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Abstract— Optimizing the travel experience for electric vehicle (EV) drivers becomes critical as the demand for EVs rises. In order to
provide EV drivers with optimal routes that take into account their current battery charge and punctual fueling stops, this research
provides an innovative method that makes use of machine learning-driven algorithms, OpenStreetMap data, and real-time EV charging
station information. The incorporation of an extensive dataset on electric vehicle charging stations in Delhi, obtained from the official
government website, guarantees that the system is outfitted to furnish precise and current data. Users may effortlessly engage with the
system by entering their starting location, destination, battery charge, and charging time using the user-friendly interface that was

created with Streamlit.

Index Terms— Electric Vehicles, Predictive Routing, Charging Stations, Machine Learning, OpenStreetMap, Streamlit, Route

Optimization.

I. INTRODUCTION

Driven by the need to cut carbon emissions and mitigate
environmental damage, the transportation sector has
witnessed a massive transition towards sustainable mobility
with the increasing adoption of electric vehicles (EVs). With
EVs becoming more and more common, the automotive
industry is changing dramatically, and EV drivers have
specific issues that need to be addressed and solved. Among
these problems, one that needs to be prioritized is making
travel as enjoyable as possible while taking into account
restrictions like battery range and the requirement for
accessible charging infrastructure.

By presenting a cutting-edge predictive routing system,
this research aims to offer a ground-breaking solution to meet
the growing demands of the EV driving community. Unlike
traditional guidance systems, our approach uses cutting-edge
machine learning algorithms to take use of real-time data on
changing road conditions, dynamic traffic patterns, and the
location of EV charging stations. The combination of
OpenStreetMap data, a dynamic road network model, and a
large dataset from the official Delhi Government repository
guarantees the highest level of relevance and accuracy in EV
route planning.

The primary goal of this research is to provide an advanced
yet user-friendly platform that will fundamentally reinvent
the travel experience for drivers of electric vehicles. This
platform purposefully includes real-time charging station
data in addition to plotting the most efficient routes. The
objective is to enable the smooth transition of electric
vehicles into the general transportation system by means of
the intelligent combination of state-of-the-art technology and
extensive data. It is therefore expected that this integration
will improve overall productivity and encourage
sustainability in the rapidly changing field of e-mobility. Our
research aims to be a key player in determining the direction
of electric mobility by helping to build a more intelligent and
sustainable transportation ecosystem.

Essentially, the goal of this research is to reimagine the
travel experience for electric vehicle (EV) drivers by
providing a sophisticated, yet approachable, platform that not
only plots the most optimal routes, but also deliberately
integrates charging station data. By combining technology
and data, we hope to help electric cars become more
smoothly integrated into the mainstream transportation
system, promoting efficiency and sustainability in the rapidly
developing field of e-mobility.

Il. LITERATURE SURVEY

This review of the literature examines important
advancements in the fields of electric vehicle (EV)
technologies and urban mobility, with an emphasis on current
trends and uses. Together, these references increase our
knowledge of and progress toward better urban and electric
mobility systems."Recent Development and Applications of
SUMO," a simulation framework for urban transportation,
was presented by Krajzewicz et al. (2012)[1]. The core
resources for modeling and simulating traffic dynamics in
urban contexts are provided by this study.In their 2012 study,
Goodchild and Li underlined the need of guaranteeing the
quality of Volunteered Geographic Information and offered
advice on how to keep geospatial data accurate and
dependable.By using time windows and charging stations to
address the Electric Vehicle Routing Problem, Adiyarta and
Wibowo (2017)[2] made a significant contribution to the
optimization of EV routes while taking temporal restrictions
and charging infrastructure into account.Predictive EV
routing was investigated by Cheng et al. (2020)[3], who
combined energy consumption models with charging station
accessibility to maximize route efficiency and improve total
energy efficiency. An essential tool for collecting complete
road network data from OpenStreetMap and enabling the
production of precise and thorough road network graphs for
urban mobility simulations is OSMnx (Boeing, 2022)[4].In
applications like as the predictive EV routing system,
Streamlit (2022)[5] improves accessibility and engagement
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by acting as an intuitive interface creation tool.A useful
source of geographic data is OpenStreetMap (2022), which
offers comprehensive details on road networks necessary for
precise modeling in urban mobility studies.An extensive list
of EV charging stations is provided by the Delhi Government
(2022) dataset, which is essential for incorporating actual
charging infrastructure into EV routing algorithms.In their
integrated modeling approach to the Electric Vehicle Routing
Problem, Zhan et al. (2019)[6] took charging station selection
into account as a critical component of the best possible
routing.In order to efficiently optimize routes and charging
stops, Qu et al. (2021)[7] investigated predictive charging
and routing for electric vehicles, accounting for battery
degradation factors.A real-time route planning method for
electric vehicles was suggested by Hasan and Ukkusuri
(2014)[8]. It adaptively optimizes routes by taking into
account the availability of charging stations and stochastic
traffic conditions.In the subject of urban mobility and electric
car studies, the Python programming language (Python
Software Foundation, 2022) is a flexible tool that is
frequently used for generating algorithms, models, and
applications.With an emphasis on energy savings and
performance enhancement, Chen et al. (2015)[9] provided
insights on predicting optimal energy management for
plug-in hybrid electric vehicles.The underlying insights into
engineering route planning algorithms offered by Delling et
al. (2009)[10] are essential for creating effective algorithms
in urban mobility studies.In 2020, Kumar[11] and colleagues
carried out an extensive analysis of the planning and
optimization of electric vehicle charging infrastructure,
providing valuable perspectives on the efficiency and
scalability of charging networks.

I1l. PROPOSED MODEL

We proposed a EV-Routing device that helps us do various
tasks. We used different algorithm to check various
predictions.

Predictive Routing System
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Figure 1. Skeleton Diagram of the proposed system

The Predictive Routing System is depicted in Figure 1 and
is made up of many essential elements, such as Data
Acquisition, Prediction, Optimization Routing, User
Interface (Ul) Development, and Charging Stations. The
purpose of the system is to use predictive algorithms to
increase routing efficiency.
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Figure 2. Proposed Model of the Complete System

"Figure 2" delineates the comprehensive flow diagram of
the Electric Vehicle (EV) Routing Machine. The operational
sequence initiates with the imperative phases of measuring
and studying the features, where key attributes of the EV
system are assessed and analyzed. Subsequently, the
Decision-Making step involves formulating strategic choices
based on the studied features to optimize routing efficiency.

The next step in the development process is to create an
intuitive Web Ul (User Interface) that makes interacting with
the EV Routing Machine easy. The next critical stage is
designing the algorithm, which is where the complex logic
guiding the routing decisions is developed. To guarantee
reliable performance, extensive testing is then conducted to
evaluate the algorithm's correctness in a variety of settings.

The next stage is to develop an advanced Route Map User
Interface (Ul), which makes the recommended routes easier
to see for the user. In order to improve and optimize the
system as a whole and solve any possible problems or
inefficiencies, more testing and debugging are done.

The entire process of creating an advanced EV Routing
Machine, from feature research to algorithm design, Ul
creation, and extensive testing, is essentially captured in
"Figure 2". The development of an extremely effective and
dependable electric car routing system is ensured by the
iterative process of measuring, researching, and optimizing.

Working: The Electric Vehicle (EV) Routing Machine
optimizes the routing of electric vehicles using a multi-step
process that smoothly combines technology and human input.
The following are the main elements and procedures in the
working principle:

e User Input and Feature Analysis :- Through an
easy-to-use interface, users of the Electric Vehicle (EV)
Routing Machine can enter their destination and
preferences. Once input, the system carefully considers
a number of relevant variables, such as current traffic
conditions, the presence of charging stations, and user
preferences. This thorough study serves as the basis for
the decision-making process that follows, guaranteeing
that the recommended routes take into account dynamic
factors like traffic updates and the availability of
charging infrastructure in addition to the user's
preferences. The goal of the EV Routing Machine is to
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provide individualized and ideal route
recommendations that improve the overall convenience
and efficiency of trips in electric vehicles by fusing user
input with real-time data and system capabilities.
Decision Making and Algorithm Design :- The
intelligent algorithm at the heart of the Electric Vehicle
(EV) Routing Machine carefully examines data entered
by the user in order to produce well-informed decisions.
This algorithm takes into account important aspects of
decision-making, such as strategically maximizing
travel times, ensuring sufficient charge for the trip, and
optimizing routes for energy efficiency. This algorithm
is unique in that it can dynamically adjust to changing
situations; for example, it reacts instantly to real-time
traffic updates and the state of charging stations. The
proposed routes are kept optimal, dependable, and
adaptable to the changing conditions of the trip by the
algorithm’s clever weighing of these dynamic aspects,
which improves the overall efficacy and efficiency of
electric car routing.

Web Ul Development :- The Electric Vehicle (EV)
Routing Machine is being developed, and part of that
development is the development of an intuitive online
interface that shows users images that are easy to
understand and instructive, like suggested routes and
locations of charging stations. This interface is an
essential point of contact that provides users with a
smooth and easy way to connect with the system and
make educated decisions. The web interface makes the
EV Routing Machine more user-friendly by
emphasizing accessibility and clarity in design. This
makes it easier for users to understand the information
provided and navigate the system, which leads to a more
satisfying and user-centric experience when planning
trips in electric vehicles.

Testing and Accuracy Assessment :- In order to fully
assess the precision and dependability of the routing
recommendations that the Electric Vehicle (EV)
Routing Machine produces, rigorous testing is an
essential stage in the development process. The testing
procedure includes both simulated and real-world
scenarios, offering a thorough evaluation of the system's
functionality in many circumstances. The theoretical
robustness of the system is ensured by closely
examining its response to fictitious events through
simulation tests. On the other hand, by exposing the
system to a variety of dynamic situations, real-world
testing verifies the routing proposals' practicability. By
ensuring that the EV Routing Machine satisfies strict
reliability —and  precision  requirements, this
comprehensive testing strategy plays a crucial role in its
improvement and optimization. In the end, it helps
create a robust and effective electric car navigation
system.

e Route Map Ul Development :- The visually appealing

and informative Route Map User Interface (Ul) of the
Electric Vehicle (EV) Routing Machine is a result of the
machine's design, which highlights user involvement
and clarity. The user interface (Ul) has been carefully
designed to offer consumers a thorough overview of the
recommended path, with charging stations and other
pertinent information being strategically highlighted. In
addition to static data, the interface provides users with
up-to-date information on traffic conditions and
charging station statuses through dynamic features
including real-time updates. In order to give consumers
more freedom and improve their experience with trip
planning, the user interface may also offer ideas for
alternate routes. The seamless integration of functional
features and visual appeal of the Route Map Ul results
in an effective and user-centric electric vehicle
navigation system.

Continuous Monitoring and Feedback :- The Electric
Vehicle (EV) Routing Machine maintains its
operational excellence by continuously monitoring key
data points in real-time, such as the current state of
charging stations and traffic conditions. This constant
watchfulness makes sure the system is able to respond
to sudden changes in the surroundings, which enables it
to dynamically modify routes and give users the most
accurate and current information. In addition, the EV
Routing Machine actively solicits user feedback and
makes use of system performance metrics in a feedback
loop. Insights from user input are crucial for optimizing
the algorithm and enhancing the user interface to better
suit the tastes and expectations of users.

Adaptive Control and Dynamic Adjustments :-
Operating with quickness and foresight, the Electric
Vehicle (EV) Routing Machine makes adaptive control
decisions based on real-time data. Because of its
dynamic capability, the system may actively
recommend charging stops and continuously modify
routes while the travel takes place. By providing users
with timely alerts and notifications, this adaptability
helps users make the best decisions possible in light of
changing circumstances. Throughout the journey of an
electric vehicle, users can navigate more easily and
make wiser decisions thanks to the system's adaptive
control, which keeps users updated on everything from
unexpected traffic jams to charging station
recommendations for effective energy management.
With its proactive and user-centric approach, electric
vehicle navigation combines efficiency and ease,
improving the whole driving experience.

IV. IMPLEMENTATION & DISCUSSION

The creation of the predictive routing system for EV
charging stations is carried out with careful attention to
several components and considerations during the phase of
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thorough implementation and discussion. Using the OSMnx
library, the data gathering and preprocessing stage creates a
graph representation with nodes and edges by extracting
detailed road network data for the Delhi region from
OpenStreetMap. In order to provide accurate geographical
mapping, comprehensive information on EV charging
stations is simultaneously collected from the official Delhi
Government website and combined with the road network
graph.

EV Routing Application

Enter starting address:
Enter destination address:

Enter current battery charge (in kilometers):

0

Enter charging time (in hours):

0

Fig 3. Move about with ease! You are in charge with our
state-of-the-art EV Routing application Ul interface. To
ensure a smooth and effective electric ride, just enter your
starting address and destination, and let the intelligent system
guide you with real-time route information. Welcome to the
eco-friendly navigation of the future!

The predictive routing algorithm consists of multiple
essential components designed to improve the precision and
effectiveness of route suggestions. To ensure that routes are
dynamically modified based on current traffic circumstances
and provide the best possible travel pathways for electric
vehicles, real-time traffic integration is essential. Battery
state-of-charge prediction is achieved using machine learning
algorithms that use historical data to estimate energy use
along various road segments. Data on occupancy, speed, and
availability is taken into account when determining the
availability of charging stations. Stations are ranked based on
user preferences and past usage patterns by algorithms.

By examining user feedback on preferred charging periods
and putting it into the algorithm, the optimal charging time is
calculated. During the forecast process, environmental
elements like temperature and weather are taken into account
to optimize route suggestions based on projected energy
usage. Additionally, users can customize the system's settings
to include preferred charging networks, environmentally
friendly routes, and the order in which fast-charging stations
should be prioritized.

Using Streamlit, a user-friendly interface is made with
input features including the starting point, destination, battery
level, desired charging time, and user preferences to
guarantee user involvement. A feedback loop system, which
often updates machine learning models and algorithms based

on user feedback and real-world data, facilitates continuous
learning and improvement.

In order to accommodate future charging stations and
adjust to changes in road networks, a scalable system design
must be provided. This is known as scalability and expansion
concerns. The most recent infrastructure modifications are
continuously reflected in the databases for charging stations
and road networks.

EV Routing Application

Hew Delh

ndia

Route Information

Starting Address: Mew Belhi, in

Fig 4. Shows the Route Information given by the user.

Strong encryption techniques are used to secure user data,
and security and privacy precautions are fundamental to the
implementation. To fix such flaws and protect user privacy,

security measures undergo routine evaluations and
adjustments.

To verify the precision and efficacy of route
recommendations in both simulated and real-world

circumstances, extensive testing and evaluation are carried
out. To determine how effective the system is, key
performance measures such as trip time, energy efficiency,
and user satisfaction are examined.

To provide openness and facilitate future advances,
extensive documentation covering models, algorithms, and
system architecture is kept up to date. The technology is
deployed in a restricted environment before being made more
widely available, and any necessary adjustments are made
based on input from users. Furthermore, manuals and other
materials are used to instruct and support users in
understanding system functionality, and online channels or a
help desk are used to provide continuous support for
questions and issues.

V. RESULTS & ANALYSIS

Promising results were obtained from the deployment of
our Predictive Routing for EV Charging Stations system.
Users were presented with optimum routes that took into
account the availability of charging stations, projected energy
use, and real-time traffic. Because of the algorithm's
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precision in predicting the battery's state of charge, charging
stops were expeditious, cutting down on travel time and
improving the overall driving experience. Customer feedback
showed that tailored recommendations were well received,
demonstrating how flexible the system is to accommodate a
wide range of interests. As a result of ongoing learning
processes, forecasts became more accurate over time,
guaranteeing the system's adaptability to changing road
networks and infrastructure for charging.

Route Map

Fig 5 Take a visual tour using our user-friendly Route Map
interface. As our sophisticated technology determines the
most economical route from your starting address to your

destination, see your electric route come to life. Enhance your
electric experience with a dash of contemporary elegance,
precision, and dependability. Use the map as a reference!

A thorough examination of the system's functioning
revealed important information. The incorporation of
real-time traffic data had a substantial impact on dynamic
route modifications, reducing delays caused by congestion.
Reliability was shown by predictive battery state-of-charge,
which closely matched real energy usage trends. The
consideration of charging station availability achieved an
ideal compromise between infrastructure constraints and
customer preferences, leading to optimal stops. The use of
environmental elements improved accuracy by accounting
for fluctuations in energy consumption caused by weather.
The system's ability to scale and adapt was demonstrated by
the smooth updates that reflected modifications to the
charging infrastructure. The system was much improved by
user feedback, which also demonstrated the value of ongoing
learning in raising prediction accuracy and user pleasure.

VI. CONCLUSION AND FUTURE SCOPE

In summary, our Predictive Routing for EV Charging
Stations technology effectively tackled the difficulties
encountered by drivers of electric vehicles by offering a

simple and effective way to plan trips. The effectiveness of
the system was proven by the integration of real-time traffic,
precise battery state-of-charge forecasts, and dynamic
charging station suggestions. Positive effects on trip time,
energy efficiency, and general user happiness were
highlighted by user input. The system's ability to adjust to
changing circumstances was guaranteed by the continuous
learning processes, demonstrating a dedication to continual
improvement. The comprehensive features and easy-to-use
interface make for a seamless experience that encourages the
widespread use of electric vehicles.

The system's success creates opportunities for further
improvements and additions. Predictive maintenance features
integration, which enables users to proactively handle
possible vehicle concerns, is one potential area of growth.
Route predictions could also be improved by looking into
joint ventures with up-and-coming providers of charging
infrastructure and by utilizing real-time data from linked
automobiles. Working along with urban planning agencies
can make it easier to include city development plans, which
will improve the road network graph's accuracy. An
interesting angle to explore is how the availability of
renewable energy affects route recommendations and how
alternative energy sources may be integrated. The system's
applicability and efficacy in a range of metropolitan settings
will be guaranteed by further study and development as the
ecosystem surrounding electric vehicles changes.
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