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Abstract— This paper proposes a comparison between 

Proportional Integral Controller and Fractional Order PI 

Controller. Analysis of this comparison is based on the 

performance of wind energy conversion system. The main 

aim of this paper is to extract maximum power from the 

system. Results show that an improved performance of 

system has achieved in FOPI controller based system in 

comparison with Proportional Integral based system. 
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I. INTRODUCTION 

The general concern about the limited and restricted sources 

of energy on earth and global disagreements about the 

condition renewable energy sources such as wind, hydro 

which are less polluting with cutting edge advancements of 

control are considered [1]. Various control techniques are 

used for better performance of the system under which, 

supervisory control of PID controller and SOF procedure 

based PI controller  have been utilized  [2].  Beddar Antar et 

al. uses fractional order PI (FOPI) controller for grid 

connected wind energy conversion system to improve the 

system performance and system robustness [3]. C. Viveiros 

et al. discuss the correlation between the distinctive systems 

of control which indicates execution that FOPI controller 

gives enhanced execution in the examination with fuzzy and 

PI controller [4]. 

The clear merit of utilizing the FOPI controller is 

that it can enhance dynamic attributes of the system. Wang 

Chunyang proposes a tuning strategy for fractional order 

proportional integral differentiation (FOPID) controller for 

the fractional order system [5]. The author in this article 

presents a thought for generalization of proportional integral 

controllers into Fractional Order PI Controller [6]. 

The fractional order PI controller is the advanced 

versions and it increases importance in different design uses 

in control system [7]. An approach, Voltage Oriented Vector 

Control (VOC) has been introduced and the power regulation 

has been accomplished using PI controllers and NN-PI [8]. 

The control methodology for the converter of generator side 

to concentrate most extreme power is discussed. Power flow 

is bidirectional offered by matrix converter (MC), output 

voltage and input current are sinusoidal in nature [9].  Akie 

Uehara et al. shows the merit of chopper circuit in the DC link 

circuit for achieving stable operation of the system during 

fault [10]. 

Various articles have been published for smoothing 

output power such as the pitch angle controller has been used 

[11].  This paper shows among all the PWM current source 

converter is considered to be the most promising converter 

[12]. This paper presents a comparison between different PI 

approaches using a simulation study for a variable speed 

WECS with a control based on integer order fractional 

controller and fuzzy theory [13]. 

II. PROPOSED SYSTEM 

The wind energy extract from wind turbine is transmitted 

toward generator to convert mechanical energy into electrical 

energy. In this system Permanent Magnet Synchronous 

Generator is considered to generate electrical energy. This 

electrical energy is transferred toward load via two converter 

technology for power conditioning purpose. 

 
Fig. 1: Wind Energy Conversion System with Controller 

A. Wind Turbine Model 

The wind turbine model is based on the steady state power 

characteristics of the turbine. The output power of the turbine 

is given by the following equation. 

𝑃𝑚 = 𝑐𝑝(⅄, 𝛽)
𝜌𝐴

2
𝑣𝑤𝑖𝑛𝑑

3                     (1) 

Where Pm= mechanical output power of the turbine 

(w), cp= performance coefficient of the turbine, ρ= air density 

(kg/m3), A= turbine swept area (m2), vwind= wind speed 

(m/s), ⅄  = tip speed ratio of the rotor blade tip speed to wind 

speed, β = blade pitch angle (deg). 

B. Generator Model 

The PMSG model is same as the permanent magnet 

synchronous machine (PMSM). After giving negative torque 

to the input of PMSM it behaves like PMSG. The voltage and 

torque equations of the PMSM in the d-q reference frames are 

given by the equations: 

𝑣𝑑 =  𝑅𝑎𝑖𝑑 + 𝐿𝑑
𝑑𝑖𝑑

𝑑𝑡
− 𝑤𝑐𝐿𝑞𝑖𝑞                              (2) 

𝑣𝑞 = 𝑤𝑐𝐿𝑑𝑖𝑑 +  𝑅𝑎𝑖𝑞 + 𝐿𝑞
𝑑𝑖𝑞

𝑑𝑡
+ 𝑤𝑐𝐾     (3) 

𝑇𝑒 = 𝑝 {𝐾𝑖𝑞 + (𝐿𝑑 − 𝐿𝑞)𝑖𝑑𝑖𝑞}                              (4) 

Where vd and vq are the d-q axis voltages, id and iq 

are the d-q axis currents, Ra is the stator resistance, Ld and Lq 

are the d-q axis inductances, wc is generator rotational speed, 

K is the permanent magnetic flux and p is the number of pole 

pairs [1]. 

C. Converter System 

The wind energy conversion system requires a power 

conditioning circuit. Two converter topologies are mainly 

used in the wind energy conversion system.  

1) PI Controller 

Various techniques are available in control system to design 

PI controller. The input to the PI controller is the error 

between the set point yo value and the measured value y. 
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Fig. 2: PI Controller arrangement for the system 

A PI lead controller is a proportional gain in parallel 

with an integrator both in series with a lead controller. The 

proportional gain provides fast error response. The integrator 

drives the system to a 0 steady- state error. The proportional 

integral (PI) controller is a proportional controller (simple 

gain Kp) and an integrator (Ki/s). 

𝐾 (𝑠) = 𝐾𝑝 +
𝐾𝑖

𝑠
                       (5) 

2) Fractional PI Controller 

There are different control fields, fractional order PI 

controller is one of them and it has been utilized. Fractional 

calculus is speculation of ordinary calculus. The fractional 

order PI controller’s transfer function is given by: 

        𝐺(𝑆)𝛼 =  𝐾𝑃 +
𝐾𝑖

𝑆𝛼                            (6) 

Where KP is the proportional constant, Ki is the 

integral constant and α is the fractional PI order. In the case 

of conventional PI controller (α =1).  

 
Fig. 3: Inverter control system using fractional order PI 

Controller 

The fractional order PI controller block contains 

transfer function. In simulation the transfer function can be 

written in the form of b = {0.4, 500}; nb={1,0}; a={1,0}; 

na={0.8,0}; G = fotf(a,na,b,nb) 

Where b is coefficients present in numerator of 

transfer function, nb is order of s domain, a is the coefficients 

in numerator and na is the fractional order term. It gives 

transfer function as 

𝐺(𝑠) =
0.4𝑠+500

𝑠0.8                         (7) 

III. RESULTS AND DISCUSSION 

A. Results of PI Controller 

In the wind energy conversion system for better performance 

of the system controller is used. Firstly PI Controller is used 

in the system where different results are taken i.e. active 

power of PMSG, voltage across DC link, active power at 

output terminal and load voltage. Figure 3 (a) shows active 

power of PMSG whose amplitude is 180 W. This is the power 

which is generated from synchronous generator using 

permanent magnet. Figure 3(b) shows voltage of DC link 

which is obtained when the rectifier is connected after the 

generator. Figure 3 (c) shows active power at the output 

terminal whose magnitude is 120 W. the result of active 

power is taken of load side converter. Figure 3(d) shows load 

voltage whose magnitude is 60 V. Figure 3(e) shows total 

harmonic distortion (THD) whose value is 70.25 % with 

fundamental (50Hz) is 0.3808 for 5 numbers of cycles which 

is measured after the starting time of 4.8 sec the maximum 

frequency is 2000 Hz. 

 

 

 

 

 
Fig. 4: Results using PI Controller (a) PMSG Active Power 

(b) DC Link Voltage (c) Output Active Powe (d) Load 

Voltage (e) THD 
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IV. RESULT OF FOPI CONTROLLER 

Secondly FOPI Controller is used in the system where results 

i.e. Active Power of PMSG, DC link voltage,  Output Active 

Power and load voltage have taken. In which Figure 4 (a) 

shows PMSG Active Power whose magnitude is 500 W. 

Figure 4 (b) shows DC Link Voltage whose magnitude is 

approx. 180V. Figure 4(c) shows output active power whose 

magnitude is 350W. Figure 4(d) shows load voltage whose 

magnitude is 80 V Figure 4(e) shows total harmonic 

distortion whose value is 14.57% and fundamental(50Hz) is 

0.6813. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

Fig. 5: Result using FOPI Controller (a) PMSG Active 

Power (b) DC Link Voltage (c) Output Active Power (d) 

Load Voltage (e) THD 

V. CONCLUSION 

The parameters of the system is similar for PI and FOPI 

Controller and after comparing the results of both controller 

which shows that FOPI Controller is better than the PI 

controller in following points :- (a) More active power is 

generated at output terminal and PMSG output terminal. (b) 

stable and smooth output is generated in the system using 

FOPI Controller (c) total harmonic distortion is less in FOPI 

Controller using system. 
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