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ABSTRACT 
This paper proposes a new control scheme to improve the power quality of an electrical power system by use of 

TCR based Shunt Active Power Filter. In this paper, we used a FACTS controller i.e. which is shunt controller. 

The TCR and tuned passive filter form a shunt passive filter (SPF).The SPF is used to compensate reactive 

power. The small-rating active power filter is used to suppress resonance occurred between the line inductances 

and shunt passive filter and to improve the filtering characteristics of shunt passive filter. A proportional–

integral controller was used, for generating pulses to control the TCR. This paper introduces a new concept i.e. 

Fuzzy Logic Controller for controlling both TCR and SHAPF. The proposed Fuzzy logic controller (FLC) gives 

better dynamic and static performances compared to PI controller.  

 

 

INTRODUCTION 
Nonlinear loads because harmonic currents, which create serious problems in power supply system. 

Traditionally, passive filters are used to eliminate current harmonics of the supply network. However, these 

devices suffer from resonance. Recently, thyristor-switched filters (TSFs), which contain several groups of 

passive filters, are used to compensate reactive power [1]. The compensation amount of TSFs can be adjusted 

with the variation of load power [2]. However, the parallel and the series resonance could occur between TSF 

and grid impedance. Active filters are used overcome problems of passive filters [3]–[5]. However, the costs of 

active filters are relatively high for large scale system and require high power converter ratings [9], [10]. Hybrid 

filters decreases the problems of the active and passive filter [11]–[14]. Many control techniques such as 

instantaneous reactive power theory, synchronous rotating reference frame, sliding-mode controllers, neural 

network techniques, nonlinear control [15], feed forward control [16], Lyapunov function-based control [17], 

etc., have been used to improve the performance of the active and hybrid filters. 

 

 This paper proposes a new combination of shunt hybrid power and TCR filter to eliminate reactive power and 

suppress harmonics produced from load. Hybrid power filter consists of a series connected fifth tuned LC 

passive filter and small rating active filter. 

 In this method compensation is mainly done by TCR and passive filter, while APF is used to improve filtering 

characteristics and to damp resonance, which occurs between TCR and Passive filter and the source 

impedance.On the other hand, as published by some authors [15], the standard hybrid power filter is unable to 

compensate the reactive power because of the behaviour of the passive filter. Hence, the proposed combination 

of SHPF and TCR compensates for unwanted reactive power and harmonic currents. In addition, it reduces 

significantly the volt-ampere rating of the APF part. The control method of the combined compensator is 

presented. A control technique is used to decrease steady state error of the TCR and to improve dynamic 

response. It consists of a PI controller and a lookup table to extract the required firing angle to compensate a 

reactive power consumed by the load. The SHPF can maintain the low level of dc bus voltage at a stable value 

below 50 V. The proposed nonlinear control scheme has been simulated and validated experimentally to 

compute the performance of the proposed SHPF-TCR compensator with harmonic and reactive power 

compensation and analysis through the THD of the source and the load current. Proposed methodology is tested 

for a wide range of loads as discussed further. The simulation results show that the proposed topology is suitable 

for harmonic suppression and reactive compensation.. 
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CONTROL STRATEGY FOR APF 
In the control of APF, the approaches are fully depends on open loop feed forward control and it is sensitive to 

the parameter mismatches so it effects the ability to accurate prediction of the current reference of voltage-

source inverter and its performance [11] controllability.  

 

Figure 1 shows the method of synchronous reference frame used to extract the reference current in closed loop 

control scheme. Figure 2 shows the harmonic detection block function. In the SRF method using Park’s 

transformation [13] the 3-phase line currents are transformed into 2-phase quantities. 

 

 
Figure 1 Proposed SHPF_TCR compensator 

 

Positive and negative sequence components are two main blocks corresponded, transformation of de – qe axes 

by generating positive sequence phase information  from PLL circuit was done in positive sequence component 

of load current. All harmonic components [14]-[15] are included in AC quantities of positive sequence 

waveform while the fundamental line current component is dc quantity. The negative sequence component of 

the current is same but from the PLL it generates negative sequence phase information. If the voltages and 

currents are balanced in 3-ɸ system then the output signal is ‘0’ for the block. The dominant harmonic 

component is the output from the comparison of the positive and negative sequence controller. To convert 3-ɸ 

components in to 2- ɸ components inverse transformation is applied [16].  
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Figure 2 Scheme of harmonic detection 
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Both the currents from the harmonic component and dc voltage control block is compared and signal is send. 

 
The control target is determined by summing the capacitor voltages at every cluster. The voltage reference is 

taken from the dc capacitor is used for generating u-phase overall voltage signal and is divided into V1, V2. In 

feature this control strategy is extended to N-phase H-bridge cascaded inverter [17].  

 

 
Figure 3 Control Diagram 

The Figure 3 shows the complete control diagram for phase-u of proposed u AAPF is given in [17], which 

contains the source current direct control, feed forward compensation of load current, voltage-balance control 

and voltage control.  

 

With the usage of the one or more cascade converters the compensation performance was better.  

 

FUZZY LOGIC CONTROLLER 
The fuzzy logic controller is one of the advanced soft computing controller which is used for controlling the 

system output. As compared with the other conventional controllers, fuzzy logic controller has the advantage of 

fast computing, better response, low settling time and high running response. The fuzzy logic controller 

operation can be explained in mainly four ways i.e 1. Fuzzification, 2. Membership function, 3. Rule-base 

formation  and 4. Defuzzification. 
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Figure 4 Block diagram of Fuzzy Logic Controller 

The basic block diagram for the fuzzy logic controller as shown in Figure 4. The rule base taken for this system 

is shown below in table 1. The input variables such as error and error rate are expressed in terms of fuzzy set 

with the linguistic terms VN, N, Z, P, and VP [12]. In this type of mamdani fuzzy inference system the linguistic 

terms are expressed using triangular membership functions. L(e, ce) = {VN, N, Z, P, VP} 

e   er VN N Z P VP 

VN VN N Z P VP 

N VP P Z N VN 

Z N Z P VP VN 

P N N VN P P 

VP N Z P P VP 
Table 1 Seven variable rule base 

The inputs for the fuzzy system are represented as error and error rate and its rule base formations are shown in 

above table. The fuzzy rules are obtained with the statement of if-then statements. The given fuzzy inference 

system is a combination of two inputs and one output. These two inputs are related with the logical AND/OR 

operators. AND logic gives the output as minimum value of the two inputs and OR logic produces the output 

has maximum value of two inputs. I.e if the input1 is zero and input2 is zero then the output is zero. The input 

and output membership function are shown in figure 5 and figure 6. 

The membership function for the input error is as shown below. 

 
Figure 5: membership function representation for input 1 
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Figure 6: membership function representation for input 2 

The membership functions used here is Triangular type and its range is -1 to 1 i.e., universe of discourse. And 

the relation between input and output variables obtained with the help of if-then rule base formation. The de-

Fuzzification is done by using Centroid method.  
 

EXPERIMENTAL RESULTS 
Simulations were performed numerically using Matlab/Simulink environment, in order to verify the operation 
of the proposed SHPF-TCR. Here simulation is carried out in several cases, in that 1).Steady state and dynamic 

response of SHPF-TCR Hybrid Power Filter operated under PI Controller, 2). Steady state and dynamic 

response of SHPF-TCR Hybrid Power Filter operated under Fuzzy logic controller.  
 

Case 1: Steady state and dynamic response of SHPF-TCR Hybrid Power Filter operated under PI Controller: 

 
Figure 7: Static response of the system under PI controller 

 
As in Figure 7 First waveform shows source voltage second waveform shows source current and third waveform 

shows load current of the static response of the system operating under PI controller. 
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Fig:8 dynamic response of the system operating under the PI controller 

As in Figure 8 First waveform shows source voltage second waveform shows source current and third waveform 

shows load current of the dynamic response of the system operating under PI controller 

 

 
Figure 9:  THD of Source Current operating under PI controller 

 

Fig 9 shows the FFT analysis of source current of the system operating under the PI    controller, we attain THD 

as 8.02% 
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Case 2: Simulation Result with Fuzzy Controller 

 
Figure 10: static response of the system operating under fuzzy logic controller 

 
As in Figure 10 First waveform shows source voltage second waveform shows source current and third 

waveform shows load current of the static response of the system operating under fuzzy logic controller 

 

 
Figure 11: Dynamic response of the system operating under fuzzy logic controller 

 
As in Figure 11 First waveform shows source voltage second waveform shows source current and third 

waveform shows load current of the dynamic response of the system operating under fuzzy logic controller  

 

http://www.ijesmr.com/


[Reddy, 2(11): November, 2015]   ISSN 2349-6193 

  Impact Factor (PIF): 2.243 

IJESMR 
International Journal OF Engineering Sciences & Management Research 

 

http: // www.ijesmr.com © International Journal of Engineering Sciences & Management Research[39] 

 
Fig 12: THD of Source Current operating under Fuzzy logic controller 

 
Fig 12 shows the FFT analysis of source current of the system operating under the Fuzzy logic controller, we 

attain THD as 2.03% 

 

CONCLUSION 

Power quality issues are compensated by using shunt active filter along with thyristor controlled reactor. This 

paper mainly highlights the concept regarding utilization of non-linear load and their effects on source current of 

the power system. These harmonics in source currents are effectively eliminated with the shunt active power 

filter based TCR. In this paper we also proposes the concept of FLC based active power filter along with 

thyristor controlled reactor. This fuzzy controller mainly concentrates on the reduction of steady state error. 

From the simulation result we conclude that the fuzzy controller puts better effort for controlling as compared 

with PI controller. 
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