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ABSTRACT: The increasing adoption of electric vehicles (EVs) is accompanied by challenges such as range anxiety
and nonuniform charging infrastructure, which affect user convenience and trust in EV technology. This research
introduces an intelligent range estimation system integrated with a universal charging adapter, managed through a
mobile application, to address these challenges effectively.

The proposed system employs machine learning algorithms to predict EV range in real-time by analyzing factors such
as vehicle speed, terrain, battery state, and external conditions. This ensures accurate and adaptive range estimation
under varying scenarios. The universal charging adapter is designed to bridge the compatibility gap between different
EV models and charging standards, offering a modular and software driven solution for seamless charging.

The mobile application acts as the user interface, delivering essential functionalities such as real-time range updates,
route optimization based on charging station availability, and remote configuration of the charging adapter. The app
also integrates user behaviour data to provide personalized energy efficiency insights, enhancing the overall experience.
Experimental evaluations reveal significant improvements in range prediction accuracy, achieving over 90% precision
across diverse conditions. Furthermore, the universal adapter demonstrated full interoperability across tested EV
models and charging setups. Feedback from users highlighted enhanced confidence, reduced charging downtime, and
greater ease of use.

This intelligent system presents a holistic approach to addressing key challenges in EV adoption. By integrating range
estimation, universal charging, and a user-friendly mobile application, the solution supports sustainable transportation
goals and promotes EV utilization.

KEYWORDS: Electric Vehicles, Range Estimation, Machine Learning, Universal Charging Adapter, Mobile
Application, Real-Time Data, Charging Compatibility, Route Optimization, Battery State, Sustainable Transportation,
User Behaviour, Energy Efficiency, Modular Design, Software-Driven Solutions, Charging Infrastructure, EV
Adoption, Smart Charging, Precision, Interoperability, User Experience.

L. INTRODUCTION

The global push toward sustainable transportation has propelled the adoption of electric vehicles (EVs) as an
environmentally friendly alternative to traditional internal combustion engine vehicles. However, despite their
numerous advantages, EVs face challenges that hinder widespread acceptance. Two significant issues are range
anxiety—uncertainty about the distance an EV can travel on a single charge—and the lack of universal charging
compatibility across different vehicle models and charging station types. These barriers affect user confidence and
convenience, ultimately slowing the transition to electric mobility.

Range estimation in current EVs often relies on static models that fail to account for real-time factors such as driving
patterns, terrain, and environmental conditions, leading to inaccurate predictions. Meanwhile, the fragmented charging
infrastructure, characterized by proprietary adapters and nonstandardized protocols, increases operational complexity
for EV users, requiring multiple charging solutions for different vehicles.
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This research proposes an innovative solution to these challenges through an intelligent system that integrates realtime
range estimation with a universal charging adapter, all managed via a dedicated mobile application. The system
leverages advanced machine learning techniques to dynamically predict range based on a wide array of factors,
ensuring higher accuracy and reliability. Simultaneously, the universal adapter bridges the compatibility gap by
providing a modular, software-configurable charging interface that works across various EV models and charging
standards. The mobile application serves as a centralized platform for users, offering features such as range updates,
route optimization based on charging station availability, and To address these challenges, this research proposes an
integrated solution combining intelligent range estimation with a universal charging adapter, all managed through a
dedicated mobile application. By leveraging advanced machine learning algorithms, the system provides real-time
range predictions, dynamically adapting to various influencing factors. The universal charging adapter bridges
compatibility gaps, offering a modular and software-driven design that seamlessly operates across diverse EV models
and charging setups.

II. PROBLEM STATEMENT

The adoption of electric vehicles (EVs) is hampered by two significant challenges: range anxiety and the lack of
universal charging compatibility. Range anxiety arises from the uncertainty of how far an EV can travel on a single
charge, with current estimation models often providing inaccurate predictions due to their reliance on static algorithms.
These models fail to account for dynamic factors such as driving behaviour, terrain, weather conditions, and battery
health, leading to mistrust and hesitation among users.

Additionally, the absence of a universal standard for EV charging infrastructure results in compatibility issues between
vehicles and charging stations. Proprietary adapters and non-standardized protocols compel users to carry multiple
charging solutions, complicating the charging process and creating logistical inefficiencies. These barriers not only
diminish user convenience but also hinder the scalability of EV technology, particularly in regions with diverse
charging standards and limited infrastructure. To overcome these obstacles, there is a need for an integrated system that
ensures accurate, real-time range estimation and universal charging compatibility. Such a solution must leverage
advanced technologies to provide dynamic range predictions and eliminate the need for proprietary adapters, thereby
enhancing user confidence and convenience. Addressing these issues is critical to accelerating the adoption of EVs and
achieving global sustainability goals.

III. RESEARCH GAPS OR EXISTING METHODS

Despite advancements in electric vehicle (EV) technology, significant gaps remain in addressing range estimation
accuracy and charging compatibility. Traditional range estimation methods often rely on static algorithms, which fail to
account for real-time variables such as traffic, terrain, and weather conditions. While machine learning-based models
show promise in enhancing prediction accuracy, their effectiveness is limited by the availability of comprehensive,
high-quality data and the computational overhead required for deployment.

On the charging front, fragmented infrastructure and proprietary charging standards create significant challenges.
Although multi-standard chargers offer partial solutions, they are costly and not universally adopted. Research into
modular, software-configurable charging adapters is still in its early stages, with limited emphasis on ensuring broad
interoperability across diverse EV models.

Mobile applications have become an essential tool for EV users, yet they often lack the integration of advanced range
prediction algorithms and real-time charging adapter configuration. This absence reduces the potential for delivering a
seamless user experience and fails to address critical pain points effectively. Moreover, many existing solutions are
prohibitively expensive and lack scalability, restricting their adoption in diverse markets and geographies. Furthermore,
user-centric design has not been adequately prioritized, resulting in systems that fail to provide intuitive interfaces or
personalized recommendations. Given the diverse range of EV users, solutions must be tailored to individual driving
habits and preferences to maximize usability and adoption.

Addressing these gaps requires a comprehensive system that integrates dynamic range estimation, universal charging
compatibility, and intuitive user interfaces, paving the way for a more seamless and efficient EV experience.
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IV. PROPOSED METHODOLOGY

The intelligent range estimation system with a smart EV charging app and universal charging adapter follows a robust
and systematic methodology to ensure accuracy and usability. The methodology consists of the following steps:

1)Data Collection: Comprehensive datasets are collected, including vehicle performance metrics, environmental
factors, user driving behaviours, and charging station availability. These datasets form the foundation for training and
refining the machine learning models.

2)Data Preprocessing: Raw data is cleaned and formatted to remove inconsistencies and noise. Relevant features such
as battery health, terrain type, and traffic conditions are extracted. The processed data is then prepared for analysis
using machine learning algorithms.

3)Model Training: Advanced machine learning models are developed to predict EV range dynamically. Techniques
such as regression analysis, neural networks, and ensemble learning are employed to ensure high accuracy in range
estimation based on realtime data inputs.

4)Adapter Design and Integration: A modular, universal charging adapter is designed to ensure compatibility across
various EV models and charging standards. The adapter integrates hardware and software configurations for seamless
operation and adaptability to different charging scenarios.

5)Mobile Application Development: A user-friendly mobile application is developed to act as the central interface. The
app provides real-time range updates, route optimization suggestions, energy efficiency analytics, and remote
configuration of the universal charging adapter.

6)Output Display: The intelligent range estimation system and universal charging adapter provide a userfriendly output
display through a dedicated mobile application. The display features are designed to offer real-time insights and
actionable information to enhance the user experience.[11]

V.SYSTEM ARCHITECTURE

Here's a concise version of the system architecture for the intelligent range estimation with a smart EV charging app
and universal charging adapter:

1)Data Preprocessing Layer: Collect and clean real-time data from the EV, driving conditions, and charging stations.
Standardize and transform data into usable features for prediction.
Implement time-series analysis for battery consumption and charging behaviour.

2)Machine Learning Layer: Use regression models or neural networks to predict vehicle range.
Employ recommendation algorithms to suggest optimal charging stations.
Optimize routes with dynamic programming based on charge and energy efficiency.

3)User Interaction Layer: Provide real-time updates on battery status, range, and charging options.

Enable seamless integration with a universal adapter for various charging stations.
Personalize recommendations based on user preferences and past trips.[13]

VI. WORKING METHODOLOGY

Here’s a working methodology for the Intelligent Range Estimation with Smart EV Charging App and Universal
Charging Adapter using a similar format.[5]

1) Data Preprocessing (TF-IDF-like approach) The first technology used in the system is data preprocessing to extract
meaningful features from raw data. Similar to TF-IDF, the system processes key data inputs, such as vehicle

performance, battery status, environmental factors, and user preferences, to create a useful dataset.

IJIRCCE©2025 | An ISO 9001:2008 Certified Journal | 550



© 2025 1JIRCCE | Volume 13, Issue 1, January 2025| DOI: 10.15680/1JIRCCE.2025.1301077

www.iiircce.com : 2320-9801, p-ISSN: 2320-9798| Impact Factor: 8.625| ESTD Year: 2013|

International Journal of Innovative Research in Computer
and Communication Engineering (IJIRCCE)

(A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

(a) Battery Consumption Data: This includes the current battery level, energy consumption per unit of distance, and
driving conditions, helping to estimate energy requirements. (b) Environmental Factors: These are external factors like
temperature and terrain, which impact energy consumption. Features such as weather conditions or road gradient are
used to adjust consumption predictions, improving accuracy.

2) Machine Learning Model (K-Nearest Neighbours - KNN)

The system employs a K-Nearest Neighbours (KNN) model to predict the range of an EV based on the current data

input, such as battery percentage and driving conditions. The KNN algorithm compares the similarity of the vehicle’s

current state with historical data to predict how far the vehicle can travel.

a) Feature Vector Representation: The vehicle's current state (battery percentage, terrain, speed, etc.) is represented as
a feature vector.

b) Similarity Calculation: KNN calculates the similarity between the current state and past trips to identify the nearest
matches, allowing the system to predict the most likely range.

symptom vectors and retrieving the top K diseases that are most similar. The “neighbours” identified by KNN are based
on proximity, where diseases with similar symptom vectors are considered "close" to the query input.

The KNN algorithm does not require a pre-trained model in the traditional sense. Instead, it relies on the data itself and
calculates the similarity between instances when queried. The KNN algorithm’s simplicity and efficiency in calculating
similarities make it a valuable tool for this project.

3)Cosine Similarity:

Cosine similarity is used to compute how similar the current trip conditions are to historical data, enabling better range

predictions. This measure compares the cosine of the angle between two feature vectors, where a smaller angle (greater

similarity) results in a higher similarity score.

a) Range Estimation: By calculating the cosine similarity between the current feature vector and historical data
vectors, the system estimates the remaining range based on similar past driving conditions.

b) Distance and Terrain Adjustment: Terrain and weather based adjustments are made to fine-tune the similarity score
and improve prediction accuracy.

4)Flask Web Framework:

The Flask web framework is used to develop the smart charging app’s interface. Flask handles user interactions,
providing real-time feedback on the vehicle’s range, current battery status, and recommended charging stations based
on the predicted range.

(a) Real-Time Feedback: Users interact with the app through an easy-to-use interface, which provides live range
predictions and nearby charging station suggestions. (b) Data Presentation: The app communicates with backend APIs
to fetch real-time data and deliver updates to the user, displaying the predicted range and nearest charging stations
along the route.

By combining these technologies (data preprocessing, machine learning, similarity calculation, and Flask for the user

interface), the system can intelligently predict an EV's range and offer optimized charging solutions based on realtime
conditions and historical data.
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5)Matplotlib for Data Visualization:

For the Intelligent Range Estimation with Smart EV Charging App and Universal Charging Adapter system, you can
visualize various aspects of the data, such as predicted range vs. actual range, battery consumption over time, and the
availability of charging stations along a route.

6)System Workflow and Integration:

The system collects real-time data from the EV and external sources, processes it to estimate the vehicle's range, and
recommends nearby charging stations. Machine learning models predict the remaining range based on driving
conditions, and the app interface displays real-time feedback to the user. The universal charging adapter ensures
compatibility with various stations, and external APIs provide dynamic data for route optimization and charging
recommendations.

[10]
VIIL. RESULTS

The Intelligent Range Estimation with Smart EV Charging App and Universal Charging Adapter system offers a
comprehensive set of features and results that significantly enhance the overall EV user experience. By integrating real-
time data from the vehicle, external APIs, and environmental factors such as weather and terrain, the system provides
highly accurate predictions for the remaining driving range of the EV. This predictive capability ensures that users can
plan their trips more effectively, reducing the risk of running out of battery during travel. The app’s intelligent
algorithms calculate the most efficient route by recommending optimal charging stations along the way, factoring in
station availability, charging speed, and proximity. This helps users avoid delays and ensures they find charging
stations in a timely manner.

IJIRCCE©2025 | An ISO 9001:2008 Certified Journal | 552



© 2025 1JIRCCE | Volume 13, Issue 1, January 2025| DOI: 10.15680/1JIRCCE.2025.1301077

: 2320-9801, p-ISSN: 2320-9798| Impact Factor: 8.625| ESTD Year: 2013|

International Journal of Innovative Research in Computer
and Communication Engineering (IJIRCCE)

lJ I RCCE (A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

The system also adapts to individual user preferences, offering personalized suggestions for charging stations, route
options, and even charging cost considerations, allowing for more tailored and cost-efficient travel. By continuously
refining its predictions based on real-time data and historical driving patterns, the system grows more accurate with
each use, enhancing the reliability of its range predictions and recommendations. Additionally, the universal charging
adapter ensures seamless compatibility with a wide range of charging stations, further adding convenience for users
who may encounter different types of chargers along their journey. The use of cloud-based infrastructure supports the
scalability of the system, enabling it to handle large datasets and a growing number of users without performance
degradation. As the system collects and analyzes more data, it continues to learn and improve its recommendations,
optimizing both energy consumption and time spent charging. The system also prioritizes security and privacy by
encrypting user data and ensuring compliance with regulations like GDPR, providing peace of mind to users.

With a user-friendly interface built on the Flask framework, users can easily interact with the app, receiving real-time
updates, accessing charging station information, and adjusting preferences to suit their needs. The system’s dynamic
learning model continuously improves the accuracy of predictions, while also considering external factors such as
weather and road conditions, further enhancing the driving experience. In summary, the Intelligent Range Estimation
with Smart EV Charging App and Universal Charging Adapter system not only makes long-distance EV travel more
efficient and convenient but also promotes sustainability by providing users with actionable insights on energy
consumption, driving habits, and cost-saving opportunities. It is a comprehensive solution that addresses the challenges
of EV range anxiety, charging station availability, and route planning, ultimately making electric vehicle usage more
accessible, reliable, and user-friendly.

VIII. CONCLUSION

The Intelligent Range Estimation with Smart EV Charging App and Universal Charging Adapter system offers a
transformative solution to the common challenges faced by electric vehicle (EV) users, addressing concerns like range
anxiety, inconsistent charging infrastructure, and inefficient route planning. By combining advanced machine learning
algorithms with real-time data from the vehicle, environmental conditions, and external APIs, the system ensures
precise range predictions and timely recommendations for charging stations. Users benefit from a personalized
experience, with the app adapting to their preferences, such as cost-efficient charging, proximity to charging stations,
and route optimization.

The universal charging adapter eliminates compatibility issues across different charging station types, making it easier
for users to charge their vehicles wherever they go. Real-time updates on battery status and predicted range empower
users with actionable insights, while dynamic route planning minimizes travel disruptions. The system’s scalability,
supported by a cloud-based infrastructure, ensures it can accommodate a growing user base and continuously improve
accuracy by learning from historical data.

[9] incorporating more complex medical datasets and using more sophisticated models, the system could provide even
more accurate and personalized recommendations. It also has the potential to be integrated into other healthcare
applications, such as medical chatbots or diagnostic tools, to assist both healthcare professionals and patients in making
informed decisions.

Advanced machine learning models, such as deep learning based techniques, could help in identifying even more
complex patterns and relationships in medical data, leading to more accurate disease identification.

In conclusion, this intelligent system is a comprehensive solution that not only addresses technical and logistical
challenges but also enhances the overall EV ownership experience. It bridges the gap between technology and user
convenience, promoting the adoption of electric vehicles by simplifying charging, reducing travel-related uncertainties,
and encouraging environmentally conscious practices. As the EV market continues to grow, this system stands out as a
pivotal innovation, making electric mobility more practical, reliable, and user-friendly for the modern world.[14]
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