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Abstract 

The power quality problem, especially regarding harmonics contamination, has 

dramatically affected the overall power system stability. In response to this, using 

an Active Power Filter (APF) is considered one of the compelling methods to 

overcome harmonics issues. This paper presents the implementation of Shunt 

APF with an improved adaptive notch filter known as Extended Fryze Adaptive 

Notch Filter (EFANF) for fundamental signal extraction. The adaptive notch 

filter has improved the utilization from a single-phase to three-phase application 

for direct fundamental signal extraction and is designed to cater DC link voltage 

regulation controllers based on the power loss equation. This extraction algorithm 

inherits simple design construction and frequency tracking, eliminating PLL 

reliance on synchronization. The algorithm's effectiveness in operation for the 

Shunt APF is validated through simulation using MATLAB/Simulink and 

experiment work by integrating the algorithm with DSPACE RS1104. Based on 

both evaluations, the results obtained show a satisfactory and reasonable 

agreement in mitigating the harmonics for multi-load conditions. Simulation and 

experimentally proven harmonics mitigation managed to reduce under 5% 

following the IEE standard, and the algorithm function within expectation for 

both steady and transient state conditions. Furthermore, the DC link also tended 

to be maintained by the algorithm. 

Keywords: Adaptive notch filter, Fryze, shunt active power filter, Harmonics. 
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1.  Introduction 

The development of power systems has shaped multiple power generation, 

transmission, distribution, and application segments. All the advancements are 

often polluting and distorting the power system by increasing the utilization of non-

linear loads, mainly contributed by power-electronics devices [1–3]. The need for 

power electronics devices can exponentially increase within the industrial and 

consumer sectors. Based on the extensive use of sensitive loads, such as computers 

and microprocessor-based industrial controllers, and now with the emergence of 

renewable energy such as solar and wind and the growth of electric vehicles, there 

is a growing need for effective harmonic measurement and compensation systems. 

Although conventional solutions have been used to mitigate power quality, such as 

passive filters in terms of harmonics, the solution is deemed ineffective, especially 

when involving load changes. As implementation of standard regulation in power 

flow is becoming more rigid such as IEEE519 and IEC 61000-3-2, active power 

compensation is seen as a better choice in realizing power quality (PQ) control. 

Active power compensation offers better PQ compensation, especially 

harmonics, power factor, and active-reactive power control. Furthermore, the 

protection, management, performance, and efficiency of active power compensation 

are realized through continuous development in developing signal processing, 

detection, and extraction within mathematical algorithms and hardware throughout 

the past years. One of the apparatuses demonstrating a solid ability to eliminate 

harmonics is the Active Power Filter (APF) system. Such filters are an excellent way 

to reduce harmonic disturbances of voltage and current, sudden voltage fluctuations, 

transient disturbances, and current and voltage faults. Currently, there are multiple 

topologies of active power compensation available for additional compensation, such 

as series active power filter [4], shunt active power filter (SAPF), hybrid active power 

filter, and Unified Power Quality Conditioner (UPQC). Effective and efficient 

compensations are compulsory when dealing with harmonics' power quality. Hence, 

a precise algorithm is essential for extracting harmonics elements in controlling the 

power system's active power filter (APF). Over the years, various identification and 

extraction techniques have been developed; the methods can be divided into time and 

frequency domains.  

The methods used in the frequency-based domain vary from commonly used fast 

Fourier and discrete Fourier algorithms, Kalman Filtering algorithm to wavelet 

transformation algorithm [5–7]. When using the mentioned techniques, most of the 

algorithms designed in the frequency domain require transformation, which is a little 

tedious to be applied in the time domain and usually incongruous with changing load 

in the power system. Another drawback of the frequency domain method is that it 

requires numerous cycles for better current estimation. In applying APF, the 

commonly used extraction method is usually within the time domain to cater to the 

changing waveform of loads in real-time situations, especially when involved with 

data acquisition. The time-domain techniques are divided into a few categories: 

classical methods derived from instantaneous power theory [8–10]and synchronous 

power theory [11–13], such as PQ, PQR, etc. DQ method. However, these methods 

usually involve multi-conversion planes and require additional filters to extract the 

information.  
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Another emerging method is the intelligent algorithms, which vary from the 

neural network, adaptive neural network, and adaptive linear neuron, where all these 

algorithms require training within the process [14–17]. Besides these three methods, 

another method used in the APF is the notch filter method, which is simple in design 

and can accommodate changes in loads [18]. The work introduced adaptive notch 

filters as harmonics, interharmonics processing methods, and time-domain signal 

analysis [19]. However, the method is limited to only processing information due to 

the algorithm's lack of a controlling method for DC link control. Yazdani et al. also 

proposed the ANF for three-phase application [20], which performed harmonic 

reactive current extraction and harmonic decomposition. However, the work was 

limited to monitoring and extraction only. In some other works, the ANF replaces the 

lowpass filter function in the PQ algorithm for shunt APF [21–23] with a three-phase 

four-wire system.  

Although the strategy takes advantage of the transformation of the frame for 

instantaneous power flow, the application of ANF has increased the algorithm's 

complexity as the method includes the transformation process and integration of the 

ANF for filtering purposes. This strategy undermines the ANF's capability to directly 

filter the system's fundamental signal.  

To utilize the potential of the ANF in shunt APF application. This paper presents 

an extended ANF application for harmonics extraction, DC link control, and current 

control. Within this method, three elements are focused on as the APF control system: 

the computational algorithm of reference current, the voltage regulation for the DC 

link control, and the generation of the firing pulse of the voltage source inverter (VSI). 

The main section of the paper is the proposed Extended Fryze Adaptive Notch Filter 

(EFANF) as the main algorithm component. The algorithm implements the Adaptive 

Notch Filter (ANF) extraction algorithm and the Fryze algorithm as system power 

control. Adjacent to the adaptive capability of the ANF, the algorithm also provides 

self-synchronization for the EFANF. This section also discusses the implementation 

of DC link voltage regulation, where the PI method is introduced as stability control 

within the EFANF, all highlighted in sections 2 and 3. The simulation and 

experimental works results are explained in section 4 of the paper. Finally, section 5 

concludes the research contribution and highlights the overall significance of the 

impact of the work. 

2.  Principle operation of shunt APF  

Shunt APF is implemented using a current control-voltage source inverter (CC-

VSI), as shown in figure 1. The CC-VSI are connected in parallel with the non-

linear loads through filter inductance. The CC-VSI performs the main task within 

the power quality system: inject (opposite magnitude) any unwanted harmonics 

current components produced due to the load current in the supply system at the 

point of common coupling (PCC).  

The instantaneous current source of the overall system is given in equation 1 

where 𝑖𝑠(𝑡)  is the source current, 𝑖𝐿(𝑡)  is the load current and 𝑖𝐶(𝑡)  is the 

compensation current.                                                                                                                                                                                                                                                                                                                                                                           

𝑖𝑠(𝑡) = 𝑖𝐿(𝑡) − 𝑖𝐶(𝑡)                                                                                                       (1) 
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Meanwhile, the instantaneous voltage source 𝑣𝑠(𝑡) is given in equation 2, and the 

non-linear load current can be considered as the embodiment of fundamental current 

component and harmonics current components, as shown in equation 3 

𝑣𝑠(𝑡) = 𝑉𝑚𝑠𝑖𝑛𝜔𝑡                                                                                                                          (2) 

𝑖𝐿(𝑡) = ∑ 𝐼𝑛

∞

𝑛=1

sin(𝑛𝜔𝑡 + ∅𝑛) 

          

           =  𝐼1 sin(𝜔𝑡 + ∅1) + ∑ 𝐼𝑛
∞
𝑛=2 sin(𝑛𝜔𝑡 + ∅𝑛)                                             (3) 
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Fig. 1. Shunt APF System 

The instantaneous power of the load 𝑝𝐿(𝑡) can be figured out based on equation 

4 given as 

𝑝𝐿(𝑡) = 𝑖𝑠(𝑡) × 𝑣𝑠(𝑡) 

           = 𝑉𝑚𝑠𝑖𝑛2𝜔𝑡 × 𝑐𝑜𝑠𝜑1 + 𝑉𝑚  𝐼1𝑠𝑖𝑛 𝜔𝑡 × 𝑐𝑜𝑠𝜔𝑡 × 𝑠𝑖𝑛𝜑1

+ 𝑉𝑚 𝑠𝑖𝑛 𝜔𝑡 (∑ 𝐼𝑛sin (𝑛𝜔𝑡 + ∅𝑛)

∞

𝑛=2

) 

           = 𝑝𝑓(𝑡) + 𝑝𝑟(𝑡) + 𝑝ℎ(𝑡)                                                                          (4) 

 

The equation consists of active power 𝑝𝑓(𝑡), reactive power 𝑝𝑟(𝑡), and harmonics-

induced power 𝑝ℎ(𝑡). Based on this, the real power drawn from the load is given in 

equation 5.  

   𝑝𝑓(𝑡) = 𝑉𝑚𝐼1𝑠𝑖𝑛
2𝜔𝑡 × 𝑐𝑜𝑠∅1                                                                                         (5)  
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3. Principle Of Current Control System  

The structure of the current control system is shown in figure 1. The system can be 

divided into three major components. The first part is the computation of the 

reference current using an extended fryze adaptive notch filter (EFANF), the 

second part is the self-synchronization of the EFANF, and the third component is 

the DC link voltage regulation and the firing pulses for the APF. 

3.1.  Adaptive Notch Filter 

Ideally, an adaptive notch filter (ANF) works in the concept of a linear gain applied 

for all the frequencies except a specified frequency where the frequency gain is 

zero. Based on this characteristic, the filter can withdraw an implicit signal of the 

sinusoidal waveform from the specified frequency's measured component of an 

electrical power system. ANF has well been researched in removing noises within 

the sinusoidal waveform[24]. Originally, ANF is based on an IIR filter[25]; 

however, with improvement in the notch frequency, the filter can adapt to notch 

frequency change with time by tracking the input signal frequency variation. This 

tracking capability eliminates the need for the signal frequency to be consistent, as 

is usually required for the typical notch filter to work efficiently. The ANF's 

dynamic operation can refer to the following set of differential equations. 

𝑥̈ + 𝜃2𝑥 = 2𝜀𝜃𝑒(𝑡)                                                                                                         (6) 

𝜃 ̇ = −𝑦𝑥𝜃𝑒(𝑡)                                                                                                                 (7) 

𝑒(𝑡) = 𝑢(𝑡) − 𝑥̇                                                                                                                         (8) 

 

The ANF can be composed of the following elements based on the differential 

equations. The input signal of the ANF is given by u(t). The estimation frequency of 

the ANF system is given by . The accuracy and convergence speed are determined 

by two coefficients within the ANF known as 𝑦 and 𝜀. The two coefficients, however, 

must compensate each other for the ANF to work effectively and most efficiently, 

𝜃 ̇ represents the updated law for the frequency estimation [26]. 

In a functional single sinusoidal input u(t) = A1 sin ( 0t + 1), the used ANF   

has an explicit characteristic where it has a unique periodic orbit located at 𝑂 as 

shown in equation 9. For a single ANF system, three functional outputs will be 

produced by the ANF, which are the filtered cos signal noted by 𝑥 but in negative 

magnitude, filtered sin signal noted as 𝑥̇ which is identified as the input signal and 

finally 𝜃 as the frequency of the signal. 

𝑂 = (
𝑥̅
𝑥̇̅
𝜃̅
) = (

−𝐴1 cos(𝜔0𝑡 +  𝜑1 ) 𝜔0⁄

𝐴1sin 𝜔0 (𝜔0𝑡 + 𝜑1 )
𝜔0

)                                                                           (9) 

 

When involving a three-phase power system, for a shunt active power filter, the 

measurement of the waveform will apply three-phase waveforms of voltage and 
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current for supply and load. Any three-phase sinusoidal voltage or current can be 

represented based on equation 10. 

𝑢(𝑡) = (

𝑢𝑎(𝑡)
𝑢𝑏(𝑡)

𝑢𝑐(𝑡)
) = (

𝐴𝑎 sin(𝑤𝑡 + ∅𝑎)

𝐴𝑏 sin(𝑤𝑡 + ∅𝑏)

𝐴𝑐 sin(𝑤𝑡 + ∅𝑐)

)                                           (10) 

For the three-phase application, improvement can be applied to the ANF in terms 

of frequency tracking as the filter shares the common frequency 𝜔0  in the same 

electrical power system. Based on this, the frequency law of triple ANF can be shared, 

thus reducing the complexity of the  ANF from the 9th order to the 7th order 

integration function. The ANF will work in parallel order in extracting the 

fundamental components by sharing the standard frequency over time. The 

fundamental equation of the ANF for a three-phase system can be nominated in 

equations 11,12, and 13, where the phase is represented as n for phases a, b, and c. 

Meanwhile, the updated law of frequency is based on the summation of the error 

signal of all three phases. 

𝑥̈𝑛 + 𝜃2𝑥𝑛 = 2𝜀𝜃𝑒𝑛(𝑡)                                                                                                      (11) 

𝜃 ̇ = −𝑦𝜃 ∑𝑥𝑛 𝑒𝑛(𝑡)                                                                                                           (12) 

𝑒𝑛(𝑡) = 𝑢𝑛(𝑡) − 𝑥̇𝑛                                                                                                       (13) 

When the equation is expanded to the respective phase, the ANF phase error 

equation is given as equation 14, the error for each phase is inserted into equation 12, 

where the ANF phase update law is given as equation 15.  

 𝑒𝑛(𝑡) =  (

𝑒𝑎(𝑡)

𝑒𝑏(𝑡)

𝑒𝑐(𝑡)
) = (

𝑢𝑎(𝑡) − 𝑥̇𝑎

𝑢𝑏(𝑡) − 𝑥̇𝑏

𝑢𝑐(𝑡) − 𝑥̇𝑐

)                                                                     (14)  

𝜃 ̇ = −𝑦𝜃 ∑ 𝑥𝑛 𝑒𝑛(𝑡) =  −𝑦𝜃(𝑥𝑎𝑒𝑎(𝑡) + 𝑥𝑏𝑒𝑏(𝑡) + 𝑥𝑐𝑒𝑐(𝑡)) 

 =  −𝑦𝜃(𝑥𝑎(𝑢𝑎(𝑡) − 𝑥̇𝑎) + 𝑥𝑏(𝑢𝑏(𝑡) − 𝑥̇𝑏) + 𝑥𝑏(𝑢𝑐(𝑡) − 𝑥̇𝑐))              

 = −𝑦(𝜃𝑥𝑎(𝑢𝑎(𝑡) − 𝑥̇𝑎) + 𝜃𝑥𝑏(𝑢𝑏(𝑡) − 𝑥̇𝑏) + 𝜃𝑥𝑏(𝑢𝑐(𝑡) − 𝑥̇𝑐))               (15) 

The ANF for each phase is given as equation 16, where 𝜃 is obtained from the 

integration of 𝜃̇ and 𝑥 obtained from the double integration of 𝑥̈.  

(

𝐴𝑁𝐹𝑎

𝐴𝑁𝐹𝑏

𝐴𝑁𝐹𝑐

) = (

𝑥̈𝑎 + 𝜃2𝑥𝑎 = 2𝜀𝜃𝑒𝑎(𝑡)

𝑥̈𝑏 + 𝜃2𝑥𝑏 = 2𝜀𝜃𝑒𝑏(𝑡)

𝑥̈𝑐 + 𝜃2𝑥𝑐 = 2𝜀𝜃𝑒𝑐(𝑡)

)                                                                  (16) 
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3.2. Reference current estimation 

In a three-phase power system, based on equation 4, the power flow within the 

system usually consists of absolute power, reactive power, and harmonics power. 

Therefore, the power term containing all efficient and non-efficient powers terms 

in the three-phase system is defined as eq 17. 

𝑆𝑒
2 = (3𝑉𝑒1𝐼𝑒1)

2 + (3𝑉𝑒1𝐼𝑒𝐻)2 + (3𝑉𝑒𝐻𝐼𝑒1)
2 + (3𝑉𝑒𝐻𝐼𝑒𝐻)2                       (17) 

Where (3𝑉𝑒1𝐼𝑒1)
2  refers to the fundamental effective apparent power and 

(3𝑉𝑒1𝐼𝑒𝐻)2 + (3𝑉𝑒𝐻𝐼𝑒1)
2 + (3𝑉𝑒𝐻𝐼𝑒𝐻)2 refers to nonfundamental effective apparent 

power. By applying ANF for the measured voltage and current, their fundamental 

components can be extracted, and the fundamental power for the system can be 

obtained based on the extracted components. Based on this, the estimation of the 

reference supply current will be produced. However, to ensure the successful task of 

SAPF, the DC link voltage needs to be controlled to ensure that it is maintained at the 

reference value. As the DC link of a SAPF acquires its power from the line and is 

accustomed to losses due to switches and active power transfer, the DC link voltage 

is exposed to various disturbances, leading to instability of the voltage. To be 

overwhelmed with this condition, a DC link control is essential to the SAPF. The DC-

link reference is determined and compared with this system's measured DC link 

voltage. The error between the reference and measured DC link voltage is passed into 

the proportional-integral controller (PI). Loss is integrated into the instantaneous 

power equation, as in equation 18. 

𝑝
3

=  𝑣𝑎𝑖𝑎 + 𝑣𝑏𝑖𝑏 + 𝑣𝑐𝑖𝑐 + 𝑃𝑑𝑐                                                                          (18) 

The error or difference obtained from DC link voltage measurement is shown in 

equation 19, and the PI controller is applied towards the error to get the value as 

power losses of DC-link shown in equation 20 below. 

𝑒𝑣𝑑𝑐(𝑡) = 𝑣𝑑𝑐𝑟𝑒𝑓 − 𝑣𝑑𝑐𝑠𝑒𝑛𝑠𝑒                                                                                         (19) 

𝑃𝑑𝑐 = 𝑃𝑑𝑐(𝑡 − 1) + 𝐾𝑝(𝑒𝑣𝑑𝑐(𝑡) − 𝑒𝑣𝑑𝑐(𝑛 − 1)) + 𝐾𝑖𝑒𝑣𝑑𝑐(𝑡)                        (20) 

Meanwhile, the three-phase reference supply is obtained through the fryze 

equation [27–30], where this method determines the reference current based on the 

average value of three-phase instantaneous power. The equivalent conductivity 

calculates the average current, and the average admittance is determined based on the 

concept of aggregate voltage as follows, 

𝐺𝑒 =  
𝑝3

𝑉𝛴
2     ,    where 𝑉𝛴

2 =  √𝑣𝑎
2 + 𝑣𝑏

2 + 𝑣𝑐
2                                                   (22) 

When the equation is expanded, the reference current can be given as, 

𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑘 =  𝐺𝑒𝑣𝑘  ,  𝑘 = (𝑎, 𝑏, 𝑐 )                                                                                       (23) 
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𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑘 = [

𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑎

𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑏

𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑐

] =

[
 
 
 
 
(𝑣𝑎𝑖𝑎+𝑣𝑏𝑖𝑏+𝑣𝑐𝑖𝑐+𝑃𝑑𝑐)×𝑣𝑎

√𝑣𝑎
2+𝑣𝑏

2+𝑣𝑐
2

(𝑣𝑎𝑖𝑎+𝑣𝑏𝑖𝑏+𝑣𝑐𝑖𝑐+𝑃𝑑𝑐)×𝑣𝑏

√𝑣𝑎
2+𝑣𝑏

2+𝑣𝑐
2

(𝑣𝑎𝑖𝑎+𝑣𝑏𝑖𝑏+𝑣𝑐𝑖𝑐+𝑃𝑑𝑐)×𝑣𝑐

√𝑣𝑎
2+𝑣𝑏

2+𝑣𝑐
2 ]

 
 
 
 

                                                     (24) 

The individual reference current for each phase sequence can be obtained from 

equation 24. 

4. Result and Analysis  

The performance of the proposed EFANF is verified by simulation and 

experimental works. Table 1 describes the parameters of design that are being 

applied in the simulation.  

Table 1. Simulation Parameters 

Parameter Value 

Source Voltage  415 V (RMS), 50 Hz 

Source Impedance 1, 1mH 

DC Link Capacitance 3300 F 

DC Link Reference 

Voltage 
700 V 

Filtering Inductor 5 mH 

ANF Gains  = 0.16, y=180 

Non-linear load (3 

Phase rectifier with 3 

load conditions) 

Resistive Load  

R1 =  80 Ω, R2= 50 Ω and R3 = 36 Ω 

Resistive with Inductive Load  

R1L1 =  77Ω 30H, R2L2 = 69Ω 36H 

R3L3= 41Ω 41H 

Resistive with Capacitive Load  

R1C1 =  65Ω 12uF, R2C2 = 65Ω 

19uF and R3C3 = 65Ω 36uF 

 

4.1.  Simulation Results 

The performance, reliability, and efficiency of the EFANF for a balanced three-

phase SAPF are initially simulated and evaluated using MATLAB-Simulink. 

According to the circuit shown in figure 1, inputs for the EFANF algorithm are 

based on the measured 𝑖𝑠𝑎, 𝑖𝑠𝑏 , 𝑖𝑠𝑐 , 𝑖𝑙𝑎 , 𝑖𝑙𝑏,𝑖𝑙𝑐  and the three-phase source voltage 𝑣𝑠𝑎, 

𝑣𝑠𝑏 ,  𝑣𝑠𝑐  to come out with currents references 𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑎 , 𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑏 , 𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑎  for the APF. 

Evaluation is based on resistive load for three load conditions and tested for sudden 

changes of load for increasing and decreasing current and the keenness of the 

EFANF to succumb to the changes. The operation is tested to activate the APF after 

reaching a simulation time of 0.1s.  
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The system will be subjected to a non-linear rectifier with three different 

resistivity values for the output. Figure 2 shows the output waveform of the power 

system connected with SAPF at the point of PCC. The measurement is taken before 

the PCC for source voltage (Vs) and sources current (Is) and after the PCC for load 

voltage (Vl) and load current (Il). As shown in Figure 2, the system's voltage is a pure 

sinusoidal waveform, and the load is a distorted waveform due to the rectifier. Figure 

5 focuses on phase-A waveforms for source voltage, source current, load voltage, and 

load current. Based on the Fast Fourier Transform (FFT) analysis, it can be shown 

that the harmonics due to non-linear load are given in figure 7, where the THD value 

is 28.29 percent. 

Based on figure 3, the current source waveform is being mitigated from the 

distortion by the SAPF. From point 0.1s, the load waveform has become sinusoidal, 

and at the same time, no distortion occurred within the source voltage and load 

voltage, and there is not also change that happened towards the load current. The APF 

is successfully mitigating the harmonics at the PCC. To evaluate the APF currents, 

details of the reference current, compensation current, and filter current are given in 

figure 4. It is shown that the EFANF managed to extract the fundamental current after 

three cycles of the waveform, and the compensation current is provided in the 

equation below. 

𝑖𝑐𝑜𝑚𝑝 = 𝑖𝑠𝑜𝑢𝑟𝑐𝑒 − 𝑖𝑟𝑒𝑓                                                                                                   (22) 

 

Figure 2. Simulation results of 80  load for source voltage, load current, 

and source current before and after activation of APF. 

Figure 4 shows the waveform for the reference current, compensation current, and 

filter current for phase a. The ANF produces the reference current and inputs it into 

the APF current control. The difference between the reference and source current will 

have the required compensation current for the APF to mitigate the harmonics. At 

simulation time 0.1s, the APF is activated, and the filtering current follows the 

required harmonics mitigation value for the load. The total harmonics distortion value 

of the source current after connecting APF is seen to reduce to 3.20 % due to the 

compensation current, as shown in Figure 5. 
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Figure 3. Simulation results for phase A before and after activation of APF 

 

Figure 4. Simulation result for reference current, compensation current, and 

filter current before and after activating APF for phase a. 

  

(a) (b) 

Figure 5. THD analysis for simulation of 80-Ω load (a) before connecting 

APF and (b) after connecting APF 
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Furthermore, the EFANF is simulated with two other stationary load conditions: 

resistive loads of 50 and 36 ohms, respectively. The waveforms of the voltage source, 

load current, and source current after compensation for both given loads are shown. 

In contrast, for investigated waveform for a single dedicated phase, a can be seen in 

Figure . Based on the measured waveforms shown in Figure 7, the EFANF provided 

the reference signal to the SAPF controller and mitigated the harmonics for all the 

stationary load conditions. The SAPF managed to bring down the THD from 28.29 

% to 2.55% for 50-Ω load and 2.40% for 36-Ω load, respectively, as highlighted in 

the spectrum FFT analysis in Figure 8. The obtained results confirm the capability of 

the EFANF in compensation purposes for operating SPAF to mitigate harmonics 

produced by the non-linear load system. 

  
(a) (b) 

Figure 6. Simulation results of phase-a source voltage, source current, load 

voltage, and load current for (a) 50-Ω and (b) 36-Ω loads 

  
(a) (b) 

Figure 7. Simulation results of phase a reference current, compensation 

current, and reference current for (a) 50- and (b)36- loads 
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(a) (b) 

Figure 8. THD result after APF compensation for (a) 50  and (b) 36  loads 

 

 

   

   

   

(a) (b) © 

Figure 9. Simulation results of source current, load current and filter current 

for (a) R1L1, (b) R2L2, and (c) R3L3 loads 
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The proposed algorithm was also tested under different variations of loads for 

reactive power compensation under inductive and capacitive base loads to validate 

the adaptabilities of the algorithm in SAPF mitigation for the various waveform. 

Figure 9 shows the result of the proposed EFANF for resistive with inductive load 

for three different loads, which are R1L1, R2L2, and R3L3 for source current, load 

current and filter current. On the other hand, Figure 10 shows the source, load, and 

filter currents for three different resistive with capacitive loads given as R1C1, R2C2, 

and R3C3. Comparing the load current and source current for all three related loads, 

resistive with inductive and resistive with capacitive, shows that the EFANF can 

mitigate both reactive power compensation for resistive with inductive loads and 

resistive with capacitive loads.   

The THD values of the current source after mitigation for all loads are given as 

2.41% for R1L1, 1.73% for R2L2, 1.25% for R3L3, 1.91% for R1C1, 2.09% for 

R2C2, and 2.54% for R3C3. Based on the given THD values, it can be proved that 

the EFANF can supply the SAPF effective reference current to reach the IEEE 

standard for the value of the harmonic below 5%.. 

 

   

   

   

(a) (b) (c) 

 

Figure 10. Simulation results of source current, load current, and filter 

current for (a) R1C1, (b) R2C2, and (c) R3C3 loads 
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Adaptableness of the EFANF is also being evaluated. The proposed algorithm is 

also simulated under a dynamic-state condition where the load will change between 

three resistivity load values that will directly affect the amount of current in the 

system. The dynamic changes are evaluated in changes of a resistive load from 82-Ω 

to 50-Ω and from 50-Ω to 36-Ω, where the changes will induce the increase of current 

changes. Figure 11 provides simulation results for both conditions with the voltage 

source, load current, and current source at transition points. It is shown that the 

EFANF managed to cater to the changes in load and respond to them immediately, 

whereas based on the figure, the EFANF required 0.05s to correspond to the changes. 

  
(a) (b) 

Figure 11. Simulation results of source voltage, load current, and source 

current under transient-state conditions for (a) 86- to 50- and (b) 50- to 

36-   

  

(a) (b) 

Figure 12. Simulated result of EFANF under dynamic changes for loads of 

(a) 36- to 50- and (b) 50- to 82-   
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Furthermore, the EFANF adaptability to dynamic changes is also simulated for 

the loads' changes from 36 ohms to 50 ohms and 50 ohms to 82 ohms. The simulated 

waveforms are presented in Figure 12 for both conditions, where the figure illustrates 

source voltage, load current, and source current. The findings confirmed the 

capability of the EFANF to produce the corresponding reference current within both 

stationary and transient conditions. 

4.2. Experimental Results 

A laboratory hardware setup was developed to validate the proposed algorithm. The 

hardware consisted of measurement circuits with current and voltage sensors, a 

three-phase inverter connected to the filtering inductor as APF, and DSPACE 

RS1104 as the controller, as shown in Figure 13. A DSpace controller board is the 

connection point between the sensors and the output signals. For the APF, a three-

phase inverter with DC-link is connected as the voltage source. The prominent role 

of the DSPACE is to implement the harmonics extraction algorithm, which will 

generate the reference current based on the EFANF. For the experiment, the 

supplied voltage of the system is set at 50Hz, 100 Vrms (line-to-line voltage). The 

experimental results of utilization of the proposed EFANF algorithm with PI DC-

link control for resistive loads are shown in Figure 16. The results include source 

voltage𝑣𝑠, source current  𝑖𝑠, load current  𝑖𝑙 and filter current 𝑖𝑓𝑖𝑙𝑡𝑒𝑟 . 

 

Figure 13. Laboratory hardware setup 

The SAPF with EFANF effectively mitigates the harmonic current for the 

steady-state condition. The measurement is done using the Agilent DSO-X 2014A 

oscilloscope for the experimental result, covering source voltage, source current, 

load current, and filter current. In terms of THD calculation, the measurement is 

done by downloading the data from the oscilloscope. The data are then measured 

for harmonics decomposition using FFT analysis in MATLAB/Simulink. From the 

results, the algorithm managed to reduce the harmonics of the source current with 

THD from 62% to 3.46 % for 80 Ohms load, 28.77% to 3.73 % for 50 Ohms load, 

and 28.56% to 3.99 % for 36 Ohms load. All harmonics are managed to be reduced 

below the required IEE standard, 5%. Nevertheless, the THDs of the three-phase 

supply current are monitored to see the algorithm's effectiveness in the 

experimental work, where the THD value can be seen in Figure 14. 
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Figure 14. Experimental results of THD for three-phase source current after 

compensation 

 

  
(a) (b) 

 
(c) 

 

Figure 15. Experimental results of source voltage, source current, load 

current, filter current and THD values for (a) 82- (b) 50- and (c) 36- 

loads 

Figure 15 shows the waveforms of phase-a source voltage, source current, load 

current, and filter current in a steady-state condition obtained from experimental 

work. The source current waveform is sinusoidal and is in phase with the measured 

source voltage. Thus, THD is reduced for all the given loads, as shown in the figure. 

The response of the proposed algorithm for steady-state conditions, when 

introduced to an inductive and capacitive load, is also confirmed with the 

experimental setup. The result is shown in Figure 16, where it can be verified that the 

proposed algorithm can mitigate resistive with inductive loads for values R1L1, 

R2L2, and R3L3. After mitigation, the source current loads THD are given as 2.70%, 

2.63%, and 2.78%, respectively. 
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(a) (d) 

  
(b) (e) 

  
(c) (f) 

 

Figure 16. Experimental results of source voltage, source current, load 

current, filter current and THD values for (a) 67- and 30H, (b) 69- and 

36H, (c) 76- and 41H loads, (d) 60- 12uF, (e) 60- 17uF and (f) 60- 36uF 

loads 

The resistive with capacitive loads values of R1C1, R2C2, and R3C3. The values 

are within the required IEEE standard. THD's mitigated source current values are 

2.52%, 2.99%, and 5.00% for each load. Based on these values, it can be concluded 

that the proposed EFANF algorithm can produce the appropriate reference current 

for the SAPF to work effectively. The SAPF also seems to have better stabilities for 

the resistive and inductive loads than capacitive loads. However, in terms of 

mitigation, the EFANF can mitigate all the different types of loads in the experimental 

setup. 

The effectiveness and feasibleness of the proposed algorithm were also verified for 

transient-state operation during load-changing conditions. Figure 17 shows the state 

for reducing load capacity, which causes ascending current state, Figure 17 also 
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shows the increased load capacity, which causes descending current state. In both 

states, the EFANF managed to mitigate within 20ms for all load changes. 

 

  
(a) (b) 

  
(c) (d) 

 

Figure 17. Experimental results of source voltage, source current, load 

current, filter current, and DC-Link voltage during transient-state 

conditions of (a) 82- to 50-  (b) 50- to 36- (c) 82- to 50- and (d) 50-

 to 36- 

 

5. Conclusions 

This paper presents the EFANF extraction algorithm utilized in SAPF to 

compensate for current harmonics in the three-phase three-wire system. The 

proposed algorithm demonstrated its capability to generate the reference current 

based on the notch filtering technique, as shown in both simulation results in 

MATLAB/Simulink and experimental work based on the validation with DSPACE 

RS1104. As the EFANF is self-synchro based on frequency adaptability, PLL is 

not required. The algorithm extracted the fundamental component and mitigated 

harmonics in balanced load conditions based on the analyses of steady-state and 

transient state conditions. The performance of the proposed algorithm has also been 

verified for different types and values of reactive loads both in simulation and 

experimental works. The design of the EFANF also gives an optional improvement 

on the DC link voltage control algorithm as the losses of the DC link is provided as 

power losses within the system. In terms of performance, the EFANF managed to 

produce the THD according to the requirement of the IEE standard. Furthermore, 

the algorithm can adapt to the different types of loads. 
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Nomenclatures 
 

𝑣𝑠𝑎,𝑣𝑠𝑏 , 𝑣𝑠𝑐 Voltage source phase a, b and c, Volt 

𝑖𝑠𝑎,𝑖𝑠𝑏 , 𝑖𝑠𝑐 Current source phase a, b and c, Ampere 

𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑎, 𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑏, 

𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑎 

Generated reference current  phase a, b and c Ampere 

3𝑉𝑒1𝐼𝑒1 Fundamental effective apparent power 
3𝑉𝑒𝐻𝐼𝑒𝐻 Harmonics power 

𝐺𝑒 The equivalent conductivity 

  
 

Greek Symbols 

𝜔0 Reference frequency 

 Estimation Frequency 

𝑦 Accuracy coefficients 

𝜀 Convergence speed coefficients 

𝜃 ̇  Updated law for the frequency estimation 
 

Abbreviations 

APF Active Power Filter 

SAPF Shunt Active Power Filter 

THD Total Harmonics Distortion 

EFANF Extended Fryze Adaptive Notch Filter 
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Abstract 

The power quality problem, especially regarding harmonics contamination, has 

dramatically affected the overall power system stability. In response to this, using 

an Active Power Filter (APF) is considered one of the compelling methods to 

overcome harmonics issues. This paper presents the implementation of Shunt 

APF with an improved adaptive notch filter known as Extended Fryze Adaptive 

Notch Filter (EFANF) for fundamental signal extraction. The adaptive notch 

filter has improved the utilization from a single-phase to three-phase application 

for direct fundamental signal extraction and is designed to cater DC link voltage 

regulation controllers based on the power loss equation. This extraction algorithm 

inherits simple design construction and frequency tracking, eliminating PLL 

reliance on synchronization. The algorithm's effectiveness in operation for the 

Shunt APF is validated through simulation using MATLAB/Simulink and 

experiment work by integrating the algorithm with DSPACE RS1104. Based on 

both evaluations, the results obtained show a satisfactory and reasonable 

agreement in mitigating the harmonics for multi-load conditions. Simulation and 

experimentally proven harmonics mitigation managed to reduce under 5% 

following the IEE standard, and the algorithm function within expectation for 

both steady and transient state conditions. Furthermore, the DC link also tended 

to be maintained by the algorithm. 

Keywords: Adaptive notch filter, Fryze, shunt active power filter, Harmonics. 
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1.  Introduction 

The development of power systems has shaped multiple power generation, 

transmission, distribution, and application segments. All the advancements are 

often polluting and distorting the power system by increasing the utilization of non-

linear loads, mainly contributed by power-electronics devices [1–3]. The need for 

power electronics devices can exponentially increase within the industrial and 

consumer sectors. Based on the extensive use of sensitive loads, such as computers 

and microprocessor-based industrial controllers, and now with the emergence of 

renewable energy such as solar and wind and the growth of electric vehicles, there 

is a growing need for effective harmonic measurement and compensation systems. 

Although conventional solutions have been used to mitigate power quality, such as 

passive filters in terms of harmonics, the solution is deemed ineffective, especially 

when involving load changes. As implementation of standard regulation in power 

flow is becoming more rigid such as IEEE519 and IEC 61000-3-2, active power 

compensation is seen as a better choice in realizing power quality (PQ) control. 

Active power compensation offers better PQ compensation, especially 

harmonics, power factor, and active-reactive power control. Furthermore, the 

protection, management, performance, and efficiency of active power compensation 

are realized through continuous development in developing signal processing, 

detection, and extraction within mathematical algorithms and hardware throughout 

the past years. One of the apparatuses demonstrating a solid ability to eliminate 

harmonics is the Active Power Filter (APF) system. Such filters are an excellent way 

to reduce harmonic disturbances of voltage and current, sudden voltage fluctuations, 

transient disturbances, and current and voltage faults. Currently, there are multiple 

topologies of active power compensation available for additional compensation, such 

as series active power filter [4], shunt active power filter (SAPF), hybrid active power 

filter, and Unified Power Quality Conditioner (UPQC). Effective and efficient 

compensations are compulsory when dealing with harmonics' power quality. Hence, 

a precise algorithm is essential for extracting harmonics elements in controlling the 

power system's active power filter (APF). Over the years, various identification and 

extraction techniques have been developed; the methods can be divided into time and 

frequency domains.  

The methods used in the frequency-based domain vary from commonly used fast 

Fourier and discrete Fourier algorithms, Kalman Filtering algorithm to wavelet 

transformation algorithm [5–7]. When using the mentioned techniques, most of the 

algorithms designed in the frequency domain require transformation, which is a little 

tedious to be applied in the time domain and usually incongruous with changing load 

in the power system. Another drawback of the frequency domain method is that it 

requires numerous cycles for better current estimation. In applying APF, the 

commonly used extraction method is usually within the time domain to cater to the 

changing waveform of loads in real-time situations, especially when involved with 

data acquisition. The time-domain techniques are divided into a few categories: 

classical methods derived from instantaneous power theory [8–10]and synchronous 

power theory [11–13], such as PQ, PQR, etc. DQ method. However, these methods 

usually involve multi-conversion planes and require additional filters to extract the 

information.  
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Another emerging method is the intelligent algorithms, which vary from the 

neural network, adaptive neural network, and adaptive linear neuron, where all these 

algorithms require training within the process [14–17]. Besides these three methods, 

another method used in the APF is the notch filter method, which is simple in design 

and can accommodate changes in loads [18]. The work introduced adaptive notch 

filters as harmonics, interharmonics processing methods, and time-domain signal 

analysis [19]. However, the method is limited to only processing information due to 

the algorithm's lack of a controlling method for DC link control. Yazdani et al. also 

proposed the ANF for three-phase application [20], which performed harmonic 

reactive current extraction and harmonic decomposition. However, the work was 

limited to monitoring and extraction only. In some other works, the ANF replaces the 

lowpass filter function in the PQ algorithm for shunt APF [21–23] with a three-phase 

four-wire system.  

Although the strategy takes advantage of the transformation of the frame for 

instantaneous power flow, the application of ANF has increased the algorithm's 

complexity as the method includes the transformation process and integration of the 

ANF for filtering purposes. This strategy undermines the ANF's capability to directly 

filter the system's fundamental signal.  

To utilize the potential of the ANF in shunt APF application. This paper presents 

an extended ANF application for harmonics extraction, DC link control, and current 

control. Within this method, three elements are focused on as the APF control system: 

the computational algorithm of reference current, the voltage regulation for the DC 

link control, and the generation of the firing pulse of the voltage source inverter (VSI). 

The main section of the paper is the proposed Extended Fryze Adaptive Notch Filter 

(EFANF) as the main algorithm component. The algorithm implements the Adaptive 

Notch Filter (ANF) extraction algorithm and the Fryze algorithm as system power 

control. Adjacent to the adaptive capability of the ANF, the algorithm also provides 

self-synchronization for the EFANF. This section also discusses the implementation 

of DC link voltage regulation, where the PI method is introduced as stability control 

within the EFANF, all highlighted in sections 2 and 3. The simulation and 

experimental works results are explained in section 4 of the paper. Finally, section 5 

concludes the research contribution and highlights the overall significance of the 

impact of the work. 

2.  Principle operation of shunt APF  

Shunt APF is implemented using a current control-voltage source inverter (CC-

VSI), as shown in figure 1. The CC-VSI are connected in parallel with the non-

linear loads through filter inductance. The CC-VSI performs the main task within 

the power quality system: inject (opposite magnitude) any unwanted harmonics 

current components produced due to the load current in the supply system at the 

point of common coupling (PCC).  

The instantaneous current source of the overall system is given in equation 1 

where 𝑖𝑠(𝑡)  is the source current, 𝑖𝐿(𝑡)  is the load current and 𝑖𝐶(𝑡)  is the 

compensation current.                                                                                                                                                                                                                                                                                                                                                                           

𝑖𝑠(𝑡) = 𝑖𝐿(𝑡) − 𝑖𝐶(𝑡)                                                                                                       (1) 
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Meanwhile, the instantaneous voltage source 𝑣𝑠(𝑡) is given in equation 2, and the 

non-linear load current can be considered as the embodiment of fundamental current 

component and harmonics current components, as shown in equation 3 

𝑣𝑠(𝑡) = 𝑉𝑚𝑠𝑖𝑛𝜔𝑡                                                                                                                          (2) 

𝑖𝐿(𝑡) = ∑ 𝐼𝑛

∞

𝑛=1

sin(𝑛𝜔𝑡 + ∅𝑛) 

          

           =  𝐼1 sin(𝜔𝑡 + ∅1) + ∑ 𝐼𝑛
∞
𝑛=2 sin(𝑛𝜔𝑡 + ∅𝑛)                                             (3) 
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Fig. 1. Shunt APF System 

The instantaneous power of the load 𝑝𝐿(𝑡) can be figured out based on equation 

4 given as 

𝑝𝐿(𝑡) = 𝑖𝑠(𝑡) × 𝑣𝑠(𝑡) 

           = 𝑉𝑚𝑠𝑖𝑛2𝜔𝑡 × 𝑐𝑜𝑠𝜑1 + 𝑉𝑚  𝐼1𝑠𝑖𝑛 𝜔𝑡 × 𝑐𝑜𝑠𝜔𝑡 × 𝑠𝑖𝑛𝜑1

+ 𝑉𝑚 𝑠𝑖𝑛 𝜔𝑡 (∑ 𝐼𝑛sin (𝑛𝜔𝑡 + ∅𝑛)

∞

𝑛=2

) 

           = 𝑝𝑓(𝑡) + 𝑝𝑟(𝑡) + 𝑝ℎ(𝑡)                                                                          (4) 

 

The equation consists of active power 𝑝𝑓(𝑡), reactive power 𝑝𝑟(𝑡), and harmonics-

induced power 𝑝ℎ(𝑡). Based on this, the real power drawn from the load is given in 

equation 5.  

   𝑝𝑓(𝑡) = 𝑉𝑚𝐼1𝑠𝑖𝑛
2𝜔𝑡 × 𝑐𝑜𝑠∅1                                                                                         (5)  
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3. Principle Of Current Control System  

The structure of the current control system is shown in figure 1. The system can be 

divided into three major components. The first part is the computation of the 

reference current using an extended fryze adaptive notch filter (EFANF), the 

second part is the self-synchronization of the EFANF, and the third component is 

the DC link voltage regulation and the firing pulses for the APF. 

3.1.  Adaptive Notch Filter 

Ideally, an adaptive notch filter (ANF) works in the concept of a linear gain applied 

for all the frequencies except a specified frequency where the frequency gain is 

zero. Based on this characteristic, the filter can withdraw an implicit signal of the 

sinusoidal waveform from the specified frequency's measured component of an 

electrical power system. ANF has well been researched in removing noises within 

the sinusoidal waveform[24]. Originally, ANF is based on an IIR filter[25]; 

however, with improvement in the notch frequency, the filter can adapt to notch 

frequency change with time by tracking the input signal frequency variation. This 

tracking capability eliminates the need for the signal frequency to be consistent, as 

is usually required for the typical notch filter to work efficiently. The ANF's 

dynamic operation can refer to the following set of differential equations. 

𝑥̈ + 𝜃2𝑥 = 2𝜀𝜃𝑒(𝑡)                                                                                                         (6) 

𝜃 ̇ = −𝑦𝑥𝜃𝑒(𝑡)                                                                                                                 (7) 

𝑒(𝑡) = 𝑢(𝑡) − 𝑥̇                                                                                                                         (8) 

 

The ANF can be composed of the following elements based on the differential 

equations. The input signal of the ANF is given by u(t). The estimation frequency of 

the ANF system is given by . The accuracy and convergence speed are determined 

by two coefficients within the ANF known as 𝑦 and 𝜀. The two coefficients, however, 

must compensate each other for the ANF to work effectively and most efficiently, 

𝜃 ̇ represents the updated law for the frequency estimation [26]. 

In a functional single sinusoidal input u(t) = A1 sin ( 0t + 1), the used ANF   

has an explicit characteristic where it has a unique periodic orbit located at 𝑂 as 

shown in equation 9. For a single ANF system, three functional outputs will be 

produced by the ANF, which are the filtered cos signal noted by 𝑥 but in negative 

magnitude, filtered sin signal noted as 𝑥̇ which is identified as the input signal and 

finally 𝜃 as the frequency of the signal. 

𝑂 = (
𝑥̅
𝑥̇̅
𝜃̅
) = (

−𝐴1 cos(𝜔0𝑡 + 𝜑1 ) 𝜔0⁄

𝐴1sin 𝜔0 (𝜔0𝑡 + 𝜑1 )
𝜔0

)                                                                           (9) 

 

When involving a three-phase power system, for a shunt active power filter, the 

measurement of the waveform will apply three-phase waveforms of voltage and 
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current for supply and load. Any three-phase sinusoidal voltage or current can be 

represented based on equation 10. 

𝑢(𝑡) = (

𝑢𝑎(𝑡)
𝑢𝑏(𝑡)

𝑢𝑐(𝑡)
) = (

𝐴𝑎 sin(𝑤𝑡 + ∅𝑎)

𝐴𝑏 sin(𝑤𝑡 + ∅𝑏)

𝐴𝑐 sin(𝑤𝑡 + ∅𝑐)

)                                           (10) 

For the three-phase application, improvement can be applied to the ANF in terms 

of frequency tracking as the filter shares the common frequency 𝜔0  in the same 

electrical power system. Based on this, the frequency law of triple ANF can be shared, 

thus reducing the complexity of the  ANF from the 9th order to the 7th order 

integration function. The ANF will work in parallel order in extracting the 

fundamental components by sharing the standard frequency over time. The 

fundamental equation of the ANF for a three-phase system can be nominated in 

equations 11,12, and 13, where the phase is represented as n for phases a, b, and c. 

Meanwhile, the updated law of frequency is based on the summation of the error 

signal of all three phases. 

𝑥̈𝑛 + 𝜃2𝑥𝑛 = 2𝜀𝜃𝑒𝑛(𝑡)                                                                                                      (11) 

𝜃 ̇ = −𝑦𝜃 ∑𝑥𝑛 𝑒𝑛(𝑡)                                                                                                           (12) 

𝑒𝑛(𝑡) = 𝑢𝑛(𝑡) − 𝑥̇𝑛                                                                                                       (13) 

When the equation is expanded to the respective phase, the ANF phase error 

equation is given as equation 14, the error for each phase is inserted into equation 12, 

where the ANF phase update law is given as equation 15.  

 𝑒𝑛(𝑡) =  (

𝑒𝑎(𝑡)

𝑒𝑏(𝑡)

𝑒𝑐(𝑡)
) = (

𝑢𝑎(𝑡) − 𝑥̇𝑎

𝑢𝑏(𝑡) − 𝑥̇𝑏

𝑢𝑐(𝑡) − 𝑥̇𝑐

)                                                                     (14)  

𝜃 ̇ = −𝑦𝜃 ∑ 𝑥𝑛 𝑒𝑛(𝑡) =  −𝑦𝜃(𝑥𝑎𝑒𝑎(𝑡) + 𝑥𝑏𝑒𝑏(𝑡) + 𝑥𝑐𝑒𝑐(𝑡)) 

 =  −𝑦𝜃(𝑥𝑎(𝑢𝑎(𝑡) − 𝑥̇𝑎) + 𝑥𝑏(𝑢𝑏(𝑡) − 𝑥̇𝑏) + 𝑥𝑏(𝑢𝑐(𝑡) − 𝑥̇𝑐))              

 = −𝑦(𝜃𝑥𝑎(𝑢𝑎(𝑡) − 𝑥̇𝑎) + 𝜃𝑥𝑏(𝑢𝑏(𝑡) − 𝑥̇𝑏) + 𝜃𝑥𝑏(𝑢𝑐(𝑡) − 𝑥̇𝑐))               (15) 

The ANF for each phase is given as equation 16, where 𝜃 is obtained from the 

integration of 𝜃̇ and 𝑥 obtained from the double integration of 𝑥̈.  

(

𝐴𝑁𝐹𝑎

𝐴𝑁𝐹𝑏

𝐴𝑁𝐹𝑐

) = (

𝑥̈𝑎 + 𝜃2𝑥𝑎 = 2𝜀𝜃𝑒𝑎(𝑡)

𝑥̈𝑏 + 𝜃2𝑥𝑏 = 2𝜀𝜃𝑒𝑏(𝑡)

𝑥̈𝑐 + 𝜃2𝑥𝑐 = 2𝜀𝜃𝑒𝑐(𝑡)

)                                                                  (16) 
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3.2. Reference current estimation 

In a three-phase power system, based on equation 4, the power flow within the 

system usually consists of absolute power, reactive power, and harmonics power. 

Therefore, the power term containing all efficient and non-efficient powers terms 

in the three-phase system is defined as eq 17. 

𝑆𝑒
2 = (3𝑉𝑒1𝐼𝑒1)

2 + (3𝑉𝑒1𝐼𝑒𝐻)2 + (3𝑉𝑒𝐻𝐼𝑒1)
2 + (3𝑉𝑒𝐻𝐼𝑒𝐻)2                       (17) 

Where (3𝑉𝑒1𝐼𝑒1)
2  refers to the fundamental effective apparent power and 

(3𝑉𝑒1𝐼𝑒𝐻)2 + (3𝑉𝑒𝐻𝐼𝑒1)
2 + (3𝑉𝑒𝐻𝐼𝑒𝐻)2 refers to nonfundamental effective apparent 

power. By applying ANF for the measured voltage and current, their fundamental 

components can be extracted, and the fundamental power for the system can be 

obtained based on the extracted components. Based on this, the estimation of the 

reference supply current will be produced. However, to ensure the successful task of 

SAPF, the DC link voltage needs to be controlled to ensure that it is maintained at the 

reference value. As the DC link of a SAPF acquires its power from the line and is 

accustomed to losses due to switches and active power transfer, the DC link voltage 

is exposed to various disturbances, leading to instability of the voltage. To be 

overwhelmed with this condition, a DC link control is essential to the SAPF. The DC-

link reference is determined and compared with this system's measured DC link 

voltage. The error between the reference and measured DC link voltage is passed into 

the proportional-integral controller (PI). Loss is integrated into the instantaneous 

power equation, as in equation 18. 

𝑝
3

=  𝑣𝑎𝑖𝑎 + 𝑣𝑏𝑖𝑏 + 𝑣𝑐𝑖𝑐 + 𝑃𝑑𝑐                                                                          (18) 

The error or difference obtained from DC link voltage measurement is shown in 

equation 19, and the PI controller is applied towards the error to get the value as 

power losses of DC-link shown in equation 20 below. 

𝑒𝑣𝑑𝑐(𝑡) = 𝑣𝑑𝑐𝑟𝑒𝑓 − 𝑣𝑑𝑐𝑠𝑒𝑛𝑠𝑒                                                                                         (19) 

𝑃𝑑𝑐 = 𝑃𝑑𝑐(𝑡 − 1) + 𝐾𝑝(𝑒𝑣𝑑𝑐(𝑡) − 𝑒𝑣𝑑𝑐(𝑛 − 1)) + 𝐾𝑖𝑒𝑣𝑑𝑐(𝑡)                        (20) 

Meanwhile, the three-phase reference supply is obtained through the fryze 

equation [27–30], where this method determines the reference current based on the 

average value of three-phase instantaneous power. The equivalent conductivity 

calculates the average current, and the average admittance is determined based on the 

concept of aggregate voltage as follows, 

𝐺𝑒 =  
𝑝3

𝑉𝛴
2     ,    where 𝑉𝛴

2 =  √𝑣𝑎
2 + 𝑣𝑏

2 + 𝑣𝑐
2                                                   (22) 

When the equation is expanded, the reference current can be given as, 

𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑘 =  𝐺𝑒𝑣𝑘  ,  𝑘 = (𝑎, 𝑏, 𝑐 )                                                                                       (23) 
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𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑘 = [

𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑎

𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑏

𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑐

] =

[
 
 
 
 
(𝑣𝑎𝑖𝑎+𝑣𝑏𝑖𝑏+𝑣𝑐𝑖𝑐+𝑃𝑑𝑐)×𝑣𝑎

√𝑣𝑎
2+𝑣𝑏

2+𝑣𝑐
2

(𝑣𝑎𝑖𝑎+𝑣𝑏𝑖𝑏+𝑣𝑐𝑖𝑐+𝑃𝑑𝑐)×𝑣𝑏

√𝑣𝑎
2+𝑣𝑏

2+𝑣𝑐
2

(𝑣𝑎𝑖𝑎+𝑣𝑏𝑖𝑏+𝑣𝑐𝑖𝑐+𝑃𝑑𝑐)×𝑣𝑐

√𝑣𝑎
2+𝑣𝑏

2+𝑣𝑐
2 ]

 
 
 
 

                                                     (24) 

The individual reference current for each phase sequence can be obtained from 

equation 24. 

4. Result and Analysis  

The performance of the proposed EFANF is verified by simulation and 

experimental works. Table 1 describes the parameters of design that are being 

applied in the simulation.  

Table 1. Simulation Parameters 

Parameter Value 

Source Voltage  415 V (RMS), 50 Hz 

Source Impedance 1, 1mH 

DC Link Capacitance 3300 F 

DC Link Reference 

Voltage 
700 V 

Filtering Inductor 5 mH 

ANF Gains  = 0.16, y=180 

Non-linear load (3 

Phase rectifier with 3 

load conditions) 

Resistive Load  

R1 =  80 Ω, R2= 50 Ω and R3 = 36 Ω 

Resistive with Inductive Load  

R1L1 =  77Ω 30H, R2L2 = 69Ω 36H 

R3L3= 41Ω 41H 

Resistive with Capacitive Load  

R1C1 =  65Ω 12uF, R2C2 = 65Ω 

19uF and R3C3 = 65Ω 36uF 

 

4.1.  Simulation Results 

The performance, reliability, and efficiency of the EFANF for a balanced three-

phase SAPF are initially simulated and evaluated using MATLAB-Simulink. 

According to the circuit shown in figure 1, inputs for the EFANF algorithm are 

based on the measured 𝑖𝑠𝑎, 𝑖𝑠𝑏 , 𝑖𝑠𝑐 , 𝑖𝑙𝑎 , 𝑖𝑙𝑏,𝑖𝑙𝑐  and the three-phase source voltage 𝑣𝑠𝑎, 

𝑣𝑠𝑏 ,  𝑣𝑠𝑐  to come out with currents references 𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑎 , 𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑏 , 𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑎  for the APF. 

Evaluation is based on resistive load for three load conditions and tested for sudden 

changes of load for increasing and decreasing current and the keenness of the 

EFANF to succumb to the changes. The operation is tested to activate the APF after 

reaching a simulation time of 0.1s.  

Commented [WU2]: 2. Use italic models to write quantities 

and units in Table 1 (use Microsoft Equation). 
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The system will be subjected to a non-linear rectifier with three different 

resistivity values for the output. Figure 2 shows the output waveform of the power 

system connected with SAPF at the point of PCC. The measurement is taken before 

the PCC for source voltage (Vs) and sources current (Is) and after the PCC for load 

voltage (Vl) and load current (Il). As shown in Figure 2, the system's voltage is a pure 

sinusoidal waveform, and the load is a distorted waveform due to the rectifier. Figure 

5 focuses on phase-A waveforms for source voltage, source current, load voltage, and 

load current. Based on the Fast Fourier Transform (FFT) analysis, it can be shown 

that the harmonics due to non-linear load are given in figure 7, where the THD value 

is 28.29 percent. 

Based on figure 3, the current source waveform is being mitigated from the 

distortion by the SAPF. From point 0.1s, the load waveform has become sinusoidal, 

and at the same time, no distortion occurred within the source voltage and load 

voltage, and there is not also change that happened towards the load current. The APF 

is successfully mitigating the harmonics at the PCC. To evaluate the APF currents, 

details of the reference current, compensation current, and filter current are given in 

figure 4. It is shown that the EFANF managed to extract the fundamental current after 

three cycles of the waveform, and the compensation current is provided in the 

equation below. 

𝑖𝑐𝑜𝑚𝑝 = 𝑖𝑠𝑜𝑢𝑟𝑐𝑒 − 𝑖𝑟𝑒𝑓                                                                                                  (22) 

 

Figure 2. Simulation results of 80  load for source voltage, load current, 

and source current before and after activation of APF. 

Figure 4 shows the waveform for the reference current, compensation current, and 

filter current for phase a. The ANF produces the reference current and inputs it into 

the APF current control. The difference between the reference and source current will 

have the required compensation current for the APF to mitigate the harmonics. At 

simulation time 0.1s, the APF is activated, and the filtering current follows the 

required harmonics mitigation value for the load. The total harmonics distortion value 

of the source current after connecting APF is seen to reduce to 3.20 % due to the 

compensation current, as shown in Figure 5. 
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Figure 3. Simulation results for phase A before and after activation of APF 

 

Figure 4. Simulation result for reference current, compensation current, and 

filter current before and after activating APF for phase a. 

  

(a) (b) 

Figure 5. THD analysis for simulation of 80-Ω load (a) before connecting 

APF and (b) after connecting APF 
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Furthermore, the EFANF is simulated with two other stationary load conditions: 

resistive loads of 50 and 36 ohms, respectively. The waveforms of the voltage source, 

load current, and source current after compensation for both given loads are shown. 

In contrast, for investigated waveform for a single dedicated phase, a can be seen in 

Figure . Based on the measured waveforms shown in Figure 7, the EFANF provided 

the reference signal to the SAPF controller and mitigated the harmonics for all the 

stationary load conditions. The SAPF managed to bring down the THD from 28.29 

% to 2.55% for 50-Ω load and 2.40% for 36-Ω load, respectively, as highlighted in 

the spectrum FFT analysis in Figure 8. The obtained results confirm the capability of 

the EFANF in compensation purposes for operating SPAF to mitigate harmonics 

produced by the non-linear load system. 

  
(a) (b) 

Figure 6. Simulation results of phase-a source voltage, source current, load 

voltage, and load current for (a) 50-Ω and (b) 36-Ω loads 

  
(a) (b) 

Figure 7. Simulation results of phase a reference current, compensation 

current, and reference current for (a) 50- and (b)36- loads 

Commented [WU3]: 3. Create Figure 6a and Figure 6b in two 
rows of the figures table respectively (not in the double-column 

model) 
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(a) (b) 

Figure 8. THD result after APF compensation for (a) 50  and (b) 36  loads 

 

 

   

   

   

(a) (b) © 

Figure 9. Simulation results of source current, load current and filter current 

for (a) R1L1, (b) R2L2, and (c) R3L3 loads 

 

Commented [WU5]: 5. Create Figure 9a Figure 9b and Figure 
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The proposed algorithm was also tested under different variations of loads for 

reactive power compensation under inductive and capacitive base loads to validate 

the adaptabilities of the algorithm in SAPF mitigation for the various waveform. 

Figure 9 shows the result of the proposed EFANF for resistive with inductive load 

for three different loads, which are R1L1, R2L2, and R3L3 for source current, load 

current and filter current. On the other hand, Figure 10 shows the source, load, and 

filter currents for three different resistive with capacitive loads given as R1C1, R2C2, 

and R3C3. Comparing the load current and source current for all three related loads, 

resistive with inductive and resistive with capacitive, shows that the EFANF can 

mitigate both reactive power compensation for resistive with inductive loads and 

resistive with capacitive loads.   

The THD values of the current source after mitigation for all loads are given as 

2.41% for R1L1, 1.73% for R2L2, 1.25% for R3L3, 1.91% for R1C1, 2.09% for 

R2C2, and 2.54% for R3C3. Based on the given THD values, it can be proved that 

the EFANF can supply the SAPF effective reference current to reach the IEEE 

standard for the value of the harmonic below 5%.. 

 

   

   

   

(a) (b) (c) 

 

Figure 10. Simulation results of source current, load current, and filter 

current for (a) R1C1, (b) R2C2, and (c) R3C3 loads Commented [WU6]: 6. Create Figure 10a Figure 10b and 

Figure 10c in three rows of the figures table respectively (not in 

the three-column model) 
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Adaptableness of the EFANF is also being evaluated. The proposed algorithm is 

also simulated under a dynamic-state condition where the load will change between 

three resistivity load values that will directly affect the amount of current in the 

system. The dynamic changes are evaluated in changes of a resistive load from 82-Ω 

to 50-Ω and from 50-Ω to 36-Ω, where the changes will induce the increase of current 

changes. Figure 11 provides simulation results for both conditions with the voltage 

source, load current, and current source at transition points. It is shown that the 

EFANF managed to cater to the changes in load and respond to them immediately, 

whereas based on the figure, the EFANF required 0.05s to correspond to the changes. 

  
(a) (b) 

Figure 11. Simulation results of source voltage, load current, and source 

current under transient-state conditions for (a) 86- to 50- and (b) 50- to 

36-   

  

(a) (b) 

Figure 12. Simulated result of EFANF under dynamic changes for loads of 

(a) 36- to 50- and (b) 50- to 82-   
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Furthermore, the EFANF adaptability to dynamic changes is also simulated for 

the loads' changes from 36 ohms to 50 ohms and 50 ohms to 82 ohms. The simulated 

waveforms are presented in Figure 12 for both conditions, where the figure illustrates 

source voltage, load current, and source current. The findings confirmed the 

capability of the EFANF to produce the corresponding reference current within both 

stationary and transient conditions. 

4.2. Experimental Results 

A laboratory hardware setup was developed to validate the proposed algorithm. The 

hardware consisted of measurement circuits with current and voltage sensors, a 

three-phase inverter connected to the filtering inductor as APF, and DSPACE 

RS1104 as the controller, as shown in Figure 13. A DSpace controller board is the 

connection point between the sensors and the output signals. For the APF, a three-

phase inverter with DC-link is connected as the voltage source. The prominent role 

of the DSPACE is to implement the harmonics extraction algorithm, which will 

generate the reference current based on the EFANF. For the experiment, the 

supplied voltage of the system is set at 50Hz, 100 Vrms (line-to-line voltage). The 

experimental results of utilization of the proposed EFANF algorithm with PI DC-

link control for resistive loads are shown in Figure 16. The results include source 

voltage𝑣𝑠, source current  𝑖𝑠, load current  𝑖𝑙 and filter current 𝑖𝑓𝑖𝑙𝑡𝑒𝑟 . 

 

Figure 13. Laboratory hardware setup 

The SAPF with EFANF effectively mitigates the harmonic current for the 

steady-state condition. The measurement is done using the Agilent DSO-X 2014A 

oscilloscope for the experimental result, covering source voltage, source current, 

load current, and filter current. In terms of THD calculation, the measurement is 

done by downloading the data from the oscilloscope. The data are then measured 

for harmonics decomposition using FFT analysis in MATLAB/Simulink. From the 

results, the algorithm managed to reduce the harmonics of the source current with 

THD from 62% to 3.46 % for 80 Ohms load, 28.77% to 3.73 % for 50 Ohms load, 

and 28.56% to 3.99 % for 36 Ohms load. All harmonics are managed to be reduced 

below the required IEE standard, 5%. Nevertheless, the THDs of the three-phase 

supply current are monitored to see the algorithm's effectiveness in the 

experimental work, where the THD value can be seen in Figure 14. 
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Figure 14. Experimental results of THD for three-phase source current after 

compensation 

 

  
(a) (b) 

 
(c) 

 

Figure 15. Experimental results of source voltage, source current, load 

current, filter current and THD values for (a) 82- (b) 50- and (c) 36- 

loads 

Figure 15 shows the waveforms of phase-a source voltage, source current, load 

current, and filter current in a steady-state condition obtained from experimental 

work. The source current waveform is sinusoidal and is in phase with the measured 

source voltage. Thus, THD is reduced for all the given loads, as shown in the figure. 

The response of the proposed algorithm for steady-state conditions, when 

introduced to an inductive and capacitive load, is also confirmed with the 

experimental setup. The result is shown in Figure 16, where it can be verified that the 

proposed algorithm can mitigate resistive with inductive loads for values R1L1, 

R2L2, and R3L3. After mitigation, the source current loads THD are given as 2.70%, 

2.63%, and 2.78%, respectively. 
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(a) (d) 

  
(b) (e) 

  
(c) (f) 

 

Figure 16. Experimental results of source voltage, source current, load 

current, filter current and THD values for (a) 67- and 30H, (b) 69- and 

36H, (c) 76- and 41H loads, (d) 60- 12uF, (e) 60- 17uF and (f) 60- 36uF 

loads 

The resistive with capacitive loads values of R1C1, R2C2, and R3C3. The values 

are within the required IEEE standard. THD's mitigated source current values are 

2.52%, 2.99%, and 5.00% for each load. Based on these values, it can be concluded 

that the proposed EFANF algorithm can produce the appropriate reference current 

for the SAPF to work effectively. The SAPF also seems to have better stabilities for 

the resistive and inductive loads than capacitive loads. However, in terms of 

mitigation, the EFANF can mitigate all the different types of loads in the experimental 

setup. 

The effectiveness and feasibleness of the proposed algorithm were also verified for 

transient-state operation during load-changing conditions. Figure 17 shows the state 

for reducing load capacity, which causes ascending current state, Figure 17 also 
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shows the increased load capacity, which causes descending current state. In both 

states, the EFANF managed to mitigate within 20ms for all load changes. 

 

  
(a) (b) 

  
(c) (d) 

 

Figure 17. Experimental results of source voltage, source current, load 

current, filter current, and DC-Link voltage during transient-state 

conditions of (a) 82- to 50-  (b) 50- to 36- (c) 82- to 50- and (d) 50-

 to 36- 

 

5. Conclusions 

This paper presents the EFANF extraction algorithm utilized in SAPF to 

compensate for current harmonics in the three-phase three-wire system. The 

proposed algorithm demonstrated its capability to generate the reference current 

based on the notch filtering technique, as shown in both simulation results in 

MATLAB/Simulink and experimental work based on the validation with DSPACE 

RS1104. As the EFANF is self-synchro based on frequency adaptability, PLL is 

not required. The algorithm extracted the fundamental component and mitigated 

harmonics in balanced load conditions based on the analyses of steady-state and 

transient state conditions. The performance of the proposed algorithm has also been 

verified for different types and values of reactive loads both in simulation and 

experimental works. The design of the EFANF also gives an optional improvement 

on the DC link voltage control algorithm as the losses of the DC link is provided as 

power losses within the system. In terms of performance, the EFANF managed to 

produce the THD according to the requirement of the IEE standard. Furthermore, 

the algorithm can adapt to the different types of loads. 
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Nomenclatures 
 

𝑣𝑠𝑎,𝑣𝑠𝑏 , 𝑣𝑠𝑐 Voltage source phase a, b and c, Volt 

𝑖𝑠𝑎,𝑖𝑠𝑏, 𝑖𝑠𝑐 Current source phase a, b and c, Ampere 

𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑎, 𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑏, 

𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑎 

Generated reference current  phase a, b and c Ampere 

3𝑉𝑒1𝐼𝑒1 Fundamental effective apparent power 
3𝑉𝑒𝐻𝐼𝑒𝐻 Harmonics power 

𝐺𝑒 The equivalent conductivity 

  
 

Greek Symbols 

𝜔0 Reference frequency 

 Estimation Frequency 

𝑦 Accuracy coefficients 

𝜀 Convergence speed coefficients 

𝜃 ̇  Updated law for the frequency estimation 
 

Abbreviations 

APF Active Power Filter 

SAPF Shunt Active Power Filter 

THD Total Harmonics Distortion 

EFANF Extended Fryze Adaptive Notch Filter 
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Abstract 

The power quality problem, especially regarding harmonics contamination, has 

dramatically affected the overall power system stability. In response to this, using 

an Active Power Filter (APF) is considered one of the compelling methods to 

overcome harmonics issues. This paper presents the implementation of Shunt 

APF with an improved adaptive notch filter known as Extended Fryze Adaptive 

Notch Filter (EFANF) for fundamental signal extraction. The adaptive notch 

filter has improved the utilization from a single-phase to three-phase application 

for direct fundamental signal extraction and is designed to cater DC link voltage 

regulation controllers based on the power loss equation by applying Fryze current 

control power. This extraction algorithm inherits simple design construction and 

frequency tracking, eliminating PLL reliance on synchronization. The proposed 

algorithm also improved the design by eliminating the needs of low pass filter as 

others time domain algorithms. The algorithm's effectiveness in operation for the 

Shunt APF is validated through simulation using MATLAB/Simulink and 

experiment work by integrating the algorithm with DSPACE RS1104. Based on 

both evaluations, the results obtained show a satisfactory and reasonable 

agreement in mitigating the harmonics for multi-load conditions. Simulation and 

experimentally proven harmonics mitigation managed to reduce under 5% 

following the IEE standard, and the algorithm function within expectation for 

both steady and transient state conditions. In comparison between the simulation 

and experimental results, both results show almost similar results in terms of 

waveform for source voltage, source current, load current, and filter current in 

both steady state and transient state.  In terms of THD values, both simulations 

and experimental results recorded that the THD values for both conditions are 

below 5%, where the range is 1.45% to 2.46% for simulation and 2.88% to 3.65% 

for experimental results. Furthermore, the DC link also tended to be maintained 

by the algorithm. 

Keywords: Adaptive notch filter, Fryze, shunt active power filter, Harmonics. 
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1.  Introduction 

The development of power systems has shaped multiple power generation, 

transmission, distribution, and application segments. All the advancements are 

often polluting and distorting the power system by increasing the utilization of non-

linear loads, mainly contributed by power-electronics devices [1–3]. The need for 

power electronics devices can exponentially increase within the industrial and 

consumer sectors. Based on the extensive use of sensitive loads, such as computers 

and microprocessor-based industrial controllers, and now with the emergence of 

renewable energy such as solar and wind and the growth of electric vehicles, there 

is a growing need for effective harmonic measurement and compensation systems. 

Although conventional solutions have been used to mitigate power quality, such as 

passive filters in terms of harmonics, the solution is deemed ineffective, especially 

when involving load changes. As implementation of standard regulation in power 

flow is becoming more rigid such as IEEE519 and IEC 61000-3-2, active power 

compensation is seen as a better choice in realizing power quality (PQ) control. 

Active power compensation offers better PQ compensation, especially 

harmonics, power factor, and active-reactive power control. Furthermore, the 

protection, management, performance, and efficiency of active power compensation 

are realized through continuous development in developing signal processing, 

detection, and extraction within mathematical algorithms and hardware throughout 

the past years. One of the apparatuses demonstrating a solid ability to eliminate 

harmonics is the Active Power Filter (APF) system. Such filters are an excellent way 

to reduce harmonic disturbances of voltage and current, sudden voltage fluctuations, 

transient disturbances, and current and voltage faults. Currently, there are multiple 

topologies of active power compensation available for additional compensation, such 

as series active power filter [4], shunt active power filter (SAPF), hybrid active power 

filter, and Unified Power Quality Conditioner (UPQC). Effective and efficient 

compensations are compulsory when dealing with harmonics' power quality. Hence, 

a precise algorithm is essential for extracting harmonics elements in controlling the 

power system's active power filter (APF). Over the years, various identification and 

extraction techniques have been developed; the methods can be divided into time and 

frequency domains.  

The methods used in the frequency-based domain vary from commonly used fast 

Fourier and discrete Fourier algorithms, Kalman Filtering algorithm to wavelet 

transformation algorithm [5–7]. When using the mentioned techniques, most of the 

algorithms designed in the frequency domain require transformation, which is a little 

tedious to be applied in the time domain and usually incongruous with changing load 

in the power system. Another drawback of the frequency domain method is that it 

requires numerous cycles for better current estimation. In applying APF, the 

commonly used extraction method is usually within the time domain to cater to the 

changing waveform of loads in real-time situations, especially when involved with 

data acquisition. The time-domain techniques are divided into a few categories: 

classical methods derived from instantaneous power theory [8–10]and synchronous 

power theory [11–13], such as PQ, PQR, etc. DQ method. However, these methods 

usually involve multi-conversion planes and require additional filters to extract the 

information.  
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Another emerging method is the intelligent algorithms, which vary from the 

neural network, adaptive neural network, and adaptive linear neuron, where all these 

algorithms require training within the process [14–17]. Besides these three methods, 

another method used in the APF is the notch filter method, which is simple in design 

and can accommodate changes in loads [18]. The work introduced adaptive notch 

filters as harmonics, interharmonics processing methods, and time-domain signal 

analysis [19]. However, the method is limited to only processing information due to 

the algorithm's lack of a controlling method for DC link control. Yazdani et al. also 

proposed the ANF for three-phase application [20], which performed harmonic 

reactive current extraction and harmonic decomposition. However, the work was 

limited to monitoring and extraction only. The ANF also been applied for ICC and 

DCC current control, but within this research also the DC Link control is not 

accounted for [21].  In some other works, the ANF replaces the lowpass filter function 

in the PQ algorithm for shunt APF [22–24] with a three-phase four-wire system. 

Although the strategy takes advantage of the transformation of the frame for 

instantaneous power flow, the application of ANF has increased the algorithm's 

complexity as the method includes the transformation process and integration of the 

ANF for filtering purposes. This strategy undermines the ANF's capability to directly 

filter the system's fundamental signal.  

To utilize the potential of the ANF in shunt APF application. This paper presents 

an extended ANF application for harmonics extraction, DC link control, and current 

control. Within this method, three elements are focused on as the APF control system: 

the computational algorithm of reference current, the voltage regulation for the DC 

link control, and the generation of the firing pulse of the voltage source inverter (VSI). 

The main section of the paper is the proposed Extended Fryze Adaptive Notch Filter 

(EFANF) as the main algorithm component. The algorithm implements the Adaptive 

Notch Filter (ANF) as three-phase extraction algorithm where each block extract 

individual phase and the algorithm is implementing Fryze algorithm as current 

control and reference current generation where there this method applied 

minimization method in finding active and nonactive current calculation. Adjacent to 

the adaptive capability of the ANF, the algorithm also provides self-synchronization 

for the EFANF. This section also discusses the implementation of DC link voltage 

regulation, where the PI method is introduced as stability control within the EFANF, 

all highlighted in sections 2 and 3. The simulation and experimental works results are 

explained in section 4 of the paper. Finally, section 5 concludes the research 

contribution and highlights the overall significance of the impact of the work. 

2.  Principle operation of shunt APF  

Shunt APF is implemented using a current control-voltage source inverter (CC-

VSI), as shown in Fig. 1. The CC-VSI are connected in parallel with the non-linear 

loads through filter inductance. The CC-VSI performs the main task within the 

power quality system: inject (opposite magnitude) any unwanted harmonics current 

components produced due to the load current in the supply system at the point of 

common coupling (PCC). The instantaneous current source of the overall system is 

given in equation 1 where 𝑖𝑠(𝑡) is the source current, 𝑖𝐿(𝑡) is the load current and 

𝑖𝐶(𝑡) is the compensation current.                                                                                                                                                                                                                                                                                                                                                                           

𝑖𝑠(𝑡) = 𝑖𝐿(𝑡) − 𝑖𝐶(𝑡)                                                                                                       (1) 
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Meanwhile, the instantaneous voltage source 𝑣𝑠(𝑡) is given in equation 2, and the 

non-linear load current can be considered as the embodiment of fundamental current 

component and harmonics current components, as shown in equation 3 

𝑣𝑠(𝑡) = 𝑉𝑚𝑠𝑖𝑛𝜔𝑡                                                                                                                          (2) 

𝑖𝐿(𝑡) = ∑ 𝐼𝑛

∞

𝑛=1

sin(𝑛𝜔𝑡 + ∅𝑛) 

          

           =  𝐼1 sin(𝜔𝑡 + ∅1) + ∑ 𝐼𝑛
∞
𝑛=2 sin(𝑛𝜔𝑡 + ∅𝑛)                                             (3) 
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Fig. 1. Shunt APF System 

The instantaneous power of the load 𝑝𝐿(𝑡) can be Fig.d out based on equation 4 

given as 

𝑝𝐿(𝑡) = 𝑖𝑠(𝑡) × 𝑣𝑠(𝑡) 

           = 𝑉𝑚𝑠𝑖𝑛2𝜔𝑡 × 𝑐𝑜𝑠𝜑1 + 𝑉𝑚  𝐼1𝑠𝑖𝑛 𝜔𝑡 × 𝑐𝑜𝑠𝜔𝑡 × 𝑠𝑖𝑛𝜑1

+ 𝑉𝑚 𝑠𝑖𝑛 𝜔𝑡 (∑ 𝐼𝑛sin (𝑛𝜔𝑡 + ∅𝑛)

∞

𝑛=2

) 

           = 𝑝𝑓(𝑡) + 𝑝𝑟(𝑡) + 𝑝ℎ(𝑡)                                                                          (4) 

 

The equation consists of active power 𝑝𝑓(𝑡), reactive power 𝑝𝑟(𝑡), and harmonics-

induced power 𝑝ℎ(𝑡). Based on this, the real power drawn from the load is given in 

equation 5.  

   𝑝𝑓(𝑡) = 𝑉𝑚𝐼1𝑠𝑖𝑛
2𝜔𝑡 × 𝑐𝑜𝑠∅1                                                                                         (5)  
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3. Principle Of Current Control System  

The structure of the current control system is shown in Fig. 2. The system can be 

divided into three major components. The first part is the computation of the 

reference current using an extended fryze adaptive notch filter (EFANF), the 

second part is the self-synchronization of the EFANF, and the third component is 

the DC link voltage regulation and the firing pulses for the APF. 

ADC
iL(t) and 

Vs(t)
ADAPTIVE NOTCH 

FILTER
iL(d) and 

Vs (d)
EXTENDED 

FRYZE

CURRENT 
CONTROL 

ALGORITHM

ADC

iref(k)

ADCALGORITHM FOR 
DC LINK VOLTAGE 

CONTROL Vdc,ref

iF (t) or iS (t)

TO SAPF 
(PWM switching 

signal)

FROM SAPF 
(Vdc Value)

SAPF OVERALL CONTROL SYSTEM USING EFANF  

Fig. 2. Shunt APF System Flow Diagram 

 

3.1.  Adaptive Notch Filter 

Ideally, an adaptive notch filter (ANF) works in the concept of a linear gain applied 

for all the frequencies except a specified frequency where the frequency gain is 

zero. Based on this characteristic, the filter can withdraw an implicit signal of the 

sinusoidal waveform from the specified frequency's measured component of an 

electrical power system. ANF has well been researched in removing noises within 

the sinusoidal waveform[24]. Originally, ANF is based on an IIR filter[26]; 

however, with improvement in the notch frequency, the filter can adapt to notch 

frequency change with time by tracking the input signal frequency variation. This 

tracking capability eliminates the need for the signal frequency to be consistent, as 

is usually required for the typical notch filter to work efficiently. The ANF's 

dynamic operation can refer to the following set of differential equations. 

𝑥̈ + 𝜃2𝑥 = 2𝜀𝜃𝑒(𝑡)                                                                                                         (6) 

𝜃 ̇ = −𝑦𝑥𝜃𝑒(𝑡)                                                                                                                 (7) 

𝑒(𝑡) = 𝑢(𝑡) − 𝑥̇                                                                                                                         (8) 

 

The ANF can be composed of the following elements based on the differential 

equations. The input signal of the ANF is given by u(t). The estimation frequency of 

the ANF system is given by . The accuracy and convergence speed are determined 

by two coefficients within the ANF known as 𝑦 and 𝜀. The two coefficients, however, 

must compensate each other for the ANF to work effectively and most efficiently, 

𝜃 ̇ represents the updated law for the frequency estimation [27]. 
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In a functional single sinusoidal input u(t) = A1 sin ( 0t + 1), the used ANF   

has an explicit characteristic where it has a unique periodic orbit located at 𝑂 as 

shown in equation 9. For a single ANF system, three functional outputs will be 

produced by the ANF, which are the filtered cos signal noted by 𝑥 but in negative 

magnitude, filtered sin signal noted as 𝑥̇ which is identified as the input signal and 

finally 𝜃 as the frequency of the signal. 

𝑂 = (
𝑥̅
𝑥̇̅
𝜃̅
) = (

−𝐴1 cos(𝜔0𝑡 + 𝜑1 ) 𝜔0⁄

𝐴1sin 𝜔0 (𝜔0𝑡 + 𝜑1 )
𝜔0

)                                                                           (9) 

When involving a three-phase power system, for a shunt active power filter, the 

measurement of the waveform will apply three-phase waveforms of voltage and 

current for supply and load. Any three-phase sinusoidal voltage or current can be 

represented based on equation 10. 

𝑢(𝑡) = (

𝑢𝑎(𝑡)
𝑢𝑏(𝑡)

𝑢𝑐(𝑡)
) = (

𝐴𝑎 sin(𝑤𝑡 + ∅𝑎)

𝐴𝑏 sin(𝑤𝑡 + ∅𝑏)

𝐴𝑐 sin(𝑤𝑡 + ∅𝑐)

)                                           (10) 

For the three-phase application, improvement can be applied to the ANF in terms 

of frequency tracking as the filter shares the common frequency 𝜔0  in the same 

electrical power system. Based on this, the frequency law of triple ANF can be shared, 

thus reducing the complexity of the ANF from the 9th order to the 7th order 

integration function. The ANF will work in parallel order in extracting the 

fundamental components by sharing the standard frequency over time. The 

fundamental equation of the ANF for a three-phase system can be nominated in 

equations 11,12, and 13, where the phase is represented as n for phases a, b, and c. 

Meanwhile, the updated law of frequency is based on the summation of the error 

signal of all three phases. 

𝑥̈𝑛 + 𝜃2𝑥𝑛 = 2𝜀𝜃𝑒𝑛(𝑡)                                                                                                      (11) 

𝜃 ̇ = −𝑦𝜃 ∑𝑥𝑛 𝑒𝑛(𝑡)                                                                                                           (12) 

𝑒𝑛(𝑡) = 𝑢𝑛(𝑡) − 𝑥̇𝑛                                                                                                       (13) 

When the equation is expanded to the respective phase, the ANF phase error 

equation is given as equation 14, the error for each phase is inserted into equation 12, 

where the ANF phase update law is given as equation 15.  

 𝑒𝑛(𝑡) =  (

𝑒𝑎(𝑡)

𝑒𝑏(𝑡)

𝑒𝑐(𝑡)
) = (

𝑢𝑎(𝑡) − 𝑥̇𝑎

𝑢𝑏(𝑡) − 𝑥̇𝑏

𝑢𝑐(𝑡) − 𝑥̇𝑐

)                                                                     (14)  
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𝜃 ̇ = −𝑦𝜃 ∑ 𝑥𝑛 𝑒𝑛(𝑡) =  −𝑦𝜃(𝑥𝑎𝑒𝑎(𝑡) + 𝑥𝑏𝑒𝑏(𝑡) + 𝑥𝑐𝑒𝑐(𝑡)) 

 =  −𝑦𝜃(𝑥𝑎(𝑢𝑎(𝑡) − 𝑥̇𝑎) + 𝑥𝑏(𝑢𝑏(𝑡) − 𝑥̇𝑏) + 𝑥𝑏(𝑢𝑐(𝑡) − 𝑥̇𝑐))              

 = −𝑦(𝜃𝑥𝑎(𝑢𝑎(𝑡) − 𝑥̇𝑎) + 𝜃𝑥𝑏(𝑢𝑏(𝑡) − 𝑥̇𝑏) + 𝜃𝑥𝑏(𝑢𝑐(𝑡) − 𝑥̇𝑐))               (15) 

The ANF for each phase is given as equation 16, where 𝜃 is obtained from the 

integration of 𝜃̇ and 𝑥 obtained from the double integration of 𝑥̈.  

(

𝐴𝑁𝐹𝑎

𝐴𝑁𝐹𝑏

𝐴𝑁𝐹𝑐

) = (

𝑥̈𝑎 + 𝜃2𝑥𝑎 = 2𝜀𝜃𝑒𝑎(𝑡)

𝑥̈𝑏 + 𝜃2𝑥𝑏 = 2𝜀𝜃𝑒𝑏(𝑡)

𝑥̈𝑐 + 𝜃2𝑥𝑐 = 2𝜀𝜃𝑒𝑐(𝑡)

)                                                                  (16) 

3.2. Reference current estimation 

In a three-phase power system, based on equation 4, the power flow within the 

system usually consists of absolute power, reactive power, and harmonics power. 

Therefore, the power term containing all efficient and non-efficient powers terms 

in the three-phase system is defined as eq 17. 

𝑆𝑒
2 = (3𝑉𝑒1𝐼𝑒1)

2 + (3𝑉𝑒1𝐼𝑒𝐻)2 + (3𝑉𝑒𝐻𝐼𝑒1)
2 + (3𝑉𝑒𝐻𝐼𝑒𝐻)2                       (17) 

Where (3𝑉𝑒1𝐼𝑒1)
2  refers to the fundamental effective apparent power and 

(3𝑉𝑒1𝐼𝑒𝐻)2 + (3𝑉𝑒𝐻𝐼𝑒1)
2 + (3𝑉𝑒𝐻𝐼𝑒𝐻)2 refers to nonfundamental effective apparent 

power. By applying ANF for the measured voltage and current, their fundamental 

components can be extracted, and the fundamental power for the system can be 

obtained based on the extracted components. Based on this, the estimation of the 

reference supply current will be produced. However, to ensure the successful task of 

SAPF, the DC link voltage needs to be controlled to ensure that it is maintained at the 

reference value. As the DC link of a SAPF acquires its power from the line and is 

accustomed to losses due to switches and active power transfer, the DC link voltage 

is exposed to various disturbances, leading to instability of the voltage. To be 

overwhelmed with this condition, a DC link control is essential to the SAPF. The DC-

link reference is determined and compared with this system's measured DC link 

voltage. The error between the reference and measured DC link voltage is passed into 

the proportional-integral controller (PI). Loss is integrated into the instantaneous 

power equation, as in equation 18. Where this is on the improvement point compared 

to previous works for ANF application SAPF. 

𝑝
3

=  𝑣𝑎𝑖𝑎 + 𝑣𝑏𝑖𝑏 + 𝑣𝑐𝑖𝑐 + 𝑃𝑑𝑐                                                                          (18) 

The error or difference obtained from DC link voltage measurement is shown in 

equation 19, and the PI controller is applied towards the error to get the value as 

power losses of DC-link shown in equation 20 below. 

𝑒𝑣𝑑𝑐(𝑡) = 𝑣𝑑𝑐𝑟𝑒𝑓 − 𝑣𝑑𝑐𝑠𝑒𝑛𝑠𝑒                                                                                         (19) 

𝑃𝑑𝑐 = 𝑃𝑑𝑐(𝑡 − 1) + 𝐾𝑝(𝑒𝑣𝑑𝑐(𝑡) − 𝑒𝑣𝑑𝑐(𝑛 − 1)) + 𝐾𝑖𝑒𝑣𝑑𝑐(𝑡)                        (20) 
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Meanwhile, the three-phase reference supply is obtained through the fryze 

equation [28–31], where this method determines the reference current based on the 

average value of three-phase instantaneous power. The equivalent conductivity 

calculates the average current, and the average admittance is determined based on the 

concept of aggregate voltage as follows, 

𝐺𝑒 =  
𝑝3

𝑉𝛴
2     ,    where 𝑉𝛴

2 =  √𝑣𝑎
2 + 𝑣𝑏

2 + 𝑣𝑐
2                                                   (22) 

When the equation is expanded, the reference current can be given as, 

𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑘 =  𝐺𝑒𝑣𝑘  ,  𝑘 = (𝑎, 𝑏, 𝑐 )                                                                                       (23) 

𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑘 = [

𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑎

𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑏

𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑐

] =

[
 
 
 
 
(𝑣𝑎𝑖𝑎+𝑣𝑏𝑖𝑏+𝑣𝑐𝑖𝑐+𝑃𝑑𝑐)×𝑣𝑎

√𝑣𝑎
2+𝑣𝑏

2+𝑣𝑐
2

(𝑣𝑎𝑖𝑎+𝑣𝑏𝑖𝑏+𝑣𝑐𝑖𝑐+𝑃𝑑𝑐)×𝑣𝑏

√𝑣𝑎
2+𝑣𝑏

2+𝑣𝑐
2

(𝑣𝑎𝑖𝑎+𝑣𝑏𝑖𝑏+𝑣𝑐𝑖𝑐+𝑃𝑑𝑐)×𝑣𝑐

√𝑣𝑎
2+𝑣𝑏

2+𝑣𝑐
2 ]

 
 
 
 

                                                     (24) 

The individual reference current for each phase sequence can be obtained from 

equation 24.  

4. Result and Analysis  

The performance of the proposed EFANF is verified by simulation and 

experimental works. Table 1 describes the parameters of design that are being 

applied in the simulation.  

Table 1. Simulation Parameters 

Parameter Value 

Source Voltage  415 𝑉 (𝑅𝑀𝑆), 50 𝐻𝑧 

Source Impedance 1 Ω, 1 𝑚𝐻 

DC Link Capacitance 3300 𝜇𝐹 

DC Link Reference 

Voltage 
700𝑉 

Filtering Inductor 500 𝑚𝐻 

ANF Gains 𝜀 = 0.16, 𝛾 = 180 

Non-linear load  

(3 Phase rectifier with 3 

load conditions) 

Resistive Load  

𝑅1 = 80 Ω, 𝑅2 = 50 Ω 𝑎𝑛𝑑 𝑅3 = 36Ω  

Resistive with Inductive Load 

𝑅1𝐿1 =   77Ω 30𝑚𝐻, 
 𝑅2𝐿2 =  69Ω 36𝑚𝐻 𝑎𝑛𝑑  

𝑅3𝐿3 =  41Ω 41𝑚𝐻 

Resistive with Capacitive Load  

𝑅1𝐶1 =   65Ω 12𝜇𝐹, 𝑅2𝐶2 
=  65Ω 19𝜇𝐹 𝑎𝑛𝑑 𝑅3𝐶3 =  65Ω 36𝜇𝐹 
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4.1.  Simulation Results 

The performance, reliability, and efficiency of the EFANF for a balanced three-

phase SAPF are initially simulated and evaluated using MATLAB-Simulink. 

According to the circuit shown in Fig. 3, inputs for the EFANF algorithm are based 

on the measured 𝑖𝑠𝑎 , 𝑖𝑠𝑏, 𝑖𝑠𝑐 , 𝑖𝑙𝑎 , 𝑖𝑙𝑏,𝑖𝑙𝑐  and the three-phase source voltage 𝑣𝑠𝑎 , 

𝑣𝑠𝑏 ,  𝑣𝑠𝑐  to come out with currents references 𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑎 , 𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑏 , 𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑎  for the APF. 

Evaluation is based on resistive load for three load conditions and tested for sudden 

changes of load for increasing and decreasing current and the keenness of the 

EFANF to succumb to the changes. The operation is tested to activate the APF after 

reaching a simulation time of 0.1s.  

 

Fig. 3. MATLAB Simulation diagram for EFANF Control System. 

The system will be subjected to a non-linear rectifier with three different 

resistivity values for the output. Fig. 4 shows the output waveform of the power 

system connected with SAPF at the point of PCC. The measurement is taken before 

the PCC for source voltage (Vs) and sources current (Is) and after the PCC for load 

voltage (Vl) and load current (Il). As shown in Fig. 2, the system's voltage is a pure 

sinusoidal waveform, and the load is a distorted waveform due to the rectifier. Fig. 5 

focuses on phase-A waveforms for source voltage, source current, load voltage, and 

load current. To obtain the THD for the simulation, PowerGui FFT Analysis Tool 

MATLAB Simulink is used for immediate result. Based on the Fast Fourier 

Transform (FFT) analysis, it can be shown that the harmonics due to non-linear load 

are given in Fig. 7, where the THD value is 28.29 percent. 

Based on Fig. 5, the current source waveform is being mitigated from the 

distortion by the SAPF. From point 0.1s, the load waveform has become sinusoidal, 

and at the same time, no distortion occurred within the source voltage and load 

voltage, and there is not also change that happened towards the load current. The APF 

is successfully mitigating the harmonics at the PCC. To evaluate the APF currents, 

details of the reference current, compensation current, and filter current are given in 

Fig. 6. It is shown that the EFANF managed to extract the fundamental current after 

three cycles of the waveform, and the compensation current is provided in the 

equation below. 

𝑖𝑐𝑜𝑚𝑝 = 𝑖𝑠𝑜𝑢𝑟𝑐𝑒 − 𝑖𝑟𝑒𝑓                                                                                                  (22) 
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Fig. 4. Simulation results of 80  load for source voltage, load current, and 

source current before and after activation of APF. 

 

Fig. 5. Simulation results for phase A before and after activation of APF 

 

Fig. 6. Simulation result for reference current, compensation current, and 

filter current before and after activating APF for phase a. 

Fig. 6 shows the waveform for the reference current, compensation current, and 

filter current for phase a. The ANF produces the reference current and inputs it into 

the APF current control. The difference between the reference and source current will 
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have the required compensation current for the APF to mitigate the harmonics. At 

simulation time 0.1s, the APF is activated, and the filtering current follows the 

required harmonics mitigation value for the load. The total harmonics distortion value 

of the source current after connecting APF is seen to reduce to 3.20 % due to the 

compensation current, as shown in Fig. 7. 

  

(a) (b) 

Fig. 7. THD analysis for simulation of 80-Ω load (a) before connecting APF 

and (b) after connecting APF 

 
(a) 

 
(b) 

Fig. 8. Simulation results of phase-a source voltage, source current, load 

voltage, and load current for (a) 50-Ω and (b) 36-Ω loads 
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Furthermore, the EFANF is simulated with two other stationary load conditions: 

resistive loads of 50 and 36 ohms, respectively. The waveforms of the voltage source, 

load current, and source current after compensation for both given loads are shown. 

In contrast, for investigated waveform for a single dedicated phase, a can be seen in 

Fig. 8. Based on the measured waveforms shown in Fig. 9, the EFANF provided the 

reference signal to the SAPF controller and mitigated the harmonics for all the 

stationary load conditions. The SAPF managed to bring down the THD from 28.29 

% to 2.55% for 50-Ω load and 2.40% for 36-Ω load, respectively, as highlighted in 

the spectrum FFT analysis in Fig. 10. The obtained results confirm the capability of 

the EFANF in compensation purposes for operating SPAF to mitigate harmonics 

produced by the non-linear load system. 

 
(a) 

 
(b) 

Fig. 9. Simulation results of phase a reference current, compensation 

current, and reference current for (a) 50- and (b)36- loads 

  
(a) (b) 

Fig. 10. THD result after APF compensation for (a) 50  and (b) 36  loads 
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(a) 

 
(b) 

 
(a) 

Fig. 11. Simulation results of source current, load current and filter 

current for (a) R1L1, (b) R2L2, and (c) R3L3 loads Commented [TSHBM@AR20]: Reviewer 3 
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(a) 

 
(b) 

 
(c) 

Fig. 12. Simulation results of source current, load current, and filter current 

for (a) R1C1, (b) R2C2, and (c) R3C3 loads Commented [TSHBM@AR21]: Reviewer 3 
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The proposed algorithm was also tested under different variations of loads for 

reactive power compensation under inductive and capacitive base loads to validate 

the adaptabilities of the algorithm in SAPF mitigation for the various waveform. Fig. 

11 shows the result of the proposed EFANF for resistive with inductive load for three 

different loads, which are R1L1, R2L2, and R3L3 for source current, load current and 

filter current. On the other hand, Fig. 12 shows the source, load, and filter currents 

for three different resistive with capacitive loads given as R1C1, R2C2, and R3C3. 

Comparing the load current and source current for all three related loads, resistive 

with inductive and resistive with capacitive, shows that the EFANF can mitigate both 

reactive power compensation for resistive with inductive loads and resistive with 

capacitive loads. The THD values of the current source after mitigation for all loads 

are given as 2.41% for R1L1, 1.73% for R2L2, 1.25% for R3L3, 1.91% for R1C1, 

2.09% for R2C2, and 2.54% for R3C3. Based on the given THD values, it can be 

proved that the EFANF can supply the SAPF effective reference current to reach the 

IEEE standard for the value of the harmonic below 5%. 

Adaptableness of the EFANF is also being evaluated. The proposed algorithm is 

also simulated under a dynamic-state condition where the load will change between 

three resistivity load values that will directly affect the amount of current in the 

system. The dynamic changes are evaluated in changes of a resistive load from 82-Ω 

to 50-Ω and from 50-Ω to 36-Ω, where the changes will induce the increase of current 

changes. Fig. 13 provides simulation results for both conditions with the voltage 

source, load current, and current source at transition points. It is shown that the 

EFANF managed to cater to the changes in load and respond to them immediately, 

whereas based on the Fig., the EFANF required 0.05s to correspond to the changes. 

 
(a) 

 
(b) 

Fig. 13. Simulation results of source voltage, load current, and source 

current under transient-state conditions for (a) 86- to 50- and (b) 50- to 
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Furthermore, the EFANF adaptability to dynamic changes is also simulated for 

the loads' changes from 36 ohms to 50 ohms and 50 ohms to 82 ohms. The simulated 

waveforms are presented in Fig. 14 for both conditions, where the Fig. illustrates 

source voltage, load current, and source current. The findings confirmed the 

capability of the EFANF to produce the corresponding reference current within both 

stationary and transient conditions. 

 
 

 
(a) 

Fig. 14. Simulated result of EFANF under dynamic changes for loads of (a) 

36- to 50- and (b) 50- to 82-  Re 

4.2. Experimental Results 

A laboratory hardware setup was developed to validate the proposed algorithm. The 

hardware consisted of measurement circuits with current and voltage sensors, a 

three-phase inverter connected to the filtering inductor as APF, and DSPACE 

RS1104 as the controller, as shown in Fig. 15. A DSpace controller board is the 

connection point between the sensors and the output signals. For the APF, a three-

phase inverter with DC-link is connected as the voltage source. The prominent role 

of the DSPACE is to implement the harmonics extraction algorithm, which will 

generate the reference current based on the EFANF. For the experiment, the 

supplied voltage of the system is set at 50Hz, 100 Vrms (line-to-line voltage). The 

experimental results of utilization of the proposed EFANF algorithm with PI DC-

link control for resistive loads are shown in Fig. 16. The results include source 

voltage𝑣𝑠, source current  𝑖𝑠, load current  𝑖𝑙 and filter current 𝑖𝑓𝑖𝑙𝑡𝑒𝑟 . 

The SAPF with EFANF effectively mitigates the harmonic current for the 

steady-state condition. The measurement is done using the Agilent DSO-X 2014A 

oscilloscope for the experimental result, covering source voltage, source current, 

load current, and filter current. In terms of THD calculation, the measurement is 

done by downloading the data from the oscilloscope. The data are then measured 

for harmonics decomposition using FFT analysis in MATLAB/Simulink. 
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Fig. 15. Laboratory hardware setup 

 

Fig. 16. Experimental results of THD for three-phase source current after 

compensation 

All harmonics are managed to be reduced below the required IEE standard, 5%. 

Nevertheless, the THDs of the three-phase supply current are monitored to see the 

algorithm's effectiveness in the experimental work, where the THD value can be 

seen in Fig. 16. From the results, the algorithm managed to reduce the harmonics 

of the source current with THD from 28.62% to 2.88%, 2.89% and 3.2% for 80 

Ohms load, 28.77% to 2.94%, 3.13% and 3.11% for 50 Ohms load, lastly from 

28.56% to 3.65%, 3.14% and 3.19% for 36 Ohms load regards to phase IA, IB and 

IC. 

Fig. 17 shows the waveforms of phase-a source voltage, source current, load 

current, and filter current in a steady-state condition obtained from experimental 

work. The source current waveform is sinusoidal and is in phase with the measured 

source voltage. Thus, THD is reduced for all the given loads, as shown in the Fig.17. 

The response of the proposed algorithm for steady-state conditions, when 

introduced to an inductive and capacitive load, is also confirmed with the 

experimental setup. The result is shown in Fig. 18, where it can be verified that the 
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proposed algorithm can mitigate resistive with inductive loads for values R1L1, 

R2L2, and R3L3. After mitigation, the source current loads THD are given as 

2.70%, 2.63%, and 2.78%, respectively. 

 
 

 
 (a) 

 
 

Fig. 17. Experimental results of source voltage, source current, load current, 

filter current and THD values for (a) 82- (b) 50- and (c) 36- loads 

The resistive with capacitive loads values of R1C1, R2C2, and R3C3. The values 

are within the required IEEE standard. THD's mitigated source current values are 

2.52%, 2.99%, and 5.00% for each load. Based on these values, it can be concluded 

that the proposed EFANF algorithm can produce the appropriate reference current 

for the SAPF to work effectively. The SAPF also seems to have better stabilities for 

the resistive and inductive loads than capacitive loads. However, in terms of 

mitigation, the EFANF can mitigate all the different types of loads in the experimental 

setup. 

The effectiveness and feasibleness of the proposed algorithm were also verified for 

transient-state operation during load-changing conditions. Fig. 19 shows the state for 

reducing load capacity, which causes ascending current state, Fig. 19 also shows the 

increased load capacity, which causes descending current state. In both states, the 

EFANF managed to mitigate within 20ms for all load changes. 
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(iii) 

(b)  

Fig. 18. Experimental results of source voltage, source current, load current, 

filter current and THD values for (a-i) 67- and 30H, (a-ii) 69- and 36H, 

(a-iii) 76- and 41H loads, (b-i) 60- 12uF, (b-ii) 60- 17uF and (b-iii) 60- 

36uF loads 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 19. Experimental results of source voltage, source current, load current, 

filter current, and DC-Link voltage during transient-state conditions of (a) 

82- to 50-  (b) 50- to 36- (c) 82- to 50- and (d) 50- to 36- 

 

 

In comparison between the simulation and experimental results, both results 

show almost similar results in terms of waveform for source voltage, source current, 

load current, and filter current in both steady state and transient state.  In terms of 

THD values, both simulations and experimental results recorded that the THD 

values for both conditions are below 5%, where the range is 1.45% to 2.46% for 

simulation and 2.88% to 3.65% for experimental results.  

5. Conclusions 

This paper presents the EFANF extraction algorithm utilized in SAPF to 

compensate for current harmonics in the three-phase three-wire system. The 
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proposed algorithm demonstrated its capability to generate the reference current 

based on the notch filtering technique, as shown in both simulation results in 

MATLAB/Simulink and experimental work based on the validation with DSPACE 

RS1104. As the EFANF is self-synchro based on frequency adaptability, PLL is 

not required. The algorithm extracted the fundamental component and mitigated 

harmonics in balanced load conditions based on the analyses of steady-state and 

transient state conditions. The performance of the proposed algorithm has also been 

verified for different types and values of reactive loads both in simulation and 

experimental works. The design of the EFANF also gives an optional improvement 

on the DC link voltage control algorithm as the losses of the DC link is provided as 

power losses within the system. In terms of performance, the EFANF managed to 

produce the THD according to the requirement of the IEE standard. Furthermore, 

the algorithm can adapt to the different types of loads. However, in the adaptation 

of EFANF, the algorithm is still dependent on two coefficients 𝑦 and 𝜀  for the 

algorithm to be working effectively. In current works, the coefficients are obtaining 

through empirical method. To improve the effectiveness of coefficients, future 

works are recommended to obtain the best possible coefficients values through 

optimization method. 

 

Nomenclatures 
 

𝑣𝑠𝑎,𝑣𝑠𝑏 , 𝑣𝑠𝑐 Voltage source phase a, b and c, Volt 

𝑖𝑠𝑎,𝑖𝑠𝑏, 𝑖𝑠𝑐 Current source phase a, b and c, Ampere 

𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑎, 𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑏, 

𝑖𝑟𝑒𝑓̅̅ ̅̅ ̅𝑎 

Generated reference current  phase a, b and c Ampere 

3𝑉𝑒1𝐼𝑒1 Fundamental effective apparent power 
3𝑉𝑒𝐻𝐼𝑒𝐻 Harmonics power 

𝐺𝑒 The equivalent conductivity 

  
 

Greek Symbols 

𝜔0 Reference frequency 

 Estimation Frequency 

𝑦 Accuracy coefficients 

𝜀 Convergence speed coefficients 

𝜃 ̇  Updated law for the frequency estimation 
 

Abbreviations 

APF Active Power Filter 

SAPF Shunt Active Power Filter 

THD Total Harmonics Distortion 

EFANF Extended Fryze Adaptive Notch Filter 
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SJR

The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is

based on the idea that 'all citations are not created
equal'. SJR is a measure of scientific influence of
journals that accounts for both the number of citations
received by a journal and the importance or prestige of

the journals where such citations come from It
measures the scientific influence of the average article
in a journal it expresses how central to the global

Total Documents

Evolution of the number of published documents. All
types of documents are considered, including citable

and non citable documents.

Year Documents
2009 40
2010 40
2011 61
2012 60

Citations per document

This indicator counts the number of citations received by
documents from a journal and divides them by the total

number of documents published in that journal. The
chart shows the evolution of the average number of
times documents published in a journal in the past two,
three and four years have been cited in the current year.

The two years line is equivalent to journal impact factor
™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 2009 0.000
Cites / Doc. (4 years) 2010 0.200
Cites / Doc. (4 years) 2011 0.338
Cites / Doc. (4 years) 2012 0.468
Cites / Doc. (4 years) 2013 0.612
Cites / Doc. (4 years) 2014 0.791
Cites / Doc. (4 years) 2015 0.623
Cites / Doc. (4 years) 2016 0.604
Cites / Doc. (4 years) 2017 0.704
Cites / Doc. (4 years) 2018 0.839

Total Cites  Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published

documents during the three previous years.
Journal Self-citation is defined as the number of citation
from a journal citing article to articles published by the
same journal.

Cites Year Value
f

External Cites per Doc  Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-

citations removed) received by a journal's published
documents during the three previous years. External
citations are calculated by subtracting the number of
self-citations from the total number of citations received

by the journal’s documents.
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% International Collaboration

International Collaboration accounts for the articles that
have been produced by researchers from several

countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one
country; that is including more than one country address.

Year International Collaboration
2009 17.50
2010 15 00

Citable documents  Non-citable documents

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the

ratio of a journal's articles including substantial research
(research articles, conference papers and reviews) in
three year windows vs. those documents other than
research articles, reviews and conference papers.

Documents Year Value

Cited documents  Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those

not cited during the following year.

Documents Year Value
Uncited documents 2009 0
Uncited documents 2010 33
Uncited documents 2011 60
Uncited documents 2012 102
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best regards

asmaa
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M.Sivasankara Rao 2 years ago

present how much time it will take to get acceptance and publication in this journal.
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Ponum Almas 2 years ago

hello ,

is this impact factor journal ? what is the publication fee for an aticle ? is there any discout for

developing countries ?
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Melanie Ortiz 4 months ago

Dear Asmaa,

Thank you for contacting us. Unfortunately, SCImago cannot help you with your request.

SJR is committed to help decision-making through scientometric indicators.

Best Regards, SCImago Team
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Dear M.Sivasankara,

Thank you for contacting us.

Unfortunately, we cannot help you with your request.

Best Regards, SCImago Team

M
SCImago Team

P

Melanie Ortiz 2 years ago

Dear Ponum, thank you very much for your comment. SCImago Journal and Country Rank

uses Scopus data, our impact indicator is the SJR (Check it on our website). We suggest

you consult the Journal Citation Report for other indicators (like Impact Factor) with a

Web of Science data source. For further information about this journal, please visit the
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SCImago Team
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this is ecsi journal, not scie
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Hi,

Can i know what is the current Quartile ranking for this journal for the year 2020? tq
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Raghad Hameed Ahmed 2 years ago

good greeting

What is the time required to obtain a research acceptance letter.
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journal's website or contact directly with the editorial staff.

Best Regards, SCImago Team
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Melanie Ortiz 2 years ago

Dear Daus, thanks for your participation! Best Regards, SCImago Team

M
SCImago Team

K

Melanie Ortiz 2 years ago

Dear Kartik,

Thank you for contacting us. You can consult that information just above. The SJR for

2019 was released on 11 June 2020.

Best Regards, SCImago Team
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Melanie Ortiz 2 years ago

Dear Raghad,

thank you for contacting us.

Unfortunately, we cannot help you with your request, we suggest you visit the journal's

homepage or contact the journal’s editorial staff , so they could inform you more deeply.

Best Regards, SCImago Team
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Hi,

Is it okey to cite an unpublished work can in the manuscript?
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Dear Melanie

I have submitted a paper for this journal about 6 months ago, and I did not receive the decision

yet.The problem is the website of this journal does show any contact details except the email of

the Executive Editor, who did not respond to my emails since May 2020. Do you know any other

contact details for this journal please?

Best regards

M.K.
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ANY PUBLICATION/PROCESSING CHARGES FOR ACCEPTED PAPERS?
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Melanie Ortiz 2 years ago

Dear Deepthi, thank you very much for your comment. Unfortunately, we cannot help you

with your request, we suggest you contact the journal’s editorial staff so they could inform

you more deeply. Best Regards, SCImago Team

M
SCImago Team
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Melanie Ortiz 2 years ago

Dear M.K.,

Thank you for contacting us. Unfortunately, it seems that there is no other email contact

shown in their website.

Best Regards, SCImago Team
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It's 300USD per article.

Waleed 3 years ago

Why there is no response to our emails? Someone should tell them that other OA journals respond

very fast. It is really a negative point about their performance.Pay attention to your costumers.
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Nibras Khalid 3 years ago

Hello,

I submitted a manuscript for publication more than a week ago, but I haven't received a

confirmation email of delivery. Is there a way to know if all the required documents have been

received??
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Phyu Phyu Thin 3 years ago

Dear Sir,

I would like to know that I can submit the paper concerned with hydrogeology or not in Journal of

Engineering Science and Technology.

Thanks
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Melanie Ortiz 3 years ago

Dear Dr. Vijaya,

thank you for contacting us.

Unfortunately, we cannot help you with your request, we suggest you visit the journal's

homepage or contact the journal’s editorial staff , so they could inform you more deeply.

Best Regards, SCImago Team
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Melanie Ortiz 3 years ago

Dear Nibras,

thank you for contacting us.

Unfortunately, we cannot help you with your request, we suggest you contact the journal’s

editorial staff , so they could inform you more deeply.

Best Regards, SCImago Team
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Dear Melanie Ortiz

Please inform me, is this JESTEC indexed by Q2 Scopus?

Thanks you

B G Shivaleelavathi 3 years ago

Sir/Madam,

i want to submit review paper. what is procedure.
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Melanie Ortiz 3 years ago

Dear Sukanto, thank you very much for your comment, unfortunately we cannot help

you with your request. We suggest you to consult the Scopus database directly.

Keep in mind that the SJR is a static image (the update is made one time per year)

of a database (Scopus) which is changing every day. The SJR's Quartile for 2018 is

available just above.

Best Regards, SCImago Team
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Melanie Ortiz 3 years ago

Dear Phyu,

thank you for contacting us.

We are sorry to tell you that SCImago Journal & Country Rank is not a journal. SJR is a

portal with scientometric indicators of journals indexed in Elsevier/Scopus.

Unfortunately, we cannot help you with your request, we suggest you to visit the journal's

homepage (See submission/author guidelines) or contact the journal’s editorial staff , so

they could inform you more deeply.

Best Regards, SCImago Team
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SCImago Team
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Dear Shivaleelavathi,

thank you very much for your comment, we suggest you to look for author's

instructions/submission guidelines in the journal's website. Best Regards, SCImago Team
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SCImago Team



Frans 3 years ago

I want to know, what is journal not a notification after submitting?

Thank you
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kareem 3 years ago

Dear Scopus people

I want to if this journal consdiered as an ISI journal and what is its impact factor.

Thanks
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Nacer 3 years ago

Dear Abdulkareem

Please informe me if the publication is free or not?

Best regards

reply

abdulkareem 3 years ago

no, it is not free, USD300/aper

Nacer 3 years ago

Dear all

Could you please tell me what is the impact factor of this journal.

Best regards
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Melanie Ortiz 3 years ago

Dear Kareem, SCImago Journal and Country Rank uses Scopus data, our impact indicator

is the SJR. Check our web to locate the journal. We suggest you to consult the Journal

Citation Report for other indicators (like Impact Factor) with a Web of Science data

source. Best Regards, SCImago Team
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SCImago Team
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I have published my research work in JESTEC. It is a quality journal with systematic review

process.I received review comments from 5 reviewers and i answered all the comments and finally

after 2 round review process my paper was accepted. Thanks to Dr.Abdulkareem Sh Mahdi Al-

obaidi

reply

VIJAY B G 2 years ago

Hello madam, could you please tell me is their any processing charges that you have paid?

also suggest some good Scopus indexed journal to publish my paper.

Thank you

Sudhakiran Gunda 2 years ago

Could you please tell me the duration for this entire process.

I would like to know the time taken for publication.

Thankyou

Khaled 3 years ago

Hello there!

I have a little question about the publication process timeline, Can i know please how long will take

between sending an article and ( journal answer by acceptance/rejection) and finally the paper's

online availability ????

Thanks in advance

reply

Melanie Ortiz 3 years ago

Dear Nacer, SCImago Journal and Country Rank uses Scopus data, our impact indicator is

the SJR. Check our web to locate the journal. We suggest you to consult the Journal

Citation Report for other indicators (like Impact Factor) with a Web of Science data

source. Best Regards, SCImago Team

M
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Dear Supreetha, thanks for your participation! Best Regards, SCImago Team
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Thanks alot for your valuable response

Are there any publication fees or not ???????

Ali 3 years ago

Dear khaled

The timeline for publishing in this journal about 2-3 months for final acceptance and may be

9 months for online publication

with my regards

ASWANT KUMAR SHARMA 3 years ago

I have published a paper with JESTEC in a proper time line. It is good if JESTEC provide DOI for

article published with them
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Have paid any fees for the publication sir?
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Dear Ali, thanks for your participation! Best Regards, SCImago Team

M
SCImago Team

Melanie Ortiz 3 years ago

Dear Khaled,

thank you for contacting us.

Sorry to tell you that SCImago Journal & Country Rank is not a journal. SJR is a portal with

scientometric indicators of journals indexed in Elsevier/Scopus.

Unfortunately, we cannot help you with your request, we suggest you to visit the journal's

homepage or contact the journal’s editorial staff , so they could inform you more deeply.

You can see the updated journal’s information just above .

Best Regards, SCImago Team

M
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Melanie Ortiz 3 years ago

Dear user, thanks for your participation! Best Regards, SCImago Team
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The journal that provides best services, never a single follow up query left unaswered. I had written

several research papers in numerous journals, but I feel pride the way "Journal of Engineering

Science and Technology" works, they reviwed eveery mm of my manuscript. Their editing team is

soul of the body. Mr. Obaidi shares every detail regaring the review process as well as time

duration, that made the process easy. Publishing in a reputed journal takes time, So eagerly waiting

for the same.

Thanks a million to Dr. Abdulkareem Sh. Mahdi Al-Obaidi for sharing a wonderful platform to

enhance one'knowledge and research.

Hats off

A happy author
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Melva Silitonga 4 years ago

This journal template has been used for the 2019 Kyoto APLSBE template that I have participated

in, I am interested in the content of this journal and wish for publication in this journal
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Wajde Alyhya 4 years ago

Hi

I sent a manuscript for publication in this journal and I received two months later seven reviewers'

comments. I answered all their comments, however, I have not received an acceptance or rejection

letter till now. I sent more than one emails regarding the status of my manuscript without an

answer. I do not know what to do after nearly more than 6 months of waiting.

reply

Abdulkareem Sh. Mahdi Al-Obaidi 3 years ago

Dear Wajde

We thank you for the comment.

As you mentioned your experience with JESTEC, i wonder why you did not mention that your

paper is accepted and will be published soon.

It is good to give negative feedback for improvment, we thank you but it is also fair to tell

positive feedback, right?

Best regards

Executive Editor of JESTEC
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@ Elena:I humbly suggest that the web link of all journals should be published alongside their

name.This will eliminate the faking of journals in your data base.
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Dear All

Could you please tell me how long it takes to be accepted and published online.

Thanks
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Dr. mohammed alwazzan 4 years ago

3 to 4 month
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