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H I G H L I G H T S  
 

A B S T R A C T  

  Wireless charging for electric vehicles 
enables cable-free charging, enhancing 
convenience for drivers 

   Recent advancements have significantly 
improved this technology, simplifying the 
charging process 

   Enhancement of wireless charging 
efficiency for faster and more driver-friendly 
performance 

   DC-DC boost converter raised the 
transferred voltage to 800 V within 20 KHz 
to reduce the wave signal ripple. 

  The system's ability to charge the battery to 
100% in just 900 seconds is a major 
advantage for wireless charging. 

 This study concentrated on utilizing a neural network controller and inductive 
power transfer to enhance the electric vehicle charging. Electric vehicles are a key 
transportation system component since they lower fuel costs, noise levels, and 
carbon emissions. The charging duration and operational battery efficiency are the 
primary obstacles to wireless charging in electric vehicles. In the beginning, the 

system was designed. It included the primary side (grid, rectifier, DC-DC boost 
converter, and DC-AC high-frequency inverter), mutual inductance (one coil 
transmitter and six coils receiver), and secondary side (single-phase rectifier and 
battery pack). A neural network controller has been employed to control the 
current and voltage to get fast charging. The simulation design and control have 
been simulated using MATLAB 2022b. As a result, the DC-DC boost converter 
raised the transferred voltage to 800 V within 20 KHz to reduce the wave signal 
ripple. In comparison, a neural network controller kept the transfer voltage and 

constant current to 800 V and 100 A during charging from 10% to 100%. 
Moreover, a neural network controller worked on charging the system within 15 
minutes as a fast-charging technique. Also, the behavior and value of the voltage 
transmitted to the battery have been verified. 

Keywords:  
Wireless charging; EVs; Neural networks; IPT; 

Battery charge. 

1. Introduction 

Electric vehicles (EVs) have risen rapidly due to decreasing dioxide emissions, and power source electricity is much less 
expensive than gasoline. As a result, there is a need for continuous enhancements to charging infrastructure, particularly wireless 

infrastructure, which must work with both public and residential charging stations and be made for private, business, and public 

uses [1,2]. Wireless power transmission technology can do away with cables, making electronic gadgets more portable, 

convenient, and safe for all users than cable connections. Therefore, the availability of wireless charging stations addresses the 

issues of charger connectivity, charging time, and range anxiety—possibly the largest barriers to the broad use of EVs [3]. 

Capacitive Wireless Charging System (CWCS), Permanent Magnetic Gear Wireless Charging System (PMWC), Inductive 

Wireless Charging System (IWCS), and Resonant Inductive Wireless Charging System (RIWC) are the four wireless power 

transmission (WPT) technologies. Several techniques exist for WPT, with the capacitive and inductive approaches having the 

most practical applications. IPT and RIWC are the most used techniques for working with various power outputs and gap sizes. 

Moreover, IPT may be utilized for large air gaps of several meters and has a substantially larger output power than CPT. At the 

same time, CPT is only appropriate for power transfer with naturally narrow gap distances because of limitations on the generated 
voltage and is only suitable for low-power applications with extremely tiny air gaps between 10 to 4 m [4]. On the other hand, 

Microwaves may transmit power over great distances and with high output power using frequencies between 1 GHz and 1000 

GHz. This technology is expensive and harmful to humans [5,6].  

Compensation circuits, including an inductor and a capacitor, should be considered when applying WPT using IPT. There 

are four categories of basic compensation topologies: Series-Series (SS), Series-Parallel (SP), Parallel-Parallel (PP), and Parallel-

Series (PS) [7,8]. Regarding power transfer efficiency and maximum output power, SS- topology proved to be better than SP- 

topology, which maintains high efficiency throughout the WPT process but depends on variations in resonance frequency and 

coupling coefficient [9]. Many researchers have concentrated on battery conservation strategies based on the principles of 
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constant voltage or constant current by employing control theories, such as proportional-integral (PI), fuzzy logic, and adaptive 

neuro-fuzzy (ANFIS) controllers. These theories can control the voltage of the primary side or the voltage and current of the 
secondary side. It was the most effective because it simultaneously used nonlinear control theories to control voltage and current 

[10-13]. Finally, the power transfer procedure achieved roughly 6.6 KW to 50 KW in 30 minutes by connecting compensatory 

circuits (SS and SP) utilizing the IWCS and RIWC techniques. Researchers are still interested in finding ways to improve the 

efficiency of charging batteries faster by increasing the transferred power [14-17]. In this research, a current and voltage strategy 

were controlled together via the neural network. The artificial neural networks (ANN) controller determines the number of 

secondary coils to get a higher transferred power depending on the S-S connection topology that was not used before. This study 

presents the fundamental idea of the wireless charging system, the charging of electric vehicles, and a mathematical model. 

Section II focuses on the equation and equivalent circuit model.  

2. Wireless charging  
This section deals with the wireless power transmission work principle and presents the mathematical equation for wireless 

power transmission.   

2.1 Wireless charging system for electric vehicle charging 

The wireless charging system states that several elements, including air gaps, size, form, and material, should be considered 

to improve the power transfer. How to charge an electric vehicle's battery from the grid is explained in Figure 1. The charging 

procedure from grid to battery return can be broken down into four steps: using a rectifier to convert the voltage from AC to DC, 

using an inverter to convert the DC to AC with high frequency, using mutual inductance to transfer the power, and using a 

rectifier to convert the voltage from AC to DC [18,19]. 

 

Figure 1: Wireless power transfer system for electric vehicle 

2.2  Mathematical model of wireless power transfer (WPT) 

The four compensation topologies, series-series (S-S), Parallel-Parallel (P-P), Parallel-Series (P-S), and Series-Parallel (S-P), are 

the most common compensation types utilized in the sending and receiving circuits of the wireless power transmission system. The 

equivalent circuit model from WPT is based on the locations of the compensatory capacitor for the coil [20, 21]. Figure 2 shows the 

equivalent circuit for the WPT system, which contains one transmitting coil while the receiver side continues with multiple coils. 

 

Figure 2: Simplified circuit model of the WPT system 

The given circuit is represented mathematically using Kirchhoff's voltage law. The following is an expression for the voltage 

that passes through the transmitting coil [7]: 

𝑉𝑠 = (𝑅1 + 𝑗𝜔0𝐿1 +  
1

𝑗𝜔0𝑐1
) 𝐼1 + 𝑗𝜔0𝑀𝐼2                              (1) 
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Where the supply voltage is 𝑉𝑠, mutual inductance is 𝑀, primary and secondary currents are 𝐼1 and 𝐼2 respectively, angular 

frequency is ω0, and primary resistance, inductance, and capacitance are 𝑅1, 𝐿1and 𝑐1 respectively. When Kirchhoff's law is 

applied to the circuit's receiver side, it produces: 

 0 = (𝑅2 + 𝑗𝜔0𝐿2 +
1

𝑗𝜔0𝑐2
) 𝐼2 + 𝑗𝜔0𝑀𝐼1 (2) 

Where the secondary resistance, inductance, and capacitance are denoted by R2, L2 and c2 respectively. A matrix below can 

be used to express Equations (1) and (2): 

 [
𝑍1 𝑍𝑚

𝑍𝑚 𝑍2 + 𝑍𝐿
] [

𝐼1

𝐼2
] = [

𝑉𝑠

0
]    (3) 

The parameters of the mutual impedance (𝑍𝑚) load impedance (ZL), primary coil impedance (Z1), and secondary coil (Z2) 

are represented according to Equations (4- 7), respectively. 

 𝑍1 = (𝑅1 + 𝑗𝜔0𝐿1 +
1

𝑗𝜔0𝑐1
)  (4) 

 𝑍2 = (𝑅2 + 𝑗𝜔0𝐿2 +
1

𝑗𝜔0𝑐2
)   (5) 

 𝑍𝑚 = (𝑗𝜔0𝑀)   (6) 

    The primary and secondary currents can be estimated by resolving Equation (3) to be: 

 𝑍𝐿 = (𝑅𝐿)   (7) 

 𝐼1 =
𝑉𝑠(𝑍2+𝑍𝐿)

𝑍1(𝑍2+𝑍𝐿)−𝑍𝑚
2  (8) 

 𝐼2 =
𝑉𝑠𝑍𝑚

𝑍1(𝑍2+𝑍𝐿)−𝑍𝑚
2   (9) 

    The induced voltage from the primary to the secondary coils can be found by: 

 𝑉12 = 𝑍𝑚𝐼2 (10) 

The value of the reflected impedance (𝑍𝑟) depends on three parameters: load impedance, capacitance, and receiver impedance, 

which come from dividing the transmitter-dependent voltage by the transmitter current, as shown in Equation (11).   

 𝑍𝑟 = 𝑉12/𝐼1 = 𝑍𝑚
2 /(𝑍2+𝑍𝐿) (11) 

While the relationship between the primary and reflected impedances to find input impedance (𝑍𝑖𝑛) as shown in Equation 

(12).   

 𝑍𝑖𝑛 = 𝑍1/𝑍𝑚
2 /(𝑍2+𝑍𝐿)   (12) 

    Finally, Equations (13) and (14) are used to calculate the transmitted power (𝑃𝑡) and output power (𝑃𝐿) [7]:  

 𝑃𝐿 = 𝑅𝑒(𝑍𝐿
∗)|𝐼2|2/2  (13) 

   𝑃𝑡 = 𝑅𝑒(𝑍𝑚
∗ )|𝐼1|2/2  (14)   

3. System methodology design 

This section deals with coil design and methodology of artificial neural networks  

3.1  Coil parameters 

This study tested the effectiveness of a dynamic WPT system for EV charging that uses a converter and a controller. The 

WPT system still works, consisting of 19 transmitter coils and one receiver coil. The coil in this research was designed based on 

a previous study, and the parameters of this coil are 20 turns, 70 mm inner radius, 3 mm wire radius, 2 mm air gap between turns, 

and 170 mm outer radius. Each coil is circular and the same size [7].  

3.2  Neural network controller  

The process of data processing in the human brain is similar to that of artificial neural networks (ANN), considered one of 

the computational methods. Interconnected nodes (also known as "neurons") are arranged in input, hidden, and output layers, 
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which form the main structure of ANNs.  When the network gains knowledge from data, the weight assigned to each connection 

between nodes changes. ANNs are employed for several applications, such as pattern recognition, the healthcare industry for X-

ray detection, and armed attack analysis [22]. Figure 3 shows a block diagram of an ANN algorithm structure. 

 
Figure 3: Structure of the ANN algorithm construction [22] 

According to prior research [23], ANN control performance was one of the optimal methods for controlling dynamic systems 

in different fields. It can be represented as a mathematical equation, as shown in equation 15, for each input layer, hidden layer, 

and output layer.  

 𝑦 = 𝑥1𝑤1 + 𝑥2𝑤2 + ⋯ + 𝑥𝑛𝑤𝑛 + 𝑏 (15) 

where, 𝑥 represents the input data, 𝑦 represents the output data, 𝑏 represents the bias and 𝑤 represents the weight.  

4. Results and discussion   

The EVs were designed with both a primary and secondary side. A three-phase voltage source (380 volts and 50 Hz), an 

AC-DC converter, and a DC-DC boost converter type diode comprise the first part to generate high voltages. The electricity is 

converted to DC-AC high frequency using an inverter-type insulated-gate bipolar transistor (IGBT). A lithium-ion battery, an 

AC-DC rectifier, and mutual inductance (six coils) make up the receiving part, as shown in Figure 4. The simulation design has 

been implemented using MATLAB 2022b. Table 1 also shows the characteristics of the simulation model for the EV wireless 

charging system based on the electrical circuit components. 

Table 1:  The characteristics of the EV system 

Parameters Value 

Input voltage 380 V 

L for ac-dc converters 200mH 

C for ac-dc converters 5000µF 

Switching frequency 20KHz 

L for dc-cd boost converter 250µH 

C for dc-cd boost converter 0.0005F 

Switching frequency for DC-AC converter 20KHz 

L filter 2mH 

Mutual inductance  

Rm 

Lm 

0.005Ω 

85.4 µH 

Battery Parameters  

Type of Battery Lithium-Ion  

Nominal voltage 800 v 

Initial state-of-charge (%) 50 % 
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Figure 4: MATLAB simulation model for wireless charging of EV with ANN 



Basma A. Abbas et al. Engineering and Technology Journal 43 (08) (2025) 631-640 

 

636 

This research employed a constant current-constant voltage (CC-CV) control method with an artificial neural network 

controller (ANNC) to maintain a constant current and voltage throughout a certain charging stage. This design improved the 
system's efficiency and battery life. The technique was improved by connecting numerous coils in parallel with the primary 

receiving coil, which is triggered based on the battery's charging requirements. This procedure is managed by an intelligent 

selection circuit driven by the intelligent neural network, which optimizes the charging path based on the battery's state and 

charging needs. The feed-forward neural network was utilized, which has three layers: one input, one hidden, and one output. 

Fifteen thousand data points were divided into three categories: 9,000 for training, 3,000 for validation, and 3,000 for testing. 

Figure 5 (a) represents the error curves with the number of epochs (the number of iterations in which the neural network weights 

were updated during training) resulting from training a neural network model, where the blue curve represents the error on the 

training data, the green curve represents the error on the validation data and the red curve represents the error on the test data. In 

contrast, the green circle indicates where the model achieved the best performance on the validation data and represents the 

lowest validation error. The diagram is displayed using a logarithmic scale, which helps display the large error-value changes. 

At first, the error appeared very high for all data (training, validation, test), which was normal because the model had not been 
learned yet. As the training progresses (increasing the number of epochs), the error on the training data decreases significantly 

as the model improves its representation of the data. It is noticeable that the validation error follows the same pattern but becomes 

stable at a certain point, where at epoch 222, the model achieves the lowest validation error (0.052456), indicating that this is the 

optimal model before any possibility of increasing complexity or overfitting occurs, while the red line (test) shows the 

performance of the final model after training which seems close to the validation performance. The results show that the best 

performance is achieved at epoch 222. In comparison, the curves show that the model is well optimized without overfitting, as 

there is no significant increase in validation error after the optimal epoch. In conclusion, the neural network performed best at 

epoch 222, balancing training accuracy and validation generalization ability. This indicates that the model is well-optimized and 

can effectively predict new data within the given limits. Figure 5 (b) shows the relationship between the outputs of the neural 

network model and the actual targets for the training, validation, and testing stages, as well as all the data together. Each graph 

represents a relationship between the neural network's target and predicted values (Output).  

 

(a) 

 

(b) 

Figure 5: The ANN training performance matrices are (a) mean square error (MSE) performance 
measure and (b) regression (ROC) measure 
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The Y = T lines (dashed line) represent the ideal relationship between the outputs and the target values, where the predicted 

values should equal the actual values. In Training, the blue graph shows the neural network's performance on the training data, 
and the correlation coefficient (R) at this stage is equal to 0.9883, indicating a high agreement between the outputs and the target 

values. In contrast, the green graph in Validation shows the network's performance on the validation data. The correlation 

coefficient (R) equals 0.98832, indicating the model has good generalization ability. In the test (test), the red graph shows the 

neural network's performance on the test data. The correlation coefficient (R) is equal to 0.98821, reflecting the consistent 

performance of the model on new data. Finally, the black graph (all data) shows the combined training, validation, and test data. 

At the same time, the correlation coefficient (R) equals 0.98818, indicating that the model shows strong and consistent 

performance across all data. The correlation coefficient (R) was very close to the ideal value (1), indicating that the outputs 

generated by the model are highly consistent with the real targets. The points close to the Y = T line show that the errors are few, 

indicating that the neural network was able to learn well and achieve predictions with high accuracy. The results showed that the 

model trained using the neural network performed excellently across the training and validation stages. For the test, the high 

correlation coefficient and the distribution of points close to the ideal line indicate that the model has good generalization ability 
and high accuracy in predicting target values.  

Figure 6 shows the relationship between the voltage measured in volts (V) and time in seconds (sec), where the charging 

process is controlled using a neural network controller to ensure that the voltage is maintained at a value close to 800 volts. At 

the beginning of charging, we notice a rapid increase in the voltage from a value close to 785 volts to about 800 volts during the 

first 100 seconds. This behavior indicates the first stage of charging, fast charging, in which the neural network controller operates 

the largest number of coils to achieve rapid stability. At this stage, the current flow is high to facilitate fast battery charging. 

After the voltage rises quickly at the beginning, the charging process begins to slow down gradually, where we notice a slight 

increase in the voltage after 100 seconds until the end of the period (900 seconds). This slow change indicates that the neural 

network controller adapts to the dynamic system (battery dynamics) to ensure that charging continues with high efficiency and 

prevents any fluctuations or sudden drops in voltage. Next, we notice that the voltage increases slowly and almost linearly from 

800V to about 805V at the end of the graph. This behavior indicates that the battery is approaching full charge (State of Charge), 

where the neural network controller precisely controls the voltage to maintain the stability of the charging process and prevent 
exceeding the safe limits of the battery. The results from the graph show that the neural network controller succeeded in 

maintaining the voltage value very close to 800V throughout the charging period, as it worked very efficiently to maintain a 

balance between charging speed and battery protection, which is ideal for use in electric vehicles.  

 

Figure 6: Battery voltage 

Figure 7 shows the relationship curve between the electric current and time during the wireless charging process of an electric 

vehicle using the ANNC. At the beginning of the charging process, the current rises rapidly from 0 amperes to about 40 amperes, 

indicating an immediate response of the system to deliver energy to the battery. This part reflects the dynamic performance of 

the ANNC, which begins to adjust the current quickly. In the second stage, which starts from 100 to 600 seconds, the current 

gradually increases from 40 amperes until it reaches 90 amperes. The increase is smooth and free of significant fluctuations, 
indicating that the neural network controller continuously monitors the current and adjusts it based on the battery's condition to 

ensure safe charging. When the time approaches 900 seconds, the current reaches the target value of 100 amperes and stabilizes. 

This indicates the efficiency of the ANNC in maintaining the required current with high accuracy and ensuring the effective 

continuation of charging. Here, the role of the neural network controller appears as it works to improve the performance of the 

charging process by continuously adapting to system changes (such as battery conditions and energy needs). It is characterized 

by its ability to stabilize the electric current at the required value (100 amperes) without exceeding it or causing fluctuations that 
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lead to instability of charging. On the other hand, the ability to adjust the current in this way means that the system can avoid 

overcharging or technical problems such as overheating. Also, the stable current of 100 amps achieves an ideal charging speed 
without stressing the battery, which increases the efficiency of the charging process and extends the battery life. The results 

showed that the performance of the ANNC in controlling the wireless charging process is characterized by its ability to gradually 

reach the target current (100 amps) and maintain the current at the required value steadily and stably, in addition to ensuring the 

efficiency and safety of charging without fluctuations or excesses. 

 

Figure 7: Battery current 

Figure 8 shows the electric battery's state of charge (SOC) during the wireless charging. The charging process was controlled 

using ANNC, which controlled the number of secondary coils (six coils connected in parallel) to achieve charging the 100 Ah 

battery as quickly as possible within 900 seconds. The SOC starts at approximately 10% and increases rapidly in the first 200 

seconds. At this stage, power is transferred very efficiently through the secondary coils with the help of the precise coordination 
of the ANNC. After that, the charging rate gradually decreases, reaching about 80%. This slowdown is normal and occurs due 

to the characteristics of batteries, where the efficiency of receiving energy decreases as the battery approaches its maximum 

state. After that, the charging percentage gradually approaches 100%, stabilizing the curve. Here, the role of the ANNC appears 

in controlling the number of activated secondary coils based on the battery state, which ensures maximum energy transfer 

efficiency.  

 

Figure 8: State of charge battery 
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On the other hand, the current and voltage were adjusted to charge the battery smoothly without excessive stress or the risk 

of overheating. By contributing to the intelligent control of the coils and the perfect balance of energy, the battery was fully 
charged in a record time of 900 seconds. The system’s ability to charge the battery to 100% in a very short time of 900 seconds 

is a great advantage for wireless charging systems. It is noted that there were no sharp fluctuations or oscillations, indicating the 

efficiency of the system and the stability of the charging process. 

This research was verified with other research that indicated the current range of fast charging is between 100-400A, whereas 

in this study, the current value was 100 A [24]. On the other hand, the behavior and value of the voltage supplied to the battery 

(800 V) in this research were verified with the behavior of the voltage in the study, where the researcher used fuzzy and ANFIC 

controllers to control the current only as shown in Figure 9 [12].  

 

Figure 9: Voltage DC 

5. Conclusion 

Inductive power transfer technology with an intelligent controller has been proposed in this paper. The neural network 

controller maintained a voltage value close to 800 V throughout the charging period. It worked very efficiently to maintain a 

balance between charging speed and battery protection. Also, the performance of the ANNC was characterized by its ability to 

gradually reach the current target (100 amps) and maintain the current at the required value steadily and stably, in addition to 

ensuring the efficiency and safety of charging without fluctuations or excesses. Finally, the system’s ability to charge the battery 

up to 100 % in a very short time of 900 seconds was a great advantage for wireless charging systems. On the other hand, it was 

noted that there were no sharp fluctuations or oscillations in the efficiency of the system and the stability of the charging process. 
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