
Indonesian Journal of Electrical Engineering and Computer Science 

Vol. 31, No. 3, September 2023, pp. 1274~1285 

ISSN: 2502-4752, DOI: 10.11591/ijeecs.v31.i3.pp1274-1285      1274  

 

Journal homepage: http://ijeecs.iaescore.com 

Evaluation of CHB MLI based shunt APF using low pass filter 

and self-tuning filter 
 

 

Musa Yusup Lada1, Mohd Amran Mohd Radzi2, Jasronita Jasni2, Hashim Hizam2,  

Auzani Jidin1, Syahrul Hisham Mohamad1 
1Power Electronic and Drive Laboratory, Center for Robotics and Industrial Automation, Faculty of Electrical Engineering,  

Universiti Teknikal Malaysia Melaka (UTeM), Melaka, Malaysia 
2Advanced Lightning, Power and Energy Research (ALPER) Centre, Faculty of Engineering, Universiti Putra Malaysia (UPM),  

Selangor, Malaysia 

 

 

Article Info  ABSTRACT  

Article history: 

Received Apr 28, 2023 

Revised May 10, 2023 

Accepted May 23, 2023 

 

 The increasing demand for high-rating power supply in the distribution system 

causes the conventional inverter topology, six step voltage source inverter 

(SSVSI) unsuitable for being applied as active power filter (APF). Multilevel 

inverter (MLI) is generally the best suitable inverter for APF, but not all types 

of MLI can be used for high-voltage applications. Among the MLIs topology, 

cascaded H-bridge (CHB) is the best choice since it can produce output 

voltage more than twice the amount of DC source. Moreover, CHB MLI 

topology uses fewer power devices and is simple in design. Low pass filter 

(LPF) is a common method used for harmonic extraction in this controller. 

However, this method faces various problems, such as an additional need for 

phase lock loop (PLL) algorithm and slow transient and steady-state 

responses. Therefore, self-tuning filter (STF) is introduced as a new filtering 

method to overcome this problem. This paper evaluates CHB MLI's 

performance for APF using STF as a harmonic extraction. The model was 

developed and verified in MATLAB/Simulink. The results show that 

harmonic extraction using STF performs better total harmonic distortion 

(THD) than conventional LPF. Nevertheless, both algorithms produce THD 

below 5%, defined as the permissible value stated in IEEE 519. 
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1. INTRODUCTION  

Power quality is a general term used to represent the interaction of electrical power with electrical 

equipment. It is defined in the IEEE 100 authoritative dictionary of IEEE standard term as the concept of powering 

and grounding sensitive equipment in a manner that is suitable to the operation of that equipment. Since the late 

1980s, power quality problem has become a priority in the distribution system. Three parties are concerned about 

power quality; utility companies, equipment manufacturers and electric power consumers. The characteristics of the 

power quality of the AC power system are divided into two, which are total harmonic distortion (THD) and power 

factor (PF) [1]. Besides, there are two power quality terms widely used in power systems. First, it is called good 

power quality, which can be used to define a power supply that is always available, consistently within the voltage 

and frequency tolerance. Then any load connected to it will run smoothly and efficiently. In addition, having a 

pure, noise-free sinusoidal wave shape is one of the characteristics of good power quality. 

https://creativecommons.org/licenses/by-sa/4.0/
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Meanwhile, poor power quality in a power system is defined when the load connected to it fails or 

has a reduced lifetime and efficiency of the electrical installation. Besides, poor power quality can affect the 

accuracy of utility metering. Moreover, the equipment in use is vulnerable to damage or service disturbance 

which will cause the maloperation of equipment and premature failure [2]–[4]. Harmonic distortion is caused 

by non-linear loads that are connected to the power system. Due to the increased non-linear loads used in daily 

life, it has gained endless attention. The voltage and current harmonics come from power electronic devices. 

They have been widely used in electrical components such as choppers, rectifiers and cyclo-converter. These 

non-linear loads affect the power flow by drawing currents only during certain intervals of the fundamental 

period. When the supplied current is not drawn linearly, as in a sinusoidal waveform, it will draw a higher 

percentage of harmonic distortion. Harmonic also can be observed when the current is not in a sinusoidal 

pattern, although the voltage supply is in the sine wave. Examples of non-linear loads that produce high 

harmonic distortion are transformers, arc furnaces, variable frequency drives and equipment like computers 

and copy machines [5], [6]. 

IEEE standard 519-2014, “IEEE Recommended Practice and Requirements for Harmonic Control in 

Electrical Power System” provides guidelines, limitations and procedures for applying harmonics limits in 

power systems. This standard is commonly applied to each type of static power converter used in industrial 

power systems. It briefly explains that the THD of the current drawn must be below 5%, and harmonic for a 

single component must not exceed 3%. IEEE 519-2014 will ensure that multiple customers consistently 

produce less amount of harmonic voltage. However, this standard is not covering the effect of radio frequency 

interference. In the power system, filtering is crucial to protect the consumer from an inadequate supply voltage 

quality. Usually, the non-linear loads generate harmonic current, distorting the voltage waveform. There are 

two types of harmonic elimination: passive power filter (PPF) and active power filter (APF). PPF is a simple 

filter that consists of four components made by the passive elements such as capacitance, inductance, damping 

resistor and transformer. PPF is a filter with no active component; thus, it does not need an additional power 

supply for its operation. In addition, previous studies state those PPFs not only filter current components but 

are also sources of reactive power that can be used for compensation [7], [8]. 

The increasing demand for high-rating power supply in the distribution system will cause the 

conventional inverter topology, the six-step voltage source inverter (SSVSI), becomes unsuitable for APF. In 

this case, multilevel inverter (MLI) is the most suitable inverter for APF, but not all types of MLI can be used 

for high-voltage applications. Cascaded H-bridge (CHB) topology is a better choice than other MLIs because 

it can produce output voltage more than twice the amount of DC source. Moreover, this topology uses fewer 

power devices and is simple in design. However, on the other hand, CHB topology faces a critical problem 

with a voltage unbalance of the DC-link capacitor, leading to bad performance in the compensation process 

and unequal stress of semiconductor devices. In addition, a more complicated problem occurs by maintaining 

the DC-link capacitor voltage if the CHB MLI produces more level of output voltage [9]. 

Therefore, this paper presents the evaluation performance of CHB MLI by using two different types 

of harmonic extraction, namely low pass filter (LPF) and self-tuning filter (STF) used in shunt APF (SAPF). 

Both harmonic extraction mechanisms will use the same switching algorithms and DC link capacitor 

algorithms, which are space vector pulse width modulation (SVPWM) and PI controller algorithms. Also, both 

harmonic extraction algorithms are tested under steady-state and dynamic-state conditions. Under steady-state 

conditions, the THD of the line current will be compared, and under dynamic-state conditions, the transient 

response will be compared.  
 

 

2. PROPOSED METHOD 

There are three main algorithms involved in the operation of APF: harmonic extraction, DC link 

capacitor, and switching algorithm. Each algorithm was designed and developed using MATLAB/Simulink 

tool. The harmonic extraction algorithm, also known as the current reference algorithm, intentionally produces 

the reference signal current (iref) used to generate the switching signal for the inverter. The DC link capacitor 

algorithm maintains voltage at the capacitor on a specific desired value to make the inverter work as APF, 

producing the current injected into the point of common coupling (PCC). Figure 1 shows the control algorithms 

using different harmonic extraction techniques: LPF and STF. 
 

2.1.  Multilevel inverter in SAPF 

The MLI has been presented since 1975 as an alternative in producing medium and high voltage for 

several applications. The main purpose of MLI is to synthesize a near-sinusoidal voltage from several levels 

of DC voltages. As the number of levels increases, it will provide a staircase wave that approaches a desired 

waveform; hence the harmonic distortion of the output wave will be decreased. MLI comes in three types: 

diode clamped MLI, flying capacitors MLI and cascaded H-bridge MLI. Based on the current scenario of APF, 

most are using SSVSI, which is based on six switches and, at the same time, only capable of being used in low 



                ISSN: 2502-4752 

Indonesian J Elec Eng & Comp Sci, Vol. 31, No. 3, September 2023: 1274-1285 

1276 

and medium-voltage applications. Among MLI, only CHB can operate in high voltage applications due to its 

ability to produce output voltage twice the DC input. The advantages of CHB MLI in high voltage applications 

are transformerless, more economical, capable of producing a low harmonic output current, high efficiency for 

fundamental frequency, ability to work under high switching frequency and reduced voltage stresses across 

switches. In addition, the increasing number of H-bridges will synthesize the output waveform to add more 

steps in output voltage, producing a staircase wave to approach the sinusoidal wave with minimum harmonic 

distortion. Figure 2 shows the CHB MLI configuration in SAPF [10]–[15]. 
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Figure 1. LPF and STF in SAPF 
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Figure 2. CHB MLI configuration in SAPF 

 

 

2.2.  Harmonic extraction 

The conventional technique used in APF for harmonic extraction algorithms is LPF. The major 

drawback of using LPF is the high percentage error value produced in phase and magnitude of the harmonic 

components, which contribute to mitigating high-order harmonic components. Due to the drawback of LPF, a 

STF is introduced to overcome the time response issue in transient and steady-state conditions in the 

distribution power system. The advantages of the STF are working well in steady and transient state conditions, 

does not require phase lock loop (PLL), has no unity gain and phase delay at the fundamental frequency 

component and is easy to implement in a digital or analogue control system. The modification of the harmonic 

extraction from LPF to STF will significantly improve the performance of SAPF [16]–[22]. 

 

2.2.1 Low pass filter (LPF) 

The capability of LPF is to allow lower frequencies below a selected cut-off frequency through the 

filter and block frequencies higher than the cut-off frequency. The Butterworth LPF is used in this research 

due to its advantages, such as a smooth passband and stopband, working capability in high order and the lowest 

dispersion characteristic. The transfer function of the generalized form of frequency response for nth order 

Butterworth LPF shows in (1), where n is the order of the filter, ω is the passband frequency, ωc is the cut-off 

frequency, and ε is the maximum passband gain. The quality factor, or the damping ratio for Butterworth LPF, 

is set to 0.707. The order of Butterworth LPF can be determined using the normalized Butterworth equation as 

stated in (2), in which the equation uses the real coefficients to be multiplied by the pole pair written in complex 
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conjugates. Moreover, in the second order of Butterworth LPF with the cut-off frequency of 50Hz and 𝜔𝐶 =
2𝜋𝑓𝐶 , the transfer function can be written as stated in (3). 
 

𝐻(𝑠) =
1

√1+𝜀2(
𝜔

𝜔𝑐
)2𝑛

 (1) 

 

𝐵𝑛(𝑠) = ∏ [𝑠2 − 2𝑠 cos (
2𝑘+𝑛−1

2𝑛
𝜋) + 1] 

𝑛

2

𝑘=1 ;  𝑛 = 𝑒𝑣𝑒𝑛 (2) 

 

𝐻2(𝑠) =
1

𝐵2(𝑠)
=

𝜔2

𝑠2−1.414𝜁𝜔𝑠+𝜔2
 (3) 

 

Bode plot frequency response of the Butterworth LPF is shown in Figure 3 with the order value of the 

nth set from 1 to 10. Figure 3(a) represents the magnitude while Figure 3(b) illustrates the phase of Buttworth 

LPF. The cut-off frequency of the Butterworth LPF is 100π rad/s or equal to 50 Hz as the fundamental 

frequency of the supply. Thus, the harmonic component above the cut-off frequency will be mitigated. 

Therefore, only the harmonic component at the fundamental frequency component will remain. Based on (2) 

and (3), the increasing order value of nth in Butterworth LPF will increase the complexity of the transfer 

function equation even though the shape of magnitude will approach the ideal characteristic of LPF. Thus, this 

will affect the time response due to the calculation process.  

 

 

 
(a) 

 
(b) 

 

Figure 3. Frequency response of butterworth LPF in SAPF: (a) magnitude and (b) phase 

 

 

2.2.2. Self-tuning filter (STF) 

Similar to the function of LPF, STF is used to extract the fundamental component of load current in 

the d-q reference frame. Since the load current of d-q needs to be filtered, the equation of synchronous frame 

can be written as stated in (4). Where 𝐼𝑑𝑞(𝑡) and 𝐼𝑑𝑞(𝑡) represent the instantaneous signals of output and input 

of the STF filter respectively.  
 

𝐼𝑑𝑞(𝑡) = 𝑒𝑗𝜔𝑡 ∫ 𝑒−𝑗𝜔𝑡 𝐼𝑑𝑞(𝑡)𝑑𝑡 (4) 

 

By using the laplace transformation and adding the constant K, in (4) can be written as a transfer 

function stated in (5). 

 

𝐻(𝑠) =
𝐼𝑑𝑞(𝑠)

𝐼𝑑𝑞(𝑠)
=

𝑠+𝑗𝜔

𝑠2+𝜔2 = 𝐾 [
(𝑠+𝐾)+𝑗𝜔𝑐

(𝑠+𝐾)2+𝜔𝑐
2] 

 (5) 

Hence, the d-q reference current can be expressed as, 

 

[
𝐼𝑑(𝑠)

𝐼𝑞(𝑠)
] =

𝐾

(𝑠+𝐾)2+𝜔𝑐
2 [

(𝑠 + 𝐾) −𝜔𝑐

𝜔𝑐 (𝑠 + 𝐾)
] [

𝐼𝑑(𝑠)

𝐼𝑞(𝑠)
] (6) 

 

If 𝑨 = [
(𝑠 + 𝐾) −𝜔𝑐

𝜔𝑐 (𝑠 + 𝐾)
] than |𝑨| = (𝑠 + 𝐾)2 + 𝜔𝑐

2. Hence (6) can be simplified as (7). 
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[
(𝑠 + 𝐾) 𝜔𝑐

𝜔𝑐 (𝑠 + 𝐾)
] [

𝐼𝑑(𝑠)

𝐼𝑞(𝑠)
] = 𝐾 [

𝐼𝑑(𝑠)

𝐼𝑞(𝑠)
] (7) 

 

By separating 𝐼𝑑(𝑠) and 𝐼𝑞(𝑠) component in (7), the equation of 𝐼𝑑(𝑠) and 𝐼𝑞(𝑠) can be written as 

shown in (8) and (9). Whereby, 𝐼𝑑(𝑠) and 𝐼𝑞(𝑠) are the input signals meanwhile 𝐼𝑑(𝑠) and 𝐼𝑞(𝑠) are the output 

signals from the STF, which can be expressed in block diagram at Figure 4. 

 

𝐼𝑑(𝑠) =
1

𝑠
(𝐾[𝐼𝑑(𝑠) − 𝐼𝑑(𝑠)] − 𝜔𝑐𝐼𝑞(𝑠)) (8) 

 

𝐼𝑞(𝑠) =
1

𝑠
(𝐾[𝐼𝑞(𝑠) − 𝐼𝑞(𝑠)] − 𝜔𝑐𝐼𝑑(𝑠)) (9) 
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Figure 4. Block diagram of STF 
 

 

The constant value K is also known as the selectivity parameter. Its value will affect the STF's 

performance, as shown in the Frequency response of the STF in SAPF in Figure 5. The magnitude and phase 

plots are illustrated in Figures 5(a) and 5(b) respecively, for a range of K from 20 to 100. Based on the 

magnitude and phase of the bode plot, the cut-off frequency of the STF is 100π rad/s or equal to 50 Hz as the 

fundamental frequency of the supply. Therefore, the harmonic component above the cut-off frequency will be 

mitigated, and only the fundamental component will remain. It is noticeable that the decrement of K in phase 

will make the shape of the frequency response approach the ideal characteristic of STF. By reducing the value 

of K, the fundamental component obtained from the distorted load current will not have phase delay and 

amplitude change. It is because the smaller value of K will increase the filter selectivity in STF. 
 
 

 
(a) 

 
(b) 

 

Figure 5. Frequency response of the STF in SAPF: (a) magnitude and (b) phase 
 

 

2.3.  DC link capacitor 

A DC link capacitor, Cdc, is used as the storage element of the SAPF, which works continuously in a 

charged or discharged voltage condition from the power system to the load. The stability of SAPF depends on 
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the ability of voltage balancing algorithms to maintain the DC voltage at the DC link capacitor closer to the 

reference value of the capacitor voltage. If the voltage is below the reference value, SAPF cannot operate 

accordingly to mitigate the harmonics. The instantaneous reference energy of storage Wdc,ref shown in (10) 

based on the instantaneous reference voltage drop across the DC link capacitor Vdc,ref. Therefore, the value of 

the DC link capacitor needs to be appropriately selected to effectively control the amplitude voltage 

fluctuations across the DC link capacitor. 
 

𝑊𝑑𝑐,𝑟𝑒𝑓(𝑡) =
1

2
𝐶𝑑𝑐𝑉𝑑𝑐,𝑟𝑒𝑓

2 (𝑡) (10) 

 

The change of instantaneous energy of the DC link capacitor within period one cycle shows in (10), 

in which the load current will charge and discharge the DC link capacitor at the steady state condition. 

Therefore, by using the energy balance concept, the charge of the capacitor energy is equal to the reactive and 

harmonic of the load current as stated in (11). By rearranging (11), the minimum size of the DC link capacitor 

can be written in (13), where ΔVdc is the maximum or minimum DC bus capacitor voltages, Vdc,ref is the DC 

bus capacitor voltage reference, Vs is the RMS value of source voltage, and ΔIL is the peak RMS value of the 

reactive load current. 
 

Δ𝑊𝑑𝑐(𝑡) = 𝑊𝑑𝑐,𝑟𝑒𝑓(𝑡) − 𝑊𝑑𝑐(𝑡) (11) 

 
1

2
𝐶𝑑𝑐[Δ𝑉𝑑𝑐

2 − Δ𝑉𝑑𝑐,𝑟𝑒𝑓
2 ] =

1

2
√2𝑉𝑠Δ𝐼𝐿

𝑇

2
 (12) 

 

𝐶𝑑𝑐 ≥
√2𝑉𝑠Δ𝐼𝐿𝑇

2[Δ𝑉𝑑𝑐
2 −Δ𝑉𝑑𝑐,𝑟𝑒𝑓

2 ]
 (13) 

 

CHB MLI SAPF for a three-phase three-wire system uses six DC-link capacitors, controlled by a PI 

controller in each DC link capacitor connected to each H-Bridge inverter. Let Kp and Ki set to 0.8 and 8, respectively, 

so that voltage drops in each capacitor, either in the transient or steady-state conditions, can be controlled. By adding 

all DC link capacitors, n = 6, which is the total DC link capacitor voltage used in CHB MLI SAPF [23]–[29]. 

 

2.4.  Space vector pulse width modulation (SVPWM) 

SVPWM is generally popular because of several features, such as good utilization of DC link voltage 

and low current ripple. These features make SVPWM suitable for use in high voltage applications. However, this 

technique is quite complicated due to the process of formulating the sector, table requirements and the switching 

intervals for all vector positions. Despite this complexity, the designed algorithm is easy to apply in hardware 

implementation. SVPWM is well known as an alternative and popular control method for determining the 

switching pulse width and position. The fact that there is a degree of freedom of placement of the space vector in 

the switching cycle in SVPWM contributes to improving the harmonic performance in MLI. When compared to 

SPWM, SVPWM obtains a better voltage ratio value and can produce a greater maximum peak output voltage. 

The SVPWM algorithm’s construction involves a space vector diagram and space voltage sector as 

depicted in Figure 6. Figure 6(a) shows the principle of SVPWM representing the three-phase output voltage 

of the inverter illustrated in the space vector diagram, which consists of six sectors and the resultant space 

voltage in the sector I. The detailed phasor diagram of the space voltage vector ( 𝑣 ) is shown in Figure 6(b). It 

can be written in (14), where 𝑡𝑧, 𝑡𝑎 and 𝑡𝑏 are the respective times for applying zero vector ( 𝑣𝑧), and two adjacent 

vectors ( 𝑣𝑎 and 𝑣𝑏). 𝑇 is the sampling time for one cycle period which is equal to sum of 𝑡𝑧, 𝑡𝑎 and 𝑡𝑏. 
 

𝑣 = 𝑣𝑎
𝑡𝑎

𝑇
+ 𝑣𝑏

𝑡𝑏

𝑇
+ 𝑣𝑧

𝑡𝑧

𝑇
              (14) 

 

The on duration for applying voltage vector 𝑣𝑎, 𝑣𝑏 and 𝑣𝑧 at (14) can be obtain as: 
 

𝑡𝑏 = √3
𝑣𝑞

𝑉𝑑𝑐
𝑇               (15) 

 

where, 𝑣𝑞 = 𝑉 sin(𝜃𝑠𝑒𝑐)  

 

𝑡𝑎 =
3𝑇

2𝑉𝑑𝑐
(𝑣𝑑 −

𝑣𝑞

√3
) (16) 

 

where, 𝑣𝑑 = 𝑉 cos(𝜃𝑠𝑒𝑐) 

based on (15) and (16), Hence (17). 
 

𝑡𝑧 = 𝑇 − (𝑡𝑎 + 𝑡𝑏) (17) 
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Figure 6. SVPWM algorithms (a) principle of SVPWM (b) resultant space voltage vector 

 

 

3. RESULTS AND DISCUSSION 

The LPF and STF harmonic extraction algorithms for CHB MLI are designed, developed and verified 

though MATLAB/Simulink tools using parameters stated in Table 1. The model of block control algorithms 

for LPF and STF are shown in Figure 7. Figure 7(a) depicts Simulink model for LPF harmonic extraction 

method, and Figure 7(b) is for Simulink model of STF technique. The self-tuning filter block in Figure 7(b) is 

constructed based on the proposed algorithm block diagram illustrated in Figure 4. In this experiment, the 

voltage supply uses a balanced sinusoidal voltage source with a different angle of 120o. 
 

 

  
(a) (b) 

 

Figure 7. Block control algorithms for LPF and STF (a) simulation model of LPF based harmonic extraction 

and (b) Simulink model of STF based harmonic extraction 

 

 

Table 1. Parameters of SAPF 
Parameter Value 

Voltage source  400 Vrms 50 Hz 

Smoothing inductor, Iapf  5 mH 
Capacitor Link, Cdc 3300 µF 400V (each) 

Line inductor, Il 2 mH 

Switching frequency 20 kHz 
Resistive load Rectifier + 20 Ω 

Inductive load Rectifier + 50 mH (Series with 20 Ω) 
Capacitive load Rectifier + 100 µF (Parallel with 20 Ω) 

 

 

Figure 8 describes the results obtained using the LPF-based harmonic extraction method for inductive 

load at filter order n equal to 3. Figure 8(a) depicts three-phase line voltage, three-phase line current, three-phase 

load current and three-phase APF current. Figure 8(b) shows the voltage and current at Phase A, Figure 8(c) is 

the THD of the line current at Phase A and Figure 8(d) is the THD of the load current at Phase A. 
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In addition, Figure 9 illustrates the results of harmonic extraction for inductive load when the filter 

order increases at n equal to 9. Figure 9(a) represents three-phase line voltage, three-phase line current, three-

phase load current and three-phase APF current. Figure 9(b) is the voltage and current at Phase A, Figure 9(c) 

displays the THD of the line current at Phase A and Figure 9(d) is the THD of the load current at Phase A. 

Based on the results, THD for n = 3 reduces from 29.36% (load current) to 1.15% (line current). Meanwhile, 

for n = 9, the THD drops form 29.36% (line current) to 1.13% (line current). The highest number of n will 

perform better mitigation of harmonics due to load current. 
 
 

  
(a) 

 

(b) 
 

  

(c) (d) 
 

Figure 8. LPF based harmonic extraction for inductive load at n=3: (a) three-phase line voltage, three-phase 

line current, three-phase load current and three-phase APF current, (b) voltage and current at Phase A,  

(c) THD of line current at Phase A, and (d) THD of load current at Phase A 
 

 

  
(a) 

 

(b) 
 

  
(c) (d) 

 

Figure 9. LPF based harmonic extraction for inductive load at n = 9: (a) three-phase line voltage, three-phase 

line current, three-phase load current and three-phase APF current, (b) voltage and current at Phase A,  

(c) THD of line current at Phase A, and (d) THD of load current at Phase A 
 

 

Figure 10 shows the results obtained using the STF-based harmonic extraction method for inductive 

load at selective parameter K equal to 40. Figure 10(a) displays the three-phase line voltage, three-phase line 

current, three-phase load current and three-phase APF current. Figure 10(b) is the voltage and current at Phase A, 

Figure 10(c) shows the THD of line current at Phase A and Figure 10(d) is the THD of load current at Phase 

A. The results for the STF harmonic extraction method for inductive load when the selective parameter K equal 

to 100 are depicted in Figure 11. The arrangement and label for Figures 11(a)-11(d) follow the explaination as 

lable in Figure 10. Based on the results, the THD for K=40 reduces from 29.36% (load current) to 0.96% (line 
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current). Meanwhile, for K=100 the THD drops from 29.36% (load current) to 1.50% (line current). The lowest 

number of K performs better harmonics mitigation due to the load current.  

In addition, LPF and STF-based harmonic extraction methods are tested with several loads, with 

different numbers of n for LPF and K for STF. Both algorithms’ performances are summarised and tabulated 

in Tables 2 and 3, respectively. From Table 2, the increased value of n in LPF produces a better percentage of 

THD of line current for all tested loads. Whereas, in Table 3, the decreased value of K in STF produces a better 

percentage of THD of line current for all tested loads. Both algorithms can mitigate more than 85% of the THD 

of load current. However, the LPF technique requires a higher order of n to produce less THD value. It is 

because the higher order will produce a frequency response approaching the ideal frequency response of LPF 

as shown earlier in Figure 3. In other words, the effect of higher order will shift the roll-off frequency response 

near to the ideal shape of LPF with the angle perpendicular to 90o. This high order of n requirement causes 

disadvantages when using the LPF method. It will make the equation more complex, contributing to the 

increment of calculation time in the processor. 
 
 

  
(a) 

 

(b) 
 

  
(c) (d) 

 

Figure 10. STF based harmonic extraction for inductive load at K=40: (a) three-phase line voltage, three-

phase line current, three-phase load current and three-phase APF current, (b) voltage and current at Phase A, 

(c) THD of line current at Phase A, and (d) THD of load current at Phase A 
 

 

  
(a) 

 

(b) 
 

  
(c) (d) 

 

Figure 11. STF harmonic extraction for Inductive load at K=100: (a) three-phase line voltage, three-phase 

line current, three-phase load current and three-phase APF current, (b) voltage and current at Phase A, (c) 

THD of line current at Phase A, and (d) THD of load current at Phase A 

 

Figure 12 shows the percentage reduction of THD of line current for both LPF and STF algorithms. As 

for STF algorithms, the decreasing value of K will affect the low value of the THD line current. Contradictory to 

LPF algorithms, the increasing value of n will affect the low value of the THD line current. According to the 
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graph pattern, the n value above three will reach a stable value of the THD line current. Meanwhile, for K value 

below 40 will reach a stable value of THD line current. The inductive load can produce the lowest THD line 

current for both algorithms due to the capability of inductive that can act as a current filter in the load. 
 

 

Table 2. Performance of LPF with several loads 
Load LPF (THD of line and load current) 

n = 1 n = 3 n = 5 n = 7 n = 9 

Load 
(%) 

Line 
(%) 

Δ% 
Load 
(%) 

Line 
(%) 

Δ% 
Load 
(%) 

Line 
(%) 

Δ% 
Load 
(%) 

Line 
(%) 

Δ% 
Load 
(%) 

Line 
(%) 

Δ% 

Resistive 29.47 3.98 86.5 29.47 1.53 94.8 29.47 1.50 94.9 29.47 1.50 94.9 29.47 1.50 94.9 

Inductive 29.36 4.07 86.1 29.36 1.15 96.1 29.36 1.14 96.1 29.36 1.13 96.2 29.36 1.13 96.2 

Capacitive 55.01 4.37 92.1 55.01 3.11 94.3 55.01 3.05 94.5 55.01 3.05 94.5 55.01 3.05 94.5 

 

 

Table 3. Performance of STF with several loads 
Load STF algorithm technique (THD of line and load current) 

K = 20 K = 40 K = 60 K = 80 K = 100 

Load 

(%) 

Line 

(%) 
Δ% 

Load 

(%) 

Line 

(%) 
Δ% 

Load 

(%) 

Line 

(%) 
Δ% 

Load 

(%) 

Line 

(%) 
Δ% 

Load 

(%) 

Line 

(%) 
Δ% 

Resistive 29.47 1.34 95.5 29.47 1.36 95.4 29.47 1.45 95.1 29.47 1.58 94.6 29.47 1.75 94.1 

Inductive 29.36 0.93 96.8 29.36 0.96 96.7 29.36 1.09 96.3 29.36 1.29 95.6 29.36 1.5 94.9 

Capacitive 32.51 1.59 95.1 32.51 1.72 94.7 32.51 1.87 94.2 32.51 2.05 93.7 32.51 2.25 93.1 

 

 

 
 

Figure 12. Percentage reduction of THD of current for LPF and STF algorithms 
 
 

4. CONCLUSION 

This paper demonstrates the performances of LPF and STF-based harmonic extraction algorithms in 

CHB MLI SAPF. The filter's order in LPF-based harmonic extractions needs to be increased to obtain a better 

percentage of THD of line current. Meanwhile, the value of the selective parameter needs to be decreased in 

STF-based harmonic extraction to achieve a lower percentage of THD of line current. Based on the simulation 

results, both harmonic extractions have successfully operated CHB MLI SAPF with THD to be below 5%, 

following the IEEE 519 Standard. In addition, STF-based harmonic extraction can mitigate more THD in load 

current compared to LPF-based harmonic extraction. However, to achieve the same performance as STF, the 

LPF needs to perform with high-order complex mathematical equations that contribute to creating time delay 

and, at the same time, decreasing the performance of SAPF. Furthermore, implementing high-order LPF-based 

harmonic extraction in hardware development is even more difficult. 
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