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Abstract- This paper presents a basic Artificial Neural Network (ANN)-based control approach for shunt active 

power filters (SAPFs) to mitigate harmonic currents and improve power factor. Power quality (PQ) issues, such 

as harmonic distortion, have become a major challenge due to the increasing prevalence of nonlinear loads and 

electronic devices, affecting the efficiency, performance, and lifespan of electrical equipment. To address this, a 

MATLAB/Simulink-based dynamic model of an ANN-controlled SAPF has been developed. The study focuses 

on enhancing PQ by reducing harmonic disturbances under unbalanced load conditions. Through detailed 

simulations, the proposed ANN-controlled SAPF is evaluated under various scenarios, including linear and 

nonlinear loads, and compared with a conventional Proportional-Integral (PI) controller. Performance metrics 

such as harmonic distortion reduction, response time, system stability, and adaptability are analyzed. The study 

also examines hysteresis and PI controllers while comparing three-phase ANN-controlled SAPFs. Results 

demonstrate the superior performance of ANN-controlled SAPFs in improving PQ and reducing harmonic 

distortion, offering valuable insights for industrial applications. 
Keywords: ANN, SAPF, PI, THD, FFT, PQ. 

1. INTRODUCTION 

An electrical load at the consumer end should consistently receive continuous power of high quality under 

normal operating conditions. Any disturbance in system voltage or frequency directly affects consumer loads, 

making it crucial to maintain these parameters at their scheduled values. This study provides a comprehensive 

evaluation of active filters, including control strategies, configurations, component selection, economic and 

technical considerations, and their suitability for specialized applications. 

The simulation of a Shunt Active Power Filter (SAPF) is performed using an indirect current control technique, 

applicable under both balanced and unbalanced three-phase voltage source conditions with a variable speed 

drive. A comparative analysis of various hybrid active filters is conducted, focusing on their technologies, 

control algorithms, and ratings. A customized "p-q" theory is proposed for harmonic extraction under distorted 

voltage conditions, enhancing practical application. 

An ideal Phase-Locked Loop (PLL) circuit integrated with PI, PID, or Fuzzy Logic Controller (FLC)-based 

shunt Active Power Line Conditioner (APLC) is presented to improve power quality by mitigating current 

harmonics and compensating for reactive power under unbalanced variable loads. The shunt APLC system, 

implemented with a three-phase current-controlled Voltage Source Inverter (VSI), is connected at the point of 

common coupling to inject equal but opposite filter currents, thereby compensating current harmonics. 

Hysteresis Current Control (HCC) generates switching pulses for the VSI. A detailed comparative assessment of 

the three control techniques—PI, PID, and FLC—is provided, highlighting their performance in improving 

power quality. 

Several innovative Hybrid Active Power Filter (H-APF) approaches have been proposed to improve power 

quality by utilizing various control strategies and compensation techniques for different load types. Belaidi et al. 

introduced a three-phase shunt-APF with fuzzy logic control (FLC) to compensate for imbalanced source 

voltages, using a phase-locked loop (PLL) for voltage regulation and hysteresis current control (HCC) for gate 

pulse generation. Thuyen employed the social spider algorithm (SSA) for inverter current measurement, along 

with PQ-theory and PWM to compute reference current. Behera et al. developed a fuzzy-based PI controller in a 

three-phase hybrid filter for harmonic mitigation, improving transient performance with vector-based PI 

controllers. Chau et al. proposed an H-APF with an adaptive current controller for better harmonic cancellation 

and dynamic response, while Kumar and Bhat's hybrid filter with FLC improved DC voltage settling time. 

Research on artificial neural network (ANN)-based methods for large-scale power systems is limited. 

Choudhary et al. introduced a single-phase S-APF using an ANN-based strategy, outperforming predictive 

controllers in THD reduction. Shahalami and Hosseini designed an ANN controller for H-APF to minimize 

processing time, and Pedepenki et al. compared neural fuzzy control with traditional PI controllers for THD 

improvement. Sahu and Mahapatra developed a Virtex-5 FPGA-based DSTATCOM for reactive power 

compensation and harmonic mitigation. Hardware solutions like these offer potential improvements in power 
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quality, addressing current software-based limitations. 

This paper presents a comprehensive dynamic model developed in MATLAB/Simulink to simulate the 

operation of an Artificial Neural Network (ANN)-controlled shunt active power filter (SAPF). The primary goal 

of the model is to enhance power quality in electrical systems by mitigating harmonic disturbances, especially 

under unbalanced load conditions. Through detailed simulations, the performance of the ANN-based control 

algorithm is evaluated across various operating scenarios, including linear and nonlinear load conditions. A 

comparative analysis is also conducted to emphasize the benefits of the ANN-controlled SAPF compared to a 

conventional Proportional-Integral (PI) controller. This study provides an in-depth examination of key 

parameters such as harmonic distortion reduction, response time, system stability, and adaptability to varying 

load conditions. The findings demonstrate the superior effectiveness of the ANN-controlled filter in improving 

power quality, offering significant insights for the optimization of modern power systems. 

2. PROBLEM STATEMENT 

A power system is a vast and complex network, often faced with various challenges that disrupt its smooth 

operation. One critical issue is harmonic distortion, primarily caused by nonlinear loads. Harmonics distort the 

sinusoidal waveforms of voltage and current, leading to significant disruptions in system parameters. Harmonics 

are broadly categorized into voltage and current harmonics in industrial systems. Current harmonics, for 

example, can overload the neutral conductor, typically by a factor of three, due to unbalanced currents that are 

not 120 degrees out of phase. This imbalance often results in the overloading of connected transformers, 

inducing eddy currents in the primary winding and increasing total transformer losses at full load, as these losses 

are proportional to line current. Additionally, in transformers with delta windings, third-order harmonics 

circulate within the winding, compounding existing losses. Ground faults caused by harmonics can also trip 

circuit breakers, further complicating system stability. Voltage harmonics, on the other hand, arise from 

interference due to current harmonics, leading to voltage drops across the source impedance. These distorted 

voltage waveforms impact all connected loads, forcing them to generate additional harmonic currents. The 

resulting eddy current losses in transformers escalate further, amplifying energy losses and operational 

inefficiencies. High noise levels from harmonic-generating equipment exacerbate these issues, creating 

significant challenges for system reliability and performance. 

3. HARMONIC DISTORTION 

➢ Harmonic distortion consists of higher frequency components that are integral multiples of the 

fundamental frequency of the signal. 

➢ These harmonics are considered unwanted disturbances in the primary periodic waveform of the signal. 

➢ The harmonic components mimic the waveform of the fundamental signal; if the fundamental is 

sinusoidal, the harmonics are also sinusoidal. 

➢ Total Harmonic Distortion (THD) is a measure of the extent of harmonic distortion present in the 

system. 

 

 

 
Fig. 3.1 Components of Harmonics Present in Power System 

Active Filters (AF) are increasingly integrated into power networks to address harmonic issues. Over the past decades, 

advancements in technology and improvements in power electronics have driven a focus on delivering high-quality, 

reliable power for consumers and industries. However, devices such as computers, printers, photocopiers, CFLs, and 
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other commercial equipment, commonly referred to as variable loads, generate significant harmonic distortion. These 

variable loads create harmonics by drawing current in short pulses rather than in a smooth sinusoidal manner. 

Harmonics in non-linear loads contribute to elevated operating temperatures and insulation failure in generating 

equipment and transformers, leading to damage and potential blackouts over large areas. To address these challenges, 

Active Filters offer an effective solution for mitigating harmonics in non-linear loads, though their installation can be 

cost-prohibitive due to complexities in the distribution network. 

In this work, a Shunt Active Power Filter (SAPF) is examined and modeled to accurately compensate for current 

harmonics. The PQ theory is employed, providing effective control and ensuring improved performance in the power 

system. The model is developed for a two-bus system with variable loads. Simulations are performed to verify the 

SAPF's performance under varying harmonic disturbances, with results validated using multiple waveforms and 

output analyses. 

4. SIMULATION AND RESULT ANALYSIS 

The simulation results emphasize the effectiveness of the ANN-controlled shunt active power filter (SAPF) in 

improving power quality and reducing harmonics under diverse load conditions. The proposed ANN-based 

algorithm achieves lower Total Harmonic Distortion (THD) compared to the conventional PI controller, 

ensuring superior harmonic mitigation. Case studies demonstrate the ANN-controlled filter's ability to adapt 

rapidly and effectively to dynamic load variations, maintaining system stability and consistent performance. In 

contrast, the PI controller exhibits slower response times and diminished accuracy in complex scenarios. The 

ANN-based SAPF's robustness and adaptability make it a more efficient solution for addressing power quality 

challenges in modern grids. 

Fig. 4.1 illustrates the Simulink model of the ANN-controlled SAPF, featuring a three-phase grid, linear and 

nonlinear load blocks, and additional dynamic loads. At the point of common coupling (PCC), the SAPF 

compensates for current distortions, enhancing system stability and mitigating harmonics effectively. 

 
Fig. 4.1 Simulink model of the proposed ANN-controlled SAPF 

Case-1: Simulation response of 3- Φ ANN-Controlled SAPF at Linear Load Condition 

The simulation results for the proposed control algorithm are obtained under balanced linear load conditions. 

The system consists of two parallel-connected loads, rated at 40 kW and 20 kW, respectively. This configuration 

evaluates the algorithm's ability to manage power quality and ensure efficient load sharing. The results, 

presented in the following figures, highlight the algorithm's effectiveness in maintaining system stability and 

delivering high-quality power to the loads, demonstrating its suitability for balanced linear load scenarios. 

 

Fig. 4.2 Simulation result of phase-phase voltage of the source 
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Figures 4.2 and 4.3 show the phase-to-phase voltage and line current of the source under linear load conditions, 

with zoomed-in views highlighting the quality of the signals. The results indicate that both the source voltage 

and current maintain pure sinusoidal waveforms throughout the simulation. The voltage remains around 565 V, 

and the current is approximately 120 A. The zoomed-in sections, from t = 0.45 sec to t = 0.55 sec, emphasize the 

waveform purity, confirming the control algorithm’s ability to maintain system stability and efficiency. 

Figures 5 and 6 display the phase-to-phase voltage and line current of the load, respectively. Throughout the 

simulation, the voltage remains around 565 V, while the current is approximately 80 A. 

 
 

Fig. 4.3 Simulation result of line current of the source 

 
Fig. 4.4 Simulation result of phase-phase voltage of the load 

 
Fig. 4.5 Simulation result of line current of the load 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 4.6 Simulation result of line current of (a) source, (b) load, (c) additional load, respectively and (d) 

compensating current
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Figures 4.6 (a), (b), (c), and (d) show the line currents of the source, load, additional load, and compensating 

current generated by the ANN-controlled SAPF, respectively, from t = 0.45 sec to t = 0.55 sec. As seen in Fig. 

4.6 (d), no harmonics are present, indicating that the SAPF does not need to generate compensating current 

under linear load conditions. 

 

 

Fig. 4.7 Simulation result of rms value of L-L voltage & current of source, respectively 

 

Fig. 4.8 Simulation result of rms value of L-L voltage & current of load, respectively 

Figures 4.7 and 4.8 display the RMS values of the line-to-line voltage and current for the source and load, 

respectively, with constant irradiance throughout the time period. The figures clearly show that no harmonics 

are present. The RMS voltage for both the load and source is 400 V, with source and load currents around 84 A 

and 58 A, respectively. 

Case-2: Simulation response of 3- Φ PI-Controlled SAPF at Non- Linear Load 

Condition 

The simulation results for the PI-controlled SAPF are obtained under nonlinear load conditions. The system 

consists of two parallel-connected loads: a 40 kW load with unbalanced conditions created using electronic 

power switches and inductive elements, and a 20 kW balanced (linear) load. This setup is designed to assess the 

performance of the PI-controlled SAPF and compare it with the proposed control scheme in managing power 

quality under unbalanced nonlinear load scenarios. The simulation results, shown in the following figures, 

highlight the performance of the PI-controlled SAPF. 

 

Fig. 4.9 Simulation result of phase-phase voltage of the source 
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Fig. 4.10 Simulation result of line current of the source 

Figures 4.0 and 4.10 show the phase-to-phase voltage and line current of the source under unbalanced nonlinear 

load conditions, respectively. To emphasize the quality of the signals, zoomed-in views are included in both 

figures. Throughout the simulation, the voltage remains around 565 V, and the current is approximately 120 A. 

The zoomed-in sections, from t = 0.45 sec to t = 0.55 sec, provide a closer look at the signal details, highlighting 

the waveform characteristics under these conditions. 

 

Fig. 4.11 Simulation result of phase-phase voltage of the load 

  

Fig. 4.12 Simulation result of line current of the load 

Figures 4.11 and 4.12 show the phase-to-phase voltage and line current of the load, respectively. The voltage 

remains around 565 V, and the current is approximately 80 A throughout the simulation. As seen in Fig. 4.11, 
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the load current is non-sinusoidal, with harmonics present due to the unbalanced nonlinear load, causing 

waveform distortions. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 4.13 Simulation result of line current of (a) source, (b) load, (c) additional load, respectively  

and (d) compensating current 

Figure 4.13 presents the current waveforms for different components of the system under unbalanced nonlinear 

load conditions, during the time interval from t = 0.45 sec to t = 0.55 sec. The plots include (a) the line current 

of the source, (b) the line current of the load, (c) the line current of the additional load, and (d) the compensating 

current generated by the PI-controlled SAPF. The results highlight the system's performance in mitigating the 

effects of unbalanced nonlinear loads. In Fig. 4.13(b), the load current is non-sinusoidal, with significant 

harmonic distortion caused by the unbalanced nonlinear load. As a result, the system generates compensating 

current to correct the source current waveform, as shown in Fig. 4.13(a) and Fig. 4.13(d). However, in Fig. 

4.13(a), the source current still shows some distortions due to the PI controller's inability to completely 
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eliminate harmonics. In Fig. 4.13(c), the additional load remains unaffected by the distortions, demonstrating the 

SAPF's effectiveness in stabilizing the current waveform. 

Additionally, the compensating current waveform generated by the proposed instantaneous imaginary power 

(pq) theory is shown alongside the reference current for the hysteresis controller, indicating that the generated 

compensating current matches the reference current. 

 

 

Fig. 4.14 Simulation results of compensating current and reference current of hysteresis controller 

 

Fig. 4.15 Simulation results of dc voltage across capacitor and power generated form PI controller 

Fig. 4.15 present the waveform of dc voltage across capacitor and PLoss power generated by the PI controller. 

The PI controller is maintaining the dc voltage. 

 
(a) 

 
(b) 

Fig. 4.16 Simulation results of (a) α components of voltage & current, (b) β components of voltage and 

current 
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Fig. 4.16 (a) & (b) presents the waveform of α & β components of the voltage and current, respectively. This α 

& β reference current is generated by the clark- transformation block. 

 

Fig. 4.17 Simulation result of rms value of L-L voltage & current of source, respectively 

 

Fig. 4.18 Simulation result of rms value of L-L voltage & current of load, respectively 

Figures 4.17 and 4.18 show the RMS values of the line-to-line voltage and current for the source and load, 

respectively. The RMS voltage for both the load and source remains constant at approximately 400 V 

throughout the simulation. However, one phase of the load current shows an imbalance, with harmonics present 

due to the unbalanced nonlinear load. Additionally, the RMS value of the source current exhibits disturbances, 

as shown in Fig. 4.17. 

Case-4: Comparative Study between PI-Controller and ANN- Controller SAPF 

The Total Harmonic Distortion (THD) plots are analyzed under nonlinear load conditions to evaluate the 

performance of different control strategies: without compensation, with PI-controlled SAPF, and with ANN-

controlled SAPF. The plot for the uncompensated system shows significant harmonic distortion in the source 

current due to the nonlinear load. The PI-controlled SAPF reduces THD, but some distortion remains due to its 

limited ability to manage dynamic and nonlinear conditions. In contrast, the ANN-controlled SAPF significantly 

lowers THD, demonstrating superior harmonic compensation. This highlights the ANN-based approach's 

effectiveness in improving power quality and system performance. 

  
Fig. 4.19 THD plot of source voltage under without 

compensation 

Fig. 4.20 THD plot of source current under 

without compensation 

Figures 4.19 and 4.20 present the Total Harmonic Distortion (THD) plots for the source voltage and source 

current, respectively, under nonlinear load conditions without compensation. In Fig. 4.19, the THD for the 

source voltage is minimal, at only 0.04%, with a fundamental value of 563.4 V, indicating negligible voltage 
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distortion and a nearly pure source voltage waveform despite the nonlinear load. However, Fig. 4.20 shows a 

significantly higher THD of 14.56% for the source current, with a fundamental value of 132.6 A, highlighting 

the considerable harmonic distortion caused by the nonlinear load, which negatively impacts power quality. 

Figures 4.21 and 4.22 show the THD plots for the nonlinear load voltage and current. The load voltage in Fig. 

4.21 has minimal distortion, with a THD of 0.04% and a fundamental value of 563.4 V. In contrast, Fig. 4.22 

shows a high THD of 20.89% for the load current, with a fundamental value of 92.59 A, reflecting the 

significant harmonic distortion from the nonlinear load. 

 

  
Fig. 4.21 THD plot of load voltage under without 

compensation 

Fig. 4.22 THD plot of load current under without 

compensation 

These results underscore the substantial effect of the nonlinear load on the current waveform, highlighting the 

importance of compensation mechanisms such as the ANN-controlled SAPF to mitigate harmonic distortion and 

enhance the overall power quality of the system. 

 

  
Fig. 4.23 THD plot of source voltage under PI-

controller compensation 

Fig. 4.24 THD plot of source current under PI-

controller compensation 

Figures 4.23 and 4.24 present the Total Harmonic Distortion (THD) plots for the source voltage and source 

current, respectively, under nonlinear load conditions with PI-controller compensation. In Fig. 4.23, the THD 

for the source voltage is 0.08%, with a fundamental value of 563.4 V, indicating that the voltage waveform 

remains nearly pure, showcasing the PI controller's effectiveness in maintaining voltage quality. Fig. 4.24 shows 

the THD for the source current, reduced to 1.52% with a fundamental value of 120.6 A. While this represents an 

improvement over the uncompensated scenario, residual harmonic distortion persists, revealing the PI 

controller's limitations in fully addressing nonlinear load effects. 

 

  
Fig. 4.25 THD plot of load voltage under PI-

controller compensation 

Fig. 4.26 THD plot of load current under PI-

controller compensation 
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Figures 4.25 and 4.26 show the THD plots for the load voltage and load current, respectively. In Fig. 4.25, the 

THD for the load voltage remains low at 0.07%, with a fundamental value of 563.4 V, indicating minimal 

distortion. However, Fig. 4.26 shows a high THD of 20.85% for the load current, with a fundamental value of 

92.62 A, reflecting the inherent harmonic distortion of the nonlinear load. These results demonstrate the PI 

controller's ability to improve source current quality while maintaining voltage quality. However, its limitations 

in fully mitigating harmonics highlight the need for advanced compensation mechanisms like the ANN-

controlled SAPF for better performance. Figures 4.27 and 4.28 present the THD plots for the source voltage and 

current under nonlinear load conditions with ANN-controlled SAPF compensation. 

 

  
Fig. 4.27 THD plot of source voltage under ANN-

controller compensation 

Fig. 4.28 THD plot of source current under ANN-

controller compensation 

In Fig. 4.27, the THD for the source voltage is reduced to an impressive 0.04%, with a fundamental value of 

563.4 V, showcasing the ANN controller's ability to maintain a nearly pure voltage waveform and ensuring 

excellent voltage quality under nonlinear load conditions. Fig. 4.28 demonstrates a significant reduction in the 

THD for the source current to 1.02%, with a fundamental value of 121.3 A, highlighting the ANN controller’s 

effectiveness in mitigating harmonic distortion and achieving a nearly sinusoidal current waveform. 

Figures 4.29 and 4.30 present the THD for the load voltage and current. The load voltage THD is minimal at 

0.04%, but the load current exhibits a high THD of 20.85%, which is intrinsic to the nonlinear load and 

unaffected by the compensation mechanism. 

  
Fig. 4.29 THD plot of load voltage under ANN-

controller compensation 

Fig. 4.30 THD plot of load current under ANN-

controller compensation 

These results clearly highlight the superior performance of the ANN-controlled SAPF over traditional PI 

controllers. The ANN controller not only significantly enhances source current quality but also maintains 

exceptional voltage quality, effectively mitigating harmonics caused by nonlinear loads. Its advanced 

compensation mechanism positions it as a highly effective solution for managing power quality in modern 

power systems. 

Table-4.1 Comparison data between without compensation, with PI-controlled compensation and ANN-

controlled compensation under non-linear load condition 

 

S. 

No. 

 

 

Parameters 

Non-linear Load 

Without 

Compensation 

With PI- Controlled 

Compensation 

With ANN- Controlled 

Compensation 

1. Source Voltage (VS) 0.04% 0.08% 0.08% 
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2. Source Current (IS) 14.56

% 

1.52% 1.02% 

3. Load Voltage (VL) 0.04% 0.07% 0.08% 

4. Load Current (IL) 20.89

% 

20.85% 20.85% 

 

Table 4.1 presents a comparative analysis of the PI-controlled SAPF, ANN-controlled SAPF, and the no-

compensation scenario under nonlinear load conditions. The analysis reveals that while the PI-controlled SAPF 

improves source current THD and maintains source voltage quality, the ANN-controlled SAPF outperforms it 

by achieving significantly lower THD values for both source voltage and current, ensuring near-perfect 

sinusoidal waveforms. The "without compensation" scenario shows high THD and degradation in voltage 

quality, emphasizing the need for effective compensation. These results validate the ANN-controlled SAPF’s 

superior performance in enhancing power quality, making it a robust solution for modern power systems. 

CONCLUSION 

✓ The source current exhibits significant harmonic distortion (THD of 14.56%) due to nonlinear loads, 

leading to degraded power quality. 

✓ Minimal distortion is observed in the source voltage (THD of 0.04%), indicating the adverse effects are 

primarily on the current waveform. 

✓ The PI-controller significantly reduces the source current's THD to 1.52%, improving power quality. 

✓ However, residual harmonics persist, reflecting the PI controller's limited capability to handle dynamic 

and nonlinear conditions effectively. 

✓ The ANN-controlled SAPF reduces the source current's THD to 1.02%, achieving a near-sinusoidal 

waveform and outperforming the PI controller. 

✓ It maintains excellent source voltage quality (THD of 0.04%), demonstrating its superior adaptability to 

nonlinear load conditions. 

✓ Both controllers maintain minimal THD for the load voltage, indicating no significant voltage 

distortion due to compensation mechanisms. 

✓ The load current retains high THD values (~20.85%) across all scenarios, as this distortion is intrinsic 

to the nonlinear load and independent of compensation. 

✓ The ANN-controlled SAPF excels in reducing source current distortion and maintaining superior 

voltage quality compared to the PI-controlled SAPF. 

✓ The advanced dynamic and adaptive capabilities of ANN make it a robust solution for addressing 

harmonic distortions in modern power systems. 
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