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Abstract: The use of Electric Vehicles (EVs) is rapidly increasing due to their eco-friendliness and 

cost-effectiveness. However, the slow charging time of EVs remains a major barrier for their 

widespread adoption. To overcome this issue, the main focus of this project design and 

implementation of a Neural Network Controller (NNC) based Solid State Transformer (SST) for fast 

charging of EVs. The proposed SST system consists of a high-frequency transformer, a power 

converter, and an NNC-based controller. The transformer is designed to operate at a high frequency of 

10 kHz, enabling a reduction in the size and weight of the transformer. The power converter is used to 

deliver the high-frequency AC voltage generating by the transformer in-to the DC voltage that can be 

used to charge the EV battery. The proposed SST system offers several advantages over traditional 

charging systems, including higher efficiency, reduced size and weight, and improved power quality. 

The proposed system can also adapt to changes in the input voltage and current, making it suitable for 

use in different charging scenarios. Overall, this project proposes an innovative solution to improve 

the charging time of EVs by designing and implementing an NNC-based SST system. This project 

implemented on MATLAB/Simulink 2018a software. 

 

Keywords: Solid-state-transformer (SST), cascaded-H-bridge converter (CHB), DAB, level 3 fast 

charging, Neural Network (NN) Controller. 

 

IINTRODUCTION 

The goal of this project is to design and implement a neural network controller-based solid-state 

transformer for fast charging of electric vehicles (EVs). In recent years, EVs have become 

increasingly popular due to their environmental friendliness and low operating costs. However, one of 

the major challenges in the widespread adoption of EVs is the time it takes to charge them. Current 

charging technology relies on traditional transformers, which are limited in their ability to efficiently 

and quickly transfer power [1]-[3]. 

As oil supplies deplete, environmental concerns grow, and gasoline prices rise, the dependency on the 

gasoline supply chain increases. This has led to a greater focus on alternative automotive technologies 

such as electric, hydrogen, and biofuels [4]-[6]. 

 
FIG. 1: BLOCK DIAGRAM OF EVCS. 
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The replacement of internal combustion engine cars with electric vehicles (EVs) has been a major 

area of focus, owing to their potential to significantly reduce emissions and contribute to cleaner 

energy production. As the demand for EVs grows, the need for effective power conversion and 

charging solutions becomes even more critical [7]-[10]. To this end, various studies have emphasized 

the advantages of using multilevel converters, such as the CHB converter, which offers benefits like 

low switching frequency, reduced device voltage rating, and lower filter inductor requirements. In 

order to connect to the medium voltage grid without a transformer, it is necessary to integrate A dual 

active bridge (DAB) connecting each sub-module (SM) capacitor of the first stage to the second stage 

[10]–[11]. To overcome this challenge, this project proposes the use of a solid-state transformer 

(SST), which is a power electronics-based device that can efficiently and rapidly transfer power. 

Furthermore, a neural network controller will be implemented to regulate the SST and optimize its 

performance. The neural network will be trained using data obtained from simulations and 

experiments to accurately predict the optimal operating conditions of the SST [12]–[15]. 

The ultimate goal of this project is to demonstrate the feasibility and effectiveness of using an SST 

and neural network controller to fast-charge EVs. This could significantly reduce the charging time of 

EVs and improve their convenience and usability, thus contributing to their widespread adoption and 

the reduction of carbon emissions from the transportation sector. 

A transformer-less voltage grid is employed, and for Level 3 charging, a medium frequency 

transformer (MFT) provides the required galvanization isolation. The proposed NN-based topology 

for the control system is described in Section IV, while the results and discussion are presented in 

Section V. The study is organized as follows: Section I provides an introduction and literature review, 

Section II describes the system description, Section III outlines the control topology, and Section VI 

concludes the project. Finally, Section VII lists the references used in the study [16-21]. 

II. System Description: 

 
FIG. 2: DIAGRAM OF THE REVISED METHOD CHARGING POINT. 

The proposed model for the FCS is shown in Fig. 1, first converter covert the power AC-DC and 

second converter convert the power DC-AC. Here dual active bridge (DAB) is a type of power 

converter that can convert high voltage DC power to low voltage DC power, or vice versa, with high 

efficiency. It consists of two active bridges, which are connected by a high frequency transformer. 

The active bridges are made up of four switches each (usually MOSFETs or IGBTs), which are 

arranged in a bridge configuration. Each active bridge is connected to its own DC power source 

(usually a battery or a DC power supply), and the transformer is connected between the two 

bridges.When the switches in one of the active bridges are turned on, current flows through the 

primary winding of the transformer and induces a voltage in the secondary winding. The voltage 

induced in the secondary winding is then rectified by the switches in the other active bridge, and the 

resulting DC voltage is output to the load. 

The DAB offers a number of advantages over other power converter topologies, including high 

efficiency, low electromagnetic interference (EMI), and the ability to operate at high frequencies. It is 

commonly used in applications such as electric vehicle charging, renewable energy systems, and 

industrial power supplies. 
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Front-end CHB rectifier 

A front-end CHB (Capacitor-Clamped H-Bridge) rectifier is a power electronic circuit used for AC-

DC power conversion in high-power applications. It is a type of multi-level converter that uses a 

series of capacitors to create voltage levels between the positive and negative rails of the DC output 

voltage. The CHB rectifier consists of an H-bridge inverter on the input side, which is connected to 

the AC power source, and a set of capacitors and diodes on the output side, which are connected in a 

specific configuration to generate the desired DC voltage. The CHB rectifier has several advantages 

over traditional single-level rectifiers, including higher efficiency, lower harmonic distortion, and 

reduced stress on the power supply and other components. It is commonly used in applications such as 

renewable energy systems, electric vehicles, and industrial motor drives. 

A. An isolated BDC 

The IBDC is built using a DAB, which is formed by coupling two H-bridges with a medium 

frequency transformer. This configuration not only provides the necessary isolation for voltage 

transformation but also enhances the converter's voltage transformation ratio. The main emphasis is 

on the control strategy for the IBDC, which is designed to regulate the dc voltage and maintain power 

balance across the three-phase output. 

 
FIG. 3 GATE PULSE OF DAB CONVERTER 

An isolated bi-directional converter (BDC) is an electronic device that is used to convert electrical 

power from one form to another, while also providing electrical isolation between the input and 

output circuits. 

Unlike traditional converters, which typically convert power in only one direction, bi-directional 

converters can convert power in both directions, allowing energy to flow back and forth between the 

input and output circuits. Isolation is provided by using a transformer or some other form of isolation 

circuitry, which prevents electrical noise or voltage transients from being transferred from the input to 

the output circuit. 

Isolated bi-directional converters are commonly used in a wide range of applications, including 

renewable energy systems, battery energy storage systems, electric vehicles, and other power 

conversion applications where high efficiency and reliable power conversion are required. 

𝑃 =  
𝑛𝑉𝑐,𝑥−𝑗×𝑉𝑐,𝑥−𝐹𝐶

4𝐿𝑙,𝑥−𝑗×𝑓𝑠
× {2∆2 − 2∆2

2 − ∆1
2     0 < ∆1< ∆2< 1 

{2∆2 − 2∆2∆1 −  ∆2
2   0 < ∆2 < ∆1< 1              (1) 

The expression” n“indicates the turn ratio of the MFT, whereas fs defines the switching frequency of 

the system," is one way to put it. 

III.CONTROLING PART OF EVCS 

The phrase "The whole control system of the FC station is composed of two essential components: 

control of the front-end cascaded converter and control of the IBDC" may be rephrased as follows: 

The FC station's comprehensive control system consists of two main elements, is charge of 

controlling the IBDC and the front-end cascaded converter. 

Control Topology of Front-end CHB converter 

Both grid synchronisation operation and power balancing management are included in the control 

strategy for the CHB converter, as shown in Figure 4. 

(i). Grid Synchronization Controller: 
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A Grid Synchronization Controller measures the frequency and voltage of the electrical grid and 

adjusts the output of the renewable energy source to match it. This ensures that the renewable energy 

source is synchronized with the grid and can feed power into it safely and efficiently. 

[ 𝐷𝑑𝑗 𝐷𝑞𝑗 ] [
𝑖𝑗,𝑑

𝑖𝑗,𝑞
] – 3𝐶𝑥−𝑗

𝑑

𝑑𝑡
𝑣𝑐𝑥−𝑗

− 3𝑖𝐷𝐴𝐵 = 0     (2) 

The average capacitor voltage VC, represented in d-q notation, can be expressed in terms of the 

modulation index D, as well as the filter resistance Rf and inductance Lf, in the synchronously rotating 

reference frame. 

(ii). Power Balancing Control: 

Power balancing control is a method used to maintain the balance between the generation and 

consumption of electrical power in a power system. This is important to ensure the stability and 

reliability of the power grid, as any imbalance between power supply and demand can cause voltage 

and frequency fluctuations, which can lead to blackouts and damage to electrical equipment. The 

main aim of the control system is to ensure that power is distributed evenly among the three phases. 

To accomplish this, the delta-connected clusters of the converter produce a zero-sequence current. 

The ZSC required to balance the power distribution is shown in the phasor diagram of Figure 5.

 
FIG. 4: THE CONTROLING PART O/P SIDE DAB 

The control strategy for injecting the required ZSC is displayed in the balancing controller section of 

Figure 4. This strategy enables the determination of the imbalance ratio of each cluster, namely AB, 

BC, or CA. 

 
FIG. 5 SHOWS THE FRONT-END CONVERTER CONTROL SCHEME. 

IV. PROPOSE NN BASED TOPOLOGY 

 
Figure 6: Structure of NN Controller 

In this study, an architecture based on a neural network (NN) is utilized to regulate the voltage on the 

DC connection. The structural layout of the NN controller is illustrated in the accompanying graphic. 
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A neural network is a machine learning architecture inspired by the organization and functionality of 

the human brain, and is comprised of interconnected layers of nodes or neurons. The nodes in the 

input layer of a neural network are responsible for receiving input data, whereas the output layer's 

nodes generate the network's output. The hidden layers, which are positioned between the input and 

output layers, execute a sequence of mathematical operations on the input data and produce the final 

output. Large datasets can be used to train neural networks, allowing them to identify patterns and 

relationships within the data. Throughout the training procedure, the weights and biases of the 

neurons in the network are tuned to minimize the disparity between the anticipated output and the real 

output. Back propagation is a common technique used to accomplish this process. 

Neural networks have very applicable v-cycle based model-based-development, and game playing. 

They are also used in many industries, such as finance, healthcare, and manufacturing, to make 

predictions, classify data, and detect anomalies. 

V.  RESULTS & DISCUSSION: 

The simulation studies focus on an 11kV MV grid-connected FC station with a capacity of 1.2 MVA. 

The Simulink model for the proposed system is shown below Section B. 

A. PI CONTROLLER BASED RESULTS: 

 
(a) 

 
(b) 

 
(c) 

 



   BioGecko                                                           Vol 12 Issue 02 2023                                                                                                                                                                                                

                                                      ISSN NO: 2230-5807 
 

2248 

A Journal for New Zealand Herpetology    

 

(d) 

 
(e) 

 
(f) 

Fig. 6 illustrates the simulation results with the balancing controller activated at 2 seconds. The 

following parameters are analysed: (a) the average voltage of the capacitors in each phase. (b) 

The grid currents prior to the activation of the balancing controller. (c) The cluster currents 

prior to the activation of the balancing controller. (d) The grid voltages. (e) The voltage is 

present at the input of the CHB. (f) The obtained currents from grid are after the activation of 

the balancing controller. 

 
(g) 

 
(h) 

 
(i) 
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Figure 7 illustrates the power readings taken from three fast charging ports: (g) the 800 V FC 

port, (h) the 400 V FC port, and (i) the 48 V FC port. 

 
(j) 

 
(k) 

 
(l) 

Fig. 8 shows the variation of State of Charge (SOC) of batteries at three different fast charging 

ports: (j) 800V FC Port, (k) 400V FC Port, and (l) 48V FC Port. 

 
(m) 

 
(n) 
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(o) 

Figure 9 depicts three different aspects: (m) Grid Currents, (n) Cluster Currents, and (o) 

Average Capacitor Voltages of each cluster. 

B. NEURAL NETWORK BASED RESULTS 

 
FIG 10: PROPOSED SIMULATION MODEL 

 
10.1 

 
10.2 
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10.3 

 
10.4 

 

 
10.5 

 

The figure above 10.1 to 10.5 indicates that NN controllers are superior to PI controllers in terms of 

performance. The effectiveness of the ZCS balancing controller is demonstrated in a simulation where 

a 48V FCP and an 800V FCP operate at their rated loads, and a 400V FC port generates a nominal 

power of 0.52 PU. Prior to the activation of the balancing controller (b) the clusters of SMs exhibit 

average capacitor voltages that deviate from their reference values, and the grid currents are 

unbalanced. The figure demonstrates how the ZCS balancing controller effectively resolves these 

issues. Figures 10.3 to 10.5 provide a close-up view of the grid voltage, CHB voltage, grid current 

(GC), and cluster currents (CC) following the activation of the balancing controller (t1)-(g). Despite 

the presence of unbalanced cluster currents, each SM cluster's capacitor voltage tends towards its 

reference value, and the PI controller is able to balance the grid currents. Moreover, a NN controller is 

employed to minimize harmonics and improve stability in comparison to the previously mentioned 

data. 

 
10.6 
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10.7 

 
10.8 

The control system's overall performance is evaluated in the range of results 10.6 to 10.8 using a 

charge profile that replicates real-world scenarios with unpredictable fluctuations. The simulation 

assumes that the photovoltaic components of each fuel cell port operate at their maximum power level 

during the test. Figure 8 illustrates three separate power variations: the power demands of the electric 

vehicle (EV) battery, the maximum power point (MPP) power generated by the photovoltaic (PV) 

system, and the power stored in batteries located at the 800V, 400V, and 48V fuel cell ports (FCP). 

The PV power output is also taken into account. In particular, the setup involves connecting one EV 

to the 400V FCP, another EV to the 800V FCP, and two EVs to the 48V FCP. One EV arrives at the 

400V FCP after five minutes, and another at the 800V FCP after ten minutes. Typically, it takes 15 

minutes to fully charge an EV, although this duration may vary based on the initial state of charge 

(SOC) of the EV battery. 

Under mode 1a, the FC station supplies power to charge one EV on each grid for 0 to 5 seconds, 

drawing from the installed PV and battery on each grid. At the 5-minute mark, the power 

consumption at the 800V and 48V FCPs exceeds the battery output at the 400V FCP, leading to some 

of the required power being sourced through circulating current. To maintain system stability, a PI 

controller and a neural network are employed. By utilizing a neural network to analyse the 

aforementioned data, it is possible to minimize harmonics and improve system stability. 

 

 
10.9 
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10.11 

 
10.12 

 
10.13 

 
10.14 

 
10.15 

Each cluster's average capacity voltage is shown in Figure 10.13 and 10.15. 

Figures 10.9 to 10.12 depict a neural network (NN)-based system for State of Charge (SOC) control, 

with SOC variation ranging from 20% to 80%. Figure 10.11 displays the grid current, delta cluster 

current, and typical SM capacitor voltages for each cluster. While the grid currents are balanced, the 

delta cluster currents are unbalanced. To maintain the S-M capacitor voltages at their reference 

values, a Proportional-Integral (PI) controller and a neural network have been implemented. However, 

based on data comparison, the utilization of a neural network results in reduced harmonics and 

improved stability. 

 

VI. CONCLUSION: 

Based on the research and development of a neural network controller based solid-state transformer 

for fast charging of electric vehicles, the following conclusions can be drawn: 

1. The use of a solid-state transformer can significantly improve the efficiency and power density of 

EV chargers. Compared to traditional transformers, solid-state transformers offer higher 

efficiency, better control, and smaller size. 
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2. The neural network controller provides an intelligent way to control the charging process and 

optimize the power transfer. By using real-time data from the charging system and the grid, the 

controller can adjust the charging parameters to ensure safe and efficient charging. 

3. The combination of solid-state transformer and neural network controller provides a powerful 

solution for fast charging of EVs. The system can provide high power density, high efficiency, 

and fast charging speeds, while also ensuring safety and reliability. 

4. The development of this system is an important step towards the widespread adoption of EVs. 

Fast and efficient charging is critical to the success of EVs, and the use of solid-state 

transformers and neural network controllers can help toovercome the challenges of charging 

infrastructure. 

Overall, the neural network controller based solid-state transformer for fast charging of EVs is a 

promising technology that has the potential to revolutionize the EV industry. With further 

research and development, this system could become the standard for fast charging of EVs, and 

help to accelerate the transition to a more sustainable transportation system. 
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