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Harmonics is a power quality problem which represents a steady-state problem. It 

leads to a number of issues, ranges from equipment mal-function, which result to 

overheating of rotating machinery and random tripping of relays for protection of 

devices. Shunt active power filter (SAPF) has been the most popular choice to address 

harmonic disturbances in power system networks.  

 

 

For efficient compensation, SAPF greatly depends on fast and accurate detection of 

reference harmonic current. To generate the reference signals, modified synchronous 

reference frame (MSRF) technique is chosen. Low pass filter (LPF) has always been 

used to separate fundamental from harmonic components, and it provides adequate 

and reasonable results in harmonic mitigation. However, there is need for 

improvement due to presence of unwanted low order harmonics that cannot completely 

be eliminated by LPF.  

 

 

Meanwhile, generation of compensation current by SAPF is also depending on 

switching strategy. Sinusoidal PWM is used with fuzzy controller for better output 

performance. However, if the number of membership functions is too large, due to 

hardware limitations such as memory, speed and cost, all sets of rules cannot 

adequately be implemented in a complex system. Also, there is no certainty that the 

rules are defined correctly with no confliction between each other at certain situations. 

Furthermore, the ability to select an optimized subset of fuzzy rules is a major 

challenge in designing the control system.  

 

 

Therefore, in this research work, two modifications have been introduced to address 

the mentioned issues. First, harmonic extraction using SRF for three-phase three-wire 

system introduces a band pass filter, and second, simple three membership functions 
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in fuzzy logic controller for inputs and five outputs are designed to improve 

performance of the switching algorithm. The SAPF was simulated in Matlab-Simulink 

platform and further verified with laboratory prototype. 

 

 

The simulation and experimental results show ability of the proposed algorithms to 

accurately estimate harmonic reference signal which was utilized in switching pulses 

for the SAPF. The performance index is the THD which is clearly shown to be 

improved from 23.99 % to 0.92 % for RL nonlinear load and for the RC nonlinear load 

from 35.46 % to 1.49 %. From both results, the proposed algorithms show good 

performances when compared with the conventional algorithms. The THDs were 

reduced to acceptable level in conformity with the available standard.   
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Harmonik adalah masalah kualiti kuasa yang mewakili masalah keadaan mantap. Ia 

menyumbang kepada beberapa isu, bermula daripada kegagalan fungsi peralatan, yang 

menyebabkan kepada pemanasan lebih jentera putar dan belantikan rawak geganti bagi 

alat perlindungan. Penapis kuasa aktif pirau (SAPF) telah menjadi pilihan yang paling 

popular untuk menangani gangguan harmonik dalam rangkaian sistem kuasa.  

 

 

Bagi pampasan yang cekap, SAPF banyak bergantung kepada pengesanan cepat dan 

tepat arus rujukan harmonik. Untuk menjana isyarat rujukan, teknik rangka rujukan 

segerak diubah suai (MSRF) dipilih. Penapis lulus rendah (LPF) telah selalu 

digunakan untuk mengasingkan komponen asas daripada harmonik, dan ia 

menyediakan keputusan yang mencukupi dan wajar dalam pengurangan harmonik. 

Walau bagaimanapun, terdapat keperluan untuk penambahbaikan oleh sebab 

kewujudan harmonik tertib rendah tidak diingini yang tidak boleh disingkirkan 

sepenuhnya oleh LPF. 

 

 

Sementara itu, penjanaan arus pampasan oleh SAPF juga bergantung kepada strategi 

pensuisan. Teknik PWM bentuk sinus digunakan dengan pengawal kabur bagi prestasi 

keluaran lebih baik. Walau bagaimanapun, jika jumlah fungsi keahlian adalah terlalu 

besar, oleh sebab batasan perkakasan seperti memori, kelajuan dan kos, semua set 

peraturan tidak boleh secukupnya dilaksanakan dalam sistem yang kompleks. Juga, 

tidak ada kepastian bahawa peraturan telah ditentukan dengan tepat tanpa pertikaian 

antara satu sama lain pada situasi tertentu. Tambahan pula, keupayaan untuk memilih 

subset yang optimum bagi peraturan kabur merupakan cabaran utama dalam mereka 

bentuk sistem kawalan. 
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Oleh itu, dalam penyelidikan ini, dua pengubahsuaian telah diperkenalkan untuk 

menangani isu yang disebutkan. Pertama, pengekstrakan harmonik menggunakan SRF 

untuk sistem tiga fasa  tiga dawai memperkenalkan penapis lulus jalur, dan kedua, tiga 

fungsi keahlian mudah dalam kawalan logik kabur untuk satu masukan dan lima 

keluaran direka untuk meningkatkan prestasi algoritma pensuisan. SAPF disimulasi 

dalam Matlab-Simulink dan disahkan kemudian dengan prototaip makmal. 

Keputusan simulasi dan eksperimen menunjukkan keupayaan algoritma yang 

dicadangkan untuk menganggarkan dengan tepat isyarat rujukan harmonik yang 

digunakan dalam denyutan pensuisan untuk  SAPF. Indeks prestasi adalah THD yang 

jelas ditunjukkan telah meningkat dari 23.99 % kepada 0.92 % untuk beban tidak linear 

RL dan untuk beban tidak linear RC dari 35.46 % kepada 1.49 %. Daripada kedua-dua 

keputusan, algoritma yang dicadangkan menunjukkan prestasi yang baik berbanding 

dengan algoritma konvensional. THD telah dikurangkan kepada tahap boleh diterima 

selaras dengan piawaian yang sedia ada 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1     Introduction 

 

Nowadays, the subject of generation, transmission, distribution and utilization of 

electric energy is a key issue to the electrical engineers. A well protected distribution 

system must ensure effective utilization of electrical power supply at specified 

voltage and frequency to the consumer. This will increase reliability and cost of any 

electrical power supply to consumer terminals which depends greatly on the quality 

of the power supplied. Power quality is concerned with characteristics of electrical 

power supply delivered under normal operation conditions that do not interrupt 

customer’s process. Poor power quality creates a number of problems ranges from 

equipment mal-function, which result to overheating of rotating machinery, random 

tripping of relays for protection of devices. To guard against this problem, 

installation of power quality enhancement devices is necessary. Power quality is a 

broad term that covers many issues concerning electrical supply interruption or 

fluctuation, to includes, voltage sag, voltage spikes, under voltage, over voltage and 

harmonics (Some of these problems are sustained momentarily while others such as 

the harmonics represent a steady-state problem, for as long as the harmonic 

generating equipment in the system is in operation). There are both current and 

voltage harmonics; however, voltage harmonics are caused by the current harmonics 

that distort the waveform of voltage [1]. Current harmonics are the primary cause for 

poor supply quality of the distribution network due to numerous usages of non-linear 

load in both domestic and industrial premises [2]. The voltage harmonics affect not 

just the loads which are causing it but the entire system. Current harmonics are 

initiated by non-linear loads; their effect produces distortion of the fundamental 

sinusoidal current waveform alternating at fundamental frequency (50Hz). This 

problem affects the systems by loading the distribution system and also contributing 

to copper losses (I2Z losses) in the feeder due to increase in the reactive power and 

this reduces the active power flow of the system.  For many years, the problem of 

reactive power has been a source of concern for power engineers. This problem 

becomes more pronounce in harmonic environment due to presence of nonlinear 

load. Nowadays with increasing applications of harmonic producing devices, it 

becomes necessary to filter out these harmonics. Harmonics produced by nonlinear 

loads can be removed by various filtering techniques such as passive and active 

filters.    

 

 

In the beginning, passive power filter is used to improve the power supply in the 

network. However, it cannot efficiently remove the harmonics entirely and has many 

setbacks such as great weight, occupy larger space, resonance and also affected with 

system parameter changes [1,3]. These drawbacks are effectively addressed by using 

Active Power Filter (APF).  This device is connected either in series, parallel or their 

combination.  The shunt APF is commonly used than the series APF, because many 

industrial, commercial and domestic applications require it to compensate current 

harmonics. It has ability to reduce harmonic distortion in current and reactive power 
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component of non-linear loads in the system. Also, it can solve the problem of 

unbalance in a three-phase system. It is coupled to system network in parallel at 

Point of Common Coupling (PCC). The only major challenge related to effective 

operation of SAPF is in its controller's ability to compensate reactive power, 

harmonics, and unbalanced loading. 

 

 

1.2     Problem Statement  

Harmonic currents flowing in power distribution networks represent a steady state 

disturbance in the supply system. It deteriorated the quality of electrical power and 

this decreased the efficiency of the system. These problems affect the system by 

loading the distribution system and also contribute to copper losses (I2Z losses) in the 

feeder. Effects of harmonics must be investigated once the distortion rate exceeds the 

thresholds (below 5 % in practice) fixed by the IEC 61000 and IEEE 519 standards. 

 

Shunt active power filter (SAPF) has been proven to be the best device in addressing 

currents harmonics. It performance depends on effective and adequate reference 

compensation strategy for both reactive power and harmonic current compensation 

of the load. Several methods in time domain technique like Synchronous Reference 

Frame (SRF) d-q theory, instantaneous reactive power theory p-q theory, and 

Synchronous Detection Method (SDM), have been applied to address the effects of 

these harmonics in power system. SRF techniques is chosen beause of simplicity and 

easy implementation. 

 

 

One issue that can be identified to improve performance of harmonic detection 

mechanism in time domain technique is the filtering approach used in d-q axis to 

determine accuracy and dynamic of the control strategy. Normally, Low Pass Filter 

(LPF) used in d-q frame of SRF technique produced a tolerable result in harmonics 

current mitigation. However, due to the presence of unwanted remaining current 

harmonics in the line, the performance of this technique can still be enhanced if the 

filtering device is improved. The operation of SAPF is affected when there is an 

incorrect compensation due to inadequate elimination of the harmonic current in the 

line and therefore needs to be addressed. In [4-5], conventional band pass filter 

(BPF) was used for harmonic extraction to generate the refernce current. This 

method however is difficult due to mathematical burden in tuning to specified 

harmonic current to be compensated. In this study, a simple and easy approach to 

implement technique is presented to generate the reference current using BPF 

developed with a high pass and a low pass second order filters.  

 

 

Meanwhile, generation of compensation current by SAPF depends also on switching 

strategy adopted. The hysteresis and Sinusoidal Pulse Width Modulation (SPWM) 

current control techniques are generally used by many researchers, owing to 

simplicity and fast dynamic response. The major setback of hysteresis current control 

technique is uneven switching frequency which leads to acoustic noise and difficulty 

in designing input filters during load variations [6]. This switching frequency can be 
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reduced by decreasing the band width of the hysteresis band. However, the current 

error will increase thereby producing more distortion in the output current.  To 

eliminate drawbacks of the hysteresis technique, SPWM was used with fuzzy 

controller for better output performance. For effective performance of fuzzy 

controller, it depends on large number of the fuzzy rules.  However, due to hardware 

limitations such as memory, speed and cost, all sets of rules cannot adequately be 

implemented in a complex system. Furthermore, there is no certainty that the rules 

are well defined with no confliction among each other at certain conditions. As 

reported in references [7-8], a high number of membership functions (5x5) and 25 

rules considered to control the switcing pulse for VSI. This some how increases 

complexity of the designed current control algorithm. In this work, fuzzy logic is 

integrated with current control algorithm to improve mitigation performance of 

SAPF. The fuzzy logic is designed with reduced amount of fuzzy membership 

functions (3×3) and 9 rules to reduce complexities of the designed controller. 

 

 

1.3 Aim and Objectives 

 

The major aim of this work is to design a three-phase three-wire SAPF that can 

reduce the total harmonic distortion (THD) by mitigating line current harmonics. For 

efficient performance, the proposed SAPF involves reference current estimation 

technique using modified synchronous reference frame (MSRF) technique and 

current controller implemented with fuzzy-PWM technique to generate the desired 

switching pulses. The detailed objectives are:    

 

1 To model a suitable filtering scheme using Band Pass Filter (BPF) 

developed by combining LPF and HPF in d-q frame of the MSRF algorithm, 

for extraction of current harmonics.  

2 To develop a suitable PWM technique with fuzzy logic controller by 

simplified pattern of membership functions, for generating the required 

compensation current.   

3 To investigate performance of the filtering scheme with both conventional 

and MSRF techniques with hysteresis technique, fuzzy and without fuzzy 

logic controller through simulation and practical implementation of three-

phase SAPF.  

 

 

1.4 Scope of Research 

 

The main scopes and limitations of the works can be outlined as follows: 

- The shunt APF is constructed using two-level PWM voltage source inverter (VSI) 

and connected to  a  balanced  three-phase  70 V,  50 Hz  supply system.  

- Both simulation and experimental works are carried out in MATLAB/Simulink 

environment and digital signal processor (DSP) TMS320F28335 to validate the 

proposed algorithms.  

- The efficiency of the proposed reference extraction algorithm is determined by 

amplitude and shape of the reference output signal obtained by combining a two 

second order filters (BPF) in the d-q frame of MSRF method.  

- The effectiveness of fuzzy PWM current control algorithm to mitigate the current 

harmonic to a tolerable level, is evaluated based on the total harmonic distortion 
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(THD) value as to comply with international standards such as IEEE 519 and IEC 

1000. 

 

 

1.5   Thesis Layout  

 

The thesis is organized as follows 

Chapter two presents literature reviews of power quality related problems 

concerning harmonic distortion, effects of harmonics, mitigation tools, and the 

principle operation of SAPFs. 

Chapter three covers the proposed control algorithms for three-phase three-wire 

SAPF involving the reference current extraction using MSRF technique and also the 

PWM switching technique implemented with fuzzy controller.   

Chapter four presents simulation and experimental results, with analysis and 

discussion. 

Chapter five presents general conclusion, and contributions derived from this work. 

This chapter also recommends some future directions for research in the area of 

SAPF 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

 

69 

REFERENCES 

 

[1] B. Singh, K. Al-haddad, and A. Chandra, “Power Quality Improvement,” 

IEEE Trans. Ind. Electron., vol. 46, no. 5, pp. 960–971, 1999. 

[2] W. Stebbins, “How to Lower Your Electrical Bill Without Reducing Energy 

Usage,” Moon Township, PU02607001E / Z4531, 2006. (retrieved in January, 

2017).  

[3] P. V. V. Rama Rao, B. K. Prasanna, and S. Veerababu, “Synchronous 

Rotating Frame Based Controller for Three Phase Shunt Active Power Filter,” 

Int. J. Emerg. Technol. Adv. Eng., vol. 5, no. 11, pp. 172–176, 2015. 

[4] H. Benalla and H. Djeghloud, “Shunt Active Filter Controlled by Fuzzy 

Logic,” J. King Saud Univ. 2005, vol. 18, no. 2, pp. 231–247, 2006. 

[5] Y. Che, Z. Yin, S. Yu, and Q. Sun, “Random Harmonic Detection and 

Compensation Based on Synchronous Reference Frame,” J. Electr. Comput. 

Eng., pp. 1–7, 2017. 

[6] L. Malesani, P. Mattavelli, and P. Tomasin, “High-Performance Hysteresis 

Modulation Technique for Active Filters,” IEEE Trans. POWER Electron., 

vol. 12, no. 5, pp. 876–884, 1997. 

[7] C. Ali, M.-K. Fellah, M. F. Benkhoris, and A. Kessal, “Fuzzy logic controllers 

and Three Dimensional Space Vector Modulation technique in the αβo axes 

for three-phase four-wire four-leg shunt active power filter,” in The 2nd 

International Conference on Power Electronics and their Applications 

(ICPEA 2015), 2015, no. March 2015. 

[8] S. Chennai and B. M. Toufik, “Intelligent Controllers for Shunt Active Filter 

to Compensate Current Harmonics Based on SRF and SCR Control 

Strategies,” Int. J. Electr. Eng. Informatics, vol. 3, no. 3, pp. 372–393, 2011. 

[9] Tony R. Kuphaldt, “Lessons in Electrical Circuits: Volume II- AC,” in 

Chapter 10, Harmonic Phase Sequences, Sixth Edit., 2007. 

[10] M. Rastogi, R. Naik, and N. Mohan, “A Comparative Evaluation of Harmonic 

Reduction Techniques in Three-Phase Utility Interface of Power Electronic 

Loads,” IEEE Trans. Ind. Appl., vol. 30, no. 5, pp. 1149–1155, 1994. 

[11] S. Gautam, P. Yunqing, Y. Kafle, M. Kashif, and S. U. Hasan, “Evaluation of 

Fundamental d-q Synchronous Reference Frame Harmonic Detection Method 

for Single Phase Shunt Active Power Filter,” Int. J. Power Electron. Drive 

Syst., vol. 4, no. 1, 2014. 

[12] S. U. Bhople and S. K. Rayarao, “Reduction of Harmonics using Shunt Active 

Power Filters,” Int. J. Eng. Res. Technol., vol. 4, no. 07, pp. 293–296, 2015. 

[13] K. Olikara, “Power Quality Issues , Impacts , and Mitigation for Industrial 

Customers,” POWER-WP002A-EN-P, pp. 1–7, Sep-2015. (retrieved in May, 

2017).  

[14] P. Heine and M. Lehtonen, “Voltage Sag Distributions Caused by Power 

System Faults,” IEEE Trans. POWER Syst., vol. 18, no. 4, pp. 1367–1373, 

2003. 

[15] P. Y. Or and K. N. Leung, “An Output-Capacitorless Low-Dropout Regulator 

With Direct Voltage-Spike Detection,” IEEE J. Solid-State Circuits, vol. 45, 

no. 2, pp. 458–466, 2010. 

[16] R. Omar and N. A. Rahim, “Mitigation of voltage sags / swells using dynamic 

voltage restorer ( DVR ),” ARPN J. Eng. Appl. Sci., vol. 4, no. 4, 2009. 

[17] M. H. . Bollen, “Understanding Power Quality Problems—Voltage Sags and 

Interruptions,” IEEE Press, Piscataway, New York, 2000. 



© C
OPYRIG

HT U
PM

 

 

70 

[18] M. Savaghebi, A. Jalilian, J. C. Vasquez, and J. M. Guerrero, “Autonomous 

Voltage Unbalance Compensation in an Islanded Droop-Controlled 

Microgrid,” IEEE Trans. Ind. Electron., vol. 60, no. 4, pp. 1390–1402, 2013. 

[19] P. Ki-won, “A Review of Active Power Filters,” R & D Centre, POSCON 

2001 (retrieved in June, 2017). 

[20] R. G. Ellis, “Power System Harmonics–A Reference Guide to Causes, Effects 

and Corrective Measures,” Rockwell Automation  meduim voltage business, 

2001 (retrieved in June 2017). 

[21] M. Grady, “Understanding power system harmonics,” Dept of Electrical & 

Computer Engineering Lecture Note, Univ of Texas at Austin; 2012 (retrieved 

in March, 2017).. 

[22] N. Shah, “Harmonics in power systems- causes, effects and control,” 

Alpharetta, GA 30005, www. usa.siemens.com/drives 2013 (retrieved in June 

2017).   

[23] K. Yang, M. H. J. Bollen, and M. Wahlberg, “Characteristic and Non-

Characteristic Harmonics from Windparks,” in 21 st International Conference 

on Electricity Distribution Frankfurt , 6-9 June 2011 Paper 0251, no. 0251, 

pp. 6–9   2011. 

[24] V. Kus, Z. Peroutka, and P. Drabek, “Non-Characteristic Carmonics and 

Interharmonics of Power Electronic Converters,” in 18th International 

Conference on Electricity Distribution, no. 525, p. 424   2005. 

[25] ABS, Guidance Note On Control of Harmonic In Electrical Power Systems, 

American Bureau of Shipping Incorporated by Act of Legislature of the State 

of New York 1862, Houston, TX 77060 USA  2006. 

[26] C. B. Sahana, “Study on Mitigation of Harmonics by Using Passive Filter and 

Active Filter,” Int. J. Innov. Res. Comput. Commun. Eng., vol. 3, no. 5, pp. 

254–274, 2015. 

[27] D. Maxcy, “Harmonic Mitigating Transformers” Power Protection Products, 

Inc. 2013(retrieved in May, 2017).. 

[28] J. Seymour, “The seven types of power problems.” APC by Schneider Electric 

– Data Center Science Cente, White Paper 18   2001. (retrieved in April, 

2017). 

[29] “Product Data Bulletin,” Bulletin No. 8803PD9402, Raleigh, NC, U.S.A, pp. 

1–8, 1994. (retrieved in June, 2017).  

[30] T. Stroik, “System Problems and Electronic Loads: Harmonics, Resonance, 

and Commutation,” NETA WORLD, 2009. [Online]. Available: 

http://www.netaworld.org/sites/default/files/public/neta-journals/NWwtr0809-

Stroik.pdf. (retrieved in April, 2017). 

[31] A. Kamenka, “Six tough topics about harmonic distortion and Power Quality 

indices in electric power systems,” Nordstrasse 11 4542 Luterbach / 

Switzerland, 2014. (retrieved in June, 2017).  

[32] “Zero Sequence Harmonics,” Hammond Power Solutions. [Online]. Available: 

http://www.hammondpowersolutions.com/files/HPS_article_Zero_Sequence_

Harmonics.pdf. (retrieved in June, 2017).  

[33] “HarmonicGuardTMDrive-Applied Harmonic Filter Supplemental Application 

Notes,” W132 N10611 Grant Dr. Germantown, WI 53022  TCI, LLC, 

USA,1997. www.transcoil.com. (retrieved in March, 2017). 

[34] R. S. Laugesen, “Harmonic Analysis Lecture Notes,” University of Illinois at 

Urbana–Champaign, USA, 2009. (retrieved in June, 2017).  

[35] Microsemi coporation, “Basic Total Harmonic Distortion ( THD ) 



© C
OPYRIG

HT U
PM

 

 

71 

Measurement,” Application Note 30 (AN30) 2015. (retrieved in January, 

2017). 

[36] Eaton Corporation, “Harmonics in your electrical system- What they are, how 

they can be harmful, and what to do about them.”www.powerware.com 

[37] T. Hoevenaars, “How harmonics have contributed to many power factor 

misconceptions,” Mirus international Inc, Brampton, Ontario, 2014. (retrieved 

in June, 2017).  

[38] Z. Salam, T. P. Cheng, and A. Jusoh, “Harmonics Mitigation Using Active 

Power Filter : A Technological Review,” ELEKTRIKA, vol. 8, no. 2, pp. 17–

26, 2006. 

[39] M. A. Mulla, R. Chudamani, and A. Chowdhury, “Series Active Power Filter 

Using Generalised Instantaneous Power Theory,” in Proceedings of the World 

Congress on Engineering, 2012, vol. II, no. 1, pp. 1–5. 

[40] P. M. Parmar and M. V. Makwana, “Harmonic Analysis Using Shunt Active, 

Filter” J. Information, Knowl. Res. Electr. Eng., vol. 2, no. 2, pp. 342–346, 

2015. 

[41] G. M. Lee, D. C. Lee, and J. K. Seok, “Control of Series Active Power Filters 

Compensating for Source Voltage Unbalance and Current Harmonics,” IEEE 

Trans. Ind. Electron., vol. 51, no. 1, pp. 132–139, 2004. 

[42] M. I. M. Montero, E. R. Cadaval, and F. B. Gonzalez, “Comparison of control 

strategies for shunt active power filters in three-phase four-wire systems,” 

IEEE Trans. Power Electron., vol. 22, no. 1, pp. 229–236, 2007. 

[43] A. Sharma and A. K. Upadhyay, “Harmonic Mitigation Using Inverter Based 

Hybrid Shunt Active Power Filter,” Int. J. Electron. Electr. Eng., vol. 7, no. 8, 

pp. 787–798, 2014. 

[44] M. P. Kazmierkowski and L. Malesani, “Current control techniques for three-

phase voltage-source PWM\nconverters: a survey,” IEEE Trans. Ind. 

Electron., vol. 45, no. 5, pp. 691–703, 1998. 

[45] E. P. Wiechmann, P. Aqueveque, R. Burgos, and J. Rodriguez, “On the 

efficiency of voltage source and current source inverters for high-power 

drives,” IEEE Trans. Ind. Electron., vol. 55, no. 4, pp. 1771–1782, 2008. 

[46] K. Neha and D. Reddy, “A Fuzzy Controlled APF for Compensation of 

Harmonics in Distribution Micro Grid,” vol. 04, no. 35, pp. 7010–7015, 2015. 

[47] M. El-Habrouk, M. K. Darwish, and P. Mehta, “Active power filters: A 

review,” IEEE Proc. - Electr. Power Appl., vol. 147, no. 5, p. 403, 2000. 

[48] M. Islam, N. Raju, and A. Ahmed, “Sinusoidal PWM Signal Generation 

Technique for Three Phase Voltage Source Inverter with Analog Circuit & 

Simulation of PWM Inverter for Standalone Load & Micro,” Int. J. Renew. 

Energy …, vol. 3, no. 3, 2013. 

[49] H. Dogan and R. Akkaya, “A Simple Control Scheme for Single-Phase Shunt 

Active Power Filter with Fuzzy Logic Based DC Bus Voltage Controller,” in 

Proceedings of the International MultiConference of Engineers and Computer 

Scientists 2009 Vol II IMECS 2009, March 18 - 20, 2009, Hong Kong Fig., 

2009,  

[50] M. Anzari, R. Chandran, and R. Arunkumar, “Single-Phase Shunt Active 

Power Filter Using Indirect Control Method,” Adv. Electron. Electr. Eng., vol. 

3, no. 1, pp. 81–90, 2013. 

[51] F. Ji, Q. Ai, D. A. Xie, and C. Chen, “A Single-Phase Shunt Active Power 

Filter Based on Cycle Discrete Control for DC Bus Voltage,” in Proceedings 

of the 5th WSEAS Int. Conf. on Signal Processing, Computational Geometry 



© C
OPYRIG

HT U
PM

 

 

72 

& Artificial Vision, Malta, pp. 47–52. 2005  

[52] S. Saswat, “Study of Single Phase Shunt Active Power Filter By : Study of 

Single Phase Shunt Active Power Filter,”Thesis Submitted to Dept of Elect 

Eng'g, National Institute of Technology, Rourkela  Pin-769008 Odisha.  2014. 

[53] C. Salim, B. M-t, and A. Goléa, “Harmonic Current Compensation based on 

Three-phase Three-level Shunt Active Filter using Fuzzy Logic Current 

Controller,” J. Electr. Eng. Technol., vol. 6, no. 5, 2011. 

[54] A. S. Siva and M. Bhavani, “Mitigation of Harmonics by Shunt Active Power 

Filter using Synchronous Detection Method,” Int. J. Eng. Trends Technol. 

(IJETT, vol. 4, no. 6, pp. 2584–2588, 2013. 

[55] J. G. Pinto, R. Pregitzer, L. F. C. Monteiro, and J. L. Afonso, “3-Phase 4-Wire 

Shunt Active Power Filter with Renewable Energy Interface Key words,” in 

ICREPQ’07- International Conference on Renewable Energies and Power 

Quality, no. 1, pp. 28–30. 2007,  

[56] K. Srinivas and S. S. T. Ram, “A Three Phase Four Wire Shunt Active Power 

Filter Control Algorithm under Unbalanced and Distorted Supply Voltage,” 

Int. J. Adv. Comput. Res., vol. 4, no. 1, pp. 272–277, 2014. 

[57] P. Rodríguez, A. Luna, R. Teodorescu, F. Blaabjerg, and M. Liserre, “Control 

of a three-phase four-wire shunt-active power filter based on DC-bus energy 

regulation,” in 11th International Conference on Optimization of Electrical 

and Electronic Equipment, OPTIM 2008, pp. 227–234. 2008,  

[58] M. Waware and P. Agarwal, “A Review of Multilevel Inverter Based Active 

Power Filter,” Int. J. Comput. Electr. Eng., vol. 3, no. 2, 2011. 

[59] A. Jacob, B. T. Abraham, N. Prakash, and R. Philip, “A Review of Active 

Power Filters In Power System Applications,” Int. J. Adv. Res. Electr. 

Electron. Instrum. Eng., vol. 3, no. 6, pp. 10253–10261, 2014. 

[60] H. A. Kazem, “Harmonic Mitigation Techniques Applied to Power 

Distribution Networks,” Adv. Power Electron., vol. 2013, pp. 1–10, 2013. 

[61] L. Asiminoaei, F. Blaabjerg, and S. Hansen, “Evaluation of Harmonic 

Detection Methods for Active Power Filter Applications,” Apec 2005, vol. 1, 

pp. 635–641, 2005. 

[62] M. H. Raouf, A. Nowbakht, M. B. Haddadi, and M. R. Tabatabaei, “A Review 

of Control Schemes for Active Power Filters in O rder to Power Quality 

Improvement,” Int. J. Electr. Comput. Energ. Electron. Commun. Eng., vol. 8, 

no. 5, pp. 823–826, 2014. 

[63] S. Mikkili and A. K. Panda, “Fuzzy and PI Controller Based SHAF for 

Mitigation of Current Harmonics with P-Q Method Using Matlab and RTDS 

Hardware,” Energy Power Eng., vol. 03, no. 04, pp. 407–421, 2011. 

[64] N. Eskandarian, Y. A. Beromi, and S. Farhangi, “Improvement of dynamic 

behavior of shunt active power filter using fuzzy instantaneous power theory,” 

J. Power Electron., vol. 14, no. 6, pp. 1303–1313, 2014. 

[65] H. Li, F. Zhuo, Z. Wang, W. Lei, and L. Wu, “A novel time-domain current-

detection algorithm for shunt active power filters,” IEEE Trans. Power Syst., 

vol. 20, no. 2, pp. 644–651, 2005. 

[66] M. George and K. P. Basu, “Performance Comparison of Three-Phase Shunt 

Active Power,” Am. J. Appl. Sci., vol. 5, no. 11, pp. 1424–1428, 2008. 

[67] M. F. Shousha, S. A. Zaid, and O. A. Mahgoub, “The effect of harmonic 

detection speed on the overall performance of shunt active power filters,” 

WSEAS Trans. Syst., vol. 11, no. 8, pp. 294–304, 2012. 

[68] K. G. Firouzjah,  a. Sheikholeslami, M. R. Karami-Mollaei, and F. Heydari, 



© C
OPYRIG

HT U
PM

 

 

73 

“A predictive current control method for shunt active filter with windowing 

based wavelet transform in harmonic detection,” Simul. Model. Pract. Theory, 

vol. 17, no. 5, pp. 883–896, May 2009. 

[69] Y. Sillapawicharn and Y. Kumsuwan, “An improvement in synchronously 

rotating reference frame-based voltage sag detection under distorted grid 

voltages,” J. Electr. Eng. Technol., vol. 8, no. 6, pp. 1283–1295, 2011. 

[70] E. M. Thajeel, H. bin Daniyal, M. H. Sulaiman, and M. M. Mahdi, “An 

Analytical Study of Total Harmonics Reduction in APF Using Adaptive Zero 

Crossing Detection Techniques,” Int. J. Eng. Sci. Res. Technol., vol. 5, no. 11, 

pp. 48–56, 2016. 

[71] R. Philip, “Synchronous Reference Frame Detection and Hysteresis Control 

for Active Power Filters,” Int. J. Adv. Res. Electr. Electron. Instrum. Eng., vol. 

3, no. 9, pp. 12173–12178, 2014. 

[72] T. Paulraj and M. A. Prakash, “Harmonic Reduction For Non-Linear Loads 

Using Stationary Reference Frame Theory,” Int. J. Technol. Enhanc. Emerg. 

Eng. Res., vol. 2, no. 8, pp. 8–11, 2014. 

[73] M. J. Newman, D. N. Zmood, and D. G. Holmes, “Stationary frame harmonic 

reference generation for active filter systems,” in Seventeenth Annual IEEE 

Applied Power Electronics Conference And Exposition, 2002, pp. 1054–1060. 

[74] M. Kesler and E. Ozdemir, “Synchronous-reference-frame-based control 

method for UPQC under unbalanced and distorted load conditions,” IEEE 

Trans. Ind. Electron., vol. 58, no. 9, pp. 3967–3975, 2011. 

[75] L. Asiminoaei, S. Hansen, C. Lascu, and F. Blaabjerg, “Selective harmonic 

current mitigation with shunt active power filter,” in European Conference on 

Power Electronics and Applications, pp. 1–10. 2007 

[76] C. H. Da Silva, R. R. Pereira, L. E. B. Da Silva, G. Lambert-Torres, B. K. 

Bose, and S. U. Ahn, “A digital PLL scheme for three-phase system using 

modified synchronous reference frame,” IEEE Trans. Ind. Electron., vol. 57, 

no. 11, pp. 3814–3821, 2010. 

[77] S. Mikkili and A. K. Panda, “id-iq Control Strategy for Mitiga tion of Current 

Harmonics with Fuzzy Logic Controller Using Matlab/Simulation and RTDS 

Hardware,” Intell. Control Autom., vol. 02, pp. 371–382, 2011. 

[78] P. P. Kumar, P. S. Srinivas, and S. K. Sahu, “Direct & Indirect Current 

Control of UPQC for Enhancing Power Quality,” Int. J. Electr. Electron. Eng. 

Res., vol. 5, no. 5, pp. 93–106, 2015. 

[79] T. Tian-yuan, J. Qi-rong, L. Gang, and L. Yu-xiang, “Comparison of Direct 

and Indirect Current Control Strategy for DSTATCOM,” in International 

Conference on Power System Technology, vol. 00, pp. 1–8. 2006  

[80] G. M. Babu, “Simulation Study of Indirect Current Control Technique for 

Shunt Active Filter,” Int. J. Eng. Res. Appl., vol. 3, no. 4, pp. 831–851, 2013. 

[81] M. Kale and E. Ozdemir, “An adaptive hysteresis band current controller for 

shunt active power filter,” Electr. Power Syst. Res., vol. 73, no. 2, pp. 113–

119, 2005. 

[82] P.M.Balasubramaniam and S.U.Prabha, “A Practical Approach to Harmonic 

Compensation in Electrical Power Systems – Using Shunt Active Power Filter 

” Aust. J. Basic Appl. Sci., vol. 7, no. 10, pp. 576–585, 2013. 

[83] Z. Yan, M. Jia, C. Zhang, and W. Wu, “An integration SPWM strategy for 

high-frequency link matrix converter with adaptive commutation in one step 

based on De-Re-coupling idea,” IEEE Trans. Ind. Electron., vol. 59, no. 1, pp. 

116–128, 2012. 



© C
OPYRIG

HT U
PM

 

 

74 

[84] G. Zhou, B. Wu, and D. Xu, “Direct power control of a multilevel inverter 

based active power filter,” Electr. Power Syst. Res., vol. 77, no. 3–4, pp. 284–

294, 2007. 

[85] Z. Xiao, Y. Chen, R. Yuan, and X. Deng, “Analysis and Experimental 

Validation of a Space -Vector-Modulation Algorithm for Four -Leg Active 

Power Filter,” Int. J. Control Autom., vol. 7, no. 4, pp. 73–88, 2014. 

[86] G. K. Singh, A. K. Singh, and R. Mitra, “A simple fuzzy logic based robust 

active power filter for harmonics minimization under random load variation,” 

Electr. Power Syst. Res., vol. 77, no. 8, pp. 1101–1111, 2007. 

[87] P. Kirawanich, R. M. O. Connell, and S. Member, “Fuzzy Logic Control of an 

Active Power Line Conditioner,” Ieee Trans. Power Electron., vol. 19, no. 6, 

pp. 1574–1585, 2004. 

[88] S. Kerrouche and F. Krim, “Three -phase Active Power Filter Based on Fuzzy 

Logic Controller,” Int. J. Sci. Tech. Autom. Control Comput. Eng., vol. 3, no. 

1, pp. 942–955, 2009. 

[89] P. Karuppanan and K. K. Mahapatra, “PI , PID and Fuzzy logic controller for 

Reactive Power and Harmonic Compensation,” WSEAS Trans. POWER Syst., 

vol. 06, no. 04, 2011. 

[90] L. Lata and Dr.M.K.Elango, “Voltage Sag Mitigation in Utility Distribution 

System Using STATCOM with Hysteresis Current Controller,” Electr. Int. J. 

Adv. Res. Eng. Electron. Instrum., vol. 4, no. 3, pp. 1261–1268, 2015. 

[91] A. Chauhan and R. P. Singh, “Pulse Width Modulation Based Adaptive 

Hysteresis Current Controller Using Intelligent Technique,” Int. J. Adv. Res. 

Electr. Electron. Instrum. Eng., vol. 5, no. 1, pp. 303–310, 2016. 

[92] A. N. Belonkar and M. R. Salodkar, “Performance Analysis of Shunt Active 

Po Power wer Filter w with Hysteresis Current Controller Technique,” Int. J. 

Electron. Commun. Soft Comput. Sci. Eng., pp. 214–218, 2015. 

[93] R. Panigrahi, B. Subudhi, and P. C. Panda, “A comparative assessment of 

hysteresis and dead beat controllers for performances of three phase shunt 

active power filtering,” J. Power Technol., vol. 94, no. 4, pp. 286–295, 2014. 

[94] Z. Chelli, R. Toufouti, A. Omeiri, and S. Saad, “Hysteresis control for shunt 

active power filter under unbalanced three-phase load conditions,” J. Electr. 

Comput. Eng., vol. 2015, 2015. 

[95] J. N. Pandya, “Shunt Active Power Filter with Hysteresis Current Control for 

three Phase Ac-Dc Converter,” PARIPEX - INDIAN J. Res., vol. 4, no. 6, pp. 

511–513, 2015. 

[96] A. N. Belonkar and M. R. Salodkar, “Performance Analysis of Shunt Active 

Power Filter with Different Switching Signal Generation Techniques,” Int. J. 

Sci. Res., vol. 4, no. 4, pp. 331–336, 2015. 

[97] J. Rodriguez, J. Pontt, C. A. Silva, P. Correa, P. Lezana, P. Cortes, and U. 

Ammann, “Predictive Current Control of a Voltage Source Inverter,” Ind. 

Electron. IEEE Trans., vol. 54, no. 1, pp. 495–503, 2007. 

[98] A. Choudhary and P. Gaur, “A Study of Hysteresis Band Current Control 

Scheme For Shunt Active Power Filter Used For Harmonics Mitigation,” Int. 

J. Adv. Res. Comput. Eng. Technol., vol. 4, no. 6, pp. 2842–2847, 2015. 

[99] C. Fritsche, P. Schmitt, and C. Gerster, “Microprocessor-based control system 

for high-speed three-phase\nvoltage source inverters with LC output filter,” in 

30th Annual IEEE Power Electronics Specialists Conference. Record. (Cat. 

No.99CH36321), vol. 1, no. c, pp. 6–11. 1999  

[100]  a. Gopinath,  a. S. a. Mohamed, and M. R. Baiju, “Fractal Based Space 



© C
OPYRIG

HT U
PM

 

 

75 

Vector PWM for Multilevel Inverters—A Novel Approach,” IEEE Trans. Ind. 

Electron., vol. 56, no. 4, pp. 1230–1237, 2009. 

[101] P. K. Sadhu, G. Sarkar, and A. Rakshit, “A microcontroller-based variable 

voltage variable frequency sinusoidal power source with a novel PWM 

generation strategy,” Meas. J. Int. Meas. Confed., vol. 45, no. 1, pp. 59–67, 

2012. 

[102] A. P. Patel and Ashish N. Patel, “Dynamic DC Bus Voltage Control Using 

Three Thase,” Int. J. Technol. Res. Eng., vol. 2, no. 5, pp. 434–438, 2015. 

[103] D. Kumar and P. Rana, “An analytical study of total harmonics reduction in 

AC Chopper by using BFO techniques,” Int. J. All Res. Educ. Sci. Methods, 

vol. 2, no. 6, pp. 7–14, 2014. 

[104] A. Araujo, J. G. Pinto, B. Exposto, C. Couto, and J. L. Afonso, 

“Implementation and comparison of different switching techniques for shunt 

active power filters,” IECON Proc. (Industrial Electron. Conf., vol. 40th 

Annua, pp. 1519–1525, 2014. 

[105] S. Charles and C. Vivekanandan, “Design and specifications of SVPWM 

controlled three phase three wire shunt active power filter for harmonic 

mitigation,” in Proceedings of 2011 International Conference on Process 

Automation, Control and Computing, PACC 2011, 2011. 

[106] K. V. Kumar, P. A. Michael, J. P. John, and S. S. Kumar, “Simulation and 

Comparison of Spwm and Svpwm Control for Three Phase Inverter,” ARPN J. 

Eng. Appl. Sci., vol. 5, no. 7, pp. 61–74, 2010. 

[107] R. Belaidi, A. Haddouche, and H. Guendouz, “Fuzzy logic controller based 

three-phase shunt active power filter for compensating harmonics and reactive 

power under unbalanced mains voltages,” Energy Procedia, vol. 18, pp. 560–

570, 2012. 

[108] P. Kumara and V. Gupta, “Power Quality Improvement uisng Fuzzy Logic 

based UPQC,” Int. J. Latest Trends Eng. Technol., vol. 6, no. 4, pp. 6–12, 

2016. 

[109] A. S. Omar, P. M. Waweru, and R. Rimiru, “A Literature Survey : Fuzzy 

Logic and Qualitative Performance Evaluation of Supply Chain 

Management,” Int. J. Eng. Sci., vol. 4, no. 5, pp. 56–63, 2015. 

[110] S. S. Kunde, S. Tendulkar, S. P. Gupta, G. Kumar, and S. Mikkili, “Fuzzy 

Logic Controller Based Shunt Active Filter with Different MFs for Current 

Harmonics Elimination,” Int. J. Electr. Comput. Energ. Electron. Commun. 

Eng., vol. 8, no. 3, pp. 614–621, 2014. 

[111] P.Madhavi and P. S. Babu, “A Fuzzy Controlled APF for Compensation of 

Harmonics in Distribution Micro Grid,” Int. J. Mag. Eng. Technol. Manag. 

Res., vol. 02, no. 9, pp. 1185–1194, 2015. 

[112] O. A. M. Ali, A. Y. Ali, and B. S. Sumait, “Comparison between the Effects 

of Different Types of Membership Functions on Fuzzy Logic Controller 

Performance,” Int. J. Emerg. Eng. Res. Technol., vol. 3, no. 3, pp. 76–83, 

2015. 

[113] R. Singh and A. K. Singh, “Design and Analysis of an Improved 

Approximated Fuzzy Logic Controller for Shunt Active Power Filter,” Int. J. 

Fuzzy Syst. Appl., vol. 2, no. 3, pp. 69–89, 2012. 

[114] Z. Yunusa, A. Dan-Isa, Y. A. Sai’d, and R. Shoorangiz, “Effects of the 

Number of Rules on the Quality of Fuzzy Logic Control of Induction Motor,” 

Int. J. Appl. Electron. Phys. Robot., vol. 1, no. 1, pp. 14–17, 2013. 

[115] I. Iancu, “A Mamdani Type Fuzzy Logic Controller,” in Rijeka: INTECH 



© C
OPYRIG

HT U
PM

 

 

76 

Open Access Publisher, pp. 325–350. 2012 

[116] P. Karuppanan and K. Mahapatra, “PI, PID and fuzzy logic controlled 

cascaded voltage source inverter based active filter for power line 

conditioners,” WSEAS Trans. Power Syst., vol. 6, no. 4, pp. 100–109, 2011. 

[117] S. Gautam, P. Yunqing, M. Kashif, Y. Kafle, and L. Yibo, “DC Side voltage 

Control Consideration for Single Phase Shunt Active Power Filter for 

Harmonic and Reactive Power Compensation .,” J. Electr. Eng., pp. 1–11, 

2017. 

[118] Z. Vukic and O. Kuljaca, “Lectures on PID Controllers (University of 

Texas),” pp. 1–46. 2002 

[119] J. Jacobs, D. Detjen, C.-U. Karipidis, and R. W. DeDoncker, “Rapid 

Prototyping Tools for Power Electronic Systems: Demonstration With Shunt 

Active Power Filters,” IEEE Trans. Power Electron., vol. 19, no. 2, pp. 500–

507, 2004. 

[120] Z. Wang, Q. Wang, W. Yao, and J. Liu, “A Series Active Power Filter 

Adopting Hybrid Control Approach,” IEEE Trans. Power Electron., vol. 16, 

no. 3, pp. 301–310, 2001. 

[121] Z. A. Memon, M. A. Uqaili, and M. A. Unar, “Estimation of Compensation 

Current Reference using Fuzzy Logic Controller for Three-Phase Hybrid 

Active Power Filter,” Int. J. Comput. Appl., vol. 43, no. 11, pp. 16–21, 2012. 

[122] A. Biswas, S. Das, A. Abraham, and S. Dasgupta, “Design of fractional-order 

PIλDμ controllers with an improved differential evolution,” Eng. Appl. Artif. 

Intell., vol. 22, no. 2, pp. 343–350, 2009. 

[123] A. Chaoui, J.-P. Gaubert, F. Krim, and L. Rambault, “On the design of shunt 

active filter for improving power quality,” in 2008 IEEE International 

Symposium on Industrial Electronics, pp. 31–37. 2008 

[124] S. K. Jain, P. Agrawal, and H. O. Gupta, “Fuzzy logic controlled shunt active 

power filter for power quality improvement,” in IEE Proceedings - Electric 

Power Applications, vol. 149, no. 5, pp. 317–328. 2002 

[125] M. Rastogi, M. F. Aiello, and R. H. Osman, “Inverter operation with over-

modulation,” US 7307400 B2, 2007. 

[126] J. Chiang and J. M. Chang, “Design and Implementation of the Parallelable 

Active Power Filter S.,” in Power Electronics Specialists Conference, 1999. 

PESC 99. 30th Annual IEEE (Volume:1), pp. 406–411. 1999. 

[127] V. Anand and S. K. Srivastava, “Performance Investigation of Shunt Active 

Power Filter Using Hysteresis Current Control Method Electrical Engineering 

Department,” Int. J. Eng. Res. Technol., vol. 1, no. 4, pp. 1–8, 2012. 

[128] A. Teke, L. Saribulut, M. Emin Meral, and M. Tümay, “Active power filter: 

Review of converter topologies and control strategies,” Gazi Univ. J. Sci., vol. 

24, no. 2, pp. 283–289, 2011. 

[129] Y. Wang and Y. Xie, “Adaptive DC-link Voltage Control for Shunt Active 

Power Filter,” J. Power Electron., vol. 14, no. 4, pp. 764–777, 2014. 

[130] A. E. Leon, J. A. Solsona, and M. I. Valla, “Control strategy for hardware 

simplification of voltage source converter-based power applications,” Power 

Electron. IET, vol. 4, no. 1, pp. 39–50, 2011. 

[131] S. K. Jain and P. Agarwal, “Design Simulation and Experimental 

Investigations, on a Shunt Active Power Filter for Harmonics, and Reactive 

Power Compensation,” Electr. Power Components Syst., vol. 31, no. 7, pp. 

671–692, 2003. 

[132] G. D. Marques, V. F. Pires, M. Malinowski, and M. Kazmierkowski, “An 



© C
OPYRIG

HT U
PM

 

 

77 

Improved Synchronous Reference Frame Method for Active Filters,” in 

EUROCON 2007 - The International Conference on “Computer as a Tool,” 

pp. 2564–2569. 2007. 

[133] Bhasha Shaik Mohammad and B. Lalitha, “Comparison of Control Algorithms 

for Shunt Active Filter for Harmonic Mitigation,” Int. J. Eng. Comput. Sci., 

vol. 3, no. 10, pp. 1–6, 2014. 

[134] M. Monfared, S. Golestan, and J. M. Guerrero, “A New Synchronous 

Reference Frame-Based Method for Single-Phase Shunt Active Power 

Filters,” J. Power Electron., vol. 13, no. 4, pp. 692–700, 2013. 

[135] A. G. Prasad, K.Dheeraj, and A. N. Kumar, “Comparison of Control 

Algorithms for Shunt Active Filter for Harmonic Mitigation,” Int. J. Eng. Res. 

Technol., vol. 1, no. 5, pp. 1–6, 2012. 

[136] N. S. Rao and H.J.Jayatheertha, “Modeling and Simulation of Various Srf 

Methods for Shunt Active Power Filter and Application To,” Int. J. Adv. Eng. 

Res. Stud., vol. 1, no. 4, pp. 18–22, 2012. 

[137] Y. Gayathri, K. H. Reddy, and S. Anupama, “Simulation of SRF Control 

Based Shunt Active Power Filter and Application to BLDC Drive,” Int. J. 

Comput. Sci. Inf. Secur., vol. 12, no. 11, pp. 6–12, 2014. 

[138] V. P. Kumar, “APF for Harmonic Elimination of BLDC Drive,” Int. J. Mag. 

Eng. Technol. Manag. Res., vol. 2, no. 12, pp. 1594–1600, 2015. 

[139] J. Modarresi, M. Fallah, E. Gholipour, and M. T. BINA, “Improving the SRF 

method to compensate low-order harmonics under nonsinusoidal network 

voltages,” Turkish J. Electr. Eng. Comput. Sci., vol. 24, pp. 1–15, 2016. 

[140] J. W. Nilsson and S. A. Riedel, Chapter 14 : Introduction to Frequency 

Selective Circuits, Ninth Edit. New Jersey, 2011. 

[141] R. K. Patjoshi and K. K. Mahapatra, “Performance Comparison of Direct and 

Indirect Current Control Techniques Applied to a Sliding Mode Based Shunt 

Active Power Filter,” in Annual IEEE India Conference (INDICON), pp. 1–5. 

2013. 

[142] I. Sahu and D. A. Gadanayak, “Comparison between Two Types of Current 

Control Techniques Applied to Shunt Active Power Filters and Development 

of a Novel Fuzzy Logic Controller to Improve SAPF Performance,” Int. J. 

Eng. Res. Dev., vol. 2, no. 4, pp. 1–10, 2012. 

[143] A. Sakthivel, P.Vijayakumar, and A.Senthilkumar, “Performance Assessment 

of Direct and Indirect Current Control Strategies for Shunt Active POower 

Filter,” ARPN J. Eng. Appl. Sci., vol. 10, no. 9, pp. 4243–4250, 2015. 

[144] J. Ware, “Power Factor Correction (pfc),” IEE Spring Wiring Matters, pp. 22–

24, 2006. 

 

 

 

 

 

 

 

 

 

 

 

 


	1968 title
	Blank Page

	musa print
	Blank Page
	Blank Page
	Blank Page




