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 Due to the rising usage of nonlinear loads and power electronic devices in 

businesses, one of the key power system concerns today is inadequacy of 

power quality (PQ). This article presents compensation of current harmonics 

in distribution system in source side by using adaptive neuro fuzzy 

inferences system (ANFIS) controller. DSTATCOM optimized proportional 

integral (PI) controller and ANFIS regulator are utilized for DC link voltage 

regulation. The ANFIS controller showed better performance compared to PI 

controller during compensating harmonics time. This paper compared two 

control schemes results PI and ANFIS. Three-phase three-wire inverter is 

used for DSTATCOM circuit. In the results compared DC capacitor voltage 

and total harmonic distortion (THD) values of source current. The THD with 

PI controller is 7.92% while by using ANFIS controller it is reduced to 

2.76%. The concert of proposed method is analyzed with 

MATLAB/Simulink software. 
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1. INTRODUCTION  

The adaptive neuro fuzzy inferences system (ANFIS) possesses a high level of generalization 

capability akin to neural networks and additional machine learning techniques. It can process crisp inputs, 

representing them in the form of membership functions and fuzzy rules, and subsequently generate crisp 

outputs for reasoning purposes. This flexibility makes it suitable for applications requiring crisp inputs and 

outputs. In an ANFIS controller, tunable parameters include membership function restrictions and consequent 

limitations. This necessitates a competent training mechanism to tune these parameters effectively. The 

difficulty of parameters directly correlates with computational cost. Hence, a higher number of parameters in 

the ANFIS controller results in increased training and computational costs. The work in [1]-[6] proposed a 

power quality improvement using neural networks and ANFIS. The statistical models are used to present the 

effectiveness of the system. Series and shunt active filters with three-level inverters were presented for power 

quality improvement and harmonic distortion. To get better power quality implemented ANFIS controller for 

adaptive control applications. The study in [7] presents transformerless shunt active power filter (SAPF) with 

ANFIS controller for power quality (PQ) improvement. Soft computing design algorithm is used for reducing 

total harmonic distortion (THD) from 92.23% to 0.49% and improves the power factor to 0.99 in case of 

nonlinear loads. The work in [8]-[12] mitigate harmonic current compensation by using a SAPF with 

implementation of ANFIS controller. The proposed system is realized for effects occurred in artificial neural 

network (ANN), proportional integral derivative (PID), and ANFIS controller to maintain IEEE 519 
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standards. The study in [13] implemented a fuzzy model-based controller for power quality improvement by 

interfacing the system parameters through linguistic rules. The PV-based UPQC is proposed with ANFIS 

controller for better performance. The study in [14] proposed an artificial intelligence-based controller for PQ 

in improving grid connected distribution arrangements. The THD value in SRFT is 1.71%, ANN is 1.65% 

but by implementing ANFIS controller the THD value reduced to 1.51%. The study in [15] implemented an 

ANFIS controller with DSTATCOM. The reference compensation current is used to reduce the reactive 

power in nonlinear load. The work in [16]-[19] proposed a power quality improvement with ANFIS 

optimized proportional integral (PI) controller for distributed generation. The controller supplies power to 

local loads without affecting the other system parameters. 

 

 

2. METHOD  

Figure 1 represents the IRP theory with ANFIS controller. The ANFIS supervisor having two efforts 

e1 and e2 and having one production PL [20]-[25]. Three phase voltages Vsa, Vsb, and Vsc are converted to 

Vα and Vβ by using abc to αβ converter. Three phase shipment currents ILa, ILb, and ILc are converted to Iα 

and Iβ by using abc to αβ converter. By submitting these values directly, we can calculate active and reactive 

power. The orientation DC voltage and DC link voltage are connected to the PI controller. The error signal 

from the PI controller e1 is connected to the ANFIS controller for generating the output PL. The summation 

of PL and P1 produces the total active power P*. The orientation currents Ia*, Ib*, and Ic* are compared  

with the foundation currents Isa, Isb, and Isc. The three phase voltages Vsa, Vsb, and Vsc are converted to 

Vα and Vβ. 

 

𝑉𝛼 = √
2

3
[𝑉𝑠𝑎 −

𝑉𝑠𝑏

2
−

𝑉𝑠𝑐

2
] (1) 

 

𝑉𝛽 = [
𝑉𝑠𝑏−𝑉𝑠𝑐

√2
] (2) 

 

The current equations are also converted into Iα, Iβ, and I0 exposed in (3)-(5). 
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The (6) and (7) represent the active power P and reactive power Q. 

 

𝑃 = 𝑉𝛼𝐼𝛼 + 𝑉𝛽𝐼𝛽 (6) 

 

𝑄 = 𝑉𝛽𝐼𝛼 − 𝑉𝛼𝐼𝛽 (7) 

 

𝑃∗ = 𝑃1 + 𝑃𝐿 (8) 

 

By using inverse Clarke’s transformation, the Iα and Iβ currents are converted into Iα* and Iβ*; these 

equations are presented in (9) and (10). 
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The reference currents Ia*, Ib*, and Ic* are likened with the source currents Isa, Isb, and Isc; these equations 

are presented in (11)-(13). 

 



                ISSN: 2252-8792 

Int J Appl Power Eng, Vol. 14, No. 3, September 2025: 752-760 

754 

𝐼𝑎
∗ = √

2

3
[𝐼𝛼
∗ +

𝐼0

√2
] (11) 

 

𝐼𝑏
∗ = √

2

3
[
−𝐼𝛼

∗

2
+

√3

2
𝐼𝛽
∗ +

𝐼0

√2
] (12) 

 

𝐼𝑐
∗ = √

2

3
[
−𝐼𝛼

∗

2
−

√3

2
𝐼𝛽
∗ +

𝐼0

√2
] (13) 

 

 

 
 

Figure 1. DSTATCOM controller 

 

 

2.1.  ANFIS architecture 

Figure 2 illustrates the typical structure of an ANFIS. The ANFIS model comprises five distinct 

layers, each interconnected through weighted connections. This first layer receives input data and maps it 

through membership functions to determine the degree of membership for each input value. The second layer 

applies fuzzy rules to establish relationships between the inputs and outputs. In the third layer, the outputs are 

normalized, preparing them for the next stage. The fourth layer processes the normalized outputs and applies 

output membership functions. The fifth layer aggregates the results to produce a single output. Table 1 

compares the performance of PI and ANFIS controllers, while Figure 2 depicts the ANFIS flow chart.  

Figure 3 provides a flow chart detailing the ANFIS training and testing processes in MATLAB. 

 

 

 
 

Figure 2. ANFIS architecture 
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Figure 3. Flow chart of ANFIS training and testing in MATLAB 

 

 

Table 1. Comparison of PI and ANFIS controller 
S. No PI controller ANFIS controller 

1. It is a conventional control method It is an advanced control method 
2. It is well operated only in steady state condition It is operated in both dynamic and steady state conditions 

3. It is easily implemented  Complex implementation 

 

 

The neuro fuzzy model had five different adaptive layers in its construction. The Sugeno first order 

model with double input variables is described briefly below. Layer 1: The name of the fuzzy sets or 

language variables is defined at the fuzzification layer, where O1
i or j are output functions and µAi or µBi are 

association functions. In layer 2, the result of layer 1 is represented here. The following layer’s weight 

functions ωi are defined as (16). Layer 3 standardizes the value from layer 2 before transferring it to layer 4. 

The standardization in this layer can be formulated as (17). Layer 4 is the defuzzification layer. The linear 

parameters Pi, qi, and ri that consequence from the functions are defined in this layer, as shown in (18). 

Finally, layer 5 represents the total output layer. The total number of output signals is the output from this 

layer, as shown in (19). 
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3. SIMULATION RESULTS 

Figure 4 shows the DSTACOM simulation results with PI controller. The waveform shows the four 

parameters which are source voltage, load current, source current, and compensating current. The source 

current it took one cycle for settling current, the source voltage maintained constant entire cycles. 

Compensating current mainly used for compensation of reactive power. The THD of the source current with 

PI controller is 7.92%. The evidence of the THD is shown in Figure 5. Table 2 shows the parameters of the 

simulation file. The MATLAB results for DSTATCOM control with an ANFIS controller are shown in 

Figure 6. The simulation was conducted using MATLAB/Simulink. ANFIS controller was implemented for 

DSTATCOM control. ANFIS controller utilized crisp inputs and generated crisp outputs based on fuzzy rules 

and membership functions. Tunable parameters included membership function parameters and consequent 

parameters. Evaluation of DSTATCOM performance was based on parameters such as THD, power factor, 

and dynamic response. The THD of the ANFIS controller is 2.76%. Figure 7 shows the three-phase simulated 

waveforms with ANFIS controller. The evidence of the THD with ANFIS controller is shown in Figure 8. 

ANFIS controller demonstrated effective control of DSTATCOM, reducing THD and improving power 

factor. Comparative analysis with other control schemes, such as PI-based SRF, showcased the efficacy of 

the ANFIS controller. The computational cost was dependent on the complexity of parameters in the ANFIS 

controller. Efficient training mechanisms were essential to optimize parameter tuning and minimize 

computational overhead. MATLAB results indicate that employing an ANFIS controller for DSTATCOM 

control yields promising outcomes, enhancing system performance and efficiency. Specific numerical results 

and graphical representations can be provided based on the actual MATLAB simulations conducted. Table 3 

shows the comparison table of the THD.  
 

 

 
 

Figure 4. Simulated waveforms with PI controller 
 

 

 
 

Figure 5. Source current THD without compensation 
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Table 2. Parameter values 
S.No Parameters Range 

1. Supply voltage, current 440 V, 40 A 
2. Load current 48 A 

3. DC link capacitor voltage 780 V 

4. Source inductance 0.5 mH 
5. Load inductance, resistance 16 mH, 10 ohms 

6. Capacitance  4700 µF 

 

 

 
 

Figure 6. Simulated waveforms with ANFIS controller 

 

 

 
 

Figure 7. Three-phase simulated waveforms with ANFIS controller  
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Figure 8. Source current with compensation 
 

 

Table 3. Comparison of dynamic performance of DSTATCOM 
S.No Control scheme Percentage THD 

1 PI-SRF 7.92% 

2 ANFIS-SRF 2.76% 

 

 

4. CONCLUSION 

This paper explores the compensation of harmonic currents in distribution systems at the source side 

using an ANFIS controller. The performance of the ANFIS controller is compared with that of a PI controller 

in terms of THD reduction, achieving a reduction from 7.92% to 2.76%. The study involves a three-phase, 

three-wire system modeled and imitation using MATLAB/Simulink. Simulation results for supply voltage, 

current, compensating current, DC capacitor voltage, and THD are analyzed and compared between the PI 

and ANFIS controllers. The results demonstrate that the ANFIS controller offers superior performance in 

reducing THD compared to the PI controller. 
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