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 In stand-alone photovoltaic (PV) systems, the main goal is to control the current 

that the inverter feeds to the load. In this paper, the performance of predictive 

current control (MPCC) is tested and evaluated for a stand-alone photovoltaic 

(PV) system. Our evaluation spans various current amplitudes and frequencies, 

aiming to demonstrate its robust performance and practical applicability. The 

MPCC method employs a discrete-time model of the system, enabling the 

prediction of future values of the load current for all potential volt-age vectors 

generated by the inverter. Implementing the MPCC strategy on RL (resistor-

inductor) load alimented by a PV inverter offers the advantage of simplified 

implementation and significantly reduced computing time. Simulation and 

experimental results are presented to prove the efficiency and practical 

applicability of the proposed control. Both results conclusively demonstrate the 

high efficacy of MPCC in managing a stand-alone photovoltaic (PV) inverter 

across various current amplitudes and frequencies, ensuring reliable and robust 

performance 
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1. INTRODUCTION 

In the last few decades, power electronic systems and electrical drives have drawn significant revolution 

in a broad range of industrial applications. This is mainly due to the advancement in power 

semiconductor devices, converter topologies, control methods, and micro-controller resources (Bose 

2000). The control of power converters has been extensively studied, and new control schemes are 

presented every year. Most prominently, the development of control methods is progressing well for the 

newly emerged sophisticated applications which may have multiple control targets, system constraints, 

and functionalities…etc (Kouro & al 2015). 
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Various current control strategies have been suggested for controlling power converters, but hysteresis 

control and linear control employing pulse-width modulation (PWM) stand out as the most widely used 

in the literature.( Xiaowei & al 2021; Wensheng & al 2016; Qin & al 2012; Hassaine, L., Bengourina, 

M.R. 2020). However, with the development of faster and more powerful microprocessors, the 

implementation of new and more complex control schemes become possible (Dadu, A,. Mekhilef, S. 

2019; Rodriguez, J., Cortes, P. 2012; Wang & al 2015). Some of these new control schemes for power 

converters include fuzzy logic, sliding mode control and predictive control. The MPC was originally 

introduced in the process industry with success for several decades (Rodriguez, J., Cortes, P. 2012). The 

complex model and slow dynamics of the process industry made it compatible with the available control 

platform for the implementation (Wang & al 2015; Mohamed & al 2013), however, there are many 

advantages with this control method. Among these advantages are relatively easy to implement and 

understand, fast dynamic response, and can be applied to various types of voltage source converters. 

The rapid advancements in microprocessor technology have facilitated the integration of MPCC into 

VSI converters. 

This work presents an MPCC scheme for a three-phase, PV inverter-fed RL-load. The modeling of PV 

inverter and the load will be presented, the working principle will be explained and both simulation and 

experimental results will be shown. 

2. SYSTEM DESCRIPTION  

Generally, the PV systems are commonly categorized into grid connected systems and stand alone 

systems. The second are indeed particularly useful in isolated site like the rural areas. In this work, a 

single stage stand-alone PV system without storage energy was presented. It consist of solar panels, 

inverter and one or more loads.  

 

Fig 1. Stand alone PV system 

2.1 Inverter model 

The power circuit of the three-phase inverter converts electrical power from DC to AC form using the 

electrical scheme shown in Fig 2. Considering that the two switches in each inverter phase operate in a 

complementary mode in order to avoid short-circuiting. 

 

Fig 2. Voltage source inverter power circuit 
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The DC source, the switching state of the power switches Sx, with x = 1,…,6, can be represented by the 

switching signals Sa, Sb, and Sc defined as follows: 

𝑆𝑎 = {
1 𝑖𝑓 𝑆1 𝑜𝑛 𝑎𝑛𝑑 𝑆4 𝑜𝑓𝑓 
0 𝑖𝑓 𝑆1 𝑜𝑓𝑓 𝑎𝑛𝑑 𝑆4 𝑜𝑛

  (1) 

𝑆𝑏 = {
1 𝑖𝑓 𝑆2 𝑜𝑛 𝑎𝑛𝑑 𝑆5 𝑜𝑓𝑓 
0 𝑖𝑓 𝑆2 𝑜𝑓𝑓 𝑎𝑛𝑑 𝑆5 𝑜𝑛

  (2) 

𝑆𝑐 = {
1 𝑖𝑓 𝑆3 𝑜𝑛 𝑎𝑛𝑑 𝑆6 𝑜𝑓𝑓 
0 𝑖𝑓 𝑆3 𝑜𝑓𝑓 𝑎𝑛𝑑 𝑆6 𝑜𝑛

  (3) 

By applying Kirchhoff’s first law we get: 

{

𝑢1 = 𝑣𝑀𝑁 + 𝑣𝑎
𝑢2 = 𝑣𝑀𝑁 + 𝑣𝑏
𝑢3 = 𝑣𝑀𝑁 + 𝑣𝑐

 (4) 

With 

𝑣𝑀𝑁 = −
1

3
(𝑣𝑎 + 𝑣𝑏 + 𝑣𝑐) (5) 

Replacing vMN in Eq. (4) and considering that the load is balanced, we result in the following system that will be 

implemented in MATLAB: 

(

𝑢1
𝑢2
𝑢3
) =

1

3
 𝑉𝑑𝑐 (

2 −1 −1
−1 2 −1
−1 −1 2

)(

𝑆𝑎
𝑆𝑏
𝑆𝑐

) (6) 

Table 1. Switching states and voltage 

Sa Sb Sc u1 u2 u3 

0 0 0 0 0 0 

1 0 0 2/3 Vdc -1/3 Vdc -1/3 Vdc 

1 1 0 1/3 Vdc 1/3 Vdc -2/3 Vdc 

0 1 0 -1/3 Vdc 1/3 Vdc -2/3 Vdc 

0 1 1 -2/3 Vdc 2/3 Vdc 1/3 Vdc 

0 0 1 -1/3 Vdc -1/3 Vdc 2/3 Vdc 

1 0 1 1/3 Vdc -2/3 Vdc 1/3 Vdc 

1 1 1 0 0 0 
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2.2 Load model 

The application of Kirchhoff’s first law to the RL-load in Figure 2, gives: 

{
 
 

 
 𝑢1 = 𝐿

𝑑𝑖𝑎
𝑑𝑡

+ 𝑅𝑖𝑎

𝑢2 = 𝐿
𝑑𝑖𝑏
𝑑𝑡

+ 𝑅𝑖𝑏

𝑢3 = 𝐿
𝑑𝑖𝑐
𝑑𝑡

+ 𝑅𝑖𝑐

 (7) 

Where R is the load resistance and L the load inductance. By transforming Eq. (7) into Laplace domain 

as transfer functions, to get a model for this RL load for simulation in MATLAB/Simulink environment 

we get: 

{
  
 

  
 
𝑖𝑎
𝑢1
=

1

𝑆𝐿 + 𝑅
𝑖𝑏
𝑢2
=

1

𝑆𝐿 + 𝑅
𝑖𝑐
𝑢3
=

1

𝑆𝐿 + 𝑅

 (8) 

To achieve a precise control strategy, a forward Euler method discretization of the system Eq. (7) is 

utilized to accurately predict the future values of the output current at the sampling period Ts. So di/dt 

is replaced by (i[k+1]-i[k])/Ts  and after some arrangements, Eq. (9) becomes: 

{
 
 

 
 𝑖𝑎[𝑘 + 1] = (1 −

𝑅𝑇𝑠
𝐿
) 𝑖𝑎[𝑘] +

𝑢1𝑇𝑠
𝐿

𝑖𝑏[𝑘 + 1] = (1 −
𝑅𝑇𝑠
𝐿
) 𝑖𝑏[𝑘] +

𝑢2𝑇𝑠
𝐿

𝑖𝑐[𝑘 + 1] = (1 −
𝑅𝑇𝑠
𝐿
) 𝑖𝑐[𝑘] +

𝑢3𝑇𝑠
𝐿

 (9) 

Where, in the control algorithm, ia [k] is evaluated as the measured current of phase a at the sample k 

and ia [k+1] is evaluated as the predicted value of the current of phase a at the sample k+1. 

3. MODEL PREDICTIVE CONTROL 

MPC exploits the discrete-time model of the inverter to predict the future behavior of the current, for 

each switching state. Thereafter, the optimum switching state xopt is selected, based on the minimization 

of the cost function, and directly fed to the power switches of the converter in each sampling interval Ts 

(Rodriguez, J., Cortes, P. 2012; Sharida & al 2024). 

3.1 Cost function 

We choose the cost function to be minimize so as to achieve the lowest error between the predicted 

current and the reference values; which is expressed as: 

𝐽 = |𝑖𝑎[𝑘 + 1] − 𝑖𝑎
∗ [𝑘 + 1]| + |𝑖𝑏[𝑘 + 1] − 𝑖𝑏

∗[𝑘 + 1]| + |𝑖𝑐[𝑘 + 1] − 𝑖𝑐
∗[𝑘 + 1]| (10) 

Where ia
*[k+1], ib

*[k+1] and ic
*[k+1] are the reference values of the phase currents at the sample k+1. 
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3.2 Working principle 

The goal of the MPCC scheme is to select an actuation that minimizes the cost function. The selected 

actuation is called the optimal switching state xopt. The working principle is explained in the following 

figures: 

 

Fig 3. Predictive current control block diagram 

The working principle of this control strategy is explained in detail in figure 5. The MPCC scheme uses 

finite number of valid switching states of the inverter in order to find the xopt by using the following 

steps: 

 

Fig 4. Flow diagram of MPCC. 

1) Measure the controlled variable i[k] and estimate i*[k+1]. 

2) Apply the optimal switching state (computed in the previous sampling period) to calculate the output 

voltage of the inverter v[k] using the inverter model. 

3) For every switching state of the converter, predict (using the mathematical mod-el) the behavior of 

current in the next sampling interval i[k+1]. 

4) Evaluate the cost function, or error, for each prediction as, for instance:  J=|i[k+1]-i* [k+1]|. 

5) Select the switching state that minimizes the cost function, S opt and store it so that it can be applied 

to the converter in the next sampling period. 

In the implementation, we should express, the currents and the output voltage of the inverter in αβ 

coordinate system, to simplify and minimize the computation time as follow: 
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𝑣 =
2

3
(𝑣𝑎 + 𝑎𝑣𝑏 + 𝑎

2𝑣𝑐) (11) 

𝑖 =
2

3
(𝑣𝑎 + 𝑎𝑣𝑏 + 𝑎

2𝑣𝑐) (12) 

Where: 

𝑎 = 𝑒
𝑗2𝜋

3 = −
1

2
+ 𝑗

√3

2
 

𝑖∝ = 𝑅𝑒(𝑖) 𝑎𝑛𝑑 𝑖𝛽 = 𝐼𝑚(𝑖) 

Instead of calculating the output voltage of the inverter for each possible switching state at every 

iteration, we can calculate them in advance and apply them to the load model. 

 

Fig 5. Eight possible combinations of the switching signals, and their corresponding voltage vectors 

generated by the inverter in the complex plane 

Table 2. Possible switching states and output vector voltage 

Sa Sb Sc v 

0 0 0 v0 = 0 

1 0 0 v1 = 2/3 Vdc 

1 1 0 v2 = 1/3 Vdc + j√3/2Vdc 

0 1 0 v3 = -1/3 Vdc+ j√3/2Vdc 

0 1 1 v4 = -2/3 Vdc 

0 0 1 v5 = -1/3 Vdc - j√3/2Vdc 

1 0 1 v6 = 1/3 Vdc - j√3/2Vdc 

1 1 1 v7 = 0 
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In order to reduce the number of calculations for the output current, we can transform the three equations 

in Eq. (9) into one equation using Eq. (12). We obtain: 

𝑖[𝑘 + 1] = (1 −
𝑅𝑇𝑠
𝐿
) 𝑖[𝑘] +

𝑣𝑇𝑠
𝐿

 (13) 

Thus, the cost function becomes: 

𝐽 = |𝑖[𝑘 + 1] − 𝑖∗[𝑘 + 1]| (14) 

The output voltage vectors of the inverter are stored and selected rather than calculated each sampling 

period of the algorithm. The calculation of the cost function is a subtraction of two one-dimensional 

complex variables rather than three-dimensional variables. So, the number of calculations is 

considerably reduced. 

4. SIMULATION AND EXPERIMENTAL RESULTS   

Simulation setup was developed using Matlab/Simulink to evaluate the performance of the proposed 

MPCC method and experimental tests were conducted with the prototype in Fig.6. A MicroLabBox 

dSPACE was used to implement the proposed strategy. 

 

Fig 6. Experimental platform 

The parameters of the simulation and experimental system are: Vdc=100V, R=10Ω, L=6mH. The output 

current of three phase are shown in Figure 7. During the dynamic performance evaluation, two specific 

test conditions are taken into account to assess the efficacy of the MPCC method the magnitude and 

frequency. 

            

Fig 7. Simulation and experimental results of: output current of three phase. 
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Fig 8. Simulation and experimental results of: reference and output current of phase (a) and their zoom. 

  
  

Fig 9. Simulation and experimental results of: output current of phase (a) and their THD. 

Figure 8 shows that for the different references, the output current tracks the reference in short response 

time. Case 1: The current reference is jumped from ia
*=1.8A with output frequency f*=50Hz to ia

*=2A 

with output frequency f*=30Hz. Case 2: The current reference is jumped from ia
*=2A with output 

frequency f*=30Hz to ia
*=1.5A with output frequency f*=80Hz. Case 3: The current reference is jumped 

from ia
*=1.5A with output frequency f*=80Hz to ia

*=3A with output frequency f*=20Hz. Case 4: The 

current reference is jumped from ia
*=3A with output frequency f*=20Hz to ia

*=2A with output frequency 

f*=50Hz. 

In all cases the inverter's reaches the current references within time lower than 0.001s. We can see that 

the method demonstrates excellent and nearly identical dynamic performance after any change in its 

magnitude and frequency. In Fig. 9, the harmonic spectrum of phase (a) current is depicted. With the 

MPCC method, the total harmonic distortion (THD) of inverter phase (a) current in simulation is 0.40%. 

While in experimental conditions, the corresponding THD of phase (a) current is 0.5%.These results 

show that the method can track the current references successfully with sinusoidal output currents. 

5. CONCLUSION 

A predictive current control strategy has been presented and implemented. It has been demonstrated that 

the method is highly effective in regulating load currents with a robust dynamic response. The control 

scheme has been simulated in Matlab/Simulink environment and tested on an experimental platform for 

various sampling frequencies and different reference values. Results, show that the load cur-rent 

successfully track its reference signal and its quality gets better with high sampling frequencies (low 

THD).  Results of simulations and experimentals discussed in this work demonstrate the efficient and 

robustness of proposed strategy. 

 

 

1 3 2 
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