
International Journal of Innovative Technology and Exploring Engineering (IJITEE) 

ISSN: 2278-3075, Volume-9 Issue-2, December 2019 

4114 

 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  
Retrieval Number: B7417129219/2019©BEIESP 

DOI: 10.35940/ijitee.B7417.129219 

 

Abstract: In this paper, multi input multi output (MIMO) 

Zeta converter is proposed for hybrid renewable energy 

applications. The Traditional MIMO is modified with Zeta 

converter for its Continuous output current, high voltage Gain, 

Buck boost capability & performing higher switching frequencies. 

Here there are five ports among them three input ports and two 

output ports. The Inputs are PV, Battery & Super capacitor. The 

converter is controlled by sliding mode controller (SCM) and it 

has fast system response and it controls peak overshoot. This 

converter boosts the PV panel, battery and fuel dc voltage to 

regulated output dc voltage without any losses. This topology 

provides a positive output voltage. Modes of operation for multi 

port zeta converter are explained. To test the effectiveness of the 

proposed topology, simulation model is developed using MTALB 

and suitability of the proposed model is tested using 

experimentation.   

  

Keywords: Zeta  Converter, Sliding Mode Control, 

Multi-Input port and  Multi-output port, boost conversion. 

I. INTRODUCTION 

Nowadays, Global warming is the major Problem faced by 

the society. In order to cope up with the challenges Renewable 

energy resources play a key role for the substitute for fossil 

fuels [1-4]. To obtain a highly reliable renewable energy 

system, hybrid systems plays important role in composing 

different renewable energy resources with different input 

different characteristics to provide intended output. Multiport 

converters play a key role in composing different input to give 

the desired output. These converters have low cost, simple 

structure and fewer components [5]. In [6], working of buck 

boost converter with multi input configuration is presented, 

the component count in this converter is less, but the output 

from this converter is negative. In [9], non-isolated dc-dc step 

up converter with multi source and single output is analyzed.  

This topology has properties of the boost and buck and 

converters. 

 

  This converter required large number of inductors and 

power semiconductor switches. These will leads to size of this 

converter are bulky and losses are high. In [10] a multi-output 
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boost converter is analyzed. In this topology, outputs of the 

boost converters are connected in series. It requires “m+1” 

switch for “m” outputs. Due to more number of switches, the 

control becomes complex.  

 

In [11], bidirectional dc-dc converter with single input and 

multi output configuration is explained. This converter can 

operate in buck or boost mode. But size of the converter is 

bulky and it needs complex control techniques. In [12], single 

stage dc-dc converter with multi input multi output 

configuration is analyzed. It requires “a+b” power switches 

for “a” number of input and “b” number of output. This 

control scheme is very complex. In [13], matrix converter 

based dc –dc buck boost converter with multi input multi 

output configuration is presented. Due to increases in number 

of input sources, this will leads to increases in component i.e., 

it requires more number of inductor and power switches. It 

needs “b2” power switches, b number of inductor and dc 

voltage sources for “a” input and “b” output. Due to more 

components, topology was more complex.   There is also a 

difference in polarity of the voltage.  

 

The block diagram of Traditional hybrid energy system is 

given below 

 

 
Fig.1. Traditional Energy storage system 

 

The novel topology on multi input multi output system is 

developed to overcome the problems listed in the above 

literature and it is shown in the Fig.3. This topology is further 

modified with zeta converter for its high voltage gain & 

continuous output current. The block diagram is given below 
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Fig.2. Block Diagram of closed loop control of MIMO 

zeta dc-dc converter 

 

 In this work, a MIMO zeta converter is designed. The 

different modes of and its working of converter is elaborated 

with MATLAB simulation and experimental verification.  

Figure 3 shown the topology of the MIMO zeta dc-dc 

converter. 

 
Fig.3. Structure of MIMO Converter 

II. MIMO ZETA CONVERTER 

This section explains the modes and working of the multi 

input (three input) multi output (two outputs) zeta dc-dc 

converter is proposed and it is shown in figure 4. The ripples 

in the output voltage can be reduced by choosing the suitable 

inductor and capacitor values. The structure in Fig.3 is 

modified by replacing the boost converter with zeta converter. 

The modified structure is given in Fig.4 

 

 
Fig.4. Modified MIMO Zeta Converter 

 

Figure 4 shows the circuit diagram of three input and two 

output zeta converter. In this circuit, “Vo” denotes the output 

voltage of the converter and R is known as load resistance. In 

this circuit “V1”,”V2” & “V3” known as input voltage of the 

circuit. Figure 5 shows the switching pattern for S1, S2 and S3 

and corresponding duty cycle is denote by D1, D2 and D3 The 

switches are operated with different duty cycles according 

with output voltage level. 

 
Fig.5. Switching order of the proposed converter 

 

First operating mode (0≤ t ≤ D1t) 

 During the First operating mode in  time interval (0≤ t ≤ 

D1t) when switch S5 is on and considering V1>V2>V3  The 

Source V1 supplies the energy through S1 and Diode D1 , 

There is  positive voltage across the inductance and due this 

inductor current rises linearly from the initial value Ii. the 

input voltage is greater than inductor voltage during this mode 

(V1≥0). The current through the inductor is represented by 

the following equation,  

+                             (1) 

Where VL=VL1 + VL2, The above equation is rewritten as  

+                                       (2) 

Where iL= Ii,   VL=VL1 + VL2 

 

Second operating mode (D1t ≤ t ≤ D2t) 

 During the Second operating mode in the time interval (D1t 

≤ t ≤ D2t) when switch S5 is on and considering V2>V3.  The 

Source V2 supplies the energy through S2 and Diode D2 

There is positive voltage across the inductor and due to this 

current rises in the inductor from the initial value Ii1 , the 

current through the inductor is expressed as,  

 

+              (3) 

Where VL=VL1 + VL2, The above equation is rewritten as  

+              (4) 

Third operating mode (D2t ≤ t ≤ D3t) 

 During the Third operating mode in the time interval  

(D2t ≤ t ≤ D3t) when switch 

S5 is on and considering 

V2>V3.  The Source V3 
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supplies the energy through S3 and Diode D3 There is 

positive voltage across the inductor. The current through the 

inductor rises linearly from the value Ii2 , the inductor current  

is given by 

 

+         (5) 

Where VL=VL1 + VL2, The above equation is rewritten as  

+     (6) 

 

III. SIMULATION RESULTS OF MIMO ZETA 

CONVERTER 

 

 

 
Fig.6. Simulation Circuit of the closed loop control of MIMO zeta dc-dc converter 

  

 The MATLAB software used to simulate the Three Input - 

two output zeta converter and the simulation results are 

obtained. Sliding mode controller is implemented for getting 

desired reference voltage settings [14-28]. Modified MIMO 

zeta converter parameters are shown in Table I. 

 
  Fig.7. Zeta output voltage 

Table-I: Parameters of the proposed Converter 
Specifications Value 

First Supply Voltage (V1) 60 V 

Second Supply Voltage (V2) 40 V 

Third Supply Voltage (V3) 20 V 

Inductor (L1) 400 mH 

Inductor (L2) 400 mH 

Capacitors 2µF 

Duty Cycle of Switch (S1) 0.9 

Duty Cycle of Switch (S2) 0.6 

Duty Cycle of Switch (S3) 0.3 

Load Resistor 1000Ω 

Switching Frequency 200 KHz 

 

 

Fig.8. Discharging and Charging characteristics of 

Battery  

The Output voltage obtained by this three input two output 

zeta converter is 220 V. sliding mode controlled modified 

MIMO zeta converter is operated in closed loop manner. This 

control gives the continues output with hybrid input supply 

system i.e., due to solar PV, battery and super capacitor with 

different modes of operation 

and this converter gives 
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continues output from the system. 

The Voltage, Current and SOC of battery Charging and 

discharging is given in Figure 8. The Voltage , Current and 

SOC of Super capacitor Charging and discharging is given 

Figure 9. 

 

Fig. 9. Discharging and charging characteristics of Super 

Capacitor 

Table-II: Comparison of MIMO with Zeta Converter 
MIMO CONVERTER     ZETA CONVERTER 

Multi input multi output DC to 

DC Boost converters are used to 

get maximum output voltage of 

100V 

Zeta converter maximum output 

voltage is 210 V  

MIMO Ripple voltage is greater 

than zeta converter  

Ripple voltage is low  

Peak voltage is high Peak voltage low 

MIMO converter is using PID 

controller it is very slowly 

operation 

Zeta converter’s using (SMC) 

controller it is very fast 

operation. 

 

IV. EXPERIMENTAL RESULTS OF MIMO ZETA 

CONVERTER 

The experimental setup for proposed model is developed 

and tested for different operating conditions. Figure 10 shows 

the experimental setup for the proposed system. Input voltage 

from the different sources is 12 volts and 48 volts is obtained 

in the output terminal of the converter. Figure 11 shows the 

output voltage of the converter measured in the digital storage 

oscilloscope. 

 

Table-III: Parameters of Hardware 
s.no Component  Description  Quantity 

1 PV Panel 100 Watts. 12V 1 

2 Battery 12 V, 5Ah 1 

3 Super capacitor  2.1mF 1 

4 Inductance 400 µH 2 

5 Micro controller PIC 16F877A 1 

 

 

 
Fig.10. Experimental setup for the proposed system 

 

 
Fig.11. Hardware output of zeta converter 

V. CONCLUSION 

 This paper presented the operation and working of the 

modified multi input and multi output zeta converter for 

hybrid renewable application. This converter is operated in 

high frequencies in order to get high voltage gain in the output 

of the converter system. The continues current is obtained by 

this modified MIMO zeta converter structure.  The different 

modes of operation of proposed converter are explained. 

Simulation results are obtained for the converter by using 

MATLAB with three different sources such as Solar PV, 

Super capacitor and Battery. The output voltage obtained can 

be used for Electric vehicles, DC Charging stations & DC 

grids. Effectiveness of the proposed model is verified by 

experimentation and experimental results are presented for 

checking the suitability of the converter.  

REFERENCES 

1. R. Liu and Z. Li, "A Three-Port Multi-Element Resonant Converter with 

Decoupled Power Flow Management," 2018 IEEE 4th Southern Power 

Electronics Conference (SPEC), Singapore, Singapore, 2018, pp. 1-5. 

doi: 10.1109/SPEC.2018.8636021 

2. C. Balaji, S. S. Dash, N. Hari and P. C. Babu, "A four port non-isolated 

multi input single output DC-DC 

converter fed induction motor," 

2017 IEEE 6th International 

Conference on Renewable Energy 



International Journal of Innovative Technology and Exploring Engineering (IJITEE) 

ISSN: 2278-3075, Volume-9 Issue-2, December 2019 

4118 

 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  
Retrieval Number: B7417129219/2019©BEIESP 

DOI: 10.35940/ijitee.B7417.129219 

 

 

 

 

 

 

Research and Applications (ICRERA), San Diego, CA, 2017, pp. 

631-637. doi: 10.1109/ICRERA.2017.8191136 

3. Faraji, Rasoul, Hosein Farzanehfard, Georgios Kampitsis, Marco 

Mattavelli, Elison Matioli, and Morteza Esteki. "Fully Soft-Switched 

High Step-up Non-Isolated Three-Port DC-DC Converter Using GaN 

HEMTs." IEEE Transactions on Industrial Electronics (2019). 

4. A. Ganjavi, H. Ghoreishy, A. A. Ahmad and Z. Zhagn, "A Three-Level 

Three-port Bidirectional DC-DC Converter," 2018 IEEE International 

Power Electronics and Application Conference and Exposition (PEAC), 

Shenzhen, 2018, pp. 1-4. doi: 10.1109/PEAC.2018.8590338 

5. R. Sankar and N. K. Kala, "Implementation of full-bridge three-port 

converters with wide input voltage range for renewable energy systems," 

2017 International Conference on Energy, Communication, Data 

Analytics and Soft Computing (ICECDS), Chennai, 2017, pp. 

3675-3680. doi: 10.1109/ICECDS.2017.8390149 

6. M. Al-Soeidat, H. Khawaldeh, H. Aljarajreh and D. Lu, "A Compact 

Three-Port DC-DC Converter for Integrated PV-Battery System," 2018 

IEEE International Power Electronics and Application Conference and 

Exposition (PEAC), Shenzhen, 2018, pp. 1-6. doi: 

10.1109/PEAC.2018.8590624 

7. H. Moradisizkoohi, N. Elsayad and O. A. Mohammed, "Experimental 

Verification of a GaN-Based Double-Input Soft-Switched DC/DC 

Converter for Hybrid Electric Vehicle Application," 2018 IEEE Industry 

Applications Society Annual Meeting (IAS), Portland, OR, 2018, pp. 

1-8. doi: 10.1109/IAS.2018.8544463 

8. M. Rouhani and G. J. Kish, "Multiport DC-DC-AC Modular Multilevel 

Converters for Hybrid AC/DC Power Systems," in IEEE Transactions 

on Power Delivery. doi: 10.1109/TPWRD.2019.2927324 

9. X. Qi, D. Zhang, X. Pan and M. Fang, "A Coupled Inductors Based High 

Gain Non-Isolated Three-Port DC-DC Converter," 2018 IEEE 

International Power Electronics and Application Conference and 

Exposition (PEAC), Shenzhen, 2018, pp. 1-6. doi: 

10.1109/PEAC.2018.8590286 

10. L. Yang, J. Peng, F. Yang, Y. Zhang and H. Wu, "Single-Phase 

High-gain Bidirectional DC/AC Converter Based on High 

Step-up/step-down DC/DC Converter and Dual-input DC/AC 

Converter," 2019 IEEE 10th International Symposium on Power 

Electronics for Distributed Generation Systems (PEDG), Xi'an, China, 

2019, pp. 554-559. doi: 10.1109/PEDG.2019.8807762 

11. G. Jean-Pierre, N. Altin and A. Nasiri, "A Three-Port LLC Resonant 

Converter for Photovoltaic-Battery Hybrid System," 2019 IEEE 

Transportation Electrification Conference and Expo (ITEC), Detroit, 

MI, USA, 2019, pp. 1-6. doi: 10.1109/ITEC.2019.8790468 

12. J. Ning, J. Zeng and X. Du, "A Four-port Bidirectional DC-DC 

Converter for Renewable Energy-Battery-DC Microgrid System," 2019 

IEEE Energy Conversion Congress and Exposition (ECCE), Baltimore, 

MD, USA, 2019, pp. 6722-6727. doi: 10.1109/ECCE.2019.8912185 

13. R. Kumar, A. V. Goyal, S. Srivastava, S. P. Singh and N. Singh, 

"Modelling and simulation of matrix converter based DC-DC 

converter," 2013 International Conference on Energy Efficient 

Technologies for Sustainability, Nagercoil, 2013, pp. 134-138. doi: 

10.1109/ICEETS.2013.6533370 

14. K. Premkumar, T. Thamizhselvan, M. Vishnu Priya, S B Ron Carter and 

LP Sivakumar; ‘Fuzzy Anti-Windup PID Controlled Induction Motor’. 

International Journal of Engineering and Advanced Technology 

(IJEAT), ISSN: 2249 – 8958, Volume-9 Issue-1, October 2019. 

15. Thamizhselvan, T., Seyezhai, R., Premkumar, K., “Maximum power 

point tracking algorithm for photovoltaic system using supervised 

online coactive neuro fuzzy inference system”, Journal of Electrical 

Engineering, (2017) 17 (1), pp. 270-286. 

16. K. Premkumar and B.V. Manikandan , “Stability and Performance 

Analysis of ANFIS Tuned PID Based Speed Controller for Brushless DC 

Motor,” in Current Signal Transduction Therapy, vol.13, no.1, 2018, pp. 

19-30. 

17. Premkumar, Kamaraj, Manikandan, Bairavan Veerayan, Kumar, and 

Chellappan Agees, “Antlion Algorithm Optimized Fuzzy PID 

Supervised On-line Recurrent Fuzzy Neural Network Based Controller 

for Brushless DC Motor,” Electric Power Components and Systems, 

vol.45, no.20, 2018, pp.2304-2317. 

18. K. Premkumar and B.V. Manikandan , “GA-PSO optimized online 

ANFIS based speed controller for Brushless DC motor,” in Journal of 

Intelligent & Fuzzy Systems, vol. 28, no. 6, 2015, pp. 2839-2850. 

19. K. Premkumar and B.V. Manikandan , “Online Fuzzy Supervised 

Learning of Radial Basis Function Neural Network Based Speed 

Controller for Brushless DC Motor,” in Lecture Notes in Electrical 

Engineering, vol.326, 2015, pp.1397-1405. 

20. K. Premkumar and B.V. Manikandan, “Novel bacterial foraging-based 

ANFIS for speed control of matrix converter-fed industrial BLDC 

motors operated under low speed and high torque,” in Neural 

Computing and Applications, vol. 29, no.12, June 2018, pp.1411–1434. 

21. M. John Prabu, P. Poongodi, and K. Premkumar, “Fuzzy supervised 

online coactive neuro-fuzzy inference system-based rotor position 

control of brushless DC motor,” in IET Power Electronics, vol.9, no.11, 

September 2016, pp.2229 – 2239. 

22. K. Premkumar and B. V. Manikandan, "Adaptive fuzzy logic speed 

controller for brushless DC motor," in 2013 International Conference on 

Power, Energy and Control (ICPEC), Sri Rangalatchum Dindigul, 2013, 

pp. 290-295. 

23. K. Premkumar, and B.V. Manikandan, “Speed control of Brushless DC 

motor using bat algorithm optimized Adaptive Neuro-Fuzzy Inference 

System,” in Applied Soft Computing, vol.32, 2015, pp.403-419. 

24. K. Premkumar, and B.V. Manikandan, “Fuzzy PID supervised online 

ANFIS based speed controller for brushless dc motor,” 

Neurocomputing, vol.157, 2015, pp.76-90. 

25. K. Premkumar, and B.V. Manikandan, “Bat algorithm optimized fuzzy 

PD based speed controller for brushless direct current motor,” in 

Engineering Science and Technology, an International Journal, vol. 19, 

no.2, 2016, pp.818-840. 

26. K. Premkumar, and B.V. Manikandan, “Adaptive Neuro-Fuzzy 

Inference System based speed controller for brushless DC motor,” in 

Neurocomputing, vol.138, 2014, pp. 260-270. 

27. Shyam, D., Premkumar, K., Thamizhselvan, T., Nazar Ali, A., Vishnu 

Priya, M, “Symmetrically modified laddered H-bridge multilevel 

inverter with reduced configurational parameters”, International Journal 

of Engineering and Advanced Technology, 9(1), 2019, pp.5525-5532. 

28. Alice Hepzibah, A. & Premkumar, K. “ANFIS current–voltage 

controlled MPPT algorithm for solar powered brushless DC motor based 

water pump” Electr Eng (2019). 

https://doi.org/10.1007/s00202-019-00885-8 

29. Ramya, G., V. Ganapathy, and P. Suresh. "Comprehensive analysis of 

interleaved boost converter with simplified H-bridge multilevel inverter 

based static synchronous compensator system." Electric Power Systems 

Research 176 (2019): 105936. 

 

AUTHORS PROFILE 

 

A.G.Karthikeyan received the B.E. degree from Anna 

University Chennai, Tamil Nadu, India, in 2009, and M.E. 

Degree from Anna University Chennai, Tamil Nadu, 

India, in 2011, all in faculty of electrical and electronics 

engineering. He is currently pursuing Ph.D in Anna 

University, Chennai. Also, he is working as an Assistant Professor in 

St.Joseph College of Engineering, Chennai. His current research interests 

includes Design of Multiport converters, Renewable energy Applications & 

Power Quality 

 

K.Premkumar received the B.E. degree from Anna 

University Chennai, Tamil Nadu, India, in 2005, and 

M.E. Degree from Anna University Chennai, Tamil 

Nadu, India, in 2007, all in faculty of electrical and 

electronics engineering. He obtained his Ph.D. degree 

from Anna University, Chennai, in the year 2015. Also, 

he is working as an Associate Professor in the Department of Electrical and 

Electronics Engineering of Rajalakshmi Engineering College, Chennai, 

Tamil Nadu, India. His current research interests include designing of speed 

and current controllers based on PID controller, fuzzy logic controller, 

ANFIS controller, and CANFIS controller for the special electrical machines 

 

P.Suresh, .He is presently a scholar at Annamalai 

university, Chidambaram,India. His research area is on 

power quality improvement using Interline Dynamic 

Voltage Restorer.  

 

 

G. Ramya (Ganesan Ramya) was born on 22nd May 

1988in Tirupatttur, Tamilnadu, India. She obtained her 

Bachelorof Engineering (B.E.) Degree from Veltech 

Engineering 

College, Chennai and Master of Engineering (M.E) 

fromDMI Engineering College, Chennai in the years 

2009 and2011 respectively. She is a 

research Scholar from 2014 

inDepartment of EEE, Faculty of 

Engineering & Technology,SRM 

https://doi.org/10.1007/s00202-019-00885-8


Multi Input and Multi Output Zeta Converter for Hybrid Renewable Energy Storage Systems 

 

4119 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  

Retrieval Number: B7417129219/2019©BEIESP 

DOI: 10.35940/ijitee.B7417.129219 

 

 

Institute of Science & Technology, Chennai, India. Shehas eight years of 

teaching experience and currentlyworking as an Assistant Professor in the 

Department of EEE,Faculty of Engineering & Technology, SRM Institute 

ofScience & Technology, Chennai, India. Her research interestsare Power 

quality, FACTS, Soft computing, Power 

System Analysis, and Analysis of Inverter.  

 

 

 A.Johnson Antony received the B.E. degree from Anna 

University Chennai, Tamil Nadu, India, in 2009, and 

M.E. Degree from Anna University Chennai, Tamil 

Nadu, India, in 2011, all in faculty of electrical and 

electronics engineering. He is working as an Assistant 

Professor in St.Joseph College of Engineering, Chennai. 


