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Abstract 
his paper proposes a model predictive current control (MPCC) for a two-level three-phase 
inverter with output LC filter connected to the grid by using a duty cycle Optimization by using 
Forward Euler approximation. The prior control methods achieve good steady-state and dynamic 

performance. To achieve much better steady state performance, in the prior model predictive current 
control (MPCC), the discrete-time system model is used to check each of the 7 possible switching states 
to choose a state that minimizes the cost function, which is related to the current errors. However, single 
voltage vector employed in one control period is extremely limited to decrease the current ripples to a 
minimum value. Hence, to obtain sufficient performance, the sampling frequency is necessary to choose 
high. In order to resolve this issue, a duty ratio optimization technique has been performed by 
designating one nonzero vector and the rest time for a zero vector during one control period. Simulation 
verify that, compared to the prior method, the proposed method (The proposed MPCC) obtain much 
better steady-state a reduced current ripples and total harmonic distortion(THD). 
 

Keywords: Model predictive current control, Duty cycle, Cost function, Voltage vector selection, 
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1. Introduction 

Based on the EIA1’s International Energy Outlook released in 2013, the world energy consumption 
will become larger by 56% between 2010 and 2040, and the renewable technologies, especially wind 
and solar, will be increasingly added to the power grid as the new generating capacity [11], [2]. In 
recent years, the use of Grid-connected Power Converters has become very common in various 
applications as an example of the integration of renewable energy sources and motor drives. And 
three-phase inverters play a key role for a wide range of systems. Hence, the process of creating a new 
method in control strategies for this special type of power converters has pulled toward the concern 
of both academic and industry researchers more and more [9]. In the recent decades, different kinds 
of control strategies have been presented. One of those is predictive control, which is known as a 
fascinating choice for the control of power converters due to its fast dynamic response. Model 
Predictive Control (MPC) is introduced under the name of predictive control [7] and can be sorted into 
two groups: Continuous Control Set MPC (CCSMPC) and Finite Control Set MPC (FCSMPC) also called 
Discrete MPC [16]. Some advantages of this Controller (MPC) can be expressed as: easy concepts, 
constraints and nonlinearities of the system make it to be easily used, and the expected behavior of 
                                                           
1 International Energy Agency 
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the system is expressed as a cost function to be minimized [4]. Nowadays, the Current control is playing 
a key role in the control of different kinds of power converters. One of the most popular control 
methods for the current control is Predictive Current Control (PCC) [8].  

This paper presents a Model Predictive Current Control (MPCC) with optimal duty cycle based on 
Forward Euler approximation, for grid-connected three-phase inverter with output LCL filter, and it can 
meaningfully be established a better steady state performance with the meaning of less currant 
harmonics and lower power ripples in the recommended Model Predictive Current Control (MPCC with 
optimal duty cycle). From the other point of view, to have no affection on the dynamic response and 
obtain much better steady state performance we need to use both a non-zero voltage vector and a 
zero voltage vector during one control period, where the non-zero vector is reached from customary 
MPCC and the period of time of the non-zero vector will be found according to reducing the current 
error in the end of next control period [12], [14], [15], [16]. This paper is organized as follows: Section 
II introduces the model of three-phase inverter with output LCL filter. Next, principle of MPCC is 
proposed in section III. Then, principle of MPCC with optimization of duty cycle is surveyed for Forward 
Euler approximation in section IV. And in section V, Simulation and Experiment will be carried out.  
Finally, some conclusions are summed up in Section VI. 

 

2. Model of three-phase inverter with output LCL filter 
2.1. Converter model 

Fig. 1 shows the electrical scheme of a two-level three-phase inverter with output LCL filter 
connected to the grid. The three-phase inverter has six power switches referred to as 𝑆𝑆𝑥𝑥 where 𝑥𝑥 =
1, … , 6 and this leads to seven different, possible combinations of the switching states. Additionally 
there is an LCL filter connected to the RL-load and grid.  

The switching state of the six power switches can be symbolized by the switching signals 𝑆𝑆𝑎𝑎, 𝑆𝑆𝑏𝑏, 
and 𝑆𝑆𝑐𝑐 determined as follows [7]. 

𝑆𝑆𝑎𝑎 = �1 if 𝑆𝑆1 on and 𝑆𝑆4 off
0 if 𝑆𝑆1 off and 𝑆𝑆4 on                                      (1) 

              𝑆𝑆𝑏𝑏 = �1 if 𝑆𝑆2 on and 𝑆𝑆5 off
0 if 𝑆𝑆2 off and 𝑆𝑆5 on                         (2) 

𝑆𝑆𝑐𝑐 = �1 if 𝑆𝑆3 on and 𝑆𝑆6 off
0 if 𝑆𝑆3 off and 𝑆𝑆6 on                                 (3) 
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Figure 1. Topology of a two-level three-phase inverter with output LCL filter. 

And the switching state vector can be defined by, 

𝑆𝑆 = 2
3

(𝑆𝑆𝑎𝑎 + 𝑎𝑎𝑆𝑆𝑏𝑏 + 𝑎𝑎2𝑆𝑆𝑐𝑐)                                                                        (4) 

where:  a=𝑒𝑒𝑗𝑗
2ᴨ
3 = - 1

2
 + j√3

2
, which represents the 120° phase displacement between the phases, So 

the output voltage vector can be expressed by, 

V = 2
3

(VaN + aVbN + a2VcN)                                                                     (5) 

where 𝑉𝑉𝑎𝑎𝑎𝑎, 𝑉𝑉𝑏𝑏𝑎𝑎, and 𝑉𝑉𝑐𝑐𝑎𝑎 are the phase-to-neutral (N) voltages of the inverter. And (N) is the 
negative terminal of the DC-link (see Fig. 1) [7]. 

𝑉𝑉𝑎𝑎𝑎𝑎 = 𝑆𝑆𝑎𝑎𝑉𝑉𝑑𝑑𝑐𝑐                                                                                  (6) 

𝑉𝑉𝑏𝑏𝑎𝑎 = 𝑆𝑆𝑏𝑏𝑉𝑉𝑑𝑑𝑐𝑐                                                                                   (7)           

𝑉𝑉𝑐𝑐𝑎𝑎 = 𝑆𝑆𝑐𝑐𝑉𝑉𝑑𝑑𝑐𝑐                                                                                   (8)  

So it can be expressed, output voltage vector V can be having a relationship with the switching state 
vector S by, 

𝑉𝑉 = 𝑉𝑉𝑑𝑑𝑐𝑐𝑆𝑆                                                                                        (9) 

Where, 𝑉𝑉𝑑𝑑𝑐𝑐 is the DC source voltage, and line to line voltage vector [𝑉𝑉𝑎𝑎𝑉𝑉 𝑉𝑉𝑉𝑉𝑉𝑉 𝑉𝑉𝑉𝑉𝑎𝑎]𝑇𝑇can be 
expressed by the following, 

�
Vab
Vbc
Vca

� = Vdc �
1 −1 0
0 1 −1
−1 0 1

� �
Sa
Sb
Sc
�                                            (10) 

According to all the possible combinations of the gating signals 𝑆𝑆𝑎𝑎, 𝑆𝑆𝑏𝑏, and 𝑆𝑆𝑐𝑐, eight switching 
states and consequently eight voltage vectors are achieved, because of  𝑉𝑉0 = 𝑉𝑉7, so there is only 
seven different voltage vectors can be seen as a result (see Table 1) [4]. 
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Table 1: Switching states and voltage vectors 

           

2.2. Load model 

Since the impedance of C is relatively large in comparison to the impedance of the L1 and L2, the 
current through C can be ignored [10]. So it can be defined by, 

𝑖𝑖3 = 0, 𝑖𝑖1 = 𝑖𝑖2 = 𝑖𝑖                                                                (11) 

For each phase, grid side current dynamics can be written as, 

⎩
⎪
⎨

⎪
⎧𝑉𝑉𝑎𝑎𝑎𝑎 = 𝐿𝐿 𝑑𝑑𝑖𝑖𝑎𝑎

𝑑𝑑𝑑𝑑
+ 𝑅𝑅𝑖𝑖𝑎𝑎 + 𝑒𝑒𝑎𝑎

𝑉𝑉𝑏𝑏𝑎𝑎 = 𝐿𝐿 𝑑𝑑𝑖𝑖𝑏𝑏
𝑑𝑑𝑑𝑑

+ 𝑅𝑅𝑖𝑖𝑏𝑏 + 𝑒𝑒𝑏𝑏

𝑉𝑉𝑐𝑐𝑎𝑎 = 𝐿𝐿 𝑑𝑑𝑖𝑖𝑐𝑐
𝑑𝑑𝑑𝑑

+ 𝑅𝑅𝑖𝑖𝑐𝑐 + 𝑒𝑒𝑐𝑐
 
                                              (12) 

where: R is the load resistance and 𝐿𝐿 = 𝐿𝐿1 + 𝐿𝐿2. 
By replacing (12) into (5), a vector equation for the grid side current dynamics can be achieved by, 

𝑉𝑉 = 𝐿𝐿 𝑑𝑑(2 3� (𝑖𝑖𝑎𝑎+𝑎𝑎𝑖𝑖𝑏𝑏+𝑎𝑎2𝑖𝑖𝑐𝑐))
𝑑𝑑𝑑𝑑

+ 𝑅𝑅(2
3� (𝑖𝑖𝑎𝑎 + 𝑎𝑎𝑖𝑖𝑏𝑏 + 𝑎𝑎2𝑖𝑖𝑐𝑐)) + 2

3� (𝑒𝑒𝑎𝑎 + 𝑎𝑎𝑒𝑒𝑏𝑏 + 𝑎𝑎2𝑒𝑒𝑐𝑐)                    (13) 

where:  𝑎𝑎 = 𝑒𝑒𝑗𝑗
2ᴨ
3 = −  1

2
+ j √3

2
   ,  𝑖𝑖 = 2

3� (𝑖𝑖𝑎𝑎 + 𝑎𝑎𝑖𝑖𝑏𝑏 + 𝑎𝑎2𝑖𝑖𝑐𝑐) and 𝑒𝑒 = 2
3� (𝑒𝑒𝑎𝑎 + 𝑎𝑎𝑒𝑒𝑏𝑏 + 𝑎𝑎2𝑒𝑒𝑐𝑐.Hence, 

the grid side current dynamics can be expressed by the vector differential equation, 

𝑉𝑉 = 𝐿𝐿 𝑑𝑑𝑖𝑖
𝑑𝑑𝑑𝑑

+ 𝑅𝑅𝑖𝑖 + 𝑒𝑒                                                                      (14) 

where 𝑉𝑉 is the voltage vector generated by the inverter, 𝑖𝑖 is the grid side current vector, and 𝑒𝑒 grid 
side voltage vector [4]. 
 

3. Principle of MPCC 

In a conceptual manner, the proposed predictive control strategy is based on the fact that the 
system needs to select the appropriate switching state according to minimization of the cost function. 
Hence, at the present time the Model Predictive Current Control is a new access to the non-linear 
current control in three-phase inverters [6]. 

 
# 

Switching 
Vectors 

Line to Neutral 
(N) Voltage 

Line to Line Voltage Voltage 
vector 

𝑺𝑺𝒂𝒂 𝑺𝑺𝒃𝒃 𝑺𝑺𝒄𝒄 𝑽𝑽𝒂𝒂𝒂𝒂 𝑽𝑽𝒃𝒃𝒂𝒂 𝑽𝑽𝒄𝒄𝒂𝒂 𝑽𝑽𝒂𝒂𝒃𝒃 𝑽𝑽𝒃𝒃𝒄𝒄 𝑽𝑽𝒄𝒄𝒂𝒂 
0 0 0 0 0 0 0 0 0 0 𝑉𝑉0 = 0 

1 1 0 0 𝑉𝑉𝑑𝑑𝑐𝑐  0 0 𝑉𝑉𝑑𝑑𝑐𝑐  0 −𝑉𝑉𝑑𝑑𝑐𝑐  𝑉𝑉1 =  
2
3

 𝑉𝑉𝑑𝑑𝑐𝑐  

2 1 1 0 𝑉𝑉𝑑𝑑𝑐𝑐  𝑉𝑉𝑑𝑑𝑐𝑐  0 0 𝑉𝑉𝑑𝑑𝑐𝑐  −𝑉𝑉𝑑𝑑𝑐𝑐  𝑉𝑉2 =  
1
3

 𝑉𝑉𝑑𝑑𝑐𝑐 + 𝑗𝑗
√3
3

 𝑉𝑉𝑑𝑑𝑐𝑐  

3 0 1 0 0 𝑉𝑉𝑑𝑑𝑐𝑐  0 −𝑉𝑉𝑑𝑑𝑐𝑐  𝑉𝑉𝑑𝑑𝑐𝑐  0 𝑉𝑉3 = −  
1
3

 𝑉𝑉𝑑𝑑𝑐𝑐 + 𝑗𝑗
√3
3

 𝑉𝑉𝑑𝑑𝑐𝑐  

4 0 1 1 0 𝑉𝑉𝑑𝑑𝑐𝑐  𝑉𝑉𝑑𝑑𝑐𝑐  −𝑉𝑉𝑑𝑑𝑐𝑐  0 𝑉𝑉𝑑𝑑𝑐𝑐  𝑉𝑉4 = −  
2
3

 𝑉𝑉𝑑𝑑𝑐𝑐  

5 0 0 1 0 0 𝑉𝑉𝑑𝑑𝑐𝑐  0 −𝑉𝑉𝑑𝑑𝑐𝑐  𝑉𝑉𝑑𝑑𝑐𝑐  𝑉𝑉5 = −  
1
3

 𝑉𝑉𝑑𝑑𝑐𝑐 − 𝑗𝑗
√3
3

 𝑉𝑉𝑑𝑑𝑐𝑐  

6 1 0 1 𝑉𝑉𝑑𝑑𝑐𝑐  0 𝑉𝑉𝑑𝑑𝑐𝑐  𝑉𝑉𝑑𝑑𝑐𝑐  −𝑉𝑉𝑑𝑑𝑐𝑐  0 𝑉𝑉6 =  
1
3

 𝑉𝑉𝑑𝑑𝑐𝑐 − 𝑗𝑗
√3
3

 𝑉𝑉𝑑𝑑𝑐𝑐  

7 1 1 1 𝑉𝑉𝑑𝑑𝑐𝑐  𝑉𝑉𝑑𝑑𝑐𝑐  𝑉𝑉𝑑𝑑𝑐𝑐  0 0 0 𝑉𝑉7 = 0 
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3.1. Discrete-time model for prediction 

A discrete-time equation to predict the future value of load current is achieved by using the 
forward Euler approximation to obtain a discrete-time system representation. The discrete-time 
model can be acquired by using the simple derivative approximation [3]. The derived approximation 
is given by, 

�̇�𝑥 ≈ 𝑥𝑥(𝑘𝑘+1)−𝑥𝑥(𝑘𝑘)
𝑇𝑇𝑠𝑠𝑠𝑠

                                                                               (15)  

where 𝑇𝑇𝑠𝑠𝑠𝑠 the sampling period, k is for sampling of the present time; and x is the state variable. The 
grid side current derivative 𝑑𝑑𝑖𝑖

𝑑𝑑𝑑𝑑
 is substituted for the Forward Euler approximation [3]. In other 

words, the derivative is approximated as follows. 
𝑑𝑑𝑖𝑖
𝑑𝑑𝑑𝑑
≈ 𝑖𝑖(𝑘𝑘+1)−𝑖𝑖(𝑘𝑘)

𝑇𝑇𝑠𝑠𝑠𝑠
                                                                              (16) 

Based on equation (14), the differentiation of grid current can be determined as follows, 
𝑑𝑑𝑖𝑖
𝑑𝑑𝑑𝑑

= 𝑉𝑉−𝑒𝑒−𝑅𝑅𝑖𝑖
𝐿𝐿

                                                                                  (17) 

Therefore, by replacing (17) into (16), predictions of the future load current at time (k + 1) for 
various values of voltage vector 𝑉𝑉𝑘𝑘  can be obtained as follows [3], [4]. 

   𝑖𝑖(𝑘𝑘 + 1) = 𝑖𝑖(𝑘𝑘) + 𝑇𝑇𝑠𝑠𝑠𝑠
𝐿𝐿

[𝑉𝑉(𝑘𝑘) − 𝑒𝑒(𝑘𝑘) − 𝑅𝑅𝑖𝑖(𝑘𝑘)]                                                 (18) 

3.2. Cost function 

As shown in Fig. 2, the cost function needs the predicted output currents 𝑖𝑖(𝑘𝑘 + 1). As the 
controller is shown in Fig. 2, it can use any allowed output to bring the controlled currents closer to 
their reference current. The future value of the grid side current, 𝑖𝑖(𝑘𝑘 + 1),  is predicted for the 7 
permissible switching states generated by the inverter. For this objective, it is necessary to have 
the prevailing grid side current. Hence, it should be measured. After obtaining the predictions, a 
cost function (g) as shown in the Equation (19), is appraised for each switching state. The goal of 
the current control scheme is to reduce as much as possible the errors between the reference 
currents and the measured values. The above-mentioned necessity can be shown in the form of a 
cost function. Therefore in the next sampling period, the switching state (and so the voltage vector 
generated by the two-level three-phase inverter) that minimizes g, is chosen and applied. And if g 
= 0, the reference current equals with its output current. So, the purpose of this Optimization Cost 
Function is to obtain g value as close as possible to zero. Then, the voltage vector that minimizes 
the cost function is selected and put at the next sampling instant [1], [3]. 

𝑔𝑔 = 𝑓𝑓(𝑖𝑖𝑟𝑟𝑒𝑒𝑟𝑟(𝑘𝑘 + 1), 𝑖𝑖(𝑘𝑘 + 1))                                                        (19) 

The cost function can be defined in absolute value terms by measuring the error between the 
references and the predicted currents. 

𝑔𝑔 = �𝑅𝑅𝑒𝑒[𝑖𝑖𝑟𝑟𝑒𝑒𝑟𝑟  
− 𝑖𝑖(𝑘𝑘 + 1)]� + �𝐼𝐼𝐼𝐼[𝑖𝑖𝑟𝑟𝑒𝑒𝑟𝑟  

− 𝑖𝑖(𝑘𝑘 + 1)]�                                    (20) 

where 𝑖𝑖(𝑘𝑘 + 1) is predicted from equation (18) and 𝑖𝑖𝑟𝑟𝑒𝑒𝑟𝑟 is expressed from, 

𝑖𝑖𝑟𝑟𝑒𝑒𝑟𝑟  = 2
3

(𝑖𝑖𝑎𝑎−𝑟𝑟𝑒𝑒𝑟𝑟  + 𝑎𝑎𝑖𝑖𝑏𝑏−𝑟𝑟𝑒𝑒𝑟𝑟  + 𝑎𝑎2𝑖𝑖𝑐𝑐−𝑟𝑟𝑒𝑒𝑟𝑟 )                                            (21) 

where 𝑖𝑖𝑎𝑎−𝑟𝑟𝑒𝑒𝑟𝑟 , 𝑖𝑖𝑎𝑎−𝑟𝑟𝑒𝑒𝑟𝑟 and 𝑖𝑖𝑎𝑎−𝑟𝑟𝑒𝑒𝑟𝑟  are the reference current vector for phase a, b and c, which are 
generated by Sine Wave Creator with the 120° phase displacement. The main goal of the cost 
function in equation (20) is to decrease the output current error. And at last the best voltage vector 
can be determined as follow, 

𝑉𝑉𝑜𝑜𝑠𝑠𝑑𝑑 = 𝑉𝑉(𝐼𝐼𝑖𝑖𝑚𝑚{𝑔𝑔𝑎𝑎})    (𝑚𝑚 = 0,1,2, … ,7)                                            (22) 
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where 𝑔𝑔𝑎𝑎  is the cost function for various possible switching and V(min{𝑔𝑔𝑎𝑎}) is known as the 
voltage vector with optimum cost function. 

 

Figure 2. Control diagram of Two-level three-phase inverter with output LCL filter connected to the grid. 

 

4. Principle of MPCC with optimization of duty cycle 

During one control period in routine MPCC, there is only one voltage vector that can be chosen and 
applied. And it is a reason for some disadvantages, as an example power ripples greater than normal, 
which restrict the steady-state performance and have more current harmonics. In order to facing up 
to these problems, we need to use a new method (MPCC with optimization of duty cycle), that is to 
say, an appropriate zero voltage vector and a non-zero voltage vector should be applied during one 
control cycle [15]. Hence, it can be done to use the combination of a non-zero voltage vector and a 
zero voltage vector during one control cycle to decrease the errors between the reference value and 
the measured value of grid side current at the end of the next control cycle [12]. 

4.1. Vector selection 

In the MPCC with optimization of duty cycle control, the control period will be divided into a non-
zero and zero voltage vector. At this method, the best voltage vector minimization can be chosen 
at the next control period as well according to equation (20). However, it is important to know that, 
because a zero vector has already been chosen as one of the two vectors for the MPCC with optimal 
duty cycle control, then if the best voltage vector was a zero vector, a suboptimal vector should be 
chosen in place of the zero vectors. This is due to the fact that only one zero and one non-zero can 
be selected during one control period. And to have a better result, it is preferable to combine a 
suboptimal vector with a zero vector instead of using zero vectors only during one control period 
[15]. Therefore, the best voltage vector (the non- zero voltage vector with minimum cost function) 
can be obtained as follows, 

𝑉𝑉𝑎𝑎−𝑧𝑧  = 𝑉𝑉(𝐼𝐼𝑖𝑖𝑚𝑚{𝑔𝑔𝑎𝑎})    (𝑚𝑚 = 1,2, … ,6)                                                  (23) 

where V(min{𝑔𝑔𝑎𝑎}) is the only voltage vector with optimum cost function among non- zero vectors. 
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4.2. Optimal duty ratio 

Due to combination of the zero voltage and the non-zero voltage vectors during one control 
period, only six non-zero voltage vectors can be used to predict the next moment value of the grid 
side current in (20). By definition of the slopes of grid side current for the zero and the non-zero 
voltage vectors which can be obtained easily from (17), the duration of the non-zero voltage vector 
can be determined [16]. Hence it can be expressed by, 

𝑠𝑠1 = 𝑉𝑉𝑛𝑛−𝑧𝑧−𝑒𝑒−𝑅𝑅𝑖𝑖
𝐿𝐿

                                                                          (24) 

𝑠𝑠0 = −𝑒𝑒−𝑅𝑅𝑖𝑖
𝐿𝐿

                                                                              (25) 

where 𝑠𝑠0 and 𝑠𝑠1 are the slopes of grid current for the zero voltage vector and the non- zero voltage 
vector, respectively. And 𝑉𝑉𝑎𝑎−𝑧𝑧 is the best non- zero voltage vector. From this place, according to 
equation (18), the current at the end of the next control period can be calculated as, 

𝑖𝑖𝑜𝑜(𝑘𝑘 + 1) = 𝑖𝑖(𝑘𝑘) + 𝑇𝑇𝑜𝑜𝑠𝑠𝑜𝑜[𝑉𝑉𝑛𝑛−𝑧𝑧−𝑒𝑒(𝑘𝑘)−𝑅𝑅𝑖𝑖(𝑘𝑘)]+𝑇𝑇𝑧𝑧[𝑉𝑉𝑧𝑧−𝑒𝑒(𝑘𝑘)−𝑅𝑅𝑖𝑖(𝑘𝑘)]
𝐿𝐿

                                    (26) 

𝑇𝑇𝑜𝑜𝑠𝑠𝑑𝑑 + 𝑇𝑇𝑧𝑧 = 𝑇𝑇𝑠𝑠𝑠𝑠                                                             (27) 

𝑉𝑉𝑎𝑎−𝑧𝑧 + 𝑉𝑉𝑧𝑧 = 𝑉𝑉𝑘𝑘                                                              (28) 

where 𝑇𝑇𝑜𝑜𝑠𝑠𝑑𝑑 𝑎𝑎𝑚𝑚𝑎𝑎 𝑇𝑇𝑧𝑧 are the optimal duration of the non-zero and zero voltage vectors, respectively. 
𝑉𝑉𝑎𝑎−𝑧𝑧 is the best non- zero voltage vector and  𝑉𝑉𝑧𝑧, zero voltage vector where is equaled zero. Then, 
by substituting (24) and (25) into (26) the current at the end of the next control period can be 
achieved by, 

𝑖𝑖𝑜𝑜(𝑘𝑘 + 1) = 𝑖𝑖(𝑘𝑘) + 𝑠𝑠1 × 𝑇𝑇𝑜𝑜𝑠𝑠𝑑𝑑 + 𝑠𝑠0 × (𝑇𝑇𝑠𝑠𝑠𝑠 − 𝑇𝑇𝑜𝑜𝑠𝑠𝑑𝑑)                                     (29) 

It is necessary to know how long the non-zero vector should be employed during one control 
period. In this paper, the optimal duration of  𝑇𝑇𝑜𝑜𝑠𝑠𝑑𝑑  can be achieved based on the deadbeat control 
theory, the current at (𝑘𝑘 + 1)𝑡𝑡ℎ instant should reach its reference value 𝑖𝑖𝑟𝑟𝑒𝑒𝑟𝑟 when the selected 
voltage vector 𝑉𝑉𝑘𝑘 is applied for a fraction of control period. To obtain this goal, the following 
equation should be determined, 

𝑖𝑖𝑜𝑜(𝑘𝑘 + 1) = 𝑖𝑖𝑟𝑟𝑒𝑒𝑟𝑟                                                                        (30) 

𝑖𝑖𝑟𝑟𝑒𝑒𝑟𝑟 = 𝑖𝑖(𝑘𝑘) + 𝑠𝑠1 × 𝑇𝑇𝑜𝑜𝑠𝑠𝑑𝑑 + 𝑠𝑠0 × (𝑇𝑇𝑠𝑠𝑠𝑠 − 𝑇𝑇𝑜𝑜𝑠𝑠𝑑𝑑)                                              (31) 

Solving (30), the optimal duration for the non-zero vector can be obtained as, 

𝑇𝑇𝑜𝑜𝑠𝑠𝑑𝑑 =
�𝑖𝑖𝑟𝑟𝑟𝑟𝑟𝑟 −𝑖𝑖(𝑘𝑘)−𝑠𝑠0×𝑇𝑇𝑠𝑠𝑠𝑠�

|𝑠𝑠1−𝑠𝑠0|                                                                      (32) 

It is important to pay attention that the value of  𝑇𝑇𝑜𝑜𝑠𝑠𝑑𝑑 can be saturated to zero only if  𝑇𝑇𝑜𝑜𝑠𝑠𝑑𝑑 is less 
than zero, and 𝑇𝑇𝑜𝑜𝑠𝑠𝑑𝑑 is more than 𝑇𝑇𝑠𝑠𝑠𝑠, then it will be saturated to  𝑇𝑇𝑠𝑠𝑠𝑠[16]. 

4.3. Vector sequence 

The impact of the switching frequency should be considered because of the loss of switch. Hence, 
the two outlooks should be concerned to have less switching frequency. Firstly, the non-zero vector 
will be employed, in this situation, and it should be chosen an appropriate zero vector to present 
the minimal switching jumps. For example, if the voltage vector “100” is selected as the non-zero 
voltage vector, the appropriate zero voltage vector will be chosen as “000” rather than “111.” 
Secondly, if the previous vector sequence includes the same zero vector, the zero vector will be 
applied first to achieve minimal jumps between the adjoining vector sequences. Such as, if the 
vectors during the last period are “110” and “111” with “111” at the end, and the vectors to be 
applied in the next period are “011” and “111,” in that case, “111” instead of “011” will be applied 
first to reduce the switching frequency [14]. 
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4.4. Control digital delay compensation 

In a real-time performing, the delay caused by digital processing will spoil the performance of 
MPCC. Therefore, the digital processing delay should be noted and compensated in order to achieve 
the excellent prediction accuracy [13]. To remove this delay, the value at the (𝑘𝑘 +  2)𝑑𝑑ℎ instant 
should be used in (20) and not the (𝑘𝑘 +  1)𝑑𝑑ℎ instant, which needs a two-step prediction [5]. Due 
to that, the cost function in (20) will be replaced as follows, 

𝑔𝑔 = �𝑅𝑅𝑒𝑒[𝑖𝑖𝑟𝑟𝑒𝑒𝑟𝑟  
− 𝑖𝑖(𝑘𝑘 + 2)]� + �𝐼𝐼𝐼𝐼[𝑖𝑖𝑟𝑟𝑒𝑒𝑟𝑟  

− 𝑖𝑖(𝑘𝑘 + 2)]�                                    (33) 

where 𝑖𝑖(𝑘𝑘 + 2) is predicted from 𝑖𝑖(𝑘𝑘 + 1), which can be determined as follows, 

𝑖𝑖(𝑘𝑘 + 2) = 𝑖𝑖(𝑘𝑘 + 1) + 𝑇𝑇𝑠𝑠𝑠𝑠
𝐿𝐿

[𝑉𝑉(𝑘𝑘 + 1) − 𝑒𝑒(𝑘𝑘 + 1) − 𝑅𝑅𝑖𝑖(𝑘𝑘 + 1)]                           (34) 

4.4. The implementation diagram 

In Fig. 3 a flow diagram of how the predictive algorithm is implemented for the two-level three-
phase inverter is illustrated. In general, the control algorithm can be expressed by the following 
steps: 

1) The grid side current and DC-link voltage are measured. 
2) The value of the optimum cost function is initialized. 
3) The grid side current is predicted for the next sampling instant (for the entire non-zero 
vectors). 
4) Evaluating the cost function for each prediction. 
5) Choosing the optimal switching state according to the optimum cost function. 
6) Finding the slopes of grid side current for the non-zero voltage vector and the zero voltage 
vectors.   
7) Duty Cycle is determined. 
8) Applying the new switching state according to optimal Duty Ratio. 

 

 
Figure 3. Flow diagram of MPCC with optimization of duty cycle. 
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5. Simulation 
To verify the performance of the proposed MPCC with optimal duty cycle, simulation model and 

several experiments of a two-level three-phase inverter with output LCL filter connected to the grid 
with the system and control parameters as indicated in Table 2 has been developed. The results of the 
prior MPCC will be achieved for the purpose of comparison. Generally, simulation diagram of the prior 
MPCC and the proposed MPCC with duty cycle optimization is presented in Fig.4. 

Table 2: Parameters used for the simulations 

Variable System Parameters Value 
𝑉𝑉𝑑𝑑𝑐𝑐  DC-Link voltage 700V 
𝑅𝑅 Internal resistance 1Ω 
𝑒𝑒 Grid Voltage (RMS) 220V 
𝑓𝑓 Line voltage frequency 50Hz 

𝑖𝑖𝑟𝑟𝑒𝑒𝑟𝑟  
Reference current peak 

amplitude 
40A 

𝐿𝐿2 Filter inductance 1mH 
𝐿𝐿1 Filter Inductance 3mH 
𝐶𝐶𝑟𝑟 Filter Capacitance 5μF 
𝑅𝑅𝑟𝑟 Filter Resistance 20Ω 
𝑇𝑇𝑠𝑠𝑠𝑠 Sampling time 50μs 

 
 

  
                       (a)                                                                                   (b) 

Figure 4. Simulation diagram of inverter in MATLAB/Simulink. (a) Predictive current control technique for a two-
level three-phase inverter with output LCL filter connected to the grid. (b)  Subsystem of the MPCC. 

Simulations of a three-phase inverter have been done with MATLAB/Simulink, in order that 
estimate the performance of the proposed predictive strategy, compared with the conventional 
scheme.  

By comparing these two kinds of method, prior MPCC and proposed MPCC with optimal duty cycle 
control, it can see clearly that the distortion of output current in proposed MPCC with optimal duty 
cycle control is much less than prior MPCC method and presents less current ripples and lower current 
harmonics. Fig. 5 shows the grid side current for prior and proposed MPCC of a two-level three-phase 
inverter with output LCL filter.  
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       (a) 

 
       (b) 

Figure 5. Simulation waveform of three phase grid current at 50μs sampling time for (a) the prior MPCC and (b) 
the proposed MPCC with optimal duty cycle control. 

 As it can clearly be seen the current THD of the proposed MPCC is 1.6%, much better than 3.69% 
of the prior MPCC. Fig. 6 represents the harmonic spectrum analysis at different control strategies. 
Therefore, the current waveforms are more closed to sinusoidal which the efficiency of proposed 
MPCC with optimal duty cycle control at making better steady-state performance will be confirmed. 
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       (a) 

 
      (b) 

Figure 6. Harmonic spectrum of grid side current at 50μs sampling time for (a) the prior MPCC and (b) the 
proposed MPCC with optimal duty cycle control. 

 
Conclusion 

The MPCC with optimal duty cycle control by using Forward Euler method for a two-level three-
phase inverter with output LCL filter has been presented in this paper. The Implementation diagram 
checks each of the 7 possible switching states to choose a state that minimizes the cost function. To 
obtain much better steady state performance, the proposed MPCC is required to employ one zero 
vector and one nonzero vector during one control period. The idea of duty cycle optimization is also 
proposed to achieve steady state performance improvement. Hence the duration of the nonzero 
vector is achieved according to the principle of current error minimization. The issues of optimal duty 
Ratio, vector selection and arrangement, and control digital delay compensation are surveyed in detail.  

Comprehensive simulation results are discussed to compare the performance of the proposed 
MPCC with the prior MPCC. It is found that, at the same sampling time, the proposed MPCC can obtain 
decreased current ripples and lower current THD. Therefore the presented simulation results approve 
the efficiency of the proposed MPCC with optimal duty cycle control. 
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