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 In this paper, Moving Average Filter as new approach for harmonic reduction in non-

ideal source conditions is presented. Moving Average Filter is used to compensate 

reactive power and harmonics caused by non-linear loads, so that the current which is 

drawn from the source has no harmonic and the power factor will be unity. The 

reference current for compensator is calculated by measuring load current, voltage 

supply, and converter capacitor voltage. Also converter gate signals are obtained using 
current hysteresis controller. The simulation developed in MATLAB/Simulink and the 

results show the effectiveness of proposed method in harmonic reduction. 
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INTRODUCTION 

 

 Development and extension using of power electronic converters in one hand, and using non-linear loads on 

the other hand, the harmonics in power system is increased more than ever. Harmonics can cause negative 

effects such as increasing loss, problem in operation of transmission lines equipments and interference in 

adjacent telecommunications lines [1]. Regarding problems caused by the harmonics in power networks, it is 

necessary to use equipments which can reduce or eliminate them. Generally, there are two types of filters to 

remove harmonics: passive filters and active filters. In addition to reduction in harmonics, passive filters can 

control reactive power but they can only correct the certain state which are designed for it and are not adjustable 

with changing in system conditions [2]. Also, it is likely to have resonance with the system impedance. 

Regarding these problems, a design called the active filter was proposed to remove these defects in 1971 by 

Sasaki and Machida [3]. Active filters in power systems compensate the reactive power, reduce harmonics, 

compensate negative sequence of voltage or current, and regulate voltage [4]. In this type for shaping the current 

waveform, the magnetic elements can be used such as delta differential transformer and semiconductor devices 

[5]. 

 There are two types of series and parallel active filters. Parallel filters are used to compensate current while 

the active series filters are responsible to compensate system voltage [6]. Different types of parallel active filter, 

their control methods, and the application of these elements have been studied in [7,8]. 

 Current control system is an important part in the structure of the active filters and various methods have 

been proposed for controlling inverter current [9]. The main differences among the current controllers are their 

response rate, ease of use, maximum current capability and insensitivity to the line parameters. One way to 

improve the response is using the Moving Average Filter. 

 In this paper, a method to improve the dynamic performance and permanent mode of active filter and 

simulate the average moving filters is presented. Using this filter improves the speed of compensating the 

reference current and then improves the system dynamic response. This converter provides PWM harmonic 

current by the inverter in the load side so, the current from network has no harmonic. DC power of inverter is 

also provided by the capacitors which anti-parallel diodes of switches charge them.  

 

Moving Average Filter (MAF) and the theory of the instantaneous power:  

 In figure (1), the block diagram of the MAF is shown. This filter is finite impulse response (FIR) filter with 

linear phase that can act in some conditions as a linear low pass filter [10] 
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Fig. 1: Moving average filter. 

 

The continuous-time filter model:  

 MAF output with input signal x (t) can be expressed in the time domain as following [11]: 
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where Tw indicates the time period; 

Using this formula, MAF transformation function can be obtained as follows [12]: 
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 This transformation function indicates that the MAF needs time a period to reach the steady-state 

conditions. Therefore, the higher the frequency, the slower the MAF transient response. 

 By subtitling s = jω in equation (2), the phase relationship between size and MAF can be obtained as 

follows: 
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 From equation (3), we found that the MAF will have unity gain at zero frequency and at the frequency f = n 

/ Tw (n= 1,2,3, ..) its gain will be a zero. This means that MAF can pass the DC components, but it cannot pass 

the frequency components with the integer multiple of 1/Tw. These can be seen in figure (2). Tw is considered 

as 0.01 [13]. Bode diagram for MAF filter is given in the following figure. 

 
Fig. 2: Bode filter of MAF diagram. 

 

Definition of instantaneous power: 

 In sinusoidal mode, the definition of the active and reactive power is clear, but in non-sinusoidal mode 

different definitions are presented in time domain and frequency. In 1983, Akagi presented the generalized 

theory of instantaneous reactive power in three-phase systems [13]. This theory is valid for transient and steady-

state three-phase power system. In this study, we define the power in the time domain. The constant power in 

single-phase system is equal to the product of the instantaneous voltage and current. In three-phase system, the 

instantaneous power in the three-phase system is expressed as equation (4). 

 

p(t)=va(t)ia(t)+vb(t)ib(t)+vc(t)ic(t)                                                                                                                        (4) 
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Hysteresis current control and presented model:  

 The instantaneous values of the three phase currents are measured with the base value. In order to achieve 

higher controllability, we impose current error into hysteresis controllers and their output produces the PWM 

inverter gate pulses. The hysteresis current controller structure is given in Figure (3) [4]. 

 
 

Fig. 3: Hysteresis current controller. 

 

Proposed Model: 

 The instantaneous power p-q theory is not appropriate for non-ideal voltage source. If the source is not 

ideal, the instantaneous values of voltage and current harmonics are resulted and consequently, Active Power 

Filter (APF) cannot eliminate these harmonics. Therefore, source current has harmonics. To overcome this 

problem, the values of active and reactive power can be calculated from the filtered source voltage. 

 In this paper, first reference voltage measured values were transferred to the static reference and then to the 

rotating reference. After passing through a low-pass filter, finally pass in the static reference which is presented 

in Figure (4). Filtered values  can be used for the calculation of static voltage reference. Equations (5) show the 

relationship between the two rotating reference and stationary reference. 

Vα=cosφVd - sinφVq 

Vβ=sinφVd - cosφVq           (5) 
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Fig. 4: The presented model for calculating the voltage in non ideal source conditions. 

 

Results: 

 Equations (6) show an ideal three-phase networks and equations (7) a non-ideal three-phase network in d-q 

frame. For simulating a non-ideal network, the three-phase voltages are applied as equation (7). The results are 

obtained using parameters in table (1) and are shown in figure (5). 

vda=311sin(wt)+4sin(3wt)+18sin(5wt-120°)+4.6sin(7wt)+3.1sin(11wt-120°) 

vdb=311sin(wt-120°)+4sin(3wt-120°)+18sin(5wt)+4.6sin(7wt-120°)+3.1sin(11wt) 

vdc=311sin(wt-240°)+4sin(3wt-240°)+18sin(5wt-240°)+4.6sin(7wt-240°)+3.1sin(11wt-240°)                    (6) 

 

vdua=311sin(wt)+31sin(wt)+4sin(3wt)+18sin(5wt-120°)+4.6sin(7wt)+3.1sin(11wt-120°) 

vdub=311sin(wt-120°)+31sin(wt-240°)+4sin(3wt-120°)+18sin(5wt)+4.6sin(7wt-120°)+3.1sin(11wt)   

vduc=311sin(wt-240°)+31sin(wt-120°)+4sin(3wt-240°)+18sin(5wt-240°)+4.6sin(7wt-240°)+3.1sin(11wt-240°)  

               (7)  
Table 1: Parameters of the simulation. 

Parameter Value 

Effective value of grid voltage 
network frequency 

switching frequency 

inductance and active filter 
capacitor DC 

400 V 
50 Hz 

20 kHz 

1 mH 
10 mF 

 

 Figure (5a) shows the input voltage after MAF. Figure (5b) indicates current which is drawn from the 

network without using MAF, and Figure (5c) is current from the grid in case the simulation has been carried out 
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using a filter to control .As can be seen in simulation results, using the proposed method not only improves the 

speed of the transient response of the system, but also improves the steady-state response. In table (2), the range 

of overall harmonic distortion (THD) of currents from the network is summarized. 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 5: Power supply voltage and load current (a) Power system voltage (b) The current which is drawn from the 

network without using Filter Control Average Reference (c) the current drawn from the network control 

filter methods. 
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Table 2: Characteristics of network flows before and after compensation. 

 

 

Mode 

ia ib ic 

THD (%) Effective 
amount (A) 

THD (%) Effective 
amount (A) 

THD (%) Effective 
amount (A) 

before compensation 22.39 60.11 24.45 57.61 24.69 57.4 

with MAF 2.67 56.79 2.61 57.07 2.61 56.26 

 

Conclusion: 

 In this paper, three-phase MAF was simulated to eliminate line harmonics and reactive power compensation 

for non-ideal source conditions. MAF implementations was practically simple and it was suitable in terms of 

computation. Simulation results show that the proposed model is effectiveness and has a good performance to 

reduce harmonics. 
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