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ABSTRACT 

This paper proposes a novel control strategy for a Unified Power Quality Conditioner 

(UPQC) to effectively mitigate voltage and current disturbances in three-phase four-wire 
(3P-4W) systems. Existing UPQC control approaches often struggle to address unbalanced 
load conditions, resulting in significant power quality degradation. This research addresses 
this gap by introducing a fast fuzzy logic (FFZ) controller, which, in comparison to traditional 
PI controllers, offers enhanced performance in managing DC voltage fluctuations and 
generating accurate reference currents for the shunt active filter. The proposed FFZ 
controller effectively minimizes the impact of unbalanced loads on DC voltage, reducing 
error and improving overall system performance. Simulation results using MATLAB validate 
the effectiveness of the FFZ controller in reducing total harmonic distortion (THD) and 
improving transient response, demonstrating its superiority over traditional PI control for 
unbalanced load scenarios. 
 

Keywords: FFZ, Unbalanced load, Three phase four wire. 
 

1. INTRODUCTION 
 

The increasing use of nonlinear loads and renewable energy sources in distributed power 
generation has significantly raised pollution levels within distribution systems (Dash and 
Ray, 2018; Goud and Rao, 2021; Dheeban et al., 2021). Maintaining high power quality 
(PQ) is crucial for ensuring reliable and efficient electrical power systems. However, the 
proliferation of nonlinear and unbalanced loads on distribution grids presents a 
considerable challenge to achieving this goal. Various devices, including arc welding 
machinery, current regulators, switch-mode power supplies, low-wattage lights, as well as 
faults and switching activities, contribute to poor PQ (Hossain et al., 2018). These kinds of 
loads introduce various disturbances, such as voltage sags, swells, harmonics, and 
unbalance, which can negatively impact the performance and longevity of sensitive 
equipment (Aredes et al., 1998; Ghosh and Ledwich, 2001). One of the most influential 
settlements to PQ problems in the distribution quarter is the installation of UPQC, the 

http://www.jcoeng.edu.iq/
http://creativecommons.org/licenses/by/4.0/


Journal of Engineering, 2025, 31(8) 
 

B. S. Ibrahim et al. 

 

66 

function of UPQC is to mitigate the trouble that affects the performance of the critical load 
(Han et al., 2005; Basu et al., 2007; Khadkikar and Chandra, 2009; Fatiha et al., 2011; 
Muneer et al., 2017). Nonlinear loads act as both causes and consequences of PQ concerns. 
The widespread use of power electronics in modern appliances and industrial equipment 
generates harmonics that can lead to increased heating in electrical systems and reduced 
efficiency (Mohammed et al., 2012; Dass and Fathima, 2021). The effectiveness of UPQC 
relies on the rapid and precise compensation of the derived signals. PI control techniques 
are straightforward and efficient, Fuzzy controllers offer advantages in managing dynamic 
interactions between active and reactive power, both PI and fuzzy controllers have been 
widely investigated in the literature.(Kesler and Özdemir, 2009) employed UPQC to 
eliminate harmonics in both current and voltage, thereby enhancing power quality through 
experimental methods and PSIM software. (Suja and Raglend, 2013) conducted 
simulations using Matlab Simulink to validate their controller's effectiveness in addressing 
these PQ issues. This research contributes to better management of electrical systems, 
ensuring stability and efficiency. (Ghanizadeh and Ebadian, 2015) developed a novel 
control approach for a three-phase four-wire UPQC to address PQ challenges under distorted 
and unbalanced load conditions, with results optioned via Matlab Simulink. (Bhavani et al., 
2015) focused on mitigating voltage dips and harmonics, which are common power quality 
issues that can disrupt electrical systems and affect equipment performance. The 
effectiveness of this method was assessed through simulations, comparing its performance 
a giant a traditional PI controller.  
(Reddy and Kumar, 2017) aimed to enhance power quality in three-phase network dealing 
with nonlinear loads. Used UPQC to address matters like harmonic distortion, voltage 
fluctuations and dips, and load imbalances utilizing Matlab Simulink. (Vanapalli et al., 
2017) proposed an enhanced UPQC control using fuzzy logic and an artificial neural network 
controller to improve power quality by eliminating current harmonic and compensating for 
voltage by using Matlab Simulink. (Kumar and Ramachandran, 2018)  They analyzed a digital 
Kalman filter to control a UPQC, resolving its execution through simulation and experiments. 
The Kalman filter precisely controls the voltage and current at the load aspect. The control 
strategy is designed to work in a system with PQ problem. (Krishna et al., 2019) introduced 
a new control strategy aimed at addressing PQ issues like current disfiguration, voltage sags, 
swells, and THD in nonlinear loads. Utilizing a UPQC setup with partial order fuzzy logic, with 
the implementation carried out using MATLAB. (Das and Adhikari, 2020) presented 
enhanced control strategies employing fuzzy logic to detect the faults in a UPQC constructed 
for a three delivery lines, which is designed to lessen various PQ troubles like voltage sags 
and harmonics. The proposed method was tested by using Matlab Simulink, with faults 
examined at different locations along the line, demonstrating its effectiveness in improving 
power quality and system reliability. (Sai Sarita et al., 2023) presented a new control UPQC 
pattern to measure up both voltage and current disturbances, it controls unbalanced and 
distorted weak grid cases. As a result, the suggested dynamic control approach provides a 
good stable state and dynamic reaction; the proposed approach was tested using Matlab 
Simulink. (Belahcene et al., 2024) implemented a hybrid control strategy, integrating a FLC 
with a PI controller to enhance the overall performance of the UPQC. This access impacts the 
strengths of both control techniques, enabling adaptive and robust control of the system. 
This paper proposes a fast fuzzy logic controller FFZ as a solution to address unbalanced 
loads in case of different faults in power systems. The proposed FFZ replaces traditional PI 
controllers and isolates unbalanced signals from the sources, aiming to demonstrate the 
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potential for improved system stability and power quality PQ. The paper emphasizes the 
benefits of the FFZ, highlighting its ability to effectively manage uncertainty and 
nonlinearity. This way results in reducing total harmonic distortion (THD) and overshoot, 
ultimately leading to a more potent and functional power system operation. 
 
2. THE CONTROLLER OF UPQC 
 

The UPQC controller is a specialized power instrument created to reduce PQ disturbances 
on both the supply and load sides. The schematic diagram of UPQC in a three-phase four-
wire configuration, illustrated in Fig. 1 consists of combined active power filters APF, which 
include both series and shunt components joined to a mutually connected DC link capacitor. 
The capacitor decisive role in the system operation by maintaining voltage levels and 
improving PQ. Also act as energy storage elements, providing reactive power support when 

needed and enhancing the dynamic response of the method to alter in load or disturbances. 
(Axente et al., 2011; Karelia et al., 2019; Amini and Jalilian, 2020). The shunt inverter 
belonging to the UPQC operates in the current control scheme. In addition, maintaining the 
shunt converter is controlled in the current control scheme. Regulating the shunt converter 
ensures that the current delivered matches the set reference value as dictated by the UPQC 
control algorithm, also ensuring the DC bus voltage is at a specified set point (Hossam-Eldin 
et al., 2018; Sarita et al., 2020). 
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Figure 1. Proposed Model 3P- 4W using UPQC. 

 
A series active filter is installed in line with a load via an injection transformer, which has a 

specific turn ratio. The transformer's primary side is wired in a star pattern, and the 

secondary windings are joined in series with a three-phase power source. The UPQC is 
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designed to effectively manages the load ,which comprises both unbalanced elements, and 
nonlinear components (Mohammed et al., 2016) .  
 
3. MODELING AND CONTROL  
 

3.1 Shunt Active Filter Control  
 

The shunt active filter primarily deals with PQ issues on the consumer's portion. Shunt active 
filters are essential for improving power quality by addressing both harmonic and reactive 
current issues. Effectively eliminate harmonic currents produced by the load, ensuring a 
cleaner power supply. The DC link capacitor voltage enhancing system efficiency. By 
recompensing for reactive currents, shunt active filters contribute to better power factor, 
optimizing power utilization. Fig. 2 depicts the arrangement of the shunt compensation for 
disturbances. A PLL circuit is employed to drive the phase shift and oscillation frequency 
information from the source voltage. This data facilitates  the conversion of the load currents 
between the a-b-c and d-q-0 domains. (Patel et al., 2018; Yadav et al., 2020; Anitha and 
Jeyadevi, 2020), and an essential indication for the modification is produced using a three-
phase PLL. The system contains harmonic components resulting from nonlinear loads, and 
when the load is unbalanced, there will be a neutral current Ineutral  along the neutral line. 
To reduce this current, it is necessary to calculate zero power. All zero-sequence power 
needs to be provided by the shunt active power filter.  
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Figure 2. Schematic representation of shunt active power filter utilizing the proposed 
controller 

 
This is accomplished by employing the DC and AC parts of both real and imaginary power, 
as indicated in the equations below (Amirullah et al., 2020):   
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Pzero = Vzero × Izero                                                                                                                                      (1)  

𝑃 =  𝑃𝐷𝐶
− +  𝑃𝐴𝐶

~  ; Q = 𝑄𝐷𝐶
− +  𝑄𝐴𝐶

~                                                                                                              (2)  

P =  𝑈𝑆𝛼 × 𝐼𝐿𝛼 + 𝑈𝑆𝛽 × 𝐼𝐿𝛽                                                                                                                        (3) 

Q =  𝑈𝑆𝛽 × 𝐼𝐿𝛼 − 𝑈𝑆𝛼 × 𝐼𝐿𝛽                                                                                                                        (4)  

[
𝐼𝛼

∗

𝐼𝛽
∗] =  

1

𝑈𝛼
2+𝑈𝛽

2  [
𝑈𝛼 𝑈𝛽

𝑈𝛽 −𝑈𝛼
] [

−𝑃~ + 𝑃𝑍𝑒𝑟𝑜 + 𝑃𝐿𝑜𝑠𝑠

−𝑄
]                                                                              (5) 

 
Eq. (3) and Eq. (4) detail the calculations for actual power (P) and imaginary power (Q), 
which are determined in instantaneous power within the 𝛼 − 𝛽 axes. Where 𝑃𝐷𝐶

−  represents 
the   average portion of actual power, while 𝑃𝐴𝐶

~   representes the oscillating portion of actual 
power. Similarly, 𝑄𝐷𝐶

−  is the average section of imginary power, and 𝑄𝐴𝐶
~  is the unsteady 

section of reactive power. The total imaginary power and oscillating portion of true power 
are chosen as the power and current references, excuted through utilized through Eq. (2) 
The DC elements of PDC

−  and QDC
−   are based on the positive sequence part of load current. The 

AC elements of PAC
~  and QAC

~   incorporate harmonics and negative sequence of load current. 
In the shunt APF, the reference currents for the three-phase system are determined to offset 
the neutral current, harmonic load current, and reactive current in the load. The switching 
instructions for controlling the shunt active power filter are produced by evaluating the 
guiding current and the real line currents.  
 
3.2 FFZ Control 
 

The fuzzy regulator's control algorithm is realized by replacing the standard, PI controller 
via a fuzzy controller. In this setup, the optimal fuzzy gain value is determined through a 
fuzzy inference system that considers the incline of the DC average bus voltage and the DC 
voltage error as its input to the controller. The DC voltage error, denoted as 𝑃𝑒𝑟𝑟𝑜𝑟

−  is used as 
an input variable to generate a reference source current, as illustrated in Fig. 2. The fuzzy 

logic components include fuzzification, decision making which encompasses rule base, 
database, and reasoning approach and de-fuzzification, as shown in Fig. 2. The fuzzy rules 
process gathers a set for fuzzy control rules arranged in a specific sequence. These rules are 
essential for controlling the system to achieve the desired performance objectives and are 
developed based on knowledge from various smart control systems. The fuzzy logic 
controller employs the Mamdani method, utilizing a max-min composition relationship 
(Benachaiba et al., 2011; Amirullah and Kiswantono, 2016). To define this fuzzy 
controller, five sets (big positive, small positive, zero, small negative ,and big negative) are 
selected for both the error and slope inputs,  while the output is also characterized by five 
distinct sets. The presented technique in this paper utilized a Fast Fuzzy FFZ controller, 
which merges the simplicity of a PI controller with the intelligence and adaptability of a fuzzy 
logic-based control system. The information fed into the fuzzy PI controller is characterized 
as different linguistic several with their respective membership amounts as detailed in 
Table 1. Based on the range (big, small and zero) for the positive or negative indication of 
the difference signals UDC error and ∆UDCerror

 , the FFZ relatives the matching output based 

on the linguistic codes presented in Table.1. This occurs during the fuzzification process, 
which involves five fuzzy linguistic categories and fuzzy functioning system modules, 
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UDC error  and ∆UDCerror
, alongside the fuzzy rule bases. Ultimately, this process helps 

determine 𝑃𝑒𝑟𝑟𝑜𝑟
−  during defuzzification. The value of 𝑃𝑒𝑟𝑟𝑜𝑟

−  serves as an essential input 
factor needed to obtain the compensation currents ( 𝐼𝐿𝛼

∗  and 𝐼𝐿𝛽
∗ ) in Fig. 2. During the 

fuzzification operation, various input variables are computed and transformed into 
linguistic variables according to defined subset known as the membership function. The 
𝑈DC error  and ∆UDCerror

 are suggested as input variables alongside 𝑃𝑒𝑟𝑟𝑜𝑟
−  for the system 

output variables. 
Table 1. Fuzzy rule representation 

 

  
 
 
 
 
 
 
 

3.3 Series Active Filter Control  
 

The series active power filter plays a crucial role in voltage compensation by generating a 
compensation voltage (Torabi Jafrodi et al., 2020). This voltage, synthesized by the 
SVPWM converter, is inserted in series with the supply voltage and must be injected at a 
particular angle relative to the supply current. This injection leads to a phase the variation 
between the consumer's voltage and supply voltage, a critical factor in effective power 
quality administration (Axente et al., 2011). The series APF effectively addresses the issues 
caused by unbalanced loads that can lead to fluctuation in VD.C by separating the unbalanced 
voltage from the supply and injecting into the series APF, the three load voltages 
(ULa, ULb, ULc) are subtracted from the corresponding supply voltages (USa, USb, USc) along 
with the unbalance supply voltage, this results in three phase reference voltage 
( ULa ,

∗ ULb ,
∗ ULc 

∗ ) that are injected in series with the load. Through an appropriate 

transformation, the three reference currents (Iseries.a 
∗ , Iseries.b 

∗ , Iseries.c 
∗ ) of the series APF are 

derived from these phase reference voltages. These reference currents 
( Iseries.a 

∗ , Iseries.b 
∗ , Iseries.c 

∗ ) are fed into the current controller alongside their sensed 
counterparts(Iseries.a, Iseries.b, Iseries.c). By detecting input voltage, imbalances allows for the 
effective computation of voltage and the load voltage. The three -phase reference values of 
the injected voltage are defined as: 
 
Uinject = US(abc) − UL(abc)                                                                                                                          (6)  

ULa
∗ = √2 Uinject sin (θt + θinject)                                                                                                            (7) 

ULb
∗ = √2 Uinject sin (θt +

2𝜋

3
+ θinject)                                                                                                  (8)  

ULc
∗ = √2 Uinject sin (θt −

2𝜋

3
+ θinject)                                                                                                  (9)  

Where: θinject  represents the phase angle of the injected voltage. The currents 

(Iseries.a 
∗ , Iseries.b 

∗ , Iseries.c 
∗ ) represent the ideal currents that must be preserved through the 

secondary winding of the transformer to inject the voltages (ULa ,
∗ ULb ,

∗ ULc 
∗  ), which is crucial 

𝐔𝐃𝐂 𝐞𝐫𝐫𝐨𝐫 
𝐍𝐛𝐢𝐠 𝐍𝐬𝐦𝐚𝐥𝐥 Zero 𝐏𝐬𝐦𝐚𝐥𝐥 𝐏𝐛𝐢𝐠 

∆𝐔𝐃𝐂𝐞𝐫𝐫𝐨𝐫
 

𝐍𝐛𝐢𝐠 𝐍𝐛𝐢𝐠 𝐍𝐬𝐦𝐚𝐥𝐥 𝐍𝐬𝐦𝐚𝐥𝐥 𝐍𝐬𝐦𝐚𝐥𝐥 𝐙𝐞𝐫𝐨 

𝐍𝐬𝐦𝐚𝐥𝐥 𝐍𝐬𝐦𝐚𝐥𝐥 𝐍𝐬𝐦𝐚𝐥𝐥 𝐍𝐬𝐦𝐚𝐥𝐥 𝐙𝐞𝐫𝐨 𝐏𝐬𝐦𝐚𝐥𝐥 

Zero 𝐍𝐬𝐦𝐚𝐥𝐥 𝐍𝐬𝐦𝐚𝐥𝐥 𝐙𝐞𝐫𝐨 𝐏𝐬𝐦𝐚𝐥𝐥 𝐏𝐬𝐦𝐚𝐥𝐥 

𝐏𝐬𝐦𝐚𝐥𝐥 𝐍𝐬𝐦𝐚𝐥𝐥 𝐙𝐞𝐫𝐨 𝐏𝐬𝐦𝐚𝐥𝐥 𝐏𝐬𝐦𝐚𝐥𝐥 𝐏𝐬𝐦𝐚𝐥𝐥 

𝐏𝐛𝐢𝐠 𝐙𝐞𝐫𝐨 𝐏𝐬𝐦𝐚𝐥𝐥 𝐏𝐬𝐦𝐚𝐥𝐥 𝐏𝐬𝐦𝐚𝐥𝐥 𝐏𝐛𝐢𝐠 
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for effectively compensating for the unbalanced load. These currents 
(Iseries.a 

∗ , Iseries.b 
∗ , Iseries.c 

∗ ) are then compared to series compensating currents in the SVPWM 
current controller to create signals for the switches as depicted in Fig. 3. 
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Figure 3. The series active filter control  
 

4. SIMULATION RESULTS AND EVALUATIONS 
 

A proposed control strategy for a UPQC was tested to validate its effectiveness. The results 
in different scenarios are simulated in Matlab. The system consists of a three phase source 
with a 380 volte at a frequency 50 Hz. It includes line impedance characterized by a 
resistance 0.1 Ω and inductance of 0.001 mH. The series active filter inductance of 4.2 mH 
and shunt inductance of 3.25 mH. The injection transformers operate at 50 Hz, and turn ratio 
of 1:1. The non-linear load with three phase diode rectifier followed by R–L load including 
Rdc = 24 Ω, L = 20 mH and the three phase load is presented with three phase resistance of 
8.1 Ω and inductance of 30 mH with a different situation will impact the load characteristics. 
The DC-link operates at a voltage of 650 volts and has a capacitance of 6370 μF. The PI 
controller parameters are 𝐾p= 6.202 and 𝐾i = 7.56. The fast fuzzy logic controller model 
utilizes the Mamdani method with max-min composition, and the input membership 
functions include trapezoidal and triangular shapes for UDC error and delta UDC-error. The 
system with UPQC controller first Scn from 0-0.1 second the system worked with PI 
controller and from 0.1-0.2 seconds the same system with proposed controller the system 
with two fault cases first one at 0.02-0.08 and the second case at 0.12 to 0.16 seconds. 
 
4.1 Unbalance Compensation Results  
 

Line to ground faults disrupt the balanced current flow in a power system. Unbalance 
compensation aims to restore balance by injecting a corrective current, minimizing the 
impact on system performance. The first case demonstrates the effects of a line-to-ground 
fault on current and voltage balance in a power system.  The fault, occurring on the load side, 
causes current imbalance during specific time intervals (0.02-0.08 seconds and 0.12-0.16 
seconds) as seen in Fig. 4. This current imbalance then creates a voltage imbalance at the 
point where the system connects to the grid (PCC) as shown in Fig. 5. For the same case the 
source current and voltage are given in Figs. 6 and 7 respectively.  
There are minimal fluctuation in the voltage across the capacitor when it supplied the shunt 
inverter, as this inverter only transmits reactive power to adjust the load current. From Fig. 
8, it can be observed that there is a distinction between the two controllers during the 
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transient phase for recharging the capacitor. The PI controller results in a prolonged rise 
time and an overshoot percentage is 4.55% reaching a peak 677.7 V. In contrast, on the other 
hand, the FFZ controller demonstrates a quicker rise time with an overshoot percentage only 
0.815%, peaking at 655V. 
 

Figure 4. Current unbalance due to line to ground fault 
 

Figure 5. Voltage unbalance due to current unbalance 

 

Figure 6. The source current UPQC utilizing PI and FFZ 
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Figure 7. The source voltage UPQC utilizing PI and FFZ 

 
Figure 8. The DC link voltage using PI and FFZ 

 
4.2 Comparative Analysis of Conventional PI and FFZ control for UPQC under Various 
Fault Conditions 
 

The UPQC combinations of sequences for each condition include five disturbance situations. 
Each scenario describes a different type of fault connected to load.  In Scn1, the system is 
attached to a load that has a line-to-ground fault. In Scn2, the system is linked to a load 
experiencing a line-to-line fault. In Scn3, the system is connected to a load with a three-phase 
line fault. In Scn4, the system is connected to a load with a three-phase line to ground fault, 
and the last senior is Scn5, where the system is connected to a line to ground fault with 
nonlinear load. Each combination uses a UPQC controller with both conventional PI and FFZ 
methods, leading to a total of ten situations. Using Matlab Simulink to get the voltage and 
current for both the source and load side and then calculate the average values for each 
phase. The outcomes are summarized in Tables 2 and 3.  
Table 2 shows that a UPQC using the conventional PI controller with the five different 
scenarios in the 3P-4W system, the conventional controller is still able to maintain the 
average source voltage and a small maintain for source current during the different cases. In 
Scn1, the current from the load side increases and causes instability in the voltage, resulting 
in an average load voltage of 372.56V, which is reduced during the fault. However, the source 
voltage remains the same. During these cases, the current from load side increased to 7.51A 
while the average source current is 6.23A, but phase (S) not maintained. In Scn2, there is a 
voltage imbalance, and the source side experiences voltage spikes which increased the stress 
on the source equipment and causes variations in source current.  
According to the test results in Table 3. The average load voltage increased to 380.2 V, while 
the average source voltage is 379.96V. However, the currents in two phases (R and T) 
increased to 8.7 A, while the source side current in those two phases reduced to 6.21A and 
5.75A, respectively. In the third senior, there are significant voltage fluctuations, with the 
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average load voltage dropping to 367.46V. The voltage across the three phases (R, S and T) 
fluctuated and also reduced, but the source average voltage remained at 380.05V. The load 
current increased to 8.97A minimized to 6.52A at the source side.  
 

Table 2. The Voltage and current measurements for the 3P-4W system employing UPQC with 
conventional PI control 
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Table 3. The Voltage and current measurements for the 3P-4W system employing UPQC with the 

proposed method.  
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In Scn4, the effects from the faults lead to increased current flow and voltage instability on 
the source side. The average load current is measured at 8.96A, with the controller 
maintaining stability in just two phases, while the third phase is slightly less, showing an 
average of 5.95A, leading to an overall average of 6.37A. 
In the last senior, when the fault occurs, the average load current increases to 9.28A, causing 
a reduction in the source current for phases (R and T), where the average source current is 
recorded at 6.17A, while the other phase shows 5.85A. During this case, the average load 
voltage minimized to 361.43V, sustained at 380.13V. In the same system and Scn1-5, using 
the proposed controller, the results are as indicated in Table 3. In the first senior, when the 
fault occurs on the consumer side, the average consumer voltage and current are 379.83V 
and 7.53A, respectively. The controller maintains stability at the source side, keeping the 
average voltage at 380V and the current at 6.45A. The load current from phase(R) is 
recorded at 9.35A, demonstrating that the controller is effective and reliable during this 
issue. In Scn2, the current in phases (S and T) rises to 7.98A during the fault, while the 
average load current is 7.05A. The average current stabilizes at 6.45A, which influences 
average load voltage to rise from 379.8V to 380.03V on the source side. In Scn3 and Scn4, 
the average consumer currents range from 8.9A to 8.96A, while the source side currents 
reduce to 6.54A-6.52A, respectively, for both scenarios. In the last scenarios, the average 
load voltage quickly drops to 363.5V during the issue, but with the proposed controller, the 
voltage remains stable at 380V. However, the load current rapidly increased to 9.27A, 
maintaining the source current at 6.56A. 
Figs. 9 and 10 show the evaluation of results for source voltage and source current in 
sequence from the 3P-4W system using UPQC with PI and the proposed controller in five 
cases, as in Table 2 and Table 3. Fig. 9 illustrates that in Scn1 to 5 for a 3P-4W system 
implementing UPQC alongside a PI controller, the voltage fluctuated between 379.96 V and 
380.13 V, indicating instability. In contrast, the system with the newly proposed controller, 
despite experiencing different disturbances at the load side, managed to keep the source 
voltage constant throughout the disturbances. Fig. 10 shows that in Scn1 to 5 of the 3P-4w 
system using a conventional controller with UPQC, the current with PI is not stable, with the 
average source current varying from 5.90A to 6.52A. However, with the proposed controller, 
the average source current changes only slightly, ranging from 6.45 A to 6.56 A. 
 

 
Figure 9. Comparison of source voltage in UPQC using PI and proposed method FFZ with a 

disturbance at load side 
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Figure 10. Comparison of source current in UPQC using PI and proposed method with a 

disturbance at the load side 
 

Table4. Comparison of various controllers applied in UPQC 

 
 Aspect Conventional PI FFZ  

1 Time taken for capacitor voltage to reach 
first overshoot 

0.0132 sec 0.0087 sec 

2 Utility Load side current THD  4.29  3.78 
3 Utility Source side current THD 0.17 0.05 

 
From Table 4 the proposed controller has a faster response time for the first overshoot than 
the PI controller. While the difference of 0.0045 seconds might look minor, in control 
systems, even small enhancements in response time can result in improved stability and 
performance. As in Table 4, the utility load side current total harmonic distortion THD, 
shows that the PI controller has a THD of 4.29, while the proposed controller improves this 
to 3.78. This reduction indicates that the proposed controller is more effective at minimizing 
harmonic distortion in the load current, which is beneficial for the system's overall 
effectiveness. On the source side, the THD for the PI controller is 0.17, whereas the proposed 
controller achieves a significantly lower value of 0.05. This substantial decrease in THD on 
the source side further emphasizes the proposed controller's effectiveness in improving 
power quality by reducing harmonic distortion. 
 
5. CONCLUSIONS 
 

The UPQC is a device made to tackle almost all power-related problems. It utilizes both series 
and shunt active power filters to mitigate disturbances caused by faults at the load, ensuring 
that voltage and current on the source side remain stable through the use of the new 
controller. In this paper, the fast fuzzy controller has been implemented to manage the DC 
bus voltage of the UPQC. The unique aspect of this paper is the comparison between the new 
controller and the traditional PI controller for regulating the DC bus voltage. The system 
performance situations, such as line-to-line fault, line-to-ground, three-phase line-to-line 
fault, three-phase-to-ground fault, and harmonics in the presence of nonlinear loads, have 
been thoroughly examined and analyzed, controlling and maintaining the voltage level 
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across the capacitor within desired limits. The new controller provides better results than 
the PI controller. Also, the UPQC has been designed with DC bus controllers, comparing the 
PI controller and FFZ logic control. The simulation results demonstrate that the new 
controller exhibits a lower initial overshoot, achieves a steady state more quickly, has 
reduced error, and minimizes the THD.   
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والمتحكم السريع القائم على المنطق الضبابي   PIالتحليل المقارن بين المتحكم التقليدي 
 UPQCجودة القدرة الكهربائية الموحد  مكيف لاستعادة الأحمال غير المتوازنة باستخدام 

 

 
 عثمان  رعبد الغفو نهايه ، اسمهان ياسين حسين*، به ناز سفين ابراهيم

 

 ، العراق أربيل   جامعة صلاح الدين، كلية الهندسة،   الكهربائية، قسم الهندسة 
 

 الخلاصة
( لتخفيد اضتتتت راااج التهد يالتيار ايعالية    UPQCال وحد )  تقترح هذه الورقة استتتتتراتيتية تجدم جديدك ل ديد جولك ال اقة

(. غالبًا ما تواجه مناهج التجدم الجالية ا ديد جولك ال اقة ال وحد صتتتتتتتتعوبة 3P-4Wأنظ ة ثلاثية ال ور رباعية الأستتتتتتتتلا  )
   معتالتتة وريا الج تل غير ال توا،نتة، م تا يلل  دلو تتدهور ك ير    جولك ال تاقتة. اعتالج هتذا البجتة هتذه اليتوك من  لا   

نًا    دلارك تقلباج    PI(، يالت ، مقارنةً يوحداج تجدم  FFZتقدام يحدك تجدم من ق ضتتتتتباي  ستتتتتر عة ) التقليداة، تو ر ألاءً مُجستتتتتف
ال قترحة علو تقليل تأثير    FFZجهد التيار ال ستتتتتت ر يتوليد تياراج مرجقية لليقة ل رنتتتتتل النلتتتتتال التجو ل . تع ل يحدك تجدم 

ا،نتة علو جهتد التيتار ال ستتتتتتتتتتتتتتت ر ايعتاليتة، م تا اقلتل من الأ  تاء ي جستتتتتتتتتتتتتتن الألاء العتا  للنظتا . تُ  ت  نتتائج الأح تا  غير ال تو 
( يتجستتتتتين ابستتتتتتتااة العايرك، THD   تقليل التلتتتتتوه التوا ق  الكل  )  FFZ عالية يحدك تجدم   MATLABال جاكاك ااستتتتتتخدا  

 التقليداة    سينار وهاج الج ل غير ال توا،ن. PIم ا اُظهر تيوقها علو يحداج تجدم 

 
  ح ل غير متوا،ن، ثلاث اطوار اأربع اسلا .، FFZ الكلمات المفتاحية:

 


