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Abstract: - This paper presents a modified power balance theory for extraction the reference compensating 

currents to shunt active power filter (SAPF) which is applied to illuminate current harmonics and compensate 

reactive power under unbalanced voltages and unbalancing Non linear loads. a new method has been proposed 

based proportional-integrator (PI) controller with windup integral action is presented. the power balance theory 

is used to establish the suitable current reference signals. the studied is carried out with Matlab/ Simulink and 

power system tools to verify the performance of the proposed technique. the filtering method of the SAPF is 

able to achieve the THD% limit specified by the IEEE-519 standard. 
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1 Introduction 

Due to growing demand of energy, the power 

distribution system network becomes more and 

more  polluted due to the presence of power 

electronic based converts which creates a non 

linear load in house appliances such as a 

television, computer, printers and fax machines, 

food preparation and cooking, lighting products 

that include electronic ballasts, and in industrial 

applications such as  variable speed motor 

drives for HVAC and converter stations, 

flexible ac transmission system (FACTS), and 

static var compensators. Almost all new 

electrical or electromechanical equipment, 

contain power electronic circuits and/or 

systems, These loads increase the burden on the 

distribution system and pollute the supply 

system, and the harmonics injected by the 

power converters becomes inevitable and by 

consequence influence the performance of other 

loads which are connected to the same load 

terminal [1]. therefore, It is clearly stated in the 

harmonic IEEE standard 519 that the total 

harmonic distortion (THD) for current should 

be at most 5%. Hence, the 5% current THD 

limit has always been the performance target 

that all researchers and designers are trying 

their best to achieve. 

At the beginning, the researchers propose 

techniques based on the conventional passive 

filters [2], and due to its fixed mitigation 

abilities and bulky size, the designer replace 

them by another filter which use power 

semiconductor switching devices such as 

insulated gate bipolar transistors (IGBT) [3].        

Among the solutions proposed and applied by 

the research to eliminate these harmonics, and 

minimize the effects of nonlinear is the shunt 

active power filter (SAPF)[4] . Very much 

efforts have been made to control the SAPF, 

and different algorithms emerged for the 

harmonic detection, which consider the speed, 

the filter stability, easy, inexpensive 
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implementation, and the detection accuracy, in 

time domain as well as in frequency domain. 

The time domain methods are most widely used 

based on the instantaneous derivation of 

reference current signals from harmonic-

polluted sources to gain more speed and less 

complexity in calculations [5] to generate the 

reference current for SAPF, the most popular 

one that have been developed in the field of 

harmonic detection is  the  instantaneous power 

theory by H. Akagi [6] which has been proved 

to be effective operation and has a good 

performance under balanced voltage source 

conditions [7].  

Among different harmonic compensation 

techniques, the SRF (Synchronous Reference 

Frame) method, which is usually used the LPF 

as a conventional second order low pass filter to 

separate the DC component of the current [8]. 

this method leads to increase the reaction time 

of the active power filter by prolonging  the 

time response of the LPF.  

One other problem of the conventional SRF 

technique is that load current compensation will 

not be well done if the load terminal voltages 

are distorted, and thus a PLL (Phase Locked 

Loop) proposed to extract the direct 

fundamental component of the network voltage 

[9]. 

Some papers have proposed different solutions 

to improve the result of compensation and the 

drawbacks of the conventional SRF and PQ 

methods. in [10] a modified PLL structure was 

proposed to improve the THD which is limited 

in the best case to 2.7%. in [11] a self tuning 

filter was used with SRF and PQ under non 

sinusoidal load terminal voltage condition. this 

method was limited the THD to 2.07%. in [12] 

a 2
nd 

order low pass filter wavelet based multi 

resolution analysis is deployed using SOGI 

(Second Order Generalized Integrator) to 

extract the fundamental frequency component 

of an unbalance and non linear load current. the 

THD of this method is limited to 2.08%.      

 

However, the three-phase power system cannot 

be continuously balanced, which is the case in 

the present time , and the reason of this is the 

majority of loads in the distribution systems  are 

unbalanced in radial distribution feeders, and 

the power quality problems are more prevailing 

in the grid which are prime concerns in the 

distribution system and this necessitates the 

study of the combined effect of unbalance and 

nonlinearity on power system voltages and 

currents. thus ,the direct application of the 

instantaneous power theory will result in large 

errors.  

 

To overcome the limitations in the existing 

methods, a modified power balance theory is 

proposed and developed in this paper based on 

cascade second order filter to handle 

unbalanced three-phase voltage sources with 

unbalance load system with practical 

considerations. the algorithm is simple with less 

memory requirement which makes it easy to 

implement and which uses indirect current 

control technique in estimating the fundamental 

load components. The DC capacitor voltage is 

recovered and attains the reference voltage 

through PI controller having anti windup 

integral action. 
 

 

2 System Configuration and control 

Strategy 

The APF technology got a real enhancement 

and a major factors in advancing the APF 

technology with the introduction of insulated 

gate bipolar transistors (IGBTs) [13], rather 

than the use in the initial state the BJTs, 

MOSFET and GTOs. based on converter 

topology, type, and number of phase, the Active 

Power Filter can be classified Shunt or Series or 

a combination of both and can be either a 

voltage source inverter (VSI)or current source 

inverter (CSI) in terms of type, the 

classification can also be in terms of phase a 

two wire (single phase)  and three- or four-wire 

three- phase systems. Fig. 1 
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Fig 1: Block diagram of the APF 
 

2.1 The Proposed Method 

The main advantage of power balance theory is 

the fast detection of distortion with high 

accuracy and quick response extraction of 

reference source currents. The basic equations 

of power balance theory for generation of 

switching signals for VSC are given below. 
 

2.1.1 The in Phase Component of Reference 

Source Currents 

  

𝑉𝑡 =  2 𝑉𝑠𝑎2 + 𝑉𝑠𝑏
2 + 𝑉𝑠𝑐2 /3                       (1) 

𝑉𝑡  is the amplitude of the terminal voltage at 

PCC. 

The unity sine waves of the phase main 

voltages are estimated as: 

𝑉𝑎𝑢 =
𝑉𝑠𝑎 (𝑡)

𝑉𝑡
  𝑉𝑏𝑢 =

𝑉𝑠𝑏  (𝑡)

𝑉1
  𝑉𝑐𝑢 =

𝑉𝑠𝑐 (𝑡)

𝑉𝑡
        (2) 

The consumed load active power will be 

calculated as follows: 

𝑃𝐿 = 𝑉1 𝑖𝑙𝑎𝑉𝑎𝑢 + 𝑖𝑙𝑏𝑉𝑏𝑢 + 𝑖𝑙𝑐𝑉𝑐𝑢                 (3) 

The supply current has two components.  
 the First is required for DC component of load 

consumed power  

The magnitude of the fundamental active power 
component of load current can be estimated as: 
 

𝑖𝐿𝑑𝑐 =  
2

3

𝑃𝐿𝑑𝑐

𝑉𝑡
                                                (4) 

where 𝑃𝐿𝑑𝑐  is the DC component extracted from 

the total consumed active power after filter out 

by using a self tuning filter (STF) which is the 

most important part of  this control which 

allows to make insensible to the disturbances 

and filtering correctly the current. 

 The second component is required for the self 

supporting DC bus voltage of the filter can  be expressed 

as: 

𝑖𝐿𝑑 =  𝐾𝑝𝑉𝑑𝑐𝑒  + 𝐾𝑖  𝑉𝑑𝑐𝑒 𝑑𝑡                 (5) 

where 𝑉𝑑𝑐𝑒 =  𝑉𝑑𝑐 − 𝑉𝑑𝑐
∗   is the error in DC bus 

voltage between the sensed and the reference 

respectively. The proposed method, is to use PI 

controller with anti windup integral action.  

In this paper study has been carried out  using 

tracking anti-windup scheme. 

after we obtain the two parts of the currents, we 

propose to filter out again to eliminate the 

ripple by using a second order low pass filter 

where the cut-off frequency is 50 Hz and the 

damping factor Zeta is 0.707  

2.2.2     The Tracking Windup 

PI Controller 

Transfer function of a PI controller is expressed 

as: 

𝐺𝑃𝐼(𝑠)  =  𝐾𝑝  +  
𝐾𝑖

𝑠
                                     (6) 

In a non linear loads, some effect must be taken 

into consideration such as the actuator 

saturation, the neglecting phenomenon leads to 

closed-loop instability, especially if the process 

is open-loop unstable . 

Such undesirable condition can arise if the error 

is too large or it remains non-zero for long 

duration during which the integrator causes the 

roll over [14]. To limit the output a saturation 

block can be used at the output terminal as 

shown in Fig. 2 

 

Fig 2: Saturation function 
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Anti Windup Technique 

Saturation can be defined as the static 

nonlinearity 

𝑠𝑎𝑡 𝑢 =   𝑈𝑚𝑖𝑛
  𝑖𝑓 𝑈 < 𝑈𝑚𝑖𝑛          (7) 

𝑠𝑎𝑡(𝑢)  =  𝑈 𝑖𝑓 𝑈𝑚𝑖𝑛 < 𝑈 < 𝑈𝑚𝑎𝑥  (8) 

𝑠𝑎𝑡(𝑢)  =  𝑈𝑚𝑎𝑥  𝑖𝑓 𝑈 >  𝑈𝑚𝑎𝑥         (9) 

Here  the  difference of actual output and 

saturated output is fed back through a gain to 

reduce the amount of error input error going 

into integrator. 

Choice of limiting gain 𝐾𝑙𝑖𝑚  in Fig. 3 depends 

on acceptable restriction on integrator output. 

Higher value keeps the actual output close to 

the saturated output which in turn enables the 

controller to come out of saturation quickly 

when the error reverses. 

 

Fig 3 : Tracking Windup block diagram 

Considering a situation where  

𝑠𝑎𝑡(𝑢)  =  𝑈 >  𝑈𝑚𝑎𝑥  

from the circuit above      

𝑈 =  𝑥 + 𝐾𝑝𝑒                                         (10) 

where              

𝑑𝑥

𝑑𝑡
 =  𝐾𝑖 𝑒 −  𝐾𝑙𝑖𝑚 (𝑈 − 𝑈𝑚𝑎𝑥 )            (11) 

hence: 

𝑑𝑥

𝑑𝑡
=  − 𝐾𝑖𝐾𝑙𝑖𝑚 𝑥 +  𝐾𝑖(1 − 𝐾𝑙𝑖𝑚𝐾𝑝)𝑒 +

 𝐾𝑖  𝐾𝑙𝑖𝑚𝑈𝑚𝑎𝑥                                             (12) 

the solution of the above equation for a given 

error  

𝑒(𝑡) =  𝐸  yields: 

𝑥 𝑡 =

 𝑋0 −  
𝐸

𝐾𝑙𝑖𝑚
−  𝑈𝑚𝑎𝑥 + 𝐾𝑝𝐸 𝑒

−𝐾𝑖𝐾𝑙𝑖𝑚 𝑡 +

(
𝐸

𝐾𝑙𝑖𝑚
+ 𝑈𝑚𝑎𝑥 − 𝐾𝑝𝑒)                                                      

(13) 

replacing equation (13) in (10) yields: 

𝑈(𝑡) =

 (𝑋0 −  
𝐸

𝐾𝑙𝑖𝑚
−  𝑈𝑚𝑎𝑥 + 𝐾𝑝𝐸)𝑒−𝐾𝑖𝐾𝑙𝑖𝑚 𝑡 +

(
𝐸

𝐾𝑙𝑖𝑚
+ 𝑈𝑚𝑎𝑥 )                                                                               

(14) 

It can be observed from the dynamic and steady 

state relationships that the dynamic part goes to 

zero if the value of 𝐾𝑙𝑖𝑚 has to be high and 

hence 𝑈(𝑡) ≈  𝑈𝑚𝑎𝑥  and  controller will come 

out of saturation quickly when the error input 

reverses. 

2.3  Self Tuning Filter 

To obtain a satisfactory extraction, the dynamic 

regime is slow. In general, the cut off frequency 

is chosen between 5 Hz and 35 Hz, which then 

generates a instability of the active power filter 

during rapid changes in the load.  

In the opposite case, if a higher cut off 

frequency is chosen, the accuracy of the 

determination of the alternative component is 

impaired and may prove insufficient [15]. 

For these reasons, a new type of extraction filter 

named self tuning filter (STF) has been 

developed, Its basic principle is based on the 

work of Song Hong SCOK. Fig. 4 
The transfer function is defined as: 

 

𝐻 𝑠 =
𝑉𝑥𝑦  𝑠 

𝑈𝑥𝑦  𝑠 
= 𝐾

𝑠+𝑗𝜔

𝑠2+𝜔2                                      (15) 
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Fig 4 : Block diagram of STF 

From the integral effect on the input magnitude, 

the STF does not alter the phase of the input, 

hence the  𝑈𝑥𝑦  (𝑠) and output 𝑉𝑥𝑦 (𝑠) have the 

same phase [16]. 

Three phase reference of source current are 

calculated as: 

𝑖𝑟𝑒𝑓 (𝑎) =  (𝑖𝐿𝑑𝑐 + 𝑖𝑙𝑑 )𝑉𝑎𝑢                      (16) 

𝑖𝑟𝑒𝑓 (𝑏) =  (𝑖𝐿𝑑𝑐 + 𝑖𝑙𝑑 )𝑉𝑏𝑢                      (17) 

𝑖𝑟𝑒𝑓 (𝑐) =  (𝑖𝐿𝑑𝑐 + 𝑖𝑙𝑑 )𝑉𝑐𝑢                       (18) 

The compensating current could be obtained by 

subtract the load current from reference supply 

current [17]. The generated currents passes 

through a Hysteresis Current Control HCC to 

obtain a switching signals needed in 

semiconductors commutation of the VSC. 
 

3 Results and Discussion 

 
A MATLAB/Simulink model of the control 

system is developed to verify the performance 

of the proposed technique. three variable RL 

type non linear load groups gives in Table 1 and 

different operating unbalance supply voltage in 

Table 2 

 

 

 

 

 

 

 

 

 

Table 1: Simulation Parameters. 
Parameter Value 

Source voltage 100V 

System frequency 50Hz 

DC link Capacitance 1100 µF 

Source inductance 1.3 mH 

Source resistance 0.42 Ω 

Coupling inductance 2m H 

Coupling resistance 0.1 Ω 

Load 1 8Ω , 3mH 

Load 2 12Ω , 5 mH 

Load 3 30Ω , 4 mH 

 

Table 2: Different Unbalanced Grid Voltage 
 0% 10% 20% 30% 

phase A 100 V 100V 100 V 100 V 

phase B 100 V 90 V 80 V 70 V 

phase C 100 V 110 V 120 V 130 V 

 

 
(a) 

 

 
(b) 

Fig 5 : The system before applying the SAPF a) 

phase A b) Three phases 

 

 
Fig 6 : The system after applying the SAPF 
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Fig 7 : a) voltage source phase A,b) current 

source  phases A, c) Fundamental Active power 

of the three phase, d) source voltage & current 

are in phase,f) the reference current injected by 

the SAPF, e) different current loads injection. g)  

voltage of the DC link side, k) current 

capacitor. 

 

Fig 8 : Harmonic order 

 

 

 

 

 

 

 

 
Fig 9 : The system after applying the SAPF 

phase A 

 
 

Fig 10 The DC component of the fundamental 

current  

(a) before and after using the 2
nd

 order LPF 

(b) stability of the fundamental current after 

placing load2 at 0.1s, and after 0.2s   

 

Fig 11 : The fundamental component of the 

active power of the Three phase 
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4 Conclusion 

Simulation of three phase three wire shunt 

active power filter under unbalanced non linear 

loads and unbalanced grid voltage have been 

performed for improving power quality aspect 

at distribution system such as harmonic 

suppression. A modified  Power Balance 

Theory technique based on PI controller with 

Anti windup integral action as closed loop 

regulator to eliminate the roll over of the 

integrator and place it within a saturation region 

have been used to extract the fundamental 

component of the load current. A combination 

of a second order low pass filter with  Self 

Tuning Filter have been utilized for reference 

current extraction. The result has shown that the 

proposed method has been found satisfactory in 

achieving harmonic reduction, compensation of 

reactive power and balancing in current supply. 

The study shows a good performance in terms 

of  THD percentage which gives 1.115% in case 

of balanced grid voltage unbalanced three non 

linear loads integrated in the system in different 

instant of time simulation. the simulation results 

from Table 2, shows also the standard IEEE 519 

is satisfied under 30% of unbalanced supply 

voltage [18]. 
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