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Abstract: The rapid advancement of the Internet of Things (l1oT) and web technologies has enabled the development of
intelligent systems for real-time monitoring and data management. This project presents a Smart 10T-Based Electric Vehicle
Monitoring System that integrates embedded hardware components with a robust backend software architecture for efficient
system operation and remote accessibility. The hardware implementation consists of a microcontroller-based platform
(NodeMCU/ESP8266 or Arduino UNO) interfaced with components such as a DHT11 temperature and humidity sensor, relay
modules, DC motor, cooling fan, and GPS module. These components work together to continuously collect real-time
environmental and battery-related parameters, ensuring accurate monitoring of the system without involving any control
mechanisms.

Keywords: Internet of Things (1oT), Arduino UNO, NodeMCU (ESP8266), Embedded Systems, DHT11 Sensor, Relay Module,
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L. INTRODUCTION

The rapid advancement of Internet of Things (IoT) technology has enabled the development of smart systems for real-time
monitoring data management. This project presents a Smart 10T-Based Electric Vehicle Monitoring System that integrates hardware
components such as Arduino UNO or NodeMCU (ESP8266), DHT11 temperature and humidity sensor, voltage sensor module, and
LCD display to continuously monitor critical vehicle parameters. The system collects real-time data from sensors and processes it
using embedded programming, while a backend developed using Java Spring Boot enables efficient data handling and
communication through REST APIs. By combining loT hardware with modern software technologies, the system reduces manual
intervention, improves accuracy, and provides a scalable solution for real-time electric vehicle monitoring without manual
intervention. On the software side, the system is developed using Java Spring Boot framework, which provides a scalable and
efficient backend for data processing and communication. The backend follows a structured architecture consisting of controller,
service, and model layers to handle data flow, business logic, and API interactions. RESTful APIs are used to enable
communication between the hardware system and the backend server, allowing real-time data transmission, storage, and monitoring.
The integration of IoT hardware with a Spring Boot-based backend ensures improved reliability, data accuracy, and system
scalability. The proposed system eliminates the need for traditional manual monitoring and provides a centralized platform for
automated control and data management. This system is cost-effective, flexible, and suitable for applications such as smart home
automation, environmental monitoring. Overall, the project demonstrates an efficient combination of embedded systems and modern
web technologies to achieve intelligent automation.

A. Problem Statement

The existing monitoring systems face several challenges due to lack of real-time data access and efficient monitoring mechanisms.
The major problems are:

1) Lack of real-time monitoring of battery parameters such as temperature, humidity, and voltage

2) Inefficient use of energy and resources

3) High dependency on manual checking and traditional monitoring methods

4) Delayed identification of abnormal battery conditions

5) No centralized system for data management.
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These limitations create the need for an automated loT-based system that can monitor and control devices efficiently.

1. RELATED WORK

A. Existing Approaches

Earlier electric vehicle monitoring systems were primarily based on standalone embedded platforms without internet connectivity.

These systems supported only local monitoring of basic parameters and required manual observation, making them inefficient and

unsuitable for real-time applications. Most of these approaches utilized simple microcontrollers integrated with sensors to measure

parameters such as temperature and voltage, but lacked remote accessibility and continuous data tracking.

Some systems introduced limited improvements by incorporating sensors and basic data logging mechanisms, but they did not

provide proper communication frameworks or centralized data management. As a result, these systems were restricted in

functionality and were unable to support advanced features such as real-time monitoring, remote data visualization, and scalable
loT-based integration.
1. PROPOSEDSYSTEM

A. System Architecture

The proposed system follows a three-tier architecture consisting of hardware, communication, and application layers.

1) Hardware Layer: It includes components such as Arduino UNO or NodeMCU (ESP8266), DHT11 sensor, relay modules, DC
motor, cooling fan, and GPS module. It is responsible for collecting environmental data and performing control operations
based on the processed results.

2) Communication Layer: This layer enables data transfer between the hardware and the backend system. The NodeMCU sends
real-time sensor data to the server using internet connectivity and REST APl communication.

3) Application Layer: Developed using Java Spring Boot, this layer handles data processing, business logic, and system control. It
manages REST APIs, processes incoming data, and ensures proper communication between the hardware and the database.

Software Technologies Hardware Technologies

Front-End NM :ss R GPS Antenna o—

Data t
( Cnmmumcatlon ) GPS Module e
Back-End %
4 —
spring Wi-Fi / 10T Protocols
@;no(&;glss %JJava 3

-

5V Relay
Modules x 3

S O -wgn—
o @DC

@8 DIY IR/ LED Senso—|

Software System loT Hardware Set

loT Hardware Set

HARDWARE COMPONENTS SOFTWARE COMPONENTS

—
Temp / Relay d = |
’ 1Humidity$ensor m Modules ‘ Data Transmission < )‘

Wifi )
’ H Module %A:tuators ‘
(E$P8266)

Java Spring Boot Backend w

@ spring E
Microcontroller

Data Processmg & Storage \‘

l] Web / Mobile App

e A /ﬁ\

J
e B

N Ta— 2 !
( \ ( \

Alerts & Notifications | Automated Control

-

A -

I B
J \ )

' !
User Monitoring Automated Actions

Fig 1 : Unified Architecture of Smart l0T-Based Electric Vechile Monitoring System.
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B. Module D

Modules of the System

1) Sensor Module

This module is responsible for collecting environmental data using sensors.
e  Measures temperature and humidity using DHT11

e Provides real-time data to the system

e  Ensures continuous monitoring

2) Processing and Control Module

This module handles data processing and device control.

e  The microcontroller (Arduino UNO or NodeMCU ESP8266) processes the sensor data
o Applies predefined conditions

e Controls devices like DC motor and cooling fan using relay modules

3) Communication Module

This module enables interaction between hardware and backend system.
e Transfers data from NodeMCU to server

e Uses internet connectivity and REST APIs

e  Supports real-time data communication

4) User and Admin Module

This module provides system access and monitoring capabilities to:
e Users can monitor environmental data and device status

e Admin can manage system operations

e Ensures proper control and supervision

5) Backend and Database Management Module

This module manages software processing and data storage.
Developed using Java Spring Boot

Handles APIs and business logic

Stores sensor data and system information in the database

C. System Implementation

(10T with Java Spring Boot)

The proposed system is implemented by integrating 10T hardware components with a backend developed using Java Spring Boot.
The hardware setup includes NodeMCU (ESP8266), DHT11 sensor, relay modules, DC motor, cooling fan, and GPS module. The
NodeMCU is programmed using embedded C through Arduino IDE to read sensor data and control devices based on predefined
conditions.

The NodeMCU collects real-time environmental data and sends it to the backend server through HTTP requests using REST APIs.
On the software side, the system is developed using the Spring Boot framework, which provides a structured architecture consisting
of controller, service, and model layers.

These components handle data processing, APl communication, and system logic efficiently. The backend interacts with the
database to store sensor data and device status for monitoring and analysis. The integration of hardware and software ensures real-
time operation, reliable communication, and efficient system performance.
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V. RESULT AND DISCUSSION
The proposed system was tested under various conditions and performed effectively. The DHT11 sensor accurately measured
environmental data, and the Arduino UNO or NodeMCU processed it to control devices like the fan and motor using relay modules.
The data was successfully transmitted to the backend using REST APIs, and the Spring Boot application handled it efficiently. The
system showed reliable performance with real-time monitoring and reduced manual effort.
The system proved to be reliable, scalable, and suitable for real-time deployment in smart automation environments.
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VI. CONCLUSION
The Smart 10T-Based Electric Vechile Monitoring System provides an efficient solution for real-time monitoring and automatic
device control using 10T technology. By integrating hardware components with a Java Spring Boot backend, the system ensures
reliable communication, accurate data processing, and reduced manual effort. The system reduces manual effort and enhances
battery safety by enabling continuous monitoring and early detection of abnormal conditions. It is cost-effective, scalable, and
suitable for modern electric vehicle applications, with future scope for enhancements such as cloud integration, mobile application
support, and advanced data analytics.
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