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Abstract— This paper deals with the novel power converter 

which is derived from Z-source inverter (ZSI) and Inverse 

Watkins Johnson Inverter (IWJ) called Switched Boost 

Inverter (SBI). SBI produces an output (both ac and dc) which 

can be either more or less than dc input voltage. SBI has 

reduced number of passive components than ZSI with same 

performance as ZSI. Special arrangement in PWM control of 

shoot-through state of inverter leg switches is allowed in this 

converter. Simulation is performed in MATLAB/Simulink. 

Solar module and P and O MPPT technique taken into 

consideration for simulation. To verify performance of SBI 

laboratory prototype with their results also presents. 
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I. INTRODUCTION 

Inverters are the key devices in electrical power systems, 

especially in renewable energy sources. In electrical power 

system basic design was to generate power (AC) at central 

power station and transferring to the consumers through 

transmission and distribution lines. Heretofore mostly ac 

equipment (ac motors, lamps, fans, etc.) have been used and 

it will remain but use of electronics based equipment also 

growing largely which requires direct current (DC) supply. 

Therefore to operate such devices ac power coming from grid 

need to convert into dc. Also output obtained from renewable 

energy sources is at low efficiency, so it is required to boost 

before supplying it to loads. Traditional two stage or single 

stage inverter topologies are widely used for this purpose. Z-

source inverter topology provides prominent and effective 

conversion but as it is associated with more number of 

passive devices so it has bulkiness. Proposed Switched Boost 

Inverter is the option for avoiding this problem. Switched 

Boost Inverter is derived from Inverse Watkins Johnson 

(IWJ) topology in which simultaneously ac and dc supply can 

produce. Therefore single stage conversion is possible by use 

of SBI that minimizes conversion energy losses. Fig. 1 shows 

the basic block diagram of solar PV based microgrid with 

SBI. Double stage dc - dc and then dc - ac conversion in 

conventional system is performed in single stage through 

SBI. SBI is improved version of Z source Inverter. Z-source 

inverter is proposed in [2]. SBI has less number of passive 

elements (inductors and capacitors) with more number of 

active elements compared with ZSI while holding its 

operational features [1, 3]. 

 
Fig. 1: Block diagram of solar PV based microgrid using 

SBI 

 In this paper Switched Boost Inverter is proposed 

with Solar PV source. Simulation and prototype model for 

SBI interfacing with PV module has been performed and the 

results for optimum power from PV panel at different 

insolation with MPPT are presented. 

Proposed SBI 

A. SBI Circuit 

Fig. 2 shows the circuit diagram of proposed single input dual 

output (supplying both ac and dc loads) power converter 

called SBI. It contains dc input stage, boost stage, inverter 

stage with filter and load. It has total five switches, two 

diodes, two inductors and two capacitors. As a dc input 

different sources can be used like Batteries, Variable dc 

source, fuel cells, and Solar PV module. In this paper Solar 

PV module as input source is considered. DC loads can be 

connected across capacitor (C). Operation of this converter is 

divided into two parts; shoot through mode of operation and 

non-shoot through mode of operation. In shoot through mode 

switch Gs and both switch on same leg of inverter (S1 & S4 or 

S3 & S2) is switched ON which disconnects the input source 

from boost network and energy transfers from capacitor to 

inductor. When switch Gs is off, stored energy in inductor 

transfer to inverter along with input voltage to emulate 

boosting operation. This modes of operation, analysis and 

waveforms for SBI were well explained in [3]-[5]. Since 

proposed topology uses shoot through state, it has better EMI 

noise immunity as compared to traditional inverters. This 

minimizes the burden on protection circuit of power 

electronics switches. 

 
Fig. 2: Schematic Circuit of SBI [5] 
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The conversion ratio (Vc/Vg) of the SBI is given by equation 

[3], 
Vc

Vg
=

1−D

1−2D
                                      (1) 

B. Maximum Power Point Technique 

Since PV generated electricity is depend on irradiation, 

temperature, shadow, etc., it becomes an unstable source of 

energy so it is essential to use some suitable controller to 

operate PV system close to maximum power point. 

 
Fig. 3: Flowchart of P & O MPPT Algorithm 

 In this system P and O algorithm is used as MPPT. 

Fig. 3 shows flowchart of P & O method. In this method 

voltage and current generated at output terminal of PV panel 

is to be recorded and then voltage is perturbed and according 

to that duty ratio (D) of SBI changes. It is also called hill 

climbing method because it is referred to increase in power 

against voltage at below MPP and decrease in power against 

the voltage at above MPP. Here MPPT provides duty ratio 

which is further applied as a constant parameter for PWM.[6] 

C. Fuzzy Logic Controller 

Fuzzy Logic Control (FLC) system consists of three blocks; 

fuzzification, process and defuzzification block. FLC does 

not require complicated mathematical models [8, 9]. Here 

fuzzy logic controller used to control modulation index so 

output of inverter. Instead of taking output voltage as a 

feedback input in this system irradiation taken as input 

variable for fuzzy controller whereas duty ratio considered is 

a output variable. Membership functions for input radiation 

and output duty ratio is shown in Fig. 7. Output duty ratio is 

converted into sinusoidal modulation signal that controls 

output voltage constant. Fig. 4 (a) and (b) shows membership 

function plots for input and output developed in MATLAB. 

 
(A) 

 
(B) 

Fig. 4 (A): Input Radiation Membership Function (B) 

Output Duty Ratio Membership Function 

II. SIMULATION, RESULTS & DISCUSSION 

A. PWM Control Switching 

SBI is controlled by modifying traditional sine triangular 

PWM technique. This modification is done by comparing 

carrier signals (Vtri) with additional constant signal (VST). 

Purpose of this modification is to insert shoot- through state 

in switching signals for SBI switches [7]. Fig.5 shows 

schematic circuit of PWM. Two signals Sa and Sb are 

generated by comparing Vtri signal with VST and -VST 

respectively. Gate control signal for switch S is achieved by 

NAND operation on signal Sa and Sb. 

 
Fig. 5: Schematic of PWM Control Circuit 

 
Fig. 6: Simulink Model of SBI with MPPT & Fuzzy 

Controller 



Development of Fuzzy based Switched Boost Inverter for Solar PV System 

 (IJSRD/Vol. 6/Issue 05/2018/208) 

 

 All rights reserved by www.ijsrd.com 928 

Logical expression required for obtaining gate control signal 

is as follows, 

Gs1 = Gs1 + Sa 

Gs2 = Gs1 + Sb 

Gs3 = Gs1 + Sa 

Gs4 = Gs1 + Sb 

Gs = Sa + Sb 

B. Simulation of SBI 

As shown in Fig. 6 simulation for proposed SBI with MPPT 

and closed loop fuzzy controller is done by using MATLAB. 

Table I listed parameter values used for this simulation. Input 

is considered as PV array. This simulation is performed with 

varying irradiation profile in the range between 700 w/m2 to 

1000w/m2. 

Parameters Value 

 

 

 

 

 

PV module 

Irradiation 700-1000 w/m2 

Temperature 25°C 

Voltage (Open Circuit) 36 V 

Current (Short Circuit) 7.84 A 

Voltage at MPP 29 V 

Current at MPP 7.35 A 

Fill Factor 0.755 

Switching Frequency(fs) 10kHz 

Inductor (L) 5.6 H 

Capacitor (C) 100 µF 

Capacitor across PV Panel(Cin) 10 µF 

Inductor for filter (Lf) 4.6 H 

Capacitor for filter (Cf) 10 µF 

Table 1: Parameters for Simulation 

C. Simulation Results 

Fig. 7 (a) to (c) shows the various waveforms obtained from 

this simulation. Fig. 7 (a) shows capacitor voltage (Vc) value 

nearly 550V that is approximately 3 times input dc voltage 

from PV panel (175V). Vc acts as a input voltage for inverter. 

Fig. 7 (b) shows the output voltage across Inverter Bridge 

without filter and as usual it is square wave. It is then passed 

through the low pass filter to have sine wave output. Fig. 7 

(c) indicates filtered inverter bridge output voltage (ac bus 

voltage) that attains almost 200V. It takes bit time (0.03 sec) 

to attain constant value. This results supports the stated 

performance of SBI. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 7 (a): Inverter voltage across capacitor (dc bus voltage) 

(b) Voltage across inverter bridge (c) Filtered output voltage 

of inverter (d) Output current of inverter 

III. EXPERIMENTAL VERIFICATION 

A laboratory prototype of SBI shown in Fig. 8 is developed 

to verify theoretical analysis given in paper. Tables II list 

components used for the experimental verification. This 

model consist of three parts namely power circuit, controller 

& driver circuit and converter circuit. Gate pulses and 

controlling obtained through PIC Microcontroller. 

Components Manufacturer 

Inverter Switches (S1, S2, 

S3, S4) 
IRF540 (IR corp.) 

Switch Gs (Boost n/w) FGA15N120ANTD 

Diodes (Da, Db) UF5408 

Gate Driver 
IR2110,TLP250 

(TOSHIBA) 

Table 2: Components List 
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Fig. 8: Experimental Model of SBI 

A. Controller Circuit 

The PIC18F5420 is a low power and high performance 10 bit 

microcontroller. It is low cost, general purpose 

microcontroller due to their industry standard instruction set. 

There are three controller sets is used. One is for closed loop 

system, second is for gate controlling of switch S (high 

frequency) and third is for gate controlling of inverter 

switches (Low Frequency). 230V AC stepped down to 12V 

AC. This 12V AC rectified to 5 V DC to supply to controller 

IC. 

B. Gate Driver Circuit 

5V pulse from controller are amplified by using buffer IC’s. 

Output of amplifier IC will be given to opto coupler IC. It is 

used to provide isolation in between controller circuit and SBI 

circuit. MCT2E and TLP250 IC are used. 

C. SBI Circuit 

230V AC is stepped down to 12V AC. This 12V AC then 

rectified using bridge rectifier. This rectified voltage is used 

as input for SBI circuit. 

 
(a) 

 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

Fig. 9 (a): Input Voltage for SBI (b) PWM Signal for 

Inverter (c) PWM Signal for Boost Network (d) DC Bus 

Voltage (e) Output AC Voltage of Inverter 

 Results of Prototype model is shown in Fig. 9.In this 

paper simulation is performed for 100V input dc voltage but 

hardware implementation designed for low voltage range i.e. 

12V to 15V. DC voltage across capacitor near about 50V. 

With this DC bus voltage a bank of batteries of nominal 

voltage 48V can be charged. Output voltage of SBI is 18V to 

20V ac. 
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IV. CONCLUSION 

This paper presented switched boost power electronics 

converter powered from solar PV panel. Modified PWM 

technique is used that is generated by using NAND gate in 

MATLAB/simulink. By applying this PWM signal to SBI, 

simultaneously boosted ac and dc output voltage is obtained. 

Further effectiveness of the system is improved by MPPT and 

Fuzzy controller. Experimental results for low voltage input 

also verified. Thus it is concluded from overall results that 

SBI has good capability to use for PV based microgrid 

applications. 

REFERENCES 

[1] S. Mishra, R. Adda, and A. Joshi, “Inverse Watkins-

Johnson topology based inverter” IEEE Trans. Power 

Electron., vol. 27, no. 3, pp. 1066– 1070, Mar. 2012 

[2] F. Z. Peng, “Z-source inverter,” IEEE Trans. Ind. Appl., 

vol. 39, no.2, pp. 504–510, Mar./Apr. 2003. 

[3] Satish S. Dhokare, P. K. Katti. “Switched Boost Inverter 

For Variable DC Supply” International Journal of 

Electronics, Electrical and Computational System, vol. 6, 

Issue 11, 2017 pp. 266-272 

[4] Santanu K. Mishra and Avinash Joshi. “Synchronous 

Reference Frame Based Control of SBI for Standalone 

DC Nano grid Applications” IEEE Trans. on power 

electronics (2011): 1219-1233. 

[5] Ravindranath, Avinash Joshi and Santanu 

Mishra,Saurabh Upadhyay. “A Switched-Boost 

Topology for Renewable Power Application” (IPEC) 

(2010): 758-762. 

[6] Khomdram Jolson Singh and Subir Kumar Sarkar, 

“Maximum Power Point Tracking Controller using P and 

O Algorithm for Solar PV Array on FPGA” IEEE’s 

International Conference on Communication and Signal 

Processing-2016, India, pp.1878-1883. 

[7] Ravindranath Adda, Avinash Joshi, Santanu K. Mishra 

and Olive Ray. “A PWM Control Strategy for Switched 

Boost Inverter” Dept. of Electrical Engineering IEEE 

Trans. On power electronics (2011): 5593-5602. 

[8] Anushree V and Saifunnisa P, “Closed Loop Control of 

Switched Boost Inverter” IEEE’s ICEEOT-(2016), 

:3040 - 3044 

[9] Adda R., S. K. Mishra, A. Joshi. “Analysis and PWM 

Control of Switched Boost Inverter”, IEEE Transaction 

on industries electronics, volume 60, December 2013 


