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ABSTRACT 

Shunt Active Power Filter (SAPF) performance is analyzed with hysteresis current controller and non-linear 

load. Power electronic equipment can produce harmonics in the power systems. Non-linear load produces harmonics. 

Due to that Total Harmonic Distortion (THD) is increases, and power factor reduces. For any electric utility system 

unity power factor is considered. Problems due to harmonics are overcome by the use of SAPF. The output side 

Total Harmonic Distortion (THD) and power factor are calculated. The software used is MATLAB/SIMULINK and 

an attempt is made to reduce the Total Harmonic Distortion levels of source current below the IEEE-519 

recommended standards. 

KEY WORDS: PI controller, Active power filter (APF), Harmonics, and Power quality. 

1. INTRODUCTION 

Power Systems are large and complex electrical networks. In any power system, generations are fixed at few 

selected points and loads are distributed throughout the network. In between generations and loads, there exist 

transmission and distribution systems. In the power system, the system load keeps changing from time to time. 

Weather the load is non-linear, it can be able to produce harmonics. Due to that total harmonic distortion (THD) is 

increases, and power factor reduces. To overcome the problems due to harmonics Filters has been considered. Two 

types of filters are available. Active filters and passive filters. Active filters uses active components.  

Active filters are solid state (power Electronics based) converter (VSI/CSI) switches. Passive filter are 

consists of passive elements like inductor and capacitor.  

Harmonics are the non-integer multiples of the fundamental components. Presence of harmonics it will affect 

the efficiency of the system. Use of filter is able to reduce the harmonics. Higher order harmonics are eliminated and 

lower order harmonics are observed. 

Basically higher order harmonics are not considered in power system analysis. But lower order harmonics 

produce distortion in the voltage and current wave form. The voltage and currents waveforms obtained after 

compensation are sinusoidal in nature. 

Shunt Active Power Filter: A shunt active filter is used to reduce the current harmonics. The nature of the non-

linear load is to generate harmonics in the load side. 

Operation of Active Power Filter: Fig.1, shows that non-linear load with active power filter. Active filter always 

connected to load side, non-linear load inject harmonics. 

 
Figure.1. Basic concept of active filter power 

IL = IS + IF     (1) 

IL + IH = IS + IH    (2) 

Addition of load current and harmonic current is equal to source current and harmonic current. 

IL + IH = IS + IH    (3) 

IL= IS      (4) 

For equation.3, load side and source side harmonics are cancelled each other. At Final load current is equal 

to source current. Thus the supply current represents the fundamental waveform input output harmonics. Fig.2, shows 

the circuit diagram of active filter with nonlinear load. 

 
Figure.2. Shunt APF with non-linear load 
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Load: Two types of loads are available. Linear and non-linear loads. Non-linear loads are exhibit harmonics. Non-

linear loads used are RL, RC, DC motor and Induction motor. 

Control Loops: The performance of shunt active filter is based on two loops current and voltage control loop, 

reference generator. 

Configuration of outer voltage loop: For Capacitor voltage regulation there is a need for outer voltage loop. The 

capacitor always connected at the load side. Cut off frequency and phase margin is essential for designing outer 

voltage Loop. 

Configuration of Inner current loop: For inner current loop, reference current and actual current is compared, error 

is produced. Error compensated by PI controller. This method is mainly used for reference signal tracking. 

 
Figure.3. Inner current loop 

The control signal Vcont is the input of a pulse width- modulation. It will drives the power switches. 

Reference Generator: A reference generator it consists of band pass filter H1(s) and harmonic compensator H2(s). 

It can able to generate reference current signals Source current and reference current are subtracted.  

 
Figure.4. Reference Generator 

The generalized integrators can be expressed as 

𝐻2(𝑆) =
2∈𝑊1𝐾1𝑆

𝑆2+2∈𝑊1𝑆+𝑊1
2    (5) 

𝐻2(𝑆) = ∑
2∈𝑛𝑤1𝑘𝑛𝑆

𝑆2+2∈𝑤1𝑆+(𝑛𝑤1)
2

ℎ
𝑛=3   (6) 

Based on the integrators gain reference current calculated. 

Current Control Technique: The current control strategy is an important role in fast response current controlled 

inverters such as the shunt active power filters. Many types of current controllers are available. Independent, 

dependent hysteresis controllers, ramp comparison controllers and predictive controllers. But this method gives good 

current corrective response, better accuracy and unconditioned stability to the system. Besides that, this technique is 

said to be the most suitable solution for current controlled inverters. 

Hysteresis current control: Hysteresis current control method is used to generating the required triggering pulses 

by comparing the error signal with that of the hysteresis band and it is used for controlling the power electronic 

devices (IGBT/MOSFET). So that the output current is generated from the filter will follow the reference current 

waveform is shown in figure.5. 

 
Figure.5. Hysteresis current controller 

This method controls the switches of the power electronic devices (IGBT/MOSFET). In real time 

applications hysteresis current control method is suitable. 

 
Figure.6. Hysteresis Band 

Figure.6, illustrates the current ramps between maximum and minimum limits where the upper hysteresis 

limit is the sum of the reference current and the maximum error or the difference between the upper limit and the 
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reference current and for the lower hysteresis limit, it is the subtraction of the reference current and the minimum 

error. From the analysis the hysteresis bandwidth is equal to two times of error value. 

 
Figure.7. Proposed control method 

Hysteresis Current Control with Pi Controller: The main drawback of using linear current control is, need to 

sense grid voltage. But it’s not reliable. There is need of some additional algorithm. Here PI and fuzzy logic controller 

with hysteresis current control technique is discussed. 

Conventional PI controller: The PI controller operation with shunt active filter is shown in figure.6. A 

proportional–integral– derivative controller (PID controller) is a generic control loop feedback mechanism 

(controller) widely used in industrial control systems – a PID is the most commonly used feedback controller. A PID 

controller calculates an "error" value as the difference between a measured process variable and a desired set point. 

The controller attempts to minimize the error by adjusting the process control inputs. PI controller (proportional 

Integral Controller) is a special case of the PID controller in which the derivative (D) of the error is not used .The 

lack of derivative action may make the system steadier in the steady state in the case of noisy data source voltage 

and source current values are given to the reference generator. It will produce Iref and the signal is given to PI 

controller. Using PI controller the reference input for a PWM inverter is generated. 

 
Figure.8. Structure of PI controller 

Crossover frequency of low pass filter is10Hz. Based on the PWM signal the switches will be operated. And 

then the signal is given to the Inverter Bridge. Input to the system is taken as 110V, 50Hz. MATLAB 13/SIMULINK 

used for testing. 

Hysteresis Current Control With Fuzzy Logic Controller: The proposed method is a mathematical tool for 

dealing with uncertainty and Problem solving control design methodology. It gives connection between Fuzziness 

and Complexity. 

Fuzzy Logic Controller: Fuzzy Logic Controller (FLC) it converts rules into mathematical equivalents. Able to 

solve with uncertainty and problem solving design methodology. 

 
Figure.9. Fuzzy block diagram controller 

Table.1. Fuzzy rule Base 

de e NL NM NS ZE PS PM PL 

NL NL NL NL NL NM NS ZE 

NM NL NL NL NM NS ZE PS 

NS NL NL NM NS ZE PS PM 

ZE NL NM NS ZE PS PM PL 

PS NM NS ZE PS PM PL PL 

PM NS ZE PS PM PL PL PL 

PL NL NM NS ZE PS PM PL 

In the design if a fuzzy control system, the formulation of its rule set plays a key role in improvement of 

system performance. Basically forty nine rules are there. Based on the constraints it will be used.  
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FLC Design Technique: Fuzzy logic controller design technique involves three steps. 

 Find the input signal 

 Based on the input signal determine the number of membership function 

 Decide upon the type of membership function 

Fuzzy control scheme for APF: The fuzzy logic control algorithm for APF needs two inputs, a) error and b) change 

in error. The two inputs were represented by sets of seven member functions and expressed in  linguistic values as 

negative large (NL), negative middle (NM), negative, small (NS), zero (ZE), positive, small (PS), positive middle 

(PM) and positive large (PL). The switching signals are generated by means of comparing a carrier signals with the 

output of the fuzzy logic controller. A limiting block was introduced before the fuzzy block in order to truncate 

values beyond specified ranges before supplying them to the fuzzy logic controller. The output of the proposed 

controller was multiplied by a unit sine wave in order to bring it in phase with the supply current before comparison. 

The method used during interpretation of the IF-THEN rules was “min” and the OR method used was “max”. Also, 

“min” was used as the implication method. Whereas the “max” method used for aggregation. 

  
Figure.10. Structure of the fuzzy controller for APF 

A triangular membership function can be used. The input to the defuzzification process is a fuzzy set (the 

aggregate output fuzzy set) and the output is a single non fuzzy number, obtained by the bisector method of 

defuzzification. 

Table.2. System parameters 

Symbol Quantity value 

Vs Grid voltage 110V 

F1 Grid frequency 50Hz 

R Non-linear load series resistance 4Ω 

Ro Non-linear load resistor 90Ω 

Co Non-linear load capacitor 500uF 

L Active filter inductance 3.14mH 

C Active filter capacitance 1.5mF 

Kpv Proportional voltage control gain 1e-6 

Kiv Integral current control gain 5e-6 

Kpi Proportional current gain 2 

Kii Integral current control gain 2.104 

 

2. SIMULATION RESULTS 

According to the simulation results the effectiveness of shunt active power filter with fuzzy logic controller 

PI and are compared. 

Simulation results with PI controller: Fig.11a, b shows that the source current, and load current with PI controller. 

The harmonic profile of the source current is shown in fig.12. 

 
Figure.11. Hysteresis current control technique with PI controller 
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Figure.11a. Source Current-PI Figure.11b. Load Current –PI 

 
Figure.12. FFT analysis 

The simulation model of the shunt active power filter with fuzzy controller is shown in Fig.11. 

Simulation results with fuzzy logic controller: Fig.13a, b shows that the, source current, and load current. The 

harmonic profile of the source current is shown in fig.14. 

 
Figure.13. Hysteresis current control technique with Fuzzy controller 

 

  
Figure.13a. Source current -FLC Figure.13b. Load current-FLC 

 

 
Figure.14. FFT analysis 

Hysteresis Current Controller (Sub-System Parameters): The following figures are the sub system blocks used 

in a hysteresis current controller. 

  
Figure.15. Data type conversion Figure.16. Reference current calculation 

Performance comparisons: Without active filter THD and power factor value is 113.27%. And 0.6423. By using 

shunt active filter with fuzzy logic controller THD is considerably reduced, and power factor is improved. 
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Table.3. Performance comparisons with hysteresis controller 

Hysteresis Current Control with Hysteresis Current Control with 

 PI  Fuzzy 

THD% PF THD%  PF 

47.76 0.8623 11.08  0.9406 

 

3. CONCLUSIONS 

The Proposed method gives a better way of achieving power factor and THD reduction. For improving the 

system performance, total harmonic distortions will be reduced. Without filter loads current and source current 

contains harmonics and power factor value is less. Proper choice of filter with suitable controller THD value reduces. 

From the analysis Hysteresis current control with fuzzy logic controller gives better result. In future this will be 

extended with hybrid filters and mitigating both current and voltage harmonics and design of controller technique 

also changed with artificial neural network and genetic algorithm. 
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