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Abstract: 

This study introduces a thorough approach for 

developing a Active power filter with the goal 

of improving power quality in utility grids. The 

system utilizes an Artificial Neural Network 

(ANN) controller to effectively control the DC-

link voltage. This is achieved by employing the 

Instantaneous Reactive Power Theory to extract 

the reference current. Hysteresis current control 

is used to generate gate pulses for regulating the 

switches of a Voltage Source Inverter (VSI). 

The system utilizes the Instantaneous Real and 

Reactive Power Theory (PQ theory) to monitor 

real and reactive powers and create reference 

currents accordingly. The simulation results 

show a considerable decrease in Total 

Harmonic Distortion (THD), suggesting that 

the proposed method effectively enhances 

power quality in utility systems. 

Keywords: shunt Active Power Filter, Artificial 

Neural Network controller, Real and Reactive 

Power Theory 

1.Introduction: 

This study investigates how harmonics 

produced by non-linear loads affect the power  

 

 

quality of the transmission and distribution 

systems. Harmonic distortion, voltage 

fluctuations, and noise are power quality issues 

that arise from non-linear loads, such as 

personal computers, variable frequency drives 

(VFDs), and arc furnaces [3,4,5].Power losses, 

electric device heating, insulation failure, 

communication system interference, and, in the 

worst-case scenario, electric power system 

breakdowns can all be caused by harmonic 

distortion in low-voltage distribution systems 

[6,7].In 1992 (IEEE Std 519-1992 [9]), 

amended in 2014 (IEEE Std 519-2014 [10]), the 

Institute of Electrical and Electronics 

Engineers—rules Association (IEEE-SA) 

established rules for harmonics restrictions in 

response to these problems. A total harmonic 

distortion (THD) of more than 5% is considered 

unacceptable according to these guidelines. 

Historically, power filters—especially passive 

ones—have been used to achieve this 

restriction. The scale, resonance, instability, 

and rigidity of industrial nonlinear loads 

coupled to stiff power supplies make it difficult 

to design an efficient passive power filter [19]. 

Proposed as a solution to the limitations of 

passive filters, active filters (AFs) employing 

have emerged. AFs present benefits such as 

enhanced filtering precision, swift dynamic 

response, and versatility [20,21]. The efficiency 
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of the shunt active power filter in reducing 

harmonics [22] is influenced by factors 

including the detection of current harmonics, 

measurement of reactive power, and the 

compensation control algorithm, all based on 

the theory of instantaneous reactive power. 

 is frequently used in control approaches for 

reference compensation current (P-Q theory). 

Several methods have been suggested by 

researchers for extracting both fundamental 

and harmonic components, establishing 

reference compensation currents, and 

controlling the voltage of the DC-link 

capacitor. For instance, an adapted version of P-

Q theory was devised [24] to calculate 

reference compensation currents for mitigating 

harmonic currents. Methods such as reducing 

harmonic currents in voltage imbalances [25], 

removing harmonic distortion on the source 

side [26], managing the effect of harmonics on 

rectifier transformers [27], obtaining 

components with a positive sequence [28], and 

using a multilevel converter control strategy to 

eliminate harmonics [29] are among the other 

options. The literature review provides a strong 

foundation for our investigation by providing a 

range of studies on the control and design of 

shunt active power filters. Previous research 

has largely focused on improving the power 

quality of balanced power systems. Moreover, 

there is a limited number of published studies 

that tackle the design of Artificial Neural 

Networks (ANN) controllers for active filters 

(AFs). 

However, this paper extensively outlines the 

methodologies through which a Simulink 

model of an ANN-based SAPF utilizes the 

instantaneous reactive power theory to extract 

reference currents. 

1.Topology and Operation of Active Shunt 

Filter 
An Active Shunt Filter, depicted in Figure 1, 

comprises two primary circuits: the power 

circuit and the control circuit. 

 

Fig1: Simulation diagram of the Active 

Shunt Filter 

The power circuit needs to generate the 

necessary compensatory current. This circuit 

comprises a voltage source inverter (VSI) based 

on pulse-width modulation (PWM) to manage 

and regulate the DC voltage, alongside a DC-

link capacitor for energy storage. 

Simultaneously, the control circuit constantly 

tracks variations in harmonic currents to 

calculate the instantaneous reference 

compensation current. Based on this 

information, it fine-tunes the power circuit to 

accurately generate the needed harmonic 

current. 

The Active Filter injects harmonic voltage (for 

series active filters) or current (for shunt active 

filters) in the opposite direction into the power 
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supply. Many methods for identifying and 

extracting harmonic currents have been 

researched and applied [7–10]. The 

methodologies encompass various approaches 

such as instantaneous real-reactive power (p-q) 

theory, adapted instantaneous p-q theory, neural 

networks [10], flux-based controllers, notch 

filters, and synchronous reference (d-q-0) 

theory. Despite demonstrating outstanding 

steady-state precision and fast response [6], p-q 

theory is found inadequate for estimating 

reference current in scenarios where the source 

voltage is suboptimal [6,11]. An analysis and 

simulation of an active shunt filter working 

under nonlinear load conditions are presented in 

this study. 

2.1DESCRIPTION OF P-Q THEORY: 

Instantaneous power concepts are categorized 

into two main groups. One relies on the 

absolute phase with respect to three orthogonal 

axes, while the other is built directly on the a, b, 

and c phases. The transformation from a-b-c to 

α-β-0 establishes the former, referred to as the 

p-q hypothesis [5]. This approach is applicable 

to three-phase power systems with or without a 

neutral wire, capable of managing various 

voltage and current waveforms in both steady-

state and transient conditions. Regulating active 

shunt filters in real-time becomes more 

straightforward with the application of this 

theory. Its straightforward calculations, 

predominantly algebraic, with the exception of 

distinguishing between the mean and alternate 

values of estimated power components, are 

another notable aspect. Each of these power 

components serves distinct functions. 

P: The rate at which energy is transferred from 

the power source to the load through the a, b, 

and c phases is denoted by instantaneous 

average power. Instantaneous reactive power, 

or Q, represents the power that needs to be 

distributed among the three phases of a three-

phase power system. Unlike active power, this 

current contributes to unwanted currents rather 

than facilitating energy transfer from the source 

to the load. 

 

Fig 2: PQ method control strategy 

The p-q theory employs an algebraic 

transformation known as the Clarke 

transformation to convert the three-phase 

voltages and currents, initially represented in 

the a-b-c coordinates, into the α-β-0 

coordinates. Subsequently, the theory 

calculates the instantaneous power 

components. The conversion of the three-phase 

generic instantaneous line currents (ia, ib, and 

ic) becomes simpler with the assistance of the 

α-β-0 axis. 
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The α-β-0 transformation serves to isolate the 

zero-sequence component from the a-b-c phase 

components, with the zero-sequence elements 

excluding contributions from the α and β axes. 

Equations 1 and 2 allow for the calculation of 

the instantaneous real and imaginary power 

components on the source side. 
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Where: 

 p =VαIα+ VβIβ Instantaneous Real Power 

 q =VαIβ – VβIα Instantaneous Imaginary Power 

we can calculate reference current as 
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The orientation of the β axis ensures that if 

spatial vectors representing voltage or 

current in the abc coordinates rotate in the 

abc sequence, they will similarly rotate in 

the α-β sequence on the α-β coordinates. 

 

 

2.2. PI CONTROLLER: 

Proportional and integral terms make up the PI 

controller. The response to the current error is 

governed by the proportional value, while the 

response based on the cumulative sum of past 

errors is governed by the integral. The DC link 

capacitor's voltage has been controlled using a 

PI controller. As an input to the PI controller, 

VDC is compared to VDC-ref in this technique 

to produce an error signal. The recommended 

error signal follows the reference current signal 

via the PI controller, which assisted in 

achieving zero steady state. To produce the 

necessary switching signals for the shunt APF 

switches, a hysteresis controller is used. 

. 

            Fig 3: DC link voltage Regulation 

2.3. Hysteresis-Current Controller: 

The hysteresis current controller in the 

suggested method provides the precise gating 

pulse sequence of the IGBT-based VSI utilized 

in the proposed, as seen in the above image. The 

reference voltage or reference current available 

at the output of ANN controller is compared 

with the feedback voltage or current to generate 

the error signal. The hysteresis band 

comparator, which generates the gating signal 

needed by the AF, compares the error signal.AF 

generated the compensating current to mitigate 

the harmonic content.
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Fig 4: Simulink diagram of Hysteresis 

control 

2.4ANN CONTROLLER: 

An artificial neural network is the most 

effective controller when it comes to quickly 

identifying corrupted signals. The parametric 

variation condition prevents the traditional 

controller from operating. It is a collection of 

neurons with adoption and learning 

capabilities. The proposed controller structure 

comprises several neural layers, featuring 

neurons in the input layer, twenty neurons in the 

hidden layer, and one neuron in the output 

layer. 

 

 

 

 

Fig 5: Training process for ANN controller 

It undergoes training to acquire a reference 

signal. The output of the controller is then 

employed to generate the three-phase source 
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current reference, subsequently producing 

gating pulses for the APF switches. 

3.Simulation Results: 

A. With out ASF (Active shunt filter): 

 

Fig 6: Uncompensated Simulation model  

The Simulink model above depicts an 

Uncompensated Simulation model designed to 

simulate harmonics in the source voltage and 

current. The model includes a non-linear load, 

and it is evident that the source voltage contains 

harmonic components resulting from this non-

linear load. 

 

Fig 7: Source voltage of Uncompensated 

circuit 

The graph above illustrates the distorted 

waveforms of the three-phase uncompensated 

source voltage and current within a balanced 

system featuring a nonlinear load. Through Fast 

Fourier Transform (FFT) analysis, it is 

demonstrated that the source voltage undergoes 

distortion because of the nonlinear 

characteristics of the load. 

 

Fig 8: Source current of Uncompensated 

circuit 

In the provided graph, the distorted waveforms 

of the three-phase uncompensated source 

voltage and current within a balanced system 

containing a nonlinear load are presented. 

Analysis conducted using the Fast Fourier 

Transform (FFT) reveals that the source current 

undergoes distortion as a consequence of the 

nonlinear characteristics exhibited by the load.

 

Fig 9: THD of uncompensated source voltage 

waveform is 14.33% 

As indicated by the THD analysis presented 

above, distortion is observable in the 

waveforms of the three-phase source voltage 

and current within a balanced system featuring 

a nonlinear load. FFT analysis reveals that the 

nonlinear characteristics exhibited by the load 

result in distortion in the source voltage, 
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thereby contributing to a total harmonic 

distortion (THD) of 14.33% in the 

uncompensated source voltage. This level of 

harmonic distortion exceeds the permissible 

limits set by IEEE standards. 

 

Fig 10:  THD of uncompensated source 

current waveform  

The earlier THD analysis illustrates distortion 

present in the waveforms of the three-phase 

source voltage and current within a balanced 

system featuring a nonlinear load. The 

distortion observed in the supply current is 

attributed to the nonlinear characteristics of the 

load. FFT analysis discloses a total harmonic 

distortion (THD) of 22.47% in the 

uncompensated source current, surpassing the 

thresholds outlined by IEEE standards. 

B. Compensated circuit (with PI-ASF) 

 

Fig 11: Simulink Model with PI Active shunt 

filter 

The above figure represents simulation model 

of Shunt active filter using PI. One crucial 

aspect of regulating an active shunt filter is 

maintaining a constant DC voltage on the 

voltage source inverter's side through 

intermediate circuit voltage regulation. These 

filters commonly include a capacitor to store 

energy. If there is little power flowing between 

the filter and the AC mains, the capacitor's 

voltage should remain constant. However, 

voltage source inverters require some power to 

switch. So, we utilise controllers to ensure that 

the DC voltage remains constant and that 

harmonic currents are dealt with appropriately.  

 

Fig 12: Source voltage of compensated 

circuit 

The graph above displays the distorted 

waveforms of the three-phase source voltage 

and current within a balanced system featuring 

a nonlinear load. Fast Fourier Transform (FFT) 

analysis indicates that the source voltage 

undergoes distortion as a consequence of the 

nonlinear behaviour exhibited by the load. 

 

Fig 13: Source current of compensated 

circuit 
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The graph depicts the distorted waveforms of 

the source voltage and current in three phases 

within a balanced system experiencing a 

nonlinear load. FFT analysis indicates that the 

nonlinearity of the load leads to distortion in the 

source current. 

 

Fig 14: THD voltage of compensated circuit 

According to the analysis, a PI controller is 

employed to regulate the total harmonic 

distortion (THD) of the voltage within the 

compensated circuit, currently measured at 

10.50%. Nevertheless, the implementation of 

an ANN controller has the potential to further 

diminish the harmonics present in the 

waveforms.

Fig 15: THD Current for compensated 

circuit. 

According to the THD analysis above, the 

compensated circuit's total harmonic distortion 

(THD) is 7.71%, which is managed by a PI 

controller. However, the waveforms contain 

harmonics that can be further reduced by an 

ANN controller. 

C. Compensated circuit (with ANN-ASF): 

 

Fig 16: Simulink Model with ANN Active 

shunt filter 

The above Simulink model represents the 

simulation model of Shunt active filter using 

ANN controller. One crucial aspect of 

regulating an active shunt filter is maintaining a 

constant DC voltage on the voltage source 

inverter's side through intermediate circuit 

voltage regulation. These filters commonly 

include a capacitor to store energy. If there is 

little power flowing between the filter and the 

AC mains, the capacitor's voltage should 

remain constant. However, voltage source 

inverters require some power to switch. So, we 

utilise controllers to ensure that the DC voltage 

remains constant and that harmonic currents are 

dealt with appropriately.  
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Fig 17: Source voltage of compensated 

circuit 

The graph depicts voltage and current 

waveforms of a three-phase power source in a 

balanced system with a nonlinear load. To 

mitigate voltage distortion, ANN control 

employs Fast Fourier Transform (FFT) 

analysis.

 

Fig 18: Source current   of compensated 

circuit 

The graph above showcases the voltage and 

current waveforms of a three-phase power 

source within a balanced system affected by a 

nonlinear load. Utilizing Fast Fourier 

Transform (FFT) analysis and artificial neural 

network (ANN) control helps mitigate the 

distortion observed in the source current. 

 

 

 

 

 

Fig 19: THD voltage for compensated circuit 

According to the THD analysis above, the 

adjusted circuit's total harmonic distortion 

(THD) is 1.89%. 

 

Fig 20: THD Current for compensated circuit 

According to the THD analysis above, the 

adjusted circuit's total harmonic distortion 

(THD) is 0.03%. 

System Parameters: 

parameter value 

voltage 440v 

Coupling resistance 1 Ω 

Coupling inductance 1 μH 

Reference DC voltage 680 

Dc link capacitance 1 μF 

Frequency 50Hz 

Non-linear RL load 10 Ω,380mH 

COMPARISION table of THD without and 

with active filter:  

PARAMATER WITHOU

TAF 

WITH 

PI-AF 

WITH 

ANN-AF 

VOLTAGE 14.33% 10.50% 1.89% 

CURRENT 22.47% 7.71% 0.03% 
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An Active Shunt filter controller leveraging 

artificial neural network technology is devised 

to eliminate harmonics. Detailed in the table 

above, this controller aims to manage the DC-

link voltage and compensate for neutral current, 

thereby reducing harmonics. 

 

Conclusion:  

The study concludes that employing an 

artificial neural network (ANN) active filter, 

overseen by a PQ-based hysteresis controller 

generating gate pulses for its switching 

operation, effectively mitigates harmonics in 

voltage and current waveforms stemming from 

nonlinear loads. Assessment of harmonic 

content in the proposed system utilizes 

instantaneous active and reactive power. 

Implementation of this system results in a 

substantial reduction of voltage harmonics from 

14.33% to 1.89% and a remarkable decrease in 

current harmonics from 22.47% to 0.03%. 
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