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Abstract - This paper presents the study, calculation and fabrication of a single-phase grid-connected inverter at high 

frequency to control a grid-connected single-phase direct current/alternating current inverter according to the requirements 

of ac load a phase. This converter overcomes the shortcomings of existing traditional inverters in the system of inverter circuits 

such as: single-phase alternating current grid-connected solar power systems, single-phase wind power systems, etc. This 

single-phase inverter system structure consists of a current controller in the inner loop and a power control loop in the outer 

loop. According to this structure, the inner loop controller uses a resonant controller with parameters defined in the frequency 

domain and clearly demonstrates the high quality of the controller. The construction of the control structure to control the 

grid-connected single-phase direct current/alternating current inverter is capable of operating according to the requirements 

of the load demand adjustment program. The research results show that the characteristic curves: current, voltage, and power 

at the output of the direct current/alternating current inverter always have high control quality, and the output characteristics 

always follow the input characteristic line. At the same time, the calculated voltage and current characteristics at the output 

of the single-phase direct current/alternating current inverter are always in the standard sine form, ensuring compliance with 

IEEE519 power quality standards in industry and civil. 

Keywords - Single-phase direct current/alternating current power converter, Inverter controller, Power controller, Power 

electronic, Power converter. 

 

1. Introduction  
Currently, fossil energy sources are gradually being 

exhausted (such as coal, oil, etc.), and there is a need for new 

and available renewable energy sources such as solar power 

and wind power. Therefore, power converters are widely 

used in civil and industrial applications. The electrical energy 

produced has been stored in the battery. Then an inverter 

from direct current to alternating current is required 

(stabilizing the power source and power quality is necessary). 

Because electricity has an indispensable role in life and daily 

life, as well as in industry and the military [1-3]. Electrical 

energy increases productivity and efficiency and enables high 

safety, reliability and life comfort levels. Failure in the power 

transformation process is unacceptable in important areas 

related to electrical safety, security, continuous industrial 

processes, data protection in information technology, and the 

machines industry [3, 4, 5]. Nowadays, direct 

current/alternating current inverters are rapidly evolving with 

the knowledge of power conversion circuits applied in 

industrial applications compared to other power conversion 

circuits. Over the past century, many topologies of direct 

current/alternating current inverters have been created [6-8]. 

Although backup generators were previously capable of 

drawing power in the event of a power supply interruption, 

long delays in generator start-up and switchover are now 

unacceptable. Such delays adversely affect critical loads such 

as computers, internet providers, telecommunications 

providers, etc., as power outages cause data loss, process 

failure, and recovery costs recovery becomes unacceptable. 

Although the power industry has made many efforts to ensure 

uninterrupted power transmission and uninterrupted line 

voltage, problems such as distortion, sagging, bulging, spikes 

in electrical signals, etc., [8]-[11]. Therefore, research, 

calculation and design of single-phase direct 

current/alternating current inverter flow controllers in the 

field of industrial and civil machine control are very 

necessary for researchers at present [12, 13, 14, 15]. 

 

Figure 1 shows the power circuit diagram for a single-

phase bridge voltage source inverter. Four switches (on two 

pins) are used to generate the alternating current waveform at 

the output from the direct current source. Any semiconductor 

switch like IGBT, MOSFET or BJT can be used. Diodes 

parallel to the switch are called feedback diodes (for 

protection). This schematic provides power back to the direct 

current source in case of inductive load when the main switch 
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is off. The special type of inverter used to connect the load 

system of a renewable energy system (grid-tied solar 

converter) to the alternating current network is called a grid-

tied (synchronous) inverter [16,18,19,31].  

The research, calculation, design and development of 

single-phase direct current/alternating current converters are 

usually studied in two main directions as follows: The first 

direction studies the control of grid-connected current to 

regulate the direct current voltage to maintain a fixed value 

when there is no energy balance factor like the direct current 

source side, [20,21,23,24,32]. The second direction studies 

alternating current side current control in a system with stable 

voltage on the direct current side [12, 14, 19, 29]. In 

particular, the current control through direct 

current/alternating current voltage fluctuations according to 

preset values this issue has been. It has been studied in recent 

times as demand management programs are applied more in 

industrial and civil applications. 

 

This paper studies the development and application of 

single-phase inverters in industrial machines to perform and 

calculate the construction of a control structure to control 

single-phase direct current/alternating current inverters 

connected to the grid. The controller studied for this system 

is always capable of automatically controlling the operation, 

according to the load requirements, to ensure continuous 

power supply for the power system direct current/alternating 

current, for application in control industrial and civil today. 

 

2. Building a Computational Model and Design 

of a Single-Phase direct Current/Alternating 

Current Inverter Controller 
In this part, the author goes to the model, calculate, set 

up and designs a single-phase direct current/alternating 

current inverter controller for current industrial and civil 

electrical equipment [26]. The single-phase inverter is 

considered a common converter used to convert direct current 

power into single-phase alternating current power supply for 

the load (used in electrical energy converter equipment 

systems), solar or wind power, etc., to connect to the single-

phase grid) is also known as a direct current/alternating 

current converter that supplies power to alternating current 

loads. Operating a system based on electronic switches does 

not depend on the mains voltage [18, 21, 26, 27]. 

 

The load of this inverter system can be any alternating 

current load; moreover, many types of alternating current 

loads need a power supply with parameters such as voltage, 

current, frequency, etc., wide scope. Standalone back-flow 

systems are used in conjunction with rectifiers, forming 

frequency converters to convert constant-parameter power 

from the grid into variable-parameter power, responding to 

any problem according to the needs of the load. Therefore, a 

single-phase direct current/alternating current converter is 

used to link between the direct current side and alternating 

current side, as shown in Figure 2, thereby helping to transmit 

power between the parties by controlling the switches [ 23, 

29, 30]. 

The direct current/alternating current converters use four 

switches SW1, SW2, SW3, and SW4, as shown in Figure 3, and 

with the current modes depicted in Figure 4. 

 
Fig. 1 The structure diagram of a full-bridge single-phase inverter 

based on IGBT 
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Fig. 2 The system uses a single-phase direct current/alternating  

current converter 

 
Fig. 3 Circuit dynamic diagram of alternating current/direct current 

converter 
 

 
Fig. 4 Conductive state of alternating current/direct current converter 

when SW1, SW4 on; SW2, SW3 off 

Cdc

 
Fig. 5 Conductive state of alternating current/direct current 

converter when SW1, SW4 off; SW2, SW3 on 
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Fig. 6 The simple model of switch switches for direct 

current/alternating current converter systems 

 

A simple semiconductor valve diagram of a single-phase 

direct current/alternating current converter switch is shown 

in Figure 6, where the direct current - side voltage and current 

values are equivalent to one resistor Rtdc and four switches 

are equivalent to two semiconductor valves SWa, SWb. 

The author has a system of equations in a mathematical 

form describing a single-phase direct current/alternating 

current converter represented by expression (1), which is 

written as follows [2, 5]: 

{
 
 

 
 
𝑣𝑎𝑏 = 𝑠𝑎𝑏𝑣𝑑𝑐
𝑖𝑑𝑐 = 𝑠𝑎𝑏𝑖𝑔

𝐿
𝑑𝑖𝑔

𝑑𝑡
+ 𝑅𝑖𝐿 = 𝑣𝑎𝑏 − 𝑢𝑔

𝐶𝑑𝑐
𝑑𝑣𝑑𝑐

𝑑𝑡
= 𝑖𝑑𝑐 −

𝑣𝑑𝑐

𝑅𝑡𝑑𝑐

  (1) 

 

 In which: component vab is the voltage applied to the keys 

SWa and SWb, idc is the current flowing into the converter on 

the direct current side, ingredient vdc is the instantaneous 

voltage on the direct current side, ig is the current flowing 

through the filter (converter output). Component R and L 
values are the resistance and inductance of the filter. 

 

3. The Controller Design for Single-Phase 

Direct Current/Alternating Current Inverter 
In the diagram in Figure 7 above, the author proceeds to 

calculate and model the PWM pulse converter to control the 

direct current/alternating current single-phase reverse flow 

system as follows [15].  

 
Fig. 7 The schematic diagram of the control signal of the inverter valve 

according to the two-pole pulse signal modulation method 

 

In the diagram of Figure 7, the author sees that: Because 

the control requires two valves belonging to the reverse 

bridge diagonal to be opened the same, but to ensure the 

negation between the two pairs of valves V1/V4 and V2/V3, I 

only need a single modulated signal using the bipolar method. 

Serrated pulse series 

(wave modulation)Control signal
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Fig. 8 a) Carrier waveform and modulation; b) output voltage 

waveform for controller 

 

The pulse PWM modulators are particularly well suited 

for running inertial loads such as motors, which are not easily 

affected by this discrete switching since their inertia makes 

them respond slowly [11, 29, 23, 24, 30]. The PWM 

switching frequency should be high enough not to affect the 

load, which means that the resulting waveform perceived by 

the load should be as smooth as possible. With this method, 

the carrier's fixed constant switching frequency is obtained. 

The performance of this control scheme depends on the 

design of the controller parameters and the frequency of the 

reference current. Although the controller guarantees zero 

steady-state error for a continuous reference, it can present 

such an error for a sinusoidal reference. This error increases 

with the frequency of the reference current and may become 

unacceptable for certain applications [15, 24]. With a design 

and control structure on a single-phase direct 

current/alternating current inverter, the author has a PWM-

modulated reverse voltage source converter waveform with a 

structure diagram of a single-phase direct current/alternating 

current inverter using a valve. The IGBT author has 

simulated waveform as shown in Figure 6, like [7, 9, 10]. 

 

The author assumes that the desired control pulse signal is 

the constant m(t) value in each serrated pulse cycle; since fs 

is many times higher than the output frequency f0, component 

m(t) can be considered constant in each cycle Ts. From there 

on the graph in Figure 6 author has: 
 

𝑑 =
𝑡𝑥

𝑇𝑠
=

𝑚(𝑡)

𝑈𝑐.𝑚
   (2) 

 

During dTs, the output voltage is component +E; for the 

rest of the cycle (1-d)Ts, the output voltage has -E. So the 

average value of the reverse output voltage in each cycle, Ts, 

then can be determined as: 

 

�̄�𝑛(𝑡) =
1

𝑇𝑠
∫ 𝑈𝑛

1+𝑇𝑠

𝑡

(𝜏)𝑑𝜏 
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=
1

𝑇𝑠
[𝐸𝑑(𝑡)𝑇𝑠 − 𝐸(1 − 𝑑(𝑡)𝑇𝑠)] = 𝐸(2𝑑(𝑡) − 1)

 

(3) 

 

Given component and d(t) small fluctuations around any 

given working point, expression (3) show the relationship 

between small fluctuations as follows:  

 
𝜕�̄�𝑛

𝜕𝑑
= 2𝐸  (4)  

 

From the general inverse flow diagram in Figure 1, the 

author can write the equation describing the circuit as 

follows: 

𝐿𝑠
𝑑𝑖𝑛

𝑑𝑡
+ 𝑅𝑠𝑖𝑛 = 𝑢𝑛 − 𝐸𝑠            (5) 

 

Converting equation (5) to the laplace operator, have: 

 

𝐿𝑠𝑠𝐼𝑛(𝑠) + 𝑅𝑠𝐼𝑛(𝑠) = 𝑈𝑛(𝑠) − 𝐸𝑠(𝑠) (6) 

 

From here, it is possible to write a transfer function 

between the inverted voltage input Us(s) with the output 

current In(s) as follows: 

 

𝐺𝐼𝑛𝑈𝑛(𝑠) =
1

𝑅𝑠

1

1+𝑠
𝐿𝑠
𝑅𝑠

    (7) 

 

Replace expression (4) with expression (7); the author has 

a function that conveys the small variation of the fill factor 

component d(t) and the load current as follows:  
 

𝐺(𝑠) =
𝐼𝑛

�̃�
(𝑠) =

2𝐸

𝑅𝑠

1

1+𝑠
𝐿𝑠
𝑅𝑠

  (8) 

 

In which the symbols I
n

, d  show that these are small 

fluctuations of the respective quantity; thus, the modulator 

will ensure that the mean load current will follow small 

changes in the fill factor d(t) after each cycle Ts with a time 

constant of Ls / Rs. 

 

In all cases, the output voltage will consist of a series of 

pulses of varying width with a repetition period equal to a 

jagged wave cycle. Such voltage form will contain the first 

harmonic component with the frequency of the dominant 

wave; the amplitude depends on the modulation factor m, 

where: 

𝑚 =
𝑈𝑟.𝑚

𝑈𝑐.𝑚
  (9) 

 

In which component 𝑈𝑟.𝑚 is the amplitude of the 

dominant sinusoidal waveform, and component 𝑈𝑐.𝑚 is the 

amplitude of the serrated wave. 

 

4. Results and Discussion 
4.1. The Simulation Results 

The research on calculation, algorithm, modeling and 

control of single phase direct current/alternating current 

inverter system with control system structure proposed in 

Part II. Illustrate the control system operation with alternating 

current load in industry and civil. To demonstrate the 

computational research process proposed in the article, the 

author has built a simulation in the Matlab/ Simulink 2021 

environment, presented in Figure 9, showing a single-phase 

grid-connected direct current/alternating current inverter 

model [6]. 

 

On the diagram figure 9 here is the diagram the control 

structure diagram of a single-phase direct current/alternating 

current inverter connected to the grid built on matlab 

simulink 2021 software. The blog diagram of the PWM 

converter is constructed and shown in Figure 10. Here, the 

error between the reference and the measured load current is 

processed by a proportional integral controller to generate the 

reference load voltages.

 
Fig. 9 The control structure diagram of a single-phase direct current/alternating current inverter 
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Fig. 10 Structure of a sinusoidal pulse width modulator 

 

From there, have the following simulation results: 

 

 
Fig. 11 The response value of input and output current and voltage of 

single phase inverter 

 

A signal pulse modulator is considered necessary to 

generate a control signal for the controller of the single-phase 

inverter. The reference load voltages are compared with a 

triangular carrier signal, and the output of each comparator is 

used to drive a signal pin [11]. 

 

From the simulation results in Figure 11, the actual 

output current value is measured when simulating and the 

input signal of the 1-phase inverter control process as shown 

in Figure 11a; The current output signal always follows the 

input set value in Figure 11b the measured current value at a 

time of the inverter when changing the load at 0.5s time. In 

Figure 11c, the inverter's output voltage clearly shows the 

quality of applying the control theory developed in the second 

part. Through Figure 11, the author can see the value of the 

set current and the output current value when changing the 

load at 0.5s time in the total response time of 1s; the grid-

connected single-phase inverter always gives a good working 

response, the quantity The output always follows the input in 

the equilibrium process. 
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Fig. 12 The Results of the simulation of passing power characteristic of 

direct current/alternating current single-phase inverted 

Simulation results in Figure 12 shows that the output 

signal always ensures that the used power at the output of 

direct current/alternating current single-phase inverter 

always follows the exact set power value (the Pm value 

always follows the value Pmref). At times of change of the set 

value (at 2s and 5s, the power characteristic of the converter 

oscillates before changing the value of Pmref) in the total 

response time of 1 cycle so that from the response of the 

controller, the author can see that the system is always 

adaptable to the change of the set power. 

 

 
Fig. 13 The FFT analysis results of direct current/alternating current 

single-phase inverters 
 

Figure 13 shows the output current, and the analysis of 

the FFT signal spectrum shows that the values before using 

the low pass filter of the single-phase grid-connected inverter 

give ma = 0.9, respectively.  

 

From the above simulation results, the author can see that 

in the response time from 0 to 0.5 seconds, the response of 

the control system of the single-phase inverter has shown 

clearly for the voltage and current values. The power of the 

inverter shows the correct control structure. True to the 

selected parameter of the rectifier. From the simulation 

results showing the values of voltage, the current, output 

power of the inverter and phase angle, the author sees that the 

output response always reaches a balanced and stable value 

even when the load changes while the inverter system still 

works fine. The results of the analysis of the FFT signal 

spectrum of the grid-connected direct current/alternating 

current single-phase inverter clearly show that the inverter's 

working process is always stable with AC loads in the 

industry. 

 

Simulation results in Figure 11 shows the current 

amplitude when working with stable load and load changing 

mode in the period from 0 to 0.5s, with power characteristics 

with reduced power setting (reduced from 5000 W to 3000 

W). At the same time, the current amplitude increases with 

an increase in power consumption (increased from 5000 W 

to 6500 W). This simulation result shows that the current 

controller has effectively controlled the appropriate current 

amplitude, always closely following the set capacity of the 

inverter. This new scientific problem can be applied in 

practice to industrial production machines (CNC machining 

systems, cranes and cranes, etc.) and civil (in power systems). 

Renewable energy: grid-connected solar battery system, 

wind power system, etc.). 

 
4.2. The Experiment Results 

The Experimental study with a single-phase system 

model, using an alternating current motor with reverse 

rotation as shown below: on the control system, including 

Parameters of single-phase alternating current motor, P = 

1.5kW, U = 220V, I = 2.6A, speed 1500 rpm, 2p = 2, m = 1 

frequency 50Hz same as in simulation, the motor is hard 

coupled to load: direct current motor: P=2kW, U=220V, 

I=3.5A, speed 1500rpm, frequency 50Hz. The devices 

located on the inverter board: current transformer 50A/5A, 

power module IGBT 25A/1200V, the digital control module 

dsPIC30F4011, LCD display module - ICEA, oscilloscope, 

power transformer, etc. The number of single-phase direct 

current/alternating current inverters in Table 1 is as follows: 
 

Table 1. The parameters to select devices for inverters 

Description Value 

Voltage DC input for inverter 12-24-60-400VDC 

Grid voltage 220V- 50Hz 

Switching frequency 10kHz 

Filter damping resistor    2,5Ω 

Capacitor C of the filter 4800 µF 

Filter reactor L 2,5mH 

 

The author has the following result: 

At the time, the single-phase direct current/alternating 

current inverter system supplies power to the active load; The 

object here is a single-phase alternating current motor, with 

the motor being loaded as a direct current motor coaxially 

connected to the alternating current motor. Then the no-load-

to-load transition then works stably, with a total system 

response time of 100ms.
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Fig. 14 The value of voltage, current and frequency of the inverter 

system when there is an alternating current load 

 

Measurement results are shown in Figure 14 at the time of 

stable working load; single-phase inverter systems always 

meet the power supply for a high-quality working load. The 

measured response is the value of voltage, current and 

frequency at single-phase direct current/alternating current 

inverter output when the pass filter is implemented with high 

efficiency. 

 

5. Conclusion 
The improvement of power quality from other energy 

sources, such as (solar batteries, wind power, generator 

power, etc.) is a direct current power source that is produced 

and wants to be used in For industrial and civil use; it is 

necessary to adopt an optimized direct current/alternating 

current single-phase inverter connected to the grid. The direct 

current/alternating current inverter controls current, voltage, 

and power in order to improve the power quality of the power 

system to be applied to industrial and civil machines that the 

author has studied. The simulation results have shown the 

correctness and effectiveness of the proposed solution. The 

system can be used for industrial and civil production and to 

balance energy supply and demand in renewable energy 

converter systems operating independently or with small and 

medium capacity grids. The optimal current-driven inverter 

to improve the quality of single-phase alternating current 

power in controlling industrial machines has been built and 

verified with the experimental results of the single-phase 

direct current/alternating current inverter shown in Figure 14. 

From the results presented in this paper it is consistent with 

the power quality standards IEEE 519, IEEE1547, and IEC 

6140-21 that countries around the world and in Vietnam are 

using. 

 

Acknowledgments 
 This study was supported by the Faculty of Electronic 

Engineering, the Technology University of Economics -

Technology for Industries, Ha Noi - Vietnam; 

http://www.uneti.edu.vn/.

  

References  
[1] Atif Iqbal, Arkadiusz Lewicki, and Marcin Morawiec, “Pulse-Width Modulation of Power Electronic DC-AC Converter,” Wiley Online 

Library, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[2] Andrea Bacciotti, Stability and Control of Linear Systems, Springer Nature Switzerland AG, 2019. [CrossRef] [Publisher Link] 

[3] Marian K. Kazimierczuk, Pulse-Width Modulated DC-DC Power Converters, Chichester, John Wiley and Sons, 2015. [Google Scholar] 

[Publisher Link] 

[4] Gilbert M. Masters, Renewable and Efficient Electric Power Systems, New York: John Wiley & Sons, 2005. [Google Scholar] [Publisher 

Link] 

[5] Tobias Geyer, Model Predictive Control of High Power Converters and Industrial Drives, John Wiley & Sons, 2016. [Google Scholar] 

[Publisher Link]   

[6] László Keviczky et al., Control Engineering: “MATLAB Exercises”, Springer Nature Singapore Pte Ltd, 2019. [CrossRef] [Google 

Scholar] [Publisher Link] 

[7] Changkyu Bai, and Minsung Kim, “Bidirectional Resonant Converter with Minimized Switching Loss Over wide Operating Voltage 

Range,” IEEE Journal of Emerging and Selected Topics in Power Electronics, vol. 10, no. 3, pp. 2975-2988, 2022. [CrossRef] [Google 

Scholar] [Publisher Link] 

[8] Silaghi Helga et al., “Intelligent Control of Electrical Drive System Used for Electric Vehicles,” The Scientific Bulletin of Electrical 

Engineering Faculty, vol. 8, no.1, pp. 5-10, 2018. [CrossRef] [Google Scholar] [Publisher Link]  

[9] Yijie Wang et al., “A Review of High Frequency Power Converters and Related Technologies,” IEEE Open Journal of the Industrial 

Electronics Society, vol. 1, pp. 247-260, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[10] F. Blaabjerg, Zhe Chen, and S.B.Kjaer, “Power Electronics as Efficientinterface in Dispersed Power Generation Systems,” IEEE 

Transactionson Power Electronics, vol. 19, no. 5, pp. 1184 – 1194, 2004. [CrossRef] [Google Scholar] [Publisher Link] 

[11] Ronak A. Rana et al., “Review of Multilevel Voltage Source Inverter Topologies and Analysis of Harmonics Distortions in FC-MLI,” 

Electronics, vol. 8, no. 11, p. 1329, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[12] Chung Mai Van et al., “A Generalized Space Vector Modulation for Cascaded H-bridge Multi-level Inverter,” 2019 International 

Conference on System Science and Engineering, IEEE Expore, pp. 18-24, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[13] T. A. Meynard, and H. Foch, “Multi-Level Choppers for High Voltage Applications,” European Power Electronics and Drives, vol. 2, 

no. 1, pp. 45-50, 1992. [CrossRef] [Google Scholar] [Publisher Link] 

https://doi.org/10.1002/9781119591313.ch3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pulse-Width+Modulation+of+Power+Electronic+DC-AC+Converter&btnG=
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119591313.ch3
https://doi.org/10.1007/978-3-030-02405-5
https://link.springer.com/book/10.1007/978-3-030-02405-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pulse-width+modulated+DC-DC+power+converters&btnG=
https://www.wiley.com/en-us/Pulse+Width+Modulated+DC+DC+Power+Converters%2C+2nd+Edition-p-9781119009542
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Renewable+and+Efficient+Electric+Power+Systems&btnG=
https://www.wiley.com/en-us/Renewable+and+Efficient+Electric+Power+Systems%2C+2nd+Edition-p-9781118633502
https://www.wiley.com/en-us/Renewable+and+Efficient+Electric+Power+Systems%2C+2nd+Edition-p-9781118633502
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Model+Predictive+Control+of+High+Power+Converters+and+Industrial+Drives&btnG=
https://www.wiley.com/en-sg/Model+Predictive+Control+of+High+Power+Converters+and+Industrial+Drives-p-9781119010906
https://doi.org/10.1007/978-981-10-8321-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Control+Engineering%3A+%E2%80%9CMATLAB+Exercises&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Control+Engineering%3A+%E2%80%9CMATLAB+Exercises&btnG=
https://link.springer.com/book/10.1007/978-981-10-8321-1
https://doi.org/10.1109/JESTPE.2021.3117558
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bidirectional+resonant+converter+with+minimized+switching+loss+over+wide+operating+voltage+range&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bidirectional+resonant+converter+with+minimized+switching+loss+over+wide+operating+voltage+range&btnG=
https://ieeexplore.ieee.org/document/9558810
https://doi.org/10.1515/sbeef-2017-0015
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Intelligent+Control+of+Electrical+Drive+System+Used+for+Electric+Vehicles&btnG=
https://sciendo.com/es/article/10.1515/sbeef-2017-0015
https://doi.org/10.1109/OJIES.2020.3023691
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+review+of+high+frequency+power+converters+and+related+technologies&btnG=
https://ieeexplore.ieee.org/document/9195796
https://doi.org/10.1109/TPEL.2004.833453
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Power+Electronics+as+Efficientinterface+In+Dispersed+Power+Generation+Systems&btnG=
https://ieeexplore.ieee.org/abstract/document/1331479
https://doi.org/10.3390/electronics8111329
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Review+of+Multilevel+Voltage+Source+Inverter+Topologies+and+Analysis+of+Harmonics+Distortions+in+FC-MLI&btnG=
https://www.mdpi.com/2079-9292/8/11/1329
https://doi.org/10.1109/icsse.2019.8823465
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+Generalized+Space+Vector+Modulation+for+Cascaded+H-bridge+Multi-level+Inverter&btnG=
https://ieeexplore.ieee.org/document/8823465
https://doi.org/10.1080/09398368.1992.11463285
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Multi-level+choppers+for+high+voltage+applications&btnG=
https://www.tandfonline.com/doi/abs/10.1080/09398368.1992.11463285


Pham Thi Thu Ha / IJETT, 71(5), 98-105, 2023 

 

105 

[14] Joby Jose, G.N. Goyal, and M.V. Aware, “Improved Inverter Utilisation Using Third Harmonic Injection,” 2010 Joint International 

Conference on Power Electronics, Drives and Energy Systems 2010 Power India, pp. 1-6, 2010. [CrossRef] [Google Scholar] [Publisher 

Link] 

[15] Sanmin Wei et al., “A General Space Vector PWM Control Algorithm for Multilevel Inverters,” Eighteenth Annual IEEE Applied Power 

Electronics Conference and Exposition, vol. 1, pp. 562-568, 2003. [CrossRef] [Google Scholar] [Publisher Link] 

[16] Fa Chen, and Wei Qiao, “A General Space Vector PWM Scheme for Multilevel Inverters,” IEEE Energy Conversion Congress and 

Exposition, pp. 1-6, 2016. [CrossRef] [Google Scholar] [Publisher Link] 

[17] Thasleena Mariyam P, Dr.Babu Paul, and Kiran Boby, "Transformerless Inverter with Interleaved Boost Converter for Single Phase PV 

systems," SSRG International Journal of Electrical and Electronics Engineering, vol. 6,  no. 5, pp. 44-48, 2019. [CrossRef] [Publisher 

Link]  

[18] Jun Mei et al., “A New Selective Loop Bias Mapping Phase Disposition PWM with Dynamic Voltage Balance Capability for Modular 

Multilevel Converter,” IEEE Transactions on Industrial Electronics, vol. 61, no. 2, pp. 798–807, 2014. [CrossRef] [Google Scholar] 

[Publisher Link] 

[19] M. Rezki, and I. Griche, “Simulation and Modeling of a Five -Level (NPC) Inverter Fed by a Photovoltaic Generator and Integrated in a 

Hybrid Wind-PV Power System,” Engineering, Technology & Applied Science Research, vol. 7, no. 4, pp. 1759-1764, 2017. [CrossRef] 

[Google Scholar] [Publisher Link] 

[20] D. A. Tuan, P. Vu, and N. V. Lien, “Design and Control of a Three-Phase T-Type Inverter using Reverse-Blocking IGBTs,” Engineering, 

Technology & Applied Science Research, vol.11, no. 1, pp. 6614-6619, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[21] Markus Höltgen, Ingo Staudt, and Jens Onno Krah, “Efficient Space Vector PWM Scheme for Multi-Level Inverters,” PCIM Europa, 2012. 

[Google Scholar] [Publisher Link] 

[22] KhacLai Lai, DanhHoang Dang, XuanMinh Tran, "Modeling and Control the Grid-Connected Single-Phase Photovoltaic System," SSRG 

International Journal of Electrical and Electronics Engineering, vol. 4, no. 6, pp. 42-47, 2017. [CrossRef] [Publisher Link]  

[23] Bailu Xiao et al., “Modular Cascaded H-Bridge Multilevel PV Inverter with Distributed MPPT for Grid-Connected Applications,” IEEE 

Transactions on Industry Applications, vol. 51, no. 2, pp. 1722-1731, 2015. [CrossRef] [Google Scholar] [Publisher Link] 

[24] Lokesh Chaturvedi, D. K. Yadav, and Gargi Pancholi, “Comparison of SPWM, THIPWM and PDPWM Technique Based Voltage Source 

Inverters for Application in Renewable Energy,” Journal of Green Engineering, vol. 7, no. 1, pp. 83-98, 2017. [CrossRef] [Google Scholar] 

[Publisher Link] 

[25] Srinath Yantrapalli, Mudusu.Srinu, and Kummitha Gopal Reddy, "Implementation of VSI based Single-Phase to Three-Phase Drive 

System," SSRG International Journal of Electrical and Electronics Engineering, vol. 1,  no. 8, pp. 5-11, 2014. [CrossRef] [Google Scholar] 

[Publisher Link]   

[26] Jin Huang et al., “A Carrier-Based Modulation Scheme to Reduce the Third Harmonic Component of Common-Mode Voltage in a Three-

Phase Inverter Under High DC Voltage Utilization,” IEEE Transactions on Industrial Electronics, vol. 65, no. 3, pp. 1931-1940, 2018. 

[CrossRef] [Google Scholar] [Publisher Link] 

[27] [Online]. Available: https://en.wikipedia.org/wiki/Solar_energy 

[28] Tran Duc Chuyen, Vu Duy Hung, and Tran Thi Huong, "The Research Optimal Current Control to Improve Quality of The Three - Phase 

Inverter System in Industrial Machine Control," SSRG International Journal of Electrical and Electronics Engineering, vol. 7,  no. 12, 

pp. 32-36, 2020. [CrossRef] [Google Scholar] [Publisher Link]   

[29] M. Sajitha, J. Sandeep, and R. Ramchand, “Comparative Analysis of Different Modulation Techniques for Three Level Three Phase T-

type NPC Inverter,” TENCON 2019 - 2019 IEEE Region 10 Conference, Kochi, India, pp. 1529–1534, 2019. [CrossRef] [Google Scholar] 

[Publisher Link]  

[30] [Online]. Available: https://en.wikipedia.org/wiki/Ministry_of_Power_and_Energy 

[31] Shiming Xie et al., “Optimal Switching Sequence Model Predictive Control for Three-Phase Vienna Rectifiers,” IET Electric Power 

Applications, vol. 12, no. 7, pp. 1006-113, 2018. [CrossRef] [Google Scholar] [Publisher Link] 

[32] Ahmed Fathy Abouzeid et al., “Control Strategies for Induction Motors in Railway Traction Applications,” Energies, vol. 13, no. 3, p. 

700, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

 

https://doi.org/10.1109/PEDES.2010.5712490
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Improved+Inverter+Utilisation+Using+Third+Harmonic+Injection&btnG=
https://ieeexplore.ieee.org/document/5712490
https://ieeexplore.ieee.org/document/5712490
https://doi.org/10.1109/APEC.2003.1179268
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+General+Space+Vector+PWM+Control+Algorithm+For+Multilevel+Inverters&btnG=
https://ieeexplore.ieee.org/abstract/document/1179268
https://doi.org/10.1109/ECCE.2016.7854687
https://scholar.google.com/scholar?q=A+General+Space+Vector+PWM+Scheme+for+Multilevel+Inverters&hl=en&as_sdt=0,5
https://ieeexplore.ieee.org/abstract/document/7854687
https://doi.org/10.14445/23488379/IJEEE-V6I5P108
http://www.internationaljournalssrg.org/IJEEE/paper-details?Id=238
http://www.internationaljournalssrg.org/IJEEE/paper-details?Id=238
https://doi.org/10.1109/TIE.2013.2253069
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+new+selective+loop+bias+mapping+phase+disposition+PWM+with+dynamic+voltage+balance+capability+for+modular+multilevel+converter&btnG=
https://ieeexplore.ieee.org/abstract/document/6480872
https://doi.org/10.48084/etasr.1271
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Simulation+and+Modeling+of+a+Five+-Level+%28NPC%29+Inverter+Fed+by+a+Photovoltaic+Generator+and+Integrated+in+a+Hybrid+Wind-PV+Power+System&btnG=
https://etasr.com/index.php/ETASR/article/view/1271
https://doi.org/10.48084/etasr.3954
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Design+and+Control+of+a+Three-Phase+T-Type+Inverter+using+Reverse-Blocking+IGBTs&btnG=
https://etasr.com/index.php/ETASR/article/view/3954
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Efficient+Space+Vector+PWM+Scheme+for+Multi-Level+Inverters&btnG=
https://www.researchgate.net/profile/Jens-Krah/publication/330833183_Efficient_Space_Vector_PWM_Scheme_for_Multi-Level_Inverters/links/5c55e2da299bf12be3f686a3/Efficient-Space-Vector-PWM-Scheme-for-Multi-Level-Inverters.pdf
https://doi.org/10.14445/23488379/IJEEE-V4I6P110
http://www.internationaljournalssrg.org/IJEEE/paper-details?Id=148
https://doi.org/10.1109/TIA.2014.2354396
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Modular+Cascaded+H-Bridge+Multilevel+PV+Inverter+with+Distributed+MPPT+for+Grid-Connected+Applications&btnG=
https://ieeexplore.ieee.org/abstract/document/6891310
https://doi.org/10.13052/jge1904-4720.7125
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Comparison+of+SPWM%2CTHIPWM+and+PDPWM+Technique+Based+Voltage+Source+Inverters+for+Application+in+Renewable+Energy&btnG=
https://www.riverpublishers.com/journal_read_html_article.php?j=JGE/7/1/5
https://doi.org/10.14445/23488379/IJEEE-V1I8P102
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Implementation+of+VSI+based+Single-Phase+to+Three-Phase+Drive+System&btnG=
https://www.internationaljournalssrg.org/IJEEE/paper-details?Id=26
https://doi.org/10.1109/TIE.2017.2745439
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+Carrier-Based+Modulation+Scheme+to+Reduce+the+Third+Harmonic+Component+of+Common-Mode+Voltage+in+a+Three-Phase+Inverter+Under+High+DC+Voltage+Utilization&btnG=
https://ieeexplore.ieee.org/document/8017494
https://doi.org/10.14445/23488379/IJEEE-V7I12P106
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Research+Optimal+Current+Control+to+Improve+Quality+of+The+Three+-+Phase+Inverter+System+in+Industrial+Machine+Control&btnG=
http://www.internationaljournalssrg.org/IJEEE/paper-details?Id=322
https://doi.org/10.1109/TENCON.2019.8929574
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Comparative+Analysis+of+Different+Modulation+Techniques+for+Three+Level+Three+Phase+T-type+NPC+Inverter&btnG=
https://ieeexplore.ieee.org/abstract/document/8929574
https://doi.org/10.1049/iet-epa.2018.0033
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Optimal+switching+sequence+model+predictive+control+for+three-phase+Vienna+rectifiers&btnG=
https://ietresearch.onlinelibrary.wiley.com/doi/full/10.1049/iet-epa.2018.0033
https://doi.org/10.3390/en13030700
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Control++Strategies++for++Induction++Motors++in+Railway+Traction+Applications&btnG=
https://www.mdpi.com/1996-1073/13/3/700

