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ABSTRACT 

Due to the growing use of electric vehicles, there is a rise in the demand for intelligent charging systems. 

Conventional wired charging systems rely on physical connection through wires, which results in wear and tear of 

cables, electricity risks, and inconvenience to the user. In this paper, we will be designing IoT-based smart wireless 

EV charging with an auto detection and battery monitoring system, which will help us charge the EVs in a smart and 

automatic manner without any physical connection with the charger, along with the battery monitoring of the vehicle. 

Our proposed system includes a wireless power transfer arrangement having a transmitter and receiver coil in order 

to transfer energy without any physical link. The charging will start automatically through the IR sensor when the 

vehicle is detected in the charging region and will be stopped once the vehicle is taken away from the charging zone. 

Charging station and vehicle will communicate with each other wirelessly through two ESP32 modules. Charging 

parameters will be continuously monitored with the help of the current sensor INA219, which will measure the 

voltage, current, and power consumption of the battery, and their values will be displayed on a 16x2 LCD screen. All 

the collected data will be sent wirelessly to an IoT-based mobile application for remote monitoring of battery 

percentage and charging states of the system. 

Keywords: Internet of Things (IoT), Wireless EV Charging, ESP32, INA219 Current Sensor, Battery Monitoring, IR 

Sensor, Wireless Power Transfer, Smart Charging System, Automatic Vehicle Detection, Real-Time Monitoring. 

 

1. INTRODUCTION 

As electric vehicles (EVs) continue to gain popularity, there is a rising need for innovative charging solutions that offer 

enhanced convenience, efficiency, and safety. While conventional wired charging systems are prevalent, they are 

inefficient and cumbersome as the cable needs to be connected manually, they need regular maintenance, and they are 

prone to wear and tear at the connectors as well as being vulnerable to electrical risks. Wireless charging technology has 

been a potential solution as it allows for the transfer of power between the charging station and the electric vehicle 

without contact. With the addition of Internet of Things (IoT) technology, wireless charging systems can deliver 

intelligent monitoring, control, and real-time communication features, enhancing the entire charging experience. 

The proposed IoT-Based Smart Wireless EV Charging with Auto Detection and Battery Monitoring System is a 

combination of wireless power transfer and IoT-based monitoring, creating an efficient and intelligent EV charging 

solution. The technology involves coils at the transmitter and receiver end, which wirelessly transfer electrical energy 

from the charging station to the car battery. An infrared (IR) sensor constantly monitors if the vehicle is in the charging 

area and will automatically start the charging process if the vehicle is correctly parked in the charging area. In the same 
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way, the vehicle will automatically cut off from the charging while it is not in the charging zone, thus saving power and 

ensuring safer operation. 

The charging station and the electric vehicle are connected via ESP32 microcontrollers with an integrated Wi-Fi module. 

Measuring battery voltage, current flowing into or out of the battery, and the battery's consumption, the INA219 current 

sensor can be used to accurately monitor battery health during charging. A 16 X 2 LCD displays the charging status and 

battery information locally, and the mobile application via the Internet enables users to remotely check the battery level 

in real time, charging status and system performance. This is a smart charging platform that can optimize charging 

efficiency, reduce energy loss, and increase user convenience, thanks to wireless charging, automatic vehicle detection, 

battery monitoring and IoT connectivity. 

The proposed system presents a practical realization of the concept of wireless charging of EVs, leveraging the use of 

low cost hardware devices and intelligent control methods. The system is usable in residential parking, commercial 

charging stations, research laboratories in educational institutes and for future smart transportation infrastructure. The 

main contribution of the proposed solution is to make use of automatic detection, wireless power transfer, cloud based 

monitoring and battery management, which will help in the development of next generation intelligent EV charging 

systems. 

2. LITERATURE REVIEW 

Wireless Power Transfer (WPT) is catching on as a new method that can power Electric Vehicles (EVs) without the need 

of plug-in connection, providing more convenience, safety and maintenance reduction than traditional plug-in charging. 

Inductive Power Transfer (IPT) is among the more popular WPT methods, in which the electrical energy is conveyed via 

magnetic interactions between the transmitting and receiving coils. Researchers have been studying various ways to 

increase the efficiency of power transfer, alignment of coils and minimize losses associated with wireless power 

transmission to make it viable for practical EV use. 

With the rapid development of the Internet of Things (IoT), EV charging systems have also been further improved to 

provide real-time monitoring and remote management. Due to its built-in Wi-Fi support, the ESP32 controllers are 

broadly adopted for the ability to send charging parameters like battery voltage, charging current, and system status to 

cloud service platforms or mobile apps. The integration of IoT technology can help users track charging progress 

remotely, enhance operational efficiency and user convenience. Today, battery monitoring has become a crucial feature 

of EV charging systems. A wide variety of current sensors like INA219 are used to monitor voltage, current, and even 

power consumption in the charging process, which can help reduce the risk of overcharging and extend battery life. Some 

systems are already available which implement battery monitoring successfully, but most of them are manual and lack 

automatic charging control according to vehicle presence. 

While great strides have been made in wireless EV charging, there are still a number of challenges that need to be 

addressed. The efficiency of power transfer relies on alignment between the transmitting coil at the charging station and 

the receiving coil in the vehicle, and unneeded power usage could happen if the vehicle is not on the charging station 

when charging happens. Also, many current systems offer only partial integration of wireless charging, automatic vehicle 

detection, battery monitoring and remote supervision via IoT. To address these constraints, the proposed IoT-Based 

Smart Wireless EV Charging with Auto Detection and Battery Monitoring System is based on the implementation of 

wireless power transfer, vehicle detection using IR sensor, real time battery monitoring using INA219 sensor, and IoT 

communication using ESP32 microcontroller. When an EV is detected, the system automatically starts charging, and 

stops charging when the EV is no longer present in the charging zone. The charging information such as battery level, 

charging status and other information are shown on a 16 X 2 LCD and a mobile app, which makes this charging solution 

intelligent, efficient and user-friendly for future smart transportation. 

3. SYSTEM DESIGN 

In this paper, a smart wireless EV charging system with automatic detection and battery monitoring is suggested to 

address some of the issues associated with the conventional wired charging system. The proposed system incorporates 

wireless power transfer technology that is used to charge the EVs wirelessly. In the WPT system, there exists a 

transmitting coil in the charging station that produces an alternating magnetic field while a receiving coil in the vehicle 

collects this magnetic energy and transforms it into electrical energy in order to charge the EV's battery. For the proposed 

system, two ESP32 microcontrollers are utilized in order to control the charging process as well as enable the wireless 

communication between the charging station and the EV. The vehicle is detected using the IR sensor in the charging 

station. Once the vehicle is detected, the ESP32 controls the relay module to turn on the charging process. Additionally, 

once the car moves away from the charging range, the system will automatically stop the charging process in order to 

prevent unnecessary power usage and improve the level of safety. 

Throughout the charging process, the current sensor (INA219) constantly monitors the voltage, current, and the amount 

of power consumed during charging. In addition, the 16×2 LCD module locally displays the status of the charging 

process as well as the battery information and sends it to the IoT based application wirelessly. 

The major hardware components used in the system are: 
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•  Solar Panel Module: Main source of energy generation which generates electrical energy from solar energy using 

photovoltaic cells and reduces dependence on other energy sources. 

 

Fig-1: Solar Panel Module 

•  Wireless Transmitter Coil: Placed at the charger station and connected to the power supply to generate a high 

frequency alternating magnetic field. 

 

Fig-2: Wireless Transmitter Coil 

•  Wireless Receiver Coil: Placed inside the electric car and receives magnetic energy, converts it to electrical energy and 

supplies it to the battery using rectifier circuits. 

 

Fig-3: Wireless Receiver Coil 

•  IR Sensor: This sensor is used to sense whether the electric car is inside the charging zone. 
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Fig-4: IR Sensor 

•  INA219 Current Sensor: Continuously measures the battery voltage,charging current and power consumption of the 

battery. 

 

Fig-5: INA219 Current Sensor 

•  16 X 2 LCD Display: Displays important data of the system such as charging status and battery percentage. 

 

Fig-6: 16 X 2 LCD Display 

•  Power Supply: Generates DC voltage to the transmitter circuit, ESP32 microcontrollers, sensors and electronic 

components. 
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Fig-7: External Power Supply 

•  IoT mobile application: Connected to the ESP32 using Wi-Fi and displays the remaining battery percentage, charging 

status, voltage and current. 

 

Fig-8: IoT Mobile Application 

3.1 Software Description 

The software component of the proposed system will be responsible for controlling the charging of the wireless charging 

device, monitoring the parameters of the battery and communicating in real-time with the IoT platform. The system will 

be programmed using the Arduino IDE and the ESP32 microcontrollers will be responsible for detecting the vehicle, 

transferring power to the device, monitoring the battery parameters and controlling the communication with the IoT 

platform. 

•  Arduino IDE: Used to program the ESP32 microcontrollers to constantly monitor data from the IR sensor and INA219 

sensor, automatically control the charging relay module, analyze battery parameters, and manage communication. 

•  IoT Mobile Application: Offers a simple interface connected via Wi-Fi to remotely monitor the battery percent, 

charging state, voltage, current, and power consumption. 

3.2 Algorithm 

Step 1: System Initialization – Power ON the charging station. Then we need to initialize the ESP32 microcontrollers and 

establish the Wi-Fi connection. After that, we need to activate the IRsensor, INA219 sensor, LCD, and Relay module. 

Step 2: Vehicle Detection – The IR sensor is always turned on, which allows it to know whether the EV is present. When 

the EV arrives, the ESP32 turns on the Relay module. 

 

Step 3: Wireless Charging – The transmitter coil creates a magnetic field around itself to induce the current in the 

receiver coil. The current rectified to DC charges the EV battery. 

Step 4: Battery Monitoring – The INA219 sensor is continuously measuring the battery voltage, power, and charge. The 

data is displayed on LCD and sent to the IoT mobile application. 

Step 5: Charging Completion – The system is constantly monitoring the battery power. If the vehicle leaves the coil area 

or the battery is fully charged, the ESP32 turns off the relay, thus interrupting the charging process. 
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Step 6: System Ready – The system’s information about the EV battery state is displayed on the application and 

cellphone LCD. The system waits for the next vehicle to arrive. 

3.3 Implementation 

In this proposed work, we have used ESP32 microcontroller, wireless transmitter and receiver coil, IR sensor, INA219 

current sensor, relay module and 16×2 LCD display for implementing the proposed IoT Based Smart Wireless EV 

Charging with Auto Detection and Battery Monitoring System. When the system is turned ON, the IR sensor 

automatically detects the electric vehicle. When the ESP32 turns ON the relay, then the transmitter coil can wirelessly 

transfer the power to the receiver coil without any physical connection. The Current sensor INA219 is used for the 

continuous measurement of battery current and voltage during the charging process. The battery status and charging 

information are displayed on the LCD and can also be viewed in the IoT mobile application through the Wi-Fi module. 

The microcontroller automatically turns OFF the relay at the end of the charging region or when the charging process is 

completed; hence, the wireless charging system is turned OFF. The system will be in stand-by mode until the next 

charging cycle begins. The proposed charging system provides a simple, safe, and efficient method of wireless charging 

with automatic charging, battery monitoring, and remote access to the user. 

4. PROPOSED WORK 

The proposed work for SMART SOLAR EV CHARGING STATION USING IOT aims to design an intelligent, efficient 

and contactless charging system for electric vehicles based on internet of things. The charging information is sent to the 

local LCD display as well as IoT mobile application through WiFi. The work focuses on wireless power transfer for the 

charging of electric vehicles and automatic detection of vehicles to sense the battery level and charge accordingly. The 

work also emphasizes on improvement of charging efficiency and removing human intervention to a great extent. The 

proposed work encompasses the following: 

4.1 Automatic Wireless Charging and Battery Monitoring 

The first objective of the proposed work is to provide wireless and automatic charging to the electric vehicle battery and 

monitor the same. The IR sensor detects the vehicle in the charging bay and the ESP32 microcontroller activates the relay 

through which the tx coil sends wireless power to the rx coil. The current flowing through the battery is monitored using 

INA219 current sensor. The information regarding battery voltage, current and power consumption is sent to the ESP32 

through which it is sent to IoT application over WiFi. In parallel, the information is displayed on the 16×2 LCD. The 

charging of the battery is thus automated and is turned off when the vehicle exits the bay or when the battery is fully 

charged. 

4.2 Assessment of Charging Time and Cost Estimation 

One of the novel aspects of the proposed work is the calculation of the time for charging. The work involves calculation 

of time for which the battery was charging and accordingly the performance can be accessed. This information can be 

used to estimate the cost for charging when the system is commercialized. The battery performance can be accessed 

based on the calculated time and accordingly the efficiency can be calculated. 

Charging Time = Battery Capacity / Charging Current 

For example: If the battery capacity is 2000 mAh and the charging current is 500 mA, then the calculated charging time 

would be 4 hours. 

Charging Cost = Charging Time × Rate per Minute 

Table-1: Measured charging time for different initial and final battery levels. 

Initial Battery Level (%) Final Battery Level (%) Charging Time (Minutes) 

20 40 35 

40 60 32 

60 80 30 

80 100 28 

20 100 125 
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Fig-9: Battery Charging Statistics 

4.3 Wireless Power Transfer Efficiency 

The wireless charging efficiency is calculated as: 

η = (P_out / P_in) × 100% 

η = (8.5 / 10) × 100 = 85% 

4.4 Charging Time 

T = Battery Capacity (Ah) / Charging Current (A) 

Battery capacity = 2 Ah; Charging current = 1 A 

T = 2 / 1 = 2 hours 

4.5 Charging Cost Estimation 

Cost = E × Tariff 

Energy consumed, E = 1.8 kWh; Electricity tariff = ₹ 8/kWh 

Cost = 1.8 × 8 = ₹ 14.40 

5. EXPERIMENTAL RESULTS 

Proposed Smart Wireless EV Charging with Auto Detection and Battery Monitoring System was successfully fabricated 

and tested in order to evaluate the performance of the wireless power transfer, vehicle detection, battery monitoring and 

IoT communication. During the tests, the IR sensor was able to detect the presence of the vehicle and initiate the 

charging process. The sensor INA219 constantly kept track of the voltage, current and the charging status of the battery 

and the information was displayed on the LCD and IoT Mobile Application. Additionally, when the vehicle was leaving 

the charging station, the process of charging was terminated in order to prevent unnecessary power loss. 
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Fig-10: Vehicle Not Aligned Results 

The circuit designs of the proposed experimental setup consist of a charging station and a vehicle module. The former 

includes a transmitter coil, ESP32 microcontroller, IR sensor, relay module, and LCD display, while the latter comprises 

a receiver coil, ESP32 microcontroller, and lithium-ion battery. Before entering the charging zone, the IR sensor is 

deactivated, and the transmitter coil is turned off, and thus the proposed system is in a dormant state. 

 

Fig-11: Vehicle Aligned Results 

As soon as the vehicle arrives at the charging station, the IR sensor detects the vehicle and the ESP32 switches on the 

relay to facilitate the transfer of power from the transmitting coil to the receiving coil. The battery monitoring sensor was 

used to monitor the voltage level of the battery during the charging process. The information from the sensor was 

displayed on the 16×2 LCD and also sent to the IoT mobile application through WIFI. The IoT mobile application can 

show the battery percentage, charging status and slot availability virtually giving the user an idea of the progress of the 

charging process remotely. The experiments performed indicate that the wireless power transfer was efficient and that the 

information exchange between the charging station and the vehicle was reliable. Energy was saved and convenience was 

enhanced since the charging process was automated once the vehicle was detected at the charging station. Power wastage 

was minimized due to the optimized design of the transmitter and receiver coils which increased the efficiency of the 

wireless charging system. In conclusion, the system described in this paper achieved the desired integration of the 

wireless charging, vehicle detection, battery monitoring and remote monitoring using IoT functionalities resulting in an 

efficient and reliable system for future smart electric vehicle charging. The performance of the charging system was 
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evaluated using the charging time, efficiency and the amount of energy consumed during the charging process. The 

optimized design of the transmitter and receiver coils reduced losses in the system thereby increasing the efficiency of 

the wireless power transfer. The system calculated the charging costs based on the energy charged and the time taken to 

charge giving a practical application for future smart billing systems. The experiments performed indicate that the 

proposed system can facilitate effective wireless charging while minimizing the energy losses and protecting the batteries 

from degradation. 

6. CONCLUSION 

In conclusion, the experiments performed indicate that the proposed system can facilitate the integration of wireless 

charging, vehicle detection, battery monitoring, analysis of the charging time, efficiency, charging cost and remote 

monitoring using the IoT in a smart platform. The prototype, once developed can provide an efficient, safe and 

convenient way of charging electric vehicles which can be implemented in residential parking lots, commercial charging 

stations and future smart cities. 
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