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Abstract - Harmonic currents are introduced into power 
system as use of nonlinear electrical loads increases. Extra 
losses are caused by harmonic current stream into effective 
supply lines. A dynamic power filter engenders harmonic 
compensating current using a switching inverter. Single-phase 
current into the harmonic filter connects in parallel to load end 
and inject current harmonic required by the load feeder to 
avoid harmonic current in the direction of power system. This 
report discusses harmonic problem, available harmonic 
mitigation techniques, basic design of filter, control strategy, 
design steps of major hardware blocks, modelling and 
simulation of current harmonic filter in MATLAB SIMULINK 
setting, component selection, hardware implementation and 
final results. This filter will eliminate harmonic up to 45th 
order. The control circuit consists of a peak filter, all-pass 
filter, low pass filter and adders which are used to produce 
error signal by comparing harmonic current demand of load 
and injected harmonic current through switching inductor. 
Keywords: Power System, MATLAB SIMULINK, Harmonic 
Current, Switching Inverter 

I. INTRODUCTION

On utility systems with a restricted ability to absorb 
harmonic current, all nonlinear loads have a combined 
effect. Harmonic control in electric power systems is 
governed by the IEEE519 standard, which specifies best 
practices and specifications [1,2]. Active Harmonic filtering 
is an evaluating technology which needs modification to 
reduce cost and economical operation for small loads. 
Passive filters, which are made up of passive elements such 
as capacitors, inductors, and resistors, have their own set of 
disadvantages, including bulkiness, harmonic distortion 
reduction based on harmonic order, and resonance issues [3]. 
The other solution, active filters, has been spurred by the 
advent of semiconductor switching devices, sensors, and 
digital processors to provide superior harmonic filtering 
over a large frequency spectrum, more versatility, smaller 
scale, and advanced power supply parameter monitoring 
compared to passive filter solutions [4].  

As a result, this project can be defined as an attempt to 
construct a parallel active current harmonic filter, which 
provides an efficient means of mitigating harmonics, 
reducing process-related voltage fluctuations, and extending 
the life of equipment and increasing device power. It can be 
used as part of a harmonic filtering and power factor 
correction scheme [5]. 

The specific objectives are to investigate and comprehend 
the harmonic effect, to select the AHF suitable for current 
shaping, to design AHF and design simulation, for hardware 
implementation, and for AHF testing for results. No real-
world power supply is perfect and will usually deviate in at 
least one of the following ways [6]. The filter’s use makes it 
possible to reduce harmonic distortions in line current, line 
current peak values, rms of current and potentially 
destructive network interference etc. And, other advantages 
are, reducing cross-section of power cables, size of fuses 
and reducing power of generator or inverter used to supply 
nonlinear loads etc [7]. There is a much attention given for 
the mitigation of current harmonics in three phase industrial 
supplies compared to the single phase current harmonic 
filtering due to the fact that single phase supplies being for 
low power applications. But current harmonics in single 
phase consumers such as domestic consumers and small 
business unit consumers, though the individual consumption 
is very low compared to the industrial consumers, 
cumulatively create a huge harmonic problem on power 
system [8]. 

There is much attention given for the mitigation of current 
harmonics in three phase industrial supplies compared to the 
single phase current harmonic filtering due to the fact that 
single phase supplies being for low power applications. But 
current harmonics in single phase consumers such as 
domestic consumers and small business unit consumers, 
though the individual consumption is very low compared to 
the industrial consumers, cumulatively create a huge 
harmonic problem on power system [9,10]. Moreover that, 
while the number of electric energy-based household 
appliances are increasing day by day as efficient solutions to 
the day-to-day household activities, present trend towards 
energy efficient household electrical appliances coming up 
with more electronic systems inside it adding increasingly 
high number of harmonics to a Watt they consume [11, 12]. 
Therefore, the persistence of this research is to address 
current harmonic problem from the single-phase supplies at 
the consumer end before the current harmonic aggregately 
create costlier problems on power systems. 

II. PARALLEL, SERIES ACTIVE FILTERS

Parallel active filters are more common than series active 
filters in standings of arrangement and functioning. Figure 1 
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shows how it is associated in parallel to core power circuit. 
The filter is arranged to call off load harmonic currents 
while keeping supply current harmonic-free [13]. Parallel 
filters have the advantage of only resounding load harmonic 
current constituents of circuit rather than the entire load 
current. 

Fig. 1 Parallel active filter 

Whereas series active filters reduce voltage harmonic 
distortions while also improving load voltage quality. In 
order to accomplish this and give a sine voltage transversely 
load, a sine pulse width modulated (PWM) voltage is 
applied crosswise link transformer to account for source 

impedance distortion [14]. Series AHF must carry the whole 
load current in comparison to parallel filters, swelling 
current ratings and losses, notably over the secondary side. 

III. PROPOSED RESEARCH SYSTEM

A. Single Phase Active Current Harmonic Filter

Single phase active current harmonic filter is designed to 
mitigate harmonic currents drawn by non-linear loads and 
thereby protect equipment on our power distribution system 
and reduce other bad effects such as power losses, nuisance 
tripping of CBs, conductor heating etc. Figure 2 shows the 
basic configuration of sole phase filter. Power for filter is 
obtained from same supply source via a voltage doubler and 
a diode rectifier to produce the necessary DC voltage for 
operation. By supplying current to load through inverter-
inductor in response to controller commands, the inverter 
essentially converts inverter output into current cause [15]. 
The rapid line current load draws are tested by the controller 
as input. The construction of AHF consist of three major 
components namely, voltage doubling rectifier with 
smoothing filter, current source inverter and controller. 

Fig. 2 Block Diagram of single-phase active harmonic filter 

Design of active harmonic filter consists of several 
parameters and numerous values which includes, input dc 
voltage for inverter, inductance value of the switching 
inductor, switching frequency for the inverter and capacitor 
values for voltage doubling circuit. 

B. Control Circuit Design

The load’s harmonic demand is injected into an active 
current harmonic filter. For that first we should identify the 
harmonic signal on the current wave. This is done by a peak 
filter. But peak filter introduces phase shift to output signal, 
and it is corrected by an all-pass filter. Then another adder 
circuit is employed to generate an error signal to be given as 
input to the comparator circuit. 

C. Peak Filter

The Peak filter attenuates signals by only allowing the 50 
Hz portion of the current signal’s frequency spectrum to 
pass through. The circuit diagram of the peak filter shows in 
figure 3. The centre frequency of the peak filter is 50 Hz. 
The selectivity 𝑄𝑄 is the ratio of the centre frequency to the 
bandwidth. Finally, the value of the 𝑅𝑅3 must be calculated 
to set the centre frequency using following equation [16],  

ƒc=12√R1+R3R1R2R3C2R3=49. 

The phase shift introduced to 50 Hz should be corrected to 
be subtracted from the original signal to identify the 
harmonic wave form. 
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Fig. 3 Circuit diagram of peak filter 

 
The Centre frequency of the peak filter is 50 Hz. We decide 
lower frequency and the high frequency using, 

 
 
Which gives ƒ𝑙𝑙 = 40 𝐻𝐻𝐻𝐻 and ƒℎ = 63 𝐻𝐻𝐻𝐻. Then, 

 
 
The selectivity 𝑄𝑄 is the ratio of the centre frequency to the 
bandwidth. 

 

 
Since 1 < 𝑄𝑄 < 10, this is within the limits of single op amp 
band pass filter. In such filter,  

 

 
Where 𝐶𝐶1 = 𝐶𝐶2 = 𝐶𝐶. In peak filter, 

 

 
We select 𝑅𝑅2 = 1 𝑀𝑀Ω 𝑎𝑎𝑎𝑎𝑎𝑎 𝐶𝐶 = 100 𝑎𝑎𝑛𝑛 giving 𝑅𝑅2𝐶𝐶 = 0.015. 
The gain of peak filter is given by, 

 

 
Since we want to maintain unity gain, 

 

 
Finally, the value of the 𝑅𝑅3 must be calculated to set the 
centre frequency using following equation, 

 

ƒc=12√R1+R3R1R2R3C2R3=49. 
 

Peak filter introduces phase shift between input and the 
output signal. The phase shift introduced to 50 Hz should be 
corrected to be subtracted from the original signal to 
identify the harmonic wave form. For that all pass filter is 
used. 
 
D. Low Pass Filter 
 
The aim of a low pass filter is to eliminate noise from the 
original signal. The schematic diagram of an op amp low 
pass filter is depicted in figure 4. To minimize the phase 
change of output with respect to input signal, we used a 
higher cut off frequency [17]. 

 
Fig. 4 Schematic of an op amp low pass filter 
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The cut-off frequency of a 1st order low pass filter is given 
by following equation: 

We select ƒ𝑐𝑐=10 kHz, then RC constant value is, 

We select R7=330Ω and C4=47 nF giving RC constant 
equals to 1.551*10-5 which is 2.5% range from required RC 
constant. Since we need not a gain between input and output 
inverting input is directly connected to the output. 

E. Adder Circuit

To identify the harmonic waveform 50 Hz signal should be 
reduced from the original line waveform. Since output of 
peak filter and all pass filter combination gives a 50 Hz 
output with negative polarity with respect to input signal, a 

simple adder circuit can be used to obtain the harmonic 
signal waveform [18].  Harmonic signal flow through the 
low pass filter to filter out noises contained in input signal 
and output of low pass filter gives required harmonic 
demand by the load. Error signal should be generated by 
reducing inductor switching current from this signal.  

Since, output of the adder circuit 1 gives negative polarity 
with respect to input signal and low pass filter do not 
introduce polarity change again simple adder circuit is used 
to generate error signal to comparator. Therefore, control 
circuit includes two adder circuits. Figure 5 shows 
schematic of an op amp adder circuit. 

The output of an adder circuit is given by following 
equation [45] 

We select 𝑅𝑅𝑛𝑛1 = 𝑆𝑆1 = 𝑆𝑆2 = 10 𝑘𝑘Ω to maintain unity gain of 
the adder. 

Fig. 5 Schematic of an op amp adder circuit 

Fig. 6 Comparator circuit schematic with functional portions highlighted. 
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F. Comparator Circuit Design 
 
A triangle wave generator and comparator are used in this 
circuit to create a PWM waveform with an inversely 
proportionate duty cycle to the input voltage. A triangle 
waveform produced by an op amp and comparator is fed 
into the inverting input of a second comparator [19].  
 
PWM wave is created by connecting the input voltage to the 
non-inverting comparator input. Figure 6 shows comparator 
circuit schematic with functional portions highlighted. 
 

IV. MATLAB SIMULINK SYSTEM MODELLING 
 
Most of the formatting instructions in this document are as 
per LaTeX style files and Microsoft Word. The Research 
Publication has used its best efforts to ensure that the 
templates have the same appearance. 
 
A. Purpose of Simulation 
 
Optimum circuit parameters for the filter should be obtained 
by minimizing the THD of the main electricity system since 

THD was utilized as degree of harmonicity [47, 48]. 
Simulation was used to verify switching inductor’s 
inductance, voltage of step-up transformer and IGBT 
switching rate [20]. Simulation program was rather 
multifaceted because of THD simulated circuit diverges 
through each of three criterions revealed earlier. Thus, 1st 
parameter was optimized whereas others were maintained at 
a lowest sensitivity and when one parameter was optimized, 
second was optimized for the first parameter’s optimum 
value. 
 
B. Load Modelling 
 
The load studied is modelled in SIMULINK (MATLAB), 
apiece harmonic current constituent is modelled as current 
sink and ultimate current constituent as series RLC division. 
Voltage harmonics were neglected since those are very 
small compared to current harmonics [21]. Above figure 7 
shows the load model up to 15th harmonic current demand. 
All the harmonic currents up to 43th harmonic were 
concerned when load is modelling in MATLAB 
SIMULINK. 
 

 

 
Fig. 7 Sample load model 

 
Figure 8 shows a comparison of the modelled sample load 
waveform drawn by the voltage source, to confirm the 
model is tally with the measured data. Total Harmonic 
Distortion (THD) was the interested parameter which is 

shown in figure 9. It should note that in the first cycle of the 
THD waveform, scope do not show THD value due to 
calculation time of the MATLAB SIMULINK environment. 
 

 

 
Fig. 8 Current waveform of sample load model 
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Fig. 9 THD of sample load model 

C. Filter Modelling

The active shunt current in harmonic filter needs power 
from source as well. As a result, a step-up transformer, 
single phase complete bridge diode rectifier, single phase 

IGBT inverter, switching inductor are used to model the 
filter [22]. Figure 10 shows active current harmonic filter 
model. In here complete load model has been modelled 
exclusive to Load subsystem. 

Fig. 10 Active current harmonic filter model 

D. Controller Modelling

The current error signal was created via associating actual 
harmonic current constituents needed through load (shown 

in figure 11) with injected current from inductor and was 
utilized to turn IGBTs [23]. This error signal is used to 
generate IGBT switching signal via PWM generator using 
the simple control model shown in figure 12. 

Fig. 11 Harmonic current demand of sample load model 
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Fig. 12 Filter controller model 
 
E. Simulation for Obtaining Circuit Parameters 
 
The harmonic content was measured using THD. As a result, 
the active filter’s optimal circuit parameters were 
determined by minimizing THD. To provide the required 
electrical charge to the device, the capacitor’s capacitance 
had to be sufficient. However, due to its physical size and 
expense, installing a large capacitor is not feasible. In the 
simulation, the capacitor utilized has a 220 F capacity. The 
voltage of step-up transformer, switching frequency and 
inductance of switching inductor were determined by 
simulation.  
 
On the other hand, all three of the elements listed below 
have an impact on the THD of the simulated circuit. i.e., the 
inductor’s inductance, step-up transformer’s output voltage, 
and IGBTs’ switching frequency. Since all three variables 
had to be optimized at the same time, the simulation 
software was extremely complicated [24]. As a result, the 
first parameter was optimized, while the other two were 
held as sensitive as possible. The second parameter was 
optimized for the first parameter’s optimal value once the 
first had been optimized as previously mentioned. 
 
F. Switching Inductor’s Inductance 
 
Most In a given voltage, the application of the required 
inductance is critical; higher order harmonics are less 
effectively suppressed by large inductors. When the 
inductance is weak, however, the wave signal appears to 
deviate more from the reference wave.  Four distinct 
arrangements of the transformer voltages, (1) 300 V and (2) 
400 V, and the two switching frequencies, (1) 50 kHz and  
(2) 75 kHz, resulted in a number of inductances from 10 
mH up to 50 mH interludes of 10 mH were tested. The 
supply current waveforms and THD were observed as a 
result. Table I shows variation of total harmonic distortion 
with the inductance. 
 
When used in low power applications like the one being 
examined, high inductance inductors were large and 
unsuitable, physical parameters of inductor were significant. 
As a result, inductors with inductances greater than 50 mH 
were excluded from the simulation. 
 
 

TABLE I TOTAL HARMONIC DISTORTION WITH THE 
INDUCTANCE 

 
Inductance 

(mH) 
Transformer 
voltage (V) 

Frequency 
(kHz) 

THD 
(%) 

 
10 

300 
50 1.34 
75 1.07 

400 
50 1.49 
75 1.11 

20 
300 

50 3.09 
75 3.06 

400 
50 1.63 
75 1.54 

30 

300 
50 8.04 
75 8.04 

400 
50 5.5 
75 5.49 

40 
300 

50 12.07 
75 12.07 

400 
50 9.46 
75 9.46 

50 
300 

50 15.18 
75 15.17 

400 
50 12.69 
75 12.69 

 
G. Voltage of Step-Up Transformer 
 
The correct inductance was determined as 10 mH. Higher 
voltage increases the difficulty of handling, need for 
insulation, and necessitates the use of equipment with a high 
rating voltage. Low voltages, on the other hand, were 
unable to provide the necessary filter current.  
 
Consequently, seven dissimilar transformer voltages 250 V, 
300 V, 350 V, 400 V, 450 V, 500 V and 550 V were 
considered at four swapping frequencies of 25 kHz, 50 kHz, 
75 kHz, 100 kHz. Complete harmonic distortion varies with 
step up transformer voltage, as shown in Table II. 
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TABLE II HARMONIC DISTORTION VARIATION WITH STEP-UP 
TRANSFORMER VOLTAGE 

Transformer 
Voltage (V) 

Frequency 
(kHz) THD (%) 

250 

25 4.8 
50 4.71 
75 4.69 

100 4.69 

300 

25 3.26 
50 3.09 
75 3.06 

100 3.05 

350 

25 2.39 
50 2.11 
75 2.05 

100 2.04 

400 

25 2.02 
50 1.63 
75 1.54 

100 1.51 

450 

25 1.93 
50 1.45 
75 1.34 

100 1.3 

500 

25 1.94 
50 1.41 
75 1.29 

100 1.25 

550 

25 1.96 
50 1.4 
75 1.27 

100 1.22 

H. Switching Frequency

The appropriate inductance and transformer voltage were 
determined to be 10 mH and 400 V, respectively, as 
previously stated. At 10 mH inductance and 400 V step up 
transformer voltage, waveforms and THD were calculated 
at variety of switching frequencies ranging from 25 kHz to 
100 kHz. Although higher switching frequencies were well-
thought-out in simulation, achieving them in practice is 
extremely difficult. Complete harmonic distortion varies 
with switching frequency, as shown in Table III. 

TABLE III TOTAL HARMONIC DISTORTION VARIATION WITH 
SWITCHING FREQUENCY 

Frequency (kHz) THD (%) 
25 2.03 
30 1.87 
40 1.71 
50 1.63 
60 1.58 

70 1.55 
75 1.54 
80 1.54 
90 1.52 

100 1.51 

I. Simulation Results

Most By simulation, we choose a switching inductor with a 
10 mH inductance, a transformer ratio of 350 V, and a 
switching frequency of 25 kHz. We replaced the voltage 
step up transformer by a voltage doubler circuit which can 
give 650 VDC output voltage. Therefore, final simulation 
model of the AHF is shown in figure 13. 

Fig. 13 Final Simulation Model of AHF 
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Fig. 14 THD of System Current Waveform 

 

 
Fig. 15 System Current Waveform 

 
V. CONCLUSION 

 
In this study, a shunt linked single phase active current 
harmonic filter was designed, modelled, and constructed 
using MATLAB Simulink. By contrasting actual harmonics 
required by load with injected harmonics from switching 
inductor, an error signal is produced to switch four IGBTs. 
Simulation of the model is used to verify the practicability 
of the design and it was helpful to decide best parameters to 
the designed parameters. The THD is reduced to an 
appropriate level after attaching the sole-phase shunt active 
current harmonic filter parallel to load, according to 
simulation results. After the simulation selection of 
components to implement the system is done according to 
designed ratings. Main drawback of the existing active 
harmonic filters is its cost. Therefore, cost effective system 
could be made which will be flexible in various applications. 
Analog control system, Comparator and Dead Band circuit 
were constructed using high speed active components to 
achieve minimum error. Our system needs additional 
installation changes when installing it to a particular load. 
We need to connect current sensor in series with the load to 
measure load current and there should be a connecting 
mechanism to connect the filter parallel to the load. 
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