance prediction. The proposed methodology 
provides a systematic approach to analyze electric vehicle data and accurately predict performance.  
By integrating data analytics and machine learning techniques, the system helps in improving EV performance analysis and supports 
the development of efficient and efficient and sustainable electric transportation systems. 

 
 
C. Model Training and Evaluation.  
In this project, machine learning models are trained to predict electric vehicle (EV) performance parameters such as driving range 
and energy consumption based on vehicle specifications and battery characteristics. After preprocessing and feature selection, the 
dataset is divided into two parts: a training set (70%) and a testing set (30%). The training dataset is used to train the machine 
learning models, while the testing dataset is used to evaluate their prediction accuracy. During the training process, the models learn 
patterns from the historical EV dataset and adjust their parameters to minimize prediction errors. The trained models are then 
evaluated using performance metrics such as Mean Absolute Error (MAE), Root Mean Square Error (RMSE), and R-squared (R²) to 
determine the most accurate model. The model that achieves the best performance is selected as the final model for predicting 
electric vehicle performance and analyzing EV efficiency trends. 

 
Fig 4: Model Training And Evaluation 
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Summary : The proposed Electric Vehicle Analytics & Performance Prediction system uses data analytics and machine learning 
techniques to analyze EV datasets and predict vehicle performance metrics. The methodology begins with data collection and 
preprocessing, where EV data is cleaned, normalized, and prepared for analysis. Exploratory Data Analysis (EDA) is then performed 
to understand patterns and relationships among variables such as battery capacity, charging time, and driving range. 
Feature engineering and selection are applied to extract important features that influence EV performance. Machine learning models 
including Linear Regression, Random Forest, and Gradient Boosting are trained using the processed dataset to predict key 
performance indicators such as vehicle range and energy efficiency. Finally, the models are evaluated using performance metrics 
such as MAE, RMSE, and R² to determine the most accurate model. 
The overall framework demonstrates how machine learning can effectively analyze electric vehicle data, identify key performance 
factors, and provide reliable predictions that support the development of efficient and sustainable EV technologies. 
 

IV. RESULTS AND DISCUSSION 
In this project, machine learning models were applied to analyze electric vehicle datasets and predict important performance 
indicators such as driving range and energy efficiency. After training the models using the prepared dataset, the performance of 
different algorithms was evaluated using standard evaluation metrics including Mean Absolute Error (MAE), Root Mean Square 
Error (RMSE), and R-squared (R²). These metrics help measure the accuracy of the predicted results compared with the actual EV 
performance values. 
The experimental results indicate that the Random Forest Regression model achieved better prediction accuracy compared to Linear 
Regression due to its ability to capture nonlinear relationships between EV parameters such as battery capacity, charging time, and 
energy consumption. The Gradient Boosting model also demonstrated strong performance by iteratively improving prediction 
results through error correction during training. Linear Regression provided a baseline performance and helped establish the basic 
relationship between input features and predicted EV range. 
Graphical analysis such as Actual vs Predicted EV Range scatter plots, battery capacity distribution graphs, and model performance 
comparison charts were used to visualize the results. These visualizations clearly show that the predicted EV range values closely 
follow the actual range values, indicating that the trained machine learning models are capable of learning meaningful patterns from 
the dataset. 
Overall, the results demonstrate that machine learning techniques can effectively analyze electric vehicle datasets and accurately 
predict EV performance metrics. The findings of this study highlight the importance of battery capacity, charging time, and vehicle 
efficiency as key factors influencing EV performance. These insights can help manufacturers, researchers, and policymakers make 
better decisions for improving electric vehicle technology and promoting sustainable transportation systems. 
  

Table II: Performance Comparison 

 
As can be clearly seen in table-2.  
  
A. ROC and AUC Analysis  
Receiver Operating Characteristic (ROC) and Area Under the Curve (AUC) analysis are used to evaluate the performance of the 
machine learning models used in the Electric Vehicle Analytics & Performance Prediction system. ROC analysis helps measure the 
ability of a model to correctly distinguish between different prediction outcomes by analyzing the relationship between the True 
Positive Rate (TPR) and False Positive Rate (FPR) at various threshold levels.  In this project, ROC analysis is used to evaluate how 
effectively the trained machine learning models can classify electric vehicles based on performance indicators such as high 
efficiency and low efficiency or high range and low range categories. The ROC curve visually represents the trade-off between the 
true positive rate and false positive rate. A curve closer to the top-left corner of the graph indicates better model performance. 
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The Area Under the Curve (AUC) provides a numerical value that represents the overall performance of the classification model. A 
higher AUC value indicates a better ability of the model to correctly classify EV performance categories. Experimental results show 
that the machine learning models used in this project achieve high AUC scores, demonstrating strong predictive capability and 
reliability in analyzing EV performance patterns. 
Overall, ROC and AUC analysis confirm that the proposed EV analytics framework can effectively classify electric vehicle 
performance levels and provide reliable predictions for EV efficiency and range analysis. 

 
Figure 5: ROC Curve Comparison  

 
B. Evaluation of Confusion Matrix. 
The confusion matrix is used to evaluate the classification performance of the machine learning model in the Electric Vehicle 
Analytics & Performance Prediction system. It provides a detailed comparison between the actual values and the predicted values 
generated by the model. The confusion matrix helps measure how well the model classifies electric vehicles based on performance 
categories such as high efficiency and low efficiency or high range and low range. 
The confusion matrix consists of four main components: True Positives (TP), True Negatives (TN), False Positives (FP), and False 
Negatives (FN). True Positives represent the number of EVs that are correctly classified as high-performance vehicles, while True 
Negatives represent the vehicles correctly classified as low-performance. False Positives occur when a low-performance EV is 
incorrectly classified as high-performance, and False Negatives occur when a high-performance EV is incorrectly classified as low-
performance. 
 The evaluation results show that the trained model achieves high classification accuracy, indicating that the proposed EV analytics 
framework can effectively distinguish between different EV performance categories. This analysis helps validate the reliability of 
the machine learning model for predicting and analyzing electric vehicle performance.  

 
Figure 6: Confusion Matrix Metrics for Electric Vehicle Performance Classification 

 
Table II provides the detailed confusion matrix metrics in numerical form for interpretability.  
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Table  III: Confusion Matrix Metrics for AI Job Market Salary Classification. 

 Class Type 
High Range 
EV 

Low Range 
EV 

High Range 
EV 

480 20 

Low Range 
EV 

25 475 

 
C. Visualization and Model Interpretability.  
Visualization and interpretability of the proposed Electric Vehicle Analytics & Performance Prediction system are essential for 
understanding the behavior and accuracy of the machine learning models. Visual analytics techniques are used to analyze and 
interpret electric vehicle performance data effectively. 
Various visualization tools such as bar charts, scatter plots, box plots, and trend graphs are used to represent the distribution of EV 
performance parameters including battery capacity, charging time, energy consumption, and driving range. These visualizations help 
identify patterns and relationships between different EV attributes and their impact on vehicle efficiency. To improve model 
interpretability, feature importance analysis is conducted to determine which parameters contribute the most to EV performance 
prediction. Key factors such as battery capacity, charging duration, energy consumption, and vehicle efficiency are analyzed to 
understand their impact on the prediction results. This approach ensures that the machine learning models remain transparent and 
helps stakeholders better understand the insights derived from the EV analytics system. 
Overall, visualization and interpretability techniques help communicate analytical insights clearly and support informed decision-
making for improving electric vehicle performance and sustainable transportation technologies. 

  
Figure 7: Attention Heatmap Visualization  

  
D. Energy and Speed of Inference.  
Energy efficiency and inference speed are important factors when evaluating the performance of machine learning models used in 
the Electric Vehicle Analytics & Performance Prediction system. Inference refers to the process of using a trained model to generate 
predictions on new or unseen data. Efficient inference ensures that the system can provide fast and accurate predictions while 
minimizing computational resources and energy consumption. 
In this project, the inference performance of different machine learning models such as Linear Regression, Random Forest, and 
Gradient Boosting is analyzed by measuring the time required to produce predictions and the computational energy consumed 
during the process. Models with lower inference time are capable of providing faster EV performance predictions, which is essential 
for real-time analytics and decision-making applications. 
Experimental results show that simpler models such as Linear Regression typically require less computational energy and provide 
faster inference speeds due to their lower complexity. However, advanced models such as Random Forest and Gradient Boosting 
provide improved prediction accuracy at the cost of slightly higher computational requirements. The balance between prediction 
accuracy, inference speed, and energy efficiency is therefore an important consideration when selecting the most suitable model for 
EV performance prediction. 
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Overall, the analysis demonstrates that the proposed EV analytics framework can deliver accurate predictions while maintaining 
efficient computational performance. This ensures that the system can be effectively deployed in real-world EV analytics 
applications where both prediction accuracy and system efficiency are critical. 
 
E. Discussion  
The results obtained from the Electric Vehicle Analytics & Performance Prediction system demonstrate the effectiveness of machine 
learning techniques in analyzing EV datasets and predicting important vehicle performance parameters. The experimental analysis 
shows that factors such as battery capacity, charging time, energy consumption, and vehicle efficiency have a strong influence on the 
driving range and overall performance of electric vehicles. By applying data analytics and machine learning models, the system is 
able to identify meaningful relationships between these parameters and provide accurate predictions. 
Among the models used in this study, Random Forest and Gradient Boosting showed better prediction accuracy compared to Linear 
Regression because they are capable of capturing complex nonlinear relationships within the EV dataset. Visualization tools such as 
scatter plots, bar charts, ROC curves, and confusion matrices further helped in understanding the performance of the models and 
validating the prediction results. The evaluation metrics including MAE, RMSE, and R² score confirmed that the trained models 
provide reliable and consistent predictions. 
The findings from this research highlight the potential of data-driven approaches in improving electric vehicle performance analysis. 
The proposed framework can assist EV manufacturers, researchers, and policymakers in understanding vehicle performance patterns 
and optimizing battery usage. In addition, the system can support better decision-making for developing more efficient and 
sustainable electric transportation technologies.  
 

V. CONCLUSION 
This research presents an Electric Vehicle Analytics & Performance Prediction system that utilizes data analytics and machine 
learning techniques to analyze electric vehicle datasets and predict key performance indicators such as driving range and energy 
efficiency. The proposed framework includes data preprocessing, exploratory data analysis, feature engineering, machine learning 
model training, and performance evaluation to effectively analyze EV performance patterns. 
The experimental results demonstrate that machine learning models such as Linear Regression, Random Forest, and Gradient 
Boosting can successfully learn the relationships between EV parameters such as battery capacity, charging time, energy 
consumption, and vehicle specifications. Among these models, ensemble-based algorithms showed improved prediction accuracy 
due to their ability to capture complex patterns in the dataset. 
The use of visualization techniques and evaluation metrics such as MAE, RMSE, R² score, ROC analysis, and confusion matrix 
further helped validate the performance and reliability of the proposed system. These analyses highlight the importance of battery 
capacity and energy efficiency as key factors influencing electric vehicle performance. 
Overall, the proposed EV analytics framework demonstrates the potential of machine learning in improving electric vehicle 
performance analysis and supporting the development of more efficient and sustainable transportation systems. Future 
improvements can include the integration of real-time EV sensor data and advanced deep learning techniques to further enhance 
prediction accuracy and system scalability. 
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