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Abstract: The Shunt active power filters are used in power systems for the compensation of harmonic 
currents generated for non linear loads. A reference current estimation method for control of SAPF 
using a digital filter based synchronous reference frame theory is presented. To extract the fundamental 
component of source current, the synchronous reference frame (SRF) theory is suitable because of its 
easy mathematical calculation compared to the d-q control algorithms. The compensation process is 
based on sensing line currents only, which require sensing of harmonics or reactive power components 
of the load. Various simulation results are presented under steady-state conditions and the performance 
of PI controllers. Simulation results obtained with MATLAB and testing results on an experimental 
SAPF are presented to validate the proposed method. The Synchronous reference frame based SAPF 
system to meet IEEE Standard 519 recommended harmonic standards for different rated nonlinear 
loads under balanced supply conditions. 
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INTRODUCTION 

 
The wide use of nonlinear loads, such as diode and thyristor rectifiers, consumer electronics, uninterruptible 

power supplies and adjustable speed drive results in the distorted current waveforms in the electrical distribution 
systems. These harmonic currents can cause voltage and current distortion throughout the system, which can 
result in additional losses, measurement errors and malfunctions of protection devices (Slim, B.O., et al., 2006). 
Traditionally, passive filters have been used to attenuate the harmonic distortion and compensate reactive 
power, but passive filters are bulky, detuned with aging, and can resonate with the supply impedance. As active 
power filters are powerful tools for the compensation not only of current harmonics produced by distorting loads 
but also of reactive power and unbalance of nonlinear and fluctuating loads (Angelo Baggini.,), In recent times 
shunt active power filters are developed for compensating the harmonics and reactive power simultaneously. 
The Active power filter topology can be connected in series or shunt and combinations of both (unified power 
quality conditioners) and hybrid configurations (Akagi, H., 1996; Mattavelli, P., 2001). The shunt active filter is 
the most popular than the series active filter, because most of the industrial applications require the current 
harmonic's compensation (Kale Murat, zdemir Engin O., 2005; Habrouk, M.E.I., et al., 2000) and the active 
filters are very small, more versatile, more selective, and less prone to failure for component drift than its 
passive counterpart. They are studied widely and great developments have taken place in theory and application 
of shunt active power filters (SAPF) (Kumar Jain Shailendra, Agarwal Pramod, 2004). 

 The shunt active power filter has two major parts, one is reference current extraction from the distorted line 
current, and another is the PWM current controller to generate switching patterns for voltage source inverter. 
Various current control techniques are proposed for APF inner current control loop, such as a triangular current 
controller, sinusoidal-PWM, periodical-sampling controller and hysteresis current controller (Rahmat Allah 
Hooshmand, Mahdi Torabian Esfahani, 2011; Zhaoan, W., Y. Jun and L. Jinjun, 1998). The Hysteresis Current 
Controller (HCC) method attracts researchers’ attention due to unconditional stability and simple 
implementation (Newman, M.J., et al., 2002). In this, paper hysteresis current controllers have been analyzed, 
which generates the PWM pulses and gives to the active power filter. The performance of SAPF strictly depends 
upon the features of the current control algorithms and controllers. However, usually one control scheme is 
more appropriate to some situation but not to all situations. A synchronous reference frame theory based current 
control scheme of SAPF for harmonic elimination, power factor correction, and balancing of nonlinear loads is 
proposed in this paper. The paper starts with a short introduction to power quality problems. In Section II and 
III, principles into a shunt compensation system are given also detailed synchronous reference frame theory are 
presented. In Section IV and V discussed about PWM techniques, and PI control scheme. A detailed simulation 
setup and experimental verification are illustrated in Sections VI and VII.Finally, Section VIII presents the 
summary and conclusions. 

 
Principle Of Shunt Compensation System: 
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The Shunt Active Power Filter (SAPF) is connected in the distribution grid at point of common coupling 
(PCC) through filter inductance. The filter inductance suppresses the harmonics caused by the Switching 
operation of the power inverter. The current harmonic compensation is achieved by injecting equal but opposite 
current harmonic components at PCC, there by canceling the original distortion and improving the power 
quality on the connected power distribution system (Cavallani, A. and G.C. Montarani, 1994; Singh, B., et al., 
1998). 

The instantaneous source current is represented as Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IS(t) = IL(t) − IC (t)                                    (1) 
         
The Instantaneous source voltage is 

 
VS(t) = Vm Sin ωt                                          (2) 

 
The load current contains the fundamental component and harmonic current components, which is 

represented as [3] 
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The instantaneous load power (PL) can be computed from the source voltage and load current and the 
calculation is given as 

               

  PL(t)   =  IS(t) * VS(t) =  
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= PF(t) + PR(t) + PH(t)                                (4) 
 
This load power contains fundamental active power, reactive power and harmonic power. From Eq. (4), it is 

found the real fundamental power drawn from the load is 
 
PF(t) =   2

1 1*mV I Sin t Cosω φ                      (5) 
 
If the active power filter provides the total reactive and harmonic power, the source current is(t) will be in 

phase with the utility voltage and sinusoidal. The three phase source currents after compensation can be 
expressed as 
 
IA*     =    Im Sin ωt                                       (6) 
 
IB*      =    Im Sin (ωt-120∙)                            (7) 
 
IC*      =    Im Sin (ωt+120∙)                           (8) 

 
This peak value of the reference current Iref is estimated by regulating the DC-bus capacitor voltage of the 

inverter. 
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Srf Control Algorithm: 
The synchronous reference frame theory theory is based on time domain reference signal estimation 

techniques. It performs the operation in steady state or transient state as well as for generic voltage and current 
waveforms. It allows controlling the active power filters in real time system. Another important characteristic of 
this theory is the simplicity of the calculations, which involves only algebraic calculation (Marques, G.D., et al., 
2007). The basic structure of SRF controller consists of direct (dq) and inverse (dq)-1 park transformations as 
shown in Figure 2.  

 
 
Fig. 2: Control Algorithm for SAPF System 

 
These can be useful in the evaluation of a specific harmonic component of the input signals. The reference 

frame transformation is formulated from a three phase a-b-c stationary system to the direct axis (d) and 
quadratic axis (q) rotating coordinate system. In a-b-c, stationary axes are separated from each other by 1200 as 
shown in Figure 3. The instantaneous space vectors,va and ia are set on the ‘a’ axis, vb and ib are on the ‘b’ 
axis, similarly vc and ic are on the ‘c’ axis. These three-phase space vectors stationary coordinate are easily 
transformed into two axis d-q rotating reference frame transformation. This algorithm facilitates deriving id-iq 
(rotating current coordinate) from three-phase stationary coordinate load current Ila, iLb, iLc, as shown in 
equation(9)        

2π 4πcosθ cos(θ- ) cos(θ- )
3 3i id la

2 2π 4πi = sinθ sin(θ- ) sin(θ- ) iq lb3 3 3
ii lc0 1 1 1

2 2 2

 
 

    
    
    
          

  

          (9) 

The d-q transformation output signals depend on the load current (fundamental and harmonic components) 
and the performance of the Phase Locked Loop (PLL). The PLL circuit provides the rotation speed of the 
rotating reference frame, where ωt is set as fundamental frequency component. The PLL circuit provides the 
vectorized 50 Hz frequency and 300 phase angle followed by sinθ  and cosθ  for synchronization. The second 
order Butterworth filter, whose cut off frequency is selected to be 50 Hz for eliminating the higher order 
harmonics. The PI controller is used to eliminate the steady state error of the DC component of the d axis 
reference signals. Furthermore, it maintains the capacitor voltage nearly constant  

 
Fig. 3: Park Transformation 
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The DC-side capacitor voltage of PWM-voltage source inverter is sensed and compared with desired 
reference voltage for calculating the error voltage. This error voltage is passed through a PI controller whose 
propagation gain (KP) and integral gain (KI) is 0.1 and 1 respectively. 

 
Two Stage Pwm Current Controller: 

 
There are various current control methods proposed for active power filter configurations but in terms of 

fast current controllability, quick response current loop and inherent peak current limiting capability, 
unconditioned stability, very fast response, and good accuracy and easy implementation hysteresis current 
control method has the highest rating among current control methods. On the other hand, the basic hysteresis 
technique exhibits also several undesirable features; such as uneven switching frequency that causes acoustic 
noise and difficulty in designing input filters (Holtz, J., 1999; Nabae Akira, Ogasawara Satoshi, 1986; Brod, 
D.M., D.M. Novotny, 1985). The conventional hysteresis band current control scheme used for the control of 
active power filter line current is shown in Figure. 4, composed of a hysteresis around the reference line current. 
The reference line current of the active power filter is referred to as Ic* and actual line current of the active 
power filter is referred to as Ic. 

 
 

Fig. 4: Hysteresis Current Controller 
 
Conventional hysteresis current control operates the PWM voltage source inverter by comparing the current 

error E(t) against fixed hysteresis bands. This current error is difference between the desired current I reference (t) 
and the current being injected by the inverter I actual (t) as shown in Figure 4. If the error current exceeds the 
upper limit of the hysteresis band, the upper switch of the inverter arm is turned OFF and the lower switch is 
turned ON. If the error current crosses the lower limit of the hysteresis band, the lower switch of the inverter 
arm is turned OFF and the upper switch is turned ON (Zeng Jiang, et al., 2004). This control strategy of the 
switching frequency is determined as follows. The rate of change of phase current at any point of time is written 
as 

 
 

                                                                                                                         (10) 
 
                                                                                                                                (11) 
 
 

Where ± 2Vdc is depending on inverter switching state, i∆  is rate of change of inverter current, t∆ is 
rate of change of time period and ‘l’ is the series inductance of the filter. A complete switching cycle goes from 
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1 2 dc
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From the period 1 ,
2
Tt → substituting  1T t−  in equation (11) we get,  
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The total switching time is obtained by combining these two equations and it give as 
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f maximum is maximum switching frequency of the voltage source inverter. The variation in the switching 
frequency influences the performance of the current controller, both in terms of harmonics and the maximum 
switching frequency. 

 
Pi Control Scheme: 

The figure 5. It shows the PI control scheme, and also it consists of the proportional and integral term. PI 
controller mainly focuses upon the difference (error) between the process variable and the set point; the 
difference between harmonic's current reference signals Ih and the filter current If .PI controller algorithm 
involves two separate parameters; the Proportional and the Integral. The value of Proportional controller which 
determines the reaction to the current error; the Integral controller is to determine the reaction based upon the 
sum of recent errors. The weighted sum of these two actions is used to adjust the process at the plant. By 
"tuning" the two constants in the PI controller algorithm, the PI controller can provide control action designed 
for specific process requirements. The control equation for the proportional plus integral (PI) is as given in 
equation (10) and (11) 

 

 
Iref

  
 
 
 
 

Fig. 5: PI Control Scheme
  

TU(t) = K e + K e(τ)dττP i ∫              (10) 

 

i
P

KD(s) = K +
S

                      (11) 

The proportional gain is derived using Kp= 2 nvζω C, the damping factor 
2

2
ζ = and natural frequency 

on nvω  should be chosen as the fundamental frequency. Similarly, the integral gain is derived using  
2

i nvK Cω=  this controller estimates the magnitude of peak reference current Imax and controls the dc-side 
voltage [18,19]. The response of the controller can be described in terms of the responsiveness of the controller 
to an error, the degree to which the controller overshoots the set- point and the degree of system oscillation.  

      
simulation Conditions: 

Simulations based on MATLAB/SIMULINK were implemented to verify the proposed Shunt Active Power 
Filter with PI scheme. The circuit parameters of the equivalent power system based on Fig. 1 are as follows: 
Vrms = 90V, Vdc = 300V, Ls = 1.0 mH, Lf = 0.3 mH. The power converter is switched at a frequency of 10 
kHz. Load current and source current were analyzed to obtain the Total Harmonic Distortion. Figure 4. Show 
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waveforms of the supply current after compensation and the corresponding harmonic spectra. The THD after 
compensation is 2.72%.  

 
 
Fig. 6: Before Compensation  

 
 
Fig. 7: Compensation Current 

 
 
Fig. 8: Compensation current with different time interval 
 

 
 
Fig. 9: Source Current after Compensation 

 

 
Fig. 10: THD for 7 Cycles 
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Fig. 11: THD Plot 
 
Configuration Of Sapf: 

A  SAPF is developed, which is multiplex and composed of two models. The current control algorithm 
proposed in this paper is adopted in the APF system and complemented by a 32-bit floating point FPGA-
SPARTAN 3A QFP, by which the precision of calculation can be ensured. The IGBT module which has PM 25 
RSB 120 is used and also necessary protection (over voltage and over current protection) maintained. Here nine 
current sensors (Hall effect LPS 25 MP) and three voltage sensors (LV 25-NP) The current control is 
implemented by analog circuit instead of digital circuit to avoid using too many A/D converters. In the 
presented control system, the number of D/A converters is always three, no matter how many models exist in 
the APF system, because the current instructions of the models are the same. So, it is easier to expand the power 
rating of APF through the digital-analog hybrid control method. The load current is sampled 500 times in a 
fundamental cycle by three rapid 12-bit parallel A/D converters (AD7892). The current references calculated by 
FPGA-SPARTAN 3A QFP are given to the analog tracking circuit via a rapid parallel DAC- MAX547, which is 
13 bits and has eight channels.  

 
Steady-State Conditions Experiments: 

The test system for steady-state experiments consisted of a three phase diode bridge rectifier with a RL 
Load (20 ohm 30mH). The Figure.12 and Figure 13 shows the phase voltage and the line current before 
compensation, which is non sinusoidal and unbalanced and has a reactive power component. The results 
according to different compensation purposes, where‘V’is phase voltage,’Il’ is line current. The figure 14. as 
shown in these waveforms, the steady state performance of APF adopting the proposed method is working 
properly.  

 

 
 

Fig. 12: Hardware Setup 
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Figure 12.Phase voltage and line current before and after  compensation and filter current   
 

 
 

Fig. 13: Phase voltage and line current before and after  compensation and filter current, with different time  
              intervals 

 

 
Fig. 14: Phase voltage and line current after compensation. 

 
7.2 Dynamic Response Experiments: 

In Figure .14, the dynamic response of the APF adopting The SRF based algorithm are shown, respectively, 
Where IS is the line current after compensation, ILis the load current, and I Reference is the reference for 
compensation purpose. The THD of the line current after compensation is higher than 8% in the transient period. 
However, the APF adopting the SRF algorithm has good dynamic response, and the THD of the line current 
after compensation is lower than 3% in the transient period. The table shows real, reactive and apparent has 
calculated and table 2.harmonic order. 
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Table 1: After Compensation Real, Reactive and Apparent powers  
Data Phase R Phase Y Phase B 
Vrms 70.69 69.32 71.92 
Irms 3.86 3.80 3.98 
Power 272.47 262.32 285.85 
Apparent Power 273.29 263.51 286.78 
Reactive Power 21.21 -25.04 -25.52 
Power factor 0.99 0.99 0.99 

 
Table 2: Harmonic Profile for Experimental Test  

Order H In % 
1 70.79 99.975 
3 0.85 1.199 
5 0.84 1.191 
7 0.12 0.170 
9 0.55 0.773 
11 0.49 0.700 
13 0.26 0.364 
15 0.09 0.133 
17 0.08 0.109 
19 0.18 0.250 
21 0.10 0.135 
23 0.14 0.199 
25 0.16 0.230 
27 0.09 0.129 
29 0.20 0.286 
31 0.14 0.197 
33 0.03 0.045 
35 0.14 0.198 
37 0.10 0.145 
39 0.01 0.021 

 
Conclusion And Summary: 

As described in the article, a well designed Shunt active power filter should be able to effectively 
compensate reactive power and suppress harmonic distorted loads. The Shunt Active power filter with digital 
filter based SRF algorithm was examined in this article. From the analysis, simulation, and experiment, we can 
see that the algorithm presented in this paper has some advantages: 1) clear physical meaning, 2) flexible 
operation, 3) rapid, 4) accurate, and 5) easy to implement. The research of simulation and experiment is also 
done.  

 

 
 
Fig. 15: Source Current Compensation 

 
The figure 15. Shows the results of the simulation indicate that this algorithm can active control the 

harmonics and achieving good power quality, reactive power compensation. The experimental results indicate 
that the APF adopting the new algorithm performs well and can be used in practice. The results show that an 
digital filter based algorithm the THD meets the recommended harmonic standards such as IEEE 519, where, 
the one with the PI scheme achieved the best performance in terms of Active Filtering. the results yield good 
agreement with the expected APF goals. 
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