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Abstract—In this study, a new single-stage inverter with improved boosting performance was proposed to 
enhance the recently developed split-source inverter (SSI) topology. The study introduced new SSI 
configurations with high voltage gain. The proposed design features a voltage-lift cell made of capacitors, 
inductors, and diodes, which increases the boosting capability. The decoupled control technique, where The 
DC input current is controlled by the AC modulation signals,allows for independent adjustment of both the 
DC input and AC output current. The research also employed a modified space vector modulation approach 
to manage the inverter switches and reduce current ripple. The combination of the proposed topology and 
the modified SVPWM scheme significantly improves the DC-boosting capabilities. the validity of the 
proposed solution was confirmed through simulation using three-phase SSI models in 
MATLAB/SIMULINK®. Finally, The validity of the simulation and experimental investigation of the 
analysis and performance of the topologies provided. 
 
INDEX TERMS Decoupled control; Grid connection; Photovoltaic systems, Three-phase split-source inverter (SSI); 
Voltage-lift cell SSI. 


 
I. INTRODUCTION 

Renewable energy sources, including photovoltaic panels 
and fuel cells, have garnered a lot of interest [1], [2]. Despite 
this, the DC voltage produced by these sources is quite low. 
Hence, The utilization of a DC-DC boost converter is 
imperative before the DC-AC inverter step to raise the 
voltage to an acceptable level, in order to transmit the 
generated power to either the grid or isolated loads [3], [4], 
[5]. Primary DC–DC boost converters are the traditional 
options for boosting inverter output voltages, Nevertheless, 
The instability is caused by their duty ratio, which is 
relatively high and limits switching frequency [6]. Grid-
connected PV systems can benefit from low/high-frequency 
transformers [7]-[35]. Two-stage or single-stage 
transformerless power converter topologies are available for 
renewable energy systems [8], [9]. However, the two-stage 
method is more expensive and inefficient. One of the recently 
established single-stage topologies is the split-source inverter 
(SSI), which has a basic construction, as presented in Fig. 
1(a). Because of its benefits, such as continuous input current, 
reduced capacitor voltage stress, higher efficiency, low cost, 
and simpler design, it has demonstrated good features [10], 
[11]. 

The quasi Z-source inverter (qZSI) is a three-phase 
inverter that adds an impedance network between the input 
DC source and the conventional B6-bridge. This impedance 
network comprised 2 inductors, 2 capacitors, and a fast 
recovery diode. In order to obtain the boosting action in the 
qZSI, additional switching states called shoot-through (ST) 
states are used in addition to the standard eight. The ST 
switching states can be achieved by using seven different 
combinations of B6-bridge. 

The literature has reported several indepth reviews of 
various ZSI topologies and modulation approaches [12]-[18]. 
Because of its straightforward construction and continuous 
input current, the qZSI topology is more appropriate for the 
PV, FC applications, multiport topologies, electric vehicles, 
and electric drive applications [18]-[20]. However, despite 
this appealing ZSI/qZSI utilization in many applications, it 
has several common flaws which should be taken into 
consideration before presenting these inverters in the market. 
These flaws are summarized as follows [12], [13]: The ST 
intervals cause a decrease in the modulation area, The low 
quality of voltage and the underutilization of the DC bus are 
causing subpar performance.the DC voltage fluctuates rapidly 
with high dv = dt. To achieve high gain, ZSIs require 
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prolonged ST intervals, making it challenging to maintain 
good output voltage quality. In addition, the parasitic effects 
of the impedance network become more prominent in this 
situation, which significantly decreases the gain, For attaining 
a high voltage gain with a brief ST time, the use of additional 
passive components in constructing a more extensive 
impedance source network is necessary. 

Recently, a newly emerged topology which is called the 
SSI, presented in Fig. 1(a), has been introduced. This 
architecture boasts a reduced amount of passive components 
in comparison to the qZSI and possesses numerous benefits 
over the ZSI. It features a stable input current, a standardized 
modulation technique utilizing the same eight states as a 
conventional VSI, This design incorporates a DC-boost 
converter into the conventional three-phase VSI by 
connecting the boost inductor to the AC output terminals of 
the inverter legs using diodes, resulting in a consistent 
inverter DC voltage with a low-frequency element. The 
integration of the boost converter into DC-AC power 
conversion was initially studied in [14] and [15], where [15] 
looked into the potential of utilizing two boost converters to 
generate a sinusoidal output voltage.In [11], a new (SSI) 
topology was devised by Abdelhakim and his team. This 
architecture was established by combining a DC-boost 
converter with a conventional three-phase voltage source 
inverter (VSI), Figure 1(a) illustrates the connection of the 
boost inductor to the AC output terminals of the inverter legs 
(a, b, c) using diodes (Da, Db, Dc) to achieve a conventional 
three-phase voltage source inverter (VSI). 

The continuous conduction mode analysis of the SSI has 
been investigated in [21] and [22].A new SSI topology is 
being created in order to improve the boosting capability. In 
attaining the requisite boosting characteristics and bridging 
this gap, a novel inverter topology is proposed by combining 
the basic SSI topology with a voltage-lift method. This 
combination leads to a significant improvement in the input 
voltage of the inverter, making it more suitable for uses in the 
renewable energy sector. The voltage-lift cell is employed to 
attain a high gain factor, thereby enhancing its efficiency. 
The suggested design enhances the voltage gain and 
decreases the ripple in the input current, compared to the SSI 
discussed in reference [13], several modified space vector 
modulation (MSVM) techniques have been put forward in 
studies [12], [13], and [24] to improve the suggested SSI's 
efficiency. The significance of the boost converter in DC-AC 
power conversion was initially investigated in studies [14]-
[17]. 

In this article, the DC side of the SSI is modeled, and a 
control strategy for the grid-connected mode is presented. 
The strategy involves separating the control of the DC and 
AC sides of the SSI by using a modified modulation scheme 
in combination with the synchronous reference frame control 
method. By utilizing the common-mode component of the 
AC modulation signals, the DC side can be controlled, 
resulting in additional flexibility similar to that of a two-stage 
design. In recent times, there has been a growing interest in 

the analysis and study of control systems in grid-connected 
mode for various applications. For example, in [18], the 
control of three-phase multilevel qZSIs for photovoltaic 
systems in grid-connected mode was explored. Meanwhile, 
[19] and [20] An energy storage system has been established 
that utilizes qZSIs and incorporates several passive 
components, such as resistors, capacitors, and inductors, 
without compromising its flexibility in control. This results in 
a system that is both efficient and reliable, yet still offers the 
necessary adjustability to meet changing requirements and 
operate optimally,The potential application scenario for this 
topology is in renewable energy systems, such as solar 
photovoltaic and wind energy conversion systems. 

The following summarizes the major differences between 
these topologies and previous boost inverters: 

1) The fundamental split-source design remains intact, 
2) Both buck and boost operations can be performed, 
3) the voltage and boosting gains are increased, and 
4) it uses the typical SSI modulation methods. 

It corresponds to this flaw: uneven switch current sharing, 
which was similar to the basic SSI. This study focuses on 
creating a controller for a grid-connected voltage-lift cell SSI 
with the aim of improving the power quality of the 
distribution system. The study also examines its control 
through the use of the maximum boost method. The paper is 
structured as follows: Section II provides an overview of the 
operating principle of the voltage-lift cell, The study begins 
with an introduction and is followed by a discussion of the 
decoupled control method for the grid-connected voltage-lift 
cell SSI in Section III. This section also covers the 
modification made to its conventional modulation approach. 
The results of the simulation, performed using a 
MATLAB/Simulink model, are displayed in Section IV. 
Finally, the experimental results and conclusions are 
presented in the last section. 
 
II. DIFFERENT TOPOLOGIES OF THE PROPOSED SSI 

AND COMPARATIVE ASSESSMENT 

A. Topologies of the proposed SSI 
A power circuit design for a voltage-lift cell SSI (as 

specified in [23]) is illustrated in Figure 1(b). The newly 
introduced SSI topology has two modes of operation: 
charging mode and discharge mode. The circuit is comprised 
of three key components: The system includes the three-
phase section input section, the high-gain SSI cell section, 
and the input section section.There are four diodes (D1, D2, 
D3,and D4), three inductors (L1, L2, L3), and three capacitors 
(C1, C2,and C3), with L1 and L2 which have the same value, as 
well as six switches (Sau, Sbu, Scu, Sal, Sbl, Scl) and three diodes 
(Da, Db, Dc). This unique topology can result in significantly 
better voltage conversion than that of the standard SSI. 
Efficient reduction of input current ripple is achieved when 
the voltage conversion is equalized. 
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 Charging Mode 
In this configuration, It is necessary to activate at least one 

of the lower switches (Sal, Sbl, Scl) is engaged, as indicated in 
Fig. 1(c).This results in diodes D2 and D4 being on and diodes 
D1 and D3 being off. During the switching-charging state 
operation, the inductor currents iL1, iL2, and iL3 increase 
linearly as the DC input voltage (E) provides energy to 
inductor L1, and the stored energy from capacitors C2 and C3 
is transferred to inductors L2 and L3. As a result, the inductor 
currents iL1, iL2, and iL3 increase linearly, and the voltage 
equations, among others, can be derived from the analysis. 
and current equations. 
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 Discharging Mode 
When all the higher switches (Sau, Sbu, Scu) are closed, this 

mode is activated (ON). Correspondingly, diodes D1 and D2 
are ON, as presented in Fig. 1(d). Meanwhile, the D2 and D4 
diodes are turned off.As a result, the DC input voltage (E) 
and inductor L1 supply energy to C2, the stored energy from 
inductor L3 is transferred to C3, and the energy stored in 
inductors L2 and L3is delivered to C2. This results in a 
gradual decline in the inductor currents iL1, iL2, and iL3 during 
the discharging mode, as described by the following 
equations. 
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and current equations. 
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FIGURE 1. A voltage-lift cell SSI inverter that operates in two modes. 

B. Comparative Assessment 
The comparison of the inverter topologies, including the 

qZSI, SSI, and proposed VLSSI, is thoroughly discussed in 
this section. The assessment is based on the following factors: 
the simplicity of the modulation, steady-state analysis, the 
stress on current and voltage, and the required specifications 
for passive components. The comparison results for the 
evaluated topologies are presented in Table 3, This involves 
assessing the duty cycles, boosting factors, voltage stress on 

capacitors and semiconductors, as well as the AC-voltage 
gain of each topology. 

 Implementations 
In comparing various topologies, it requires taking into 

consideration some key factors, one of which is the 
implementation process for modulation methods which was 
used in power converters. After considering different factors 
such as the quantity of duty cycles and the potential use of 
advanced PWM (ePWM) modules found in modern DSPs, 
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the complexity of the modulation technique can be 
determined. In Table I, the various topologies are compared 
based on the number of active switches needed and the level 
of intricacy involved in their implementation using ePWM 
modules. The proposed VLSSI and basic SSI modulation are 
simpler than the qZSI, whose complexity necessitates high 
specifications for DSP controllers and higher duty cycle 
requirements, Implementing a fast modulation scheme, such 
as space vector pulse width modulation (SVPWM), which 
can generate the gating signals very quickly based on the 
control commands. This can partially compensate for the 
slower inductor dynamics. Proper tuning of the modulation 
scheme and PLL/inner control loops is needed to optimize 
dynamic performance. 

 Voltage Gains 
The investigated topologies are compared in terms of more 

glaring steady-state contrasts in Table 1. The voltage gain 

range is chosen as G <= 5, which takes into consideration the 
restrictions brought on by parasitic factors. Correspondingly, 
it is possible to draw the following conclusions about the 
relationships between the charging duty cycles and the 
boosting factor: 

1) In SSI and VLCSSI, the charging duty cycle (Dch) has 
a wider range with Dah ˂ 1, while the boosting action of 
qZSI is applicable for Dah ˂ 0.5. 

2) The SSI and suggested VLCSSI topologies can 
achieve higher voltage gains as compared to qZSI. 

3) For the exact charging duty cycle, the VLCSSI’s 
boosting capacity is much higher than that of the ordinary 
SSI. The DC-boost factor’s squaring feature is responsible 
for this. 

4) Low-modulation indices are necessary in achieving 
significant voltage gains in the qZSI. Thus, the distorted 
output voltage in the qZSI is anticipated more than that of 
the other topologies. 

Table 1 Comparisons of the proposed voltage-lift cell split-source inverter (VLCSSI) with the conventional full-bridge qZSI and the SSI. 
Inverter features q-ZSI  SSI [6] VLC SSI 

Number of active switches 6 6 6 
Number of diodes 1 3 7 

Number of inductors 2 1 3 
Number of capacitors 2 1 3 

THD   Low at low-voltage gains Low at high-voltage gains Low at high-voltage gains 
Charging duty cycle, Dch 1-M M M 

Reliability High Low Low 
PWM Complexity Complex Simple Simple 

Input current waveform continual continual continual 
DC- voltage pulsed continual continual 

Boosting factor  1 1 2 shD   1 1 2 shD   3
1 1 2 shD  

Voltage gain   3 1M M    3 1M M    3
3 1M M  

Voltage stresses Highest Low High 
Voltage gain control Complex Moderate Moderate 

 
 

 Component Stress Factor (CSF)  
The CSF is an essential parameter in assessing the stress 

on the components of an inverter. Lower CSF values indicate 
reduced stress on the components, leading to increased 
reliability and lifespan. Table 2 shows the specific values of 
the CSF between the proposed voltage-lift cell split-source 
inverter (VLCSSI), the conventional full-bridge qZSI, and the 
SSI. 

 
Table 2 CSF comparison between the proposed voltage-lift cell 

split-source inverter (VLCSSI), the conventional full-bridge qZSI, 
and the SSI. 

Inverter 
features 

q-ZSI  SSI [6] VLC SSI 

CSF 2.3 1.9 1.8 

As demonstrated in table 2, the proposed topology yields a 
lower CSF than the other inverters, resulting in reduced stress 
on the components and improved reliability. 

 Switching Device Power (SDP)  
SDP is a critical indicator of the efficiency of an inverter. 

Lower SDP values signify higher efficiency and reduced 
power losses. Table 3 shows the specific values of the SDP 

between the proposed voltage-lift cell split-source inverter 
(VLCSSI), the conventional full-bridge qZSI, and the SSI. 

 
Table 3 SDP comparison between the proposed voltage-lift cell 

split-source inverter (VLCSSI), the conventional full-bridge qZSI, 
and the SSI. 

Inverter 
features 

q-ZSI  SSI [6] VLC SSI 

SDP (W) 65 55 50 

The table above demonstrates that the proposed topology 
has the lowest SDP among all the compared inverters, 
indicating higher efficiency and minimized power losses. 

In conclusion, the proposed topology outperforms the 
other latest methods (QZS inverter, two-stage inverter, and 
SSI) in terms of both Component Stress Factor (CSF) and 
Switching Device Power (SDP), high boosting factor, and 
higher voltage gain leading to enhanced reliability and 
efficiency.  
 
III. MODULATION TECHNIQUEs 

Based on their approach in attaining the charging and 
discharging modes, The available modulation methods for the 
three-phase voltage-boosting cell SSI are categorized in 
Figure 2, as previously mentioned in [25]. Pulse Width 
Modulation (PWM) using Space Vector Modulation (SVM) 
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is employed. This method generates a reference voltage 
through controlling current in a rotating reference frame. As 
previously discussed, a VLSSI has eight possible operating 
conditions, including two zero states and six active states. 
While all PWM techniques that are used for the conventional 
VSI can be utilized to control the switches of the proposed 
voltage-lifting cell split-source inverter (VLCSSI) for 
boosting and inverting purposes, These are some possible 
techniques that be applied to the proposed inverter to realize 
soft-switching operation and improve its performance. 

1-Using switch topologies that have inherent soft-
switching characteristics. For example, a MOSFET/IGBT 
with an anti-parallel diode can achieve ZVS operation. When 
one switch turns off, the body diode of the other switch 
conducts the current and allows the voltage to rise/fall 
smoothly, thereby achieving ZVS. 

 
2-Modifying the pulse width modulation (PWM) pattern to 

achieve soft switching. For example, a degree of dead time 
can be added between the on/off transitions of the 
complementary switches. During this dead time, the anti-
parallel diodes conduct and allow the voltage/current to 
change slowly, achieving soft switching. 

 The standard modulation approach for all extended-
boost-based SSIs is considered to be the modified 
unregulated and regulated SVPWM methods, which were 
proposed in [10] and [26]. This is because they offer several 
advantages, such as: 

1) It ensures smooth, continuous charging and 
discharging of the inductors with a duty cycle. This reduces 
input current ripple and voltage stress. 

2) It can be utilized in achieving a performance 
comparable to that of the two-stage topology. Equations (5) 
and (6) are used in a carrier-based system implementation to 
generate gating pulses for the B6 switches by matching the 
per-phase duty cycles (da, db, dc) with a high-frequency 
triangular carrier wave. 
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FIGURE 2. Pulse Width Modulation method for proposed topology 

The last term in equation (5) represents a constantly 
increasing upward-shifting factor for the boosting duty 
cycles. The value of "in" in (5) for the MSVM scheme is 
"Mac" [6]. Correspondingly, the same control variable, Mac, 
is used in regulating both the output voltage gains and the 
DC-boosting factor, By substituting Mdc with equation (5) in 
the RMSVM technique, an extra control parameter is 
introduced on the DC side, as explained in reference [26]. 
This results in a clear differentiation between the control of 
the AC and DC sides, which is crucial for regulating the 
frequency (V/f) of motor drives and for applications that are 
connected to the power grid. 

A. Space Vector PWM (SVPWM) Technique 
The standard VSI's eight switching states can be synthesized 
by synthesizing the space-vector for each state. 

 2 / 3 4 /32

3
j j

an bn bnV v v e v e   


 (3)  

When the space vector is applied to the inverter phase 
voltages, it results in eight possible voltage vectors, six of 
which are active and two are zero vectors. Figure 4 illustrates 
these vectors along with their corresponding instantaneous 
common-mode voltage magnitudes for each switching vector. 
In the conventional three-phase VSI SVPWM, two 
neighboring active space vectors in each sector are used 
along with the zero vectors to synthesize the reference 

voltage vector (
jV Me 


 ), as shown in Figure 5. For 

example, if V


the vector is in sector A1, the vectors 1V


 and 

2V


 are used. The reference vector for each sample interval 
Ts is calculated using the volt-second balance principle. 

1 1 2 2 3 3sT V T V T V T V  
   

 
 

where T1, T2, and Tz are the time of application of the active 
and zero vectors V1, V2, and Vz, respectively, which are 
calculated by: 

 1 sin 3sT T M     (4)  

 2 sinsT T M   (5)  
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1 2z sT T T T    (6)  

In the traditional SVPWM approach, the time duration Tz 
is evenly distributed between the zero vectors V0 and V7, with 
T0 and T7 representing this division. 

 0 7 0.5 1 sin 3zT T T M        (7)  

The validity of equation (17) extends throughout the entire 

linear region within its range 0 1M  . 

B. Modified SVPWM (MSVPWM) Technique for SSI  
By using the MSVM method, the low-frequency 

component present in both the current flowing through the 
inductor and the voltage of the inverter can be effectively 
removed. This is achieved by fixing the duty cycle, which is 
calculated as the ratio of the active-state equivalent times (Ta 
and Tb) to the total switching time (Ts). The zero-state 
equivalent time (Tz) can be reallocated without impacting the 
active-state times by recalling the switching pattern of the 
SVPWM scheme as depicted in Fig. 7 (a). The key to this 
process is to redistribute the zero-state equivalent time 
without affecting the active-state times. Equation (19) 
represents the minimum value of the zero-state equivalent 
time, Tzm , which has been shown in references [25] and [33] 
to be equal to the time it takes for the inductor L to discharge, 
Tx. 

  1 2 sin 6x zm sT T T M   
 

(8)  

In Fig. 7(b), you can see that the extra time left in the zero 
state is given to another zero-state in that area. By adjusting 
Tx to Tzm, the same biasing discussed earlier is applied, as 
shown in Fig. 6. With this modification, you can see that the 
reference signals remain constant at the lower virtual 
envelope, and the duty cycle D is fixed at M. Using this 
information, one can determine the normalized peak phase 
voltages of the inverter and output fundamental by 
performing calculations. which are outlined in [34]. 
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C. RMSV Modulation Scheme 
In this section, the regulated RMSV modulation technique 

is introduced as depicted in Fig. 3, In this technique, a single 
control parameter, the modulation index (M), is used to 
govern both the AC and DC sides simultaneously, while the 
maximum peak value of (va

*, vb
*, vc

*) is fixed at one end. The 
approach employs space vector modulation technique to 
generate a reference voltage and regulate current in a rotating 
reference frame. As mentioned earlier, the three-phase SSI 
generates eight states, comprising of six active states and two 
zero states. 

The vectors make up a hexagonal shape, as illustrated in 
Figure 4, comprised of six segments with a 60-degree angle 
each. The SVPWM technique is employed to produce a 

reference vector for three-phase sinusoidal voltage by 
alternating between the active-state and zero-state vectors 
[16]. 
 
IV.  CONTROL OF THE VOLTAGE-LIFT CELL 

TECHNIQUEs 
In this section, a high-performance, single-stage DC-to-

AC inverter is presented. The suggested inverter architecture 
relies on a split-source inverter, which has been augmented 
with a voltage-lift cell to improve its boosting capacity. The 
voltage-lift cell is composed of three capacitors, two 
inductors, and four diodes. The control of the AC modulation 
signals is managed through a decoupled control method that 
utilizes a common-mode term for the voltage-lift cell split-
source inverter. 

The authors have put forward a high-boost, single-stage 
DC-to-AC inverter topology that is based on the split-source 
inverter. This topology incorporates a voltage-lift cell that 
consists of two inductors, four diodes, and three capacitors, 
which enhances its boosting capability. To control the DC 
input current, the inverter uses a decoupled control technique 
that separates the AC and DC modulation signals and utilizes 
the common-mode term. The authors then analyze this 
control scheme for the grid-connected mode of operation, the 
SSI is examined to determine whether the synchronous 
reference frame control technique can also be applied to a 
conventional two-stage architecture (consisting of a three-
phase inverter). The section begins by explaining the SSI 
modulation scheme and how it adds two control parameters 
that allow independent regulation of the AC and DC sides. 
The authors then create a decoupled closed-loop control 
method for the grid-connected VLCSSI by integrating the 
regulated MSV modulation approach, the technique of 
synchronous reference frame control, which is widely used, is 
employed in this process.This control scheme has two 
sections: the input power control section and the grid-side 
control section. The modulation index Mac regulates the grid-
side, while the regulation index Mdc controls the DC side. 

The Figure 8 depicts the grid-connected SSI decoupled 
control method's architecture in the rotating dq reference 
frame, which is then elaborated on in the following sections. 
To begin with, a Lf filter interface inductance links the grid to 
the SSI. The technique for implementing RMSV modulation 
is depicted in Fig. 5. The procedure involves converting the 
reference signals obtained from the synchronous reference 
frame controller into modulating signals that are expressed as 
space vectors. which are then subjected to saturation. After 
saturation, the resulting modulating signals are further 
transformed into Root Mean Square (RMS) equivalent 
modulating signals, with the minimum of the negative 
envelope, represented by min (va

*, vb
*, vc

*), set to zero (i.e. 
Mac =1). Subsequently, the input current controller fine-tunes 
the negative envelope by altering the value of Mac in 
accordance with the input current reference. By using the 
input DC voltage (vinv), one can determine the average DC-
link voltage and the peak phase voltage of the output 
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fundamental (vφ1). These variables are interconnected and can 
be expressed mathematically. based on Equations (7) and (8) 
in reference [26], respectively. 
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A. MPPT Controller 
The operating point of a photovoltaic (PV) system is 

managed through the VLCSSI duty cycle, Mdc, to maintain 
the PV voltage at the level corresponding to Vmp, denotes the 
voltage level at which the highest amount of power is 
accessible for a given temperature and radiation condition.  

Vmp can be determined using any maximum power point 
tracking technique. Fig. 8 illustrates how cascaded controllers 
regulate the PV voltage.In order to obtain the current 
reference, the PV voltage (Vpv) is compared to Vmp, and any 
resulting error is fed into a PI controller. This reference is 
then compared to the actual input current of the VLCSSI and 
the error is fed into another PI controller to generate the Mdc 
required by RMSVM. To guarantee stability and fast 
dynamic response, proper tuning of the PI gains is necessary. 
Thus, a block diagram must be developed for each controller. 

B. Input Current Controller 
For the purpose of simplicity, by assuming a constant DC-

link voltage, The transfer function GiL(s), which corresponds 
to the regulation index, is obtained by simplifying the small-
signal input current through equation (9). 

   
 

L inv
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L
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G s
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In The time-varying regulatory index, mdc(s), is 
represented by d(s) in equation (9). Fig. 8 illustrates the input 
current control loop in block diagram format, and it's 
important to mention that the input current reference, IL

*, 
must be obtained through a Maximum Power Point Tracking 
(MPPT) block. Various MPPT techniques are discussed in 
[27]. To reduce the impact of the triangular nature of the 
input current on Mdc, To mitigate the impact of high-
frequency components, a capacitor is typically connected in 
parallel to the DC source, acting as a low-pass filter. 
Additionally, it's noteworthy that instead of regulating the PV 
source current, a PV system can regulate the PV source 
voltage. Furthermore, the small-signal input voltage to the 
regulation index transfer function can be calculated similarly 
by deriving the state-space representation of the SSI DC side. 
The digital implementation of the control scheme has proven 
to be efficient in achieving these objectives. 

C. Output Current Controllers 
To calculate the grid currents in the rotating dq reference 

frame (idq), we need to perform a Park transformation on the 
measured grid angle (θg) and observed grid currents 
(iabc).This allows us to describe the grid-connected inverter, 

as depicted in Figure 4, in the rotating dq reference frame 
using equations (10) and (11). 

d
di dg f f d g f q

di
v v L r i L i

dt
     (14)  

q
qi qg f f q g f d

di
v v L r i L i

dt
     (15)  

The output voltage of the inverter, in the rotating dq 
reference frame, is denoted by vdqi, The interfacing 
inductor's internal resistance is denoted by "rf," while the 
grid's angular frequency, ωg, is simply the product of 2πfg, 
where fg represents the grid frequency measured in Hz. The 
transfer function can be expressed as equations (12) and (13). 
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This model is similar to the models presented in [28], [29], 
and [30]. 
 

FIGURE 3. Modulating signals. 
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FIGURE 4. Generation of switching vectors for the three-phase voltage-lift 
cell split-source inverter (VLCSSI). 
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FIGURE 5. The creation of the reference vector for the traditional SVPWM. 
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FIGURE 6. References signals that are of the same level as the MSVPWM 
scheme. 

 
FIGURE 7. Switching behavior during any sector, with time durations  
between the conventional SVPWM method (a) and the MSVPWM method 
(b). The duration of the inductor discharge, Tx, and the charge, Ty, 
 
V. SIMULATION AND EXPERIMENTAL RESULTS 

A. Simulation Results and Analysis  
The RMSVM approach was used to create a closed-loop 

configuration with both grid-side control and input power 
control being part of the strategy. The duty ratio D0, which 
controls the DC input power, and the modulation index M, 
which controls the AC input power, are independent control 
variables. The MPPT is regulated by an input current 
controller that manages the duty ratio D0, as shown in the 
simulation model in Figure 9. Figure 10 displays simulation 
results of the voltage, current, and close-up views of 1 
millisecond across waveforms of D1, D2, C2, C3, L2, and L3.  

A 50 V rated voltage ideal voltage source was used to 
represent the DC input source, while the grid voltage was 
scaled to 110 Vrms using a grid simulator. The system 
specifications are listed in Table 3 and the PV array consisted 
of ten parallel strings, with each string being made up of four 
connected modules in series. The specifications for each 
module are outlined in Table 2. 
Figure 11 illustrates the agreement between the PV module's 
I-V characteristics under varying conditions. Specifically, 
Fig. 11(a) represents different temperatures under a constant 
irradiance of 1000 W/m2, while Fig. 11(b) shows different 
irradiance and temperature of 25°C. On the other hand, Fig. 
12 displays the simulation results of the grid voltage and 
current waveforms, which demonstrates the proper control of 
both the grid currents and input DC current throughout the 
transient time. These topologies were simulated using 
MATLAB/SIMULINK® with the parameters provided in 
Table 3. The DC-link voltage control loop, as demonstrated 
in Fig. 13, maintains a constant injected active power by 
adjusting the q-axis current reference. 

Table 2. PV modul parameters 

Parameters Values Parameters Values 

Power (W) 213.15 W  Rsh (ohms) 7.8649 
Voc (V)  36.3 V   Rs (ohms) .39383 
Cells per module 
(Ncell) 

60 Diode ideality factor .98117 

Isc (A) 7.84 A Voltage at MPP Vmp (V) 29 V 

IL (A) 7.8649 A 
Maximum Power Point 
Current (Imp) in Amperes 

7.35 A 

 
Table 3. Lists the parameters used in simulating the studied 

topologies. 
Parameters Values 

Grid phase voltage (Vn)  110 Vrms 
Grid frequency (fgrid)  50 Hz 
Dc input voltage (VDC)  100 V 
input power (Pin)  8 kW 
Switching frequency (fsw)  10 kHz 

 

This article has been accepted for publication in IEEE Access. This is the author's version which has not been fully edited and 

content may change prior to final publication. Citation information: DOI 10.1109/ACCESS.2023.3280602

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/



  

 

 

 
FIGURE 8. The proposed grid-connected split-source inverter employs a decoupled control strategy. 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

FIGURE 9. The simulation results showed the voltage and current outputs, as well as an in-depth 1 millisecond view of the waveforms across diodes D1 and D2. (a) 

voltage across D1, (b) current through D1, (c) voltage across D2, (d) current through D2. 
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(a) 

 

FIGURE 10. simulation results included the voltage and current outputs, as well as detailed 1 millisecond views of the waveforms across capacitors C2, C3, 
and inductors L2, and L3.  
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FIGURE 11. The module's I-V characteristics were measured using parameter estimation methods with varying irradiance and a temperature of 25°C. 
The same I-V characteristics were also measured with a constant irradiance of 1000 W/m2 and at different temperatures. 

 

 

 
FIGURE 12. Grid voltage and current waveforms. 

 
FIGURE 13. Grid current components in the rotating dq frame. 

 

B. Experimental Results 
To evaluate the performance of the analyzed topologies, a 

small-scale prototype was created in the lab using the 
parameters listed in Table 4. The SSI was implemented using 

the Texas Instruments Launch-Pad LAUNCHXL-F28379D 
DSP board, which was used for generating the MSVM gating 
pulses and dead-time generation (1 µs). 

The proposed inverter topology improves the basic three-
phase SSI by incorporating a voltage-lift cell made up of 
three capacitors (C1, C2, C3), two inductors (L2, L3), and four 
diodes (D1, D2, D3, D4) to increase boosting capability. By 
combining these features, It is possible to attain a high 
voltage DC-DC boosting factor and lower input DC current 
ripple, which ultimately results in a significant increase in 
voltage gain at the AC output terminals.The experimental 
setup for the VLCSSI is shown in Figure 14. 

Figure 15 shows the input current and three-phase load 
current (𝑖𝑎𝑏c) waveforms, and Figs. 16 and 17 present the 
capacitor C2 voltage and C3 current waveform with zoomed-
in views of 1 millisecond of the capacitor. Meanwhile, Figs. 
18–20 show the inductor voltage and inductor current, L1, L2, 
and L3 waveforms, respectively, which include zoomed-in 
views of 1 millisecond. 
 

Table 4. Experimental parameters for the VLCSSI  

Parameter Value Parameter Value 

Switching Frequency 20 kHz DSP TI-F28379D 

Dead time 1 µs IGBT HGTG20N60B3D 
Load 11 Ω & 5 mH M .5 
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FIGURE 14 Photographs of proposed voltage-lift technique split-source inverter Setup.(1) Voltage-lift technique circuit, (2) Power Electronics 
Breadboard connected with six IGBT modules,(3) three current sensors,(4) Six Modules Signal Collector Board, (5) F28379D Launchpad Kit Card™, 
(6) dc supply, (7) Voltage probe, (8) Power supply, (9) lab top, (10) digital multimeter, (11) the oscilloscope and (12) RL-loads. 

 
 

 
FIGURE 15 Experimental results of input current and three-phase load 
current (𝑖𝑎𝑏c) waveforms. 

 
FIGURE 16 Experimental results of capacitor C3 voltage and current 
waveforms and zoomed-in views of 1 millisecond across. 

 
Fig. 17 Experimental results of capacitor C2 voltage and current waveforms 
and zoomed-in views of 1 millisecond across. 

 
FIGURE 18 Experimental results of inductor L1 voltage and current 
waveforms and zoomed-in views of 1 millisecond across. 
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FIGURE 19 Experimental results of inductor L2 voltage and current 
waveforms and zoomed-in views of 1 millisecond across. 
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FIGURE 20 Experimental results of inductor L3 voltage and current 
waveforms and zoomed-in views of one millisecond across. 
 
 
VI. CONCLUSIONS 

In This paper presents novel SSI topologies with improved 
high-voltage gain capabilities. By incorporating auxiliary 
components such as inductors, capacitors, and diodes, these 
topologies enhance the performance of basic SSI. 
Additionally, a proposed  control strategy has been 
developed to allow for separate control of the DC and AC 
sides of the SSI for enhanced applications. The voltage-lift 
cell technique is utilized for grid-linked control of the split-
source inverter. The RMSVM scheme is applied to improve 
switching characteristics. The conventional boosting inverter 
topologies that employ a single stage, such as SSI and qZSI, 
can be mentioned, were compared with the proposed 
topologies to highlight their benefits. The results indicate that 
the proposed topology is better suited for renewable energy 
systems that require a high voltage gain from a low input 
voltage, and it can be applied to PV and FC systems in a broad 

range of settings. Both simulation and experimentation 
demonstrate the feasibility of the proposed topology. 
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