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Abstract 

Today, the challenge of electricity distribution is to ensure the quality of electrical energy to balance production and demand. 

However, many of these disturbances can be found in an electrical network. Traditional and modern solutions have been 

proposed in the literature to reduce these disturbances. Among these solutions, active filtering has proven to be the most 

effective. There are active series filters designed to compensate for parasitic voltages, active parallel filters designed to 

compensate for parasitic currents and hybrid filters designed to compensate for both parasitic voltages and currents. In fact, 

several innovative solutions have been implemented to improve the reliability of these active filters. This research focuses on the 

simultaneous reduction of electrical harmonics and current imbalance in electrical power distributed to customers. The objective 

is to model and simulate in the Matlab/Simulink environment a four-wire active filter adapted to a public power distribution 

network. The integration of the parallel active filter will result in a simultaneous reduction of the harmonic rate and the 

unbalance. At the end of the simulation, the parallel active filter contributed significantly to reducing the harmonic rate in the 

different phases from 46% to 1.50% and the current unbalance rate from 14.78% to 0.14%. 
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1. Introduction 

The introduction plays an important role in providing 

background information (including relevant references), 

emphasizing the importance of the study, and outlining its 

Electricity is ubiquitous in our lives. It is generated by power 

plants, transmitted through transmission and distribution 

networks, and delivered to end users. Today, we are wit-

nessing the proliferation of non-linear loads, which consume 

little electrical energy from power users. Electronic convert-

ers and non-linear loads generate disturbances in the network, 

such as increased harmonics, current unbalance and reactive 

energy. These disturbances affect the fundamental electrical 

characteristics: frequency, voltage amplitude and waveform. 

Deterioration in any or all of these factors indicates an 

anomaly in the reliability of the distributed power [1]. In order 

to guarantee power quality in accordance with the EN 50160 

and IEEE 1159-2009 standards, it has become indispensable 

to use network pollution control techniques, the most im-

portant of which is the use of active filters [2-4]. The per-

formance of the active filter is based on three criteria: the type 

of inverter, the estimation of the reference current and the 

choice of the inverter current control [5, 6]. To this end, this 

article deals with the design of an active filter that takes into 
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account the unbalances and harmonics in a public distribution 

network. Four-wire parallel active filters are a suitable solu-

tion in this case. 

2. Electrical Network Parallel Active 

Filtering Techniques 

The principle of the filter and the methods used to configure 

and estimate the parameters are applied to the distribution 

network, which is a subsystem of the electricity network 

where energy is distributed at medium voltage (MV) for 

customers requiring high power and at low voltage (LV) to 

ensure service to customers connected to the network. 

MV/LV substations are the basic devices in this system [7]. 

The waveform of electrical energy in this electrical system is 

subject to degradation, so additional devices such as active 

filters are required should be written in English. 

2.1. Configuration of an Active Filter with Four 

Lines in Parallel 

Active power shunt filters in an electrical system can be 

represented by Figure 1, which shows two main parts: a 

control part and a power part connected to the network via a 

passive L-R filter (known as a coupling filter) to attenuate 

harmonic distortion and current unbalance in the network [8]. 

 
Figure 1. General view of the FAP with the four wires [6]. 

IGBT thyristors are currently the most widely used in 

power applications. It’s have been chosen for their perfor-

mance, i.e. low forward voltage drop, fast switching time and 

high power handling [1]. The switching state of thyristors 

depends on the control signal provided by the control circuit 

[9]. The filter described above can be used in a variety of 

contexts simply by setting the appropriate values. 

2.1.1. Determination of Parameters for the Control 

of Harmonic Pollution 

The passive coupling filter is calculated using the equation: 

𝑑𝑖𝑓

𝑑𝑡
=

𝑑𝑖ℎ

𝑑𝑡
              (1) 

Where 𝑖𝑓 is the filter current and 𝑖ℎ non-linear load cur-

rent. 

In practice and in general, the first order filter used is L OR 

LC. The size of this filter depends on the compromise to be 

found between the dynamics and the efficiency of the parallel 

active filter. In fact, only a relatively low value of L can 

achieve the dynamic range of the active filter to satisfy the 

equation 2 [9]. If the resistance of this coupling filter is ne-

glected, the equation 2 has obtained: 

(
𝑑𝑖𝑓

𝑑𝑡
)𝑚𝑎𝑥 =

𝑉𝑓𝑚𝑎𝑥−𝑉𝑆𝑚𝑎𝑥

𝐿𝑓
            (2) 

𝑉𝑓𝑚𝑎𝑥: The maximum value of the voltage at the inverter 

input. 

𝑉𝑠𝑚𝑎𝑥: The maximum value of the single voltage at the 

filter connection point. 

2.1.2. Energy Storage System 

In the four-wire active shunt filter topology, the capacitor is 

the energy storage element on the DC side of the inverter. 

2.2. Command and Control System 

The non-linear load absorbs a harmonic and sometimes 

unbalanced current in the three-phase case. In order to ensure 

that sinusoidal alternating current flows in the network, it is 

necessary to identify the disturbance currents of the load and 

then to estimate the reference currents that the active filter 

must inject into the network, with the same amplitude but in 

phase opposition to those consumed by the load. Several 

techniques have been presented in the literature, both in the 

time and frequency domain, to identify the reference currents. 

The power method is chosen for its simplicity and speed of 

implementation [4]. 

The active shunt filter is supplied on the DC side by a ca-

pacitor. However, the DC voltage across this capacitor is not 

constant. 

In order to improve this steady state DC voltage without 

degrading the transient state, the PI regulator is used as a 

solution that achieves zero static error [10, 11]. The rela-

tionship between the power absorbed by the capacitor and 

the voltage across its terminals can be written as [2]. 

𝑃𝑑𝑐 =
𝑑

𝑑𝑡
(
1

2
𝐶𝑑𝑐𝑉𝑑𝑐

2 )              (3) 

Applying Laplace to equation 4 that give: 

𝑃𝑑𝑐 =
1

2
𝑠𝐶𝑑𝑐𝑉𝑑𝑐

2                  (4) 

The voltage across the capacitor is expressed as follows: 
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𝑉𝑑𝑐
2 =

2𝑃𝑑𝑐

𝑠𝐶𝑑𝑐
                   (5) 

2.3. Method for the Development of a Parallel 

Active Filter for an Electrical System 

The procedure for designing the electrical network for the 

selected hospital is based on four phases. The diagram in the 

following figure illustrates these four phases. 

 
Figure 2. Steps in developing the parallel active filter. 

The determination of the power system elements Ls and 

Rs is based on the IEC 61000-3-12 standard, which defines 

the relationship between the apparent short-circuit power by 

the equation: 

𝑆𝑐𝑐

𝑆𝑐ℎ
≥ 30                (6) 

In addition, the short-circuit impedance can be determined 

using the equation [8]: 

𝑍𝑆 =
3𝑉𝑠

2

𝑆𝑐𝑐
                 (7) 

With 

𝑍𝑆 = √𝑅𝑠
2 + 𝑋𝑠

2              (8) 

In practice, the impedance 𝑋𝑆 is selected between 0.01𝑍𝑆 

and 0.1𝑍𝑆 [12]. 

In the active filter design, the coil is the coupling element 

between the filter system and its power supply. The induct-

ance of the coil is determined by the following equation: 

𝐿𝑓 =
𝑉𝑓𝑚𝑎𝑥−𝑉𝑆𝑚𝑎𝑥

0.25𝑖𝑆𝑚𝑎𝑥𝑓𝑜𝑛𝑑
              (9) 

With: 

𝑉𝑓𝑚𝑎𝑥 =
2

3
𝑉𝐷𝐶             (10) 

Vfmax: the maximum value of the inverter input voltage. 

Vsmax: the maximum value of the simple voltage at the fil-

ter connection point. 

iSmax: the maximum current delivered by the source. 

2.4. Application to the Power Supply Network of 

a Hospital 

The simulation of the network, pollutant loads, three-phase 

rectifiers and three- or four-arm parallel active filters is car-

ried out using the Matlab-Simulink environment. The case 

study is a hospital in Niamey, the CHR source substation has 

the following characteristics: apparent power S=1000 KVA; 

voltage system: 230/400 V; Dyn11 coupling and a secondary 

current of 1443 A. 

 
Figure 3. Model implemented. 

2.4.1. Capacitor Reference Voltage 

Several approaches have been formulated to determine this 

voltage. There is an assumption-based method, which is very 

simple and provides the best power quality [13]. According to 

this approach, the V_dcref voltage is equal to 700 V because, 

within the constraints of the switches, the minimum value of 

the Vdc voltage is twice the maximum value of the simple 

mains voltage to ensure the controllability of the output filter 

current at all times [14]. 

2.4.2. Value of the Capacity of the Capacitor 

The calculation of the capacitance is based on the 

measurement of the highest harmonic current Ih in the 
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network. The capacitance Cdc is calculated as follows [4, 

13]: 

𝐶𝑑𝑐 =
𝐼ℎ

∆𝑉𝑑𝑐𝜔ℎ𝑉𝑑𝑐
                (11) 

With 𝜔ℎ the lowest pulsation of the harmonics to be 

compensated and ∆𝑉𝑑𝑐ℎ. 

2.4.3. Current Umbalance Evaluation 

The approximate formula for the unbalance rate according 

to IEEE std. 141-1993 is [15]: 

𝑇𝐷𝐼 =
𝑀𝑎𝑥(𝐼1;𝐼2;𝐼3)−𝐼𝑚𝑜𝑦

𝐼𝑚𝑜𝑦
           (12) 

With: 

𝐼𝑚𝑜𝑦 =
∑ 𝐼𝑖
𝑛
𝑖=1

3
               (13) 

The simulation diagram for all model elements is shown in 

Figure 4. 

 
Figure 4. Simulation model. 

Based on this model, two scenarios are developed: 

1) The first scenario involves simulating the model without 

filter; 

2) The second scenario involves inserting the active filter 

into the simulation model. 

3. Results 

In accordance with the assumptions made in the first sce-

nario, the results obtained are shown in the following two 

figures. The waveform of the currents drawn by the non-linear 

loads is shown in Figure 5. 

 
Figure 5. Plots of three non-linear load currents. 

A spectral analysis of Figure 5 allowed us to quantify the rate of harmonic distortion on the three phases shown in Figure 6. 
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Figure 6. Current harmonic rate before integrating the active filter. 

The harmonic distortion rates by electrical phase order are 

THD1=46.27%; THD1=46.40%; THD1=46.15%. In addition, 

the recorded current unbalance rate is 14.78%. When the 

active filter is integrated to reduce the harmonic distortion 

levels and the current imbalance rate, the results shown below 

are obtained. 

 
Figure 7. Current harmonic rate after integrating the active filter. 

 

 

http://www.sciencepg.com/journal/sjee


Science Journal of Energy Engineering http://www.sciencepg.com/journal/sjee 

 

29 

4. Discussion 

Initially, before filtering, the harmonic distortion rate of the 

different phases is about 46% and the current unbalance rate is 

14.78%, indicating the presence of harmonics and unbalance 

in the three-phase load. At this point, the current flowing 

through the three-phase load is the same as that supplied by 

the three-phase source (transformer secondary). 

In order to assess the effectiveness of the filter, a table has 

been drawn up comparing the rates of harmonic distortion and 

unbalance before and after integration of the FAP. 

The summary table shows that, overall, the use of the active 

filter has made a significant contribution to reducing the THD 

in the various phases. 

With regard to the rate of current unbalance after filtering, 

the satisfaction is all the greater in that, on the one hand, it is 

lower than the rate of unbalance allowed in a distribution 

substation in Algeria, which is 15% [13] and, on the other 

hand, the TDi obtained is very low compared with that al-

lowed in Madagascar, which is set at 10% in the work of 

raherimihaja Henri Josephson [15]. 

Better still, the TDi obtained is lower than that accepted in 

France by EDF in low-voltage distribution, in the range [0.5; 

2%] [6]. 

5. Conclusions 

The research activity developed in this article consisted in 

the implementation of a four-wire active filter to reduce both 

electrical harmonics and current unbalance. The case study of 

a hospital electrical network was modelled and used to test the 

designed active filter. The simulation of the electrical system 

showed that the parallel active filter made a significant contri-

bution to reducing the harmonic rate in the different phases 

from 46% to 1% and the current unbalance rate from 14.78% 

to 0.14%. As part of future improvements, research will need 

to be carried out on optimization of active filter design. 
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