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Abstract 

 

The voltage fed Quasi Z-Source inverter has been proposed in this paper for Photovoltaic applications. By using Quasi Z-Source 

inverter in Photovoltaic Systems for improved Buck and Boost capability and reliability, dynamical characteristics of the Quasi 

Z-Source inverters are investigated by small signal analysis. Based on the dynamic model stand-alone operation and grid 

connected operation with closed loop control method are carried out which are the two necessary operation modes of distributed 

generation in distributed power grids. The modulation index and shoot through duty ratio of Quasi Z-Source inverter, Constant 

capacitor voltage control method is proposed in a two stage control manner. The quasi ZSI helps to carry out the operation in the 

hybrid system Simulation results are carried out in this paper. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

More Efforts are now being put into distributed power generation of renewable energy sources (RESs), such as photovoltaic 

(PV), wind power and fuel cells which are sustainable and environmental friendly. Practically, several distributed generations 

(DGs) consist of distributed power grid and further construct micro grid with local loads and managements. To ensure proper 

performance of the micro grid, DG is usually required to work in two modes: stand-alone or grid connected [1]. As an interface 

between RES and distributed power grid, the performance of power electronic converters becomes critical.  

Z-Source inverters are new single-stage electronic power converters with both voltage buck and boost capabilities that have 

been proposed for use in photovoltaic energy conversion systems and motor drives with a front-end diode rectifier [2]-[3]. 

Compared with traditional voltage-source (VS) and cur-rent-source (CS) inverters, the sole difference of a Z-source inverter is its 

X-shaped impedance network implemented using a split-inductor and capacitors, connected between the input power source and 

inverter circuit, as shown in Fig. 1 for a VS-type Z-source inverter. This unique impedance network allows both switches within 

the same phase-leg (e.g., S1 and S4 in Fig. 1) to be turned ON simultaneously to introduce a shoot-through (dc bus short-

circuiting) state for boosting the inverter output voltage. Multiple shoot-through states can conveniently be introduced to 

traditional continuous and discontinuous pulse-width modulation (PWM) strategies for controlling a Z-source inverter with all 

steady-state performance merits of these PWM strategies retained. The system with combination of different sources of energy is 

called hybrid system and the hybrid system is not new concept it has gained more consideration during the last Two decades by 

many researchers such as Deaf et al [8]. They presented a methodology to perform the optimal sizing of an Autonomous hybrid 

PV/wind system. Their methodology aims at finding the configuration, among a set of systems Components, which meets the 

desired system reliability Requirements, with the lowest value of levelized cost of Energy and assumed PV/wind hybrid system 

to be installed at Corsica Island, their results showed that the optimal Configuration, which meet the desired system reliability 

requirements loss of power probability (LPSP = 0) with the Lowest levelized cost of energy LCE, is obtained for a system 

Comprising a 125 W photovoltaic module, one wind Generator (600 W) and storage batteries (using 253 Ah). 
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Fig. 1: Topology of VS-Type Z-Source Inverter 

With a set of new topologies of the impedance networks, a class of quasi-Z-source inverter (qZSI) has been derived from the 

original ZSI and applied to DG applications [4]. A voltage-fed qZSI (shown in Fig. 2) was proposed for PV applications because 

of continuous input current and reduced passive component (capacitor) rating capacitor voltage on C2 is much less than that on 

C1 during operating and this feature leads to lower manufacture cost. This paper further investigates the detailed modeling and 

control issues of the qZSI to be applied in DG applications. The dynamic model of the asymmetric quasi-Z-source network is 

constructed by small-signal analysis [5]-[7]. 

 
Fig. 2: Voltage-Fed Qzsi with Continuous Input Current for PV Application 

 

II. DC-SIDE TRANSIENT PHENOMENON OF Z-SOURCE IMPEDANCE NETWORK 

Small-signal analysis is a mathematical method for studying the system dynamic response when perturbed by a small 

disturbance, while signal-flow-graph analysis is a nonlinear graphical way for representing control systems and power converters 

with multiple switching states and a large number of system components. These subsections focus only on the dc-side of the Z-

source inverter with the inverter circuit and external ac load replaced by a single switch and current source connected in parallel 

(see Fig. 3) for representing a shoot-through (non-shoot through) state when the switch is ON (OFF). Using this simple 

representation, the transient phenomenon identified here is clearly associated with only the Z-source network since details of the 

inverter three-phase PWM are not considered. 

     
(A.)                     (B.) 

Fig. 3: Equivalent Representations of VS-Type Zsource Inverter When In The (A) Shoot Through And(B) Non-Shoot Through States. 
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III. DYNAMIC MODELING OF THEQUASI-Z-SOURCE NETWORK 

The relationship of Vin and Iin will be determined by specified energy source nature. For dc-side modeling, the three-phase 

inverter bridge and external ac load are represented by a single switch and a current source connected in parallel. When operating 

at shoot-through states, the ac load terminals are shorted through both upper and lower devices of any phase leg(s); therefore, the 

single switch is ON, and the equivalent circuit of the qZSI is shown in Fig. 4(a). When operating at non-shoot-through states 

(i.e., six active states and two conventional zero states where either all the upper devices or all the lower devices are gated on), 

the single switch is OFF, and the equivalent circuit of the qZSI is shown in Fig. 4(b). 

    
Fig. 4: Equivalent Circuit of Quasi-Z-Source Network When In the (A) Shoot through and (B) Non-Shoot-Through States. 

IV. VOLTAGE BOOST, STRESS AND CURRENT RIPPLE 

A simple boost control method was used to control the shoot through duty ratio. The Z-source inverter maintains the six active 

states unchanged as in traditional carrier-based pulse width modulation (PWM) control. In this case, the shoot through time per 

switching cycle is constant, which means the boost factor is a constant. Therefore, under this condition, the dc inductor current 

and capacitor voltage have no ripples that are associated with the output frequency. For this simple boost control, the obtainable 

shoot-through duty ratio decreases with the increase of M, and the resulting voltage stress across the devices is fairly high. To 

obtain the maximum voltage boost presents the maximum boost control method as shown in Fig. 5, which shoots through all 

zero-voltage vectors entirely. Based on the map in Fig. 5, the shoot-through duty cycle D0 varies at six times the output 

frequency. The voltage boost is inversely related to the shoot-though duty ratio, the ripple in shoot-through duty ratio will result 

in ripple in the current through the inductor, as well as in the voltage across the capacitor. When the output frequency is low, the 

inductor current ripple becomes significant, and a large inductor is required. 

 
Fig. 5: Maximum Boost Control Sketch Map 

V. MAXIMUM CONSTANT BOOST CONTROL 

In order to reduce the volume and cost, it is important always to keep the shoot-through duty ratio constant. At the same time, a 

greater voltage boost for any given modulation index is desired to reduce the voltage stress across the switches. Figure 6 shows 

the sketch map of the maximum constant boost control method, which achieves the maximum voltage gain while always keeping 

the shoot-through duty ratio constant. There are five modulation curves in this control method, three reference signals Va , Vb , 

Vc and two shoot-through envelope signals Vp and Vn . When the carrier triangle wave is greater than the upper shoot-through 

envelope Vp or lower than the lower shoot-through envelope Vn the inverter is turned to a shoot-through zero state. In between, 

the inverter switches in the same way as in traditional carrier-based PWM control. 
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Fig. 6: Sketch Map of Constant Boost Control 

Because the boost factor is determined by the shoot-though duty cycle, the shoot-through duty cycle must be kept same in order to maintain 

a constant boost. The basic point is to get the maximum B while keeping it constant all the time. The upper and lower envelope curves are 

periodical and are three times the output frequency. There are two half-periods for both curves in a cycle as shown in fig.7 

 
Fig. 7: Sketch Map of Constant Boost Control with Third Harmonic Injection 

VI. SPACE VECTOR CONCEPT 

The space vector concept, which is derived from the rotating field of induction motor, is used for modulating the inverter output 

voltage. In this modulation technique the three phase quantities can be transformed to their equivalent two-phase quantity either 

in synchronously rotating frame (or) stationary frame. From these two-phase components, the reference vector magnitude can be 

found and used for modulating the inverter output. The process of obtaining the rotating space vector is explained in the 

following section, considering the stationary reference frame. These Pulse produced from the space vector will trigger the 

inverter gate signals. 

 
Fig. 8: System Configuration of the Proposed qzsi For SPPWM Applications 
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VII. HYBRID CONCEPT 

 
Fig. 9: Simple Hybrid System Topology 

The hybrid system proposed figure above consists of a 1kw Micro-wind turbine at a wind speed of 10m/s and a PV unit with an 

output power of 130w at a solar radiation of 1000w/m2, with the possibility to incorporate a hydrogen Fuel cell as energy backup 

source. The system might also be connected to the grid by using another dc/ac inverter. For this, the only adaptation needed is to 

adjust the dc bus voltage to the characteristics of the Conventional or isolated grids. Both energy sources are connected in 

parallel to a common PWM voltage source Inverter through their individual ac/dc and dc/dc Converters. An ac/dc converter 

(rectifier) is used to Transform the 3~ variable frequency wind turbine, ac power, into variable dc power, and a dc/dc converter is 

used to Control variable power dc from the solar array and produced power using a PWM voltage source to balance the 

Necessary power required from the inverter onto the dc bus. Even though every source has its individual controller Mechanism, 

they share a similar configuration: a close loop Pi system controls the constant voltage level required from.The load through the 

PWM controller of each converter. The control and power management strategy followed in this research work is focused on a 

FPGA controller. PV and Wind energy sources are connected in parallel and controlled by a common energy management FPGA 

controller through their individual dc/dc converters. The power generated by these sources is given by look-up tables for both 

sources, which simulate the voltage for the PV generator and the Current for the wind turbine. Even though each source has its 

individual controller, all of them share a similar configuration: a closed-loop PI system controls the constant Voltage level 

required from the load as well as the current through the individual PWM controller for each converter.A Similar structure is 

used for the buck and boost converters. The wind turbine and the photovoltaic array voltage are controlled based on the error 

signal. The error is fed into a Proportional integrator (pi) type controller, which provides The reference current for the second pi 

that controls the Reference signal for the pulse width modulator, to generate the pulses (switch status) for the dc-dc converter. 

The control System was first modelled/simulated with matlab/simulink. 

VIII. SIMULATION RESULTS & DISCUSSION SIMULATION CIRUCIT FOR QUASI Z-SOURCE INVERTER USING 

DC SOURCE 

The FIG 10 shows the overall MATLAB model. The simulation blocks comprises of the following segments 
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Fig. 10: Over All Matlab Designs 

 Results on Inverter Side: A.

The inverter has three phase output and it is viewed through scope connected with grid. The comparison is as follows. 

 Inverter Current – Space Vector: 1)

The Phase synchronization is maintained well as seen in FIG 11. The SVPWM technique will be suitable for integrating with the 

grid. 

 
 Fig. 11: Inverter Ouput Current for Proposed Technique 

 Inverter Voltage – Space Vector: 2)

The SVPWM reduces the harmonics in the output voltages of the inverter as shown in FIG 12 

 
Fig. 12: Inverter Ouput Voltage For Proposed Technique 

 Output at PCC – Space Vector: 3)

In FIG 13the harmonics were reduced when we compared with FIG 6.2 F the presence of 5th order harmonics has been filtered 
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Fig. 13: Output Voltage While the System Operates In Svpwm. Vout=220vand D=0.56 

 Result Showing Power Quality Improvement: B.

To produce an optimized power supply, it is necessary to have the power in good quality. The following topics covers various 

issues in regard with the power quality improvement based on proposed topology. 

 Harmonics: 1)

FIG 14 shows the Total harmonic distortion of Space vector PWM. The magnitude of fundamental frequency is less than 0.5. 

The fundamental frequency is 25.66 Hz. 

 
Fig. 14: FFT Analysis for Space Vector PWM Controller 

 Grid Current Control: 2)

The FIG 15 represent the block of grid side power controller. Here the voltage and current obtained in the point of common 

coupling (PCC) is taken. The power quantities were in abc form and it is converted into dq0 frame. This transformation is 

obtained from Parks transformation. This dq0 frame is compared with the reference values which is a desired value. This is done 

with the help of PI controller. Finally the dq0 frame is again converted into abc frame and sent as input to the PWM. 

 
Fig. 15: Grid Current Control Model 
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 PWM Design: 3)

The FIG 16represents the functional blocks of space vector PWM. The embedded MATLAB function carries the program in 

order to produce the switching state timing. 

 
Fig. 16: MATLAB Design for Space Vector PWM 

 MPPT Design: 4)

The block diagram of the simulation in MATLAB/Simulink environment is shown in FIG. 17aWhich includes models for PV 

panel, Quasi converter and the FL MPPT controller. The PV panel is modeled based on the electrical characteristics to test the 

operation of the designed system, the irradiation was changed while the temperature maintained its value at 25°C. Simulating this 

program in MATLAB get the following output. Here the reference voltages were compared with the acquired values. The 

following calculations were taken place 

Ppv = Vpv X I pv 

 
 Fig. 17: (A) The Fl-MPPT Controller and PV System Designed In MATLAB/Simulink Environment 

 
Fig. 17: (B) MATLAB OUTPUT FOR ANFIS 
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FIG 6.9 b shows the power obtained after MPPT technic is adopted, we can see the linear output of solar power. Now the 

maximum power produced in a solar cell is kept as reference values and that power is drawn and utilize. 

IX. CONCLUSION 

This paper presents detailed analysis on Z-source inverter control to study its transient behavior. For dc analysis, both small-

signal and signal-flow-graph methods are used with an intention of developing a comprehensive guide on Z-source impedance 

modeling. A two-stage control method for the qZSI-based SPPWM is implemented. The dynamic characteristics of the qZSI 

network have been investigated through small-signal analysis. The analysis is done using both shoot through mode and non shoot 

through mode for Z-Source and Quasi Z-Source separately. 
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