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Internal combustion engine (ICE) vehicles are major contributors to climate
change and pollution, driving the transition to electric vehicles (EVs) as a
cleaner alternative. However, EVs encounter challenges with charging
infrastructure, notably the need for physical cables and issues with alignment
for efficient charging. To address these problems, a wireless EV charging
system has been developed using internet of things (loT) technology for
real-time monitoring and control. This system incorporates ESP32 and
ESP8266 microcontrollers, infrared sensors, inductive coils, an OLED
display, an ESP32-CAM module, relay modules, an AC to DC converter, a
TP4056 charging module, a DC voltage sensor, and lithium-ion batteries. It
employs a 20-turn coil for inductive coupled wireless power transfer (WPT),
enabling the full charging of two lithium-ion batteries within 60 minutes.
The system can detect an EV’s presence, display battery status on an OLED
screen, and provide real-time images of the vehicle’s position through the
SWEVCS mobile app. Infrared sensors ensure proper and precise alignment

for effective charging. This advanced wireless charging solution enhances
EV charging efficiency and convenience while supporting a more
sustainable energy approach.
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1. INTRODUCTION

Greenhouse gas emissions have become a global concern over the last few decades because they
have a negative impact on the ecosystem and ecology. The change in environmental conditions, known as
climate change, causes global warming with effects such as glacier melting, ocean level increasing, floods,
droughts, wildlife, or water life declining and becoming extinct [1], [2]. Motor vehicle exhaust emissions
were the main contributor to greenhouse gases, where they produced carbon dioxide (CO,), nitrous oxide
(N20), and methane (NH.) gasses. This has caused gases to be trapped in the ozone and produce a heat
imbalance in the atmosphere, thus creating global warming [2]. According to the National Oceanic and
Atmosphere Administration (NOAA), the United States government believes that most of the total heating
imbalance on earth is due to CO,. It was reported that the heating imbalance of CO, versus time has
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increased to 66% in 2021 as compared to 60% in 1999 [3]. Under the United Nations Kyoto Protocol,
developed countries and industries worldwide have started working together to reduce emissions of heat-
trapping gases in the atmosphere to minimize and control climate change disasters [4]. Developing countries
such as Malaysia also have strategies for supporting the global effort towards decarbonizing for a better and
more sustainable environment, namely the low-carbon mobility blueprint [5]. One of the efforts to minimize
vehicle carbon dioxide emissions is using fuel or oil combustion with an alternative and sustainable energy
source, such as electric energy. The awareness of this environmental issue, the fluctuation of oil prices, and
the depletion of petroleum resources have recently increased the sales of electric vehicles (EVs) among land
transportation users [1], [2]. EVs are believed to produce low-carbon energy and are smoke-free [6], [7].

EVs are cars with one or more electric motors that use electricity stored in alternate energy storage
systems or rechargeable batteries. EVs dramatically reduce pollution compared to conventional internal
combustion engine (ICE) vehicles since they run on electricity instead of fossil fuels. They are becoming
more popular because of their higher performance and favorable environmental impact [6]-[9]. In response
to the problems posed by climate change and global warming, the Malaysian government has recently
aggressively encouraged the use of EVs through several regulations and initiatives meant to stimulate market
expansion. These programs support local production capacity and ease the importing of EVs by offering tax
exemptions and incentives. Additionally, the government has taken several actions to promote the use of
EVs, including reducing import taxes on EV components, exempting EVs from road tax, and launching a
green finance program for EV purchases [5], [9]. Malaysia has 2214 EV-installed charging stations, which is
anticipated to rise to 10,000 by 2025 [10]. To increase the availability of EV charging infrastructure, the
government has set aside funds for the construction of charging stations across the country, including in
public spaces and business buildings. Fuel cell electric vehicles (FCEVSs), battery electric vehicles (BEVS),
and plug-in hybrid electric cars (PHEVS) are the three main categories of EVS. In contrast to BEVs, which
only use electrical energy, and FCEVs, which use a highly efficient electrochemical process to convert
hydrogen into electricity that powers an electric motor, the PHEV concept combines electrical and fuel
combustion energies [11].

The similarities between PHEVs and BEVs are that both EVs can be recharged from external
sources and can operate with zero tailpipe emissions. All types of EVs need traction batteries to store and
supply electrical energy. Thus, it requires the charging equipment infrastructure, such as regenerative
charging and the plug-in concept. The PHEVs are more efficient and convenient for short-distance drivers,
such as city users, as they can benefit from and maximize the regenerative braking charging because they
frequently stop. However, BEVs and FCEVs, such as short- and long-distance travelers, exhibit
disadvantages, especially when charging the battery, where they need to bring along their connecting cable
and plug it into a selected charging wall outlet station [12]. Nevertheless, EV charging station infrastructure
can be divided into several groups according to the charging methods they employ, such as Level 1 Trickle
Charge (120 V or 220 V), Level 2 AC Charge (208 V to 240 V), and DC Charge (400 V to 900 V) [13]. The
contemporary method of charging EVs entails connecting the vehicle to a standard 120 V or 240 V outlet.
Users must visit an EV charging station compatible with their vehicles and utilize the appropriate charging
cable. However, challenges persist due to the necessity for extensive charging infrastructure and the
relatively high initial costs of EVs compared to conventional ICE vehicles. Along with possible risks during
the charging process, like an electrical shock from unfavorable weather, these issues also cause customers to
experience inconveniences. The creation of a wireless EV charging system offers a viable substitute to
address these problems and has the potential to disrupt the charging paradigm as it stands today completely.

Recent developments indicate that the inductive power transfer (IPT) technique may be used to
construct wireless EV charging systems successfully [12], [14]-[16]. As opposed to FCEVs, PHEVs, and
conventional ICE vehicles, problems including leakage and inductance still impair BEVSs mileage
performance despite these advancements [12], [14], [15]. Methods for inductive coupled wireless power
transmission (WPT), especially inductive coupled power transmission (ICPT) that uses magnetic fields, have
been proposed to overcome these constraints. As opposed to traditional systems that share a magnetic core,
ICPT reduces leakage inductance by using an air gap between the primary and secondary coils [12], [14],
[15]. This inductive coupling enables effective energy transfer via magnetic fields from an inductive coil to
the vehicle’s battery [6], [13], [15], [16]. Numerous studies have been conducted to develop ICPT systems to
increase output power and charging efficiency. Studies cover several elements, such as coupler coil
topologies, stationary and dynamic inductive pad designs, reduced air gaps, and wireless charging technology
developments [17], [18]. Regardless of the topologies or designs used, Vu et al. [17] stress that ideal
charging performance depends on the alignment between the coupler coils. To address these alignment
challenges and reduce reliance on physical charging cables, the proposed project aims to integrate an internet
of things (1oT)-based sensing and monitoring system with the ICPT technique.
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In this wireless charging system, the secondary receiving coil is integrated into the vehicle battery,
and the primary transmitting coil is located beneath the parking space at the charging station. A magnetic
field is created when these coils are properly oriented, which makes power transfer easier. The elimination of
physical cables and the reduction of related concerns, including electrical shocks, tripping, falling, fire
threats, and weather-related problems, this technology potentially improves user convenience. Using
inductive coupling and including cutting-edge features like remote charging control and real-time
monitoring, the project aims to create a smart wireless EV charging system. The system uses 10T technology
to provide real-time data monitoring and control through an Android mobile application. This invention
could promote the shift to electric mobility by improving accessibility and user-friendliness, thereby
revolutionizing EV charging. The need for smart wireless charging solutions is anticipated to increase
dramatically over the next few decades as the market for electric and hybrid vehicles continues to develop.

2. METHOD
2.1. Inductive wireless power transfer and charging system

One of the most important technologies in wireless power transfer (WPT) is inductive coupling,
which allows electrical energy to be sent without a physical connection [13], [19], [20]. A magnetic field,
which develops when two conductors are inductively or magnetically connected, is used in this method to
transfer power between wire coils. This phenomenon is defined by a change in one wire’s current that, using
the electromagnetic induction principle, creates a voltage across the other wire’s terminals. According to
Ampere’s circuital law, a fluctuating current in the first wire creates a magnetic field around it. Faraday’s law
of induction causes an electromotive force (EMF) to be induced in the second wire due to this fluctuating
magnetic field [20]. In electromagnetics, the mutual inductance parameter is used to quantify the degree of
inductive coupling between two conductors. A transmitting coil and a receiving coil are the two main
components of the process. Figure 1(a) shows a power source, typically an AC power supply, connected to
the transmitting coil [21]. When an AC flows through the transmitting coil, it creates a time-varying magnetic
field [18], [21]. The receiving coil, which is placed near the transmitting coil, is designed to resonate at the
same frequency as the transmitting coil. This resonance is achieved by tuning the capacitive and inductive
elements of the receiving coil. When the time-varying magnetic field from the transmitting coil interacts with
the receiving coil, it induces an AC in the receiving coil. The received coil’s induced current could power
electronic devices or charge batteries. Inductive coupling is the most widely used wireless technology; its
applications include charging handheld devices like phones and electric toothbrushes, RFID tags, induction
cooking, and wirelessly charging or continuous WPT in implantable medical devices like artificial cardiac
pacemakers [22], [23].

Efficient power transfer over short distances in inductive coupling power transfer (ICPT) systems
can be optimized by adjusting coil design parameters, including size, number of turns, and resonance
frequency [24], [25]. In ICPT, mutual coupling occurs between the primary inductor (L) and the secondary
inductor (Ls), characterized by mutual inductance (Mps) and the coupling factor (k), as detailed in (1) [18],
[25]. The equivalent circuit representation is shown in Figure 1(b). The coupling factor, k, varies between 0
and 1 based on the flux linkage between the primary and secondary charging pads, which is particularly
relevant for loosely coupled systems like wireless EV chargers [18]. To assess coupling performance under
various alignment conditions, the efficiency (n) of the uncompensated inductive link can be evaluated
independently of the other circuits, as expressed in (2), where Q, is the primary coil quality, and Qs is the
secondary coil quality [18]. This efficiency is influenced by the coil quality factors (Qp and Qs), mutual
conductance, and coupling behavior, with coil quality factors defined by (3) and (4), where w, represents the
operating frequency and R, and R denote resistances at the primary and secondary sides [18]. Notably, IPT
adheres to the inverse square law, meaning power transfer efficiency declines rapidly with increasing
distance. Therefore, maintaining a minimal distance between transmitting and receiving coils is crucial for
optimal power transfer.
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Figure 1. Generic block diagram of; (a) an inductive wireless power system [21] and (b) schematic diagram
of the network connected to the primary and secondary coils [18]

In this project, the coil shapes are reviewed to identify the suitable design for a WPT system that is
suitable for the development of a smart wireless EV charging system. An air-core wireless transformer design
is used in the WPT system to enable electrical power flow from the source to the receiver sides. There are
several planar coil shapes, such as circular, rectangular, and hybrid configurations, that are used to improve
the performance and solve the misalignment problems between the transmitter and receiver of a wireless
charging system [26]. Rectangular and hybrid configuration coils suffer from high impedance and hot spots,
thus making them unsuitable for high-power applications [26], [27].

Square and circular coils are less tolerant of horizontal misalignment than rectangular coils [26],
[27]. Conversely, the circular coil design is a well-known and extensively utilized design in wireless
transformers due to its lack of sharp edges and ability to minimize eddy currents. The coil’s internal diameter
can be changed to adjust the magnetic flux distribution. Smaller center diameters can increase the coupling
coefficient because of the spike-like form of the magnetic field. Increasing the center diameter, on the other
hand, addresses possible misalignment problems by providing a wider magnetic flux distribution area, albeit
at the sacrifice of amplitude [28]. Consequently, it can be concluded that the circular coil configuration is the
more advantageous design for this project aimed at WPT, as it minimizes misalignment between the
transmitter and receiver coils.

Dynamic wireless electric vehicle charging systems (D-WEVCS) and static wireless electric vehicle
charging systems (S-WEVCS) are the two primary categories into which recent research has divided wireless
EV charging systems [26], [29]. Under S-WEVCS, a primary coil is installed underground or beneath the
ground, and it is augmented by electronics and power converters to improve its performance [28], [29].
Usually, the secondary coils are found beneath different parts of the electric car, such as the front, back, or
center. This setup makes it easier for the power converter to transform the received energy from AC to DC,
which is then stored in the vehicle’s battery bank. Power control and battery management systems are
combined with a wireless communication network that offers primary feedback to assure safety and
efficiency. The duration of the charging process is governed by elements such as the source’s power level,
the diameters of the charging pads, and the air gap distance between the primary and secondary coils.

In static systems, the secondary coil remains mounted beneath the vehicle, where it captures the
magnetic field generated by the primary coil to convert the energy into DC and charge the battery through the
power converter and management system. Compared to conventional EVs, frequent charging with static
systems can reduce the overall battery requirement by approximately 20% [29]. Conversely, D-WEVCS are
designed for dynamic charging, where the primary coils are embedded into the road surface at predetermined
intervals. These coils operate with high voltage and high-frequency AC sources, along with compensation
circuits connected to the microgrid [29]. The installation of transmitter pads and power supply segments must
be meticulously planned along specific routes to facilitate this type of charging. Despite its advantages, the
higher costs associated with D-WEVCS lead to the preference for S-WEVCS in current project developments
and proof-of-concept demonstrations.

At present, EV charging methods predominantly rely on manual processes, with a significant gap in
fully automated technologies and monitoring systems. To address the challenges of misalignment and
infrastructure limitations associated with charging cables, this study conducts a thorough investigation into
the performance of wireless charging through inductive coupled WPT, with particular emphasis on the ICPT
methodology. In this research, a circular configuration was selected for both the primary (Tx) and secondary
(Rx) coils, which have been integrated into a prototype EV and an intelligent parking system. The study
explores the concept of S-WEVCS and evaluates battery charging performance through the proposed
integration of this parking system with loT-based technology. Notably, the integration system developed and
proposed in this study represents a novel approach, as it has not been previously addressed by other
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researchers. This integration aims to ensure precise alignment of the EV during parking and charging
processes facilitated by the advanced loT system. The anticipated efficacy of this approach indicates
substantial potential for its application in future EV technologies. Detailed information regarding the
integration system is elaborated in subsection 2.2.

2.2. Prototype of wireless electric vehicle charging and monitoring system with internet of things
technology

To clarify the operational principles and functionality of a wireless charging and monitoring system
utilizing 10T technology for EV applications, this project has developed two distinct circuit systems: a
parking spot system and a prototype EV model. Both systems are equipped with Wi-Fi connectivity and are
integrated with an Android mobile application. The design incorporates circular coil shapes with static
wireless charging systems for EVs.

By enabling wireless charging and real-time monitoring, the suggested system seeks to greatly
improve user convenience by doing away with the need for a physical charging cable and expediting the
process of finding appropriate charging stations. An ESP32 NodeMCU microcontroller controls the parking
spot circuit system, which consists of transmitting (Tx) coils, relays, an AC-to-DC converter, infrared
sensors, and a camera for EV detection. The camera turns on and sends a real-time image of the parking
space to the mobile application over a web server when the infrared sensors identify an EV.

A TP4056 charging module, lithium-ion batteries, an OLED display, a DC voltage sensor, and
receiving (Rx) coils are all part of the prototype EV circuit system, which is controlled by an ESP8266
NodeMCU microcontroller. After detecting an EV in the assigned parking space and verifying that the Tx
and Rx coils are precisely aligned, the infrared sensor initiates wireless charging, resolving any misalignment
issues that can reduce charging efficiency. The designed wireless EV charging and monitoring system, which
uses inductive coupling WPT techniques, has a detailed block diagram illustrated in Figure 2. By using an
electromagnetic field, this technique transfers electrical energy without the use of wires or physical contacts.

EV Prototype
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Figure 2. Overview block diagram of the wireless EV charging and monitoring system

To assess the effectiveness of electromagnetic field transfer between the Tx and Rx coils, this study
explored the optimal air gap distance between them. The Tx coils are strategically positioned at the parking
spot, while the Rx coils are installed within the prototype EV. Various air gap distances were tested to
determine the configuration that achieves an optimal 5 V output. As underscored in the theoretical
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framework, the air gap between the Tx and Rx coils is a critical factor for efficient power transfer; therefore,
identifying the optimal configuration was a key focus of this investigation. Table 1 outlines the parameters
for the 20-turn coils utilized in this investigation. Furthermore, a time versus voltage analysis was conducted
to determine the duration necessary for fully charging the lithium-ion batteries and to assess their overall
efficiency. For this research, each lithium-ion battery was considered fully charged at 3.2 V. Detailed
findings from this analysis are thoroughly discussed in the results and discussion section.

Table 1. Overview of coil parameters

Parameter Unit
Input voltage 9-12V
Operating current 13A
Receiver output voltage 5VI2A
Transmitter coil size 43 mm
Receiver coil size 43 mm
Transmitter coil thickness 2.3 mm
Receiver coil thickness 1.2 mm

Receiver common distance  3-6 mm

Figures 3 and 4 illustrate the prototype model of the wireless EV charging system associated with
parking spots and Android mobile, the SWEVCS app developed in this study. This system comprises four
infrared sensors, Tx and Rx coils, and an ESP32 camera module, all employed to detect the presence of an
EV. The sensor operation, camera, and mobile application are synchronized through loT-based technology to
ensure seamless functionality. As depicted in Figure 3(a), the circuit system, integrated with the camera,
enables real-time monitoring of the EV while it is parked. This feature is essential for effectively managing
and overseeing the vehicle’s status within the parking spot. The real-time image of the parking position is
accessible via a mobile application. The Android mobile application, referred to as the SWEVCS app and
illustrated in Figure 3(b), includes a graphical user interface (GUI) with four user-controlled buttons for
operating the camera, initiating and halting battery charging, and monitoring the battery level.

Upon detection of an EV entering the parking spot by the sensors, the camera is activated to monitor
the vehicle’s alignment and parking position. When the EV is correctly positioned, the inductive coupling
coil begins charging. Electrical energy is transferred from the transmitting coil, located under the parking
spot, as shown in Figure 4(a), to the receiving coil within the prototype EV model as Figure 4(b). The EV
user can monitor the charging percentage via both the Android mobile application and the OLED display on
the EV model. The system utilizes an ESP32 NodeMCU module as the primary control unit, managing the
infrared sensors, relay module, ESP32 camera, and transmitter coil. A secondary ESP8266 NodeMCU
module controls the charging module, OLED display, and DC voltage sensor. The entire system is powered
by an AC source, which is converted to a DC supply by an AC-DC converter module.

START _CAMERA

Figure 3. Prototype EV parking spot model equipped with; (a) camera ESP32 module mounted at the parking
wall and (b) image GUI of SWEVCS app display on a mobile application
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(b)

Figure 4. Prototype EV parking spot model equipped with; (a) four sensors and Tx coils and (b) Rx coils
located at the bottom of EV prototype model

The wireless EV charging and monitoring system developed in this study enables users to oversee
the positioning of their EVs within the parking spot through the SWEVCS app, as illustrated in Figure 3(b).
Upon detection of the EV’s front by an infrared sensor positioned at the front of the parking spot, the ESP32
camera is activated. If the user selects the “start camera” option, the system initiates camera streaming via the
app, allowing the user to monitor the vehicle's position in real-time. Should the user opt not to activate the
camera, the system promptly advances to the next stage, which involves detection by the rear infrared
sensors. Once all four infrared sensors, both front and rear, confirm the presence of the EV, the camera is
deactivated. To begin the charging process, the user must click the “start charge” button in the program. This
button engages the transmitter coil, which uses the inductively coupled WPT method to charge the EV. Both
the SWEVCS app and the OLED screen allow users to keep an eye on the battery percentage. Users can view
the current battery percentage and voltage measurements by choosing the “battery level” button within the
application. Additionally, the app provides the option to press the “stop charge” button to end the charging
process once the desired battery level is reached. If this option is not used, the charging process will end
automatically when the battery is fully charged.

3. RESULTS AND DISCUSSION
3.1. Electric vehicle prototype charging model system

The experimental prototype model for a wireless EV charging and monitoring system using the
inductive WPT technology is verified in this part as a proof of concept. In the setting of 20-turn coils, the
development and testing of the parking slot systems and the EV prototype were conducted with an emphasis
on the change of the air gap distance between the Tx and Rx coils. According to earlier studies, one of the
most important factors in attaining effective charging performance is the air gap distance between the Tx and
Rx [17], [18], [25]-[30]. This study aimed to get a maximum battery charging voltage of 5 volts by analyzing
air gap distances from 0 mm to 14 mm. Power for the system is supplied by an AC-DC converter circuit,
which transforms 240 V AC into 5 V DC, essential for the operation of the ESP32 microcontroller and
infrared sensors.

The results indicate a maximum receiving voltage of 5 V was attained for air gaps between 0 mm
and 10 mm. However, as the air gap increased from 12 mm to 14 mm, the receiving voltage decreased to
4.5V and ultimately reached zero volts, as illustrated in Table 2. This decline in voltage with increasing air
gap distance aligns with theoretical expectations, given that a wider gap diminishes the strength of the
electromagnetic field, as discussed in section 2.1. These findings corroborate trends observed in similar
studies [26], [30], thus validating the methodology employed in this investigation. The results suggest that
further in-depth research, potentially examining additional parameters such as the number of coil turns, could
yield valuable insights into their effects on system performance, particularly concerning varying air gap
distances.

Wireless charging and monitoring system utilizing internet of things ... (Prabakaran A/L Kalaihrasan)
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Table 2. Results of the receiving voltage with a different air gap between Tx and Rx coils
Gap (mm)  Voltage (V)

0 5
2 5
4 5
6 5
8 5
10 5
12 4.5
14 0

This study provides a comprehensive analysis of battery charging times and efficiency within a
wireless EV charging system. The experimental configuration employed a 6 mm air gap between the
coupling coils (Tx and Rx), which was chosen for its ability to deliver a maximum receiving voltage of
5 volts. The observed charging times varied from 20 minutes to 160 minutes and involved testing two
lithium-ion batteries, each with a capacity of 3.2 volts, resulting in a combined total of 7.4 volts.

The results, presented in Table 3, indicate a significant increase in voltage with prolonged charging
durations. Specifically, after 20 minutes, the battery reached a minimum receiving voltage of 1.12 volts,
while achieving a full charge of 7.4 volts for both batteries required a total of 160 minutes. The efficiency of
the received voltage values from the lithium-ion batteries was calculated using (5), with the results depicted
in Figure 5. The study determined that full battery efficiency, defined as 100% charge, was attained within
160 minutes. This efficiency was positively impacted by the alignment system between the Tx and Rx coils,
facilitated by the loT-based sensing system employed in this project.

Table 3. Results of time charging versus voltage and efficiency
Charging tim (mins)  Voltage (V)  Efficiency (1) (%)

20 112 13.51
40 2.38 32.16
60 3.46 46.76
80 4.22 57.03
100 541 73.11
120 6.13 82.84
140 6.89 93.11
160 7.40 100

Battery charging time
7.4

8 6.89
7 6.13
6
25
(O]
?ED 4
5 3
=5 112
1
0
20 40 60 80 100 120 140 160
Time (mins)

Figure 5. Graph of receiving voltage versus charging time

The system used 20-turn coils; variations in coil size are expected to influence charging times, with
more turns potentially resulting in shorter charging durations and fewer turns necessitating longer times,
given the fixed air gap distance, which can be investigated further in this project. These findings are
consistent with the results reported by other researchers [18], [25], [30], underscoring the system’s
effectiveness in optimizing battery performance for wireless EV charging.
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Voltage obtained

Efficiency (n) = x 100 (5)

Total voltage
3.2. Electric vehicle prototype parking slot model system

Figure 6 illustrates the prototype parking space equipped with four infrared sensors and a transmitter
coil, as observed during the pilot testing phase of the LED condition. The four infrared sensors interface with
the ESP32 microcontroller, while the transmitter coil is connected to a relay module, which in turn is linked
to the ESP32. In the absence of power, the LED remains in the off state, as depicted in Figure 6(a).
Conversely, when power is supplied, the power LED on the infrared sensor illuminates, as shown in
Figure 6(b). This indicates that the infrared sensor has been activated and is prepared to detect the EV.

(b)

Figure 6. Parking spot with four infrared sensors and transmitter coil when; (a) power off and (b) power on

The integration of 10T technology and internet connectivity within the circuit system designed and
developed in this study has demonstrated successful functionality, as evidenced by the results in Figures 7 and 8.
This advancement effectively addresses and mitigates the alignment issues commonly associated with current
WPT methods. As illustrated in Figure 7(a), the entry of the EV model into the parking spot is detected by the
front infrared sensors (IR sensor 1 and IR sensor 2). This detection activates the ESP32-CAM module through the
relay module, enabling the live streaming of the parking spot to the mobile application. Upon pressing the “start
camera” button in the SWEVCS app, as shown in Figure 7(b), the camera stream initiates, and Figure 7(c)
displays the streaming view of the entire parking area via the mobile SWEVCS application.
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Figure 7. Parking spots that are streaming via the SWEVCS application; (a) parking spot with four infrared
sensors and transmitter coil, (b) GUI of mobile SWEVCS app, and (c) streaming image on mobile phone
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Once both the front and rear infrared sensors confirm the proper alignment of the EV prototype
model with the coupling coils, the ESP32-CAM module is deactivated. The charging process is initiated by
pressing the “start charge” button in the SWEVCS app. This action activates the transmitter coil, connected
to the relay module, to commence charging the EV prototype. Results in Figure 8(a) depict the fully parked
EV prototype with aligned coupling coils, while Figure 8(b) illustrates the SWEVCS app displaying the
battery percentage and voltage alongside the OLED display located on the EV prototype model. Users have
the option to terminate the charging process by selecting the “stop charge” button in the SWEVCS app. If the
“stop charge” button is not pressed, the system will automatically cease charging upon reaching the full
charge capacity of the EV prototype.

=) ST
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QN

‘\ EVPROTOTYPE /’ i
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IR SENSOR1 3 . 6 1
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Figure 8. Car position in the parking spot and charging status of; (a) EV prototype model fully entered the
parking spot and (b) display of the battery percentage and voltage on SWEVCS app

4. CONCLUSION

This project has successfully designed and developed a prototype wireless EV charging system that
offers real-time monitoring and control of the charging process through an Android mobile application,
leveraging 10T technology. The system effectively detected EVs in designated parking spots and displayed
battery status in real-time via the SWEVCS app, as intended. Utilizing inductive WPT with a 20-turn coil and
inductive coupling (Tx and Rx) in a circular pattern, along with static-WEVCS, the system’s infrared (IR)
sensors accurately identified the presence of EVs. Upon proper and precise alignment of the Tx and Rx coils,
the system-initiated charging and the battery percentage were displayed on both the Android SWEVCS
mobile app and an OLED screen. The successful integration of WPT with loT technology demonstrates the
system’s capability to address current EV charging challenges, providing a reliable, practical, and convenient
solution. This technology also holds promise for applications beyond EV charging, including potential uses
in the telecommunication industry and implantable biomedical devices. Future research will explore different
coil turns and air-gap distances between Tx and Rx to enhance charging efficiency and reduce charging
times.
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