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This paper presents the design and evaluation of a three-phase photovoltaic-unified power quality conditioner (PV-UPQC), 

integrating series and shunt compensators via a shared DC link. The system combines distributed generation with active power 

filtering, where the shunt compensator harvests PV power and compensates for harmonic currents and reactive power from nonlinear 

loads. Harmonic identification uses p-q theory, with experiments conducted under real solar irradiation in Algeria’s Adrar region. 

The shunt active power filter (ShAPF) compensates for harmonics and reactive power while optimizing PV power extraction at the 

maximum power point (MPP). Adaptive neuro-fuzzy inference systems (ANFIS) and sliding mode control (SMC) are combined to 

reduce chattering and enhance PV energy extraction. Simulations show SMC/ANFIS outperforms conventional SMC.

1. INTRODUCTION 

The integration of renewable energy systems like solar PV 

and wind energy into modern distribution systems is driven 

by environmental concerns but poses challenges due to their 

intermittent nature [1, 2]. Power electronics-based loads, 

which are highly nonlinear, exacerbate these issues, leading 

to power quality problems such as voltage sags, swells, 

interruptions, flicker, and grid instability. These issues can 

cause malfunctions in electronic systems and increased 

heating of capacitor banks [1]. Nonlinear loads inject 

harmonics into the distribution system, distorting the point 

of common coupling (PCC) voltage, particularly in weak 

grids, and resulting in losses in distribution cables and 

transformers [3]. 

To tackle power quality challenges in distribution 

systems, custom power devices such as DSTATCOM, DVR, 

and UPQC are used [4]. DSTATCOM, a shunt-connected 

system, addresses issues like reactive current, harmonics, 

and load imbalance. DVR, a series-connected system, 

resolves grid voltage sag and swell problems [5]. UPQC, 

integrating both shunt and series compensators, combines 

the functionalities of DSTATCOM and DVR, providing 

comprehensive power quality improvement [1]. 

In recent developments in control systems, various 

advanced nonlinear techniques have emerged to effectively 

manage PV solar systems integrated with UPQC to mitigate 

harmonic currents and reactive power. Sliding mode control 

(SM-C), as discussed in [6, 7-10], stands out as a 

sophisticated methodology tailored for controlling nonlinear 

systems. Its primary goal is to guide the controlled dynamics 

of the system toward a designated sliding surface, 

maintaining it until equilibrium is achieved. Several research 

studies have demonstrated the practical application and 

effectiveness of SM-C. In [6], two distinct strategies were 

presented: the conventional PI controller and the SM-C of a 

three-phase ShAPF, with a subsequent comparison of these 

approaches. Additionally, in [7], a comparative study 

involving simulation and experimentation was introduced, 

evaluating the SM-C against a PI regulator in the context of 

controlling the DC bus voltage of a three-phase ShAPF. 

In [8], a vector operation technique for governing three-

phase converters using one-cycle control was introduced, 

incorporating a comprehensive large-signal model for a three-

phase APF. The study developed SM-C within innovative 

coordinates, coupled with a modulator for generating control 

signals in the natural frame. In [9], an adaptive dynamic 

special global SM-C for a three-phase APF was proposed, 

utilizing a PID sliding surface and integrating an RBF neural 

network to enhance robustness and minimize chattering 

effects. [10] introduced continuous terminal sliding mode 

control using a meta-cognitive fuzzy neural network for an 

APF, aiming to minimize tracking errors within a finite time. 

However, SM-C's ripple effects, resulting from discontinuous 

control switching functions, can degrade power quality and 

introduce additional harmonics. Therefore, alternative robust 

strategies are being explored to address this challenge and 

enhance classical SM-C performance. 

This research proposes employing hybrid control methods 

to mitigate ripple effects in power systems, replacing 

traditional approaches with artificial intelligence techniques 

like fuzzy logic control (FLC) or artificial neural networks 

(ANN). However, conventional FLC systems may require 

expert knowledge for rule definition and parameter tuning, 

while ANN approaches might lack adequacy in covering all 

operational states with limited training data. To address these 

challenges, the study introduces the adaptive neuro-fuzzy 

inference system (ANFIS), combining the learning 

capabilities of ANNs with the inference abilities of fuzzy 

logic. This hybrid ANFIS approach offers a comprehensive 

solution, overcoming the limitations of individual techniques. 

Implemented as SMC/ANFIS in a three-phase ShAPF, it 

effectively mitigates ripple effects and enhances power 

quality, presenting a more advanced and intelligent control 

approach through the integration of artificial neural networks. 

2. CONFIGURATION OF PV-UPQC SYSTEM  

The Photovoltaic-Unified Power Quality Conditioner 

(PV-UPQC) integrates a photovoltaic (PV) system into a 

three-phase configuration through a shared DC link [1, 2]. 

The system comprises a shunt active power Filter (ShAPF) 

connected in parallel to the AC grid on the load side and a 

Series Active power filter (SeAPF) connected in series with 

the grid. The PV array is directly integrated via a reverse 

blocking diode, while interfacing inductors connect both 

compensators to the grid. Ripple filters are employed to 

mitigate harmonics generated by converter switching. As a 

custom power device, the UPQC enhances power quality by 

addressing issues such as harmonics, reactive power, voltage 

regulation, imbalance, sag/swell, and interruptions [1, 3]. 
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Fig. 1 – PV-UPQC system configuration. 

The study focuses on controlling the ShAPF, depicted in 

Fig. 1 [6, 8]. The power circuit features a conventional two-

level six IGBTs PWM inverter, connected to the AC grid via 

a first-order L-type passive filter with parameters 𝐿𝑓 and 𝑅𝑓  

[11–13]. A DC-bus capacitor (𝐶𝑑𝑐) on the DC side maintains 

the voltage 𝑣𝑑𝑐. According to Kirchhoff's current law, the 

active filter current is 𝑖𝑓𝑎𝑏𝑐 = 𝑖𝑠𝑎𝑏𝑐 − 𝑖𝑙𝑎𝑏𝑐. This means the 

active filter must absorb harmonics from the nonlinear load in 

the opposite phase to ensure a sinusoidal source current in abc 

coordinates [14, 15]. Additionally, the active filter is designed 

to enhance the power factor on the grid side [16, 17]. 

The power grid consists of three voltages that create a 

balanced three-phase system, which can be represented as 

follows [1, 6, 7]: 

 [

𝑣𝑠𝑎
𝑣𝑠𝑏
𝑣𝑠𝑐
] = 𝑣𝑠𝑚

[
 
 
 
sin(ω𝑛𝑡)          

sin (ω𝑛𝑡 −
2π

3
)

sin (ω𝑛𝑡 −
4π

3
)]
 
 
 

. (1) 

where; 𝑣𝑠𝑚 : the voltage source, 𝜔𝑛: the frequency of the 

system. 

The interaction between the ShAPF and the grid is 

elucidated through the average dynamic model in d-q 

coordinates, as provided below [2, 3, 8]:  

 [
𝑖𝑓̇𝑑
𝑖𝑓̇𝑞
] = 𝐴 [

𝑖𝑓𝑑
𝑖𝑓𝑞
] + 𝐵 ([

𝑣𝑓𝑑 − 𝑣𝑙𝑑
𝑣𝑓𝑞 − 𝑣𝑙𝑞

]) = 𝑋.  (2) 

where;  [

−𝑅𝑟

𝐿𝑓
𝜔𝑠

−𝜔𝑠
−𝑅𝑟

𝐿𝑓

] = 𝐴,  [

1

𝐿𝑓
0

0
1

𝐿𝑓

] = 𝐵. 

The voltage on the DC side of the ShAPF: 

 [𝑣̇𝑑𝑐] = [
1

𝐶𝑑𝑐
] [𝑖𝑑𝑐].  (3) 

3. PV-UPQC CONTROL STRATEGY 

3.1. HARMONICS IDENTIFICATION  

Accurate extraction and estimation of harmonics are 

essential for assessing the ShAPF's effectiveness. Various 

methods are utilized to compute the reference current, 

classified into time domain analysis and frequency domain 

analysis. Time domain analysis offers simplicity with fewer 

calculations, while frequency domain analysis is more 

complex and resource intensive. This study introduces P-Q 

theory (active and reactive power) in the time domain, 

employing MATLAB/Simulink to develop a simulation 

model. The theory involves transforming stationary reference 

coordinates into rotating coordinates using Clarke 

transformation, effectively eliminating the DC component 

from power calculations. This process is illustrated in Fig. 2, 

depicting the P-Q harmonic current extraction theory [18, 19]. 

 
Fig. 2 – "P-Q" theory. 

3.2 SLIDING MODE CONTROL FOR SHUNT ACTIVE 

POWER FILTER (SHAPF) 

Sliding Mode Control (SM-C) is a robust nonlinear 

control technique recognized for its ability to regulate 

complex systems effectively, even in the presence of varying 

parameters. It guides the trajectory dynamics of the 

controlled system to adhere to a predefined sliding surface 

until achieving equilibrium. Despite its effectiveness, SM-C 

can introduce undesirable fluctuations, known as chattering, 

which may impact power grid quality. Recent efforts have 

aimed to mitigate these challenges, enhancing the appeal of 

SM-C. Typically, the design process of SM-C involves 

selecting the sliding surface, identifying system conditions, 

and formulating control laws, often guided by conditions 

defined by the Lyapunov function [20, 21]. 

 𝑆 𝑆̇ < 0.  (4) 

The nonlinear expression formulation for the sliding 

surface (Slotine) was derived [20, 21]: 

 𝑠(𝑡) = (λ𝑠 +
d

d𝑡
)
𝑛−1

𝑒(𝑡). (5) 

where 𝜆𝑠 > 0, 𝑟(𝑡) and 𝑦(𝑡)were, desired and real dynamic, 

respectively; 𝑛: the relative degree, 𝑒(𝑡): error of the variable 

to be adjusted [20, 21]: 

 𝑒(𝑡) = 𝑦(𝑡) − 𝑟(𝑡). (6) 

The main goal of ShAPF is to address harmonics and 

reactive power requirements arising from nonlinear loads. Its 

controller synthesis involves cascading two loops. Firstly, an 

inner current loop utilizes two nonlinear regulators to 

compensate for reactive and harmonic power, enabling the 

generation of sinusoidal input currents synchronized with 

grid voltages. Secondly, an outer loop is established to 

regulate voltage on the DC side of the ShAPF, thereby 

enhancing overall system performance [6–8]. 

3.1.1 FORMULATING THE INNER LOOP FOR 

CURRENT REGULATION 

The first step in the design process involves selecting 

switching surfaces for the current inner loop of the ShAPF. 

SM functions tailored for tracking the reference electric 

current are determined. A global sliding surface is then 

defined, comprising a conventional SM manifold augmented 

with an integral term to enhance both transient and steady-

state performances [6, 7, 8]: 

𝑆(𝑋) = 𝑘𝑝𝐸(𝑋) + 𝑘𝑖 ∫ 𝑒(𝑋)d𝑡.              (7) 

The tracking error is: 

 𝑒(𝑋) = (𝑋∗ − 𝑋). (8) 

Let's present the current tracking errors 𝑖𝑓𝑑 , 𝑖𝑓𝑞 [9, 10]: 

 [
𝑒(𝑖𝑓𝑑)

𝑒(𝑖𝑓𝑞)
] = [

(𝑖𝑓𝑑
∗ − 𝑖𝑓𝑑)

(𝑖𝑓𝑞
∗ − 𝑖𝑓𝑞)

]. (9) 
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If we substitute Eq. (2) with Eq. (8), we get: 

[
𝑒(𝑖𝑓𝑑)

𝑒(𝑖𝑓𝑞)
] = [

𝑖𝑓𝑑
∗

𝑖𝑓𝑞
∗ ] − (𝐴 [

𝑖𝑓𝑑
𝑖𝑓𝑞
] + 𝐵 ([

𝑣𝑓𝑑
∗ − 𝑣𝑙𝑑
𝑣𝑓𝑞
∗ − 𝑣𝑙𝑑

])) = 𝐸.  (10) 

The derivation of the sliding surfaces can be inferred from 

equations (8) and (9) as follows: 

[
𝑆(𝑖𝑓𝑑)

𝑆(𝑖𝑓𝑞)
] = [

𝑘𝑑 𝑘𝑖𝑑
𝑘𝑞 𝑘𝑖𝑞

] [
𝑒(𝑖𝑓𝑑) 𝑒(𝑖𝑓𝑑)

∫ 𝑒(𝑖𝑓𝑞)d𝑡 ∫ 𝑒(𝑖𝑓𝑞)d𝑡
]. (11) 

In the SM-C, the conditions are specified as follows: 

[
𝑆(𝑖𝑓𝑑)

𝑆(𝑖𝑓𝑞)
] = [

0
0
] and  [

𝑆̇(𝑖𝑓𝑑)

𝑆̇(𝑖𝑓𝑞)
] = [

0
0
]. 

The derivative of 𝑆(𝑖𝑓𝑑) and 𝑆(𝑖𝑓𝑞) with respect to time is 

expressed by: 

[
𝑆̇(𝑖𝑓𝑑)

𝑆̇(𝑖𝑓𝑞)
] = [

𝑘𝑑 0
0 𝑘𝑞

] (𝐸) + [
𝑘𝑖𝑑 0
0 𝑘𝑖𝑞

] [
𝑒(𝑖𝑓𝑑)

𝑒(𝑖𝑓𝑞)
] = [

0
0
]. (12) 

The control law “𝑢” can be divided into two parts: the first 

component being the discontinuous control “𝑢𝑑𝑖𝑠”, and the 

second being the equivalent control “𝑢𝑒𝑞”. 

𝑢 = 𝑢𝑒𝑞 + 𝑢𝑑𝑖𝑠 = [
𝑢𝑓𝑑
𝑒𝑞 + 𝑢𝑓𝑑

𝑑𝑖𝑠

𝑢𝑓𝑞
𝑒𝑞 + 𝑢𝑓𝑞

𝑑𝑖𝑠] = [
𝑣𝑓𝑑
∗

𝑣𝑓𝑞
∗ ].        (13) 

The equivalent law: From Eq (11), the equivalent control 

𝑢𝑓𝑑
𝑒𝑞

 and 𝑢𝑓𝑞
𝑒𝑞

 can be defined as follows [6, 7, 10]: 

[
𝑢𝑓𝑑
𝑒𝑞

𝑢𝑓𝑞
𝑒𝑞] = ([

𝑘𝑑𝐵
𝑘𝑞𝐵

])
−1

[([
𝑘𝑑𝑋
𝑘𝑞𝑋

]) + ([
𝑘𝑖𝑑𝑒(𝑖𝑓𝑑)

𝑘𝑖𝑞𝑒(𝑖𝑓𝑞)
])].        (14) 

 

Fig. 3 – The internal loop for current regulation using SM-C. 

The discontinuous law: when trajectories deviate from 

the sliding surface state, discontinuous control is utilized to 

minimize the gap between the trajectory and the sliding 

surface, ensuring convergence to the reference. The 

formulation of the discontinuous control function in real-

world scenarios is determined based on methodologies 

outlined in [8–10]: 

{
 
 

 
 𝑢𝑓𝑑

𝑑𝑖𝑠  = [
𝑈𝑚𝑎𝑥 0
0 −𝑈𝑚𝑎𝑥

] [
𝑠𝑎𝑡 𝑆(𝑖𝑓𝑑)

𝑠𝑎𝑡 𝑆(𝑖𝑓𝑑 )
]
if 𝑆(𝑖𝑓𝑑) > 0

if 𝑆(𝑖𝑓𝑑 ) < 0

𝑢𝑓𝑞
𝑑𝑖𝑠  = [

𝑈𝑚𝑎𝑥 0
0 −𝑈𝑚𝑎𝑥

] [
𝑠𝑎𝑡 𝑆(𝑖𝑓𝑞)

𝑠𝑎𝑡 𝑆(𝑖𝑓𝑞 )
]
if 𝑆(𝑖𝑓𝑞) > 0

if 𝑆(𝑖𝑓𝑞 ) < 0

.  (15) 

The control can be expressed as follows: 

 [
𝑣𝑓𝑑
∗

𝑣𝑓𝑞
∗ ] = [

𝑢𝑓𝑑
𝑢𝑓𝑞

] = [
𝑢𝑓𝑑
𝑒𝑞

𝑢𝑓𝑞
𝑒𝑞] + [

𝑢𝑓𝑑
𝑑𝑖𝑠

𝑢𝑓𝑞
𝑑𝑖𝑠]. (16) 

Figure 3 illustrates the internal current control loop 

employing an SM-C for Shapf: 

3.2.1 FORMULATING THE EXTERNAL LOOP FOR DC 

VOLTAGE REGULATION 

The ShAPF's control strategy focuses on maintaining a 

stable DC voltage on the inverter's DC side by regulating the 

DC-link voltage for efficient harmonic current 

compensation. While DC-link capacitors ideally keep the 

voltage constant with minimal real power exchange, a small 

amount of real power is needed for the inverter's switching 

operations [6, 7, 10].  

To achieve the target of constant DC-link voltage and 

effective harmonic current compensation, a sliding mode 

control (SM-C) is implemented in the DC-link voltage 

control loop. This entails comparing the DC-link capacitor 

voltage (𝑣𝑑𝑐)  with a reference DC voltage (𝑣𝑑𝑐
∗ ). The 

resulting error (𝑒(𝑣𝑑𝑐) = 𝑣𝑑𝑐
∗ − 𝑣𝑑𝑐) serves as the input to 

the SM-C. The SM-C plays a pivotal role in eliminating 

steady-state errors in the reference current signal tracking 

process. This design ensures robust DC-link voltage 

regulation, contributing to the overall stability and 

effectiveness of the ShAPF in compensating harmonic 

currents. The expression for the sliding surface governing 

DC voltage control is articulated as follows [10]: 

[𝑆(𝑣𝑑𝑐)] = [𝑘1 𝑘2 𝑘3] [

𝑒(𝑣𝑑𝑐)
𝑒̇(𝑣𝑑𝑐)

∫ 𝑒(𝑣𝑑𝑐)𝑑𝑡
].     (17) 

In the sliding mode control (SM-C) framework, the 

expressions for the switching functions 𝑢1 and 𝑢2 are 

outlined to regulate the direct current (DC) voltage of the 

capacitor (𝑣𝑑𝑐) [6, 7, 10]. 

 

{
 

 𝑢1 = [
𝑢1_𝑚𝑎𝑥
−𝑢1_𝑚𝑎𝑥

]       
𝑖𝑓 𝑆(𝑒(𝑣𝑑𝑐))𝑒(𝑣𝑑𝑐) > 0
𝑖𝑓 𝑆(𝑒(𝑣𝑑𝑐))𝑒(𝑣𝑑𝑐) < 0

𝑢2 = [
𝑢2_𝑚𝑎𝑥
−𝑢2_𝑚𝑎𝑥

]      
𝑖𝑓 𝑆(𝑒(𝑣𝑑𝑐))𝑒̇(𝑣𝑑𝑐) > 0

𝑖𝑓 𝑆(𝑒(𝑣𝑑𝑐))𝑒̇(𝑣𝑑𝑐) < 0

. (18) 

Therefore, the output of this sliding mode control (SM-C) 

is defined as: 

[𝑢𝑣𝑑𝑐] = [𝑖𝑑𝑐] = [𝑘4 𝑘5] [
𝑒(𝑣𝑑𝑐)𝑢1
𝑒̇(𝑣𝑑𝑐)𝑢2

].             (19) 

Figure 4 illustrates the external voltage control loop for 

the DC voltage using sliding mode control (SM-C). 

 

Fig. 4 – The external loop for DC voltage regulation using SM-C. 

The adaptive neuro-fuzzy inference system (ANFIS) 

integrates fuzzy and neural techniques to leverage the benefits 

of SM-C while mitigating chattering issues inherent in 

harmonics mitigation using ShAPF. Harmonics from 

nonlinear loads impact power quality, affecting distribution 

network stability, especially during changes in irradiation and 

temperature. ANFIS replaces the discontinuous term in the 

global control law to reduce chattering, enhancing power 
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quality and distribution network stability. 

3.3 SM CONTROLLER/ANFIS  

Recent advancements in artificial intelligence have led to 

the integration of fuzzy logic (FL) and neural networks (ANN) 

in hybrid approaches [10,11]. FL controllers offer fast and 

effective operation without precise mathematical models, 

while ANNs struggle with limited training data adaptation. A 

hybrid system, ANFIS, combines FL and ANN to leverage the 

learning ability of ANN and the reasoning capability of FLC. 

ANFIS includes input fuzzification, fuzzy operators, 

modulation, rule compilation, and defuzzification [18, 19]. Its 

structure resembles the Sugeno Fuzzy model with five layers, 

comprising input representation, fuzzification, fuzzy rule 

estimation, and defuzzification, leading to the final output 

[22–24]. ANFIS performance depends on transfer function 

coefficients, membership functions, inputs, and rules, this 

setup is depicted in Fig. 5 [21]: 

 

Fig. 5 – ANFIS controller structure. 

 

Fig. 6. The configuration of SMC/ANFIS for ShAPF. 

The SMC/ANFIS represents an advancement over 

traditional SM-C by replacing the conventional switching 

controller term with input from an ANFIS controller. This 

approach, known as SMC/ANFIS, seeks to enhance the 

performance of the PV-UPQC while addressing chattering 

issues associated with conventional SM-C. Its objectives 

include resolving power quality issues, enhancing distribution 

network stability, and reducing harmonics from nonlinear 

loads through the ShAPF. The design of SMC/ANFIS is 

illustrated in Fig. 6. 

 

Fig. 7 – PV-UPQC based on SMC/ANFIS. 

The control approach implemented using SMC/ANFIS for 

currents and 𝒗𝒅𝒄 is outlined as follows: 

{
 
 

 
 [
𝑣𝑓𝑑
∗

𝑣𝑓𝑞
∗ ] = [

𝑢𝑓𝑑
𝑢𝑓𝑞

] = [
𝑢𝑓𝑑
𝑒𝑞

𝑢𝑓𝑞
𝑒𝑞] + [

𝑢𝑓𝑑
𝑑𝑖𝑠_𝐴𝑁𝐼𝐹𝑆

𝑢𝑓𝑞
𝑑𝑖𝑠_𝐴𝑁𝐹𝐼𝑆]                   

[𝑢𝑣𝑑𝑐] = [𝑘4 𝑘5] [
𝑢𝑑𝑐1
𝑑𝑖𝑠_𝐴𝑁𝐹𝐼𝑆(𝑣𝑑𝑐

∗ − 𝑣𝑑𝑐)   

𝑢𝑑𝑐2
𝑑𝑖𝑠_𝐴𝑁𝐹𝐼𝑆 𝑑(𝑣𝑑𝑐

∗ −𝑣𝑑𝑐)

𝑑𝑡

] .

     (19) 

Figure 7 presents the detailed PV-UPQC system 

integrated with the SMC/ANFIS strategy.  

4. SITE AND DATA LOCATION  

The Adrar region, located in southwest Algeria (as shown in 

Fig. 8), is renowned for its high solar irradiation levels and 

elevated temperature averages. The data used in this study were 

obtained from the URER/MS meteorological station in Adrar, 

which is affiliated with the Centre for Renewable Energy 

Development (CDER). Situated at coordinates 27.52° N, 0.18° 

W and an elevation of 292 meters, this station provides critical 

meteorological data essential for this research [21,25].  

 
(a) Geographical Adrar location. (b) URER-MS Station. 

Fig. 8 – Data and site location. 

Figure 9 illustrates the recorded temperature and 

irradiation data in Adrar on June 11, 2023, spanning from 6 

am to 8 pm. 

 

Fig. 9 – Solar conditions (temperature and irradiation) measurements. 

5. NUMERICAL SIMULATIONS  

In this section, numerical simulations were conducted 

using the Power Systems Toolbox to evaluate the 

performance of the PV-UPQC system. Fig. 11 illustrates the 

system's behavior before and after integrating the ShAPF, 

enabling a comparison between the PI controller, classical 

SMC, and the novel SMC/ANFIS controller. Key system 

parameters are summarized in Table 1, providing valuable 

information about the simulation setup. 

Table 1 

System parameter values. 

Parameters  Symbols  Values 

Network  
E 

f 

380

√3
= 219.39 V 

50 Hz 

Load resistor 

Load inductance 
Load capacitor 

Rf 

Lf 
Cf 

0.0080 Ω 

0.0059 H 
0 µF 

Filter resistor 

Filter inductance 

Load capacitor 

RL 

LL 

Cf 

0.0080 Ω 

0.0029 H 

5.9422 µF  

DC-link voltage vdc 850 v 
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5.1 PRE-FILTERING 

Figures 10(a) to 10(d) highlight power quality issues 

observed without the integration of the Shunt Active Power 

Filter (ShAPF). These include non-sinusoidal currents, 

dominance of reactive power, poor power factor, and high 

total harmonic distortion (THD) in the source current. The 

integration of the ShAPF aims to address these issues and 

improve power quality. 

  

(a) Source, and load currents. (a) Source, load, filter currents. 

  
(b) Active, and reactive powers. (b) Active, and reactive powers 

  
(c) Power factor. (c) Power factor. 

  
(d) THD. (d) THD. 

Fig. 10 – Without using ShAPF. Fig. 11 – With using ShAPF-PI.. 

5.2 POST-FILTERING 

This section presents numerical simulation results 

evaluating the effectiveness of the proposed SMC/ANFIS 

strategy in PV-UPQC systems. Simulations compare the 

performance of PI control, classical SMC, and SMC/ANFIS 

in regulating reference currents and DC bus voltage, 

considering nonlinear loads. Figures 11, 12, and 13 illustrate 

various parameters such as source current, load current, 

ShAPF current, active/reactive power, power factor, and 

total harmonic distortion (THD) for each control strategy. 

All techniques achieve the primary goal of sinusoidal 

source current and effectively attenuate harmonics from 
nonlinear loads, enhancing power factor by reducing reactive 

power consumption. However, inadequate PI controller 

regulation and chattering effects in classical SMC may 

compromise energy quality. The integration of ShAPF, crucial 

in absorbing nonlinear load harmonics, ensures a sinusoidal 

source current, further improved with SMC/ANFIS. This 

enhancement is consistent across all control strategies. 

Moreover, ShAPF significantly reduces reactive power 

consumption, leading to a power factor close to unity, notably 

improved with SM/ANFIS. SMC/ANFIS achieves a power 

factor range of 0.998 to 1, surpassing PI and classical SMC. 

Additionally, THD of the source current is notably reduced 

with SMC/ANFIS, meeting IEEE-519 standard specifications. 

Overall, integrating ShAPF with SMC/ANFIS improves 

power quality and mitigates harmonic currents, demonstrating 

significant enhancements in system performance and 

efficiency in power distribution systems. 

  

(a) Source, load, filter currents. (a) Source, load, filter currents. 

  
(b) Active, and reactive powers. (b) Active, and reactive powers 

  
(c) Power factor. (c) Power factor. 

  
(d) THD. (d) THD. 

Fig. 12 – With ShAPF-SMC. Fig. 13 – With ShAPF-SMC/ANFIS. 

  

Fig. 14 – Source voltage. Fig.15 – DC-bus voltage. 

Figure 14 illustrates the source voltages, which exhibit 

sinusoidal waveforms with a magnitude of 
380

√3
= 219.39 V. 

In Fig. 15, the DC-bus voltage is shown reaching the target 

value of 850 V, starting from an initial value of 830 V, which 

aligns with the Maximum Power Point Tracking (MPPT) of 
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the solar PV array. While the PI controller exhibits 

deviations, both the classical SM and SMC/ANFIS 

controllers maintain precise tracking without deviations. 

Upon activation of the ShAPF, the DC bus voltage decreases, 

with the SMC/ANFIS controller demonstrating superior 

performance in terms of response characteristics, including a 

shorter response time and reduced overshoot compared to the 

classical SM technique. 

6. CONCLUSION 

The application of the sliding mode control-adaptive neuro-

fuzzy inference systems (SMC-ANFIS) method in 

photovoltaic-unified power quality conditioner (PV-UPQC) 

systems under real-world conditions, such as those in Adrar, 

Algeria (accounting for temperature and irradiation), 

significantly enhances power quality. This method excels in 

managing harmonic currents and compensating for reactive 

power by replacing the discontinuous law of the classical 

sliding mode controller. Outperforming traditional methods 

like classical sliding mode control (SMC), it reduces 

chattering effects and improves system stability compared to 

the classical PI controller.  

The inclusion of the shunt active power Filter (ShAPF) 

further enhances power quality by mitigating harmonics 

produced by nonlinear loads and improving the power factor. 

This innovative approach effectively addresses grid 

integration challenges, positioning it as a promising and 

robust solution for modern power distribution systems. 
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