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Abstract— Photovoltaic systems have earned recognition as 

incredibly interesting renewable energy sources, due to 

simplicity of supply. These systems have a nonlinear 

characteristic which causes them a low energy conversion. 

However, it necessity for control systems capable of 

outperforming conventional controllers and overcome the 

existing operational instabilities. The main objective of this 

paper is to design a predictive functional control to the 

photovoltaic generators,  to make it follow a desired trajectory 

and to generate a maximum power. A predictive functional 

control is defined as advanced control which exploit the future 

behavior of process, and its consists in using of discretized model 

of the photovoltaic system. The simulation results prove the 

highest tracking efficiency of this algorithm which are evaluated 

by means of efficiency, stability and robustness under  different 

scenarios of varied metrological condition. 
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I. INTRODUCTION  

Climate change, among the most crucial issues affecting 
society this decades, is manufactured by greenhouse gas 
emissions, mainly from the excessive fossil fuel energy 
consumption  such as oil, coal, and nuclear energy which have 
a negative impact on the environment. The primary energy 
consumption worldwide production is expected by over 60%, 
from 2002 to 2030,This growing demand for energy has 
allowed a remarkable development of renewable energies, 
particularly photovoltaic (PV), wind,.. [1,2] which are 
considered an alternative to fossil fuels. Photovoltaic energy 
is currently one of the most promising technological solutions, 
and production process of the PV module has  definitely 
improved in terms of quality and cost [3]. In a photovoltaic 
system (PV), reaching the operational point of a PV cell to 
maximum power point (MPP) is critical because its constantly 
changing  which is dependent on environmental factors vary 
at irregular intervals such as solar radiation and temperature 
[4].  

Consequently, various approaches have been developed in 
literature  to  increase the dynamic performance of PV system, 
namely the perturb and observe (P&O) algorithm and the 
Incremental Conductance (IC) algorithm which are 

extensively implemented due to their simplicity [5,6] and 
other intelligent methods [7,8] According to [9], the 
conventional algorithms have a critical disadvantages 
specifically the oscillation of photovoltaic power around the 
maximum power tracking (MPP) leading to significant energy 
losses from the photovoltaic array. And it provides a poor and 
slow tracking of the MPP during the variation of weather 
conditions. 

To overcoming this major problems of the techniques 
described above in terms of speed convergence and 
robustness. A model predictive control (MPC) is proposed in 
literature, [10,11] and [12], his main benefit are this implicit 
form, adaptability, and the explicit usage of model. Predictive 
Functional control (PFC) technique has been used extensively 
in the process industry due to all these benefits, particularly as 
a readily adjustable and more highly efficient controller for 
nonlinear processes [13, 14] and [15]. The main objective of 
this work is to keep the PV system at the maximum power 
efficiency point under  variation of weather conditions despite 
the nonlinear dynamic of the system behaviour. To achieve 
this purpose, the predictive functional control (PFC) is used 
which is based on utilization of the model of the process to 
anticipate the future behavior of the system, in this instance 
allows predicting the output power of PV arrays  to optimize 
the efficiency of the PV model. 

The remained of this paper is organized as follows. Section 
2, describes the photovoltaic system, Section 3 discusses the 
development of predictive functional control; the 4th section 
is devoted to the application of PFC control approach to this 
system after presenting the identification of PV system. 
Conclusions and perspectives are drawn in the last section.  

II. PV SYTEM MODEL 

Certain power performances can be reached by using 
photovoltaic arrays, which are generated by connecting 
numerous PV panels in a series-parallel configuration. The 
system under study in this paper includes the PV module, 
DC–DC boost converter, and load resistance, as shown in Fig. 
1 [16]. 
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Fig.1. PV system. 

A. Model of the PV system 

First, The most basic Photovoltaic cells model, composed 

mainly of a current source 
phI  connected  in parallel to a diode

D , provides an output current 
PVI that is directly proportionate 

of irradiance. The idealized PV cell is mathematically 
described by the basic equations. 
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The PV module parameters used in this paper are shown 

in Table 1. 

Table.1.  SUNPOWER SPR-414 PV Module 

Characteristic of PV module Values 

OCV
 

85.3 

SCI
 

6.09 

mpV
 

72.9 

mpP
 

414.801 

B. Model of the boost converter 

The PV array is connected to a load. A boost converter is 
incorporated as shown in fig.1. The inductance value is 

0.5mH  , and the condenser input output value are 150 F

[17]. 

III. PREDICTIVE FUNCTIONAL CONTROL 

Predictive functional control was developed to solve 
control issues in medium-complexity processes. It uses a 
process linear model that allows for the prediction of future 
outputs throughout a finite horizon. The objective is to bring 
the process output  to the reference. The main characteristics 
of  PFC are [18]: 

 Internal model of the process. 

 Reference trajectory. 

 Coincidence horizon. 

 Control law form 

. 

A. Design of PFC for a higher order models 

The PFC for the first order model is described in [19], in 
this paper we will describe for a higher order models, a 
transfer function based on parallel representation is given by. 
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The output of the model discretized is given by    
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e

 
  where τ represent the constant time, 

stT is the sampling time.  

 By inserting equation (7) in equation (6) , we obtain the 
output of the model as follow 
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a) Define the reference trajectory form                        

The set point is reached using a reference trajectory that 
is reset at each point on the process's actual output. the 
predicted output of the system is specified by the reference 
trajectory initialized on the real output of the process and the 
desired value.  
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At the coincidence horizon, the process's predicted output 
equals the reference trajectory 

ˆ( ) ( )R py k H y k H                    

At the point, k H we obain:      
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By using the equation (8)  of  for 
My , we find: 
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The increment of the output is expressed as follows: 

      ( ) (1 )( ( ) ( ))H

p refk sp k y k                          (12) 

The output increment for the model can be determined 
similarly to the process: 
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Finnally, the control law of PFC is obtained by the eqaulity 
of (12) and (13): 
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IV. APPLICATION OF THE PFC FOR THE SYSTEM PV  

A. Identification of the PV system 

The PV system is a nonlinear system that is difficult 

to control and adjust, necessitating the identification of a 

model based on the inputs/outputs that has the same 

behavior as the dynamic system that will be used for the 

application of the PFC algorithm. Using the recursive 

least squares method, we may extract the discrete 

representation of the continuous system and easily build 

the discrete controller [20]. 
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a) Initialisation              

1 1 2( ) 1 0.5 0.5A q q q       
1 1 2( ) 0.5 0.5B q q q       

b) the identification algorithm's parameters 
values 

 5

0 1F e          

 Forgetting factor  0.999   

 Sampling time 1stT s  

The implementation of the recursive least squares 
algorithm presented in the previous chapter is used to 
approximate the system by a given second order model given 
by the following transfer function with 0d  : The parameters 

have been correctly identified, and they can be utilized to 
represent the model function.  
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The PFC's control law is generated by the following 

algorithm. 

B. internal model structure 

The decomposition of the system’s model: 

consedering the equation as an internal model of the 

process then, that will be simplified into simple fractions 

of two main sub-models 1M , 2M  
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With model’s parameters values: 
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In order to incorporate the model in the controller, it must 
first be transformed into discrete form. Therefore, the parallel 
model combined with the Zero Order Hold (ZOH)  and a 
sample period results in: 
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With    1/
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The model's overall output 
My is obtained: 
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C. Reference trajectory form 
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D. output prediction: The model's predicted output is 
provided by:   
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E. PFC control law: The control law's form is determined as 
follows: 
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F. Selection of PFC’s parameters 

 

The value of the parameter  is proportional to the required 

closed-loop time response 
BfT  which  is the PFC's crucial 

settings parameter because it directly influences the system's 

dynamics; for that, the appropriate range of   is between 

0 1  , in this case 0.97  . Note that the low value of 
BfT  

ensures a fast convergence of the controller with 61stT e , 

other parameter values of PFC are defined as:  2acF   and 

110H s  

 

 

Fig. 2. Predictive functional control applied to PV system 
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V. SIMULATION RESULTS 

 
         The following figures show the simulation results  

 

 
Fig. 3. the output of the system and the reference 

 

 
Fig.4. error between the output of the system and the reference 

 
To assess the efficacy of the proposed controller design 

method, Three scenarios are considered in this study. The 
first simulation assumed a constant irradiance and 
temperature of 1000W/m2 and 25°C, respectively. In the 
second simulation, the irradiation profile is changed 
throughout six time intervals with irradiation levels of 800 
W/m2,1000 W/m2 , 600 W/m2, 1000 W/m2, 400 W/m2 and 
1000 W/m2, the ambient temperature is considered constant 
(25 °C).  In the final simulation, a temperature profile change 
is applied also over six time intervals 40°C, 25°C, 10°C, 
25°C, 10°C and 30°C, with irradiation levels of 1000W/m2. 

A. First scénario: The following figures show the 
simulation results with an irradiation of 1000W/m2 and a 
temperature of 25°C. 

 

 
Fig. 5. The current of the PV panel 

 
Fig. 6. The voltage of the PV panel 

 
Fig. 7. The power of the PV panel  

B. The second scénario: The simulation results of  change 

temperature profile, irradiance constant, are shown in the 
figures below. 

 
Fig.8.  The current of the PV panel 

 

 
Fig.9. The power of the PV panel 

 

Fig.10. The voltage of the PV panel 

C. The last scénario: The following figures show the 

simulation results of  change irradiance profile, 
temperature constant.. 

 

 

Fig.11. The voltage of the PV panel 
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Fig. 12. The current of the PV panel 

 

Fig. 13. The power of the PV panel 

A. Interpretation of the result 

Figure 3 depicts the system output, which indicates the 
voltage of the PV, and it can be seen that it satisfy its reference 
voltage with very zero error, as shown in Figure 4. Figures 
(5,6 and 7) shows that the different electrical quantities 
(power, voltage, and current) of the PV generator output 
converge to its optimal values.  According to the obtained 
simulation results shown in figures (8,9 and 10) and figures 
(11,12 and 13)it is obvious that the current, voltage and power 
follow their ideal operating values throughout the whole 
irradiation and temperature change profiles. 

VI. CONCLUSION 

Optimizing photovoltaic energy  involves creating a high-
performance control system capable of adapting to climatic 
variations. In this study a predective functional control 
algorithm, has been applied to the PV system. In order to 
implement the controller, we must using the discretized 
model of the photovoltaic system  which is obtained with the 
MCR algorithm's identification. The simulation results 
showed a good performance in terms of tracking of the 
maximum power delivered by the photovoltaic panel in 
standard and variable metrological conditions, and 
demonstrate that the PFC algorithm capable of tracking 
variations in irradiation and temperature in order to achieve 
the maximun power point.  
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