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Abstract: The rapid advancement in electric vehicle (EV) technology necessitates equally innovative
software solutions to support their adoption and usability. Zaptrack is a novel web-based EV route
planning application designed to optimize travel routes for electric vehicles by minimizing charging
stops and ensuring optimal battery utilization. Leveraging the power of the MERN stack and integrating
GraphHopper and Overpass APIs, the system dynamically computes the most efficient routes while
identifying strategically located charging stations. The application not only calculates the route using
the A* algorithm, considering real-time road conditions and EV-specific constraints such as battery
capacity and consumption rate, but also visually represents the route and stations using Leaflet. This
ensures users receive intuitive, map-based guidance tailored to their vehicle's capabilities. Zaptrack
stands out by combining robust backend computations with a user-friendly frontend interface, providing
a seamless experience for EV users. This research paper outlines the architectural design, core
functionalities, and the technological innovations embedded in Zaptrack, while also evaluating its
performance and potential for real-world deployment. The proposed solution aims to bridge the gap
between rising EV usage and the need for intelligent route management systems, contributing

significantly to the fields of smart transportation and sustainable urban mobility.
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I. INTRODUCTION
With the increasing integration of electric vehicles (EVs) into mainstream transportation, the need for intelligent route
planning solutions has become more critical than ever. Unlike traditional internal combustion engine (ICE) vehicles that
benefit from a widespread network of fuel stations and quick refuelling times, EVs are inherently constrained by factors
such as limited battery capacity, range anxiety, and the comparatively sparse distribution of charging infrastructure.
These limitations necessitate a more advanced and tailored approach to navigation and trip planning for EV users.
To address these challenges, we introduce Zaptrack—a comprehensive EV route optimization web application designed
to enhance the travel experience for electric vehicle users. Zaptrack intelligently calculates the most energy-efficient
routes by taking into account the vehicle’s battery specifications, current charge status, and trip parameters provided by
the user. The system aims to reduce the frequency of recharging stops while ensuring that users reach their destinations
reliably and without unexpected power depletion.
At the core of Zaptrack’s functionality is the A* search algorithm, a well-established pathfinding technique known for
its efficiency and heuristic-based decision-making. This algorithm is adapted to consider EV-specific constraints such
as battery range and charging needs. Additionally, the application integrates real-time geospatial data using the
Overpass API, enabling dynamic identification of nearby charging stations along the route.
For route computation and navigation accuracy, Zaptrack employs the GraphHopper routing engine. This tool facilitates
fast and precise mapping solutions, enhancing the overall reliability of the application. By combining heuristic-driven

Copyright to JARSCT  [E]i[w] DOI: 10.48175/568 609
www.ijarsct.co.in ], B ity 25531_59’129%
L r'it‘.:".":; (\MARSCT /7

iy




IJARSCT

0OS
IJARSCT

ISSN: 2581-9429

International Journal of Advanced Research in Science, Communication and Technology

International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

Volume 5, Issue 9, April 2025 Impact Factor: 7.67

route planning with real-time data and a robust mapping backend, Zaptrack provides an intuitive and practical tool for
sustainable electric vehicle travel.

Ultimately, Zaptrack represents a step forward in intelligent transportation systems by supporting eco-friendly mobility
solutions through smarter, data-driven route planning for electric vehicles.

II. LITERATURE SURVEY

The rise of electric vehicles (EVs) within modern transportation systems has sparked the development of innovative
models and strategies designed to tackle the unique challenges associated with EV routing. Unlike traditional internal
combustion engine vehicles, EVs face specific limitations that significantly impact their route planning. These
limitations include finite battery capacity, which restricts the vehicle’s range, and the uneven distribution of charging
stations, which can result in range anxiety—an issue where drivers are unsure if they will be able to find a charging
station before their battery runs out. Furthermore, the energy efficiency of EVs can vary depending on factors such as
road conditions, weather, and driving patterns, making route optimization even more complex.
To address these challenges, a variety of route optimization models have been proposed. These models focus on
optimizing routes based on EV-specific factors, such as battery charge levels, energy consumption rates, and charging
station locations. The goal is not only to find the shortest path but also to minimize the number of charging stops and
reduce the overall energy consumption during the journey. Researchers have used a range of computational methods to
achieve this, including exact algorithms, which guarantee optimal solutions, as well as heuristic and metaheuristic
approaches, which provide near-optimal solutions in a more computationally efficient manner.
Exact algorithms, such as dynamic programming or branch-and-bound methods, offer a guaranteed optimal solution but
tend to be computationally expensive, especially for larger problem sizes. On the other hand, heuristic and
metaheuristic methods, including genetic algorithms, simulated annealing, and ant colony optimization, are popular for
solving EV routing problems because they can efficiently handle large and complex datasets while still delivering good-
quality solutions. These methods often balance the need for optimality with computational efficiency, making them
suitable for real-time applications where quick decisions are required.
In addition to energy-efficient routing, the integration of real-time data has become a critical component of modern EV
routing models. This includes the use of GPS systems and real-time traffic information to update routes dynamically,
taking into account factors like road closures, traffic congestion, or unexpected detours. The increasing availability of
charging station data, whether through publicly accessible APIs or integration with mapping services, further improves
the accuracy and usability of these models.
Overall, the development of EV route optimization models is an evolving field that continuously adapts to
advancements in EV technology, transportation infrastructure, and computational algorithms. As the adoption of
electric vehicles continues to grow, further innovations in this area will be essential for ensuring that EV drivers can
travel with ease and confidence, reducing the reliance on fossil fuels and promoting sustainable transportation systems.
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Figure 3: System architecture for route planning and charging station data integration.
The diagram illustrates a layered system architecture comprising the Data Layer, UI Layer, and Map Visualization. The
Data Layer utilizes the Overpass API to retrieve charging station data and the GraphHopper API for routing and
instructions. This data is stored in respective data stores and passed to the Ul Layer’s RouteMap Component, which
also receives input from the User Input Form. The RouteMap Component then updates the Leaflet Map in the Map
Visualization section using markers and polylines. The diagram showcases how different components interact to
generate EV routing functionality.
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Figure 2: Flow of showing directions on the Leaflet map.
The diagram shows the logic for displaying or hiding the directions card based on user interaction. It starts with the
Leaflet Map and a "Toggle Directions" button, which inverses the showDirections state. If showDirections is true, a
directions card containing an ordered list of text directions is displayed. If false, the card remains hidden. This logic
flow helps manage the dynamic visibility of textual route directions within a map-based interface.

II1. PROPOSED SYSTEM
The proposed system is an intelligent Electric Route Optimizer designed to assist electric vehicle (EV) users in
planning the most efficient and reliable travel routes based on their vehicle specifications and battery capacity. By
accepting user inputs such as the vehicle type, model, battery percentage, and mileage, the system calculates the
maximum possible travel range. It then determines whether the destination can be reached directly or if intermediate
charging is required. Leveraging the GraphHopper API for advanced routing and Geoapify for location-based services
like autocomplete, the system identifies and integrates optimal charging stations into the route if needed. If the vehicle
has sufficient charge, the most direct and energy-efficient route is rendered. However, when the battery is insufficient
for a direct journey, the system intelligently reroutes through the best available charging point, ensuring uninterrupted
travel. The entire route, including charging stops and estimated time of arrival (ETA), is displayed on an interactive
map using Leaflet. This visual representation, combined with detailed trip data, allows users to make informed
decisions and ensures that range anxiety is minimized. By focusing on EV-specific constraints, the system enhances
route reliability and contributes to smarter, greener transportation planning.
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Figure 4: EV route planning flowchart with charging stop logic.
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The flowchart outlines the logic for determining routes for electric vehicles (EVs) considering battery range. After
receiving start and end points, the system checks if the direct distance is within EV range. If yes, it fetches a direct route
using GraphHopper. If not, it initializes values and iteratively checks if additional stops are needed. It filters reachable
charging stations, selects the optimal one, and fetches route segments until the final segment is reached. The system
then combines all segments and instructions, rendering them on the map. This chart visualizes the conditional routing
approach to ensure EVs stay within operational range.

IV. CONCLUSION
In this research, the development of "Zaptrack"—an electric vehicle (EV) route planning application—was explored
with a focus on optimizing the route selection process for EV users. By leveraging the GraphHopper API for route
calculations and the Overpass API for real-time charging station data, "Zaptrack" aims to enhance the EV driving
experience by ensuring optimal routes with minimal battery depletion and timely access to charging infrastructure.
The integration of these advanced tools enables the app to provide dynamic, accurate route suggestions while
visualizing available charging stations, making it a practical solution for everyday EV drivers. Additionally, the
application’s use of the A* algorithm enhances its ability to compute optimal paths by considering various factors such
as battery status and charging station availability, offering a more tailored driving experience.
Through the design of the React-based frontend and Leaflet-based map visualization, the app not only ensures a
seamless user interface but also provides real-time interaction with the underlying data. The system's adaptability and
real-time data processing offer significant potential for future expansion, such as integrating additional APIs for traffic
updates, alternative charging stations, or even dynamic energy consumption predictions.
Overall, "Zaptrack" represents a forward-thinking approach to addressing the challenges faced by EV drivers in the
context of route planning and charging station accessibility. The potential for such an application to evolve alongside
advancements in EV technology is considerable, making it a promising tool for the sustainable growth of electric
mobility.
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