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ABSTRACT Power conversion systems need to meet various criteria, such as achieving optimal efficiency,
minimizing costs and intricacy, and frequently enhancing boosting capabilities. This is commonly achieved
through the utilization of a DC-DC boost converter (BC) at the front end preceding the inversion stage,
resulting in a dual-stage structure. Conversely, single-stage power conversion systems, which integrate
boosting within the inversion stage, provide potential benefits by simplifying system intricacy and reducing
overall volume. Among various proposed alternatives, the split source inverter (SSI) has lately emerged
as a viable replacement, presenting distinct features over the widely utilized Z-source inverter (ZSI). The
boosting advantage of the SSI is comparable to that in the traditional BC, whereas it has been enhanced
in numerous studies, particularly within impedance converters. This enhancement is essential for inverters
with heightened voltage amplification is required, particularly when managing lower output voltage levels.
To enhance this boosting function evenmore, a switched-inductor SSI (SL-SSI) has been created, substituting
the conventional inductor with a switched-inductor within the SSI design. This paper investigates the
performance of the SL-SSI using finite control set model predictive control (FCS-MPC) to validate the
structure ability in providing high output-power quality. The suggested controller employs a discrete-time
model to forecast input and output current behaviors for every switching state in the future via cost function
reduction. The system’s performance has been evaluated using MATLAB SIMULINK and validated with
Opal-RT OP 4510. The system underwent exhaustive evaluation, analyzing step changes and varied load
power conditions from 0.1 to 7 kW. The system results confirm a notable boosting capability, with observed
increases up to tenfold supported by mathematical analysis for higher multiples. Furthermore, the controller
exhibits rapid reference tracking, achieving settling times of around 10 milliseconds for input current and
negligible for output current. Significantly, the system excels in generating high-quality output power,
meeting low total harmonic distortion (THD) limits, which reach levels below 0.45% in the output current.
Additionally, two comparative studies have been presented, assessing both the inverter structure and the
control technique behavior.

INDEX TERMS Single-stage converter, split source inverter (SSI), switched-inductor (SL), model predictive
control (MPC).
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SSI Split Source Inverter.
EV Electric Vehicles.
ZSI Z-source Inverter.
VSI Voltage Source Inverter.
SL-SSI Switched-inductor Split Source Inverter.
qZSI quasi-Z-Source Inverter.
FCS-MPC Finite Control Set Model Predictive

Control.
SDSI Split Delta Source Inverter.
THD Total Harmonic Distortion.
SPWM Sinusoidal Pulse Width Modulation.
CCM Continuous Conduction Mode.
RMSVPWM Regulated Modified Space Vector Pulse

Width Modulation.

I. INTRODUCTION
Renewable energy sources are currently at the forefront
of interest as substitutes for conventional energy sources,
playing a crucial role in delivering sustainable and environ-
mentally friendly power. Projections suggest that by 2040,
approximately 35% of global energy production will be
sourced from renewables [1]. The incorporation of renewable
energy sources (RES) with electrical networks necessitates
the development of interface devices, creating fertile ground
for the advancement of power converter topologies. Beyond
their significance in renewable energy, power converters are
essential in diverse applications, including electric vehicles
(EV) and various industrial contexts. Voltage source invert-
ers (VSIs) stand out as the most widely utilized DC-AC
power converters. VSIs possess inherent buck capabilities
within the inversion stage, necessitating the incorporation of
a DC-DC boosting stage to meet the applications require-
ments. This configuration is commonly referred to as a
two-stage converter [2], [3], [4], [5]. In contrast, single-
stage converters perform buck-boost operations, garnering
increased concern owing to their compact volume, lower
expense, lighter weight, and reduced intricacy [6], [7], [8],
[9], [10]. Among the single-stage structures, the conventional
Z-source inverter, illustrated in Fig. 1 [11], has emerged as
a widely adopted design. Numerous derivative topologies
have evolved from the Z-source inverter, including the quasi
Z-Source Inverter (q-ZSI) [12], [13], [14], and the semi ZSI,
which offers a cost-effective solution for photovoltaic sys-
tems [15]. The ZSI exhibits certain limitations, such as the
requirement for additional switching states for boosting oper-
ations, discontinuous input current, and heightened inrush
current. Addressing these challenges necessitates innovative
solutions. A recent addition to the landscape of power con-
verter configurations is the Split Source Inverter [16]. The
nomenclature is derived from the division of the input voltage
between the DC-link voltage on the capacitor and the boosted
voltage on the inductor, as illustrated in Fig. 2.

As conventional configurations of three-phase Split Source
Inverter (SSI) structures have been detailed in [17], [18],

FIGURE 1. The conventional topology of Z-Source Inverter (ZSI).

FIGURE 2. Split source inverter.

and [19], and their assorted advantages can be succinctly
summarized as follows:

1. Reduced passive elements number compared to the
ZSI.

2. Continuous input current operation.
3. Operation utilizing the same VSI eight states, derived

from standard modulation schemes.
4. Stable inverter voltage with a low-frequency

component.
5. Continuous DC-link voltage.
6. Mitigation of voltage stress on switches.
Numerous derived topologies have emerged with the aim

of introducing new features or addressing specific chal-
lenges. One such modification involves the transition from
a two-level operation in the Split Source Inverter (SSI) to
a three-level operation. This transition brings added bene-
fits to power conversion at high voltage levels, notably by
minimizing voltage stresses on the switches and reducing
the total harmonic distortion of the output voltage [20]. This
advancement is achieved through the incorporation of a flying
capacitor, as illustrated in Fig. 3a [21], [22]. The utilization of
a flying capacitor enables a reduction in inductance require-
ments whereas maintaining an identical switching frequency.
Nevertheless, this approach introduces a low-frequency com-
ponent in the inverter voltage and input current due to the
oscillation of flying capacitor voltages at lower frequencies.
Another three-level architecture, employing a diode-clamped
bridge as depicted in Fig. 3b, aims to alleviate current stresses
on active switches [23]. Nevertheless, this configuration faces
certain limitations concerning the low-frequency components
in the inverter voltage and input current, as well as higher volt-
age stresses. Boosting capability enhancement and voltage
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spike prevention in impedance-source inverters with leak-
age inductance and no absorption circuit were tackled by
introducing a three-phase Split Delta Source Inverter (SDSI),
as illustrated in Fig. 3c [24]. However, this solution is plagued
by the occurrence of leakage current in the interconnected
inductors. An alteration in a single-phase topology, featuring
two common cathode diodes as illustrated in Fig. 3d, aimed
to reduce parasitic inductance in commutation paths [25].
Unfortunately, this adjustment introduces a floating ground,
thereby elevating the complexity of the gate driver design.
The utilization of MOSFETs in lieu of BJTs and diodes
served the purpose of diminishing switching and conduction
losses while enabling bi-directional power flow [26]. In the
quest for simplification, a streamlined single-phase topology
was introduced (Fig. 3e) with the aim of reducing passive
components and enhancing boosting gain [27]. Another dif-
ferent approach involved the use of reverse-blocking switches
to replace the two clamping diodes in the conventional struc-
ture, thereby augmenting degrees of control freedom [28].
However, this adaptation also resulted in increased conduc-
tion losses. A recent topology called multi-input split source
inverter (MISSI) is emerged to successfully deliver power
from three separate sources to the grid [29]. Another con-
figuration incorporates a voltage-boosting unit comprised of
capacitors, inductors, and diodes, enhancing its capacity for
boosting voltage [30]. TABLE 1 outlines the derived SSI
structures found in the literature.

The topology and its associated structures underwent test-
ing with various modulation schemes, with the conventional
Sinusoidal pulse width modulation (SPWM) being employed
in [31]. It is worth noting that the SPWM synthesizes variable
duty ratio during inductor charging and discharging peri-
ods, which contributes to generating low-order harmonics
and high total harmonic distortion (THD) due to the over-
modulation. This prompts for the presentation of modified
modulation schemes to address this challenge as hybrid
quasi-sinusoidal and constant PWM [26] and regulated mod-
ified space vector PWM (RMSVPWM) [32].

Controlling converters is recognized as an effective
approach to enhance their performance, with numerous stud-
ies and research articles being published annually on this
subject. Recently, predictive control that has gained signif-
icant interest in power electronics applications [33], [34]
as DC-DC converters [35], multilevel converters [36], elec-
tric motor drives [37], VSI [38] and impedance single-stage
converters family [39], [40], [41]. Model predictive control
(MPC), in its simplest form, is dependent on the math-
ematical model for the controlled variables to anticipate
their future performance during the multiple switching states
across a finite horizon time. A class inside MPC called
Finite Control Set-MPC (FCS-MPC) implements the control
instructions directly to the converter switches without the
use of modulation techniques, however, it is limited by its
variable switching frequency [42]. The control decision in
FCS-MPC is chosen in accordance with the statement of the

TABLE 1. Highlights of the SSI derived structure.

cost function. The converter switches in the following sample
time should be optimized for the switching state with the
minimal cost function. When this state is implemented, the
minimum difference between the controlled variables and
their desired values is applied. The weighting factor in the
cost function equation is utilized to represent the significance
of every variable in the control decision. Higher importance
in the control decision is expressed by the larger weighting
factor value. So, FCS-MPC has a lot of benefits over conven-
tional PWM control techniques, which can be addressed as,

1. Controlling multiple control variables.
2. Implementation ease due to the discrete character of the

switches.
3. Fast system response with enhanced performance.
However, it suffers from the long calculations required

to obtain the optimal switching state that requires a long
execution time inducing a considerable time delay in the
control decision. This leads to a notable expansion of the
ripple in the controlled current. Lately, FCS-MPC has been
applied to control the SSI in [43], [44], [45], [46], and [47].

The SSI voltage boosting is insufficient for specific appli-
cations such as photovoltaic systems experiencing partial
shading or wind farms operating during periods of low
wind speed. Extensive literature enhancements have pushed
the boosting gains of converters, particularly in single-stage
configurations. Utilizing a switched-inductor (SL) offers a
practical solution to amplify the boosting factor and enhances
the inverter reliability, as evidenced in various studies such
as [48], [49], and [50] with ZSI, [51] with qZSI, and [52]
considering SSI in an open-loop approach. This paper
introduces an innovative design, known as the three-phase
switch-inductor split source inverter (SL-SSI), controlled by
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FCS-MPC to power standalone loads. The paper examines
the effectiveness of the proposed structure aiming to confirm
its capability in delivering high-quality power output. In addi-
tion, the high voltage gain of the proposed topology forms a
solution for the partial shading and low wind speed issues of
photovoltaic wind farms. The MPC utilizes a discrete-time
model of the SL-SSI to predict future behaviors of input
and output currents for each switching state. The proposed
controller is chosen to optimize topology performance, gen-
erate high-quality power outputs, and validate the topology’s
suitability for industrial applications.

Therefore, the noteworthy contributions of this manuscript
can be listed as:

• An innovative design, referred as the three-phase switch-
inductor split source inverter is presented to add a new
value for the conventional SSI through the boosting
capability.

• An appropriate FCS-MPC algorithm is used to regulate
the SL-SSI structure.

• Two comparative analyses are presented, exhibiting the
advantages of the proposed topology over recently pub-
lished single-stage topologies, and the advantages of the
proposed controller over the conventional ones.

This paper is structured as follows, the proposed inverter
configuration and its mathematical model with controlled
variables have been discussed in section II. The suggested
control strategy has been discussed in section III, whereas the
simulation and the real time validation have been described
in sections IV and V, successively. In addition, two detailed
comparisons have been presented in section VI. Ultimately,
section VII summarizes the conclusion of the presented work.

II. CONVERTER MODELING BASED ON MPC
A. THREE-PHASE SL-SSI OPERATION
The traditional SSI contains the B6 bridge and the boosting
circuit, which contains the inductor connected with the bridge
via three diodes and the DC-link capacitor as depicted in
Fig. 2. The proposed topology replaces the normal inductor
with a switched-inductor configuration that comprises two
inductors and three diodes as depicted in Fig. 4. One of the
features of the proposed inverter structure is that it uses the
same eight switches configuration of the VSI, as listed in
TABLE 2. There are two main states among these states,

• Charging State: when one of the bottom switches is
turned on, the inductors L1 and L2 are charging. The
switched-inductor provides an extra feature during the
charging state, wherein the two inductors are connected
in parallel resulting in lowering the input inductance by
forward biasing D4 and D6 and reverse biasing D5 as
depicted in Fig. 5a-g.

• Discharging state: only one condition allows the induc-
tors and the source to discharge in the DC-link capacitor.
This happens when all upper switches are active, hence
the switched-inductor enables the inductors to be series
by forward biasing D5 and reverse biasing D4 and D6 as
depicted in Fig. 5h.

TABLE 2. The switching states of switched-inductor SSI (SL-SSI).

The diodes configuration in the proposed inverter architec-
ture exhibits required commutations during a single switching
cycle, as seen in Fig. 5.

The behavior of the switched-inductor added the feature
of high boosting gain to the conventional SSI. The equations
below show the boosting gain of the conventional SSI and
SL-SSI successively under the open loop condition [52].

B =
1

1 − D
(1)

BSL =
1 + D
1 − D

(2)

whereas B and BSL are the boosting factors for SSI and SL-
SSI successively, andD is the duty cycle. Fig. 6 illustrates the
difference clearly.

B. MATHEMATICAL MODEL OF THE LOAD CURRENT
The switching states affect how the inverter output changes
throughout the terminals of the RL load. To manage the com-
plexity of three-phase systems, the variables are converted
into two-phase (α, β) for analysis. The viable switching
states of the SL-SSI are summarized in TABLE 3, whereas
Fig. 7 displays the output voltage for each condition as space
vectors.

The output voltage vector (V k
x ) is expressed as [38];

V (k)
x =

2
3
VC · (S1 + aS2 + a2S3) (3)

whereas, x = [0 : 7], VC is the DC-link voltage over the
capacitor, a is the unity vector and equals −1

2 + j
√
3
2 , and

S1, S2, S3 represent the switching states.
The output voltage can be concluded from the load param-

eters as follows:

V (k)
x = R.iko + L

diko
dt

(4)

whereas, R and L are the load resistance and inductance, and
iko is the output current at the present sampling time.
The forward Euler approximation takes the place of the

load current derivative di/dt as follows [38]:

diko
dt

≈
iko − ik−1

o

Ts
(5)
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FIGURE 3. Different schemes derived from SSI.

FIGURE 4. Switched-inductor Split Source Inverter (SL-SSI).

whereas, Ts is the sampling time and ik−1
o is the output current

at the previous sampling time.
In the light of equations (4) and (5), the output current iko

can be adjusted as

iko =
Ts·V k

x + L · ik−1
o

L + R · Ts
(6)

By advancing the discrete-time one step in (6), it is possible
to estimate the future load current by

ik+1
o =

Ts·V k+1
x + L · iko

L + R · Ts
(7)

To establish the discrete model, it is essential to integrate
the anticipated output current and its reference within the
(α, β) coordinate system. The reference magnitude for the
output current should be determined by relying on the desired
output power. Subsequently, the cost function incorporates
the absolute disparity between the setpoints and predicted
values.

TABLE 3. Inverter output voltage in different switching states.

C. MATHEMATICAL MODEL OF THE INPUT CURRENT
The control objectives require the mathematical model of
the switched-inductor current in order to expect its future
behavior at various switching states. The inductors in the
switched-inductor have two main states, charging in parallel
and discharging in series, as shown in Fig. 5.

• During the charging state:
Because L1 = L2 = L, the overall inductance of the
switched-inductor is L

/
2

L
2
dil
dt

= Vdc (8)
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FIGURE 5. Switching states of three-phase SL-SSI without considering the load conditions.

FIGURE 6. Voltage gains of the SSI and SL-SSI converters under duty cycle
variation.

whereas, il is input DC current and Vdc is the input DC
source.

The future switched-inductor current under the discrete
time model:

ik+1
l = ikl +

2Ts
L

· V k
dc (9)

whereas, ik+1
l and ikl are the predicted and the current magni-

tudes of the switched-inductor current respectively, and V k
dc

is the present input voltage.
• During the discharging state:

The overall inductance of the switched-inductor is 2L

2L
dil
dt

= Vdc − VC (10)

whereas, VC is the DC-link capacitor voltage.

FIGURE 7. Space vectors of the output voltage in the complex plane (α,β).

Consequently, the future switched-inductor current under
the discrete time model:

ik+1
l = ikl +

Ts
2L

· (V k
dc − V k

C ) (11)

whereas, V k
C is the present DC-link voltage.

III. PROPOSED FCS-MPC ALGORITHM FOR SL-SSI
Fig. 8 depicts the proposed FCS-MPC with the SL-SSI
approach. The proposed algorithm begins by monitoring the
three-phase load currents, the capacitor voltage, and the input
DC current at instant (k) with four current sensors and one
voltage sensor.

The reference values for the three-phase current ik+1
o_ref and

the input DC current I k+1
L_ref are separately determined using
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FIGURE 8. The proposed system block diagram considering the SL-SSI and its MPC-based control
system.

the specified output power. The following step is to use (9)
and (11) to determine the upcoming magnitude of the input
DC current in both charging and discharging cases.

The cost function g(i) is formulated by considering the dis-
crepancies between the anticipated values and the reference
values. Each error is given priority significance based on a its
weight factor λ, The cost function can be defined as:

g (i) = λio(|ik+1
αref

− ik+1
αo

| + |ik+1
βref

− ik+1
βo

|)

+ λIL

∣∣∣I k+1
Lref − I k+1

L

∣∣∣ (12)

whereas, ik+1
αref

is the real component of the reference output
current, ik+1

αo
is the real component of the predicted output

current, ik+1
βref

and ik+1
βo

represent the imaginary components

of the reference and anticipated currents successively, I k+1
Lref

is the reference input DC current, I k+1
L is the predicted input

DC current, finally λio and λIL are the weighting factor of the
output current and the input DC current respectively. The last
step in the control technique is to calculate the cost function
in each state and choose the optimum switching state to apply
on the topology. The control steps of the proposed algorithm
are organized in a flowchart as shown in Fig. 9.

IV. SIMULATION DISCUSSION
The proposed FCS-MPC technique-based SL-SSI was emu-
lated using computer-aided MATLAB/SIMULINK software
to assess the effectiveness of the proposed approach. The
system contains a DC source with 50 V,a switched-inductor
with two 3 mH inductors, and 470 µf DC-link capaci-
tor as outlined in TABLE 4. To facilitate the inverter’s
functioning in Continuous Conduction Mode (CCM), to be
applicable to diverse renewable energy applications such as
PV systems and fuel cell applications, a high-value induc-
tor in the LC network is chosen. The proposed system is

connected to a standalone load, whereas the output current
is regulated. Obviously, the SL-SSI supports the load with
sinusoidal current waveforms following their reference wave-
forms. In addition, the output current waveforms have been
step changed at instance 3s, as shown in Fig. 10. Concur-
rently, there is a step change in the load power, transitioning
from 0.2 kW to 0.4 kW. This intentional step adjustment is
implemented to affirm the capability of the proposed control
method in accurately tracking the prescribed path of the reg-
ulated current. For a clearer understanding, a magnified view
at the top of Fig. 10 has been incorporated. Fig. 11 depicts
the voltage across the DC-link capacitor, demonstrating the
step-adjusted DC voltage in sync with the variation in the
load current. Whereas, Fig. 12 displays the input DC current
that mirrors the current in the switched inductor, tracking
its reference with swift dynamic responsiveness. This rapid
attainment of steady-state affirms the efficacy of the proposed
control strategy. Additionally, Fig. 13 and Fig. 14 present
the waveforms of the load phase and line voltage, respec-
tively, corresponding to the step-changed performance of the
inverter load currents.

V. REAL TIME VALIDATION
To confirm the effectiveness of the proposed control strategy
and validate its simulation outcomes, a real-time system of
the SL-SSI has been carried out. For validation purposes,
this real-world system employs the same parameters as those
integrated into the simulation model. The system is energized
by a 50VDC input source, with the DC-link capacitor holding
a capacitance of 470µF , and the input inductor possessing
an inductance of 3mH , as specified in TABLE 4. Also, the
system parameters can be varied depending on the applica-
tion, which decides the acceptable limit for input and output
ripples, power quality, THD, and power factor.
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TABLE 4. Design elements of SL-SSI system.

FIGURE 9. Flowchart of the MPC-based SL-SSI.

The MPC controller and the proposed converter are devel-
oped through M-files, MATLAB/Simulink, and RT-LAB
block sets. The interfacing components connect the host PC
to OP4510 and facilitate communications from OP4510 to
the oscilloscope. The overarching block diagram illustrating
the real-time operation is presented in Fig. 15. The entire
system undergoes initial simulation in MATLAB/Simulink
and subsequently, the execution takes place on the OP4510
workstation. By following the processing of data by OP4510,
the outcomes are conveyed to the oscilloscope. The photo-
graphic representation of the system is depicted in Fig. 16.

FIGURE 10. The SL-SSI three-phase output current and their reference
ones considering power step-change between 0.2, and 0.4 kW.

FIGURE 11. Capacitor voltage waveform of the SL-SSI considering power
step-change between 0.2, and 0.4 kW.

FIGURE 12. Input inductor reference and actual current waveforms
considering power step-change between 0.2, and 0.4 kW.

The system is executed under various load power condi-
tions to assess both the boosting capability of the proposed
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FIGURE 13. The MPC-based SL-SSI phase output voltage waveforms
considering power step-change between 0.2, and 0.4 kW.

FIGURE 14. The MPC-based SL-SSI line output voltage considering power
step-change between 0.2, and 0.4 kW.

FIGURE 15. Real-time system block diagram.

FIGURE 16. The real time system photograph.

structure and the effectiveness of the algorithm in adhering to
the set references. The results in TABLE 5 display the THD
and output currents for different load conditions. Evidently,
the THD of the output current decreases initially, experiences
a step rise at 3 kW, and then decreases again. This trend is

TABLE 5. The results of the proposed SL-SSI in different load conditions.

FIGURE 17. Load current THD variation under load change.

visually represented in Fig. 17, where THDs are compared
against output power. The THD values distinctly indicate the
topology’s proficiency in generating high-quality power out-
puts. Additionally, the weighting factors in the cost function
significantly influence the controller’s behavior, delineating
the shapes of the output and input currents. The algorithm
employed prioritizes a higher output current weighting fac-
tor over the input current. Consequently, any alterations in
the weighting factors will correspondingly alter the system’s
behavior under the same load conditions, which clarifies the
rise in the THD value at 3 kW .
The system is tested with an output load of 0.2 kW, then

stepped to 0.4 kW to assess the dynamic performance of
the proposed control approach by stepping the peak value of
output current from 3.65 A to 5.16 A, as illustrated in Fig. 18.
Fig. 18 depicts one phase output current and its reference
signal; the figure includes a zoomed-in section to clearly
depict the dynamic response and how the real values closely
follow the reference values. Fig. 19 shows these waveforms
on the oscilloscope screen. The graph indicates that the steady
state is reached within a short time of order microseconds
which means that the settling time can be considered zero.
This obviously shows the FCS-MPC capability of fast time
response. Fig. 20 displays the three-phase output current,
affirming the symmetry of the waveform and the adherence
of each phase to its respective reference, whereas Fig. 21
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FIGURE 18. SL-SSI output current and its reference for output power
step-changed from 0.2 to 0.4 kW .

FIGURE 19. The oscilloscope screen of SL-SSI output current and its
reference when for the output power step-changed from 0.2 to 0.4 kW .

depicts it on the oscilloscope screen. Fig. 22 compares the
input inductor current to its reference signal with around
10ms settling time and provesMPC’s strong dynamic respon-
siveness, whereas Fig. 23 presents them on the oscilloscope
screen. Obviously, the input current overshoot is reduced in
the real-time results due to the system parasitic inclusion
compared to the simulation environments. In addition, Fig. 24
shows the DC-link voltage where its oscilloscope screen is
portrayed in Fig. 25. Fig. 26 shows the three-phase output
voltage on the oscilloscope display. Fig. 27 shows the line
output voltage on the oscilloscope display.

The findings indicate that the suggested configuration
exhibits a robust capability to elevate the input DC voltage

FIGURE 20. SL-SSI three-phase output current for output power
step-changed from 0.2 to 0.4 kW .

FIGURE 21. The oscilloscope screen of SL-SSI three-phase output current
for the output power step-changed from 0.2 to 0.4 kW .

to levels suitable for meeting the output specifications, and
it is able to give outputs with low harmonic content. Also,
the proposed algorithm works in different load cases, and
the proposed control technique FCS-MPC has a very rapid
response time, and the steady state is reached in a matter of
microseconds.

VI. COMPARATIVE STUDY
The proposed structure is contrasted with the existing con-
verter structures in [11], [12], [19], and [53] as shown in
TABLE 6. The comparison is based on the family of the
converter structure, number of switching, number of input
diodes, number of input inductors, number of input capaci-
tors, number of switching states, DC voltage gain and voltage
stress. It is obvious that the proposed structure is more advan-
tageous compared to the mentioned structures in the DC
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FIGURE 22. SL-SSI input inductor current for output power step-changed
from 0.2 to 0.4 kW .

FIGURE 23. The oscilloscope screen of SL-SSI input inductor current for
output power step-changed from 0.2 to 0.4 kW .

FIGURE 24. SL-SSI capacitor voltage for the output power step-changed
from 0.2 to 0.4 kW.

voltage gain, which forms an important feature for renew-
able energy applications. Also, the proposed structure needs

FIGURE 25. The oscilloscope screen of the SL-SSI capacitor voltage for
the output power step-changed from 0.2 to 0.4 kW .

FIGURE 26. The oscilloscope screen of SL-SSI output three-phase voltage
for output power step-changed from 0.2 to 0.4 kW .

FIGURE 27. The oscilloscope screen of the SL-SSI output line voltage for
the output power step-changed from 0.2 to 0.4 kW .

only eight switching states as the conventional SSI and VSI
compared to nine in other single-stage structures, and it has a
reduced number of passive components.

Moreover, the proposed control technique is contrasted
with the existing control techniques in [54] and [55] as
shown in TABLE 7. The comparison relies on the com-
plexity in the implementation of the control technique, their
dynamic response, modulation stage, control of multiple vari-
ables, THD of output current or voltage, switching frequency,
and controller robustness. It is obvious that the proposed
control technique is more advantageous than the other tech-
niques in simplicity since no additional external hardware
circuit is necessitated, fast tracking response, no modulation
technique is required, the capability to control multivari-
able in a single cost function, and better output power
quality.
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TABLE 6. Comparison of other converter structures with the proposed structure.

TABLE 7. Comparison of two control approaches with the proposed approach for SSI family.

VII. CONCLUSION
This study investigates the closed-loop control of the
Switched-Inductor Split Source Inverter (SL-SSI) during
standalone operation. By integrating the switched-inductor
concept with the conventional Split Source Inverter (SSI),
the converter’s boosting gain range is expanded, theoretically
reaching high levels and practically evaluated up to tenfold
in the proposed system, which alleviates the problem of par-
tial shading and low-speed weather for PV and wind farms,
respectively. The introduced FCS-MPC algorithm facilitates
unified control of the SSI’s DC and AC sides through a
single cost function, ensuring adaptability for diverse appli-
cations. Through MATLAB SIMULINK and validation with

Opal RT OP4510, the MPC algorithm effectively guides
output and input currents to closely track reference values,
achieving low settling times around 10 ms in input current
and nearly zero in output current, even during step changes.
The control strategy demonstrates robust reference tracking
capabilities, requiring no modulation techniques for imple-
mentation. Under varied load power conditions, THD values
of the output current are below 0.45% limits which validate
the proposed topology and control technique’s capability to
produce high-quality power output. Comparative analyses
underscore the proposed topology’s simplicity and boosting
capability, alongside the control technique’s effectiveness
in precise tracking and straightforward implementation.
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Additionally, the comparisons indicate that the structure may
elevate conduction losses in certain components, and the
variable switching frequency in the control approach could
affect inverter efficiency. The SSI topology offers various
aspects worthy of future exploration, such as adapting the
power circuit to support multiple inputs and/or outputs. Addi-
tionally, addressingmore control methods represents a crucial
aspect for further investigation.
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