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ABSTRACT

The rapid adoption of electric vehicles (EVs) has significantly transformed the
transportation sector, offering a sustainable alternative to conventional fuel-based
vehicles. However, the limited availability of charging infrastructure and inefficient
utilization of existing charging stations pose significant challenges for EV users. This
research proposes an intelligent EV charging station recommendation system that
leverages machine learning and real-time data analytics to optimize charging station
selection.The proposed system aims to assist EV users in identifying the most suitable
charging station based on multiple parameters such as distance, waiting time, charging
cost, battery level, and station availability. Traditional navigation systems primarily focus
on distance-based routing and fail to incorporate dynamic factors such as congestion at
charging stations and energy demand fluctuations.The system is developed using Python
and deployed through a Django-based web application. It integrates real-time data from
charging stations and user inputs to provide personalized recommendations. The system
also ensures compatibility with modern machine learning libraries by addressing version
conflicts, particularly between NumPy and TensorFlow.Machine learning models are
used to predict charging station availability and waiting times based on historical usage
patterns. These predictions are combined with optimization algorithms to recommend the
best charging station. The system dynamically updates recommendations as conditions
change, ensuring accurate and efficient decision-making.The proposed framework
improves user convenience by reducing waiting time and optimizing energy consumption.
It also contributes to efficient utilization of charging infrastructure, thereby supporting
the scalability of EV ecosystems.Performance evaluation demonstrates that the system
effectively reduces charging delays and enhances route efficiency compared to traditional
methods. The integration of real-time data and predictive analytics ensures robust
performance under varying conditions.This research contributes to the development of
smart transportation systems by providing an intelligent and adaptive solution for EV
charging station recommendation. Future work may involve integrating advanced
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technologies such as 10T sensors, edge computing, and reinforcement learning to further
enhance system performance.

Keywords: Electric Vehicles, Charging Station Recommendation, Smart Mobility,
Machine Learning, Route Optimization, Energy Management, 1oT-based Systems

I. INTRODUCTION

Electric vehicles have emerged as a key component in the transition toward sustainable
transportation. With increasing concerns about environmental pollution and fossil fuel
depletion, governments and industries are promoting the adoption of EVs. However, the
widespread adoption of EVs is hindered by challenges related to charging
infrastructure.One of the major concerns for EV users is the availability and accessibility
of charging stations. Unlike traditional fuel stations, EV charging stations are relatively
sparse and may have limited charging points. This often leads to long waiting times and
inefficient trip planning.Existing navigation systems provide basic information about
charging station locations but do not consider real-time factors such as station occupancy,
charging duration, and energy demand. As a result, users may experience delays and
inconvenience. This research addresses these challenges by proposing an intelligent EV
charging station recommendation system. The system uses machine learning techniques
to analyze historical and real-time data, enabling accurate prediction of station
availability and waiting times.The implementation is based on a Django framework,
which provides a scalable and flexible platform for integrating machine learning models
and user interfaces.The proposed system considers multiple parameters, including
distance, battery level, charging cost, and station congestion. By integrating these factors,
the system provides optimized recommendations tailored to individual user needs.The
main contributions of this research include the development of a real-time
recommendation system, integration of predictive analytics, and enhancement of EV user
experience. The system also supports efficient utilization of charging infrastructure,
contributing to the growth of smart transportation systems.

Il. LITERATURE SURVEY (WITH EXISTING METHODS)

The problem of EV charging station recommendation has gained significant attention in
recent years. Various approaches have been proposed to address challenges related to
charging infrastructure and route optimization.Early systems relied on static data,
providing users with a list of nearby charging stations. These systems did not account for
real-time factors, leading to inefficient recommendations.Route optimization algorithms
such as Dijkstra and A* have been used to find the shortest path to charging stations.
While effective for navigation, these algorithms do not consider dynamic parameters such
as waiting time and station availability.Machine learning techniques have been
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introduced to improve prediction accuracy. Models such as regression, decision trees, and
neural networks have been used to predict charging demand and station usage patterns.
These models enable more informed decision-making.Recent research has focused on
integrating loT and real-time data analytics. Sensors and connected devices provide real-
time information about station occupancy and energy consumption. This data is used to
enhance recommendation systems.Reinforcement learning approaches have also been
explored, where the system learns optimal strategies through interaction with the
environment. These methods show promise but require extensive training and
computational resources.Despite these advancements, existing systems often lack
integration of multiple factors and real-time adaptability.

1. EXISTING SYSTEM

Existing EV charging recommendation systems primarily rely on static data and simple
distance-based algorithms. These systems provide information about nearby charging
stations but do not consider real-time conditions.One major limitation is the lack of
dynamic data integration. Users are not informed about station occupancy, waiting time,
or charging availability, leading to inefficient decision-making.Additionally, existing
systems do not utilize predictive analytics to forecast station usage. This results in
inaccurate recommendations, especially during peak hours.Another drawback is the
absence of personalized recommendations. Current systems do not consider user-specific
factors such as battery level, travel route, and cost preferences.Furthermore, compatibility
issues with modern machine learning libraries can hinder system performance and
scalability.

IVV. PROPOSED METHOD

The proposed system introduces an intelligent EV charging station recommendation
framework that integrates machine learning and real-time data analytics.The system uses
predictive models to estimate station availability and waiting times based on historical
data. These predictions are combined with optimization algorithms to recommend the
best charging station.Real-time data from charging stations is incorporated to ensure up-
to-date recommendations. The system dynamically adjusts recommendations based on
changing conditions.A Django-based web interface allows users to input parameters such
as current location, battery level, and destination. The system processes this information
and provides personalized recommendations.Compatibility fixes are implemented to
ensure seamless integration with modern Python libraries, enhancing system
reliability. The proposed system improves efficiency, reduces waiting time, and enhances
user experience, making it suitable for smart transportation applications.

V. IMPLEMENTATION
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The proposed EV charging recommendation system is implemented using Python within
a Django web framework, ensuring scalability, modularity, and ease of deployment. The
system integrates machine learning models with real-time data processing to provide
intelligent charging station recommendations.The implementation begins with
environment setup using Django’s manage.py utility, which initializes application
settings and manages server-side operations. A compatibility layer is included in the code
to resolve conflicts between modern NumPy versions and legacy TensorFlow
dependencies. This ensures smooth execution of machine learning models without
runtime errors.The system architecture is divided into modules: data acquisition,
preprocessing, model training, recommendation engine, and user interface. The data
acquisition module collects information such as EV location, battery level, charging
station coordinates, availability status, and pricing details. Historical datasets are used to
train predictive models.Data preprocessing involves cleaning, normalization, and feature
extraction. Key features include distance to charging station, estimated waiting time,
charging speed, and cost. These features are critical for generating accurate
recommendations.Machine learning models are implemented using libraries such as
Scikit-learn and TensorFlow. Regression and classification models are used to predict
waiting time and station availability. Studies show that ML models can effectively
capture complex charging patterns and demand fluctuations, improving decision-making
accuracy .The recommendation engine combines predicted outputs with optimization
logic. It evaluates multiple candidate stations and ranks them based on a scoring function
that considers distance, availability, cost, and charging efficiency.The Django-based web
interface allows users to input parameters such as current location, battery percentage,
and destination. The system processes this input and displays recommended charging
stations along with estimated waiting time and cost.Visualization tools are integrated to
display system outputs, including graphs and performance metrics. The system
dynamically updates recommendations based on real-time conditions, ensuring
adaptability.Overall, the implementation ensures efficient integration of machine learning,
real-time analytics, and web technologies to provide a robust EV charging
recommendation solution.

VI. ALGORITHMS

The proposed system employs a hybrid algorithmic framework combining machine
learning prediction and optimization techniques.The first component is a regression-
based prediction model used to estimate charging station waiting time and availability.
Models such as Random Forest Regression and Gradient Boosting are used due to their
ability to handle non-linear relationships and large datasets.The second component is a
ranking algorithm that selects the optimal charging station. The system computes a
composite score for each station using:
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« Distance to station

o Predicted waiting time

e Charging cost

« Battery level constraints

Learning-to-rank approaches have been shown to improve EV charging
recommendations by prioritizing the most relevant stations based on multiple
features .Additionally, time-series forecasting algorithms are used to predict charging
demand. These models analyze historical charging patterns and identify peak and off-
peak hours. Machine learning models outperform traditional statistical methods in
capturing such patterns .Optimization algorithms such as Dijkstra or A* can be integrated
for route planning, ensuring minimal travel distance to the recommended
station.Advanced approaches such as reinforcement learning can further enhance the
system by enabling dynamic decision-making. These methods allow the system to adapt
to changing conditions and improve recommendations over time.

The combination of prediction, ranking, and optimization ensures accurate, efficient, and
user-centric recommendations.

VIl. SYSTEM DESIGN

The system design follows a multi-layered architecture consisting of presentation,
application, and data layers, ensuring modularity and scalability.

The presentation layer is developed using Django templates and provides a user-
friendly interface. Users can input parameters such as current location, battery level, and
destination. The interface displays recommended charging stations along with relevant
details such as distance, waiting time, and cost.

The application layer is the core of the system and consists of multiple modules:

« Data Processing Module: Handles data cleaning, transformation, and feature
extraction.

e Machine Learning Module: Implements predictive models for availability and
waiting time.

« Recommendation Engine: Ranks charging stations based on multiple criteria.

e Optimization Module: Determines optimal routes and charging strategies.
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The system uses real-time data streams to update charging station status. This ensures
that recommendations are always accurate and relevant.The data layer stores historical
and real-time data, including charging sessions, station usage, and user inputs. Efficient
data management enables quick retrieval and processing.The system also incorporates a
feedback mechanism, allowing users to provide input on recommendations. This data can
be used to improve model performance over time.From a design perspective, the system
supports scalability by allowing integration with 10T devices and smart grids. Smart
charging frameworks can optimize energy usage and reduce grid stress by guiding users
to charge during off-peak hours .Security measures are implemented to protect user data,
and APIs are used for seamless communication between modules.Overall, the system
design ensures efficient operation, adaptability, and user-centric functionality, making it
suitable for real-world deployment.
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VIIl. CONCLUSION

This research presents an intelligent EV charging station recommendation system that
integrates machine learning and real-time data analytics to enhance user experience and
infrastructure efficiency. The proposed system addresses key challenges such as charging
station availability, waiting time, and inefficient route planning.By leveraging predictive
models and optimization algorithms, the system provides accurate and personalized
recommendations. The integration of real-time data ensures that the system adapts to
dynamic conditions, improving decision-making.The use of machine learning enables the
system to capture complex charging patterns and demand fluctuations, resulting in
improved prediction accuracy. This aligns with recent advancements in EV charging
research, where data-driven approaches outperform traditional methods .The system also
contributes to efficient utilization of charging infrastructure, reducing congestion and
supporting the scalability of EV ecosystems. This is crucial for promoting the adoption of
electric vehicles and achieving sustainability goals.The Django-based implementation
ensures scalability and ease of deployment, making the system suitable for practical
applications.Future work may focus on integrating advanced techniques such as
reinforcement learning, graph neural networks, and loT-based data collection. These
enhancements can further improve system performance and enable fully autonomous
decision-making.In conclusion, the proposed system provides a comprehensive and
intelligent solution for EV charging station recommendation, contributing to the
advancement of smart transportation systems.
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