
FUZZY BASED BIDIRECTIONAL CONVERTER FOR ELEVATOR SYSTEM 

WITH SUPERCAPACITOR  

NUR ADDINNI BINTI MOHAMAD AZHAR 

A project report submitted in fulfilment of the 

requirements for the award of the degree of 

Master of Engineering (Electrical Power) 

School of Electrical Engineering 

Faculty of Engineering 

Universiti Teknologi Malaysia 

FEBRUARY 2022 



iv 

DEDICATION 

 

 

 

 

 

 

 

 

This thesis is dedicated to both my parents,  

Mohamad Azhar bin Zainal & Noraida binti Hashim,  

who have always believed in me and supported me through every stage of my life. 

 

  



v 

ACKNOWLEDGEMENT 

In the name of Allah, the most Gracious, the most Merciful. 

  

 First and foremost, I would want to thank God Almighty for constantly 

providing me with wisdom when I am lost, strength when I am weak, and good health 

to carry out my studies and complete my final year project. I'd want to use this occasion 

to express my heartfelt thanks to my supervisor, Dr. Norjulia binti Mohamad Nordin, 

for allowing me the opportunity to work on this project. I was able to complete my 

project thanks to her guidance and assistance throughout. 

 

 A word of thanks is also insufficient to express my gratitude to my 

loving parents and family members for always supporting, understanding, and 

encouraging me not to give up. Their prayers provide me the strength I need to 

complete this Postgraduate programme. I'd want to thank UTM too for offering a 

fantastic facility that made me feel at ease while working on my project. 

 

 Thank you so much. 

  



vi 

ABSTRACT 

The dissipation of the energy regenerated by the motor is the primary source of energy 

waste in elevators. Extra energy created in various ways must be stored for a period of 

time in order to be used later for the efficient operation of an elevator. An energy 

storage system is now prevalent in applications for energy conservation and traction. 

This research proposed to design an elevator system with a supercapacitor (energy 

storage) controlled by fuzzy based bidirectional DC-DC converter. The supercapacitor 

is used to store the regenerated energy from the motor during braking mode and 

releases the stored energy during motoring mode. The bidirectional DC-DC converter 

controls the power flow to the elevator motor, power supply, and supercapacitor bank. 

The system introduced two fuzzy-logic controllers for voltage and current which to 

provide a control to bidirectional DC-DC converter in storing and recovering the 

energy from supercapacitor. The purpose of this research is to analyze the performance 

of bidirectional DC-DC converter with fuzzy logic controller in optimizing the 

generated energy into supercapacitor during the operation of the elevator system. 

Based on the simulation result, with the present of supercapacitor in elevator system, 

the energy from the motor during generating mode will not be wasted. The energy 

stored in supercapacitor and can be use during motoring mode.   
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ABSTRAK 

Pelesapan tenaga yang dijana semula oleh motor adalah sumber utama sisa 

tenaga dalam lif. Tenaga tambahan yang dicipta dalam pelbagai cara mesti disimpan 

untuk satu tempoh masa untuk digunakan kemudian untuk operasi lif yang cekap. 

Sistem penyimpanan tenaga kini lazim dalam aplikasi untuk pemuliharaan dan daya 

tarikan tenaga. Penyelidikan ini mencadangkan untuk mereka bentuk sistem lif dengan 

supercapacitor (penyimpanan tenaga) dikawal oleh penukar DC-DC dwiarah 

berasaskan kabur. Kapasitor super digunakan untuk menyimpan tenaga yang dijana 

semula daripada motor semasa mod penjanaan dan membebaskan tenaga yang 

disimpan semasa mod permotoran. Penukar DC-DC dwiarah mengawal aliran kuasa 

ke motor lif, bekalan kuasa dan bank superkapasitor. Sistem ini memperkenalkan dua 

pengawal logik kabur untuk voltan dan arus yang menyediakan kawalan kepada 

penukar DC-DC dua arah dalam menyimpan dan memulihkan tenaga daripada 

supercapacitor. Tujuan penyelidikan ini adalah untuk menganalisis prestasi penukar 

DC-DC dwiarah dengan pengawal logik kabur dalam mengoptimumkan tenaga yang 

dijana kepada superkapasitor semasa operasi sistem lif. Berdasarkan hasil simulasi, 

dengan kehadiran supercapacitor dalam sistem lif, tenaga daripada motor semasa mod 

penjanaan tidak akan dibazirkan. Tenaga yang disimpan dalam supercapacitor dan 

boleh digunakan semasa mod permotoran. 
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CHAPTER 1  
 

 

INTRODUCTION 

1.1 Background 

Elevators are a type of vertical transportation used to carry people and 

commodities in high-rise or low-rise buildings such as apartments, condominiums, 

shopping malls, and so on. Elevators are the most important piece of vertical 

transportation equipment and one of the greatest energy consumers in buildings. 

Around the last few decades, there has been a substantial advance in the quality and 

safety of modern elevators all over the world. Furthermore, lowering energy 

consumption has become a critical aspect in elevator competitiveness since it can 

significantly enhance a building's overall energy efficiency.  

An elevator works on the same concept as a pulley system. The elevators are 

built so that the combined weight of the car and the predetermined passenger weight 

is balanced by a counterweight. Typically, the basic components of elevator system 

are including car, counterweight, hoist way, drive system, control system and safety 

system as shown in Figure 1.1 below.  

In elevator technology, there are many improvements and development that 

have been done for the efficiency for elevator drive system. The technology of traction 

machine of elevator started with Induction Machine (IM) in the early stage of elevator 

but now, modern elevators are more into Permanent Magnet Synchronous Motor 

(PMSM) which it boasts a strong and simple design, a high efficiency factor and great 

torque control across a wide speed range. Other benefits of PMSM are include a high-

power density and low noise level. Although many improvements been seen, the 

energy consumption are still higher.  
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Figure 1.1 Basic components of elevator system. [27] 

The reduction of energy consumption by the elevator can be done with the 

presence of kinetic energy produced by the motor. Depending on the movement 

direction of the car cabin and its weight in relation to the counterweight, an elevator's 

traction machine can either consumes or generates electric energy. Unfortunately, the 

generated energy is usually being wasted where the energy will be dissipated into the 

braking resistor. 

  



 

3 

In recent studies, the energy generated from the traction machine could be 

briefly stored in an energy storage device before being retrieved when the elevator 

resumes driving function. Due to this reduction in energy consumption, the elevator 

motion system becomes more efficient and the energy provided by the grid is reduced. 

The use of supercapacitors as a storage device in elevators is more suitable than battery 

storage. The reason is that in each operating cycle, the stored braking energy can be 

recovered in the next motoring operation and would not be accumulated. Also, 

supercapacitors are substantially more efficient than batteries: they require minimal 

maintenance, can manage a high-power load due to low internal resistance, can 

perform multiple charging and discharging cycles, can operate in a wide temperature 

range, and can tolerate overcharging and overheating. 

As to have an optimum result for the energy storage, a DC-DC converter with 

a good controller also have a main role in the system as to optimize the charging and 

discharging state of the energy storage. A fuzzy logic controller has been proposed in 

this research for bidirectional DC-DC converter as to optimize the efficiency of the 

energy saving in elevator system with supercapacitor. 

 

1.2 Problem Statement 

In conventional elevator system, the regenerative energy from the motor drive 

has been wasted through braking resistor. There is huge amount of wasted energy that 

could be stored in energy storage and reuse it for the elevator operation.  
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1.3 Objectives 

The objectives are a set of supporting actions to ensure that the goals are 

achieved. The objectives of this project are: 

(a) To design and simulate an elevator system with supercapacitor. 

(b) To design a fuzzy logic controller for bidirectional DC-DC converter as to 

optimize the charging and discharging the supercapacitor  

(c) To analyze the energy generated from the motor drive and the energy stored in 

supercapacitor 

 

 

1.4 Scope of Work 

The research will only focus on designing fuzzy logic controller for 

bidirectional DC-DC converter and elevator system with supercapacitor. Also 

analyzing the performance of bidirectional DC-DC converter with fuzzy logic 

controller on optimizing in storing the generated energy into supercapacitor. This 

research will only be based on simulation using MATLAB Simulink. 

 

 

1.5 Significance of the Project 

Even though there are other research have been done in improving the energy 

saving of elevator system with supercapacitor using fuzzy logic controller for 

bidirectional converter, the analysis and findings of this project are significant to have 

a better understanding and compare the differences of elevator system with and 

without energy storage. 
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1.6 Thesis Organization 

Chapter 1 discussed the background of the energy wastage and the needs of 

improving the energy saving in elevator system. The problem statement has given the 

strong reasons to analyze the energy optimization by adding supercapacitor controlled 

by fuzzy based bidirectional converter into an elevator system.  

 

Chapter 2 provides a brief introduction of the elevator system, supercapacitor, 

bidirectional DC-DC converter, fuzzy logic controller and some previous research that 

related to the topic. This chapter reviews and explained every part in this project 

especially on the working principle of the elevator system, fuzzy logic controller and 

bidirectional DC-DC converter.  

 

Chapter 3 presents the research methodology for this project. There are two 

designs which are conventional elevator system and elevator system with 

supercapacitor controlled by fuzzy based bidirectional DC-DC converter. The 

operations of the elevator system are limited to motoring and generating mode. The 

rule matrixes and membership functions of fuzzy logic controller are also provided. 

The simulation is done by using MATLAB Simulink.  

 

Chapter 4 analyzes the performance of the elevator system with and without 

supercapacitor. All the results of simulation are displayed in graphical form. The 

results are discussed to evaluate the behaviour of the supercapacitor and also the dc 

link where the energy dissipated.  

 

Chapter 5 is the last chapter of the thesis with a conclusion that is made based 

on the performance of overall elevator system when supercapacitor is added and 

controlled by fuzzy based bidirectional DC-DC converter. Several recommendation 

are given to improve the system in future work.



 

43 

REFERENCES 

[1]  G Nobile, AG Sciacca, M Cacciato, C Cavallaro, A Raciti, G Scarcella, et al., 

"Energy Harvesting in Roped Elevators", In 2014 International Symposium on 

Power Electronics Electrical Drives Automation and Motion, pp. 533-540, 

2014. 

[2] B. Zhao, Z. Quan, Y. W. Li, L. Quan, Y. Hao and L. Ding, "A hybrid-driven 

elevator system with energy regeneration and safety enhancement", IEEE 

Trans. Ind. Electron., vol. 67, no. 9, pp. 7715-7726, Sep. 2020. 

[3] N. Jabbour and C. Mademlis, "Improved control strategy of a supercapacitor-

based energy recovery system for elevator applications", IEEE Trans. Power 

Electron., vol. 31, no. 12, pp. 8398-8408, Dec. 2018. 

[4] P. Kubade and S. K. Umathe, "Enhancing an elevator efficiency by using 

supercapacitor", 2017 Third International Conference on Advances in 

Electrical Electronics Information Communication and Bio-Informatics 

(AEEICB), pp. 502-505, 2017. 

[5] T. S. Kwon et al., "Power control algorithm for hybrid excavator with 

supercapacitor", IEEE Trans. Ind. Appl., vol. 46, no. 4, pp. 1447-1455, 

Jul./Aug. 2010. 

[6] O. Abdel-baqi, A. Nasiri and P. Miller, "Dynamic performance improvement 

and peak power limiting using ultracapacitor storage system for hydraulic 

mining shovels", IEEE Trans. Ind. Electron., vol. 62, no. 5, pp. 3173-3181, 

May 2015. 

[7] Supapradit Marsong and Boonyang Plangklang, "Implementation analysis of 

an elevator energy regenerative unit (EERU) for energy saving in a building", 

2016 13th International Conference on Electrical Engineering/Electronics 

Computer Telecommunications and Information Technology (ECTI-CON), pp. 

1-5, 2016. 

[8] Dwijasish. Das, N. Kumaresan, V. Nayanar, K. Navin Sam and N. Ammasai 

Gounden, "Development of BLDC Motor-Based Elevator System Suitable for 

DC Microgrid", IEEE/ASME Transactions on Mechatronics, vol. 21, no. 3, pp. 

1552-1560, 2016. 



 

44 

[9] G. Broday, C. Nascimento, E. Agostini and L. Lopes, "A bidirectional DC-DC 

converter For Supercapacitors in Hybrid Energy Storage Systems", Proc. 2017 

11th IEEE International Conference on Compatibility Power Electronics and 

Power Engineering (CPE-POWERENG), pp. 298-303. 

[10] N. Jabbour and C. Mademlis, "Supercapacitor-based energy recovery system 

with improved power control and energy management for elevator 

applications", IEEE Trans. Power Electron, vol. 32, no. 12, pp. 9389-9399, 

2017. 

[11] E. D. Mitronikas, D. V. Spyropoulos, N. P. Papanikolaou, E. C. Tatakis and N. 

Spyropoulos, "Energy saving during modern liftperation", International 

Conference on Electrical Machines (ICEM), pp. 756-761, 2014. 

[12] E. Bilbao, P. Barrade, I. Etxeberria-Otadui, A. Rifer, S. Luri and I. Gil, 

"Optimal energy management strategy of an improved elevator with energy 

storage capacity based on dynamic programming", IEEE Trans. Ind. Appl., vol. 

50, no. 2, pp. 1233-1243, March/Apr. 2014. 

[13] P. Iurii and P. Vladimir, "Comparison of Energy-Saving Electric Drive 

Systems with PWM Rectifier and Supercapacitors," 2020 XI International 

Conference on Electrical Power Drive Systems (ICEPDS), 2020, pp. 1-6 

[14] K. Zhiguo, Z. Chunbo, Y. Shiyan and C. Shukang, "Study of Bidirectional DC-

DC Converter for Power Management in Electric Bus with 

Supercapacitors," 2006 IEEE Vehicle Power and Propulsion Conference, 

2006, pp. 1-5 

[15] M. Kutija, L. Pravica, D. Godec and D. Erica, "Regenerative Energy Potential 

of Roped Elevator Systems - A Case Study," 2021 IEEE 19th International 

Power Electronics and Motion Control Conference (PEMC), 2021, pp. 284-

291 

[16] A. Kuperman et al., "Supercapacitor Sizing Based on Desired Power and 

Energy Performance," in IEEE Transactions on Power Electronics, vol. 29, no. 

10, pp. 5399-5405, Oct. 2014 

[17] O. Biletsky, N. Suprunovska and A. Shcherba, "The optimization of energy 

parameters of the electrical systems of charge of supercapacitor from 

accumulator battery," 2015 16th International Conference on Computational 

Problems of Electrical Engineering (CPEE), 2015, pp. 4-6 



 

45 

[18] T. Tukia, S. Uimonen, M. Lehtonen, M. Siikonen and C. Donghi, "Evaluating 

and improving the energy efficiency of counterbalanced elevators based on 

passenger traffic," 2016 IEEE 16th International Conference on Environment 

and Electrical Engineering (EEEIC), 2016, pp. 1-6 

[19] S. Tominaga, I. Suga, H. Araki, H. Ikejima, M. Kusuma and K. Kobayashi, 

"Development of energy-saving elevator using regenerated power storage 

system," Proceedings of the Power Conversion Conference-Osaka 2002 (Cat. 

No.02TH8579), 2002, pp. 890-895 vol.2 

[20] J. Nzisabira, Y. Louvigny and P. Duysinx, "Comparison of ultra capacitors, 

hydraulic accumulators and batteries technologies to optimize hybrid vehicle 

ecoefficiency," 2009 International Conference on Power Engineering, Energy 

and Electrical Drives, 2009, pp. 353-358 

[21] J. Morgos, M. Frivaldsky and B. Hanko, "Comparison of modular and non-

modular bidirectional converter for renewable energy node," 2020 

International Symposium on Power Electronics, Electrical Drives, Automation 

and Motion (SPEEDAM), 2020, pp. 722-726 

[22] R. Anand and M. Mahesh, "Analysis of elevator drives energy consumptions 

with permanent magnet machines," 2016 IEEE Smart Energy Grid 

Engineering (SEGE), 2016, pp. 186-190 

[23] I. Georgiev and S. Mirchevski, "Analysis of electrical energy consumption in 

elevator drives," 2012 15th International Power Electronics and Motion 

Control Conference (EPE/PEMC), 2012, pp. LS3d.3-1-LS3d.3-6 

[24] A. Rufer and P. Barrade, "A supercapacitor-based energy-storage system for 

elevators with soft commutated interface," in IEEE Transactions on Industry 

Applications, vol. 38, no. 5, pp. 1151-1159, Sept.-Oct. 2002 

[25] Zhang, Yongming, Zhe Yan, Feng Yuan, Jiawei Yao, and Bao Ding. 2019. "A 

Novel Reconstruction Approach to Elevator Energy Conservation Based on a 

DC Micro-Grid in High-Rise Buildings" Energies 12, no. 1: 33 

[26] K. Kroics, "Development of Induction Motor Based Test Bench for 

Supercapacitor Braking Energy Recovery System Testing," 2018 IEEE 59th 

International Scientific Conference on Power and Electrical Engineering of 

Riga Technical University (RTUCON), 2018, pp. 1-5 



 

46 

[27] Srivastav, A. A. (2019, September 19). Mechanical transportation system in 

building- expert lecture on 19/09/2019. Mechanical Transportation System in 

Building.https://www.slideshare.net/arabhinavknp/mechanical-transportation-

system-in-building-expert-lecture-on-19092019?from_action=save 

[28] Sasikumar, S., Krishnamoorthi, K., & Soniya, N. (2017). Design of 

Bidirectional Converter Using Fuzzy Logic Controller to Optimize Battery 

Performance in Electric Vehicle. International Journal of Innovative Research 

in Science, Engineering and Technology, 6(2), 1774–1781. 

https://doi.org/10.15680/IJIRSET.2017.0602048 

[29] Qian, X., Peiliang, W., Lidi, Q., & Yuxiang, X. (2016). Research on Control 

Strategy of Supercapacitor Energy Storage System in Tranction Elevator. 

International Conference on Engineering Science and Management (ESM 

2016), 160–164. 

[30] Prasetyono, E., Sunarno, E., Fuad, M. C., Anggriawan, D. O., & Windarko, N. 

A. (2019). A Full-Bridge Bidirectional DC-DC Converter with Fuzzy Logic 

Voltage Control for Battery Energy Storage System. EMITTER International 

Journal of Engineering Technology, 7(1), 243–260. 

https://doi.org/10.24003/emitter.v7i1.333 

[31] Zheng Li and Yi Ruan, "A novel energy saving control system for elevator 

based on supercapacitor bank using fuzzy logic," 2008 International 

Conference on Electrical Machines and Systems, 2008, pp. 2717-2722. 

[32] I. Plotnikov, V. Polyakov and N. Postnikov, "Accuracy Investigation of 

Automatic Control System for DC-DC Converter in Frequency-Controlled 

Electric Drives with Supercapacitors," 2019 International Ural Conference on 

Electrical Power Engineering (UralCon), 2019, pp. 312-316, doi: 

10.1109/URALCON.2019.8877628. 

[33] A. R. Rao, M. Mahesh and B. K. Keshavan, "Analysis of Energy during 

Regenerative modes," 2018 IEEE International Conference on Power 

Electronics, Drives and Energy Systems (PEDES), 2018, pp. 1-6, doi: 

10.1109/PEDES.2018.8707455. 

[34] F. Mocera, E. Vergori and A. Somà, "Battery Performance Analysis for 

Working Vehicle Applications," in IEEE Transactions on Industry 



 

47 

Applications, vol. 56, no. 1, pp. 644-653, Jan.-Feb. 2020, doi: 

10.1109/TIA.2019.2943843. 

[35] Jan, L., Pavol, B., Petr, B., & Vladimir, R. (2007). Bi-Directional Dc- Dc 

Converters For Supercapacitor Based Energy Buffer For Electrical Gen-Sets. 

EPE 2007 - Aalborg. 

[36] C. M. Enang and B. K. Johnson, "Bidirectional dc-dc Converter Control in 

Battery-Supercapacitor Hybrid Energy Storage System," 2020 IEEE Power & 

Energy Society Innovative Smart Grid Technologies Conference (ISGT), 

2020, pp. 1-5, doi: 10.1109/ISGT45199.2020.9087800. 

[37] Kumar, G. S., Ramudu, G., & Arun, D. V. (2014). Analysis and 

Implementation of bidirectional DC to DC converter by using fuzzy logic 

controller. The International Journal Of Engineering And Science (IJES), 3(6), 

22–39. 

[38] L. Zhou, Z. Dong, S. Wang and Z. Qi, "Design and Analysis of a Hybrid 

Backup Power System for a High-Rise and High-Speed Elevator," 2008 

IEEE/ASME International Conference on Mechtronic and Embedded Systems 

and Applications, 2008, pp. 292-297, doi: 10.1109/MESA.2008.4735690. 

[39] N. A. Metin, A. Boyar and E. Kabalci, "Design and Analysis of Bi-directional 

DC-DC Driver for Electric Vehicles," 2019 1st Global Power, Energy and 

Communication Conference (GPECOM), 2019, pp. 227-232, doi: 

10.1109/GPECOM.2019.8778532. 

[40] D. Montesinos-Miracle, M. Massot-Campos, J. Bergas-Jane, S. Galceran-

Arellano and A. Rufer, "Design and Control of a Modular Multilevel DC/DC 

Converter for Regenerative Applications," in IEEE Transactions on Power 

Electronics, vol. 28, no. 8, pp. 3970-3979, Aug. 2013, doi: 

10.1109/TPEL.2012.2231702. 

[41] Santhosh, J., Rajagiri, A. K., & Morri, P. (2021). Battery, Ultra-capacitor based 

Hybrid Energy Storage System (HESS) for EV applications with PI and Fuzzy 

logic controllers. E3S Web of Conferences, 309, 01072. 

https://doi.org/10.1051/e3sconf/202130901072 

[42] Kermani, M., Shirdare, E., Abbasi, S., Parise, G., & Martirano, L. (2021). 

Elevator Regenerative Energy Applications with Ultracapacitor and Battery 

Energy Storage Systems in Complex Buildings. Energies, 14(11), 3259. 

https://doi.org/10.3390/en14113259 



 

48 

[43] Y. Andika, V. Lystianingrum and F. A. Pamuji, "Energy Management System 

Using Cascade Fuzzy for Hybrid Battery and Supercapacitor in Electric 

Vehicles," 2021 International Conference on Green Energy, Computing and 

Sustainable Technology (GECOST), 2021, pp. 1-6, doi: 

10.1109/GECOST52368.2021.9538648. 

[44] Dalala, Z., Alwahsh, T., & Saadeh, O. (2021). Energy recovery control in 

elevators with automatic rescue application. Journal of Energy Storage, 43, 

103168. https://doi.org/10.1016/j.est.2021.103168 

[45] Arikesh, A., & Saha, M. (2019). Fuzzy based Modular Bidirectional Energy 

Conversion for Hybrid Vehicle and Renewable Energy Applications. 

International Journal of Recent Technology and Engineering (IJRTE), 7(5S2), 

237–242. 

[46] N. Jabbour, C. Mademlis and I. Kioskeridis, "Improved performance in a 

supercapacitor-based energy storage control system with bidirectional DC-DC 

converter for elevator motor drives," 7th IET International Conference on 

Power Electronics, Machines and Drives (PEMD 2014), 2014, pp. 1-6, doi: 

10.1049/cp.2014.0487. 

[47] Kubade, P., Umathe, S. K., & Tutakne, D. D. R. (2017). Regenerative Braking 

in an Elevator Using Supercapacitor. International Research Journal of 

Advanced Engineering and Science, 2(2), 62–65. 

[48] P. J. Grbovic, P. Delarue, P. Le Moigne and P. Bartholomeus, "Modeling and 

Control of the Ultracapacitor-Based Regenerative Controlled Electric Drives," 

in IEEE Transactions on Industrial Electronics, vol. 58, no. 8, pp. 3471-3484, 

Aug. 2011, doi: 10.1109/TIE.2010.2087290. 

[49] R., & Nagapadma, D. R. (2014). Simulation of AC/DC/AC Converter for 

Closed Loop Operation of Three Phase Induction Motor. International Journal 

of Advanced Research in Computer and Communication Engineering, 3(6), 

7074–7079. 

 




