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This study focuses on two key goals: maximising wind power and providing the system with high-quality electricity. A permanent-

magnet synchronous generator and an embedded Z-source inverter are used in this setup to increase the voltage. The Permanent 

Magnet Synchronous Generator is employed for its unique features, including excellent performance, low weight and volume, and the 

fact that it doesn't require an external power source to excite its permanent magnets. The DC-link embedded Z-Source inverter is 

used to connect this generator to the electrical grid. Typically, the Z-Source connection requires many turns in the transformer 

winding; however, in this case, lower-rated windings are used for inductance instead of the transformer. Thus, the voltage gain is also 

balanced by the parallel capacitances. Moreover, symmetrical voltage and current distribution across the network, as well as reduced 

voltage stresses, are benefits of embedded technology. The recommended method, the embedded Z-Source inverter, is specifically 

controlled by a fuzzy logic controller that also tracks the maximum power to the wind system and reduces total harmonic distortion 

by 0.86%, as recorded in MATLAB. However, results were also confirmed from an experimental prototype perspective. 

 

1. INTRODUCTION 

A lot of work has been done in recent years to improve 

power quality using power electronic devices and variable 

generators. In places where traditional generating is not 

feasible, small-scale independent wind energy devices are a 

vital alternative source of electrical energy. Unfortunately, 

most of these devices cannot capture power at all wind 

speeds, especially if the wind speed is low, which can be 

very frequent but low power. Nonetheless, the most effective 

power conversion from mechanical to electrical energy is 

provided by contemporary permanent magnets, because it 

doesn't need an additional DC source for the excitation 

circuit (winding) and is reliable and safe during normal 

operation. The permanent magnet synchronous generator 

(PMSG) has the most benefits of any generator used in wind 

turbines. Maximising wind energy and supplying the system 

with high-quality electricity are two of WECS's main 

objectives. One of the best topologies for WECS to 

accomplish these objectives is the AC–DC–AC converter. 

Let's now discuss the literature review articles that follow. 

The results of the IG and DFIG systems are displayed 

and examined in this survey article in relation to the static 

compensator (STATCOM) in various failure scenarios. The 

system's drawbacks are enumerated and evaluated. The 

harmonic content is high, and compensators are required 

[1]. Although there are many studies on STATCOM-based 

wind turbine control in fault settings, the main strength of 

this study is the recommended system's appropriate 

performance in asymmetrical faults. This section has a high 

THD and no hardware implementation [2]. A few 

manageable techniques for lowering the inrush rotor 

currents are demonstrated based on both linear and 

nonlinear control strategies. Additionally, the high-voltage 

ride-through capabilities of DFIG-based WTs is shown. 

This survey may be used as a guide when selecting a data 

source and an FRT for a WT system based on DFIG. Grid 

power is necessary to start electricity generation, and this 

work does not address harmonics analysis [3]. This paper 

proposes a WECS system with an ANN controller designed 

for the supply scheme’s reactive power return. The 

proposed method, DQ theory based on artificial neural 

networks, isolates reference current from source current to 

reduce reactive power and harmonics. Even though the total 

harmonic distortion (THD) level in this work is 1.1%, a 

voltage source inverter is used. This inverter cannot 

function in boost mode when compared to the 

recommended techniques [4].To assess the effects of 

several DFIG management modes on power quality in a 

distribution system for DFIG-supported wind farms, 

simulated tests have been carried out using 

MATLAB/Simulink. The system's response to various 

operating conditions is simulated and compared. Reactive 

power guideline and voltage regulation are the two 

approaches to assess and analyse the simulation outcomes. 

THD limitations are excluded [5]. An important goal of this 

smart plan is to talk about the changing plan and hysteresis 

comparators through a neural regulator to lower the ripple 

stage of both current and power. The results of the 

MATLAB simulation show that the neural network 

provides a decent response, achieves lively operation, and 

produces reactive power. The fascinating article reveals a 

high THD level compared to the suggested approach. [6]. 

The concept and simulation of a PMSG-based wind power 

generating system under dynamic power system conditions 

are presented in this study. The active behaviour of the wind 

control production method is investigated during startup as 

well as during gust, ramp, and noisy variations of wind 

conditions using PSCAD/EMTDC simulation [7]. The 

hardware model and voltage distortion level are not 

mentioned. This approach makes the system simpler and more 

robust by doing away with the requirement for a phase-locked 

loop (PLL). The switching model for controlling the APF is 

created using an adaptive hysteresis band current controller 

(AHBCC), which modulates the hysteresis band under 

scheme constraints while maintaining an essentially constant 

modulation frequency. To account for reactive power, this 

study employs a self-tuning filter. As a result, THD was not 

addressed, and the oldest control method was used [8]. To 

maximise wind power, a maximum power point tracker 

(MPPT) is essential, which is why the perturb-and-observe 

(P&O) strategy is used. Using the MATLAB/Simulink 

platform, the entire setup is simulated. Time domain results 

are obtained at different wind speeds and are carefully 
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analysed. The author employed straightforward MPPT 

approaches instead of addressing the THD level [9].  

The suggested MPPT control method uses a 

straightforward current network to ensure a steady current at 

the rectifier's output by installing a constant reference in a 

DC–DC converter connected in series with the rectifier. 

Power quality was adversely affected by the system's high 

harmonic content, which resulted from the additional DC-to-

DC converter used in this study [10]. There are two types of 

conventional inverters: current source inverters (CSI) and 

voltage source inverters (VSI). The following problems 

impact VSI: The inverter's output voltage cannot be greater 

than the DC input voltage (buck converter); therefore, the 

need for an additional voltage boost circuit raises installation 

costs and often degrades system reliability [11–12]. CSI has 

further theoretical and conceptual problems, such as being a 

boost inverter, being costly, having a low line-side power 

factor, and being susceptible to electromagnetic interference. 

It is not possible to turn on switches on the same leg of both 

inverters at the same time. Just to avoid a shot through, 

which could damage the inverters, this is done [13, 14]. 

This study has looked at the necessity of including shot 

through in the control approach. Along with the voltage 

boost, a connection between the modulation indexes has 

also been formed. However, the data show that the PMSG's 

output voltage increases with wind speed, requiring a 

higher modulation index and a lower boost factor. 

Furthermore, the findings show that Z-source inverter boost 

operation can be achieved without additional boost 

circuitry, thereby reducing costs and simplifying the system 

[15]. This paper introduces a decoupled current-control 

method that uses a q-ZSI and dual-frequency modulation 

(DFM) to regulate both active and reactive power flows in 

the grid. The MATLAB/Simulink tool is used to 

comprehensively evaluate the functionality of the proposed 

controllers through extensive simulations. Finally, their 

reasonableness is assessed using an experimental hardware 

arrangement. In this investigation, the grey wolf-optimized 

MPPT algorithm was employed, which has a longer error 

settling time than the proposed FLC [16]. The proposed 

embedded switched-inductor quasi-Z-Source Inverters are 

simulated and compared with the conventional ZSI and 

QZSI to assess their high-voltage profiles and performance 

efficiency. The basic boost pulse-width modulation is then 

used to simulate PSCAD/EMTDC.  

Nevertheless, harmonic profiles are not discussed in this 

study [17]. The original Z-source inverter (ZSI) connected 

the DC source to the inverter via an impedance network 

composed of two inductors and two capacitors arranged in a 

specific manner. It has buck and boost capabilities that are 

not available with traditional VSI or CSI. The proposed 

trans-Z-source inverter has an impedance network 

consisting of a transformer and one capacitor [18]. We use 

the modified fractional order PI controller to extract 

maximum power and ensure a 100% power factor. 

However, the main issue in this paper is the high total 

harmonic content and the usage of a basic PI controller 

[19]. The literature study should conclude by reviewing the 

different types of wind generators, particularly PMSG, 

which offers more benefits than IG and DFIG, as discussed 

in the introduction and abstract chapters. Additionally, 

boost capabilities are absent from conventional VSI and 

CSI inverters. As a result, a buck-boost capable embedded 

Z-source inverter (EZSI) was presented. The purpose of this 

article is, 

• The goal is to decrease switching stress, along with 

decreasing the THD. 

• The goal is to boost the voltage profile as well as 

implement the prototype hardware setup model.  

2. MATERIALS AND METHODOLOGY 

A standard AC–DC–AC topology arrangement for 

PMSG is depicted in Fig.1. 

 

Fig. 1 – Proposed simulation block diagram. 

This system comprises a three-phase embedded Z-source 

inverter and a diode rectifier. According to recent reports, 

embedded Z-source inverters are a competitive substitute 

for current inverter topologies and offer a number of built-

in benefits, including voltage boost. When switches are 

turned on during the equivalent inverter phase leg (shoot-

through mode), this inverter enables voltage boost 

capability. Furthermore, because any phase leg of the 

inverter can experience a short circuit, the system's 

reliability is significantly increased. Additionally, this setup 

reduces inverter output power distortion because leg dead 

time does not need to be phased. This paper's subsection 2.1 

presents the embedded Z-Source Inverter and explains how 

the rectifier that feeds it operates. The fuzzy logic controller 

and its embedded Z-Source Inverter are accessible in 

subsection 2.2 of the study. 

2.1 ANALYSIS OF EMBEDDED Z-SOURCE 

INVERTER 

The voltage-type embedded Z-source inverter, as shown 

in Fig. 2, differs from a traditional Trans ZSI in that its dc 

sources are housed in the X-shaped LC impedance network. 

Its capacitive components C1 and C2 are used to filter 

voltage, while its inductive elements L1 and L2 are used to 

filter current. The source current is evened out by the 

embedded Z-source inverter without need for an extra LC 

filter. No further filter is needed because the input DC 

source is divided among the LC impedance. Consequently, 

no additional strains arise under loading conditions because 

the DC voltage contribution is separated by Vdc/2. In 

addition to increasing the output voltage ranges, the 

embedded Z-source inverter offers voltage ride-through 

capabilities. 
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Fig. 2 – Proposed embedded z-source inverter. 

2.1.1 SHOOT THROUGH MODE 

A shoot-through state can be produced, lacking harmful 

semiconductor devices, by turning on switches beginning the 

same phase-leg altogether, as shown in Fig. 3. The resulting 

equivalent circuit illustrates that the inverter bridge is in 

shoot-through mode and the front-end diode (D) is reverse 

biased using the blocking-voltage formula as well as 

previous state equations given below. 

 VD = −2VC, (1) 

 VL = VC +
Vdc

2
, (2) 

VI = 0;     Idc = 0;     IL = −IC.               (3) 

 

Fig. 3 – Shoot through mode. 

2.1.2 NON SHOOT THROUGH MODE 

As shown in Fig. 4, while the inverter is in a non-shoot-

through state, the diode D conducts, and a current source 

replaces the output load. In the null state, its value is zero, 

while in the active state, it is non-zero. 

 VL =
Vdc

2
− VC ∗ VI = 2VC.  (4) 

 Idc = IL + IC. (5) 

 Idc ≠ 0 . (6) 

which are used to compute the peak dc-link voltage (VP), 

peak ac output voltage (Vac), and capacitive voltage (VC). 

 VP =
Vdc

1−2
To
T

, (7) 

 Vac = M ∗ (
VP

2
), (8) 

 VC =
(

Vdc
2

)

(1−2
To
T

)
, (9) 

 

Fig. 4 – Non shoot-through mode. 

2. 2 FUZZY LOGIC CONTROLLER 

The word "fuzzy" describes how the logic in question 

can handle ideas that are classified as "partially true" rather 

than "true" or "false." However, in many situations, 

alternative methods like neural networks and evolutionary 

algorithms can outperform fuzzy logic. One benefit of 

fuzzy logic is that it can solve problems in a way that is 

easy for human operators to comprehend. Their experience 

must be incorporated into the controller's design. Because 

of this, tasks that are currently successfully completed by 

humans can be mechanized more easily. 

The basic architecture of a fuzzy logic controller is 

shown in Fig. 5. The primary components of an FLC 

method are an inference engine, a fuzzy rule base, a fuzzy 

knowledge base, a defuzzifier, and a fuzzifier. Included are 

normalisation parameters as well. The system is a fuzzy 

logic decision system when the defuzzifier's output is not a 

plant control action. The fuzzifier converts fuzzy integers 

from crisp ones. Details about how the domain capability 

development operates are contained in the fuzzy rule base. 

In the fuzzy knowledge base, all of the input-output fuzzy 

relationship data is stored. The membership functions 

define the output variables of the plant under control; 

moreover, the input variables of the fuzzy rule base. The 

kernel of an FLC method is the inference engine, which 

may approximate reasoning to reach the required control 

strategy, simulating human decision-making. The fuzzy 

quantities are converted into crisp quantities by the 

defuzzifier from a conditional fuzzy control action near the 

inference engine. 

  

 

Fig. 5 – Functional diagram of fuzzy logic controller. 
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3. RESULTS AND DISCUSSION 

3.1 SIMULATION RESULTS AND DISCUSSION 

As seen in Fig. 6 and Fig. 7, at a wind speed of 1500, 

the PMSG generates 150V AC, which is then supplied to 

the diode rectifier. 

 

 

Fig. 6 – Wind speed. 

As shown in Fig. 8, the rectifier converts 150 VAC to 150V 

DC. The EZSI receives this DC supply after that, and 

depending on the shoot-through ratio, the inverter's DC side 

can be increased to 550 VDC. 550 VDC is presently converted 

to 550 VAC via an EZSI, as illustrated in Fig. 9. The FLC 

inputs were used to run the EZSI, as shown in Fig. 10. The 

400V AC is supplied directly to the grid network after the 

inverter output is filtered. When a second load was introduced, 

the inverter output current reached 7.5 A after 0.2 s, as 

illustrated in Fig. 11. At that moment, the inverter current was 

1 A. It remained between 0 and 0.2 s when the initial load was 

applied. If the wind system fails, Source II will supply power 

to the grid. As seen in Fig. 12, the overall harmonic distortion 

is 0.86%. The simulation parameters are listed in Table 1. 
 

 

Fig. 7 – PMSG output voltage. 

 

Fig. 8 – Rectifier output voltage.  

 

Fig. 9 – Proposed inverter output voltage before filtering circuit. 

 

Fig. 10 – Proposed inverter output voltage after filtering circuit. 

 

Fig. 11 – Proposed inverter output current after filtering circuit. 

 

Fig. 12 – THD for the after filtering circuit. 

3.2 EXPERIMENTAL RESULTS AND DISCUSSION 

Fig. 13 – Hardware block diagram for proposed system. 

A hardware block diagram and a picture of a prototype are 

shown in Figs. 13 and 14, respectively. The proposed method 

used a 12 V AC supply to power an unregulated (diode) 

rectifier circuit. With this single-phase unregulated rectifier, a 

12 V AC supply is converted to a 12 V DC supply. It is 

delivered to the EZSI at 12 V DC. The shoot-through state is 

utilized in the implementation of this EZSI. The shoot-

through mode is used to increase the DC side 12 V DC 

supply to a 48 V DC supply. By converting the Embedded 

ZSI's 48 V DC output to 48 V AC, the three-phase inverter 

also reveals the DSO output voltage Fig.15. To filter the 

output voltages from inverters, LC filters are employed. After 

that, the transformer receives an LC-filtered output voltage at 

the same frequency as the grid. The transformer output 

voltage is ultimately connected to the grid system. Given that 

this load is entirely resistive, any changes in load could cause 

the signal to conditionally detect changes in voltage. 

Depending on changes, FLC gives the comments to produce 
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the inverter's firing pulse. The THD and Frequency 

waveform of the proposed embedded Z-source network-

enabled 3-phase voltage source inverter is shown in Fig. 16. 

Since the proposed system only deviates the voltage THD 

(1.887%) and output current THD (2.481%), along with the 

frequency 49.831 Hz obtained from the frequency and 

harmonics analyzer hardware tools, it conforms to the IEEE 

harmonics standard.  
 

 

Fig. 14 – Snapshot for proposed EZSI system. 

 

Fig. 15 – Embedded Z-source inverter output voltage (48 V) from DSO. 

 

Fig. 16 – EZSI output voltage THD (1.887%), output current THD 

(2.481%), and output frequency (49.831 Hz). 

4. CONCLUSION 

This study's well-known embedded Z-Source Inverter 

has simplified the process of connecting the output power 

to the grid network. A novel framework for fuzzy logic 

control is presented in this study. The THD level of the 

proposed model was 0.86% (Fig. 12) compared to the 

excited model [4]. MATLAB Simulink generates exciting 

models with THD values higher than 3.0%. Furthermore, 

the voltage boosting ratio is low for typical VSI, CSI, and 

basic Z-Source inverters. The state performance and output 

evaluation of the suggested simulation are demonstrated to 

be fairly reasonable. The prototype hardware arrangement 

successfully reaches the suggested enhanced voltage profile 

EZSI output voltage 48 V (Fig.15), while keeping the IEEE 

Standard reduced THD value and rated frequency (Fig.16).  
This study examines the usefulness of experimental 

prototype hardware models and MATLAB simulations, and 

its goal is accomplished. Future windmill installations 

around the world could be a significant source of wind 

control innovation, since they require less equipment than 

conventional wind turbines and can connect to wind power 

produced in low-wind areas. 
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APPENDIX 

Table 1  

Simulation parameters 

Specifications Rating 

Grid 400 V, 50 Hz 

PMSG Stator Phase 

resistance, inductance 
1.6 Ω, 11.3 mH 

LC Filter 1000 Ω, 10 mH 

RLC branch 0.0001 Ω, 2e-3 H 

3-phase Source 400 V, 50 Hz 

3-RLC Load 400 V, 50 Hz, P =5 .5e3 QL = 500, QC = 500 

Transformer 
50 Hz, 400 V, Lm=500 pu, 
Rm = 500 pu, L1 = 0.08pu, L2=0.08 pu, R1 = 

0.002 pu, R2 = 0.002 pu,  
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