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The quality of current waveforms, such as the presence of the harmonic components at 
the point of common coupling of various consumers, deteriorated due to the nonlinear 
load applications. Hence, a Shunt Active Power Filter (SAPF) is used to mitigate 
harmonic pollution in an electrical network. The heart of the SAPF operation is the 
current control technique. The choice of current control techniques significantly 
impacts the SAPF performance. As a result, a Hybrid One-Cycle-PI Control (HOCPIC) is 
proposed to work as a single-phase SAPF's current controller. The HOCPIC utilises a 
Proportional-Integral (PI) controller to minimise the error signal. As a result, the THD 
value of the supply current is reduced to 3.20% using the SAPF-based HOCPIC compared 
to 3.99% when using the SAPF-based OCC. The result proves that the SAPF-based 
HOCPIC performs better in compensating harmonic currents than the SAPF-based OCC. 
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1. Introduction 

 
Nonlinear electric appliances, which rely on power electronic switches, are widely used 

worldwide [1]. The utilisation of nonlinear loads, such as personal computers, line-switched rectifiers, 
and arc furnaces, gives rise to power quality problems such as current harmonics [2,3]. It happens 
when the AC voltage or current waveform consists of integral multiple AC components of the 
fundamental device frequency [4]. Subsequently, it can cause excessive neutral currents, equipment 
overheating, motor vibration and capacitor blowing [5]. Thus, one of the techniques to compensate 
for the harmonic components is Shunt Active Power Filters (SAPFs) [6]. A SAPF is an efficient 
mitigation tool compared with a passive filter due to its capability to simultaneously compensate for 
multiple harmonic currents [7,8]. It is connected in parallel with the nonlinear loads to act as a voltage 
or current source to compensate for the harmonic components in the line current; it results in a 
sinusoidal line current that is in phase with the grid voltage [9]. SAPFs consist of fast inner current 
control algorithms to regulate the current injected into the power grid while maintaining the 
prescribed Total Harmonic Distortion (THD) and Power Factor (PF) [10,11]. The power quality injected 
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into the grid and the converter system's performance depends on the inverter's current control 
algorithm [12].  

As a result, the One-Cycle Control (OCC) scheme is dedicated to this project which focuses on the 
current control algorithms to generate switching pulses for the SAPF. Initially, OCC was proposed by 
K. M. Smedley et al., in [13] to regulate switching converters with one switching cycle. After a 
transient, the controller achieves immediate dynamic control of the average value of the switching 
variables. The OCC technique achieves instantaneous control over the average value of the chopped 
voltage or current by utilising the pulsed and nonlinear nature of switching converters. The OCC 
method offers rapid dynamic response and excellent input-perturbation rejection. It is appropriate 
for controlling Pulse Width Modulated (PWM) and Quasi-Resonant (QR) converters. The OCC strategy 
showed great promise featuring excellent harmonic suppression, simple circuitry, robust 
performance, fast response, extensive stability range, reliability, universal, and low cost for the 
control of SAPF [13,14]. 

In SAPF operations, the conventional OCC concept has been widely employed. Huaiying et al., 
[15] created a simulation model of a single-phase SAPF with OCC operating under bipolar modulation. 
OCC was selected as the control approach to mitigate AC power grid pollution caused by harmonic 
and reactive power. Furthermore, some researchers in [16, 17] prefer to use a modified OCC rather 
than a conventional OCC to obtain dynamic SAPF performance with fewer sensors. A fast response 
OCC (FOCC) strategy for APF was proposed to improve existing OCC strategies. The analysis, design 
procedure, and auxiliary schemes for a triangular carrier generator and an integrated current/voltage 
sensor were presented. Verification was performed throughout the simulation, and the results show 
that the proposal’s performance was significantly better than the conventional technique. The 
researchers claimed that FOCC is required fewer devices and lower costs. Nonetheless, the design is 
complicated and does not adhere to the original OCC concept.  

The researchers described the waveforms of the SAPF-based OCC for the carrier waveform, 
modulating waveform, and gating signal in [18-22]. However, no explanation is provided for the 
effect of clock pulse width because it is only used to initiate the control pulses. Nonetheless, the 
researcher can achieve the desired result even with a short clock pulse width. Hence, it indicates that 
no research has been done on the effect of clock pulse width on conventional OCC in SAPF. Thus, it 
is worth studying OCC's clock pulse width on SAPF operation to observe the effect of clock pulse 
width on the THD of supply current. The THD of a waveform reveals how many unwanted 
components are present in the signal. As the THD of a waveform increases, the signal contains a more 
significant number of undesired components [23]. 

In the conventional OCC, the comparator results of the integrated injection current and error 
current signal determine the conventional OCC controller output. However, the controller performs 
poorly because conventional OCC cannot tune the error signal dynamically. Therefore, Li et al., [24] 
used a hybrid modified OCC-PI, where the Proportional-Integral (PI) controller will minimise the error 
signal and eventually improve the controller operation. However, unlike the conventional OCC, the 
hybrid-modified OCC does not generate control pulses directly from the S-R flip flop. Instead, 
additional components are required to generate the control pulses. Hence, it increases the 
complexity of the controller.  

Saifullah Khalid has published several scholarly articles on the control technique of PI controllers, 
including the Adaptive Mosquito Blood Search Algorithm (AMBS), Adaptive Tabu Search Algorithm 
(ATS), and Adaptive Spider Net Search Algorithm (ASNS). In [25], he introduced the AMBS to enhance 
the conventional control scheme utilised in SAPF and explore the optimal values of PI controller 
parameters, which has resulted in a remarkable reduction in the THD of the supply current and 
voltage. Additionally, his implementation of the ATS to search the PI controller parameters to 
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mitigate the adverse effects of nonlinear loads on the aircraft's electrical system, which utilise an 
Artificial Neural Network (ANN) in [26], and a fuzzy logic controller in [27] at 400 Hz is noteworthy. 
Moreover, Saifullah Khalid also introduced the ASNS in [28] to search for the optimum value of the 
proportional integral controller parameters and the objective function is determined in such a way 
that their optimum value is given with the conditions of % overshoot, rise time, and settling time. 
The algorithm offers notable advantages due to its ease of use, programmability, feasibility, and 
reduced computational time. Subsequently, the ASNS was implemented in SAPF for aircraft supply 
systems [29]. 

Based on the limitations of previous work, this paper provides new insights into studying the 
impact of OCC's clock pulse width on the operation of SAPF. The paper also focuses on developing a 
SAPF-based Hybrid One-Cycle-PI Control (HOCPIC), which combines the conventional OCC with the 
PI controller to improve the SAPF mitigation by minimising error signals and providing more dynamic 
performance. The proposed hybrid controller can compensate for the harmonic components of the 
supply current and will have a simpler architecture because it retains the basic OCC structure. 
Furthermore, analytical investigations, followed by thorough simulation studies, are conducted to 
determine the efficacy of the proposed plan.  

 
2. Single-Phase Shunt Active Power Filter 

 
Figure 1 depicts the operation of the SAPF connected at a Point of Common Coupling (PCC) of the 

grid source, which supplies power to the nonlinear load. The nonlinear load operation draws the 
instantaneous nonlinear load current 𝑖𝐿(𝑡), which comprises the instantaneous fundamental current 
𝑖𝐹(𝑡)  and the instantaneous harmonic current 𝑖𝐻(𝑡) components. The SAPF supplies instantaneous 
injection current 𝑖𝑖𝑛𝑗(𝑡) to compensate for the harmonic components of 𝑖𝐿(𝑡); the 𝑖𝑖𝑛𝑗(𝑡) has the 

same amplitude as the harmonic components as 𝑖𝐿(𝑡) but opposite polarity. The SAPF also draws 
instantaneous current 𝑖𝑑𝑐(𝑡) to charge the DC-link capacitor. This statement can be expressed as in 
Eq. (1) until Eq. (4). 

 

 
Fig. 1. The schematic diagram of single-phase nonlinear load 
integrated with SAPF 

 
𝑖𝐿(𝑡) = 𝑖𝐹(𝑡) + 𝑖𝐻(𝑡)             (1) 
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𝑖𝑖𝑛𝑗(𝑡) = 𝑖𝐻(𝑡)             (2) 

 
According to Figure 1, 
 
𝑖𝑠(𝑡) = 𝑖𝐿(𝑡) − 𝑖𝑖𝑛𝑗(𝑡) + 𝑖𝑑𝑐(𝑡)           (3) 

 
Substitute Eq. (1) and Eq. (2) into Eq. (3) 
 
𝑖𝑠(𝑡) = 𝑖𝐹(𝑡) + 𝑖𝐻(𝑡) − 𝑖𝐻(𝑡) + 𝑖𝑑𝑐(𝑡) 
𝑖𝑠(𝑡) = 𝑖𝐹(𝑡) + 𝑖𝑑𝑐(𝑡)             (4) 

 
According to Eq. (4), the supply current 𝑖𝑠(𝑡) waveform no longer has harmonic components 

when the power system applies the SAPF. The SAPF applies a current control algorithm to regulate 
𝑖𝑖𝑛𝑗(𝑡). Additionally, the filter employs a voltage control algorithm to maintain a constant voltage 𝑉𝑑𝑐 

across the DC-link capacitor (𝐶𝑑𝑐). The 𝐶𝑑𝑐 is discharging when 𝑉𝑑𝑐 is positive, which indicates that 
the SAPF supplies 𝑖𝑖𝑛𝑗(𝑡). Meanwhile, the 𝐶𝑑𝑐  is charging when 𝑉𝑑𝑐 is negative, which means that 

the SAPF draws 𝑖𝑑𝑐(𝑡) from the grid. When the desired voltage is on point, hence, 𝑖𝑑𝑐(𝑡) equals zero. 
A PI controller is used in the voltage regulation algorithm to eliminate the steady-state error of 𝑉𝑑𝑐 
by tracking the voltage based on the reference voltage value 𝑉𝑑𝑐_𝑟𝑒𝑓 [1]. 

 
3. Development of The Current Control Algorithm 
3.1 Current Control Algorithm based on OCC 

 
Figure 2 shows the SAPF's current control algorithm using a conventional OCC; the main 

component is the integrator and the resetter. At the beginning of each switching period, a constant 
frequency clock turns on the Insulated-gate Bipolar Transistor (IGBT). At this moment, the integration 
also starts to operate. The injection current is integrated and compared with the error current signal 
of the injection current and reference injection current. The comparator changes its state as soon as 
the integrated injection current reaches the error current signal. The controller sends a command to 
the switch to change the transistor from the on-state to the off-state. At the same time, the controller 
reset the integrator to zero. 

 

 
Fig. 2. The schematic diagram of SAPF's current control algorithm using conventional OCC 
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3.2 Current Control Algorithm based on HOCPIC 
 
Figure 3 presents the schematic diagram of SAPF's current control algorithm using HOCPIC. The 

conventional OCC is a hybrid with a PI controller. The PI controller is used to minimise the error of 
the injection current. This simulation uses trial-and-error tuning to determine the optimal gains for 
the Kp and Ki that provide robust performance, rapid dynamic response, and reduced steady-state 
error. The gains were determined based on the lowest THD value of 𝑖𝑠(𝑡) compensated by the SAPF. 
Although no specific tuning algorithm was used, the PI controller could still regulate the SAPF 
operation. This is due to the systematic tuning procedures supported by papers in [30, 31] that used 
the same tuning method to tune the conventional PI controller to achieve the desired response. 

The pulse of HOCPIC will start at the beginning of each switching time. Once the clock starts, the 
integration begins. In this simulation, the integrator will integrate when it receives a raising, which is 
'1'. The clock triggers the S-R flip flop to generate control pulses to the SAPF's power switches (S1&S1, 
S3&S4). The injection current is integrated and compared with an improved error current signal. 
Before it is compared, the error current signal has been minimised with the help of the PI controller. 
When the integrated value of the injection current reaches the improved error current signal, the 
comparator changes its state, resets the S-R flip-flop, and, consequently, generates the control 
pulses. 

 

 
Fig. 3. The schematic diagram of SAPF's current control algorithm using conventional HOCPIC 

 
4. Results and Discussions 

 
The proposed model is simulated using MATLAB /Simulink Software. Table 1 shows the simulation 

parameters of the SAPF system connecting to the PCC of single-phase nonlinear load. 
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  Table 1 
  The Parameters and Components for SAPF 

Simulation Parameters Value 

RMS Supply Voltage (Vs) 230 V 
Frequency of Input Voltage 50 Hz 
Switching Frequency 25 kHz 
Line Inductor 2 mH 
Injection Inductor 10 mH 
DC Link Capacitor 3700 mF 
DC-Link Reference Voltage 450 V 
PI Voltage Controller Kp=0.35, Ki=0.35 
Nonlinear Load (Resistor/Inductance) 70  / 0.8 H 
Pulse Generator Period=6 samples 
PI Controller in HOCPIC Kp=1.9, Ki=1.26 

 
4.1 Effect of Using Various OCC's Clock Pulse Width on The SAPF Performance 

 
The output of the comparator triggers the S-R flip-flop during each clock cycle, thereby stabilising 

the system. Based on this analysis, the duty ratio sequence converges during each switching cycle. 
Within one cycle, the effective output signal can track the control reference. By varying the pulse 
width of the clock, the duty cycle of the pulse will change, influencing the THD value accordingly. For 
the rectangular pulse train with the duty cycle, μ (sometimes called the cyclic ratio), the 𝑇𝐻𝐷𝐹 
formula [32] is as Eq. (5). 
 

𝑇𝐻𝐷𝐹(𝜇) = √
𝜇(1−𝜇)𝜋2

2𝑠𝑖𝑛2𝜋𝜇
− 1,         0 < 𝜇 < 1              (5) 

 
Theoretically, the THD value will reach its minimum when the signal becomes symmetrical μ=0.5. 

Figure 4 depicts the theoretical THD as a function of cyclic ratio (duty cycle) 𝜇, and of filter's order, 𝑝 
computed accordingly to the analytical residue-based method in [32]. The THD decreases almost 
linearly with 𝑝 in logarithmic scale; additionally, the closer the pulse train is to the square wave, the 
faster the THD decreases with order 𝑝 [32]. 

 

 
Fig. 4. Theoretical THD as a function of cyclic ratio (duty 
cycle) 𝜇 and of filter's order 𝑝 computed accordingly to 
the analytical residue-based method [32] 

 



Journal of Advanced Research in Applied Sciences and Engineering Technology 

Volume 33, Issue 1 (2023) 31-43 

37 
 

Figure 5 depicts the control pulses generated by varying the widths of clock pulses. Meanwhile, 
Table 2 presents the relationship between the clock pulse width and the THD value of the supply 
currents compensated by the SAPF. From Table 2, when the clock pulse width is 16.7% and 33.3% of 
the clock period, the number of control pulses measured from 2s until 2.0005s is 6 and 7, respectively. 
This lower number of control pulses will significantly affect the THD value to be more than 5%, which 
is 5.94% and 5.61%, respectively. This condition is not favourable as it did not meet the requirement 
of IEEE Std-519-2014 [33], where the THD must be at least lower than 5%.  
 

Table 2 
THD values of supply currents when the SAPF using OCC with various clock 
pulse width 
Clock Pulse Width 
(No of Samples) 

No of Control Pulses 
(From 2s to 2.0005s) 

THD% 

1 
(16.7%) 

6 5.94% 

2 
(33.3%) 

7 5.61% 

3 
(50%) 

14 3.99% 

 

  
(a) (b) 

 
(c) 

Fig. 5. Generated control pulses when the clock pulse width is (a)16.7%, (b)33.3% and (c)50% of the clock 
period 

 
However, when the clock pulse width is set to 3, which is 50% of the clock period, the number of 

pulses increases drastically to 14. Eventually, it reduces the THD value to 3.99%, below than IEEE 
standard THD value of 5%. It provides the best THD value because the controller can reflect more 
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dynamic control pulses. In simple terms, when the clock width pulse is 50% of the clock period, it 
affects the controller's sensitivity, making it more sensitive and responsive to system changes. As a 
result, in the HOCPIC development, the 50% clock pulse width was chosen to maximise the controller 
operation and improve the SAPF performance. 

 
4.2 The Harmonic Current Compensation using SAPF based HOCPIC Current Control Algorithms 

 
Figure 6(a) depicts the simulation of voltage and current waveforms before SAPF is applied to the 

system. It illustrates that the source current is not sinusoidal due to numerous harmonic 
components. The THD value of the distorted supply current is 42.65%. Figure 6(b) shows the voltage 
and current waveforms after implementing the SAPF-based HOCPIC, while Figure 6(c) shows the 
voltage and current waveforms using the SAPF-based OCC. The source current is nearly sinusoidal for 
both conditions with a low current ripple. The SAPF's injection current has compensated for the 
harmonic current content. Therefore, it proved that the SAPF using HOCPIC and the SAPF using OCC 
could effectively compensate for the harmonic currents. Table 3 displays a compilation of THD values 
of supply current and the system's power factor before and after applying the SAPF using different 
current control algorithms. 
 

  
(a) (b) 

 
(c) 

Fig. 6. Waveform result (a) before compensation, (b) after compensation using SAPF based 
HOCPIC and (c) after compensation using SAPF based OCC 
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   Table 3 
   The compilation of results 

Loop of Operation Power Factor THD% 

Before using SAPF 0.9091 42.65% 
After using SAPF-based HOCPIC 0.9885 3.20% 
After using SAPF-based OCC 0.9864 3.99% 

 
After applying the SAPF using HOCPIC, the power factor is improving from 0.9091 to 0.9885. 

Besides, the THD value of the supply current is reduced from 42.65% to 3.20% using the SAPF-based 
HOCPIC and 3.99% when using the SAPF-based OCC. According to the difference in the THD 
percentage, the result has verified that the SAPF-based HOCPIC performs better in compensating 
harmonic currents. Despite the results, both hybrid and conventional OCC can regulate the SAPF's 
injection current to reduce the THD value of the supply current below 5%. However, in terms of 
operational effectiveness in compensating harmonic currents, the SAPF-based HOCPIC outperforms 
OCC.  

Figure 7 shows the harmonics spectrum of the supply current before and after implementing the 
SAPF-based HOCPIC and OCC. It can be observed that the individual odd harmonic percentage before 
compensation has an elevated harmonic spectrum and does not meet all the standard requirements. 
Meanwhile, the individual odd harmonics percentage after compensation using the SAPF-based 
HOCPIC and OCC meets the standard requirement of IEEE-519. The supply current compensated by 
the SAPF-based OCC has a higher individual harmonic percentage than being compensated by the 
SAPF-based HOCPIC. As for the SAPF-based OCC, the harmonic content of the third order is less than 
the fifth and seventh orders, which can happen in a single-phase proposed switching method. In 
addition, the authors in [34] also show that their robust switching rule design for single-phase SAPF 
can have a harmonic content of the third order less than the fifth and seventh orders. 

Moreover, the supply current compensated by the SAPF-based HOCPIC has a higher individual 
harmonic percentage at the 17th harmonic order. Thus, this shows that the SAPF-based HOCPIC can 
compensate for the lower order of harmonics components better than the SAPF-based OCC. As a 
result, it improves the THD value of the supply current further. 

As previously stated, HOCPIC outperforms OCC due to OCC's incapability to tune the current error 
signal dynamically. Figure 8 shows the error current signal used by the HOCPIC and OCC to generate 
their control pulses. It is observed that there is a noticeable difference in the error current signal 
produced before and after inserting the PI controller. This PI controller in HOCPIC helps to tune the 
error signal by minimising the current error signal and eventually improves the SAPF operation in 
compensating harmonic components.  
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Fig. 7. Harmonic spectrum before and after harmonic compensation 

 

  
(a) (b) 

Fig. 8. Error current signal used by the (a)HOCPIC and (b)OCC to generate the control pulses 
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4.3 The THD of Supply Currents with Variable Nonlinear Load 
 
The variable nonlinear load is constructed using variable resistive and fixed inductive elements. 

Table 4 displays the outcomes of the THD of the supply current using the variable nonlinear load. The 

present nonlinear inductive load comprises a resistor and inductor with a value of 70 and 0.8H, 

respectively. Upon reducing the resistor load to 60, the THD of the supply current was observed to 
decrease from 3.20% to 3.12% for SAPF-based HOCPIC and from 3.99% to 3.46% for SAPF-based OCC. 

Nevertheless, upon increasing the resistor load to 80, the THD of the supply current escalates to 
3.39% for SAPF-based HOCPIC and 4.40% for SAPF-based OCC. In simple terms, the lower the resistor 
load, the lower the THD of the supply current. Furthermore, optimisation is required if a greater 
resistor load is utilised since the THD will might exceed the IEEE Std-519 limit of 5%. 

 
 Table 4 
 The THD of supply currents with varying resistor load 

Nonlinear Load THD% of SAPF-based HOCPIC THD% of SAPF-based OCC 

60  and 0.8 H 3.12% 3.46% 

70  and 0.8 H 3.20% 3.99% 

80  and 0.8 H 3.39% 4.40% 

 
5. Conclusions 

 
The proposed SAPF-based HOCPIC reduces the THD of the supply current to 3.20% compared with 

3.99% when using the SAPF-based OCC. Thus, it proves that SAPF-based HOCPIC had outperformed 
OCC in compensating harmonic currents due to the error minimisation approach. In addition, the 
SAPF-based HOCPIC has a simple control circuit that is easy to implement, making it a cost-effective 
and reliable solution for power quality control. 
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