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Abstract—This paper proposes a new method for 

improving the performance of grid-connected single-stage 

Quadratic Boost Inverters (QBIs). Compared to the other 

single-stage boosting inverters, such as ZSI, qZSI, and the 

basic SSI, QBI has several advantages. It combines the 

features of a quadratic dc-dc boost converter and Split-

Source Inverter (SSI) to give a high voltage gain. As a 

result, it offers superior benefits in reducing the overall 

system's complexity, size, and cost. The grid-connected 

QBI is traditionally controlled via two control loops. The 

first loop regulates the dc-link voltage using a PI 

controller, while the second controls the current injected 

into a grid using the decoupled control approach. In this 

paper, a sliding mode controller (SMC) is proposed for 

the grid-side controller to achieve accurate and quick 

responses instead of using the decoupled approach that is 

based on PI controllers. The basic principles and detailed 

analysis of the proposed method are introduced. 

Moreover, comprehensive simulation results based on the 

actual parameters of a prototype have verified the overall 

control system and the advantages of the proposed SMC 

compared to the PI controller.   

Keywords—Grid-connected systems, Single-stage, 

quadratic boost inverter (QBI), sliding mode control (SMC). 

I. INTRODUCTION  

Both research and industry have put much focus on 
renewable energy sources (RESs) in the last two decades in 
order not only to overcome the problems associated with 
conventional sources but also to meet the energy demands. As 
a result, many types of RESs exist, including photovoltaic 
(PV), wind energy conversion systems (WECSs), biomass, 
fuel cells (FCs), etc. Among these types, their penetration is 
continuously increasing [1], [2]. Nevertheless, the generated 
power from the PV panels is primarily affected by the weather 
conditions. Furthermore, power converters play an important 
role in renewable energy and different applications such as 
electric vehicles, energy backup architectures, etc.  

Regarding the RESs, the power electronics are used to 
ensure minimum energy consumption under weather 
conditions and supply this energy to the grid or an isolated 
load. For PV and FC, the dc-ac boost converters are essential, 
especially when low voltage modules of 20-40 V are 
connected with a higher ac voltage grid of 200-400 V [3], [4]. 

Therefore, a two-stage converter, shown in Fig. 1(a), 
which is composed of a dc-dc boost converter and a dc-ac 

voltage source inverter, has been presented [5], [6]. The first 
stage boosts the dc-input voltage to a high value and extracts 
the maximum power from the PV module. Meanwhile, the 
second stage converts the dc voltage to the required ac value 
by controlling the injected active and reactive powers to the 
grid and hence obtaining a unity power factor (UPF) 
operation. In addition, its control can meet the requirements 
of low current harmonic distortion and other power quality 
issues [7]. However, these two-stage topologies solve the 
problem of low input dc voltage but add to the complexity 
and cost of the system. Furthermore, to adjust the entire 
converter voltage gain, there are additional active switches 
with their control. These switches limit the overall system 
efficiency [8],[9]. Due to the problem mentioned above with 
the two-stage dc-ac converters, power electronics researchers 
presented new topologies of dc-ac converters known as 
single-stage [9]–[11].  

Z-source inverter (ZSI) is considered one of these single-
stage converters. It consists of an impedance network 
followed by the conventional VSI [10]. This impedance 
network comprises two capacitors, two inductors, and a single 
diode. Even though the ZSI solves the demerits of the two-
stage converters, it draws a discontinuous input current and 
has a pulsed dc-link voltage. It also operates in the narrow 
range of modulation regions from 0.5 to one. This leads to 
higher output voltage harmonics, especially at low 
modulation. Moreover, the ZSI has an inverse relationship 
between the output voltage and the modulation index. Thus, 
quasi-ZSI (qZSI) topology, shown in Fig. 1(b), is developed 
to overcome the problem of discontinuity in the input current 
and is hence used for PV, EV, and FC applications [12], [13]. 
However, the qZSI cope with the discontinuity of the input 
current, but the remaining problems of the conventional ZSI 
have still existed.  

Consequently, the split source inverter (SSI), shown in 
Fig. 1(c), has been proposed to defeat the ZSIs problems 
where it has [14]–[17] 

• continuous input current and dc-link voltage 

waveforms, 

• a lower number of passive components, 

• lower voltage stresses on the switches, and 

• similar switching states of the standard VSI, unlike ZSI. 
In comparison to the two-stage topology, the SSI has the 
following features: 

• higher THD of the output voltage at low voltage gain, 

• higher voltage stresses across the switches, and 

• lower switches of the SSI have higher current stresses. 



   

 

 

In general, the parasitic elements of the passive 
components affect the boosting factor; hence, the output 
voltage gain in practice does not reach infinity. As a result, 
extensive research focuses from the researchers to increase 
the voltage gain of the SSI [18]–[20]. One of these 
developments is the split-Y-source inverter [18], [19]. But its 
problems are more passive elements and complex in 
implementation. For further improvements, the authors 
proposed a new topology called by Quadratic-Boost Inverter 
(QBI), shown in Fig. 2(a), which combines the features of 
ZSI, quadratic dc-dc boost converter, and SSI in a single 
circuit [21]. The main features of these topologies are  

• retain the basic structure of split-source inverter, 

• use the conventional modulation schemes of SSI, 

• obtain higher boosting and voltage gains, and 

• achieve both boost and buck operations. 

However, it corresponds to the following demerits:  
Due to the previous features, the QBI can be used in different 
applications such as PV systems, FC systems, EVs, isolated 
loads, grid-connected systems, etc.  

The controller plays an important role in any application 
where the overall system efficiency can be increased based on 
the selected type of control. For the grid-connected system, 
many control strategies are presented to control the inverter 
and guarantee some objectives such as achieving the unity 
power factor, regulating the dc-link voltage, extracting the 
maximum power, reducing the total harmonic distortion, 
regulating the boosting voltage, and so on. Therefore, the 
controller's selection and design procedure are essential to 
simultaneously achieve some of these objectives. The control 
approaches can be divided into linear and nonlinear control 
based on the literature. Linear control methods, such as 
proportional-integral (PI) and proportional resonance (PR) 
controllers, are proposed to control the active and reactive 
power [22]. Meanwhile, a cascaded PI controller indirectly 
regulates the dc-link voltage to control the input currents. Due 
to the dependence on the system parameters, the controller 
performance is sensitive to parameter disturbances. Further, 
the grid-converter is multiple variables. Hence strong 
coupling nonlinear system is existed [23]. Therefore, 
nonlinear control methods are proposed to overcome the 
problem of nonlinearities and improve the performance of the 
system. Without ignoring the nonlinearities and parasitic 
effects of the system, these nonlinear control strategies can 
achieve better performance (i.e., static, and dynamic). There 
are different nonlinear control methods, such as back-
stepping, feedback linearization, fuzzy control, sliding mode, 
and so on [24]–[30]. Among these different control 
techniques, sliding mode control (SMC) is considered one of 
the most robust strategies for controlling the uncertain 
nonlinear systems where it can offer many advantages such 
as high reliability, a low sensitivity against a parameter 
variation, fast dynamic response, and its easy design and 
implementation [31]-[33]. There are many types of SMC such 
as conventional SMC, terminal sliding mode control, 

continuous terminal SMC, etc. [23],[29],[31],[34]. Super 
twisting sliding mode controller (STSMC) overcomes most 
of the problems that exist in other types [35]. 

Therefore, this work focuses on applying the QBI to the 
grid-connected system. A closed-loop control system should 
be employed to achieve the grid requirements. The dc-link 
voltage is regulated via decoupled voltage-oriented control 
(VOC). Most of the used controllers are based on the 
proportional-integral (PI) controller, but the problem is the 
inadequate response. Therefore, super twisting sliding mode 
controllers (STSMC) are used in the inner control loop 
instead of the PI controller to achieve a faster and good 
dynamic response. Moreover, a modified space vector 
modulation (MSVM) scheme is used, and the input current is 
regulated to control the power required to supply. 

II. DESCRIPTION OF THE PROPOSED SYSTEM 

The proposed grid-connected system is based on the QBI 
topology, which consists of an impedance cell and the 
standard SSI semiconductor bridge, as shown in Fig. 2(a). The 
impedance cell is composed of two inductors, 𝐿1 , 𝐿2 , two 
capacitors, 𝐶1, 𝐶2 and two diodes, 𝐷1 , 𝐷2 . This combination 
gives a cascaded boost. The analyzed QBI has a continuous 
input current due to the presence of the input inductance 𝐿1 in 
series with the supply. As a result, the supply is less stressed. 
Additionally, the QBI topology utilizes a common dc-rail 
between the inverter bridge and the supply rail. This 
minimizes the effects of common-mode noise. 

There are many PWM schemes of the QBI. Although, the 
modified space vector modulation (MSPWM) introduced in 
[21] ensures no low-order current ripples of the supply current. 
It uses a flat bottom modulating signal like that shown in Fig. 
2(b), but it is lifted to the upper limit of the carrier waveform. 
It has only one manipulating parameter (which is the 
modulation index, 𝑀𝑎𝑐) to control both the dc and ac sides of 
QBI. To decouple the control of the ac and dc side from each 
other, two independent manipulating variables must exist so 
that one of them is used in the control. The regulated MSVM 
which is firstly proposed by [37] for the basic SSI and 
developed in [21] for the QBI, is more suitable for the grid-
connected applications. In this modulation scheme, the 
minimum envelops of the per phase duty cycles (𝑑𝑎 , 𝑑𝑏 , 𝑑𝑐) 
are kept constant to (1 − 𝑀𝑑𝑐)  as shown in Fig. 2(b). 
Therefore, the dc side can be controlled with 𝑀𝑑𝑐 while the ac 
side can be controlled with 𝑀𝑎𝑐 , where the dc modulation 
index should be less than one, (i.e., 𝑀𝑑𝑐 < 1 ). Thus, the 
boosting factor, 𝐵 of the QBI, which depends only on 𝑀𝑑𝑐 can 
be expressed by 

𝐵 =
1

(1 − 𝐷)2
=

1

(1 − 𝑀𝑑𝑐)2
 , (1) 

and the peak output phase voltage �̂�𝜙1 can be obtained by 

�̂�𝜙1 = 𝐵𝐸
𝑀𝑎𝑐

√3
. (2) 

   

(a) (b) (c) 

Fig.1.  Conventional two-stage and double-stage inverter topologies. (a) cascaded boost-VSI, (b) qZSI, and (c) basic SSI.  

 



   

 

 

It should be noticed that 𝑀𝑑𝑐 should be higher than 𝑀𝑎𝑐 
otherwise, high harmonic distortion will appear on the ac side 
due to overmodulation. 

III. CONTROL SCHEME FOR THE PROPOSED SYSTEM 

In the following subsection, the detailed control schemes 
of the grid-connected QBI, shown in Fig. 2, are presented. 
Based on the decoupled voltage-oriented control (VOC), the 
dc-link voltage is controlled through output current 
controllers. Meanwhile, the input power required for the 
supply is controlled and superimposed as an outer control loop 
on the input current controller with the duty cycle of the boost 
converter. Thus, a modified modulation technique is required 
where both the duty cycle and modulation index are 
independently controlled. More details about every control 
part are as follows. 

A. DC-link voltage controller 

The dc-link voltage is kept constant by controlling the d-
axis output current. This is illustrated based on the input-
output power balance and considering the system is lossless, 
as given by 

3

2
(𝑣𝑑𝑔𝑖𝑑 + 𝑣𝑞𝑔𝑖𝑞) = −𝑣𝑑𝑐 . 𝐶

𝑑𝑣𝑑𝑐

𝑑𝑡
− 𝑖𝐿𝐿

𝑑𝑖𝐿

𝑑𝑡
+ 𝑒. 𝑖𝐿  (3) 

Based on the principle of the VOC, 𝑣𝑞𝑔 = 0 and 𝑣𝑑𝑔 = �̂�𝜙1 

3

2
𝑣𝑑𝑔𝑖𝑑 = −𝑣𝑑𝑐 . 𝐶

𝑑𝑣𝑑𝑐

𝑑𝑡
− 𝑖𝐿𝐿

𝑑𝑖𝐿

𝑑𝑡
+ 𝑒. 𝑖𝐿 (4) 

After linearization around the equilibrium point and 
neglecting the higher-order terms results, (2) is as follows 

3

2
�̂�𝑑𝑔𝑖̂𝑑 = −𝑣𝑑𝑐𝐶

𝑑𝑣𝑑𝑐

𝑑𝑡
− 𝑖𝐿𝐿

𝑑𝑖𝐿

𝑑𝑡
+ 𝑒𝑖𝐿 (5) 

3

2
�̂�𝑑𝑔 𝑖�̃� = −𝑉𝑑𝑐𝐶

𝑑𝑣𝑑�̃�

𝑑𝑡
+ 𝑉𝑑𝑐𝑖�̃� − 𝐼𝐿𝐿

𝑑𝑖�̃�

𝑑𝑡
+ 𝐼𝐿�̃�

+ 𝑖�̃�𝐸 

(6) 

where 𝑣𝑖𝑛�̃� , 𝑖�̃� , �̃�, and 𝑖�̃�  are the perturbation in the dc-link 
voltage, d-axis current, input voltage, and input current, 
respectively. Meanwhile, the corresponding steady-state 

values are 𝑉𝑖𝑛𝑣 ,𝐼𝑑 ,  E, and  𝐼𝐿 .  As the source is a constant 
voltage source and the input current is controlled by 
controlling 𝑀𝑑𝑐 , their perturbations can be neglected, and 
hence (29) is rewritten by 

3

2
�̂�𝑑𝑔 𝑖�̃� = −𝑉𝑑𝑐 . 𝐶.

𝑑𝑣𝑑�̃�

𝑑𝑡
 (7) 

It can be noticed that the dc-link voltage is affected by the 
value of the d-axis current; hence a PI controller can be used 
to adjust this value. 

B. Output current controllers 

The dq-axis output voltages from the inverter can be 
expressed by 

𝑣𝑑𝑖 = 𝑣𝑑𝑔 + 𝑖𝑑  𝑅𝐿𝑓 + 𝐿𝑓𝑖�̇� − 𝑤𝑔𝐿𝑓𝑖𝑞  (8) 

𝑣𝑞𝑖 = 𝑣𝑞𝑔 + 𝑖𝑞 𝑅𝐿𝑓 + 𝐿𝑓𝑖�̇� + 𝑤𝑔𝐿𝑓𝑖𝑑  (9) 

where 𝑤𝑔  is the grid angular frequency, and 𝑅𝑓 ,𝐿𝑓  are the 

filter resistance and inductance between QBI and grid.  

From these relations, it is illustrated that the d- and q- axis 
currents are controlled by controlling the inverter d- and q- 
axis voltages 𝑣𝑑𝑖  and 𝑣𝑞𝑖. As mentioned before, the reference 

value of the d-axis current is obtained from the dc-link voltage 
control loop. Meanwhile, the q-axis reference current is set to 
zero to achieve a unity power factor. To remove the coupling 
between the d- and q-axis voltage compensation is used.  

C. Phase-locked loop (PLL) 

The main target of the PLL is to extract the grid voltage 
vector angle for proper alignment of the d-axis with the 
voltage vector in the VOC [36]. Based on the VOC where 
𝑣𝑞 = 0, the operation of PLL aligns the d-axis with the voltage 

vector and hence the q-axis voltage is expressed by 

𝑣𝑞 = �̂�𝜙1 𝑠𝑖𝑛 (𝑤𝑡𝑜 − 𝑤𝑡) (10) 

where 𝑤𝑡𝑜 is the voltage vector angle with respect to 𝛼-axis, 
and 𝑤𝑡 is the angle of the d-axis concerns the 𝛼-axis. 

 
Fig. 2.  Grid-connected QBI. (a) topology, (b) MSVM scheme, (c) Proposed closed-loop control algorithm. 

 



   

 

 

D. Input current controller 

The input current relation can be obtained during charging and 
discharging by 

𝐿1

𝑑𝑖𝐿1

𝑑𝑡
= 𝐸𝐷𝑐ℎ + (𝐸 − 𝑣𝐶1)𝐷𝑑𝑖𝑠 (11) 

 Based on the volt-second balance concept, the inductor L 
is charged with  

𝐷𝑐ℎ = 𝑀𝑑𝑐  (12) 

Hence, by controlling 𝑀𝑑𝑐  the input dc current can be 
regulated by controlling the value of the modulation index. 

IV. SLIDING MODE CONTROL FOR DC-LINK VOLTAGE 

CONTROLLER 

The super twisting sliding mode control technique 
(STSMCT) is used to regulate the grid injection power by 
controlling the dq-axis output voltages from the inverter. 

The d-axis and q-axis of the output current are represented by 
the variables of STSMCT, as shown in (13), where iq

*and id
* 

are the desired values of the output current. Meanwhile, the 
STSMCT output is v. 

𝑥 = [
𝑒𝑞

𝑒𝑑
] = [

𝑖𝑞
∗ − 𝑖𝑞

𝑖𝑑
∗ − 𝑖𝑑

] & 𝑣 = [
𝑣∗

𝑞𝑖

𝑣∗
𝑑𝑖

] (13) 

From these relations, it is illustrated that the d- and q- axis of 
inverter voltage is controlled by controlling the inverter d- 
and q- axis voltages 𝑣𝑑𝑖  and 𝑣𝑞𝑖. 

The state-space of the STSMCT is denoted as a function 
of the d- and q- axis errors of output current, ed, and eq, 
respectively, as shown in (14):  

𝑠 = [
𝑠𝑞

𝑠𝑑
] = [

𝑒𝑞 + 𝑤𝑞 ∫ 𝑒𝑞

𝑒𝑑

] (14) 

The q-axis voltage can be obtained by adopting the dynamic 
q-axis current error as the control input. So, the q-axis voltage 
based on the STSMCT technique can be defended by  

𝑣𝑞𝑖
∗ = 𝜀𝑞|𝑒𝑞|

𝑚
𝑠𝑔𝑛( 𝑒𝑞) + 𝑧𝑞 

�̇�𝑞 = −𝑘𝑞 𝑠𝑔𝑛( 𝑒𝑞)𝑣∗
𝑞𝑖

= 𝜀𝑞|𝑒𝑞|
𝑚

𝑠𝑔𝑛( 𝑒𝑞) + 𝑧𝑞 

�̇�𝑞 = −𝑘𝑞 𝑠𝑔𝑛( 𝑒𝑞) 

(15) 

where εd, kd, and 𝑟  are the selected positive gains. The 
STSMCT output variable has a nonlinear term that is modified 
by adjusting the performer, m, which in this study is indicated 
to be 0.5 [35]. The dynamic current equation can be used as 
the control input to achieve the dq-axis output voltages. The 
STSMCT is represented as states in (16). 

𝑣∗
𝑑𝑖 = 𝜀𝑑|𝑠𝑑|𝑚 𝑠𝑔𝑛( 𝑠𝑑) + 𝑧𝑑  

�̇�𝑑 = −𝑘𝑑 𝑠𝑔𝑛( 𝑠𝑑) 
(16) 

where zq is the compensation variable for any disturbance in a 
finite period; meanwhile, (kq ≥ 0) and (εq ≥ 0) are constant 
gains according to the SMC concept. The SMC-based grid 
voltage control algorithms are designed to adjust the dq- axis 
currents simultaneously. As a result, the output of the 
STSMCT can be derived by 

[
𝑣∗

𝑞𝑖

𝑣∗
𝑑𝑖

] = [
𝜀𝑞|𝑒𝑞|

𝑟
𝑠𝑔𝑛( 𝑒𝑞) + 𝑘𝑞 ∫ 𝑠𝑔𝑛( 𝑒𝑞)

𝜀𝑑|𝑠𝑑|𝑟 𝑠𝑔𝑛( 𝑠𝑑) + 𝑘𝑑 ∫ 𝑠𝑔𝑛( 𝑠𝑑)
] (17) 

The STSMCT can make the variable states of the grid-
connected quadratic boost inverter system approach the 

sliding mode variable with a smoother operation, improving 
the dynamic characteristics of the grid-connected system. 
Figure 3 shows the schematic diagram of the dq- axis inverter 
output voltage control loops based on the STSMCT. 

 
Fig. 3. Schematic illustration of the dq- axis inverter output voltage control 

loops based on the STSMCT. 

V. SIMULATION RESULTS 

This section discusses the simulation results using the 
MATLAB/Simulink to illustrate the superiority of the 
proposed STSMCT technique. The simulation parameters are 
listed in Tables I and II. The performance of the grid-
connected system using the proposed STSMCT was 
investigated and compared to that of the PI controller. In this 
investigation, the input current is dropped from 10A to 7.5A 
at 0.3 seconds, as illustrated in Fig. 4. Figures 5 and 6 show 
the dynamic response of the q-axis and d-axis currents, 
respectively. The q-axis current is kept constant at zero 
according to the control technique. As demonstrated in fig. 7, 
the control technique successfully regulates the DC-inverter 
voltage at the desired value. Compared to the PI controller, 
The suggested STSMCT outperforms the PI controller, as seen 
in Figs. 5-7. Figs. 8 and 9 demonstrate the three-phase current 
responses of the grid-connected system based on the PI 
controller and the proposed STSMCT, respectively. It can be 
observed that phase-A of the QBI input current using the 
proposed algorism has a better response rather than that of the 
PI controller, as shown in Figure 10. The output phase voltage 
and input current of the QBI using the PI controller and the 
proposed STSMCT are shown in Figs. 11and 12. The voltage 
and current angle is almost zero, indicating that the controlled 
system has a unity power factor.  

The grid-connected system using the proposed STSMCT 
has a faster and smoother dynamic response. Furthermore, 
compared to the PI controller, the STSMCT is more effective 
in regulating DC-inverter voltage with a smaller steady-state 
error than the PI controller, as shown in Figs. 5-12. 

TABLE I.  PI CONTROLLER GAINS 

Controller 𝐾𝑃 𝐾𝐼 

DC-link voltage controller 7.974 × 10−5 0.012941 

SSI Input current controller 2.583 × 10−3 8.1747 

PV voltage controller −0.0683 −247.09 

TABLE II. PARAMETERS OF THE PROPOSED SYSTEM 

Parameter Value Parameter Value 

𝐿𝑓1 = 𝐿𝑓2 0.64𝑚𝐻 𝐶𝑓 20𝜇𝐹 

𝐿 1.6 𝑚𝐻 𝑅𝐿𝑏
 0.13 Ω 

𝐶𝑠 450 𝜇𝐹 𝑓𝑠 20 𝑘𝐻𝑧 

𝑓1 50 𝐻𝑧 𝑀 0.7924 pu 

𝐿𝑠 1.9𝑚𝐻 𝑅𝑙𝑠 0.16 Ω 



   

 

 

 
Fig.4. The behavior of input current. 

 
Fig. 5. Dynamic response of q-axis current. 

 
Fig. 6. Dynamic response of d-axis current. 

 
Fig. 7. Dynamic response of the DC- inverter voltage. 

 
Fig. 8. Three-phase current responses of the grid-connected system based 

on the PI controller 

 
Fig. 9. Three-phase current responses of the grid-connected system based 

on the proposed STSMCT. 

 
Fig. 10. Phase a of the QBI input current. 

 
Fig. 11. The output phase voltage and input current of the QBI using the PI 
controller. 

 
Fig. 12. The output phase voltage and input current of the QBI using the 

proposed STSMCT. 

VI. CONCLUSION 

In this paper, the utilization of QBI in a grid-connected 
system is proposed. This QBI has many advantages in 
reducing the overall system's complexity, size, and cost 
compared to other topologies. Moreover, the STSMC is 
proposed for controlling the active and reactive power 
supplied to the grid. The STSMC is used for the inner current 
loops, where it achieves better performance than the PI. Faster 



   

 

 

dynamic responses and lower distortions in the output current 
are removed. The basic principles and detailed analysis of the 
proposed method are introduced. Finally, the system is 
simulated in MATLAB/Simulink to validate the control 
scheme. 

REFERENCES 

[1] A. A. Khodadoost Arani, G. B. Gharehpetian, and M. Abedi, “Review 
on Energy Storage Systems Control Methods in Microgrids,” Int. J. 
Electr. Power Energy Syst., vol. 107, pp. 745–757, May 2019. 

[2] B. Hodge, “Alternative energy systems and applications.” Wiley, 
Hoboken, 2010. 

[3] M. Shayestegan, “Overview of grid-connected two-stage transformer-
less inverter design,” J. Mod. Power Syst. Clean Energy, vol. 6, no. 4, 
pp. 642–655, 2018. 

[4] O. M. AbdelRahim, “Two-stage micro-grid inverter with high-voltage 
gain for photovoltaic applications,” IET Power Electron., vol. 6, no. 9, 
pp. 1812-1821(9), Nov. 2013. 

[5] M. F. Elmorshedy, S. M. Allam, and E. M. Rashad, “Performance 
enhancement of wind-driven standalone PMSG integrated with battery 
storage system verification,” Aust. J. Electr. Electron. Eng., vol. 17, no. 
2, pp. 103–113, Apr. 2020. 

[6] R. Gules, J. D. P. Pacheco, H. L. Hey, and J. Imhoff, “A Maximum 
Power Point Tracking System With Parallel Connection for PV Stand-
Alone Applications,” IEEE Trans. Ind. Electron., vol. 55, no. 7, pp. 
2674–2683, 2008. 

[7] H. Patel and V. Agarwal, “MATLAB-Based Modeling to Study the 
Effects of Partial Shading on PV Array Characteristics,” IEEE Trans. 
Energy Convers., vol. 23, no. 1, pp. 302–310, 2008. 

[8] R. Venkateswari and S. Sreejith, “Factors influencing the efficiency of 
photovoltaic system,” Renew. Sustain. Energy Rev., vol. 101, pp. 376–
394, 2019. 

[9] A. A. Abd-Elaziz, S. M. Dabour, M. F. Elmorshedy, and E. M. Rashad, 
“Modeling and Control Of Stand-Alone Photovoltaic System Based On 
Split-Source Inverter,” in 22nd International Middle East Power 
Systems Conference (MEPCON), 2021, pp. 469–476. 

[10] F. Z. Peng, “Z-source inverter,” IEEE Trans. Ind. Appl., vol. 39, no. 2, 
pp. 504–510, 2003. 

[11] I. J. Al Essawy, M. F. Elmorshedy, S. M. Dabour, E. M. Rashad, and 
M. R. Islam, “A Grid-Connected PV System Based on Z-source 
Inverter with Maximum Power Extraction,” in 2021 IEEE 6th 
International Conference on Computing, Communication, and 
Automation (ICCCA), 2021, pp. 926–932. 

[12] S. M. Dabour, A. S. Abdel-Khalik, S. Ahmed, and A. Massoud, 
“Carrier-Based PWM Strategy for Quasi-Z Source Nine-Switch 
Inverters,” in 2019 IEEE Conference on Power Electronics and 
Renewable Energy (CPERE), 2019, pp. 105–111. 

[13] N. El-Hendawy, S. M. Dabour, and E. M. Rashad, “Common-Mode 
Voltage Analysis of Three-phase Quasi-Z Source Inverters for 
Transformerless Photovoltaic Systems,” in 2019 IEEE Conference on 
Power Electronics, and Renewable Energy (CPERE), 2019, pp. 355–
360. 

[14] A. Abdelhakim, P. Mattavelli, and G. Spiazzi, “Three-Phase Split-
Source Inverter (SSI): Analysis and Modulation,” IEEE Trans. Power 
Electron., vol. 31, no. 11, pp. 7451–7461, 2016. 

[15] S. S. Lee and Y. E. Heng, “Improved Single-Phase Split-Source 
Inverter With Hybrid Quasi-Sinusoidal and Constant PWM,” IEEE 
Trans. Ind. Electron., vol. 64, no. 3, pp. 2024–2031, 2017. 

[16] M. Das and V. Agarwal, “Novel High-Performance Stand-Alone Solar 
PV System With High-Gain High-Efficiency DC-DC Converter Power 
Stages,” IEEE Trans. Ind. Appl., vol. 51, no. 6, pp. 4718–4728, 2015. 

[17] B. N. Nguyen, V. T. Nguyen, M. Q. Duong, K. H. Le, H. H. Nguyen, 
and A. T. Doan, “Propose an MPPT Algorithm Based on Thevenin 
Equivalent Circuit for Improving Photovoltaic System Operation,” 
Front. Energy Res., vol. 8, 2020. 

[18] M. Chen, C. Yin, and P. C. Loh, “Magnetically Coupled High-Voltage-
Boost Split Y-Source Inverter Without Leakage-Induced Voltage 
Spikes,” IEEE Trans. Ind. Electron., vol. 67, no. 7, pp. 5444–5455, 
2020. 

[19] M. Chen, C. Yin, L. Ming, and P. C. Loh, “A Single-Stage Three-Phase 
Split-Y-Source Inverter,” in 2019 IEEE Energy Conversion Congress 

and Exposition (ECCE), 2019, pp. 2808–2813. 
[20] F. Akbar, H. Cha, H. F. Ahmed, and A. A. Khan, “A Family of Single-

Stage High-Gain Dual-Buck Split-Source Inverters,” IEEE J. Emerg. 
Sel. Top. Power Electron., vol. 8, no. 2, pp. 1701–1713, 2020. 

[21] S. M. Dabour et al., “Modeling and Control of Single-Stage Quadratic-
Boost Split Source Inverters,” IEEE Access, vol. 10, pp. 24162–24180, 
2022. 

[22] N. Güler, “Proportional Resonant and Proportional Integral Based 
Control Strategy for Single-Phase Split Source Inverters,” in 2020 9th 
International Conference on Renewable Energy Research and 
Application (ICRERA), 2020, pp. 510–514. 

[23] B. Chen, Y. Feng, and M. Zhou, “Terminal sliding-mode control 
scheme for grid-side PWM converter of DFIG-based Wind Power 
System,” IECON Proc. (Industrial Electron. Conf., pp. 8014–8018, 
2013. 

[24] M. O. Ajangnay, F. Alsokhiry, G. P. Adam, and A. Alabdulwahab, 
“Back-stepping Control of Off-Grid PV Inverter,” in 2020 9th 
International Conference on Renewable Energy Research and 
Application (ICRERA), 2020, pp. 384–389. 

[25] P. Ning, S. A. Hamad, W. Xu, A. Diab, Mosaad M. Ali, and S. A. 
Bukhari, "Model Predictive Voltage Control for Linear Induction 
Machine Without Weighting Factor, "13th International Symposium on 
Linear Drives for Industry Appl. (LDIA),2021, pp. 1-6. 

[26] J. Khazaei, Z. Tu, A. Asrari, and W. Liu, “Feedback Linearization 
Control of Converters With LCL Filter for Weak AC Grid Integration,” 
IEEE Trans. Power Syst., vol. 36, no. 4, pp. 3740–3750, 2021. 

[27] Y. Zhang et al., “Dynamic Performance Improving Sliding-Mode 
Control-Based Feedback Linearization for PV System Under LVRT 
Condition,” IEEE Trans. Power Electron., vol. 35, no. 11, pp. 11745–
11757, 2020. 

[28] F. Lin, K. Lu, T. Ke, B. Yang, and Y. Chang, “Reactive Power Control 
of Three-Phase Grid-Connected PV System During Grid Faults Using 
Takagi–Sugeno–Kang Probabilistic Fuzzy Neural Network Control,” 
IEEE Trans. Ind. Electron., vol. 62, no. 9, pp. 5516–5528, 2015. 

[29] W. Xu, Mosaad M. Ali, M. F. Elmorshedy, S. M. Allam and C. Mu, 
“One Improved Sliding Mode DTC for Linear Induction Machines 
based on Linear Metro,” IEEE Trans. Power Electron., vol. 36, no. 4, 
pp. 4560-4571, April 2021. 

[30] Z. Afshar, M. M. Zadeh, and S. M. T. Bathaee, “Sliding Mode Control 
of Grid-connected Inverters Using Inverter Output Current,” Proc. - 
2019 IEEE Int. Conf. Environ. Electr. Eng. 2019 IEEE Ind. Commer. 
Power Syst. Eur. EEEIC/I CPS Eur. 2019, 2019. 

[31] M. F. Elmorshedy, S. M. Allam and M. M. Ali, "A Proposed High-
Performance Wind-Driven Doubly-Fed Induction Generator Based on 
Super-Twisting Sliding Mode Control for Rural Areas Applications," 
2021 22nd International Middle East Power Systems Conference 
(MEPCON), 2021. pp. 51-57. 

[32] P. A. Valencia and C. A. Ramos-Paja, “Sliding-Mode Controller for 
Maximum Power Point Tracking in Grid-Connected Photovoltaic 
Systems,” Energies, vol. 8, no. 11. 2015. 

[33] Mosaad. M. Ali, W. Xu, M. F. Elmorshedy, Y. Liu, Said. M. Allam and 
M. Dong, “Sliding mode speed regulation of linear induction motors 
based on direct thrust control with space-vector modulation strategy,” 
in Proc. Inter. Conf. Electrical Machines and Systems (ICEMS), 
Harbin, China, 2019, pp. 1-6. 

[34] Mosaad M. Ali, W. Xu, M. F. Elmorshedy, Y. Liu and M. Dong, “An 
Improved Finite-Set Model Predictive Current Control with Nonlinear 
Speed Regulator for Linear Induction Machine based on Linear Metro,” 
IEEE Energy Conversion Congress and Exposition (ECCE), Detroit, 
MI, USA, 2020, pp. 5141-5147. 

[35] M. M. Ali, W. Xu, A. Junejo, M. Elmorshedy, and Y. Tang, “One new 
super-twisting sliding mode direct thrust control for linear induction 
machine based on linear metro,” IEEE Trans. Power Electron., vol. 37, 
no. 1, pp. 795–805, 2022. 

[36] F. Gonzalez-Espín, E. Figueres, G. Garcerá, R. González-Medina, and 
M. Pascual, “Measurement of the loop gain frequency response of 
digitally controlled power converters,” IEEE Trans. Ind. Electron., vol. 
57, no. 8, pp. 2785–2796, 2010. 

[37] A. Abdelhakim, P. Mattavelli, V. Boscaino, and G. Lullo, “Decoupled 
control scheme of grid-connected split-source inverters,” IEEE Trans. 
Ind. Electron., vol. 64, no. 8, pp. 6202–6211, 2017. 

[38] R. D. Prasad and R. C. Bansal, “Photovoltaic systems,” Handb. Renew. 
Energy Technol., pp. 205–224, 2011.

 

 


