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 ABSTRACT 

The nonlinear loads in power systems cause some undesirable situations such as 

current harmonic, voltage harmonic, voltage disturbance and voltage unbalance. To 

eliminate voltage harmonics and disturbances, the power electronic circuits based 

on serial active power filter (S-APF) is connected to power systems. In this study, 

synchronous reference frame (SRF) based a new controller using moving average 

filter (MAF) and space vector-PWM (SV-PWM) technique is proposed to the three-

phase S-APF. In the proposed control algorithm, the MAF and SV-PWM technique 

are used to obtain the switching signals of active switches used in serial active filters. 

MAF to improve the transient response of the controller and SV-PWM technique to 

improve the performance of controller are used. Measurement values are taken 

from two different points of the power system and are used to calculate the 

reference load voltage values. In the algorithm, the number of measurements is 

reduced and the performance is improved by using source ab voltage and load abc 

voltage measurements. Simulation studies of the proposed controller for S-APF were 

tested using PSIM software and were compared with other control algorithms used 

in the literature. According to the simulation results, it is seen that the proposed 

controller for three-phase S-APF is more successful in eliminating the harmonics in 

the load voltage than the conventional SRF-based controller.  

Key words—Series active power filter, Power factor, Total harmonic distortion, 

Moving average filter, Space vector PWM, Simulation. 

I. INTRODUCTION 

This document is a template.  An electronic 

copy can be downloaded from the conference 

website.  For questions on paper guidelines, please 

contact the conference publications committee as 

indicated on the conference website.  Information 

about final paper submission is available from the 

conference website.  

Today, energy quality has become an 

important factor with the usage of advanced 

devices. The current and voltage harmonics occur in 

the power system with the increasing use of 

nonlinear power electronics circuits. The voltage 

unbalance, voltage sags and swells, harmonics in 

current and voltage are some examples to the 

problems created by power quality. Harmonic 

current and voltage cause fault of capacitors, noisy 

operation of electric machines, increased iron and 

copper losses in used machines and overheating of 

electronic devices[1-2].  

Passive and active power filters are used to 

elimination power quality problems such as 

harmonic current and voltage, power factors and 

reactive power in the literature. The circuit structure 
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of the passive power filter PPF is simple, low in cost. 

But PPF's have some disadvantages such as their 

large size, the limitations, drawbacks of their usage 

and constant compensation problem [3]. Due to 

these disadvantages, active power filters APF is used 

to increase the filter performance [4-5]. APF's have 

been developed by the operation of active switches 

at very high frequencies. APF allows to suppress the 

harmonics in voltage and current with high 

frequency, perform reactive power compensation, 

eliminate some unbalances in three-phase systems 

and reduce neutral line currents [6].  

In the literature, advanced flexible AC 

transmission systems (FACTS) are used to increase 

performance in voltage regulation and to perform 

instantaneous active and reactive power control. In 

addition, there are also custom power devices (CPD) 

for power quality problems. APF [7], dynamics 

voltage rectifiers (DVR) [8], distribution static 

converter (STATCOM) [9] are used for reactive 

power compensation and voltage regulation. There 

are studies on unified power quality conditioner 

UPQC systems that produce a wide range of 

solutions for power quality problems [10,11]. The 

UPQC is an APF system obtained by using a serial 

active power filter S-APF and a parallel active power 

filter P-APF. The parallel active power filter is used 

to filtering to current harmonics, current 

unbalances, reactive power compensation and 

neutral current compensation [12]; the S-APF is used 

to filtering source voltage harmonics, voltage 

unbalances and voltage drop/swelling[13,14].  

In the literature, there are many control 

algorithms in the frequency domain and time 

domain which are applied to S-APF systems 

successfully. The control algorithms used in the 

frequency domain are not widely used due to large 

calculations and time and delay in the calculation of 

the FFT. In the time domain control algorithms used 

for S-APF, the derivatives of voltage signal are 

calculated. Commonly-used time domain control 

algorithms are the instantaneous active and reactive 

power based algorithms [14-15], synchronous 

reference frame SRF based algorithms [16,17], But, 

SRF based control algorithms show superior 

performance compared to PQ based algorithms [18]. 

In the SRF-based control algorithms, the low pass 

filter LPF or high pass filter HPF is generally used for 

obtaining the reference current signal and sinusoidal 

PWM or hysteresis PWM is used for obtaining 

switching signals [19–21].  

In this study, SRF-based a new controller 

using moving average filter(MAF) and space vector-

PWM (SV-PWM) is proposed for three-phase S-APF 

system. MAF filter and SV-PWM technique are used 

to obtain the reference voltage signals used in S-APF 

to reduce THD and to increase PF. In the algorithm, 

the number of measurements is reduced and the 

performance is improved by using source voltage 

and load voltage measurements without using 

source and filter current, filter voltage and load 

current measurements. Simulation studies of the 

proposed control algorithm were tested using PSIM 

software and were compared with other control 

algorithms used in the literature. 

MATERIALS  

 Space Vector Pulse Width Modulation  

In the SV-PWM technique, the aim is 

achieved to reveal the sinusoidal output voltage 

with the lowest switching loss and the lowest total 

harmonic distortion. For this, the possible switching 

states of the IGBT switches in the S-APF are 

expressed by a switching vector and are used with 

different combinations of these vectors. The most 

suitable switching scheme is selected. In this 

technique, the comparison isn't made in the 

determination of switching signals. The on-off times 

of the IGBT's are determined digitally.  

In a three-phase SV-PWM inverter 

operating in six-step mode, switching states are 

changed every sixth of a cycle. The four possible 

phase-to-neutral voltage levels are ±𝑉𝑑𝑐/3  and 

±2𝑉𝑑𝑐/3. The sequence of the six switching states is 

such that only one switch changes state at a time. 

This sequence produces three phase voltages, 

displaced 120 [22]. For symmetric three phase 

voltages, the resulting space-vector sweeps a 

continuous circular path in the imaginary-real 

reference frame. It rotates at the frequency of the 

source voltages. If, however, a three leg inverter 

supplies the voltage, there are only six angular 

positions the voltage space vector can take at any 

instance. The three-leg inverter results in possible 
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space-vector positions. The six nonzero vectors form 

a hexagon. These space vectors can be calculated by 

multiplying the voltage-to-ground at the inverter 

terminals ±𝑉𝑑𝑐/3  determined by the switching 

state, and the angular displacement of the stator 

phase windings 

SV-PWM is considered to be a preferable 

technique of PWM applications, as it improves 

harmonic performance, reduces THD and provides 

better basic output voltage. Fig.1 shows d-q space 

vector coordinates of SV-PWM.  

The d-q values of the abc voltages are 

calculated using Eq. (1). 

𝑉𝑑 =  𝑉𝑠𝑎 − 𝑉𝑠𝑏𝑐𝑜𝑠60 − 𝑉𝑠𝑐𝑐𝑜𝑠60 

𝑉𝑞 =  𝑉𝑠𝑏𝑐𝑜𝑠30 − 𝑉𝑠𝑐𝑐𝑜𝑠30 (1) 

 

Fig. 1 Voltage dq coordinates  

The magnitude  𝑉𝑟𝑒𝑓
̅̅ ̅̅ ̅ and angle 𝛼 of the rotating 

vector are calculated using Eq. (2). 

|𝑉𝑟𝑒𝑓
̅̅ ̅̅ ̅| = √𝑉𝑑

2 + √𝑉𝑞
2 

𝛼 = 𝑡𝑎𝑛−1 (
𝑉𝑞

𝑉𝑑
) = 𝜔𝑠 𝑡 = 2𝜋𝑓𝑡 (2) 

After this transformation, six active vectors and two 

zero vectors appear [23]. Using the Eq. (3), the time 

change between sectors 1 and 6 (S1-S6) is 

determined (n = 1, 2, …, 6 and 0 ≤ α≤ 60°). Here Tm 

and Tm+1 values are the application time of the 

voltages. T0 is the application time of the zero 

voltage vector (V0 or V7) [24].  

𝑇𝑚 =  𝑇𝑠𝑚
√3

2
𝑠𝑖𝑛 (

𝑛

3
𝜋 − 𝛼) 

𝑇𝑚+1 =  𝑇𝑠𝑚
√3

2
𝑠𝑖𝑛 (𝛼 −

𝑛 − 1

3
𝜋) 

𝑇0 =  𝑇𝑠 − 𝑇1 − 𝑇2 (3) 

The total of 6 space vectors are formed when the 

output voltages are studied for the period T and 

when the Vref voltage vector is examined in the dq 

axis. These vectors are placed at 600 degree intervals 

in the standing axis tool. The switching states vary in 

each region. Fig. 2 shows the possible space-vectors. 

SV-PWM technique does not require carrier and 

reference wave forms such as sinusoidal-PWM 

technique. 

Moving Average Filter MAF 

The MAF is characterized by being an easy-

to-implement filter capable of rejecting the multiple 

frequency components of the cut off frequency, 

which is defined as the inverse of the integration 

period or by the fundamental component period. 

Also MAF is used to improve dynamic filtering 

response. The discrete transfer function is calculated 

with (4) for modelling the MAF. n, denotes the 

number of sampling data used to derive average 

amounts[25]. 

𝐻(𝑧) = 𝑛−1 (1 +
1

𝑧1 +
1

𝑧2 + ⋯ +
1

𝑧𝑛−1) =
1

𝑛

1−𝑧−𝑛

1−𝑧−1 (4) 

Fig. 3 shows the structure of the MAF. It is assumed 

that even harmonics are not present in the voltage 

or current. MAF filter is consists of the integration 

block, the transport delay block, the subtract block 

and the division block.  

 

Fig. 2 Possible space-vectors 

 

Fig. 3 MAF control block 
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The input voltage or current signal is delayed by the 

delay block. The transport delay block output is the 

current or voltage integral value delayed by 1/6 of 

the fundamental period. The integrator block output 

minus the transport delay block output represents 

the current or voltage integration over the interval 

[t-T/6, t], where T is the fundamental period. The 

output of the subtract block is sent to the division 

block. Finally, the division block divides the 

integrated current or voltage by the integration 

interval, that is, T/6. Therefore, the outputs 

obtained from the products block are the moving 

average of id and vd calculated over 1/6 of the 

fundamental period. Thereby, the output of the 

MAF is the moving average of the voltage signal or 

current signal calculated using Eq. (10) [26]. 

𝑀𝐴𝐹𝑜𝑢𝑡,𝑉𝑑 =
𝑛

𝑇
∫ 𝑉𝑑𝑑𝑡

𝑡

𝑡−
𝑇

𝑛

 (5) 

Where 𝑉𝑑  is the d value of the source voltage signal 

and 𝑖𝑑  is the d value of the source current signal. 

METHODS 

A. Circuit Design of S-APF 

In a balanced power, a nonlinear load causes the 

important amount of harmonics in voltages. Voltage 

harmonics causes the flow of nonlinear currents in 

transformers. Transformer windings can be burned 

at values below standard loads. The S-APF 

eliminates the voltage sag/swell, voltage unbalances 

and source voltage harmonics caused by nonlinear 

loads [18]. 

The S-APF consists of series source to the power 

system to the grid using a common DC bus line and 

IGBT inverters which can operate in voltage 

controlled mode. Fig. 4 shows a block diagram of a 

S-APF.  

The series active power filter is used to add 

compensation voltage equally but inversely to the 

harmonic component of the nonlinear voltages in 

the phase, in the three-phase system. These 

voltages are called compensation voltages since 

they are used to protect the harmonics from 

nonlinear phase voltages. S-APF produces 

compensation voltages using phase voltages and 

currents [19]. 

 

B. Proposed Control Algorithm  

In the proposed control algorithm, the MAF is used 

instead of classical LPF to improve the dynamic 

filtering response and THD and the SV-PWM is used 

instead of the sinusoidal-PWM to improve the 

switching performance. Fig. 5 shows the block 

schema of SRF-based proposed control algorithm.  

 

Fig. 4 The topology of a three phase S-APF 

 

Fig. 5 The block schema of SRF based proposed 

control algorithm 

The ab source voltages (VSab) and abc load voltages 

(VLabc) are realized by taking five different 

measurement values in the proposed control 

algorithm. The PLL circuit is used to obtain the wt 

transformation angle shown in Fig. 6. 

The phase c of the voltage used as the input voltage 

of the PLL block diagram is calculated by using Eq. 

(6).  

𝑉𝑠𝑐 = −𝑉𝑠𝑎−𝑉𝑠𝑏 (6) 

The d-q values Vdpll and Vqpll of the source abc 

voltages are obtained by using Eq. (7). 

𝑣𝑑𝑝𝑙𝑙 =
2

3
(𝑐𝑜𝑠(𝑤𝑡)𝑣𝑠𝑎 +𝑐𝑜𝑠 (𝑤𝑡

−
2𝜋

3
) 𝑣𝑠𝑏 +𝑐𝑜𝑠 (𝑤𝑡 +

2𝜋

3
) 𝑣𝑠𝑐) 

 
 

 

 

 

 

S-APF 
 
SV-
PWM 
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𝑣𝑞𝑝𝑙𝑙 =
2

3
(− 𝑠𝑖𝑛(𝑤𝑡)𝑣𝑠𝑎 − 𝑠𝑖𝑛 (𝑤𝑡

−
2𝜋

3
) 𝑣𝑠𝑏 −𝑠𝑖𝑛 (𝑤𝑡 +

2𝜋

3
) 𝑣𝑠𝑐) 

𝑣0 =
2

3
(

1

2
𝑣𝑠𝑎 +

1

2
𝑣𝑠𝑏 +

1

2
𝑣𝑠𝑐) (7) 

 

Fig. 6 PLL control circuit 

The Vdpll is passed through the PI controller and the 

references are added to the fundamental angular 

frequency (2πf). Finally, a wt is obtained by the 

integration of this calculation [15]. 

In the S-APF, the d-q values of the source abc 

voltages are obtained by using the Eq. (8) with the 

transformation of dq0. The PLL circuit is used to 

obtain the wt transformation angle. The obtained d 

value is passed from the MAF.  

vsd =
2

3
(cos(wt)vsa +cos (wt −

2π

3
) vsb

+ cos (wt +
2π

3
) vsc) 

vsq =
2

3
(sin(wt)vsa + sin (wt −

2π

3
) vsb +sin (wt +

2π

3
) vsc) 

vs0 =
2

3
(

1

2
vsa +

1

2
vsb +

1

2
vsc) (8) 

The reference load voltages 𝑣′
𝐿𝑎, 𝑣′

𝐿𝑏 , 𝑣′
𝐿𝑐 are 

calculated from the obtained Vsd
′ , Vsq

′ = 0 and Vs0
′ =

0 using the inverse park transform in (9).  

𝑉′
𝐿𝑎 = cos(wt)Vsd

′ +sin(wt)Vsq
′ + Vs0

′  

𝑉′
𝐿𝑏 = cos (wt −

2π

3
) Vsd

′ +sin (wt −
2π

3
) Vsq

′ + Vs0
′  

𝑉′
𝐿𝑐 = cos (wt +

2π

3
) Vsd

′ +sin (wt +
2π

3
) Vsq

′ + Vs0
′   (9)  

The obtained 𝑉′
𝐿𝑎, 𝑉′

𝐿𝑏 , 𝑉′
𝐿𝑐 are compared with the 

sensed 𝑉𝐿𝑎 , 𝑉𝐿𝑏 , 𝑉𝐿𝑐  and the switching signals for 

series inverter are obtained using SV-PWM 

technique. 

RESULTS AND DISCUSSION 

Simulation studies to verify the 

performance of the proposed controller have been 

tested with the PSIM software program. The values 

using in the simulation model are shown in Table 1. 

The steady state and dynamic performances of three 

phase S-APF system are analyzed by simulating the 

system in PSIM software. As a load, a nonlinear load 

with three-phase thyristor is used. The time setting 

used for the simulation is 0.5e-6s.  

TABLE I: simulation values 

Source 

Vsabc 190Vrms 

f 50Hz 

Rsabc 10mΩ 

Lsabc 0.1mH 

Load 

Rsabc 0.25Ω 

Lsabc 1.47mH 

RL 30Ω 

LL 11.53mH 

S-APF 

RFabc 0.65mΩ 

LFabc 3mH 

fPWM 18kHz 

C1 2350µF 

Vdc 400V 

 

Fig. 7 shows the PSIM simulation model of 

the three-phase S-PWM. S-APF is attributed in series 

with the system to eliminate voltage problems in the 

grid and generate sinusoidal voltage. The obtained 

reference abc voltages are compared with the 

sensed source abc voltages. The S-APF is operated as 

a closed-loop controller by generating the reference 

load voltage currents to correct events that cause 

power quality problems related to nonlinear loads 

by continuously reading the source or load voltage 

according to the control algorithm used.  

Fig. 8 shows the effect of S-APF after 

applying the proposed controller with 5th harmonic 

component to source voltage and RL load. As given 

in Fig. 8, the source voltage harmonic is reduced 

from 15.848% to 0.13. Fig. 9 shows the effect of S-

APF after applying the proposed controller with 5th 

and 7th harmonic component to source voltage and 

RL load. As given in Fig. 9, the source voltage 

harmonic is reduced from 19.09% to 0.15%. In the 

figure 8 and figure 9, the total harmonic distortion 

ratio is below the harmonic limit applied in IEEE 519-

1992 standards.  
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Fig. 7 The simulation block S-APF system 

 

Fig. 8 The Vsa ,Vsb and Vsc signals with 5th harmonic 

component and the vLa , vLb , vLc  signals obtained 

after applying the proposed control algorithm 

Fig. 10 shows the FFT values of load and source 

voltage THD levels after the proposed SRF based 

control algorithm. In the obtained results, the 

source voltage signal consist of main frequency 

component, 5th harmonic component, 7th harmonic 

component and the load voltage signal consist of 

main frequency component.  

The simulation results for reactive power 

compensation are shown in Fig. 11. The power 

factor values before and after applying the proposed 

controller are shown in Fig. 11. The power factor 

between the load voltage and the source current is 

measured as 0.9999 after the proposed controller is 

applied to the S-APF system. The proposed control 

algorithm has the ability to improve the power 

factor. The study of the proposed controller is tested 

when the unbalanced nonlinear load is connected. 

Fig. 12 shows the abc source voltages and the abc 

load voltages signals before and after applying the 

proposed controller for three UPQC system. The 

unbalanced of the source and load voltages are 20%. 

Fig. 12 b illustrates the abc load voltages without 

unbalance and perfectly maintained with proposed 

controller. 

 

Fig. 9 The Vsa ,Vsb and Vsc signals with 5th and 7th 

harmonic component and the vLa , vLb , vLc  signals 

after applying the proposed control algorithm 

 

Fig. 10 The FFT values of source and load voltage 

signals before and after the proposed control 

algorithm 

The study of the proposed control algorithm is 

tested under transient response and steady state. 

Fig. 13 shows the transient response of the 

proposed controller in case of an S-APF system is 

applied at t=0.15 ms. The steady-state response of 

the proposed control algorithm is shown in Fig. 14.  

 

Fig. 11 The load voltage and the source current 

signals for power factor 
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Fig. 12 The VSa , VSb , VSc signals and the VLa , VLb ,

VLc  signals obtained a)before applying the proposed 

controller b) after applying the proposed controller 

with unbalanced nonlinear load 

 

Fig. 13 The simulation results for transient operation 

of S-APF system for proposed controller a)Vsa ,Vsb 

and Vsc signals, b) VLa , VLb , VLc  signals,  

 

Fig. 14 The simulation results for steady state 

operation of S-APF system for proposed controller 

a)Vsa ,Vsb and Vsc signals, b)transformer Vta ,Vtb and 

Vtc signals, c) VLa , VLb , VLc  signals 

TABLE II: FONT SIZES FOR PAPERS 

Control algorithms 
Without filter THD (%) With filter THD (%) 

Load voltage Load voltage 

PQ algorithm 15.86% 1.94% 

Conventional SRF algorithm 15.86% 1.08% 

Proposed SRF based control algorithm with 

MAF and SV-PWM 
19.09% 0.15% 

In Table 2, the proposed controller and the other 

control algorithms used in literature for S-APF are 

compared. In the simulation studies, when the 

conventional SRF control algorithm is applied to the 

S-APF, the THD value of the voltage is decreased 

from 15.86% to 1.94%. When the SRF-based 

proposed controller is applied to the S-APF, the THD 

value of the voltage is decreased to 0.15%.  

CONCLUSIONS 

A new SRF-based control algorithm which 

applies a moving average filter and SV-PWM to 

obtain the reference voltage signals for serial active 

power filter is presented and tested in PSIM. In the 

proposed control algorithm, MAF filter and space 

vector pulse width the modulation technique are 

used to produce the switching signals of the active 

switches used in serial filter to the reduced THD and 

improved PF. In the proposed control algorithm, five 

measurement values are taken from the power 

system by using ab source voltage, abc load voltage. 

The number of measurements is reduced according 

to the conventional SRF method. It can be observed 

that the proposed control algorithm gives the lowest 

THD value according to other algorithms used in 

literature as shown in Table II. According to Table II, 

it is seen that the proposed control algorithm is 

more successful in eliminating the harmonic of the 

load voltage by improving power factor and by 

compensating the reactive power.  
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