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Abstract—Three-phase Split-source inverter (SSI) has 

recently been proposed as an alternative to the three-phase Z-

source inverters (ZSI). This paper introduced an improved 

finite control set-model predictive control (FCS-MPC) 

algorithm for the SSI. The proposed FCS-MPC algorithm 

reduces the computational burden by selecting the discharging 

vector directly according to the current status of the inductor 

compared to its reference point instead of checking the other 

states. Moreover, it simplifies the cost function by removing the 

inductor current term, and thus no weighting factor is needed 

inside the cost function. A detailed analysis of the proposed 

algorithm is presented in this paper. Finally, simulation results 

based on MATLAB have been introduced to show the viability 

of the presented research and theoretical study of the FCS-MPC 

algorithm of the three-phase SSI under different operating 

conditions. 

Keywords—Split-source inverter, Model predictive control, 

Cost function definition, Single-stage boosting inverter. 

I. INTRODUCTION  

ITH one stage, the single-stage inverters can increase or 
decrease the output ac voltages that are synthesized 

from the dc-supplies. Many types have been developed for 
these inverters in the last two decades. These types use the 
passive components (inductors and capacitors) in conjunction 
with the semiconductors to perform the bucking/boosting and 
the dc-ac inversion processes [1]. It can be categorized into 
three basic configurations called impedance source-based 
inverters (ZSI), differential-mode inverters (DMI), and split 
source inverters (SSI). According to their structures and 
general characteristics, these basic configurations are divided 
into several categories [1]. Due to its superior features, the 
split-source inverter (SSI), shown in Fig. 1, has proven to be 
the most attractive single-stage inverter topology [2]. As 
shown in Fig. 1, the SSI has a simple structure to its 
counterparts. It requires a lower passive component count. 
Typically, it combined the conventional dc-dc boost converter 
with the standard six-switch full-bridge (B6) three-phase 
voltage source inverter (VSI) in one circuit. Therefore, it uses 
only one inductor and one capacitor on the dc-side. It also has 
continuous input current and dc-link voltage. Moreover, it 
utilizes the switching vectors of the standard VSI, shown in 
Fig. 2, for both the boosting and inversion actions.  

 There have been numerous studies on SSI [3-11]. Some 
research work has focused on extending the concept of the 
two-level three-phase SSI to the multilevel topologies to 
enhance the quality of the output voltages. The topologies of 
flying diodes, flying capacitors, and cascaded approaches are 
introduced in [3]-[7]. In [8], the SSI concept is applied to the 
nine-switch inverter topology to obtain two independent 
three-phase groups in the output with high voltage gains from 
a single low voltage dc-source. Another research effort has 
concerns about improving the boosting capabilities of the SSI 

topology. The proposed topologies in [9]-[14] extend the 
switched impedance concepts used for dc-dc converters, Z-
source, and Y-source inverters to increase the SSI output 
voltages using additional input passive elements. 

Moreover, other studies have introduced the applications of 
the SSI for renewable energy conversion systems, especially 
photovoltaic (PV) and wind turbine converters. Several 
studies have been developed to integrate SSI into grid-
connected renewable energy sources [15]-[18]. A decoupled 
control approach with a modified modulation technique 
connects the SSI to the three- and single-phase grids in 
[15],[16], respectively. The cascaded proportional-resonant 
and proportional-integral control scheme guarantee zero 
steady-state error for both ac and dc sides of the single-phase 
SSI [17]. Detailed design procedures for a standalone SSI-
based PV system with a battery storage system are presented 
in [18]. These control approaches have several shortcomings, 
among them inadequate responses and complexity. 

 Recent attention to the control of power converters has 
been directed to MPC as a more advanced control theory. The 
MPC algorithm generally uses a system model to predict its 
future behaviour and a cost function that should first be 
defined based on the expected targets for control based on an 
optimality criterion [19]. To our knowledge, few studies have 
yielded on the application of MPC for SSI topology [20]-[25]. 
The finite control set MPC method for SSI connected to the 
grid is proposed in [20] and for standalone configurations in 
[21]-[23]. A virtual synchronous generator-based MPC for 
grid-connected SSI is presented in [24]. The cost function for 
the SSI is typically formulated by combining the system state 
errors (inductor current, capacitor voltage, and output 
currents) with appropriate weighting factors. The weighting 
factors in the methods mentioned above are determined by 
trial-and-error and heuristic methods. This approach is 
complicated, cumbersome, and time-consuming. It makes the 
problem challenging to implement in real-time. A solution to 
this problem is proposed in [25] using energy-function based 
model predictive control (EF-MPC). However, this method is 
applied for single-phase SSI topology. 

 This paper proposes a solution to the problem of 
determining the weighting factors for the three-phase SSI 
topology. The proposed algorithm simplifies the cost function 
by removing the inductor current term, and thus no weighting 
factor is needed inside the cost function. Moreover, the 
proposed MPC algorithm reduces the computational burden 
by selecting the discharging vector directly according to the 
current status of the inductor compared to its reference point. 
A detailed analysis of this algorithm is introduced. In addition, 
simulation results have been presented to show the viability of 
the proposed research and theoretical study of the MPC 
algorithm of the three-phase SSI under different conditions. 
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II. THREE-PHASE SPLIT-SOURCE INVERTERS 

A. Topology 

The three-phase SSI topology is shown in Fig. 1. This 
topology is acquired by combining a dc-dc boost converter 
into the VSI bridge (B6). This can be done by connecting a 
boost inductor, 𝐿, to the midpoint of each leg of the inverter 
(𝑎, 𝑏, 𝑐) via the forward diodes (𝐷1-𝐷3).  

B. Operation 

Since the three-phase SSI utilizes the B6 bridge of the 
standard VSI, therefore, it uses the same switching vectors 
(𝑉𝑜 − 𝑉7), shown in Fig. 2 [20]-[24]. The inductor, 𝐿, and the 
diodes of Fig. 1 are used to boost the supply voltage to the 
desired dc-link voltage at the capacitor, 𝐶𝑑𝑐.  

 It is important to note that the three-phase SSI uses the 
switching vectors 𝑉𝑜 − 𝑉6 to charge the input inductor, while 
the remaining zero vector 𝑉7 is used to discharge the inductive 
energy to the dc-link capacitor. The equivalent circuits of both 
inductive charging and discharging modes are shown in Fig. 
1(b) and (c). 

1) Inductive Charging Mode: The charging mode can be 

obtained by switching ON at least one of the lower switches 

in the B6 bridge. In this case, the voltage at the output of the 

dc-side is zero (i.e.  𝑣𝑖𝑛𝑣 = 0 ) due to the short circuit, as 

shown in Fig. 1(b). As a result, the inductor 𝐿 is charged.  

2) Inductive Discharging Mode: The discharging mode 

only occurs when all the upper switches in the B6 bridge are 

turned ON. In this case, the inductor 𝐿  will discharge its 

energy in the capacitor 𝐶 via the antiparallel diodes of the 

upper switches. Hence, the voltage at the dc-side equals the 

capacitor voltage (i.e. 𝑣𝑖𝑛𝑣 = 𝑣𝑑𝑐), as shown in Fig. 1(c). 

C. Boosting Factor and AC Voltage Gain 

The ratio between the dc-link voltage, 𝑣𝑑𝑐  (that is, 
capacitor voltage) to the supply voltage, 𝐸 is defined as the 
dc-boosting factor 𝛽, which can be expressed as follows [9] 

𝛽 = 1 (1 − 𝐷𝑎𝑣)⁄  (1) 

where 𝐷𝑎𝑣  is the average dc-boosting duty cycle of the 
inductive charging interval during the complete switching 
period, 𝑇𝑠𝑤. Finally, the output ac voltage gain, 𝐺 is governed 
by  

𝐺 =
�̂�1

𝐸
=

𝛽𝑀

2 sin(𝜋 3⁄ )
=

𝑀

2 sin(𝜋 3⁄ ) (1 − 𝐷𝑎𝑣)
 (2) 

where �̂�1 is the peak value of the fundamental component of 

the output phase voltage, and 𝑀 is the modulation index. 

III. PROPOSED FINITE CONTROL SET-MODEL PREDICTIVE 

CONTROL FOR SSI 

 The complete block diagram of the proposed FCS-MPC 

for three-phase SSI is shown in Fig. 3. The FCS-MPC is 

considered an optimal switching state prediction model with 

a receding horizon. Thus, the first step is to establish a 

discrete-time model of the control objectives at the 𝑘𝑡ℎ 

sampling instant, then predicts the future load and inductor 

currents from the dc-link voltage and their measured values, 

as shown in Fig. 3.     

A. Discrete Modeling of the Control Objectives 

1. RL Load Current 

For every possible output voltage of the SSI, the 

magnitude of the future load current, 𝑖𝑜(𝑘 + 1) is calculated 

as follows  

𝑖𝑜(𝑘 + 1) =
𝑇𝑠𝑉𝑥(𝑘 + 1) + 𝐿𝑜𝑖𝑜(𝑘)

𝐿𝑜 + 𝑅𝑜𝑇𝑠

 (3) 

where 𝑖𝑜(𝑘)  is the load current space vector at the 𝑘𝑡ℎ 

sampling instant, 𝑇𝑠 is the sampling interval, 𝑅𝑜 & 𝐿𝑜 are the 

resistance and inductance of the load, respectively, and 

𝑉𝑥(𝑘 + 1) is the space vector of the output voltage, which can 

be determined from (4) and Table I for each switching state 

combination. 

𝑉𝑥(𝑘 + 1) =
2

3
𝑣𝑑𝑐(𝑆1 + 𝑎𝑆3 + 𝑎2𝑆5) (4) 

where 𝑎 = 𝑒𝑗2𝜋 . 
 

 

Fig. 3. The complete structure of the proposed FCS-MPC of SSI. 

  

 

 

 

(b) Inductive charging (for states V0-V6).  

 

 

(a) Basic SSI topology. (c) Inductive discharging (for state V7).  

Fig. 1.  Split-source inverter [14].  Fig. 2.  Space vector model of SSI. 
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TABLE I. POSSIBLE SSI SWITCHING PATTERNS. 

𝑛 𝑉𝑥 𝑆1 𝑆4 𝑆3 𝑆6 𝑆5 𝑆2 𝐿 status 

1 V0 0 1 0 1 0 1 

Charging 

with the 
same slope 

2 V1 1 0 0 1 0 1 

3 V2 1 0 1 0 0 1 

4 V3 0 1 1 0 0 1 

5 V4 0 1 1 0 1 0 

6 V5 0 1 0 1 1 0 

7 V6 1 0 0 1 1 0 

8 V7 1 0 1 0 1 0 Discharging  
 

 

2. Input Inductor Current 

As an illustration of how the proposed MPC strategy 

works on the dc-side, Fig. 4 provides the inductor's current 

trajectory. As shown in Fig. 4, the inductor current has two 

states. It increases during the charging process, which is 

related to the switching vectors 𝑉0 − 𝑉6 and decreases during 

the discharging period or at applying the zero vector 𝑉7.  

Based on the equivalent circuits of Fig. 1(b-c), the 

predicted current of the inductor 𝑖𝐿(𝑘 + 1) can be calculated 

in charge mode with the following formula 

𝑖𝐿(𝑘 + 1) =
𝑇𝑠𝐸 + 𝐿𝑖𝐿(𝑘)

𝐿 + 𝑅𝑖𝑛𝑑𝑇𝑠

 (5) 

where E is the input voltage, L is the inductance value of the 

input inductor, and Rind is the equivalent series resistance (i.e., 

ESR) of the inductor L. 

In discharge mode, the predicted inductor current can be 

formulated as follows 

𝑖𝐿(𝑘 + 1) =  
𝑇𝑠(𝐸 − 𝑣𝑑𝑐(𝑘)) + 𝐿𝑖𝐿(𝑘)

𝐿 + 𝑅𝑖𝑛𝑑𝑇𝑠

 (6) 

B. Reference Calculations 

In the proposed technique, the voltage of the dc-link 

capacitor is regulated via a linear proportional-integral (PI) 

controller at its set point, 𝑣𝑑𝑐,𝑟𝑒𝑓 . In this way, the saturation 

block can limit the maximum load current. The saturation 

limits are determined according to the converter design. As a 

result, we can define the three-phase load current peak as in 

(7), where 𝑠  is the Laplace operator and 𝑘𝑝  and 𝑘𝑖  are the 

proportional and integral gains of the PI 

controller. Furthermore, it is possible to calculate the 

inductor current reference using the desired power from the 

source (Pin) and the input voltage as in (8). 

𝑖𝑜,𝑝𝑒𝑎𝑘(𝑘 + 1) = (𝑘𝑝 + 𝑘𝑖s)(𝑣𝑑𝑐,𝑟𝑒𝑓 − 𝑣𝑑𝑐(𝑘)) (7) 

𝑖𝐿
∗(𝑘 + 1) =

𝑃𝑖𝑛

𝐸
 (8) 

 

 
Fig. 4. Inductor current trajectory during charging and discharging states. 

C. Proposed Powerful FCS-MPC Algorithm for SSI 

The basic idea behind the proposed control algorithm is to 

check the state of the inductor current directly, 𝑖𝐿 if it needs 

to charge or release its energy into the dc-link capacitor at the 

next sampling time, aiming to be close to its desired set point. 

As mentioned above, the inductive charging switching 

vectors (𝑉0 − 𝑉6 ) allows 𝑖𝐿  to be increased with the same 

slope. This can be observed from the prediction equation (5) 

of 𝑖𝐿 . It is not a function of the switching vector. On the 

contrary, the inductor has a single discharge switching vector 

of 𝑉7 as can be shown in Table I.  

The flowchart of the proposed FCS-MPC of SSI is 

depicted in Fig. 5. The algorithm begins with measuring the 

state variables of iL, vdc, and iabc at the current instant of 𝑘𝑡ℎ. 

Then, iL(k+1) is calculated when one of the seven charging 

switching vectors is applied based on (5), and in case, the 

discharging vector is applied to the SSI switches using (6).  

For each predicted value, the cost function is evaluated 

using a single cost function as in (9) to determine which state 

of iL is close to the reference value of 𝑖𝐿
∗.  

𝑔𝐿 = |𝑖𝐿
∗(𝑘 + 1) − 𝑖𝐿(𝑘 + 1)| (9) 

If the value of the discharging state’s cost function (i.e., 

gdch) is the same or lower than the charging state’s cost 

function (i.e., gch), then the discharging switching vector V7 

should be directly applied to the SSI switches to make the 

inductor current as close to its setpoint. This will be the 

optimal switching vector for iL and allows it to be closer to 

the reference value. By doing this, the FCS-MPC algorithm 

does not require further calculations for the load current over 

checking the seven charging states (i.e., V0-V6). Hence, the 

burden of FCS-MPC calculations to find the optimal 

switching vector in the next sampling interval can be reduced.   

 

Fig. 5. Complete flowchart of the low-complexity FCS-MPC of SSI. 
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Otherwise, the FCS-MPC algorithm should determine 

which charging vector (i.e., 𝑉0 − 𝑉6) is needed at the next 

sampling time to make the current of the load as close as 

possible to its setpoint. This can be done by evaluating the 

cost function for the predicted load current at each vector as 

in (10). It can be noted that the load current’s cost function 

has a single term, so it does not need a weighting factor that 

can not be defined using a direct formula [26]. While the 

conventional cost function has two terms (see Eq. 11), which 

need the weighting factor to penalize their priority in the 

control actions during the next sampling time. 

𝑔𝑖𝑜 = |𝑖𝑜
∗(𝑘 + 1) − 𝑖𝑜(𝑘 + 1)| (10) 

𝑔𝑖𝑜 = |𝑖𝑜
∗(𝑘 + 1) − 𝑖𝑜(𝑘 + 1)| + 𝜆|𝑖𝐿

∗(𝑘 + 1) − 𝑖𝐿(𝑘 + 1)| (11) 

IV. SIMULATION RESULTS  

Based on the above analysis, the MATLAB® software 

platform was used to implement the three-phase SSI using the 

proposed low complexity MPC method. MATLAB script 

containing the whole MPC algorithm, described in Fig. 5, is 

interfaced with the Simulink model to control the operation 

of the inverter switches. We first read the inductor current, 

dc-link voltage, and the output three-phase currents in the 

script. Then, the inductor current is predicted for both 

charging and discharging operations. After that, the optimal 

vector is selected. The inverter is loaded by a three-phase 

inductive load and supplied from a constant dc-source. 

Simulations were performed according to the parameters 

outlined in Table II. Two different scenarios are conducted to 

investigate the system performance, and the results are shown 

in Figs. 6-9. It is important to note that the inverter circuit is 

assumed to be ideal in all cases. Hence, the inverter input and 

output power are the same. 

A. Step change of the power 

In this case, the reference of the input power, 𝑃𝑖𝑛  (or 

approximately the output power), is stepped from 1 to 0.5 kW 

at a time of 0.1 second, while the input dc voltage is assumed 

to be fixed at 100 V. Therefore, according to the block 

diagram in Fig. 3, the input current reference will be changed 

from 10 to 5 A. Fig. 6 shows the obtained simulation results. 

The results in Fig. 6(a) indicate that the inductor current 

drawn from the supply tracks the reference current waveform 

with a good dynamic response.  

Moreover, the voltage of the dc-link capacitor restores its 

initial value after the disturbance without oscillation, as 

shown in Fig. 6(b). The dc-link capacitor voltage ripple has 

been reduced after reducing the power. In addition, a fast 

response is observed for the load currents with near 

sinusoidal waveforms, as depicted in Fig. 6(c).  

TABLE II. SIMULATION PARAMETERS OF THE PROPOSED FCS-MPC FOR 

SSI. 

Parameter Symbol Value 

Input voltage Vin 100 V 
SSI inductor 𝑳 4 mH 
SSI ESR of the inductor 𝑹𝒊𝒏𝒅 100 mΩ 
SSI dc-link capacitor Cdc 600 µF 
Load resistance 𝑹𝒐 37 Ω /phase 
Load inductance 𝑳𝒐 15 mH/phase 
Dc-link voltage reference Vdc,ref 425 V 

Sampling time Ts 25 µs 

 

 
(a) 

 

(b) 

 
(c) 

Fig. 6. Simulation results for the SSI based on the proposed FCS-MPC 
with a 50% step change in load (input) power at an instant of 0.1 s. 

 

Fig. 7 shows the Fast Fourier Transform (FFT) spectrum 

for the load current based on the proposed algorithm at an 

input power 1 kW. It can be seen that the output current has 

lower THD, and the inverter switches are operated at an 

average switching frequency of approximately 1kHz. 

B. Step change of the supply voltage 

In this scenario, a simulation study for a step-change by 

50% of the supply voltage while the input/output power 

remains constant at 1 kW is investigated, as shown in Fig. 8. 

Fig. 9 shows the selection of optimal switching vector, 

while Table III lists a comparison between the proposed FCS-

MPC and the conventional approach presented in [20] to 

validate the effectiveness of the proposed method for 

reducing the computational burdens of SSI for approximately 

three sampling intervals. The optimal switching vectors are 

assumed to be selected twice as a charging vector and the 

third time as a discharging vector. It can be observed that the 

proposed algorithm reduces the computational burden by 

55% more than the conventional algorithm. This is owed to 

the selection of the discharging vector directly according to 

the inductor current status compared to its reference point 

instead of checking the other states. This results in 

simplifying the cost function. 

 

Fig. 7. FFT spectrum of the load current based on the proposed FCS-
MPC of SSI at an input power of 1 kW. 



 
(a) 

 
(b) 

 
(c) 

Fig. 8. Simulation results for the SSI based on the proposed FCS-MPC 
algorithm with a 50% input voltage step change at the instant of 0.1s. 

 

 
Fig. 9. Proposed FCS-MPC optimal switching vector (𝑛 = 𝑥𝑜𝑝𝑡). 

 

TABLE III. COMPARISON OF CALCULATION BURDENS BETWEEN THE 

CONVENTIONAL AND PROPOSED FCS-MPC OF SSI FOR APPROXIMATELY 

THREE SAMPLING INTERVALS. 

Equation Conventional FCS-MPC [20] Proposed FCS-MPC 

3 3 × 8 2 × 7 

4 3 × 8 2 × 7 

5 3 × 7 3 × 1 

6 3 × 1 3 × 1 

9 3 × 8 3 × 2 

10 3 × 8 2 × 7 

Total (%) 120 (100%) 54 (45%) 

V. CONCLUSIONS 

This paper enhances the algorithm of FCS-MPC for SSI 

topology by reducing its computational burden. This 

reduction is made by selecting the discharging vector of the 

SSI from the inductor current directly instead of the cost 

function. Therefore, there is no need to use the weighting 

factors, and the cost function is simplified to just one term. 

The operating principle and the mathematical analysis of the 

proposed method are presented. Simulation studies are 

conducted to validate the theoretical analysis. The results 

provide excellent and fast dynamic responses with a 55% 

reduction of the computational burden compared to the 

conventional algorithm. 

Moreover, the results show that the actual and reference 

inductor currents are identical for all cases. In addition, the 

algorithm controls the voltage of the dc-link capacitor and the 

load currents. The future work related to the paper could be 

integrating the dc-link voltage control into the proposed FCS-

MPC. 
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