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ABSTRACT: 

Background/Objectives: This paper analysis single-stage Z-source inverter (ZSI) Based Photo Voltaic (PV) system for 

power quality improvement in a grid. The grid connected PV system with transformer provides isolation and grounding 

for PV array. But the transformer will increase cost and size of the system. The proposed work uses transformer-less 

single-stage conversion by using the maximum power point tracking and interfacial PV grid. 

Methods/Statistical analysis: The maximum power point tracking (MPPT) is implemented by incremental conduction 

algorithm. The ZSI provides the injecting current to the grid by using hysteresis current control method. It can improves 

the power quality. An Z-Source Inverter consists of both Voltage Source Inverter and Current Source Inverter 

properties. This also improves the dynamic performance of the system. 

Findings: The simulation results of Current Source Inverter (CSI) inverter and ZSI inverter are obtained. The ZSI 

provides the better Total Harmonic Distortion (THD, power factor and active power of the system. 

Application/Improvements: In this wide range of applications like Sub Stations, Distribution Stations, Transmission 

Stations. 

Keywords: Z source inverter (ZSI), grid connected PV system, maximum power point tracking (MPPT), hysteresis 

current control method 

 

INTRODUCTION: Now a days among all the 

renewable energy sources the PV systems is well known 

promising technology. The PV system has wide range 

of applications 
1,2

. Like commercial, distribution, 

generation and transmission. The main factors are low 

cost and high efficiency. The output voltage is non 

sinusoidal for distribution, generation Applications
16

. 

The PV system operates two modes. One is grid 

connected mode and other one Islanded mode. The 

operation can take two key forms one standard alone 

generator is not connected to grid and the other one 

generator connected to the electrical grid in parallel, so 

grid connected mode is good for PV. There are single-

stage and two-stage grid connected PV systems
1

 These 

techniques are used for extracting the maximum power 

from PV systems. The grid connected PV with 

transformer provides isolation grounding for PV array. 

In this case cost& size of system may increases 
3

 For 

renewable energy applications current source inverter 

(CSI) having some limits, give justification so Z-source 

inverter could be alternating technology for PV systems. 

It is a type of inverter a circuit that converts DC-AC. 

Because of the unique circuit topology, Z-source 

inverter having both voltage and current source 

properties. The Z-source inverter (ZSI) looks into grid 

connected PV system have been proposed 
4

 In general 

the PV panel output power and efficiency depends on 

irradiation, climatic condition and isolation level. For 

effective results of PV panel many authors are 

presented different techniques based Maximum Power 

Point Tracking (MPPT)
14,15

. We can achieve MPPT in 

two ways Electrical tracking and Mechanical tracking. 

In mechanical tracking by changing the direction of 

solar panel expose to the sun. In this way will obtain 

Maximum solar power output. The electrical tracking 

achieved by the different algorithms like. 

Incremental conductance (ICT) 

Perturb and observations (P&O) 

Constant reference and voltage/current. 

Among these algorithms ICT and P&O algorithms 

having good dynamic response and that can track 

maximum power from PV 
9

. In this paper, a single-stage 

transformer less grid connected PV system for power 

quality improvement based on the ZSI (z-source 

inverter) proposed. In ZSI inverter inductors are 

connected in series and capacitors 

are in diagonal. That looks like „X‟ shape. We are 

using MPPT (maximum power point tracking) is obtain 
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maximum power by using ICT technology. The ZSI 

provides the injecting current to the grid by using 

hysteresis current control method. To know the 

improved power quality of the proposed grid connected 

system simulation results are obtained using Simulink. 

 

II.  IZ- Sourse Inverter Topology 

 

From the (Figure 1)shows the topology of ZSI to inject 

current into the grid. In this arrangement grid is 

considered as source and load connected in series to 

the grid. PV panel is providing input supply to the ZSI
10

. 

Compare with the conventional (CSI) current source 

inverter Z-source inverter (ZSI) have more advantages. 

It will increas-e output voltage of the system by boosting 

the DC voltage. 

 

 
 

Figure.1 Z-source inverter topology 

 

In this configureuration two inductors can be arranged 

on same core. It minimizes the size and weight of the 

system. The ZSI has two independent control variables 

are Modulation index and Shoot through duty ratio 
5

 In 

ZSI misfiring of switches sometimes acceptable, and 

both buck and boost operations also possible, main 

circuits are interchangeable, less effected EMI, 

harmonic distortion and power losses low and very high 

efficiency 
5

 If the ZSI is treated as a single stage 

buck/boost converter. It gets voltage modeling in single 

stage without implementing more switching device. The 

ZSI deals with input voltage function in wide range, 

which is generally accomplished by a two stage chopper 

cascaded by inverter structure. A dynamic modeling 

and transient analysis of Z-source network are discussed 

by using state space average. For ZSI control closed 

loop control is proposed 
7

 The Characteristics of 

discontinuous mode of ZSI with low power factor are 

discussed. For distribution, generation applications 

from the original ZSI a new set of quasi Z-source 

inverter have been developed. The ZSI for grid 

connected PV systems has been illustrated in some 

surveys, they reveal that number inverter topology we 

can reduce the problem of leakage current in proposed 

PV array system 
9

 The main drawbacks of these 

topology is PV connected to grid without isolation. It 

leads voltage difference among the PV frame and solar 

cell, to reduce the electric shock and it should be 

grounded. The 3-phase inverters are not applicable for 

transformer-less PV applications. Because of 

propagation of high leakage current due to PWM 

(pulse width modulation) this problem avoided by 

keeping the CMV(common mode voltage) as a constant 

value in dc-dc converters 
4

. 

 

III. Incremental Conductance 

The atmospheric condition is varied from 

time to time in a day. During this condition it is very 

difficult to track the power. This is overcome by 

adopting the incremental conductance method. The 

ICT technique halts at the operating point when 

maximum power point is reached. If not, then the 

MPPT operating point can be calculated with in dI/dV 

and I/V the power and voltage on the MPPT. When 

MPPT is right, the dP/dV is negative and MPPT is left 

the dP/dV is positive. The ICT algorithm gives better 

result than P&O technique. ICT has the capability of 

tracking irradiance condition of power when it 

increases and decreases rapidly. It increases the 

complexity of the system. This is only the system 

disadvantage of ICT. In MPPT we have three types of 

techniques which is used to adjust the terminal voltage 

from the arrays. The voltage variation depends up on 

its behavior. Incremental conductance method is used 

to control the initial voltage on the array. The voltage 

depends on the instantaneous conduction of the PV 

module. From this below (Figure 2) shows the power 

curve zero at maximum. 

 

 
 

The maximum power point is decreasing on right hand 

side and increase on left hand side.  

I and V are the PV array output current and voltage 

respectively .where discontinuous conduction 

represents right hand side and incremental conduction 

represents left hand side 
6

 and 
7,8

 from (figure 3) 
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Figure.3 Incremental conduction algorithm. 

IV. Hysteresis Current Control Method 

 

Hysteresis current control method is a 

asynchronous control method. It is used for controlling 

the voltage source inverter. In this method triggering 

pulses are generated by comparing the two error signals 

with in the hysteresis band. The output current which 

is generated from the filter will follow the reference 

current in a closed loop
12

. as shown in (Figure 4) . 

 

 
 

Figure.4 Hysteresis control technique 

 

This method is easy to implement in real time 

applications. It consists of comparator and hysteresis 

band in each phase.  

The inverter switch operates based on the actual and 

reference current. From (Fige 5) If actual current more 

than the upper limit of hysteresis band the inverter 

upper switch is turned off and lower switch is turned on 

and the current gets decreased. Then the actual current 

reaches the lower limit of hysteresis band the inverter 

lower switch is turned off the upper switch is turned on. 

The deviation of current between upper and lower in 

hysteresis band is limited. The switching frequency can 

be calculated and controlled by adjusting the hysteresis 

band width. The band width is directly proportional to 

current ripple and inversely proportional to switching 

frequency. Switching losses are increases when the band 

width gets decreases. It is widely used due to simple, fast 

dynamic response and insensitive to load parameters. It 

is also known as delta modulation 
13

. 

 

 
 

Figure. 5 Hysteresis band 

V. Proposed System Control Techinique 

 

To design the ZSI based grid connected PV system the 

relation between grid voltage and PV panel output is 

given as below. Inverter losses to be neglected then grid 

power almost equal to the PV panel output power. 

Where VP,IP are the PV output voltage and output 

current. While VGP and IGP are the grid peak voltage and 

current. Where θ phase angle between PV output 

current and PV output voltage and the grid current is 

equal to inverter modulation index multiplied by pv 

output current. 

Let us consider unity power factor then the relationship 

between PV panel output voltage and grid voltage is 

given below 

Therefore to design ZSI based grid connected PV 

system condition is the PV panel output voltage should 

not be less than half of the grid peak voltage. If the ZSI 

inverter works as both buck and boost converters and 

also power losses are very less. 

In order to fulfill the requirements INC (incremental 

conductance), Hysteresis current control method are 

proposed. 

 

VI. Simulations 

The MATLAB/SIMLINK software is used for 

simulating proposed converter. It consist of 

voltage& current control block, switching signal 

generation, MPPT algorithm block. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 6. Voltage and current control block. 



Copyright @ 2018 ijearst. All rights reserved. 

INTERNATIONAL JOURNAL OF ENGINEERING IN ADVANCED RESEARCH  

SCIENCE AND TECHNOLOGY 
Volume.02, IssueNo.03, December -2018, Pages: 704-802 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 7 ZSI switching signals generation block. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 8 ZSI connected with Grid connection. 

 

 

 

 
 

 

Figure. 9 MPPT control block. 

 

From the above (Figure 6) we are taking as a grid value 

and input voltage both compared and to give PI 

controller. The output value and the Vs block voltage 

are product and then taking from as a current signal. 

This signal and input current both compare by using 

hysteresis current control method. We get pwm pulses 

these pulses gives to the pwm signal block shown 

(Figure 7) from the (Figure 9) shows MPPT block we 

are taking as a V,I signals it will generates pn,pb then 

the two values differentiate and gives to conditional 

switch either >0 or <0 after that the Db signal is forms 

to loop. It will connect again and again to support better 

value compared to before. The output of the system 

gives to the signal generator block. These pulses gives 

to the Mosfet of ZSI circuit block and it is connected to 

grid shows in (Figure 8) 

 

VII. Simulation Results 

 

The analysis and performance of the ZSI based grid 

connected PV system is verified and simulation results 

are shown below. 

 
Figure.10. Current and voltage waveforms for 

proposed ZSI system. 
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Figure.11. Current and voltage waveforms for CSI 

system. 

 

From the above (Figure 10) and (Figure 11) are shown 

the comparison of ZSI and CSI. The ZSI current has 

no spikes in current distortions. 

 
 

Figure. 12. Power 

factor for proposed zsi system. 

 

If the power factor of the proposed ZSI system is 0.97

 
 

 

Figure.13 Power factor for current source inverter. 

 

If the power factor of the current source inverter is 

0.938. 

Finally from the (Figure 12) and (Figure 13) are shown 

about the power factors of ZSI and CSI. The ZSI 

power factor of the system is improved. 

 
Figure. 14.Active and reactive power wave forms of zsi 

inverter. 

 
 

 

Figure. 15. Active and reactive power waveforms of csi 

inverter. 

Above (Figure 14) and (Figure 15) presents the active 

power and reactive power of the ZSI and CSI 

respectively. From this we can conclude that active 

power reactive powers in ZSI is improved than CSI. 

 
Figure. 16. Total harmonic distortion for proposed ZSI 

system. 
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Figure. 17.Total harmonic distortion for csi system. 

The above (Figure 16) and (Figure 17) presents the total 

harmonic distortion of ZSI and CSI respectively. From 

this we can conclude that THD of ZSI value 1.67 is 

improved than the CSI value 5.39. 

 

Specification of simulated parameters 

 
From the above (Table 1) represents the 

design parameters of the simulation parameters. If the 

input voltage of the system is 12v. And frequency 50Hz 

and the ZSI of inductances L1 , L2 is 1e-3 and 

capacitances are C1,C2 is 1000e-6. And then load 

resistance 100ohm and load inductance 100e-6. 

Comparison result analysis 

Table 2 

 

 
The above (Table 2) represents the comparison 

analysis of the ZSI and CSI respectively. From this we 

can conclude the ZSI of the THD and power factor 

and also the active powers of the system is improved 

and executed. 

 

VIII. Conclusion 

The ZSI based single stage grid connected PV 

system has been proposed without conceive a high DC 

voltage and heavy transformer we can meet 

requirement of grid. In proposed system the control 

scheme consists of ICT algorithm to increase system 

performance during both normal irradiance 

atmospheric conditions. The advantages of single stage 

grid connected PV system is the PV output power is 

delivered with improved power factor, less cost and low 

THD. The total harmonic distortion value of the 

current injecting into grid value was 1.67% in simulation 

result. The feasibleness and strength of proposed 

system has been victoriously measured with several 

simulation work are executed. 

 

References 

 

To refer all research articles: 

 

[1]. Bader n. Alajmi, Khaled h. Ahmed,” single-

phase Single-Stage Transformer less Grid-

Connected PV System “IEEE transactions on 

power electronics, vol. 28, no. 6, june 2013. 

 

[2]. Hiren Patel and Vivek Agarwal,” A Single-Stage 

Single-Phase Transformer-Less Doubly 

Grounded Grid-Connected PV Interface “IEEE 

transactions on energy conversion, vol. 24, no. 1, 

March 2009. 

 

[3]. Marcelo C. Cavalcanti, “Modulation 

Techniques to Eliminate Leakage Currents in 

Transformer-less Three-Phase 

 

Photovoltaic Systems “ IEEE transactions on 

industrial electronics, vol. 57, no. 4, april 2010. 

 

[4]. Giovanni Petrone, Giovanni Spagnuolo “A 

Multivariable Perturb-and-Observe Maximum 

Power Point Tracking Technique Applied to a 

Single-Stage Photovoltaic Inverter “IEEE 

transactions on industrial electronics, vol. 58, 

no. 

 

1, january 2011. 

 

[5]. M. Lokanadham, k. vijay bhaskr“Incremental 

Conductance Based Maximum Power Point 

Tracking (MPPT) for Photovoltaic System “ 

IJERA. Vol. 2, Issue 2, Mar-Apr 2012. 

 



Copyright @ 2018 ijearst. All rights reserved. 

INTERNATIONAL JOURNAL OF ENGINEERING IN ADVANCED RESEARCH  

SCIENCE AND TECHNOLOGY 
Volume.02, IssueNo.03, December -2018, Pages: 704-802 

[6]. Rui Rocha, Filipe Ferreira, “Multi-Robot 

Complete Exploration using Hill Climbing and 

Topological Recovery 

“IEEE/RSJ , vol. 26 , Sept- 22- 2008. 

[7]. Yuan Li, Shuai Jiang, “Modeling and Control of 

Quasi-Z-Source Inverter for Distributed 

Generation Applications” 

 

IEEE transactions on industrial electronics, vol. 

60, no. 4, april 2013. 

 

[9]. A ramesh babu, T.A. Raghavendiran” 

Performance enhancement of high voltageGain 

two phase interleaved boost 

 

converter Using mppt algorithm”journal of 

theoretical and applied information technology, 

ISSN 1992-8645 vol.68,no.2 pp 360-368 

Oct2014. 

 

[10]. Reza Gharakhany, Mustafa Mohamadian, 

“Reactive Power Compensation Using Z-Source 

Based Photovoltaic System “IEEE transactions 

978-1-4244-4241, 6/SEP/2009. 

 

[11]. Babu A.R, Raghavendiran, T.A. "Analysis of 

non-isolated two phase interleaved high voltage 

gain boost converter for PV application", In 

Control, Instrumentation, Communication and 

Computational Technologies (ICCICCT), 2014 

International Conference on, pp. 491-496. 

IEEE, 2014. 

 

[12]. M. Aziz Vinod Kumar, Aasha Chauhan, Bharti 

Thakur “Power Quality Improvement by 

Suppression of Current Harmonics Using 

Hysteresis Controller Technique”ISSN: 2277-

3878, Volume-2, Issue-2, and May 2013. 

[13]. Hamdy Mohamed Soliman, S.M.EL. Hakim 

“Improved Hysteresis Current Controller to 

Drive Permanent Magnet 

 

Synchronous Motors through the Field 

Oriented Control” ISSN: 2231-2307, Volume-2, 

Issue-4, and September 2012. 

 

[14]. M. Vasim Babu, A. V. Ramprasad,“Modified 

Fuzzy C Means and Ensemble based 

Framework for Min Cost Localization and 

Power Constraints in Three-Dimensional 

Ocean Sensor Networks”,Indian Journal of 

Science and 

 

Technology,2016 Jan, 9(1), Doi no: 

10.17485/ijst/2016/v9i1/81020 

 

[15]. K. Mohana Sundaram, R. Senthil Kumar, C. 

Krishnakumar, K. R. Sugavanam,“Fuzzy Logic 

and Firefly Algorithm based Hybrid System for 

Energy Efficient Operation of Three Phase 

Induction Motor Drives”,Indian Journal of 

Science and Technology,2016 Jan, 9(1), Doi 

no:10.17485/ijst/2016/v9i1/85762 

[16]. R. Elavarasi, P. Saravanan,“Impact of 

Distributed Generation on Distribution Systems 

and its Protection”,Indian 

Journal of Science and Technology,2014 Nov, 

7(S7), Doi no:10.17485/ijst/2014/v7iS7/60167 

 


