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Abstract: In distribution systems, sudden change in load draws non-sinusoidal currents and causes the load harmonics, excessive 
neutral currents creates disturbance and changes in Power factor. Static Synchronous Compensator (STATCOM) is used to provide 
reactive power to the transmission line. In this paper proposes with Fuzzy Logic Controller (FLC) to tune PI controller gain values 
under different operating condition. Tuned values operate with PI controller and provides gate signal to voltage source converter which 
decides amount of reactive power to be injected into bus. Power factor value also improved. This method not affected by the initial gain 
settings, changes of system conditions and produces better and desired response. By providing reactive power and power factor 
correction system performance increased and also improves voltage regulation. 
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1. Introduction 
 
In the recent decade, the world’s electric power supply 
systems are widely interconnected to have the advantages 
like sharing of sources, diversity of loads, reduced fuel and 
operating cost and improved reliability [1]. The 
interconnection of power systems have also created 
problems like low frequency electro-mechanical 
oscillations caused by electrical disturbances [2]. Recently, 
with the growth of nonlinear loads in industrial 
manufactures, the electric power quality plays major role 
in power transmission. Flexible ac transmission systems 
(FACTS) technology is a promising solution that can 
change natural electrical characteristics of the power 
systems to provide better transmission capability, power 
flow control, oscillation damping. The main function of a 
static synchronous compensator (STATCOM) is to 
regulate the voltages at the point of common coupling 
(PCC) in transmission and distribution systems. The main 
role of a STATCOM is to provide voltage support at 
critical points of a transmission system. Due to their high 
control bandwidth, static compensators (STATCOMs), 
based on three phase voltage source converters, have been 
proposed for this application. The static synchronous 
compensators do not require large energy storage units 
and, as a result, they are smaller in size. It has faster 
response speed and better robustness properties.  
 
In the past control methods have been proposed for 
STATCOM control. References [4]–[11] mainly focus on 
the control design rather than exploring how to set 
proportional integral (PI) control gains. In many 
STATCOM models, the control logic is implemented with 
the PI controllers. The control parameters or gains are 
main key factor in STATCOM performance. Presently, 
few studies have been carried out in the control parameter 
settings. For instance, in [17]–[19], linear optimal controls 
based on the linear quadratic regular (LQR) control are 
proposed. This control depends on the designer’s 
experience to obtain optimal parameters. A self-tuning 
proportional-integral (PI) controller gains are adapted 
using the particle swarm optimization (PSO) technique is 

proposed for a static synchronous compensator 
(STATCOM). However, this method usually needs a long 
running time to calculate the controller gains. Thus, highly 
efficient results may not be always achievable under a 
dynamic operating condition.  
 
Different from these previous works, the motivation of this 
paper is to propose a control method that can ensure a 
quick and consistent desired response when the system 
operating condition varied. Based on this fundamental 
motivation, STATCOM with PI controller tuned by fuzzy 
logic controller for voltage regulation is presented in this 
paper. With this adaptive method, the PI control 
parameters can be self-adjusted automatically and 
dynamically under different disturbances in a power 
system. 
 

 
Figure 1: Equivalent Diagram of STATCOM 

 
2. System Configuration 
 
1.1 STATCOM 
 
The STATCOM is a shunt-connected reactive-power 
compensation device that is capable of generating and or 
absorbing reactive power and in which the output can be 
varied to control the specific parameters of an electric 
power system. 
 
It provides system voltage support and stabilization by 
smooth control over wide range of operating condition. 
STATCOM consists of a three phase inverter (generally a 
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PWM inverter) using SCRs, MOSFETs or IGBTs. A DC 
capacitor which provides the D.C voltage for the inverter, 
a link reactor which links the inverter output to the ac 
supply side, filter components to filter out the high 
frequency components due to the PWM inverter. During 
non-linear load condition STATCOM is used to provide 
reactive power to the load. Equivalent diagram of 
STATCOM shown in Figure 1. STATCOM is connected 
to the transmission line at the point of common coupling 
(PCC). 
 
The instantaneous active and reactive power obtained as 
follow [1], [2] is given as 
 

 pl =  Vdl ids                                                     (1) 
 

 ql =  Vdl iqs                                                      (2) 
 
Based on the above equations, the traditional control 
strategy can be obtained. In the traditional STACOM 
phase locked loop (PLL) provides the basic synchronizing 
signal which is the reference angle to the measurement 
system. Measured bus line voltage is compared with the 
reference voltage, and the voltage regulator provides the 
required reactive reference current. The droop factor is 
defined as the allowable voltage error at the rated reactive 
current flow through the STATCOM. The STATCOM 
reactive current is compared with, and the output of the 
current regulator is the angle phase shift of the inverter 
voltage with regard to the system voltage. The limiter is 
the limit imposed on the value of control while considering 
the maximum reactive power capability of the 
STATCOM. 
 
3. Fuzzy Logic Controller 
 
In conventional techniques the gain value of the controller 
is fixed, hence the response is poor under dynamic 
condition. Fuzzy logic is a form of many-valued logic 
which deals with reasoning that is approximate rather than 
fixed and exact. It can apply to control systems and other 
applications in order to improve the efficiency and 
simplicity of the design process. Fuzzy logic controller is 
used to tune PI controller which provides gate signal to the 
voltage source converter. The block diagram of fuzzy logic 
control scheme is shown in Figure 2.  
 

 
Figure 2: FLC control scheme 

 
Fuzzy logic controller is composed of three parts: 
fuzzification, inference engine and defuzzification. 
 
 
 

1.2 Fuzzification 
 
The values of membership function are assigned to the 
linguistic variables using five fuzzy subsets called negative 
big (NB), negative small (NS), zero (Z), positive small 
(PS), positive big (PB). Variables e and de are selected as 
input variables, where e is the error between the reference 
voltage (Vref) and the actual voltage (Vact) of system; de 
is the change in error in the sampling interval. The output 
variable is the change in Kp and Ki values. Triangular 
membership functions (trimf) are selected for all these 
singletons. The membership functions of the variables 
error, change in error and change in Kp and Ki values are 
shown in Figure 3, 4 and Figure 5,6 respectively. The 
range of Error is limited between -60 and 60 volt. Change 
in error is limited between -10 to 10 Volt and change in 
Kp and Ki values between 0 to 1.  
 

 
Figure 3: Membership function plots e 

 

 
Figure 4: Membership function of De 

 

 
Figure 5: Membership function plots DKp 

 

 
Figure 6: Membership function plots DKi 
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1.3 Inference Engine 
 
Inference engine mainly consists of two sub blocks 
namely, fuzzy rule base and fuzzy implication. The inputs 
which are now fuzzified are fed to the inference engine 
and the rule base is then applied. The rule base operates 
based on IF THEN RULES. For example, if error is NB 
and change in error is PB then change in Kp value output 
is NB. If error is NB and change in error value NS then 
output obtained as NS.  
 
Rule base table formed based on human knowledge. Table 
I shows the rule base of fuzzy logic controller, where all 
the entries of the matrix are fuzzy sets of error (e), change 
in error (De) and output change in Kp values. In Table 2 
also formed using e and De and output is Change in Ki. 
These rules are formulated in the membership function 
editor. The output fuzzy sets are then identified using 
fuzzy implication method.  
 

Table 1: Rule base matrix for Kp 
e/De NB NS Z PS PB 

NB PB NS NB NS NB 

NS NB PB Z NB Z 

Z NB Z NB PS PB 

PS NS NB NB PB PB 

PB NB Z PB NS PB 

 
Table 2: Rule base matrix for Ki 

e/ De NB NS Z PS PB 

NB NB NS NB NS PB 

NS NS NB Z PB Z 

Z NB Z NB PS Z 

PS NS PB NS NB PS 

PB PB Z NB PS NB 

 
1.4 Defuzzification 
 
After fuzzy implication, output fuzzy region is located. As 
the final desired output is a non-fuzzy value of control, a 
defuzzification stage is needed. Fuzzy values are again 
converted into crisp data process is known as 
defuzzification process.  
 
Defuzzication has many techniques to convert fuzzy 
values to again crisp data. In adaptive Pi controller 
Centroid method is used for defuzzification in the 
proposed scheme. This is the most commonly used 
technique. The centroid defuzzification technique can be 
represented by using below Figure 7. After defuzzification 
tuned Kp and Ki values are fed to abc to dq0 
transformation Iq value obtained. PLL (Phase locked loop) 
used for synchronization purpose. Finally firing angle 
value obtained. 
 

 
Figure 7: Centroid method 

 
Advantages of FLC system are very robust, easily can 
modified, use with multiple input and output sources and 
very easy and cost less to implement. 
 
4. PI Controller with Fuzzy Technique 
 
The STATCOM with fixed PI control parameters may not 
reach the desired and acceptable response in the power 
system when the power system operating condition (e.g., 
loads or transmissions) changes. In this project proposed 
with PI and fuzzy control method to achieve desirable 
response during dynamic condition. For this adaptive 
technology Fuzzy logic controller is used. PI and Fuzzy 
controller block diagram shown in Figure 8. 
 

 
Figure 8: Block diagram of PI and Fuzzy controller 

 
The process of the adaptive voltage-control method for 
STATCOM is described as follows. 
 
1. The bus voltage is measured in real time.  
2. Measured bus voltage is compared with reference 

voltage, error value is calculated. Based on the desired 
reference voltage curve, and are dynamically adjusted 
in order to make the measured voltage match the 
desired reference voltage, and the axis reference 
current can be obtained.  

3. In the inner loop, axis current is compared with the 
axis reference current. Using the similar control 
method like the outer loop, the parameters can be 
adjusted based on the error. Then, a suitable angle can 
be found and eventually the dc voltage in STATCOM 
can be modified such that STATCOM provides the 
exact amount of reactive power injected into the 
system to keep the bus voltage at the desired value. If 
one of the maximum or minimum limits is reached, 
the maximum capability of the STATCOM to inject 
reactive power has been reached. 
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The adaptive PI control process begins at Start. The bus 
voltage over time Vm(t) is sampled according to a desired 
sampling rate. Then, Vm(t) is compared with Vss. If 
Vm(t)=Vss, then there is no reason to change any of the 
identified parameters Kp_v(t), Kp_v(t), Kp_I(t) and Kp_I(t). 
The power system is running smoothly. On the other hand, 
if, Vm(t)≠Vss then adaptive PI control begins. 
 
The measured voltage is compared with Vref(t), based on 
the error value Kp_v(t) and Kp_I(t) are adjusted in the 
voltage regulator block which leads to Im. Then measured 
q- current compared with Iqref control gains Kp_I(t), Ki_I(t) 
are also adjusted. Then the phase angle α is determined 
and passed through a limiter for output, which essentially 
decides the reactive power output from the STATCOM. 
STATCOM provides reactive power to the transmission 
line and using PI with fuzzy technique improves voltage 
regulation and system performance. 
 
5. Simulation 
 
Adaptive Pi method operated with fuzzy technique to tune 
controller parameter values based on dynamic condition. 
Fuzzy logic controller taken input as present and previous 
error values and proceeded with rule base table give tuned 
output of Kp and Ki values which in fed to corresponding 
PI controller. Tuned value processed in controller and 
produced tuned current output. This tuned value compared 
with load current error value obtained. The error output 
again compared with already injected system current 
provide gate signal. 
 

 
Figure 9: Results of Nonlinear load voltage 

 

 
Figure 10: Results of Nonlinear load current 

 
Based on gate signal given to thyristor decides amount of 
reactive power inject into bus. Simulation studies of the PI 
controller with Fuzzy Logic Controller have been carried 
out using MATLAB. In the original model, the 
compensating reactive power injection and the regulation 

speed are mainly affected by PI controller parameters in 
the voltage regulator and the current regulator. When the 
original control will be compared with the proposed 
adaptive PI control model the initial gain settings are not 
affected. 
 

 
Figure 11: Results of Nonlinear load with adaptive PI 

controller 
 

 
Figure 12: Reactive power compensation waveform 

 
For simulation universal bridge used as non linear load 
with 2200 micro farad capacitance, 100KΩ resistances. 
Line resistance and inductance values are 0.01Ω and 2 
mille Henry. Load operates with 60Ω resistance and 0.1 
mille Henry. At nonlinear load condition output waveform 
produced with some distortion. While using nonlinear load 
with Fuzzy PI controller, gain values are tuned based on 
disturbance and distortion to be compensate by providing 
proper reactive power using STATCOM. Nonlinear load 
voltage and current waveform shown in Figure 9 and 10 
produced with some distortion. So Fuzzy PI controller 
used with non linear load and the corresponding waveform 
shown in Figure 11. Fuzzy PI controller provides Reactive 
power compensation waveform shown in Figure 12 and 
power factor correction. So the voltage regulation 
improved. Magnitude values are also shown in waveform. 
 
Power factor improvement is very important consideration 
in power sectors. Because power factors below unity 
require a utility to generate more than the minimum volt-
amperes necessary to supply the real power. Low power 
factor increases generation and transmission costs. By 
improving power factor and providing reactive power 
improves system performance. Power factor improvement 
shown in Table.3. Power factor correction also achieved 
using PI and Fuzzy controller. Using linear load, power 

Paper ID: SUB15499 1184

http://creativecommons.org/licenses/by/4.0/�


International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2013): 6.14 | Impact Factor (2013): 4.438 

Volume 4 Issue 1, January 2015 
www.ijsr.net 

Licensed Under Creative Commons Attribution CC BY 

factor value achieved nearer to unity. But when load acts 
as nonlinear load leads to poor power factor (0.5118), by 
providing compensation power factor to be improved as 
0.8355. 
 

Table 3: Power factor improvement 

Load Power 
Factor 

Linear load 0.9999 

Non linear 
load 

Without Fuzzy 
controller 0.5118 

With Fuzzy controller 0.8355 

 
Using STACOM with PI and fuzzy controller can improve 
power factor to unity or closed to unity value. Load 
compensation consists of reactive power compensation, 
power factor correction and voltage regulation. So by 
achieve power factor correction and reactive power 
compensation voltage to be regulated. Overall system 
performance also increased. 
 
6. Conclusion 
 
Fuzzy controllers self-adjust the controller gain values 
dynamically during disturbances so that the performance 
always matches a desired response, regardless of the 
change of operating condition. Fuzzy logic technique used 
in PI controller which tune gain values. Simulation output 
shows that PI and Fuzzy control method gives power 
factor correction, reactive power compensation and 
voltage regulation. Fuzzy controller with fixed gain values 
not reach desired response when operating condition 
changes. So the output response is also poor. To address 
the challenge, this paper proposes a new control model 
based on fuzzy technique improves performance provide 
reactive power compensation and power factor correction 
achieved. By achieving these two factors voltage profile 
improved and overall system performance improved. 
 
Future studies in Harmonic mitigation performed using 
STATCOM with PI control method and performance can 
be improved by ICOS  algorithm. 
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