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 Rectifiers are included in the non-linear load category and can create 

resonance in a distribution network, which can be called harmonics. In a 

distribution network, rectifiers (non-linear loads) distort voltage and current 

harmonics, resulting in power losses and reduced power quality in the 

network. Harmonics in the distribution power grid cannot be eliminated, but 

can be reduced to values that can still be tolerated and evaluated until they 

are by the IEEE 519-2014 Standard. This research discusses reducing 

harmonic values in distribution networks designed in a simulation to 

implement a combination (hybrid) of series active and passive filters of the 

high pass and high pass type-C types. The results of research using the 

installation of high pass filters, type C filters, series active filters, hybrid-1 

filters, and hybrid-2 filters, respectively, for each current total harmonic 

distortion (THD) value are 15.93%, 16.15%, 8.51%, 0.27%, and 0.25% 

where the current THD value when using the two hybrid filters is below the 

specified standard limit, namely 5%. By installing a hybrid filter, the 

harmonic value in each feeder is much better than installing a single series 

active filter, a high pass filter, and a type-C filter. 
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1. INTRODUCTION 

Damage that often occurs in electrical power system equipment, which is used to distribute good 

quality power, is caused by non-linear loads. In a distribution network, non-linear loads give rise to non-

sinusoidal currents or non-sinusoidal voltages, also called harmonics. Non-linear loads can affect the system 

by generating current and voltage harmonics [1]–[4]. Harmonic currents and voltages can also cause 

excessive power loss and damage to system installation components. High-order frequencies are very 

difficult to repair using protective relays and can cause the relay to fail or even be damaged. Loads with non-

linear characteristics can cause the harmonic injection current to become non-sinusoidal when starting the 

operation. Harmonic reduction can be done by installing a component called a filter. 

The increase in the number of users of computers, televisions, and electrical loads based on the 

switching process causes harmonic distortion in the distribution network. The increase in harmonic distortion 

causes disturbances that can have fatal consequences, such as overheating of transformers, overheating of 

conductor wires, damage to capacitor banks, disruption of communication systems, and malfunctions in 

https://creativecommons.org/licenses/by-sa/4.0/
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electrical equipment [5]. Losses caused by network impedance will also be greater if there is harmonic 

distortion. This will cause damage to parallel loads and system imbalance. Therefore, solutions to improve 

the electrical power quality in the network caused by harmonic distortion are increasing in the electricity 

industry. Harmonic distortion has a negative impact in the form of increasing the cost of using the load used 

by customers. In the last ten years, power electronic components have become widely used in the industrial 

era. This can be considered to have a more efficient impact on power consumption and a more space-saving 

construction [6]–[8]. 

One of them is the variable frequency drive, which regulates the speed of electric motors. This 

variable frequency drive is often found in industries that use pumps, conveyors, fans, compressors, water 

mixers, and others to obtain varying speeds [6]. This variable frequency drive was chosen because it offers 

more efficient power consumption compared to the previous method, which utilizes a variable resistor. 

However, the variable frequency drive has a disadvantage, namely that it produces harmonic interference 

caused by the power electronic components contained in it. Harmonic disturbances have parameter units to 

determine the magnitude of harmonic values, including total harmonic distortion (THD) and individual 

harmonic distortion (IHD) [9]–[11]. These two things are a value in the form of the percentage of 

components that experience harmonic interference from both voltage and current waves to their fundamental 

components. Important problems and issues in the electric power system are closely related to the quality of 

the electric power produced. In overcoming this problem, passive power filters have been widely used to 

suppress several current harmonics and compensate for reactive power in distribution systems. Passive filters 

require relatively low cost, simple structure, and high-efficiency characteristics. However, passive filters also 

have the disadvantages of low dynamic performance and resonance problems, and their filtering 

characteristics are easily affected by small changes in system parameters. Since the alternating active power 

filter was invented in 1976, several research studies say that active power filters in current quality 

compensation have gained more attention. Passive filters installed in parallel and passive filters installed in 

series differ in reducing harmonics [12], [13]. Passive filters installed in parallel are widely used and usually 

combined (hybrid). 

This research has some knowledge gaps, such as research regarding the analysis of harmonics using 

hybrid filters [14]. Industrial loads used and directly connected to the distribution network are nonlinear loads 

in the form of SCR, resistive loads, RL loads, and inductive loads. Filters to reduce harmonics in this 

research use a mixed filter hybrid power filter (HPF) where an active filter is installed in series on the 

transmission per phase and then paired in parallel with a high-pass damped passive filter, where the results of 

the analysis show that the largest contribution to harmonic reduction in the distribution transmission is the 

hybrid power filter (HPF) type with a THDv value of 4.20% and IHDv of 1.71%. 

Furthermore, previous research has been conducted regarding harmonics in the load of DC shunt 

motor self-excited AC-DC converters, reduced by using passive filters [15]. This research provides results in 

the form of a distorted 3-phase current input, and a THD value of 49.02% is found, where this figure does not 

comply with IEEE 519-1992 Standards. The next experiment was to install a passive filter as a single-tuned 

3-phase, which had previously found 3rd-order harmonics of 23.45% at a frequency of 50Hz. After installing 

a single-tuned filter focused on 3rd-order harmonics, it was found that the harmonics had been reduced with a 

THD value of 0.14% from 49.02% per IEEE 519-1992 Standards. This research found that the single-tuned 

passive filter is suitable for reducing harmonics in this network. 

Harmonics are difficult to eliminate in distribution transmissions. However, we can reduce 

harmonics by improving the waves using filter components. The use of filters is carried out for improvements 

whose working principle is to reduce the amplitude of certain frequencies of a voltage and current wave that 

occurs until it is by the IEEE 519-2014 Standard value [16]. Passive filters consist mainly of passive 

components, including resistors, capacitors, and inductors. An HPF is the installation of two mixed filters, 

including an active filter in series with a parallel passive filter, either one or four passive filters in parallel. 

Both filters are designed and installed precisely to reduce harmonics maximally [14], [17], [18]. 

Based on the previous research, similarities between this research and previous research are using 

non-linear loads and hybrid filters from passive and active filters; meanwhile, the differences are in this 

research, which adds high-pass and high-pass type-C types and loads using three-phase rectifier diodes and 

RL loads [11], [19]. Furthermore, in Islam [9], the similarities are using passive filters and harmonic results 

based on IEEE 519-2014 Standards. Meanwhile, the difference is that previous research uses AC-DC 

converters based on self-excited DC shunt motors. 

Therefore, this research models and simulates an 11 kV distribution transmission network, which 

has been designed and adapted to the components and specifications in the MATLAB Simulink software. 

The novelty in our research is reducing harmonic values in distribution networks designed in a simulation to 

implement a combination design (hybrid) of series active and passive filters of the high pass and high pass 

type-C types within thresholds that are still accepted according to the IEEE 519-2014 Standard. 
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2. METHOD  

2.1.  Harmonic 

In the electric power system in Indonesia, the normal working frequency is 50 Hz. But when a load 

is installed on the system, the voltage and current frequencies become abnormal or multiples of the normal 

frequency, namely 50 Hz. This is what is called harmonic distortion, specifically, the existence of frequencies 

in a device's output that are multiples of input signal components and absent from the input signal. If f1 is the 

fundamental frequency of a system, then the h-order frequency (2,3,4,...h) is fh, which is an integer multiple 

of the fundamental frequency, so that a frequency of 50 Hz produces a disturbance wave of (100 Hz, 150 Hz, 

200 Hz,…n) [4], [20]. 

This interference wave, or not sinusoidal, will give the result of adding the fundamental wave with 

its harmonic waves. Figure 1 shows the shape of the fundamental wave, the fundamental wave +3rd 

harmonic (distorted fundamental wave), and 3rd harmonic wave (harmonic component). If more harmonic 

orders are displayed, the curve will move more towards a square shape, or the wave will be far from a 

sinusoidal shape [3], [21]. Meanwhile, the short circuit current (IHS) value at the consumer connection point 

and the maximum load current (IL) at the fundamental frequency can be calculated using (1) and (2), where 

𝐼𝐻𝑆 is the short circuit current (A), 𝑃𝑇𝐹 is the apparent power of power transformer (MVA), 𝑉𝑙_ 𝑙 is the line-

to-line voltage at PCC (kV), 𝐼𝐿  is the load current (A), 𝑃𝐹 is the power factor on the system (%), 𝐼𝐷𝐶  the 

magnitude of the rectifier output DC current (A), 𝑉𝐷𝐶 the DC voltage output of the rectifier (A), 𝑉𝑙−𝑙phase-to-

phase rms voltage (V), 𝑅 Resistance. Next, after the value of the short circuit current (IHS) and load current 

(IL) is obtained, the value of the short circuit ratio (SCratio) is obtained by dividing the value of the short 

circuit current (IHS) by the load current (IL), as in (3). Meanwhile, the value of the DC output current and 

voltage can be calculated as in (4) and (5). Then, the rms current value at the output voltage can be 

determined in (6) and (7), and the calculation of active power and apparent power can be defined in (8) and 

(9) [22]–[24]: 

 

𝐼𝐻𝑆 =  
𝑃𝑇𝐹 .  1000

 √3  𝑉𝑙_ 𝑙
  (1) 

 

𝐼𝐿 =  
𝑃

√3(𝑉∅−∅) 𝑃𝐹
  (2) 

 

𝑆𝐶𝑟𝑎𝑡𝑖𝑜 =
IHS

IL
  (3) 

 

𝑉𝐷𝐶 =  𝑉𝑙−𝑙
3

𝜋
 (4) 

 

𝐼𝐷𝐶 =
𝑉𝐷𝐶

𝑅
  (5) 

 

𝐼𝑠,𝑟𝑚𝑠 = 𝐼𝐷𝐶√
2

3
  (6) 

 

𝐼𝐷,𝑟𝑚𝑠 =
𝐼𝐷𝐶

√3
   (7) 

 

𝑃 = 𝐼𝑠,𝑟𝑚𝑠
2  . 𝑅   (8) 

 

𝑆 = √3 ( 𝑉𝑙−𝑙)(𝐼𝑠,𝑟𝑚𝑠)    (9) 

 

 

 
 

Figure 1. Fundamental, distorted, and harmonic waves 
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2.2.  Harmonic filter 

In an electric power distribution system, harmonics can increase when distributing power to non-linear 

loads. Several ways can be done to reduce distortions in the distribution system. One way is to install a circuit 

called a filter. Adding a harmonic filter to an electric power system can reduce harmonic value. Two types of 

filters are known to reduce harmonics, namely active and passive. This filter has various ways of application 

and can also be combined. The following is an explanation of the use of active and passive filters [18], [25]. 

 

2.2.1. Passive filters 

A passive filter is an arrangement of inductance, capacitance, and resistance, which is arranged in 

such a way that it acts as a filter/frequency differentiator. For example, a passive filter provides a low 

impedance path for harmonic components, or it can be interpreted as a filter that allows for passing some 

frequencies and blocking/blocking others. Therefore, passive filters can be connected to multiple passive 

filters in both series and/or parallel (shunt) configurations [26], [27]. The capacitor in the passive filter 

functions to pass high-frequency signals and block low-frequency signals. The inductor in a passive filter is 

the opposite of the inductor [28]. Passive filters are designed for certain harmonics, and proper study is 

needed to achieve perfection in reducing/reducing harmonics. Therefore, several types of passive filters work 

according to the order number of their harmonics. The advantages of passive filters can also be found in 

improving power quality and reducing harmonic frequencies. Passive components in the form of capacitors 

play an important role in improving the power quality of passive filters. Another advantage of using a passive 

filter is that installation costs are relatively cheaper, and there is not too much noise due to the lack of 

reinforcement. In general, passive filters are divided into four types in reducing harmonics, as seen in  

Figure 2, namely: i) single tuned filter [29], [30], ii) double tuned filter [31], [32], iii) high pass filter  

[33]–[35], and iv) C-type high pass filter [36], [37]. 

 

2.2.2. Active filters 

Active filters work based on the working principle of power electronics, where the constituent 

materials are types of active components (op. amplifiers, diodes, and transistors). Active filters are made of 

pulse width modulation (PWM), which produces analogue signals from digital devices. Active filters are a 

more complex design than passive filter types in terms of performance in reducing harmonics. Therefore, 

active filters are more expensive than passive filters in terms of installation to reduce harmonics. Active 

filters also have a certain bandwidth, making them useless for higher frequencies [38].  

Active filters can be connected in series or parallel. If the active filter is connected in series, it 

overcomes high load currents, which results in copper losses, but it is very suitable in cases of reducing 

voltage harmonics. The series active filter is installed before the non-linear load is connected in series using a 

transformer. However, if the active filter is connected in parallel (shunt type), the current entered into the 

point of common coupling (PCC) on the consumer side can reduce current harmonics and reactive power 

compensation, but cannot reduce voltage harmonics properly. The shunt-type active filter is installed in the 

same way as the series active filter type; the only difference is that it is installed without a transformer. 

Figure 3 shows a schematic of an active filter type [39], [40]. 

 

 

  
  

Figure 2. Passive filter circuit Figure 3. Active filter scheme 

 

 

2.2.3. Harmonic value limits according to IEEE 519-2014 Standard 

The harmonic value contained in power quality already has limitations in its licensing provisions, 

which are by international standards, where these standards refer to the IEEE 519-2014 Standard [41], [42]. 

This harmonic standard contains guidelines, practical recommendations, and designs for electrical systems 

installed on non-linear loads and harmonic limits so that the existing electrical system does not experience 

things that could be detrimental. This standard regulates voltage harmonic distortion limits for different 

system voltage levels, as shown in Table 1. 
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Table 1. Voltage harmonic distortion limits 
Bus voltage V at PCC Individual harmonics (%) THD (%) 

V≤1.0 kV 5.0 8.0 
1 kV<V≤69 kV 3.0 5.0 

69 kV<V≤161 kV 1.5 2.5 

161 kV<V 1.0 2.25 

 

 

Table 1 shows that the greater the voltage in the electrical power system conductor, the smaller the 

harmonic limit and THD. This is because high and extra high voltage air ducts have long conductors and 

power losses, one of which is caused by changes in temperature and harmonics, which are one of the causes 

of heat. High voltage lines also have a more complex protection system, so the harmonic value must be 

suppressed to prevent damage to the existing protection system. This standard also regulates the value limits 

for current harmonics, which are shown in Table 2. 

 

 

Table 2. Current harmonic distortion limits (in percent IL) 

IHS/IL 
Individual harmonic order “h” odd harmonics 

Total demand distortion 
3≤h<11 (%) 11≤h<17 (%) 17≤h≤23 (%) 23≤h<35 (%) 35≤h≤50 (%) 

<20* 4.0 2.0 1.5 0.6 0.3 5.0 

20-50 7.0 3.5 2.5 1.0 0.5 8.0 

50-100 10.0 4.5 4.0 1.5 0.7 12.0 
100-1000 12.0 5.5 5.0 2.0 1.0 15.0 

>1000 15.0 7.0 6.0 2.5 1.4 20.0 

 

 

3. RESULTS AND DISCUSSION 

3.1.  Simulation results before adding filters 

Calculations of power flow simulation results in Simulink software are completed using the 

Newton-Raphson algorithm. Figure 4 shows an 11 kV circuit before adding a filter, which must be simulated 

first to determine the number of harmonics to reduce. The data results from the fundamental circuit diagram 

simulation are shown in Table 3. 

 

 

 
 

Figure 4. Circuit diagram before adding a filter 

 

 

Table 3. Current harmonic distortion limits 

Load 
Parameter 

P (kW) Qc (kVAR) Irms (A) PF 

Rectifier bridge 3-phase 7.744 7.971 17.6 0.63 

 

 

In the simulated system, the load modeling component used in the harmonic simulation is a three-

phase full wave (6 pulse) rectifier diode with a DC load, namely an RL circuit connected in series. The 

harmonic spectrum graph is shown in Figure 5. As can be seen in Figure 5, the largest harmonic values when 

using a three-phase rectifier diode load type occur in the 5th, 7th, 11th, and 13th orders. The type of load 

used will influence the respective values of the current and voltage harmonics in each order. The higher the 

harmonic order, the lower the harmonic value.  

 

 

Load Bus 
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Figure 5. Simulation graph of the harmonic spectrum 

 

 

3.2.  Passive filter design to reduce harmonics 

Passive filter design aims to reduce harmonic orders due to non-linear loads in the distribution 

network. Apart from being able to reduce harmonics, passive filters can also improve the power factor caused 

by the presence of capacitor components in the filter. Harmonics can occur when a source supplies current to 

a load, which produces harmonics. Therefore, loads that produce these harmonics produce undesirable 

harmonic currents. Installing a passive filter causes the load current to produce harmonics that flow towards 

the filter so that the frequency can be reduced by the harmonic filter, and the desired frequency flows back 

towards the distribution source, resulting in the harmonic current disappearing. 

In this research, the harmonic filters used are high pass and high pass type-C filters. The harmonics 

identified in the order of harmonics that will be eliminated are in the 5th, 7th, 11th, and 13th orders, which 

have the greatest distortion. After that, passive filters will be designed and installed in turn on the 11 kV 

distribution network loaded with three-phase rectifier diodes to see the performance of each passive filter. 

 

3.2.1. Design of high-pass filter 

After entering all the data from components such as capacitor, inductor, and resistor values required 

from the high-pass filter for the order whose harmonics will be reduced, a simulation can be run to get the 

current harmonic values after the filter has been installed. The filter is installed at the point common coupling 

(PCC) point, which is the closest distance to the source that causes harmonics, where later, the harmonic 

index value for each order reduced by the filter will be visible in the FFT analysis module. Figures 6 and 7 

show the simulation results of using a high-pass filter in an 11 kV distribution network with a three-phase 

rectifier diode load with reduction orders 5, 7, 11, and 13. Meanwhile, Table 4 describes a high-pass 

harmonic filter. 

 

 

 
 

Figure 6. Circuit diagram after installing the high pass filter 

Load Bus 
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Figure 7. Simulation spectrum graph after installing a high-pass filter 

 

 

Table 4. High-pass harmonic filter specifications 
Load filter Harmonic order IHDI% Limitations IHDI% THDI% Limitations THDI% Exceeds the limit (Y/N) 

High pass 5 11.10 10 15.93 12 Yes 

7 5.82 10 12 Yes 

11 6.91 4.5 12 Yes 
13 4.97 4.5 12 Yes 

 

 

The simulation results show that the harmonic values in the 5th, 7th, 11th, and 13th orders after 

installing the high pass filter have decreased. However, considering the IEEE 519-2014 Standard, the 

resulting IHD and THD values still do not meet the maximum limits that have been determined. This happens 

because the filter design is carried out for fifth-order values so that the filter can only reduce orders close to 

the fifth order, such as the seventh order. However, even though it does not meet the standards, what can be 

done next is to combine it with a series active filter for maximum results. This also shows that the High Pass 

Filter can effectively reduce harmonics, considering that the previous fifth order IHD was 22.50%. In 

comparison, the result after the reduction was 11.10%, and it can be concluded that the reduction was 

approximately 11.40%. The THD value has decreased from 28.79% to 15.93%, resulting in a decrease of 

approximately 12.86%. All of the above is influenced by the adjustments made, where the filter is designed 

as a 5th-order high pass type. 

The component characteristics of the type C filter are almost the same as those of the high-pass 

filter. The difference is that the type C filter has two capacitor components, which, in theory, can improve the 

power factor and suppress any loss of power frequency, which causes sinusoidal wave distortion in the 

current. Because the high pass and type C filters have the same component characteristics, the calculations 

carried out on the R, L, and C components in the type C filter are the same. In this research, the value settings 

for the capacitors C1 and C2 used in the type C filter are the same values as shown in Table 5. 

 

 

Table 5. Specifications of type C harmonic filter 
Filter C1 & C2 (F) Inductor (H) Resistor (Ω) 

High pass type C 48.01×10-5 0.844×10-3 0.265 

 

 

After entering all the data from the components needed for the type C filter for the order whose 

harmonics will be reduced, a simulation is run to get the harmonic values after installing the filter. The 

working principle of the type C filter is that the capacitor C1 functions to supply the reactive power required 

at the fundamental frequency. Meanwhile, capacitor C2 and inductor L are designed to be at the PCC point, 

which is the closest distance to the source of harmonics in the 11 kV distribution network loaded with a 

three-phase rectifier diode with reduction orders 5, 7, 11, and 13 shown in Figures 8 and 9. 
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Figure 8. Circuit diagram after installing type C high pass filter 

 

 

 
 

Figure 9. Simulation spectrum graph after installation of type C filter 

 

 

The simulation results of harmonic values after installing the type C filter in Simulink above are 

then compared with the IEEE 519-2014 Standard limits to see the effect of filter design in reducing 

harmonics in the distribution network. Table 6 shows the results of the harmonic simulation after installing 

the high pass filter. The simulation results show that the harmonic values in the 5th, 7th, 11th, and 13th 

orders after installing the high pass filter have decreased. However, considering the IEEE 519-2014 Standard, 

the resulting IHD and THD values still do not meet the maximum limits that have been determined. 

However, even though it does not meet the standards, what can be done next is to combine it with a Series 

active filter for maximum results. This also shows that the high pass filter can effectively reduce harmonics, 

considering that the previous fifth order IHD was 22.50%. In comparison, the result after the reduction was 

11.24%, and it can be concluded that the reduction was approximately 11.26%. The THD value has 

decreased from 28.79% to 16.15%, where the efficiency reduction is approximately 12.64%. The harmonic 

value after installing the type C filter, compared to the high pass filter experienced a slight increase in 

harmonics due to the influence of the arrangement of the L-C components, which are arranged in the type C 

Filter because it is more complex and has two capacitors in it. All of the above is, of course, also influenced 

by the adjustments made; the characteristics and values of the filter's passive components also influence the 

harmonic values' results. 
 

 

Table 6. Current harmonics based on IEEE 519-2014 Standard 
Load filter Harmonic order IHDI% Limitations IHDI% THDI% Limitations THDI% Exceeds the limit (Y/N) 

High pass 

type C 

5 11.24 10 16.15 12 Yes 

7 5.94 10 12 Yes 
11 7.01 4.5 12 Yes 

13 5.02 4.5 12 Yes 

Load Bus 
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3.2.2. Design of series active filters 

The active filter used in this simulation already has parameters adjusted to the circuit and passed 

through various experiments before starting this research. The active filter comprises several components: 

inverter (IGBT), capacitor, inductor, PLL, PWM, and single-phase linear transformer. This active filter is 

designed in series with the 11 kV distribution circuit and installed at the PCC point, the closest distance to the 

source of harmonics in the 11 kV distribution network loaded with three-phase diode rectifiers. The PLL and 

PWM in this active filter circuit are useful for providing a signal or triggering a reference voltage to process 

the repair frequency, which can later be injected into the circuit as a repair voltage or current so that a better 

sinusoidal wave is produced to improve the power factor in the circuit. The reference voltage is converted 

into a signal to control the inverter (IGBT). The linear transformer connects the active filter series with the 

source and load. Active filter parameters are shown in Table 7. After entering all the data from the 

components needed for the active filter to reduce harmonics, a simulation is run to get the harmonic values 

after installing the filter. The simulation results are shown in Figures 10 and 11. 

 

 

Table 7. Active harmonic filter parameters 
Filter C (F) Inductor (H) 

Series active filters 10 10 

 

 

 
 

Figure 10. Circuit diagram after installation of active filter 

 

 

 
 

Figure 11. Simulation spectrum graph after installation of active filter 

Load Bus 
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The simulation results of harmonic values after installing the series active filter type in Simulink 

above are then compared with the IEEE 519-2014 Standard limits to see the effect of filter design in reducing 

harmonics in the distribution network. Table 8 shows the results of the harmonic simulation after installing 

the high pass filter. The simulation results show that the harmonic values in the 5th, 7th, 11th, and 13th 

orders after installing the high pass filter have decreased. However, considering the existence of the IEEE 

519-2014 Standard, the resulting IHD values for orders 5, 7, 11, and 13 are already below the established 

standards. However, even though it meets the standards, the resulting THD value is still above the standards 

that have been set. This occurs due to increased harmonics in the 2nd, 3rd, and 4th orders, resulting in the 

THD value remaining above standard. This series of active filters has shown that it can effectively reduce the 

IHD value, considering that the previous 5th-order IHD value was 22.50%. In comparison, the result after the 

reduction was 2.92%, and it can be concluded that the reduction was approximately 19.58%. The THD value 

has decreased from 28.79% to 8.51%, where the efficiency reduction is approximately 16.15%. The 

harmonic value after installing the series active filter compared to the type C high pass and high pass filters 

experienced a better decrease in harmonics due to the influence of the arrangement of the IGBT, which is 

given a corrective signal from the process of changing the reference voltage into a corrected signal frequency 

by the PLL and PWN and injected into the IGBT which processes it. The output signal returns to harmonic 

improvements, although it is also influenced by the amount of inductance and capacitance used 

 

 

Table 8. Current harmonic simulation results based on IEEE 519-2014 Standard 

Load filter Harmonic order IHDI% 
Limitations 

IHDI% 
THDI% Limitations THDI% Exceeds the limit (Y/N) 

Active series 5 2.92 10 8.51 12 No 

7 1.62 10 12 No 

11 1.01 4.5 12 No 

13 0.52 4.5 12 No 

 

 

3.2.3. Hybrid filter design–1 (active series+high pass) 

In this design, a combination of the use of active filters in series and 5th-order passive high-pass 

filters in parallel is carried out, which is expected to reduce harmonics better than the single use of active or 

passive filters. The active and passive filter parameters are the same, with no changes. After entering and 

assembling all the data from the components needed for the active and passive filters to reduce harmonics, a 

simulation is run to get the harmonic values after installing the filter. The simulation results are shown in 

Figures 12 and 13. Figure 13 shows the results of the spectrum after installing the hybrid-1 filter at the 5th, 

7th, 11th, and 13th orders have experienced a better decrease than before (such as high pass filters, C-type 

high pass filters, and series active filters), and the THD value has decreased by 0.27%. 

 

 

 
 

Figure 12. Circuit diagram after installation of hybrid-1 filter 

Series active filters 
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Figure 13. Simulation spectrum graph after installation of the hybrid-1 filter 

 

 

3.2.4. Hybrid filter design–2 (active series+high pass type C) 

In this design, a combination of active filters in series and 5th-order type C high-pass passive filters 

in parallel is carried out, which is expected to reduce harmonics better than the single use of active or passive 

filters. The active and passive filter parameters are the same, with no changes. After entering and assembling 

all the data from the components needed for the active and passive filters to reduce harmonics, a simulation is 

run to get the harmonic values after installing the filter. The simulation results are shown in  

Figures 14 and 15. Figure 15 shows the results of the spectrum after installing the hybrid-2 filter at the 5th, 

7th, 11th, and 13th orders have experienced a better decrease than the others (such as hybrid filter design1, 

high pass filters, C-type high pass filters, and series active filters), and the THD value has decreased by 

0.25%. The simulation results of harmonic values after installing the hybrid-1 and hybrid-2 filter types in 

Simulink above are then compared with the IEEE 519-2014 Standard limits to see the effect of filter design 

in reducing harmonics in the distribution network. Table 9 shows the harmonic simulation results after 

installing the hybrid-1 and hybrid-2 filters. 

 

 

 
 

Figure 14. Circuit diagram after installation of hybrid-2 filter 
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Figure 15. Simulation spectrum graph after installation of the hybrid-2 filter 
 

 

Table 9. Current harmonic simulation results based on IEEE 519-2014 Standard 
Load filter Harmonic order IHDI% Limitation IHDI% THDI% Limitation THDI% Exceeds the limit (Y/N) 

Hybrid–1 5 0.10 10 0.27 12 No 

7 0.07 10 12 No 

11 0.05 4.5 12 No 
13 0.03 4.5 12 No 

Hybrid–2 5 0.09 10 0.25 12 No 

7 0.06 10 12 No 
11 0.04 4.5 12 No 

13 0.03 4.5 12 No 

 

 

The simulation results show that the harmonic values in the 5th, 7th, 11th, and 13th orders after 

installing the hybrid-1 and hybrid-2 filters experience very large reductions in harmonics with little 

difference between them. However, considering the existence of IEEE 519-2014 Standard, the IHD values 

for the 5th, 7th, 11th, and 13th orders produced are already below the set standards, and the resulting THD 

values also meet the set standard limits. Apart from this, this hybrid filter has shown that it can effectively 

contribute to reducing the IHD and THD values, considering that the previous 5th-order IHD value was 

22.50%. In comparison, the results after reduction were 0.10% (high pass) and 0.09% (type C). The THD 

value itself has decreased from a value of 28.79% to 0.27% and 0.25%. 

 

3.2.5. Simulation comparison results with spectrum graphs and tables 

In this section, we show a comparison of the use of active, passive, and hybrid filters, which are 

simulated to display the THD and IHD quantities to reduce harmonics with limits adjusted to the IEEE 519-

2014 Standard for three-phase non-linear rectifier bridge loads. The results of the series active filter, high 

pass, high pass type-c, hybrid-1, and hybrid-2, as shown in Figure 16 and Table 10. 
 

 

 
 

Figure 16. IHD comparison of filter use 
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Table 10. The series active filter, high pass, high pass type-c, hybrid-1, and hybrid-2 
Harmonics Series active filters High pass filters Type C filter Hybrid filter-1 Hybrid filter-2 

Order 5 2.92 11.10 11.24 0.10 0.09 
Order 7 1.62 5.82 5.94 0.07 0.06 

Order 11 1.01 6.91 7.01 0.05 0.04 

Order 13 0.52 4.97 5.02 0.03 0.03 
THDI% 8.51 15.93 16.15 0.27 0.25 

 

 

After carrying out the simulation, the simulation results were obtained as shown in graph Figure 14 

and data in Table 10, where it was concluded that the use of a hybrid filter is highly recommended for 

harmonic reduction in the 11 kV network in contrast to three-phase diode bridge rectifiers. The comparison 

of the use of active and passive filters is very prominent in the reduction section, where the active filter uses 

active components whose working principle is to inject rectifying waves into the main network using DC 

components, which are controlled using PLL and PWM, so the results have the side effect of the emergence 

of order 0 harmonics which are generated by the use of components. Excessive DC and unsymmetrical load 

phasors and the results obtained by the reducer result in a decrease in the IHD and THD values, which are 

already below the IEEE 519-2014 Standard. The use of passive filters can certainly be reduced. However, it 

can only reduce close to the IEEE 519-2014 Standard limit value because high pass and type C filters must 

be adjusted accordingly and are usually combined with other passive filters to achieve maximum results. 

Overcoming the shortcomings of each active and passive filter, a hybrid filter was created, which is expected 

to reduce harmonics to tolerable limits and improve power quality as well as reduce electrical losses with 

simulation results as in Table 10 that the value of harmonics in the highest order is already below 1% due to a 

combination of active and passive filters that complement each other. A hybrid 2 (active series+high pass 

type C) filter greatly lowers signal losses at the fundamental frequency, making it superior to a normal hybrid 

1 (active series+high pass filter). A more intricate design that incorporates an extra capacitor and inductor 

that are adjusted to the fundamental frequency is used to accomplish this. 

 

 

4. CONCLUSION 

The simulation results show that the type of load used influences the levels of voltage and current 

harmonics. This simulation uses harmonic load modelling of the three-phase full-wave (6 Pulse) rectifier 

diode type. The IHD and THD values of this feeder current show the highest orders at 5, 7, 11, and 13, with 

the current THD already exceeding the IEEE 519-2014 Standard limit. The harmonic values after installing 

five types of filters, namely series active filters, 5th order high pass passive filters, fifth order type C high 

pass passive filters, hybrid-1 filters, and hybrid-2 filters, have differences in the harmonic values reduced by 

the load three-phase rectifier diode. The current THD values after installing a series active filter, a fifth-order 

high-pass passive filter, a fifth-order type C high-pass passive filter, hybrid filter-1, and hybrid filter-2, 

respectively, are 8.51%, 15.93%, 16.15%, 0.27%, and 0.25%. Only hybrid-1 and hybrid-2 filters have been 

proven to reduce harmonics to below the IEEE 519-2014 Standard limit. The current IHD value on the three-

phase rectifier diode feeder for orders 5, 7, 11, and 13 after installing hybrid-1, hybrid-2, and series active 

filters is below the IEEE 519-2014 Standard limit; however, not for high-pass and type C filters. Combining 

active and passive filters has been proven to reduce harmonic values in a distribution network where the 

circuit and value of the passive components in the filter can support the effectiveness of using active filters 

when combined to reduce harmonic values, because active filters have a certain frequency bandwidth and 

cannot be used for high frequencies. In contrast, passive filters can reduce the desired harmonic order. Then, 

future research will discuss the cost, scalability, or maintenance of the proposed hybrid filter designs and 

dynamic non-linear loads 

 

 

ACKNOWLEDGMENTS 

Authors would like to express our highest gratitude to Universitas Sumatera Utara for supporting 

this research through the Indonesian Collaborative Research Schema 2024. 

 

 

FUNDING INFORMATION 

This research is funded by the Indonesian Collaborative Research Schema 2024. 

 

 

 

 



                ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 15, No. 1, February 2026: 71-86 

84 

AUTHOR CONTRIBUTIONS STATEMENT 

This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author 

contributions, reduce authorship disputes, and facilitate collaboration.  

 

Name of Author C M So Va Fo I R D O E Vi Su P Fu 

Yulianta Siregar ✓ ✓ ✓ ✓ ✓ ✓  ✓ ✓ ✓   ✓  

Daniel Julian Sinaga  ✓    ✓  ✓ ✓ ✓ ✓ ✓   

Nur Nabila binti 

Mohamed 

✓  ✓ ✓   ✓   ✓ ✓  ✓ ✓ 

Dedet Candra Riawan  ✓  ✓ ✓   ✓  ✓ ✓  ✓  

Muldi Yuhendri  ✓ ✓  ✓  ✓   ✓  ✓  ✓ 

 

C :  Conceptualization 

M :  Methodology 

So :  Software 

Va :  Validation 

Fo :  Formal analysis 

I :  Investigation 

R :  Resources 

D : Data Curation 

O : Writing - Original Draft 

E : Writing - Review & Editing 

Vi :  Visualization 

Su :  Supervision 

P :  Project administration 

Fu :  Funding acquisition 

 

 

 

CONFLICT OF INTEREST STATEMENT  

Authors state no conflict of interest. 

 

 

INFORMED CONSENT  

We have obtained informed consent from all individuals included in this study. 

 

 

DATA AVAILABILITY  

Derived data supporting the findings of this study are available from the corresponding author 

[Yulianta Siregar] on request. 

 

 

REFERENCES 
[1] Y. Siregar, A. A. A. Nasution, M. K. Suan Tial, N. Mubarakah, and S. Soeharwinto, “Dynamic voltage restorer performance 

analysis using fuzzy logic controller and battery energy storage system for voltage sag mitigation,” International Journal of 

Electrical and Computer Engineering, vol. 14, no. 2, pp. 1215–1227, Apr. 2024, doi: 10.11591/ijece.v14i2.pp1215-1227. 

[2] P. Godbole and S. George, “A novel algorithm for optimal harmonic load flow including harmonic compensation,” Engineering, 
Technology and Applied Science Research, vol. 13, no. 1, pp. 10093–10099, Feb. 2023, doi: 10.48084/etasr.5475. 

[3] S. Perera and S. Elphick, “Impact and management of power system harmonics,” in Applied Power Quality, 2023, pp. 71–130, 

doi: 10.1016/B978-0-323-85467-2.00008-1. 
[4] M. Coban and M. Saka, “Direct power system harmonics estimation using equilibrium optimizer,” Electric Power Systems 

Research, vol. 234, p. 110565, Sep. 2024, doi: 10.1016/j.epsr.2024.110565. 

[5] S. Hansen, P. Nielsen, and F. Blaabjerg, “Harmonic cancellation by mixing nonlinear single-phase and three-phase loads,” IEEE 
Transactions on Industry Applications, vol. 36, no. 1, pp. 152–159, 2000, doi: 10.1109/28.821810. 

[6] Y. Siregar, W. K. Al-Azzawi, Z. Pane, U. E. Parhusip, and S. Suherman, “Study of harmonic distortion from variable speed drives 

and energy-saving lamps,” Indonesian Journal of Electrical Engineering and Computer Science, vol. 27, no. 2, pp. 667–677, Aug. 

2022, doi: 10.11591/ijeecs.v27.i2.pp667-677. 

[7] J. Zhang et al., “Total harmonic distortion and output current optimization method of inductive power transfer systems for power 

loss reduction,” IEEE Access, vol. 8, pp. 4724–4736, 2020, doi: 10.1109/ACCESS.2019.2962900. 
[8] L. Wang, C.-S. Lam, and M.-C. Wong, “Total harmonic distortion estimation technique based on power concepts for smart power 

meters,” in Proceedings of the IEEE Power and Energy Society Asia-Pacific Power and Energy Engineering Conference, Dec. 

2019, pp. 1–6, doi: 10.1109/APPEEC45492.2019.8994639. 
[9] M. M. Islam, “Overview of variable frequency drive motor controllers,” in VFD Challenges for Shipboard Electrical Power 

System Design, Wiley, 2019, pp. 1–19, doi: 10.1002/9781119463474.ch1. 

[10] E. B. Agamloh, S. Peele, and J. Grappe, “Operation of variable frequency drive motor systems with source voltage unbalance,” in 
Proceedings of the IEEE Annual Pulp, Paper and Forest Industries Technical Conference, Jun. 2017, pp. 1–9, doi: 

10.1109/PPIC.2017.8003869. 

[11] T. H. Blair, “Variable frequency drive systems,” in Energy Production Systems Engineering, Wiley, 2016, pp. 441–466, doi: 
10.1002/9781119238041.ch18. 

[12] G. Varshney, U. Mittal, and A. Pawar, “Power quality enhancement using passive power filters,” Macromolecular Symposia, vol. 

407, no. 1, Feb. 2023, doi: 10.1002/masy.202100442. 
[13] S. M. Bagi, F. N. Kudchi, and S. Bagewadi, “Power quality improvement using a shunt active power filter for grid-connected 

photovoltaic generation systems,” in Proceedings of the IEEE Bangalore Humanitarian Technology Conference, Oct. 2020, pp. 

1–4, doi: 10.1109/B-HTC50970.2020.9298001. 



Bulletin of Electr Eng & Inf  ISSN: 2302-9285  

 

Design and analysis of hybrid filters for harmonic reduction in three-phase nonlinear … (Yulianta Siregar) 

85 

[14] V. H. A, P. R. B. V, P. V, K. B. S and T. S, “Mitigation of harmonics at the AC mains connected to nonlinear loads using hybrid 
power filters,” in Proceedings of the IEEE Bangalore Humanitarian Technology Conference, Oct. 2020, pp. 1–6, doi: 10.1109/B-

HTC50970.2020.9297881. 

[15] M. R. Hoque, R. Islam, K. Islam, and M. J. Alam, “Performance analysis of AC–DC converter-based self-excited DC shunt motor 
using single-tuned passive filters,” in Proceedings of the IEEE International Conference on Electrical and Computer 

Engineering, Dec. 2018, pp. 325–328, doi: 10.1109/ICECE.2018.8636806. 

[16] K. Dartawan and A. M. Najafabadi, “Applying IEEE Std. 519-2014 for harmonic distortion analysis of a 180 MW solar farm,” in 
Proceedings of the IEEE Power and Energy Society General Meeting, Jul. 2017, pp. 1–5, doi: 10.1109/PESGM.2017.8273773. 

[17] M. Waheed et al., “Harmonic reduction in IEEE three-bus systems using hybrid power filters,” IOP Conference Series: Materials 

Science and Engineering, vol. 1105, no. 1, p. 012012, Jun. 2021, doi: 10.1088/1757-899X/1105/1/012012. 
[18] M. Hajjej and L. Sbita, “Design and implementation of a three-phase four-wire shunt active power filter for mitigating harmonic 

problems caused by compact fluorescent lamps,” Engineering, Technology and Applied Science Research, vol. 14, no. 3, pp. 

14619–14627, Jun. 2024, doi: 10.48084/etasr.7251. 
[19] S. Freitas, L. Oliveira, P. Oliveira, B. Exposto, J. Pinto, and J. Afonso, “A new topology of a hybrid three-phase four-wire shunt 

active power filter,” Energies, vol. 16, no. 3, p. 1384, Jan. 2023, doi: 10.3390/en16031384. 

[20] G. Li, W. Song, and X. Liu, “Wideband harmonic self-mitigation control of virtual synchronous generator-based islanded 
microgrids without harmonic extraction,” Electric Power Systems Research, vol. 234, p. 110551, Sep. 2024, doi: 

10.1016/j.epsr.2024.110551. 

[21] M. Ali, F. S. Al-Ismail, M. M. Gulzar, and M. Khalid, “A review of harmonic elimination and mitigation techniques in power 
converter-based systems,” Electric Power Systems Research, vol. 234, p. 110573, Sep. 2024, doi: 10.1016/j.epsr.2024.110573. 

[22] E. Reyes et al., “DC current harmonic reduction in multi-inverter topologies,” IEEE Transactions on Power Delivery, vol. 37, no. 

5, pp. 4489–4492, Oct. 2022, doi: 10.1109/TPWRD.2022.3184187. 
[23] P. Ranga and M. Mittal, “Harmonic reduction in induction motors using harmonic injection and passive filtering methods,” in 

Proceedings of the IEEE International Conference on Measurement, Instrumentation, Control and Automation, Jun. 2020, pp. 1–

5, doi: 10.1109/ICMICA48462.2020.9242750. 
[24] Amirullah, Adiananda, O. Penangsang, and A. Soeprijanto, “Dual unified power quality conditioner for sag, swell, interruption, 

and harmonic mitigation in three-phase low-voltage distribution systems,” in Proceedings of the IEEE International Conference 

on Vocational Education and Electrical Engineering, Oct. 2020, pp. 1–6, doi: 10.1109/ICVEE50212.2020.9243245. 
[25] G. S. Mahesh, C. V. Mohan, B. K. Nagesh, and G. Dillibabu, “Sustainable and optimized harmonic filter design for industrial 

loads,” Procedia Computer Science, vol. 230, pp. 780–787, 2023, doi: 10.1016/j.procs.2023.12.132. 

[26] J. C. Das, “Passive filters,” in Power System Harmonics and Passive Filter Designs. Wiley, 2015, pp. 685–743, doi: 
10.1002/9781118887059.ch15. 

[27] K. Kritsanasuwan, U. Leeton, and T. Kulworawanichpong, “Harmonic mitigation of AC electric railway power feeding systems 

using single-tuned passive filters,” Energy Reports, vol. 8, pp. 1116–1124, Nov. 2022, doi: 10.1016/j.egyr.2022.05.276. 
[28] V. Dovgun, D. Egorov, and S. Temerbaev, “Passive filtering systems for multipulse rectifiers,” in Proceedings of the 

International Ural Conference on Electrical Power Engineering, Sep. 2020, pp. 235–239, doi: 

10.1109/UralCon49858.2020.9216291. 
[29] N. H. B. A. Kahar and A. F. Zobaa, “Mixed-integer distributed ant colony optimization for undamped single-tuned passive filter 

design,” Swarm and Evolutionary Computation, vol. 44, pp. 187–199, Feb. 2019, doi: 10.1016/j.swevo.2018.03.004. 

[30] Y.-T. Hsiao, S.-M. Lin, S.-M. Chen, and C.-J. Chou, “Multi-objective optimization of single-tuned harmonic filter planning using 
interactive forest algorithms,” Information Sciences, vol. 661, p. 120141, Mar. 2024, doi: 10.1016/j.ins.2024.120141. 

[31] M. Ahmed, N. Al Nahid-Al-Masood, S. M. I. Huq, F. I. Khan, H. Juberi, and S. Bashar, “Comprehensive modeling of double-

tuned filters for efficient harmonic distortion mitigation,” in Proceedings of the IEEE International Conference on Smart Grids 
and Energy Systems, Nov. 2020, pp. 350–355, doi: 10.1109/SGES51519.2020.00068. 

[32] A. M. Zobaa, S. H. E. A. Aleem, and H. K. M. Youssef, “Bi-level damped double-tuned passive harmonic filter design using 

multi-criteria decision-making,” Ain Shams Engineering Journal, vol. 14, no. 9, p. 102082, Sep. 2023, doi: 
10.1016/j.asej.2022.102082. 

[33] V. Dovgun, D. Egorov, and V. Novikov, “High-pass harmonic filters: General properties and design procedures,” in Proceedings 
of the IEEE International Conference on Industrial Engineering, Applications and Manufacturing, Mar. 2019, pp. 1–4, doi: 

10.1109/ICIEAM.2019.8743078. 

[34] S. Javaid, D. Li, and A. Ukil, “High-pass filter-based traveling-wave fault location in VSC-interfaced HVDC systems,” Electric 
Power Systems Research, vol. 228, p. 110004, Mar. 2024, doi: 10.1016/j.epsr.2023.110004. 

[35] S. Javaid, D. Li, and A. Ukil, “Transient analysis using high-pass filter circuits in VSC-interfaced multi-terminal DC systems,” 

Electric Power Systems Research, vol. 216, p. 109062, Mar. 2023, doi: 10.1016/j.epsr.2022.109062. 

[36] M. F. Shaikh, A. M. Shaikh, S. A. Shaikh, Z. H. Khand, D. Kumar, and R. Nadeem, "Analysis and Mitigation of Harmonics 

Using C-Type High Pass Filter and Improvement of Voltage Sag with DVR Including Distributed Generation," 2022 Global 

Conference on Wireless and Optical Technologies (GCWOT), Malaga, Spain, 2022, pp. 1-9, doi: 
10.1109/GCWOT53057.2022.9772922. 

[37] M. I. Malik and E. Ihsanto, “Design and simulation of second-order and C-type high-pass filters for harmonic reduction in 

automotive industries,” Journal of Integrated and Advanced Engineering, vol. 3, no. 1, pp. 23–36, Mar. 2023, doi: 
10.51662/jiae.v3i1.79. 

[38] S. B. P., B. C., and S. C. K., “ANFIS-controlled fuel-cell-powered series active filters for voltage waveform enhancement in 

distribution grids,” e-Prime – Advances in Electrical Engineering, Electronics and Energy, vol. 7, p. 100425, Mar. 2024, doi: 
10.1016/j.prime.2024.100425. 

[39] N. Madhuri and M. S. Kalavathi, “Fault-tolerant shunt active power filters with synchronous reference frame control and self-

tuning filters,” Measurement: Sensors, vol. 33, p. 101156, Jun. 2024, doi: 10.1016/j.measen.2024.101156. 
[40] C. Boonseng, R. Boonseng, N. Nilinmitr, and K. Kularhpettong, “Design and installation of active filters for power quality 

improvement in water treatment plants,” in Proceedings of the IEEE International Conference on Power Electronics and Drive 

Systems, Jul. 2019, pp. 1–6, doi: 10.1109/PEDS44367.2019.8998763. 
[41] C. K. Duffey and R. P. Stratford, “Update of IEEE standard 519: Recommended practices and requirements for harmonic control 

in electric power systems,” IEEE Transactions on Industry Applications, vol. 25, no. 6, pp. 1025–1034, 1989, doi: 

10.1109/28.44238. 
[42] A. Saadaoui and M. Ouassaid, “Super-twisting sliding mode control for ultra-fast battery electric vehicle chargers based on 

Vienna rectifiers and interleaved DC–DC buck converters,” Journal of Energy Storage, vol. 84, p. 110854, Apr. 2024, doi: 

10.1016/j.est.2024.110854. 



                ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 15, No. 1, February 2026: 71-86 

86 

BIOGRAPHIES OF AUTHORS 

 

 

Yulianta Siregar     was born July 09, 1978 in Medan, North Sumatera Utara, 

Indonesia. He did his undergraduate work at University of Sumatera Utara in Medan, North 

Sumatera Utara, Indonesia. He received a Bachelor of Engineering in 2004. After a while, he 

worked for a private company. He continued taking a master's program in Electrical 

Engineering at the Institute of Sepuluh Nopember, Surabaya, West Java, Indonesia, from  

2007-2009. He was in a Ph.D. program at Kanazawa University, Japan, from 2016-2019. Until 

now, he has been a lecturer at Universitas Sumatera Utara. He can be contacted at email: 

julianta_srg@usu.ac.id. 

  

 

Daniel Julian Sinaga     is a fresh graduate of Electrical Engineering bachelor’s 

degree from Universitas Sumatera Utara in 2025. Until now, she has been an electrical energy 

conversion laboratory assistant in the Electrical Engineering department, Universitas Sumatera 

Utara. His research area field study is an electrical power system. He can be contacted at 

email: danieljoe567@gmail.com. 

  

 

Nur Nabila binti Mohamed     was born on January 04, 1989 in Pahang, Malaysia. 

She obtained her Bachelor of Engineering from Shibaura Institute of Technology, Japan in 

year 2012. In 2015, she received Master of Science in Electrical Engineering and obtained 

PhD in the same field in 2019 from Universiti Teknologi MARA, Selangor. She started her 

career as a lecturer and programme coordinator at the Department of Electrical and Electronics 

Engineering, Mahsa University, Selangor, Malaysia, from January 2019 to June 2023. 

Currently, she is working as a senior lecturer at Universiti Teknologi MARA, Selangor, 

Malaysia. Her research interests are in internet of things, information security, network 

security, and security for lightweight protocols. She can be contacted at email: 

nurnabilamohamed@uitm.edu.my. 

  

 

Dedet Candra Riawan     was born November 19, 1973 in Blitar, West Java, 

Indonesia. He did his undergraduate at Institut Teknologi Sepuluh Nopember in Surabaya, 

West Java, Indonesia. He received a Bachelor of Engineering in 1999. He continued taking a 

master's program in Electrical Engineering at Curtin University, Perth, Australia, from  

2005-2007. He was in a Ph.D. program at Curtin University, Perth, Australia, from 2007-2010. 

Until now, he lectured at Institut Teknologi Sepuluh Nopember. He can be contacted at email: 

dedet.riawan@its.ac.id. 

  

 

Muldi Yuhendri     received a bachelor degree in electrical engineering education 

from Universitas Negeri Padang (UNP), Padang, Indonesia, in 2005. He received M.T. and Dr. 

degrees in electrical engineering from Institut Teknologi Sepuluh Nopember (ITS), Surabaya, 

Indonesia in 2009 and 2017, respectively. He has joined Universitas Negeri Padang as a 

lecturer in the Electrical Engineering Department since 2006. He is the head of the industrial 

electrical engineering study program, Faculty of Engineering, Universitas Negeri Padang. He 

also served as chairman of the Instrument, Control, and Automation Research Group, 

Universitas Negeri Padang. His research interests are power electronics, electric drive, 

electrical machines, power converters for renewable energy systems, and intelligent control. 

He can be contacted at email: muldiy@ft.unp.ac.id. 

 

https://orcid.org/0000-0002-6867-519X
https://scholar.google.co.id/citations?user=GaarAfEAAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?authorId=57208011379
https://www.webofscience.com/wos/author/rid/ABA-4627-2021
https://orcid.org/0009-0007-4207-0997
https://scholar.google.com/citations?user=7lkv9UYAAAAJ&hl=id&authuser=1
https://www.webofscience.com/wos/author/record/NRZ-1395-2025
https://orcid.org/0000-0001-7446-5247
https://scholar.google.co.id/citations?hl=id&user=eUEbdw8AAAAJ
https://www.scopus.com/authid/detail.uri?authorId=55639542500
https://orcid.org/0000-0002-7680-4625
https://scholar.google.co.id/citations?hl=id&user=iCeiIWcAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=24778445000
https://orcid.org/0000-0002-2123-2981
https://scholar.google.co.id/citations?hl=id&user=faPYzg8AAAAJ
https://www.scopus.com/authid/detail.uri?authorId=51462418700
https://www.webofscience.com/wos/author/record/G-7440-2014

