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ABSTRACT 

In this paper, a direct vector control using fuzzy logic controller with adaptive gain for a doubly fed 

induction generator (DFIG) based wind energy conversion system (WECS) is presented. The 

performance of fuzzy controllers is characterized by unsatisfactory performance: (wide overshoot, 

excessive oscillations and sensitivity to parametric variations). We propose a robust method, where the 

control gain will be continually adapted with the use of a set of fuzzy rules; we only consider the gain 

adaptation of the command. I mean the value of the gain will be determined by a rule base defined by 

the error and the variation of the error. Finally, the control of the active and reactive powers using a 

fuzzy logic controller with adaptive gain is simulated using software Matlab/Simulink, studies on a 1.5 

MW DFIG wind generation system compared with the conventional fuzzy logic controller. Performance 

and robustness results obtained are presented and analyzed. 
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I. INTRODUCTION 

 

Sustainable development and renewable sources of energy are now attracting the interest of several research teams. Thus, the 

development of wind turbines represents a major investment in the field of technological research. Wind energy can contribute 

significantly to new energy sources that do not emit greenhouse gases [1-3]. Currently, variable-speed wind turbine systems 

have turned to power levels greater than 1 MW, in particular to take full advantage of the wind farm on the site of implantation. 

Because of their advantages, doubly fed induction generators are generally used in such installations [4-7]. That hase many 

advantages: Primarily, the variable speed generation (± 30% around the speed synchronism), the decoupled control of active 

and reactive powers, produce less acoustic noise and its mechanical losses are smaller than other types of generators [8-11].  

This  paper  discusses  the  control  of  electrical  power exchanged  between  the  stator  of  the  DFIG  and  the  power network  

by  controlling  independently  the  active  and  reactive powers. Today, new control techniques that are more competitive, more 

able to overcome the nonlinearities of the systems and more adapted to the resolution of robustness problems are proposed for 

the research. In particular, fuzzy logic is another interesting alternative. After modeling the whole system, active and reactive 

powers provided by the DFIG are controlled using two types of controllers:  fuzzy logic controller with adaptive control gain 

and conventional fuzzy logic controller. The paper is organized as follows, modeling of wind energy conversion system 

(WECS) based on a doubly fed induction generator (DFIG) in section 2. Control of active and reactive power of DFIG in 

section 3, section 4 is the synthesis of the two controllers and their performance are compared. The results and discussion of 

simulations obtained are presented in section 5. Finally, conclusion of this work in section 6. 

 

II. WIND ENERGY CONVERSION SYSTEM MODELING 

The WECS consists of the turbine that drives the DFIG at a variable speed of the gearbox. The stator is directly connected to the grid 

while the rotor is connected to the via two bidirectional converters in cascade via a continuous DC link, as shown in Fig. 1.  

 
Fig. 1. Variable speed wind turbine based DFIG. 
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A. WIND MODELING 

The wind speed can be modeled in deterministic form by a sum of several harmonics by: [14]: 

𝑉𝑣(𝑡) = 𝐴 + ∑ (𝑎𝑛sin⁡(𝑏𝑛𝑤𝑣𝑓))
𝑖
𝑛=1                                                                                                                                                 (1)  

with: A is constant, 𝑎𝑛,𝑏𝑛   𝑤𝑣and, represent respectively the amplitude and the pulsation of the wind sample. 

From equation 1 we can note that : 

𝑉𝑣(𝑡) = 8 + 0.4 sin(1.47𝑡) + 2 sin(0.56665𝑡) + sin(5.75𝑡) + 0.8 sin(4.266𝑡)                                                                        
(2) 

B. MODELING OF THE TURBINE 

The aerodynamic power captured by a wind turbine is written in the following form: 

𝑃𝑎𝑒𝑟𝑜 =
1

2
𝜌𝜋𝑅2𝑉𝑣

3𝐶𝑝(𝜆, 𝛽)                                                                                                                                                                             (3) 

The tip-speed ratio λ is expressed as follows: 

𝜆 =
Ω𝑡𝑢𝑟𝑏.𝑅

𝑉𝑣
                                                                                                                                                                                                       (4) 

For a wind turbine of 1.5 MW, the expression of the power coefficient is:    

𝐶𝑝(𝜆, 𝛽) = (0.5 − 0.167(𝛽 − 2)) sin (
𝜋(𝜆+0.1)

10−0.3𝛽
) − 0.00184(𝜆 − 3)(𝛽 − 2)                                                                                               (5) 

The aerodynamic torque is expressed as follows: 

𝑇𝑎𝑒𝑟𝑜 =
1

2𝛺
𝜌𝜋𝑅2𝑉𝑣

3𝐶𝑝(𝜆, 𝛽)                                                                                                                                                                           (6) 

The aerodynamic torque is given by the following equations: 

𝑇𝑔 =
𝑇𝑎𝑒𝑟𝑜

𝐺
                                                                                                                                                                                                         (7) 

Ω𝑡𝑢𝑟𝑏 =
Ω𝑚𝑒𝑐

𝐺
                                                                                                                                                                                                   (8) 

The mechanical equations of the system can be described by: 

𝐽𝑇
𝑑Ω𝑚𝑒𝑐

𝑑𝑡
= 𝑇𝑚𝑒𝑐 = 𝑇𝑔 − 𝑇𝑒𝑚 − 𝑓Ω𝑚𝑒𝑐                                                                                                                                                          (9) 

With: 𝐽𝑇 =
𝐽𝑡𝑢𝑟𝑏

𝐺2
+ 𝐽𝑔    

C. MODELING OF THE DFIG 

The modelling of the DFIG is described in the d-q reference frame as: [11]: 

 

{
  
 

  
 𝑉𝑠𝑑 = 𝑅𝑠𝐼𝑠𝑑 +

𝑑𝜑𝑠𝑑

𝑑𝑡
−𝜔𝑠𝜑𝑠𝑞⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡

𝑉𝑠𝑞 = 𝑅𝑠𝐼𝑠𝑞 +
𝑑𝜑𝑠𝑞

𝑑𝑡
+ 𝜔𝑠𝜑𝑠𝑑 ⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡

𝑉𝑟𝑑 = 𝑅𝑟𝐼𝑟𝑑 +
𝑑𝜑𝑟𝑑

𝑑𝑡
−𝜔𝑟𝜑𝑟𝑞⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡

𝑉𝑟𝑞 = 𝑅𝑟𝐼𝑟𝑞 +
𝑑𝜑𝑟𝑞

𝑑𝑡
+ 𝜔𝑟𝜑𝑟𝑑 ⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡

                                                                                                                                                          (10) 

 The stator and rotor flux can be expressed as: 

{
 

 
𝜑𝑠𝑑 = 𝐿𝑠𝐼𝑠𝑑 +𝑀𝐼𝑟𝑑 ⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡
𝜑𝑠𝑞 = 𝐿𝑠𝐼𝑠𝑞 +𝑀𝐼𝑟𝑞⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡

𝜑𝑟𝑑 = 𝐿𝑟𝐼𝑟𝑑 +𝑀𝐼𝑠𝑑 ⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡
𝜑𝑟𝑞 = 𝐿𝑟𝐼𝑟𝑞 +𝑀𝐼𝑠𝑞⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡

                                                                                                                                                                        (11)    

The electromagnetic torque is expressed in terms of currents and fluxes by:  

𝑇𝑒𝑚 = 𝑝
𝑀

𝐿𝑠
(𝐼𝑟𝑞𝜑𝑠𝑑 − 𝐼𝑟𝑑𝜑𝑠𝑞)                                                                                                                                                                       (12) 

III. CONTROL OF ACTIVE AND REACTIVE POWERS OF DFIG 

By  aligning  the  q-axis  of  synchronous rotating  reference  frame  on  stator  flux  vector,  the  following equations can be written: 

φsd = φs, φsq = 0   

The electromagnetic torque of equation (12) is then written as follows 

𝑇𝑒𝑚 = 𝑝
𝑀

𝐿𝑠
(𝐼𝑟𝑞𝜑𝑠𝑑)                                                                                                                                                                                      (13)

 The stator voltage and flux can be simplified as: 
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{
 

 
𝑉𝑠𝑑 = 0⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡
𝑉𝑠𝑞 = 𝑉𝑠 = 𝜔𝑠𝜑𝑠⁡⁡⁡⁡⁡⁡⁡

𝜑𝑠𝑑 = 𝐿𝑠𝐼𝑠𝑑 +𝑀𝐼𝑟𝑑
0 = 𝐿𝑠𝐼𝑠𝑞 +𝑀𝐼𝑟𝑞⁡⁡⁡⁡⁡⁡

                                                                                                                                                                                  (14)   

The stator  powers and rotor voltage are written as follows: 

{
⁡𝑃𝑠 = −𝑉𝑠

𝑀

𝐿𝑠
𝐼𝑟𝑞⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡

𝑄𝑠 =
𝑉𝑠
2

𝐿𝑠𝜔𝑠
− 𝑉𝑠

𝑀

𝐿𝑠
𝐼𝑟𝑑

                                                                                                                                                                                 (15) 

{
𝑉𝑟𝑑 = 𝑅𝑟𝐼𝑟𝑑 − gws𝐿𝑟𝜎𝐼𝑟𝑞⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡⁡

𝑉𝑟𝑞 = 𝑅𝑟𝐼𝑟𝑞 + gws𝐿𝑟𝜎𝐼𝑟𝑑 + g.
M.Vs

Ls

                                                                                                                                                          (16) 

Block diagram of the electrical system to be regulated given by the Fig. 2: 

 

Fig. 2. Block diagram of the system to be regulated. 

 

IV. DESCRIPTION OF FUZZY LOGIC CONTROLLER 

The structure of a fuzzy control can be broken down into three modules: 

      The first module deals with the inputs of the system called fuzzification, which means the operation of transforming a numerical 

quantity into a fuzzy quantity.  

      The second module consists of the inference engine and the rule base. This module consists of rules of type: (If ..., Then ...) and 

which enables to pass degrees of belonging of the quantities of inputs to the degrees of belonging to the fuzzy subset of the control 

quantity. The inference engine will enable to generate a conclusion from the inputs and the active rules. It then calculates the degrees 

belonging to the fuzzy subset corresponding to the control of the system. 

     The last module consists of the defuzzification interface. It transforms a fuzzy size into a digital size. Several defuzzification 

strategies exist, the most used are: (center of gravity method, weighted heights method, average maximums method) [18-21]. 

 

A. FUZZY CONTROLLER DESIGN OF ACTIVE AND REACTIVE POWERS 

     

In the system , two independent conventional fuzzy logic controllers are used to produce the desired the reference rotor voltages for 

controlling the stator active and reactive powers , the design of FLC goes through three main distinct steps, as shown in Fig. 3. 

 

    
Fig. 3. Diagram of conventional FLC of active and reactive powers. 
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In the above diagram, the FLC inputs are calculated at time k as follows: 

𝒆: Error, it is defined by: 

𝑒(𝑘) = (𝑃𝑠𝑟𝑒𝑓, 𝑄𝑠𝑟𝑒𝑓)(𝑘) − (𝑃𝑠 , 𝑄𝑠)(𝑘)                                                                                                                                                      (17) 

 Δ𝑒 : The derivative of the error it is approximated by:    

 Δ𝑒(𝑘) =
𝑒(𝑘)−𝑒(𝑘−1)

𝑇𝑒
                                                                                                                                                                                    (18) 

The output of the regulator is given by: 

𝑉𝑟,𝑑𝑞(𝑘) = 𝑉𝑟,𝑑𝑞(𝑘 − 1) + Δ𝑢(𝑘)                                                                                                                                                             (19) 

The gains⁡𝐺𝑒 , 𝐺Δ𝑒 , and 𝐺Δ𝑢are the gains that allow changing the sensitivity of the fuzzy regulator without changing the fuzzy structure. 

They are used to transform the physical values of the inputs into a normalized domain [-1 1] called discourse universe. 

       For the membership functions, we chose for each variable the triangular and trapezoidal shapes as shown in Fig. 4. 

 
Fig. 4. Membership functions for input variables,𝑒, Δ𝑒 and output⁡Δ𝑢. 

To simplify the description of the inferences, we use an inference matrix, see Table 1. 

𝒆,𝚫𝒆 NB NM NS Z PS PM PB 

NB NB NB NB NB NM NP Z 

NM NB NB NB NM NS Z PS 

NS NB NB NM NS Z PS PM 

Z NB NM NS Z PS PM PB 

PS NM NS Z PS PM PB PB 

PM NS Z PS PM PB PB PB 

PB Z PP PM PB PB PB PB 

Table. 1. Basic control of active and reactive power. 

 
The inference method used is the method (Max-Min) which is easy to implement. 

For defuzzification, we use the center of gravity method to obtain [5]: 

dVr,dq =
∑ u(dVr,dq)dt
m
i=1

∑ u(dVr,dq)
m
i=1

                                                                                                                                                                                 (20) 

B  FUZZY CONTROLLER DESIGN WITH CONTROL GAIN ADAPTATION      

In most studies done on fuzzy control, the gain associated with control variation when it is constant, it gives low results. In order to avoid 

the problem of instability in transient regime, the variations will be parameters.  

To adapt fuzzy algorithm to each situation while ensuring a good stability of the system, the gain of the variation of the command is 

considered as a fuzzy variable. A decision table will be based on the error and error variation, see Table 2 as well as the associated 

membership function see Fig. 5. 

 

Fig. 5. Memberships function of control gain. 
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e / e          NB NM NS Z PS PM PB 

NB GVB GVB GB GM GS GZ GZ 

NM GVB GB GM GS GZ GZ GZ 

NS GB GM GS GZ GZ GZ GS 

Z GM GS GZ GZ GZ GS GM 

PS GS GZ GZ GZ GS GM GB 

PM GZ GZ GZ GS GM GB GVB 

PB GZ GZ GS GM GB GVB GVB 

 
Table. 2. The decision on the gain of the control variation. 

     The diagram of the fuzzy controller taking into account the adaptation of the gain of the control becomes Fig. 6. 

 

            Fig. 6. Diagram of fuzzy controller with adaptive gain of active and reactive powers. 

From the order decision table, the variation of the order between the moments 𝑇𝑘 and 𝑇𝑘+1  is given by: 

𝑈𝑘+1 = 𝑈𝑘 + 𝐺Δ𝑈𝑘+1 ∗ Δ𝑈𝑘+1                                                                                                                                                                      (21) 

V. SIMULATION RESULTS AND DISCUSSIONS. 

 

In order to validate the results obtained through the different approaches, it is necessary to make a comparison of the static and 

dynamic characteristics of the two control techniques under the same operating conditions and in the same simulation configuration. 

Simulation studies of the DFIG-based training system were performed using MATLAB / Simulink. The parameters of a wind turbine and 

a DFIG are presented in Table.3.  

During the first test, the active power is a function of the wind speed as shown in Fig. 7, the  stator  reactive  power  is  set zero to 

ensure unity power factor at the stator side in order to  optimize  the  quality  of  the  energy  returned  to  the  grid.  The average wind 

profile is around 8.5m/s applied to the turbine for 5 s.  

We have represented on the Fig. 7 the profile of the wind which submits this wind turbine during the simulation time and the Fig. 8              
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                                                          Fig. 7. Wind turbine speed                                                        Fig. 8. Mechanical speed. 

Fig. 9 and 10 represent the results of the active and reactive powers for the two proposed controllers. We notice that the responses by the 

adaptive fuzzy controller are more satisfactory, better response time without overshoot, low transient oscillations and well follow-up of 

the reference compared to the conventional fuzzy controller. 

  

                                     Fig. 9. Active power.                                                           Fig. 10. Reactive power. 
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In order to test the influence of the variation of wind speed for both strategies. We will make an increase of the inductances (+25 % 

of Ls ,Fig. 11 and 12) and decrease of the mutual inductance (-30% of M, Fig. 13 and 14). In the variations of the stator and mutual 

inductances, we notice a divergence in the pursuit of power for the conventional fuzzy regulator, the proposed controllers are more 

efficient. 

 
                  Fig. 11. Active power (Variation of Ls +25%).                                               Fig. 12. Reactive power (Variation of Ls +25%). 

 

                      Fig. 13. Active power (Variation of M -30%).                                            Fig. 14. Reactive power (Variation of M -30%). 

VI. CONCLUSION 

         In this paper, adaptive fuzzy control for DFIG has been presented. The suggested control has been compared to fuzzy control. 

Simulation results demonstrate that the power ripples and total harmonic distortion are lower in adaptive fuzzy control compared with 

classical control. The effectiveness of the proposed controller was verified using simulation tests with a 1.5 MW DFIG. Moreover, the 

proposed controller was examined for DFIG parameter variations it has been demonstrated that the suggested algorithm gives better 

performance.  

The advantages of the suggested algorithm are highlighted by the following points: 

1. Good robustness against the machine's parameter  

2. Stability and the convergence towards the equilibrium 

 

Table. 3. Parameters of DFIG wind turbine [16]. 

Parameters   Rated value               Unity 

Nominal power  Pn 1.5 Mw 

Stator voltage     Vs 398 V 

Stator frequency  fs 50 Hz 

Number of pairs poles  P 2  

Stator resistance  Rs 0.012 Ω 

Rotor resistance   Rr 0.021 Ω 

Stator inductance Ls 0.0137 H 

Rotor inductance  Lr 0.0136 H 

Mutual inductance  M 0.0135 H 

Gearbox ratio G 90  

Rotor diameter R 35.25 m 

Inertia   Jt 1000 Kg m2 

Viscous friction F 0.0024 Nm/rad 

 

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-10

-8

-6

-4

-2

0

2
x 10

5

Time [s]

A
c

ti
v

e
 p

o
w

e
r 

[W
]

Ps-ref

Ps -FLC

Ps-FLC-Adp

0.995 1 1.005 1.01
-4

-3.8

-3.6

-3.4
x 10

5

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

-4

-2

0

2

4

6

8
x 10

4

Time [s]

R
e

a
c

ti
v

e
 p

o
w

e
r 

[V
A

R
]

Qs-ref

Qs -FLC

Qs-FLC-Adp



4th International Conference on Artificial Intelligence in Renewable Energetic Systems IC-AIRES2020 

REFERENCES  

[1] H. Ahmadi, A. Rajaei, M. Nayeripour, M. Ghani Varzaneh: A hybrid Control Method  to  Improve  LVRT and  FRT in  DFIG  by Using the Multi-

Objective a of Krill and The fuzzy Logic,Iranian Journal of Electrical and Electronic Engineering, Vol. 14, No. 4, (pp. 330 – 341). 

[2] M. Kassa idjdarene: Contribution à  L’étude  et  la Commande  de Génératrices Asynchrones à Cage Dédiées à Des centrales Electriques  Eoliennes    

Autonomes, PHD Thesis, University of Bejaia , 2010. 

[3] M. Bezza, B.EL. Moussaoui, A. Fakkar, T.I. LEEA: Sensorless MPPT Fuzzy Controller for DFIG Wind Turbine, Energy Procedia, 18, 2012, (pp. 
339 – 348). 

[4] Y.K. Wu, W.H. Yang: Different Control Strategies on the Rotor Side Converter in DFIG Based Wind Turbines, Energy Procedia, 100,2016, (pp. 

551 – 555). 

[5] A.R. Solat, A.M Ranjbar, B. Mozafari: Coordinated control  of  Doubly  Fed Induction  Generator Virtual Inertia and Power System Oscillation  

Damping Using  Fuzzy Logic,  International Journal of Engineering, Vol. 32, No. 4, 2019, (pp. 536 – 547). 

[6] M.F. Iacchetti, G.D. Marques, R. Perini: A scheme  for the Power  Control  in  a  DFIG  Connected to  a  DC  Bus  via  a Diode Rectifier, IEEE  
Transactions  on  Power  Electronics, Vol. 30, No. 3, 2015, (pp. 1286 – 1296) 

[7] F. Mazouz, S. Belkacem, S. Drid, L. Chrifi-Alaoui and I. Colak: Fuzzy Sliding Mode Control of DFIG applied to the WECS. Proceedings of the 8th 

International Conference on Systems and Control, Marrakech, Morocco, October 23-25, 2019. 

[8] R. Teodorescu, M. Liserre, P. Rodriguez: Grid Converters for Photovoltaic and Wind   Power Systems, West Sussex UK Wiley, 2011. 

[9] H. Benbouhenni, Z. Benghanem, A. Belaidi: Neuro-Second Order Sliding Mode Control of  a DFIG Supplied by a two-Level NSVM Inverter for 

Wind Turbine System, Iranian  Journal  of   Electrical and Electronic Engineering, Vol. 14, No. 4,  2018, (pp. 362 – 373). 

[10] F. Mazouz, S. Belkacem, I. Colak, S. Drid, “Direct Power Control of DFIG by Sliding Mode Control and Space Vector Modulation”, 7th  

International conference on system and control, IEEE (ICSC), Valencia – Spain, October, 24-26,  2018. 

[11] S.E. Ardjoun, A. Mohamed: Fuzzy Sliding Mode Control Applied to a Doubly Fed Induction Generator for Wind Turbines, Turkish Journal of 

Electrical Engineering &   Computer Sciences, 23, 2015, (pp. 1673 – 1686).   

[12] A.A. Sarić, A.Lj. Marjanović: Nonlinear Optimization of Proportional-Integral Controller in Doubly-Fed Induction Generator Using the Gradient 

Extremum Seeking Algorithm, Serbian Journal of Electrical Engineering, Vol. 16, No. 2, 2019, (pp. 161 – 180).     

[13] W. Ayrir, H. Ali:  Direct Torque Control-Based Power Factor Control of a DFIG, Energy Procedia, 162, 2019, (pp. 296 – 305). 

[14] K.M. Nachida: Evaluation du Gisement Energétique  Eolien Contribution a la Détermination du Profil Vertical de la Vitesse du Vent en Algérie, 

PHD Thesis, University of Tlemcen, 2006. 

[15] S. Chikha: Active  and  Reactive  Power  Management of Wind Farm Based on a Six Leg Tow Stage Matrix Converter Controlled by a Predictive  
Direct  Power Controller, Iranian  Journal  of and  Electronic Engineering, Vol. 14, No. 3, 2018,  (pp. 245 – 258). 

[16] GH. Tarak : Supervision d’une Ferme Eolienne pour son Intégration dans la Gestion d’un Réseau Electrique Apports des Convertisseurs Multi 

Niveaux au Réglage des Eoliennes à Base de Machine Asynchrone à Double Alimentation, PHD Thesis, University of Alger, 2011. 

[17]  L.  Ouada,    S. Benaggoune, S. Belkacem: Neuro-fuzzy  Sliding  Mode   Controller   Based on a   Brushless   Doubly   Fed Induction  Generator",  

International  Journal  of  Engineering Transactions B: Applications Vol. 33, No. 2, 2020, (pp.248-256).  

[18] A.R. Toloei, M. Zarchi, B. Attaran: Optimized Fuzzy Logic for NonLinear Vibration Control of Aircraft Semi - Active Shock Absorber With Input 
Constraint, International Journal of Engineering, Vol. 29, No. 9, 2016, (pp. 1300 – 1306). 

[19] F. Mazouz , S. Belkacem, I. Colak, S. Drid, Y. Harbouche: Adaptive direct power control for double fed induction generator used in wind turbine, 

Electrical Power and Energy Systems,2020. (pp. 739 – 748). 

[20] K. Jash, N. Chakraborty, P.K. Saha, G.K. Panda: Comparative Study Between PI and    Fuzzy Logic Speed Controller in Vector Controlled PMSM 

Drive, Journal of Engineering    Research and Applications, Vol. 4, No. 4, 2014,( pp. 58 – 62).  

[21] N. Choug, S. Benaggoune, S. Belkacem: Hybrid Fuzzy Reference Signal Tracking Control of a Doubly Fed Induction Generator, IJE 

TRANSACTIONS A: Basics,  Vol. 33, No. 4, 2020, (pp. 567 – 574) 

 

 

 

 
 

 
 

 

 

 


