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With the increasing integration of renewable energies into power grids, their control and 

power quality are becoming the main focus of many research efforts. In a grid-connected 

photovoltaic system, the control strategy is necessary to efficiently use the solar energy as 

well as to ensure high power quality. This paper presents a study on the robustness of a 

Fractional Order PI controller based on the Particle Swarm Optimization algorithm (PSO-

FOPI) in a grid-connected PV system. The controller used was integrated into the inverter 

to apply voltage-oriented control (VOC). Fractional order controllers have an additional 

degree of freedom, so that a wider range of parameters is available to provide better 

control. Parameter optimization of the FOPI and classical PI controllers are performed 

using the PSO algorithm. The performance of the FOPI controller is compared with that 

of the classical PI controller. A complete study of the behavior of the grid connected PV 

system is tested using MATLAB/Simulink. The simulation results show the performance 

and efficiency of the PSO-FOPI controller compared to the classical PI controller in terms 

of rapidity, stability and precision, as well as the THD reduction of the current injected to 

the grid for any variation of solar irradiance. 
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1. INTRODUCTION

Nowadays, a great demand on electricity has been observed 

in the world due to the depletion of fossil fuels [1]. Which have 

a negative impact on the nature, such as air pollution, 

environmental destruction and non-renewable character [2]. 

To confront all these problems, the renewable energies present 

an alternative source which reduce environmental pollution, 

with free source and the possibility of its integration for 

providing electricity to rural, urban and remote areas [3]. Solar 

energy is one of these alternatives widely used in two modes: 

stand-alone and grid connected systems [4]. With the variation 

of photovoltaic voltage, a permanent adaptation of the load 

voltage with the panel one is required [5]. This adaptation can 

be achieved by inserting a DC/DC converter controlled by a 

MPPT mechanism. This system ensures the recuperation of 

maximum power generated by the PV panels. The mechanisms 

of MPPT are classified according to the algorithms used to 

adapt the DC voltage. In literature, the main algorithms used 

to control MPPT circuits are: Perturb and Observe (P&O), 

Incremental Conductance (IC), hill climbing and artificial 

intelligence (Fuzzy logic, neural networks, genetic 

algorithms, …) [6-8]. 

For grid connected systems, a DC/AC converter is used. 

Such converter requires a robust control to respect power 

quality conditions such as lower harmonic content [9]. A 

reversibility of this converter is required in some installations 

[10]. Many strategies have been proposed to control inverters 

of PV systems connected to power grids. They can be 

classified according to the parameter used in control loops: 

current or power [11, 12]. Indirect control technique of active 

and reactive power has been developed initially with the field 

orientation control (FOC) for induction motor: basically, the 

voltage vector is oriented with respect to the current one, 

known as voltage-oriented control (VOC) [13]. In other 

control, active and reactive power are calculated through input 

current and voltage measurements of PWM converters, with 

use of hysteresis comparators and switching table an 

instantaneous power control is done, which known as direct 

power control (DPC) [14]. DPC provide a good dynamic 

behavior due to the hysteresis controllers, on the other hand it 

doesn’t achieve a constant switching frequency and needs high 

sampling rate which are considered the principal 

disadvantages of DPC [15]. VOC and DPC are applied as 

bases of other controls using virtual flux for voltage estimation 

namely: Virtual Flux-based VOC (VFOC) and Virtual Flow-

based DPC (VFDPC) methods [16, 17]. Ouchen et al. have 

proposed a direct power control strategy based on vector 

modulation (DPC-SVM) [18]. 

A PI/PID controller is added to track the loop reference. A 

stable and dynamic response are obtained with a fine-tuning of 

the controller parameters [19]. The quality and robustness of 

the control are improved by the high performance of controller 

[20]. The integration order in classical PID controller has been 

changed to fractional one to open a new generation of 

controllers known by Fractional Order PID (FOPID) [21]. A 

better specification response and flexibility of adjustment for 

the controlled system are remarked with the use of FOPID 

controller. Tunning FOPID parameters increases the 

robustness of controlled system and improve its response with 
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regard to classical PID controlled one [22]. A detailed 

comparison between classical PID controllers and FOPID 

ones has been presented by Jain and Saravanakumar [23]. 

Kakkar et al. [9] have used the FOPID for manage the flux-

oriented virtual control of PWM rectifier connected to power 

grid. Their simulation results have shown that fractional order 

is less sensitive to load and parameter variations, on the other 

hand injected power quality has been improved when 

comparing to the obtained using classical PID controller. A 

fractional filter has been proposed and added to FOPID 

controlling automatic voltage regulator (AVR) system to 

improve the response, the AVR system performance has been 

significantly improved due to the use of the fractional filter 

SCA-FOPIDFF controller [24]. A satisfactory response of the 

converter requires a tunning of controller parameters whatever 

its type: PID or FOPID. In literature, many algorithms have 

been proposed for tunning controller parameters such as 

Genetic Algorithm (GA) [25], Cuckoo Search Algorithm (CS) 

[26], Chaotic Ant Swarm Algorithm (CAS) [27], grey wolf 

optimization (GWO) [28], Water Cycle Algorithm (WCA) [9], 

sine cosine algorithm (SCA) [29], Gradient-Based 

Optimization (GBO) [21] and Particle Swarm Optimization 

(PSO) [30]. Among the cited algorithms, PSO has been chosen 

for the control of our converter. Inspired by dynamics of 

animals moving in compact groups, PSO build a solution to 

the proposed problem by simulating the swarm 

communications. In presence of continuous variables, PSO 

algorithm present an effective solution for optimization 

problem [30, 31]. 

Our present paper simulates a photovoltaic system 

connected to the grid through inverter controlled using current 

loops. The PWM is controlled by the voltage-oriented control 

(VOC) technique. A comparison between classical PI and 

FOPI controllers has been done. The novelty of our paper 

consists in the use of PSO algorithm to tune classical PI and 

FOPI parameters. 

This paper is divided into five sections. The second section 

presents the main components of the system. The model of the 

inverter and proposed control with a FOPI controller is 

illustrated in section III. Our obtained results are shown and 

discussed in section IV. Finally, a conclusion shows the main 

remarks and perspectives. 

 

 

2. MODEL DESCRIPTION  

 

The Figure 1 illustrates the totality of our complete system 

and all of the used converters until reaching the power grid: A 

PV composed of several strings are supplying a DC/DC 

converter. This later adapting the output voltage to the one 

required by DC link. The energy at the DC link is converted to 

AC form by an inverter (DC/AC converter). The energy 

injected to the power grid pass through a filter. For further 

details, each part implemented into this system will be clearly 

presented in the next subsections. 

 

 
 

Figure 1. Structure of the complete system 

 

2.1 PV model 

 

The PV panels contains a series of cells, each one can be 

modelled by a circuit composed of current source, a diode and 

some resistances [32] as shown in Figure 2. 

 

 
 

Figure 2. PV cell model 

 

The cell generated current is given by the following 

equation [32]: 

 

Ipv = Iph − Is × [exp (
q×(V+Rs×I)

A×K×Tc
) − 1] −

(
Vpv+Rs×Ipv

Rsh
)  

(1) 

With: 

Ipv and Vpv are the cell output current and voltage; 

Iph: The photon current; 

Is: The saturation current of the diode; 

Rs and Rshare series and parallel resistances respectively; 

q: The electron charge (1,6 .10-19 C); 

A: The ideality factor of the P-N junction; 

K: Boltzmann constant (1,380649 × 10−23 𝐽. 𝐾−1); 

𝑇𝑐: Absolute cell temperature in Kelvin (K). 

 

Table 1. PV panel parameters 

 
Parameter Value 

Pmp  315.072 W 

Vmp   54.7 V 

Imp   5.76 A 

Voc   64.6 V 

Isc   6.28 A 

Ns   96 cells 

 

There are several types of solar panels with different 
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parameters. In our simulation, we have used the parameters of 

the model (SPR-315E WHT-D). The PV array is composed of 

12 parallel strings, each string contains 4 panels connected in 

series, the total generates 15 kw. The Table 1 presents the 

considered PV panel parameters. 

 

2.2 DC/DC converter model  

 

The photovoltaic systems are equipped of DC/DC 

converters which are destinated to adjust panel voltage to a 

constant value fixed in DC link. For the case of grid connected 

photovoltaic system Boost topology is used [6]. The Boost 

converter is characterized by its simple structure, consisting of 

an inductor, a switch, a diode and a capacitor as shown in 

Figure 3. The chosen parameters are illustrated in Table 2. 
 

Table 2. Functioning Boost parameters 

 
Parameter Value 

Cpv 50 mF 

LBoost  4 mH 

CBoost  100 mF 

f 15 kHz 

 

The output voltage of Boost converter depends to the used 

duty cycle α (between 0 and 1, with 𝛼 ≠ 1) as presented in the 

next Eq. (2) [33]: 

 

Vboost(1 − α) = Vpv ⇒ Vboost =
Vpv

(1−α)
, 𝛼 ≠ 1  (2) 

 

With Vpv: Input voltage, Vboost: Output voltage converter. 

The choose of this duty cycle under the effect of irradiance 

variation is controlled by incremental conductance algorithm 

(IC) in order to track the maximum power (MPPT) generated 

by PV array [6]. 

 

 

3. GRID CONNECTION 

 

A DC/AC converter (inverter) is used to adapt PV energy to 

the power grid one. To ensure this adaptation, an adequate 

control system is used which takes into account DC side 

parameters and AC side ones as shown in Figure 4.  

A filter is placed between the inverter and the grid in order 

to eliminate harmonic content of generated signal. The 

parameters of the power grid and this filter elements are 

illustrated in Table 3. 

 

 
 

Figure 3. DC/DC Boost converter with MPPT control 

 

 
 

Figure 4. Topology of control system 

 

429



Table 3. Grid and filter parameters 

 

Parameter Value 

Lf  0.003 H 

Rf  0.01 ohm 

Ua  380 V 

fg  50Hz 

 

Several configurations and control systems exist in DC/AC 

converters, but basically two essential parts distingue each 

converter to the other: inverter topology and control system 

type. 

 

3.1 Inverter 

 

The inverter is a power electronic converter composed of 

controlled interrupters. The commonly used configuration for 

PV systems is PWM inverter (already shown in Figure 4). 

The following Eq. (3) gives the inverter output voltages [13]: 

 

[

Van

Vbn

Vcn

] =
Vdc

3
[

2 −1 −1
−1 2 −1
−1 −1 2

] . [

Sa

Sb

Sc

]  (3) 

 

where: Sa, Sb, Sc are commutation functions. 

The pulses injection is decided and injected by a control 

system.  

 

3.2 Inverter control system  

 

The grid-connected PV system uses the inverter to control 

the injected active and reactive power [34, 35]. The control 

strategy implemented in the inverter is responsible for 

achieving the unit power factor of the grid-connected PV 

system. To solve power quality problems, voltage-oriented 

control (VOC) is proposed to indirectly provide active and 

reactive power control [36]. 

The latter consists of two control loops. One control loop is 

designed to regulate the DC bus voltage of the system to 

balance the power flow and ensure stability during dynamics, 

while the secondary loop controls the currents of the two d-q 

axes to be injected into the grid by the PWM technique [13]. 

In addition, the PWM block is used to generate the signals for 

each switch in the inverter [37]. Then, a phase-locked loop 

(PLL) device is employed to generate a reference current 

synchronized with the current control loop [38].  

Figure 5 shows the control method applied to the grid 

connected PV system. Through the Park transformation 

(abc/dq), the diagram shows that the reference active 

component on the direct axis (Idref) is obtained from the DC 

side voltage controller, at the same time the reference reactive 

component on the quadrature axis (Iqref) is determined by the 

reactive power controller, as demonstrated in Eqns. (4) and (5): 

 

Idref = [Iinj − (Kpdc +
Kidc

Sλdc) (Vdcref − Vdc)]  (4) 

  

Iqref = 0  (5) 

 

where: Iinj  the injected current; Vdcref  and Vdc  the reference 

and measured DC bus voltages. 

The active and reactive reference component is maintained 

at a well determined value by using the FOPI controller.  

Reference voltages in the dq reference axis (Vdref , Vqref) 

which are injected into the inverter by the PWM technique, 

can be achieved by using the FOPI controllers and the 

decoupling block, as given in the following Eqns. (6), (7), (8) 

and (9): 

 

V∗
d = (Kp +

Ki

Sλ) (Idref − Id)  (6) 

 

V∗
q = (Kp +

Ki

Sλ) (Iqref − Iq)  (7) 

 

where: V∗
d, V∗

q the voltages that are calculated by the FOPI 

controller; Id , Iq  the currents measured on the direct and 

quadrature axes respectively. 

 

Vdref = Ed + V∗
d − ωLfIq  (8) 

 

Vqref = Eq + V∗
q + ωLfId (9) 

 

where: Ed, Eq the voltages of the common connection points 

to the grid; Lf is the coupling inductance of the filter device. 

 

 
Figure 5. Detailed diagram of control 
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Lastly, by using the inverse Park transformation (dq/abc), 

we can obtain the values of the reference voltages (Vabcref) 

which are used to generate the switching signals (S1, S2, ..., 

S6) based on a pulse width modulation (PWM) control (Figure 

6). 

 

 
 

Figure 6. PWM control strategy 

 

3.2.1 Fractional order PID controller 

In recent years, researchers have been interested in a new 

design of the PID controller to be applied in many domains, 

especially control theories compared to classical PID 

controllers because of their advantages, which are to increase 

the performance of non-linear, dynamic systems and to be less 

sensitive to changes in system parameters [9, 39]. 

This control device is named fractional order PID (or 

FOP 𝐼𝜆𝐷𝜇 ) and has been proposed by Podlunby since the 

1990s [40]. In addition to the control parameters 𝐾𝑝, 𝐾𝑖 and 

𝐾𝑑 of a classical PID controller, there are 𝜆  and 𝜇 , the 

fractional components of the integral and derivative parts 

respectively.  

Figure 7 illustrates the block diagram of the fractional order 

PID controller.  

 

 
 

Figure 7. Structure of FOPID controller 

 

The mathematical expression of the fractional order PID 

controller can be presented in the following differential 

equation [40]: 

 

𝑢 (𝑡) = (𝐾𝑝 + 𝐾𝑖𝐷𝑡
−𝜆(𝑡) + 𝐾𝑑𝐷𝑡

−𝜇(𝑡)) 𝑒(𝑡)  (10) 

 

where: 𝑢(𝑡) Controller output; 𝑒(𝑡) Error. 

By application of Laplace transform on Eq. (10). With zero 

initial conditions, the transfer function of this controller is 

defined by Eq. (11) [40]: 

 

G (S) =
U(S)

E(S)
= Kp + KiS

−λ + KdSμ, (λ, μ > 0) (11) 

 

𝐾𝑝, 𝐾𝑖 and 𝐾𝑑 are proportional, integral and derivative gain 

constants respectively; 𝜆 and 𝜇 are the fractional order of the 

integral and derivative term. For a classical PID controller, the 

values (𝜆 and 𝜇) are equal to 1. As indicated in Figure 8, which 

shows the classical PID and FOPID control domains. 

 
 

Figure 8. Domains of FOPID and classical PID controllers  

 

The design of the FOPID controller requires five parameters, 

whereas the classical PID controller only needs to optimize 

three parameters. This extension adds more flexibility in 

realizing the dynamics of the control system [34]. 

The adjustment of controller parameters is an essential 

element in a control system. Due to the complexity of the 

system under study, direct synthesis of the controller 

parameters is not simple. Determining the parameters of the 

controller is time demanding and may not be the best. 

Optimisation techniques are therefore used as they require less 

time and give the best values of the controller parameters [9]. 

Some optimisation techniques have been used to adjust the 

parameters of fractional order controllers, such as the Artificial 

Bee Colony (ABC) algorithm [41], the Bat Optimisation 

Algorithm (BA) [42], the Water Cycle Algorithm (WCA) [9], 

the Grey Wolf Optimisation (GWO) [43] and the Ant Colony 

Optimisation (ACO) [44]. The particle swarm optimisation 

(PSO) method is inspired by biology and is one of the most 

widely implemented methods for the determination and 

optimisation of controller parameters. 

In the present study, a particle swarm optimisation (PSO) 

algorithm is applied to optimise the parameters of the classical 

PI and FOPI controllers. 

 

3.2.2 Particle Swarm Optimization (PSO) algorithm 

Particle swarm optimization is an evolutionary algorithm 

that uses a population of candidate solutions to develop an 

optimal solution to the problem [45]. Inspired by the 

observation of the social behavior of the movement of certain 

swarming animals such as bees, ants, fish schools and flocks 

of birds [46, 47]. 

This basic concept of the algorithm consists in using a 

swarm containing (n) particles, these particles representing 

potential solutions to the problem to be solved, which moves 

and searches for the global optimum ( 𝐺𝑖(𝑡) ) in the 

multidimensional search space. Indeed, each particle has a 

memory of its best visited solution (𝑃𝑖(𝑡)) and the ability to 

communicate with its adjacent particles [48]. Thus, particles 

have a strong ability to explore new areas in search of optimal 

candidate solutions [49]. The displacement of particles is not 

random, they have a purpose to achieve. All particles within 

the swarm are able to move towards the desired objective. In 

order to reach a new and better position, each particle uses its 

best experience and that of the others [50]. To maintain the 

cohesion of the swarm and allow it to implement a complex 

and adaptive collective behavior, the movement of all particles 

follows simple rules: they are attracted to the average position 

of the group, follow the same path as their neighbours, 

separation to avoid collisions and the particles keep a certain 

distance between them [51]. 

Figure 9 illustrates the movement strategy of a particle, each 

particle movement in the swarm is an updated velocity and 

position vector which are calculated from Eqns. (4) and (5) 

respectively [45]. 
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Figure 9. Movement of the PSO swarm 

 

𝑉𝑖(𝑘 + 1) = 𝑤 ∗ 𝑉𝑖(𝑘) + 𝐶1 ∗ 𝑟1[𝑃 𝑖(𝑘) − 𝑥𝑖(𝑘)] +
𝐶2 ∗ 𝑟2[𝐺 𝑖(𝑘) − 𝑥𝑖(𝑘)]  

(12) 

 

𝑥𝑖(𝑘 + 1) = 𝑥𝑖(𝑘) + 𝑉𝑖(𝑘 + 1) (13) 

 

where: 𝑤 adaptive inertia factor; 𝑉𝑖(𝑘)velocity of the particles 

at iteration k; 𝑥𝑖(𝑘) position of the particles in the search space 

at iteration k; 𝐶1  and 𝐶2 are positive constants, named 

respectively the cognitive and social factor, which control the 

individual and collective behavior of each particle; 𝑟1 and 𝑟2 

random numbers uniformly distributed in the interval [0, 1]. 

The model of the PSO algorithm can be presented in the 

flowchart below (Figure 10). 

 

 
 

Figure 10. Flowchart of PSO algorithm 

3.2.3 Tuning parameters  

 

 
 

Figure 11. Block diagram for PSO-PI or PSO-FOPI 

controllers 

 

As described above, the particle swarm optimisation (PSO) 

algorithm adjusts the parameters of the classical PI and FOPI 

controllers. 

The block diagram of the optimisation process for both the 

PSO-PI or PSO-FOPI controllers are presented in Figure 11. 

Within optimisation techniques, there are several criteria of 

suitability for evaluating system performance, such as integral 

absolute error (IAE), integral square error (ISE), and integral 

time-weighted absolute error (ITAE). The latter include: 

overshoot, rise time, settling time and steady state error [52]. 

In the context, the fitness function Integral Time Absolute 

Error (ITAE), which is used as a performance criterion for the 

output response of the system. The ITAE is defined as follows: 

 

𝐼𝑇𝐴𝐸 = ∫ 𝑡|𝑒(𝑡)|𝑑𝑡
𝑡𝑠𝑖𝑚

0
  (14) 

 

To find the values for both classical PI and FOPI controllers, 

we use: 𝑤=0.7; 𝐶1 =𝐶2  and n=50. The optimised parameter 

values are shown in Table 4 with k=300 iterations. 

 

Table 4. Tuning parameters for classical PI and FOPI 

controllers 

 
 PI Classical FOPI Classical 

Ki Kp Ki Kp λ 

DC-Link 

voltage 

1.4008 95.2529  4.2680 16.6173 0.9764 

d-axis 

current 

2.3541 45.0714 29.1395 84.8670 0.8929 

q-axis 

current 

2.3541 45.0714 29.1395 84.8670 0.8929 

 

 

4. SIMULATION RESULTS 

 

Our proposed model of the grid-connected PV system, 

shown in Figure 1, is implemented in Matlab/Simulink to 

evaluate the effectiveness of the proposed VOC method using 

PSO-PI and PSO-FOPI.  

The study is based on two types of tests, one with classsical 

PI controllers and the other with fractional order PI controllers. 

The choice of the optimization method by the PSO algorithm 

allows to determine the parameters ( Kp , Ki , λ ) of both 

controllers. The parameters of the system and controllers are 

shown in Tables 1, 2, 3 and 4. 

The simulation was carried out for varying irradiance 

conditions, with a fixed ambient temperature (25℃), to test the 

performance of the controllers used. 

432



 

4.1 PV side results  

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 

Figure 12. PV system (a) Irradaince profil (b) Output voltage 

(c) Output current (d) Output power 

 

The applied irradiance has been variated seven times with a 

range between 0.45 and 1 kW/m², the time step was 0.5 

seconds. The results illustrated in Figure 12 are limited to the 

ones concerns the PV array: (a) presents the irradiance profile 

applied to the PV array, (b) the voltage obtained at the input of 

the MPPT controller. In (c) we illustrate the current generated 

by the PV array, while the output power of the PV array is 

shown in figure (d) with a comparison to the power reference 

suggested by MPPT control using the IC method, and a good 

accordance is noted. 

For the system connected to power grid, the three phase 

voltages, injected currents, single phase current and voltage 

are illustrated in Figure 13. Figure 13 (a-c) present the 

obtained results with classical PI controller, while the results 

obtained with fractional order PI controller are shown in 

Figures 13 (a’-c’). To indicate the impact of irradiance 

variation on the current and voltage, we focus on the time 

range [1.46 s-1.56 s] where the irradiance has increased from 

700 to 950 W/m2. We observe that only the current magnitude 

has been affected by the irradiance variation (Figures 13 b and 

b’), while the voltage magnitude remains constant (Figures 13 

a and a’), and this for both controllers. 

When comparing between Figures 13 (b) and (b’), it is 

obvious that current waveform has been improved with the use 

of FOPI controller. Even with irradiance variation, the PLL 

control system kept the current in phase with the voltage, as 

shown in Figures 13 (c) and (c'). 

To illustrate the impact of the controller on the power 

quality, a spectrum analysis of the obtained current with 

Standard Test Conditions (STC) is done, and the harmonic 

spectrum is presented in Figures 14 (a) and (a’). It should be 

noted that THD obtained with classical PI controller is 3.56% 

while a THD of 1.35% has been obtained with FOPI controller, 

which proves the efficiency of FOPI controller compared to 

the classical PI. 

 

VOC with PI Classical VOC with Fractional order PI 

  
(a) (a’) 

 
(b) (b’) 

  
(c) (c’) 

Figure 13. Grid connection of PV system with PSO-PI classical and PSO-FOPI: (a, a’) Three-phase voltages; (b, b’) Three-phase 

Currents; (c, c’) Single phase voltage and current 
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(a) 

 
(a’) 

 

Figure 14. Current THD analysis (a) with classical PI (a’) 

Fractional order PI (STC conditions) 

 

In order to show the high performance in terms of response 

time and overshoot, Figure 15 shows the comparison of the 

voltage at the DC bus for both the classical PSO-PI and PSO-

FOPI controllers.  

The parameters of the classical PI and FOPI controllers are 

obtained by the PSO algorithm as shown in Table 4.  

 

 
 

Figure 15. Voltage DC Link of PI and FOPI 

 

It can be observed that the settling time of the FOPI 

controller is less than that of the classical PI controller, so the 

FOPI controller has improved the stability of the system. The 

overshoot recorded is 656 V with the classical PSO-PI 

controller, while with the PSO-FOPI controller the overshoot 

is 652 V. The response time is 0.024 s with PSO-FOPI and 

0.046 s with the PSO-PI controller. From these parameters, the 

PSO-FOPI performs very well in terms of rapidity and stability. 

Figure 16 shows a comparison between the robustness of 

the two controllers: classical PI and FOPI. The current 

reference value Idref  controls the active power, while the 

reactive power is controlled by the reference current Iqref = 0 

to guarantee the unity power factor.  

We notice in the interval [0 s-0.2 s] that the transient 

responses of the FOPI controller of the active and reactive 

powers are characterised by a very small overshoot compared 

to the conventional PI controller, whereas the steady state error 

is nearly zero as shown in Figure 16 (c) and (d). 

According to the results obtained, the VOC strategy with 

FOPI is better than VOC with classical PI in terms of rapidity, 

stability of the system and precision. 

Comparative analysis  

With a variable irradiance, harmonic analysis has been 

effected to the injected grid current, where the THD and 

fundamental magnitude obtained for each irradiance value are 

illustrated in Table 5. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 

Figure 16. Control currents and powers with classical PI and 

FOPI (a,b) current Id, Iq (c,d) active and reactive powers 

 

Table 5. THDs of line current Iabc during variable irradiance 

 

Irradiance 

(W/m2) 

Line current 𝐈𝐚𝐛𝐜 

PI Classical Fractional order PI 

THD% FD THD% FD 

450 4.60 10.87 3.07 11.24 

800 4.32 21.50 2.40 20.91 

1000 3.56 27.39 1.35 29.09 

 

It is obvious that when the irradiance increases, the current 

harmonic content decreases. It should be noted that for both 

controllers, and what ever the irradiance the harmonic 

pollution still below 5% as recommended by the IEEE-519 

standard [1, 53]. 

This pollution is quantified by a THD of 4.60%, 4.32% and 

3.56% for applied irradiance of 450 W/m2, 800 W / m2 and 

1000 W/m2 and these values are obtained with classical PI 

controller. With using FOPI controller, the current quality has 
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been improved, and this is by reducing THD to 3.07%, 2.40% 

and 1.35% when applying same irradiance values respectively. 

The most powerful functioning of our FOPI controller is 

recorded with 1000 W/m2 irradiance (Figure 14), and this by 

reducing 62.07% of the THD irradiance. For more details, the 

frequency spectrum of each current with 450 and 800 W/m² is 

presented in Figure 17. 

 

 

 
(a) 

 

 
(b) 

 

Figure 17. Harmonic spectrum analysis of current with 

classical PI and FOPI (a) Irradiance 450, (b) Irradiance 800 

 

From the simulation results, the proposed FOPI controller 

provides an improved and satisfactory transient behaviour 

compared to the classical PI controller. Therefore, due to the 

flexibility of the FOPI controller which is able to achieve the 

desired response with reduced overshoot and settling time. 

 

 

5. CONCLUSIONS 

 

In this paper, a decoupled control of PV system connected 

to the grid using PSO-FOPI controller has been presented. The 

studied system has been developed and simulated using 

MATLAB/Simulink. The inverter connecting the PV system 

to the grid has been controlled by two different controllers 

namely classical PI and FOPI. The PSO algorithm has been 

used to optimize both controller parameters. A comparative 

analysis has been done between the obtained results and this 

on different levels: DC link and AC grid. In the DC link a 

comparison of settling time and overshoot, where the FOPI has 

reduced around 50% of settling time and the overshoot 

recorded is below 1% of the reference DC link. The overshoots 

reduced have participated in the disturbances recorded in the 

power when changing the applied irradiance. For AC grid side, 

the inverter with both controllers have generated a stable AC 

voltage which is not disturbed by irradiance variation. While 

the remarkable difference between controllers has been 

recorded with the injected current, especially with its 

waveform: the harmonic spectrum analysis of the grid currents 

has proved that the PSO-FOPI controller has reduced the THD 

with respect to the IEEE-519 standard recommendations, and 

this whatever the applied irradiance. So the PSO-FOPI 

strategy have optimized the grid connected PV system in 

question of the rapidity, stability and precision with power 

quality improvement. Results verify the better performance of 

PSO-FOPI in terms of settling time, rise time, peak overshoot, 

and total harmonic distortion (THD) of the grid current. PSO-

FOPI demonstrates greater robustness compared to PSO-PI. 

The simulation validates the results of the PSO-FOPI 

controller over the PSO-PI in terms of control effect and 

robustness. 
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NOMENCLATURE 

 

PV  Photovoltaic  

STC Standard Test Conditions 

THD Total Harmonic Distortion 

FD Fundamental frequency 

PWM Pulse width modulation 

PSO Particle warm optimization 

MPPT Maximum power point tracking 

Vmp Maximum power voltage 

Imp Maximum power current 

Voc Open circuit voltage 
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Isc Short circuit current 

ns  Number of cells 

Cpv  Input capacitor 

Lboost Converter inductor 

Cboost Converter capacitor 

Lf Filter inductor 

Rf Filter resistor  

Ua Grid voltage  

fg  Grid frequency 
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