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Abstract: In this paper multi-input  Ćuk- derived buck-

boost inverter is presented based on Model Predictive 

Control (MPC). The control technique is applied to multi-

input Ćuk- derived buck-boost inverter because of the 

several features such as reduction of passive elements 

compared with two-stage topologies and the family of 

impedance inverters such as Z-source Inverter (ZSI), Quazi 

Source Inverter (QSI), T-Source Inverter (TSI), and Y-

Source Inverter (YSI). In addition, it is suitable for 

photovoltaic applications as it has the ability to boost the 

DC voltage from the PV cells and also invert it to AC 

voltage in one stage.  The model predictive control is 

applied in this paper to get a high response in the dynamic 

changes. In addition, more than one variable can be 

controlled in the same cost function, all the aforementioned 

features of the MPC can be achieved by using a technical 

called reducing horizon technique. As the actual values are 

measured and compared with the reference for several 

solutions, the less accurate error will be given to use as an 

action for the switched control.  The power topology circuit 

and control algorithm have been validated by 

MATLAB/SIMULINK Software.  
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It has become necessary to develop and use types of 

energies, the main feature of which is that it is renewable. 

The use of wind and solar energy has a great impact towards 

changing the orientation of nations [1-3], and the use and 

development of this type of energy has become national 

security and an important strategy towards development. 

Due to the use of this type of energies, researchers and the 

industry had a great deal of development in the process of 

interfacing between these energies and the electrical grid or 

different AC/DC loads. These methods varied, as the first 

solution was to use two-stage [4,5], the first stage from DC 

to DC with the possibility of boosting and the second stage 

for inverting from DC to AC, but the high cost and the 

increase in the number of circuit components used were the 

most important reasons for using the second solution, which 

is to use only single stage that works the two functions, 

which is the DC-DC and DC-AC. The initial view of using 

this model of connection was by gathering a large number 

of photovoltaic cells in series, and this was exposed to many 

problems, especially when the group was exposed to 

shadows [6-8]. 

The presentation of the impedance inverter family led to 

a change in the philosophy of the one-stage, as it dispensed 

with the stage of boosting using DC-DC and was enlarged 

by adding the ninth case in the operation of the switches and 

using passive elements (two capacitors and two indictors) 

in front of the inverter [9]. The researchers introduced a lot 

of improvement to this inverter, whether in the power 

circuit or the control circuit, to overcome the problems it 

faces such as small boosting, large stresses on the switches, 

and inrush current [10-13]. Despite the many advantages of 
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impedance inverter, the number of components it needs, in 

operation, lost several of its strengths, as well as adding a 

ninth case to control the operation switches, which 

complicated the control. 

A split inverter was introduced as an effective alternative 

to the impedance inverter as it contains fewer components 

and does not require a ninth case to control the switches 

[14-16]. It is worth noting that the use of three diodes in 

split inverter led to an increase in the conduction losses and 

although this problem was addressed by replacing the 

diodes with switches [17], it increased the complications of 

the control and the losses of the switching increased due to 

using of high frequencies. 

From another perspective, the achievement of the 

bidirectional buck-boost power conversion, the buck-boost 

circuits derived from Ćuk and SEPIC buck-boost converter 

have been proposed in [18], besides, smaller passive 

components can be used compared with previous 

topologies [18]. The general illustration of the Ćuk and 

SEPIC buck-boost converter is shown  in Fig. 1.  

a) 

b) 

 Fig. 1 illustration of the a) Ćuk buck-boost converter 

                   b)  SEPIC buck-boost converter 

in [18] a lot of configurations have been presented to use 

the SEPIC and Ćuk buck-boost converter as inverter but 

they suffers from the unbalanced three-phase output voltage 

because the third leg is not connected to the inverter point. 

For this reason,  In particular, the B6 inverter with six 

switches in the three-phase inverter circuitry can satisfy 

most low or medium voltage applications such as motor 

drive or renewable energy conversion.  It was modified to 

achieve boosting with using Ćuk  derived buck-boost B6 

Inverter [18].  

This solution has become very suitable for use in 

photovoltaic applications especially when the output 

voltage of the photovoltaic modules is small.  

The phenomenon of shadows has become a big problem 

facing all photovoltaic plants. In [19] an excellent solution 

to this problem has been presented, using Multi-Input Ćuk 

Inverter, where all inputs are PV and each Input has its own 

Maximum Powe Point Tracking (MPPT) as shown in Fig. 

2. in addition, the topology presented has lower passive 

elements compared to the Z-source inverter and split source 

inverter  

Fig. 2 Multi-Input Ćuk- derived buck-boost inverter [19]. 

 

The Model Predictive Control (MPC) has been presented 

included with several advantages, including the high speed 

of response to dynamic changes, non-minimal value, and it 

is easy to expand for multi-variable systems. In this paper, 

the control of the Multi-Input Ćuk Inverter is modified to 

be with predictive control and using DC source to achieve 

the concept of using predictive control for the Multi-Input 

Ćuk.  

2. Modeling of Multi-Input Ćuk- derived buck-boost 

inverter 

The system consists of three separate power supply 

circuits for each leg of the six switches inverter. Each circuit 

has one power supply,  one inductor, and one active switch, 

the capacitor is connected between the active point of the 

six switches inverter and the second point with the negative 

point of the power supply.
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2.1 Load currents modeling  

The output load current can be represented by 

considering the states of the six switches inverter which are 

6 active state ( V1 to V6)  and two zero states (V0, V7)  The 

value of each output voltage state is listed in Table 1 

Table 1 The vector values of output voltage  

Output Voltage (Vα+JVβ) 
Switching State 

S=[ S1 S2 S3 S4 S5 S6 Sa Sb Sc] 

𝑉0 = 0 [0 0 0 1 1 1 1 1 1] 

𝑉1 =
2

3
.𝑉𝑑𝑐 

[1 0 0 0 1 1 1 1 1] 

𝑉2 =
1

3
.𝑉𝑑𝑐 + 𝑗.

√3

3
. 𝑉𝑑𝑐 

[1 1 0 0 0 1 1 1 1] 

𝑉3 = −
1

3
. 𝑉𝑑𝑐 + 𝑗.

√3

3
. 𝑉𝑑𝑐 

[0 1 0 1 0 1 1 1 1] 

𝑉4 = −
2

3
. 𝑉𝑑𝑐 

[0 1 1 1 0 0 1 1 1] 

𝑉5 = −
1

3
. 𝑉𝑑𝑐 − 𝑗.

√3

3
. 𝑉𝑑𝑐 

[0 0 1 1 1 0 1 1 1] 

𝑉6 =
1

3
.𝑉𝑑𝑐 − 𝑗.

√3

3
. 𝑉𝑑𝑐 

[1 0 1 0 1 0 1 1 1] 

𝑉7 = 0 [1 1 1 0 0 0 0 0 0] 

 

The predicted value of output load current 𝑖𝑜(𝑘 + 1) can 

be represented as  

 

             𝑖𝑜(𝑘 + 1) =
𝑇𝑠. 𝑉𝑥(𝑘 + 1) + 𝐿. 𝑖𝑜(𝑘)

𝐿 + 𝑅. 𝑇𝑠
                 (1)   

where , 𝑉𝑥(𝑘 + 1) is the output voltage at the state x where 

x change from 0 to 7, the sampling time is  Ts, L is load 

inductance, R is the load resistance. 

2.2 The modeling of Inductor Current and Capacitor 

Voltage in the Multi-Input Ćuk 

Regarding to single input Ćuk, there are two modes, the 

first mode when the inductor charging, This mode appears 

when sa is turned on as shown in Fig 3a 

The current and voltage in this mode can be represented 

as: 

 

    𝐿𝑎
d𝑖𝐿𝑎
𝑑𝑡

= 𝑉𝑔     ,       Ca
d𝑣𝑐𝑎
𝑑𝑡

= 𝑖𝑖𝑛𝑠𝑡𝑎𝑛𝑡                            (2) 

Where 𝐿1 is the inductance of the input inductor, 𝐶 is the 

capacitance of the DC link. Where 𝑖𝑖𝑛𝑠𝑡𝑎𝑛𝑡  is the instant 

value of the output currents of Ia, Ib, and Ic. 

The second mode appears when the upper switches in the 

six switches inverter are turned on and the pass of inductor 

current pass through the antiparallel diodes of the lower 

switches, the inductor discharging as shown in Fig. 3b. The 

capacitor voltage and inductor current as follows: 

      Ca
d𝑣𝑐𝑎
𝑑𝑡

= 𝑖𝑖𝑛𝑠𝑡𝑎𝑛𝑡 − 𝑖𝐿𝑎    ,         𝐿𝑎
d𝑖𝐿𝑎
𝑑𝑡

= 𝑣𝑔 − 𝑣𝑐𝑎 

          (3) 

Equation (2) can be represented as a discrete time 

model 

for future inductor current and future capacitor voltage 

as follows: 

{
 

 𝑖𝐿𝑎(𝑘 + 1) = 𝑖𝐿𝑎(𝑘) +
𝑇𝑠
𝐿𝑎
(𝑣𝑔(𝑘))

𝑣𝑐𝑎(𝑘 + 1) = 𝑣𝑐𝑎(𝑘) +
𝑇𝑠
𝐶𝑎
𝑖𝑖𝑛𝑠𝑡𝑎𝑛𝑡(𝑘)

                                    (4) 

The same action can be applied on equation (3) for  the 

discrete-time model for the predict inductor current and  

capacitor voltage as: 

{
 

 𝑖𝐿𝑎(𝑘 + 1) = 𝑖𝐿𝑎(𝑘) +
𝑇𝑠
𝐿𝑎
(𝑣𝑔(𝑘) − 𝑣𝑐𝑎(𝑘))

𝑣𝑐𝑎(𝑘 + 1) = −
𝑇𝑠
𝐶𝑎
𝑖𝐿𝑎(𝑘) + 𝑣𝑐𝑎(𝑘) +

𝑇𝑠
𝐶𝑎
𝑖𝑖𝑛𝑠𝑡𝑎𝑛𝑡(𝑘)

        (5) 
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Fig. 3 the two cases Inverter circuits: a) charging mode 

    b) discharging mode  

 

2.3 Cost Function Minimization 

The cost function g(i) is defined as the absolute error 

between the predicted values and the references values    
the weight of each error defines the priority importance 

by inserting the weigh factor λ in the cost function which 

can be calculated as : 

 

𝑔(𝑖) = 𝜆𝑖𝑜 (|𝑖𝑜𝑟𝑒𝑓(𝑘 + 1)−𝑖𝑜(𝑘 + 1)| +) 

                                 +𝜆𝑣𝑐𝑎 |𝑣𝐶𝑎𝑟𝑒𝑓(𝑘 + 1) − 𝑣𝐶𝑎(𝑘 + 1)|

+  +𝜆𝑖𝐿𝑎 |𝑖𝐿𝑎𝑟𝑒𝑓(𝑘 + 1) − 𝑖𝐿𝑎(𝑘 + 1)|  

   (6) 

Where 𝑖𝑜𝑟𝑒𝑓(𝑘 + 1)  the reference output current, and 
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𝑣𝐶𝑎_𝑟𝑒𝑓(𝑘 + 1) is the capacitor reference 

voltage.  𝑖𝐿𝑎𝑟𝑒𝑓(𝑘 + 1)   is the inductor reference current. 

Also, 𝜆𝑖𝐿𝑎 the weighting factor of the input inductor current, 

𝜆𝑣𝑐𝑎    weighting factor capacitor voltage  and 𝜆𝑖𝑜    the 

inductor output current.  

As shown from  Fig. 4 the proposed control system 

control the output currents, input capacitor, and inductor 

current by using four current sensors and one voltage 

sensor. 

 

Fig. 4 Total system with Block control diagram of Multi-Input 

Ćuk- derived buck-boost inverter. 

 

3 Simulation results  

MATLAB/SIMULINK software is used to validate the 

proposed control system based on MPC.  

The parameter of simulation is listed in Table 2 

Table 2 Simulation parameters 

Parameter Symbol Value 

Input voltage Vg1= Vg2= Vg3 100 V 

Ćuk inductance La= Lb= Lc 3000 µH 

Ćuk capacitance Ca 470 µF 

Resistance of load R 10 Ω /phase 

Inductance of load L 5 mH/ phase 

Sampling Time Ts 100 µSec 

The proposed control technique has been validated via change the 

load from 1.5 A to 4A at 0.5sec   through the R-L load. As shown 

in Fig 5 the actual current follows with high accuracy and fast 

response the reference one. in addition, the period of the dynamic 

change is presented in zoom window in Fig. 4,  

Fig. 5 output currents with step change  

The line voltage and phase voltage have presented in Fig. 6 

the line voltage alternate between -300V and +300V, also 

the phase voltage alternate between -200V and +200V.  

 

Fig. 6 Line voltage and phase voltage for of Multi-Input Ćuk- 

derived buck-boost inverter.  

The control role is to maintain the value of capacitance 

voltage at a certain reference value which is 300V. it clear 

presented in Fig. 7. The main advantage of MPC is shown 

with high response to change and very low under/over shoot 

value. It worth noting that the over-shoot value is decreased 

to reach a very small value (0.1133%) from the actual value.  
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Fig. 7 Dynamic response of capacitor voltage  

 

As shown in equation (6) the cost function contains three 

variables one of them is the inductor current. It has been 

chosen to be controlled to maintain the input current at a 

certain value and the value of its inductance (La) is chosen 

to make the inductor current in Continuous Current Mode 

(CCM) 

The actual inductor current and its reference are shown 

in Fig. 7 which the step from 0.415A to 1.0889A 

Fig. 8 Dynamic response of inductor current   

 

4 Conclusion   

In this paper Multi-Input Ćuk- derived buck-boost 

inverter based on  MPC has been presented. Three variables 

have been controlled with MPC . The results is clear present 

the power of using MPC in fast-tracking the dynamic 

change in the controlled variables. Also, the overshoot 

value due to dynamic change is decreased to reach a very 

small value (0.1133%) of the actual value  

5 Future Work   

• Using PV and using the MPC to solve the shading 

problem.  

• Modified the MPC algorithm to minimize the 

ripple value in the inductor's currents. 

• Using online optimization to adaptive the best 

values of weighing factor in the cost function.  
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