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Abstract 
 

In this paper, a proposed ANFIS-PID controller for the STATCOM to improve transient stability of the power system including DFIG 

based wind farm based on their nonlinear modeling is presented. The comparative simulation results in two cases of no controller and the 

ANFIS-PID controller for the STATCOM when occurs a three-phase short-circuit fault in the studied multi-machine power system are 

shown. It is shown the effectiveness of the proposed ANFIS-PID controller and applicability to a practical power system for enhancing 

power quality in transient time under large disturbance. 
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1. Introduction 

At the present, wind energy has growth a lot in the world and be-

come competitive with other renewable-energy power generation 

options such as solar energy, tidal, marine, and so on. Many large 

scale offshore wind farms have been installed and commercially 

operating [3]. But when operating, power fluctuations will adverse 

impact to the power quality of the power systems connected to 

offshore wind farms, special in case of  supplying amount of large 

electric power to the grids. For solving this problem, STATCOM 

is selected as the most suitable device that can be used not only to 

control the voltage at the connected bus but also to improve the 

power system transient stability. In [4], STATCOM is used to 

contribute to improve transient stability and low-voltage ride-

through capability of wind farms. In [5], a STATCOM was ap-

plied to connect at the bus of weak grid to maintain stable voltage 

of the bus by protecting wind farm. In [6], a STATCOM is in-

stalled in system to supply a reactive power for large loads that 

could cause serious effects on grid stability. For DFIG wind tur-

bine, a back to back converter for high-power applications in the 

rotor circuit is used for guarantee control responses of system [7]. 

By connecting the stator windings directly to the network, a DFIG 

wind turbine is extremely sensitive to grid disturbances such as a 

short-circuit fault. To reduce fluctuations of power of a DFIG-

based wind farm fed to a power grid with disturbances, a variable 

frequency transformer is applied for improvement of the dynamic 

performance of DFIG-based wind farm in multi-machine systems 

[8].  

In the previous time, many research results used PID controller for 

STATCOM. However, in power system connected to wind energy 

system, there are many elements and have complex configurations 

and nonlinear dynamic modeling, and conventional PID controller 

are not robust for system stability control. In [9], fuzzy logic con-

troller has been used to enhance the power stability in intercon-

nected power system including two-area, four-generator. In anoth-

er research, in [10], a cooperating PI and FL controller to enhance 

dynamic and steady state performance of a speed controller of 

permanent magnet synchronous motor are presented. For solving 

the remain problems, the tuning PID controller is effectively used 

when the operating condition is changed for improvement of dy-

namic and steady state performance [11]. The neuro-adaptive 

learning techniques supply a procedure for the fuzzy modeling 

procedure to acquire information about a data set. The technique 

gives the fuzzy logic capability to compute the membership func-

tion parameters that allow the associated fuzzy inference system to 

track the given input and output data for controlling D-Statcom 

[12].  

This paper proposes a ANFIS-PID controller for the STATCOM 

to improve transient stability of the power system connected to 

DFIG based wind farm based on their nonlinear modeling. The 

paper has five sections. The first section is introduction. The se-

cond section is modeling of the studied power system. In third 

section, the ANFIS-PID controller for STATCOM is designed. 

Transient responses of the studied system with and without the 

designed controller are shown in section fourth. Finally, the con-

clusions of the paper are presented in the last section.. 
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2. Configuration of the Studied Power System 

 

 
Figure 1:. Configuration of the studied power system 

 

The configuration of the studied power system is shown in Figure 

1. It including three Synchronous Generators (SG1, SG2, SG3) 

supply power to three loads (Load A, Load B, Load C) at bus 5, 6 

and 8; the  STATCOM of 20MVAr is connected to bus 5 were 

also connected the DFIG based on wind power system (WPS) 

called a point of common coupling (PCC). The mathematical 

modeling of the main components are described as below. 

 

2.1 Modeling of STATCOM 

In this part, the mathematical model of Statcom is presented. In 

the modeling, the output voltage is divided into two components 

represented in d and q axes as following [12, 14]: 

vdsta = Vdcstakmstasin(bus+sta)                         (1) 

vqsta = Vdcstakmstacos(bus+sta)                          (2) 

(Cm)p(Vdcsta) = b[Idcsta (Vdcsta/Rm)]                                            (3) 

wherevdsta and vqsta are the voltages of d and q axes at the output 

terminals of the STATCOM, respectively; kmsta, staare themodu-

lation index and phase angleof the STATCOM, respectively; bus 

is the voltage phase angle of the common AC bus; Vdcstais the 

DCvoltageofthe DC capacitor Cm;Idcstais the pu DC current flow-

ing into the positive terminal ofVdcsta; Rm is the pu equivalent re-

sistance of the STATCOM; iqsta and idsta are the currents in q and d 

axes flowing into the terminals of the STATCOM, respectively.  

In Figure 2,the DC voltage Vdcsta is controlled by the phase an-

glesta while the voltage vstais varied by changing the modulation 

index kmsta. 
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Figure 2. Control scheme of STATCOM 

 

2.2 Modeling of DFIG Wind Turbine 
 

Figure 3 shows the control block of a DFIG wind turbine. The 

DFIG is driven by wind turbine through a gearbox. The pitch an-

gle of wind turbine is also controlled. The DFIG stator windings 

are connected to the low voltage side of the step-up transformer 

supply power to AC bus, while the DFIG rotor windings are also 

connected to another low-voltage side of the step-up transformer 

through an AC-DC-AC converter, a step-up transformer, and a 

control system. 
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Figure 3.: One-line diagram of wind DFIG 

In this paper, a DFIG modeling is developed under a dq-axis syn-

chronous reference frame. The modeling of the system are pre-

sented in [7-11]. 

3. ANFIS Controller Design 

The Figure 4 shows the structure of designed ANFIS. In the model, 

a circle symbol is a fixed node, whereas a square symbol is an 

adaptive node. The studied system has two inputs x, y and single 

output f, and a fuzzy rule set can be shown as follow [2]: 

 

if x is Gi and y is Hi then fi = uix+ viy + ri. where Gi and Hi are 

fuzzy sets in the antecedent and z=f(x, y) is a crisp function in the 

consequent; ui, vi, ri are the adjusting  parameters of the rule. 

 

In the study, each designed ANFIS model consists of five layers 

are presented as follow [2]: 

 

Layer 1: The layer is used for input fuzzification. The mathemati-

cal modeling of the layer can be shown as follow: 
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where, (aij, bij, cij) are the parameters set referred to as parameters 

of premise.  

 

Figure 4:. Configuration of ANFIS 

Layer 2: In this layer, the total number of rules is 25. Each output 

of node shows the rule activation level as the following: 
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Layer 3: The output of the k-th node is the firing strength of each 

rule divided by the total sum of the activation values of all the 

fuzzy rules.  
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Layer 4: Each node k in the layer is attended by a set of regulating 

parameters namely as 
1kd  , 

2kd ,…, 
Nkd , 

ykd , 
0d , and calcu-

lates implements the linear function as follows: 

(4) (1) (1) (1)

1 1 2 2 0( ... )k k k k k k yk yO w f w d I d I d I d             (7) 

Layer 5: The last layer has only single node that computes the 

total output as the summation of all incoming signals of the node, 

which is shown as following: 
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The main task of the learning algorithm for the structure of ANFIS 

is to tune all the adjustable parameters to make the output of the 

system match the training data. The training algorithm needs a set 

defined between input and output signals.  

  
a. Active power of DFIG b. Rotor speed of DFIG 

  
c. DC link Voltage of 

DFIG 
d. Voltage at PCC 

Figure 5:.Transient responses of DFIG under three-phase fault 

 

4. Simulation Results 

 
In this section, nonlinear system model is used for simulation to 

compare the oscillation damping characteristics contributed by the 

proposed STATCOM using the ANFIS-PID controller on transient 

stability improvement of the studied power system under a three-

phase short-circuit fault at the bus 5. It is assumed that the DFIG 

based wind farm operates under a base wind speed of 12 me-

ter/second. 

 

To verify the effectiveness of the designed ANFIS-PID controller, 

simulation results for the above system are performed in 

Matlab/Simulink software. Figure 5 shows the transient responses 

of DFIG in the studied system that installed Statcom for two case 

of without (dot red lines) and with the ANFIS-PID controller (sol-

id blue lines) when a three-phase short-circuit fault occurs at t = 1 

second and is cleared after maintaining 100ms. In Figure 5 from (a) 

to (d), they show the active power, rotor speed, DC link voltage of 

DFIG and voltage at PCC, respectively. From the above simula-

tion results, it show that the transient responses of DFIG in the 

studied system have better oscillation damping performance when 

a STATCOM is in service since the system quickly approaching 

their steady state stability values with smaller oscillations. 

 

5. Conclusion  

 
This paper proposes an ANFIS-PID controller for the STATCOM 

to improve transient stability of the power system including DFIG 

based wind farm based on their nonlinear modeling. The simula-

tion results in two cases of no controller and the ANFIS-PID con-

troller for the STATCOM when occurs a three-phase short-circuit 

fault in the studied multi-machine power system are shown for 

comparison. It is shown the effectiveness of the proposed ANFIS-

PID controller and applicability to a practical power system. 
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