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Abstract: This paper describes the reactive power 

compensation and harmonic reduction in non-

linear load with help of Hybrid Non-Linear 

Controlled (HNLC) Shunt Active Power Filter 

(SAPF) in three phase four wire system. The diode 

load is tested with hybrid controller for harmonic 

reduction in 3Ø, 4wire system. The SAPF contains 

control loop namely hysteresis current loop for 

current shaping inner loop and the voltage 

regulation of DC link controlled by outer loop. 

The outer loop is selected as HNLC such Sliding 

Mode Control (SMC) plus Proportional Integral 

Controller (PIC) and Fuzzy Logic Controller 

(FLC) plus Proportional Integral Controller 

(PIC). HNLC and synchronous reference frame 

theory receive the reference current for inner 

current loop indirectly. The performance of 

HNLC is validated at various load operating 

conditions by creating the Matrix Laboratory 

(MATLAB)/ Simulink.  

Key words: 3 phase 4 four systems, hybrid 

controller, active filter, power quality, 

MATLAB/Simulink. 

1. Introduction 

In power system the Total Harmonic 

Distortion (THD) is plays vital role. The non-

linear loads produce harmonics and injected to 

power system such as diode and power electronics 

devices. Overheating, malfunction in sensitive 

devices, power losses and damage the equipments 

due the harmonic infection in power system. As 

per the IEEE 519-1992 harmonic standard THD 

elimination should be smaller than 5%. In order to 

minimize these problems, many of the methods 

were surveyed [1-2]. From this reports, 

disadvantages of passive filter are complex in 

filter size, resonance and instability via. load 

conditions. Shunt and series Active Power Filter 

(APF) overcomes the drawbacks of passive filters. 

A series APF compensate the voltage harmonics 

and fed to load. But this approach could not 

compensate the current harmonics in the load. The 

second method shunt APF is compensate reactive 

power and current harmonics of fundamental 

component [3]. Therefore, in this document is 

selected shunt APF for 3 phase four wire power 

system for study. Many current controller and 

voltage controller used in shunt APF to overcome 

the problems in design and control methodology 

[3-8]. However, from literature survey of these 

articles, hybrid controller techniques with 3Φ, 

4wire system has not been designed. The 

repetitive control method for shunt APF is well 

produced [9]. Synchronous rotating reference 

frame theory and shunt compensator based control 

techniques taken for experimental analysis [10]. 

However this article tells about hysteresis current 

controller uses to shaping the current and 

compensation and also the PI controller which 

improves the regulation of the DC link capacitor 

voltage. Various analyses of current injection 

techniques for shunt APF is well presented for 

shunt APF [11-12]. The FLC with shunt APF has 

been given [13-14]. From the literature survey, 

in FLC the reference current generation 

calculations has been more obscure and more 

transcends in D.C link voltage of VSI. The 



drawbacks are resolved by proposed Hybrid 

Non-Linear Controlled (HNLC) for shunt APF. 

Therefore, in proposed method the HNLC shunt 

APF for power quality enhancement in 3Ø four 

wire power system. Here, Sliding Mode 

Controller (SMC) plus PIC and FLC plus PIC is 

used as HNLC for designed system.  The designed 

model is verified by making MATLAB/Simulink 

at various operating conditions as well as load.  

 

2 Design of Hybrid Non-Linear Controlled 

Shunt APF 

 The shunt APF is controlled the source 

current compensation from/to the utility. A shunt 

APF eliminates a current harmonic on the grid 

side and builds in phase between source current 

and voltage. A shunt APF is contains filter 

inductances and controlled feedback current 

source converter which is depicted in fig 1. The 

VSI output voltage from D.C link capacitors 

voltage is regulated with help HNLC. 

 
Fig. 1. 3 phase, 4 wire, Shunt APF with Traction 

Non-linear load 

 

Shunt APF reference current generated 

from synchronous reference frame theory called 

as direct-quadrature-zero transformation. In this 

view, the direct-quadrature-zero transformation 

(d-q axis) is computed by the angle θ used in the 

d-q theory. One of the merits in this technique is 

the angle θ is computed instantly from the supply 

voltages and making this method frequency 

individualistic. 

 
Fig. 2. Synchronous reference frame theory for 

generation of reference current 

HNLC eliminate the synchronizing problems with 

distorted, imbalanced main voltage. Thus with 

frame theory a wide frequency range can be 

attained for operation. After, from the park 

transformation the load currents id–iq are 

evaluated, the id–iq pass through a high pass filter 

which eliminates the DC components presented in 

nonlinear load currents shown in Fig.2. 

3. Design of HNLC shunt APF 

The improvements of power quality 

parameters by the HNLC shunt APF. HNLC is 

selected as a compound of PI plus FLC and PI 

plus SMC which regulates the D.C link voltage of 

shunt APF. Inner hysteresis current controller 

(HCC) loop is generating PWM pulses to shape 

the source current and reduce the harmonics in 

source current. The reference current for HCC is 

obtained from d-q theory method.  

 

3.1. PI controller  

A controller is generally provides a 

perfect D.C link capacitor voltage of shunt APF 

voltage regulation and steady state error 

suppressed form it. The controller parameters 

proportional gain (Kp) and integral times (Ti) are 

found using the Zeigler – Nichols tuning 

technique (Kp= 0.6 and Ki=500). 

3.2. Design of fuzzy logic controller 

The FLC introduced which has more 

benefits over linear controller are that it not 

requires any complex structure of mathematical 

models, which are always absolutely necessary for 

favorably complex non-linear models. The FLC 

use to learning the reasoning ability based on the 

error and human experience of the model [13].The 



pictorial representation of the FLC for shunt APF 

is shown in Fig. 3. In this article, the sugeno-type 

FLC is applied as an outer voltage circuit to 

modulate the switches of the VSI. The applied 

inputs and output of the FLC for the shunt APF is 

depicting in Fig. 3(a) to 3(c). The voltage error (e) 

and its change in error (ce) of this converter is 

applied as a input the FLC and the output is o 

(mark the control signal for the power switches of 

the converter). For convenience, the arithmetic 

values of the inputs as well as the output of the 

FLC may be standardized and showed in Figs.3b, 

3c and 3d (o = [-0.5 -0.4 -0.3033 0 0.4 0.3033 0.5] 

) and its equivalent fuzzy  rule sets are [NB, NM, 

NS, Z, PS, PM, PB] where, NB (negative big), NS 

(negative small), Z (zero), PS (positive small), 

PM (positive medium), PB (positive big), 

respectively. The trapezoidal membership 

functions of the e, ce, and o are illustrated in Fig. 

3. The assortment of FLC sets is totally depends 

on dynamic characteristics of the proposed shunt 

APF. In the proposed method 49 fuzzy rules are 

framed (Table 1). The most efficient 

defuzzification method is weighted average 

method. This method applied to close the FLC 

design. 

 
(a) Simulink model of HNLC for shunt APF 

 
(b) error membership function 

 
(c) change in error membership function 

 

 
(d) output memberships function 

Fig.3 of HNLC for shunt APF 

TABLE. I  FUZZY RULE BASE TABLE OF SHUNT 

APF 

       e                     

     ce 

NB NM NS Z PS PM PB 

NB NB NB NB NB NM NS Z 

NM NB PM PM NB NS NM NB 

NS NB NB NB NS Z PS PM 

Z NB NM NS Z PS PM NB 

PS NM NS NM PS PS PM PB 

PM NS Z PS PM PM NB PB 

PB Z PS PM PB NM PB PB 

 

3.3. Sliding Mode Controller 

SMC simulation introduces a signum 

function for the current with two values: Id, max 

and Id, min.  SMC algorithm is given in equation 

(1). 



 

Fig. 4. Simulink model SMC plus PI controller for 

shunt APF. 

The simulation result for the D.C link voltage of 

shunt APF is given in the Fig. 4. 
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4. Simulation Study and Discussions 

The simulation study and analysis of 

HNLC shunt APF at different operating 

conditions and its specifications are listed in Table 

2. Fig. 5 and 6 show the MATLAB/Simulink 

model of the designed model. 

 

Fig.5. Simulink model HNLC for shunt APF. 

 
Fig.6.Simulink model of Diode rectifier non-

linear load. 

Table.2. Circuit parameters of designed shunt 

APF 

Parameters name Numerical 

value 

Voltage/Ø 220V, 50 Hz 

Capacitor Vref & C1=C2 3000µF, 800V 

Source Resistance (RS) & 

Inductance(Ls) 

0.01 Ω,0.1e-

3H 

Diode Rectifier load with R 

and L 
50Ω, 60 mH 

Filter values(LF), (CF) 0.1 ohm, 1mH 

Switching frequency 1KHZ 

 

4.1. Diode load without Shunt APF 

The fig. 7 show the simulation responses 

of current, voltage, THD analysis and load current 

of 3 phase, 4 wire system without shunt APF for 

non-linear uncontrolled diode rectifier inductive 

reactance load. The simulation result proves the 

THD of the power system without filter has been 

16.39% for diode rectifier load. 
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(a) Source current 
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(b) Source voltage and current 
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(c) THD analysis 
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(d) Load current 

Fig. 7. Simulation results of 3 phase, 4 wire power 

system without shunt APF for non-linear diode 

rectifier R-L load 

 

4.2. Shunt APF for diode rectifier load using PI 

controller plus HCC  

The fig 8. show the simulated responses 

of source current, source voltage, THD analysis, 

compensated filter current, D.C link capacitor 

voltage and load current of 3 phase, 4 wire power 

system using shunt APF for non-linear diode 

rectifier R-L load with PI controller plus HCC. 

From these results, it is found that THD of the 

power system with filter has 5.28% for diode 

rectifier load. Also, the settling time of D.C link 

capacitor voltage is quick with small transient 

overshoots with this controller at the load 

conditions. 
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(a) D.C link capacitor voltage 

 
(b) Source current 
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(c ) Source current and voltage 
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(d) Load current 

 
(e) THD analysis 

 
(f) Compensated filter current 

Fig.8. Simulation results of 3 phase, 4 wire power 

system with shunt APF for diode rectifier load 

using PI controller plus HCC 

 

4.3. Shunt APF with FLC plus PI controller 

(HNLC) and HCC 

The fig.9.shows the simulated responses 

of source current, source voltage, THD analysis, 

compensated filter current, D.C link capacitor 

voltage and load current of 3 phase, 4 wire power 

system using shunt APF for non-linear diode 

rectifier R-L load with FLC plus PI controller  

(HNLC) and HCC. From these results, it is found 

that THD of the power system with filter has 

3.28% for diode rectifier load. Also, the settling 

time of D.C link capacitor voltage is rapid with 

low transient overshoots with this controller at 

both load conditions. 
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(a) DC link voltage 

 
(b) Source current 
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(c ) Source current and voltage 
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(d) Load current 

 
 

(e) THD analysis 

 
(f) Compensated filter current 

Fig.9. Simulation results of 3 phase, 4 wire diode 

rectifier load with shunt APF using FLC plus PI 

(HNLC) and HCC 

 

4.4 Shunt APF using SMC plus PI and HCC  

The simulation responses of current, 

voltage and THD analysis, compensated filter 

current, D.C link voltage and load current of 3 

phase, 4 wire power system using shunt APF for 

diode rectifier inductive reactance load with SMC 

plus PI controller (HNLC) and inner loop HCC 

are exhibit in fig 10. From these results, the THD 

of the power system with filter has 3.08% for 

diode rectifier load. Also, the settling time of D.C 

link voltage is very quick with minimal transient 

overshoots with this controller at the load 

conditions.  

From these results, it is found that the 

designed shunt APF using designed controller has 

been produced excellent performance via. THD, 

power factor and time domain specifications at 

various load conditions.  
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(a) D.C link capacitor voltage 

 
(b) Source current 
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(c) Source current and voltage 



0 0.02 0.04 0.06 0.08 0.1
-800

-600

-400

-200

0

200

400

600

Time (s)

T
h
re

e
 P

h
a
se

 L
o
a
d
 C

u
rr

e
n
t 

(A
)

 

 

A- Phase

B- Phase

C- Phase

(d) Load current 

 

          
(e) THD analysis 
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(f) Compensated filter current 

 

Fig.10. Simulated results of 3 phase, 4 wire power 

system with shunt APF for diode rectifier load 

using SMC plus PI and HCC. 

5. Conclusions 

The design and study of HNLC shunt 

APF achieve the high degree of the power quality 

in three phase four wire system through the 

reduction of harmonics and reactive power 

compensation has been successfully exhibited in 

MATLAB/Simulink software platform. Many 

results were denoted to show the proficient of the 

designed model in diode rectifier load through the 

THD, power factor and time domain analysis. The 

SMC plus PI controller (HNLC) shunt APF has 

produced good D.C link voltage regulation, quick 

settling time and minimal steady state error in 

comparison with FLC plus PI controller and PI 

controller. The HCC is used to generate the PWM 

pulse for gate switches of shunt APF to produced 

quick response. Also, d-q theory is used to 

determine the reference current of designed 

system. 
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