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ABSTRACT: Higher targets for renewable energy and current trend in wind and solar power suggest that future power 

systems will include large amounts of renewable and variable power generation. Using these two renewable energy 

sources, a battery-assisted Quasi Z Source Inverter (QZSI) using Space Vector Modulation (SVM)is designed for a 

hybrid wind/Photo voltaic (PV) power system. Quasi Z source Inverter is a new topology derived from the traditional Z 

Source Inverter(ZSI) which inherits all the advantages of ZSI, which can realize buck/boost, inversion and power con-

ditioning in a single stage with improved reliability. In addition, it has the unique advantages of lower component rat-

ing, reduced source stress, reduced component count and constant dc current from the source. A battery along with 

QZSI plays a significant role in wind/PV power systems since it reduces the power fluctuations. And a modified space 

vector modulation technique for the QZSI is applied to achieve low harmonics, high voltage utilization and high effi-

ciency. 
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I. INTRODUCTION 

 

The ever increasing energy consumption, the exhaustible nature of fossil fuel and the worsening global environment 

have created booming interest in renewable energy source power generation systems [1,2]. Wind and solar power gen-

eration are two of the most promising renewable power generation technologies. The wind and photovoltaic sources of 

energy are inexhaustible, the conversion processes are pollution-free, and their availability is free. The growth of wind 

and photovoltaic (PV) power generation systems has exceeded the most optimistic estimation. Nevertheless, because 

different renewable energy sources can complement each other, multi-source hybrid alternative energy systems have 

great potential to provide higher quality and more reliable power to customers than a system based on a  single re-

source. Because of this, hybrid energy systems have caught worldwide research attention [2].Quasi Z Source Inverter 

(QZSI) is very well suited for renewable energy systems. QZSI derived from the Z-Source Inverter topology offers two 

important characteristics, the capability of dc-dc boost and dc-ac inversion in a single circuit module. Hence, the step 

up dc-dc converter is no longer required. With less switching devices the system becomes less complex and more relia-

ble. 

 

The energy storage technique presents a significant role in PV power systems since it not only assists the PV panel to 

store redundant energy or supplement inadequate energy, but also reduces the PV power fluctuations [3].A traditional 

energy storage system usually requires an extra bidirectional dc–dc converter [4], which increases the system cost, 

volume, and control complication. Hence, an energy storage battery paralleled to the capacitor of quasi-Z-source net-

work is presented, where the battery is directly connected to the quasi-Z-source capacitor, without any additional cir-

cuit, greatly simplifying the entire system. 

 

Pulse width modulation (PWM) methods are essential to properly operate the ZSI/qZSI. The sinusoidal PWM 

(SPWM)-based techniques of qZSI can be divided into simple boost control [5], maximum boost control [6], and max-

imum constant boost control [7]. They are simple to implement, but have defects of high switching frequency and addi-
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tional switching operations, resulting in the incremental losses. Therefore, the traditional space vector modulation 

(SVM) has been modified and applied to the ZSI/QZSI [8-10]. The SVM-based ZSI/qZSI system presents advantages 

of i) high dc-link voltage utilization and low harmonics; ii) low switching losses through distributing shoot-through 

zero states into the transition moment of the zero vectors and active vectors; iii) easy implementation via commonly 

used digital processors without extra comparators. 

 

II. CIRCUIT OF THE QUASI-Z-SOURCE INVERTER 

 
Figs. 1a and 1b show the traditional voltage fed ZSource Inverter (ZSI)and the proposed voltage fed quasi ZSource 

Inverter (QZSI), respectively. In the same manner as the traditional ZSI, the QZSI has two types of operational states at 

the dc side: the non-shoot through state (i.e. the six active states and two conventional zero states of the traditional VSI) 

and the shoot-through state (i.e. both switches in at least one phase conduct simultaneously).In the non-shoot-through 

state, the inverter bridge viewed from the dc side is equivalent to a current source. The equivalent circuits of the two 

states are as shown in Figs. 2a and 2b. The shoot-through state is forbidden in the traditional VSI, because it will cause 

a short circuit of the voltage source and damage the devices.  

 

 
 

Fig.1a Voltage fed Z-source inverter  Fig. 1b Voltage fed quasi-Z-source inverter 

 

 

 
 

Fig.2 (a)       Fig. 2(b) 

 

Fig 2. Equivalent circuit of the QZSI in (a) non-shoot-through state (b) shoot-through state 

 

With the QZSI and ZSI, the unique LC and diode network connected to the inverter bridge modify the operation of the 

circuit, allowing the shoot-through state. This network will effectively protect the circuit from damage when the shoot-
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through occurs and by using the shoot-though state, the quasi Z-source network boosts the dc-link voltage. The major 

differences between the ZSI and QZSI are (1) the QZSI draws a continuous constant dc current from the source while 

the ZSI draws a discontinuous current and (2) the voltage on capacitor C2 is greatly reduced. The continuous and con-

stant dc current drawn from the source with this QZSI make this system especially well -suited for hybrid power condi-

tioning systems. 

 

III. BATTERY ASSISTED QZSI 

 
A structure scheme of the power generation system based on QZSI with battery is shown in Fig. 3. All voltage and 

current directions and their symbols are presented in the figure 3.A Battery is connected in parallel with one capacitor 

of the QZSI network. With a battery, there are three operating modes for the hybrid power generation system. 

 
Fig.3 Quasi Z-Source Inverter with Battery 

A. Mode 1(Charging state) 

Charging state is shown in Fig. 4 (a).When the hybrid input power generated by wind/PV panel is higher than the grid 

demand, the wind/PV panel will provide the grid-injected power and charge the battery at the same time. 

B. Mode 2 (No charging and no discharging state) 
No charging and no discharging state  is shown in Fig. 4(b).When the hybrid input power generated by the wind/PV 

panel is equal to the grid demand, the battery will work in no charging and no discharging state. 

 

C. Mode 3(Discharging state) 

Discharging state is shown in Fig. 4(c).When the hybrid input power generated by the wind/PV panel is lower than the 

grid demand, the battery will discharge and supply the lack of power. 

 
Fig .4a Mode 1   Fig. 4b Mode 2   Fig .4c Mode 3 

 

D. Model and Analysis 

 

The system shown in Fig. 3 can be operated in two states: the non-shoot-through state and the shoot-through state. 

Assuming that during one switching cycle T, T0 is the interval of the shoot-through state; T1 is the interval of non-

shoot through state. So we can get T0+T1=T, and the shoot through duty ratio, D=T0/T. 

During the shoot-through state T0, we have 
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ͳܥ �VCଵ�௧ = ܤ� − ��ʹ                                                  (1)
ʹܥ  �VCଶ�௧ = −��ͳ                                                        (2) �ͳ �iLଵ�௧ = ܸ�� + (3)                                                ʹܥܸ
 �ʹ ��Lଶ�௧ = ͳ                                                           (4)ܥܸ
 

Where iL1  andiL2 denote the currents of inductors L1 and L2, respectively; VC1, VC2 and Vin denote the voltages of capac-

itors C1, C2and hybrid wind/PV panel, respectively. 

 

During the non-shoot through state T1, we have 

ͳܥ  �VCଵ�௧ = ܤ� + ��ͳ − ʹܥ (5)                                          ݀� �VCଶ�௧ = ��ʹ − �݀                                                   (6)
 �ͳ �iLଵ�௧ = ܸ�� − ͳ                                                (7)ܥܸ
 �ʹ �iLଶ�௧ = (8)                                                        ʹܥܸ−
 

Where id is the load current going to the inverter. 

Using the state space average method, from (1) to (8), the inverter’s state space equation is 

ܥ] Ͳ Ͳ ͲͲ ܥ Ͳ ͲͲ Ͳ � ͲͲ Ͳ Ͳ �]Ẋ= [ Ͳ Ͳ ͳ − ܦ Ͳܦ− Ͳ ܦ− ͳ − ܦܦ − ͳ ܦ Ͳ Ͳܦ ܦ − ͳ Ͳ Ͳ ܤ�]+�[ + ሺܦ − ͳሻ�݀ሺܦ − ͳሻ�ܸ݀��Ͳ ]     (9) 

where x is the state variables, x=[x1, x2, x3, x4]
T
 =[VC1, VC2, iL1, iL2]

T
. 

Average voltages and currents have the relationships as 

VC1 =  భ−�భ−మ�Vin                                                                                               (10) 

VC1 = VC2 + Vin                                                                                             (11) 

VC2 =  �భ−మ�Vin                                                                                               (12) 

iL2 - iL1 =  iB                                                                                                      (13) 

and the power relationship in the system can be derived as 

 

Pin -Pout+ PB =0                                                           (14) 

 

where Pin, Pout and  PB are the input power, the inverter output power, and the battery power, respectively. The input 

power is unidirectional; PBis bidirectional, and positive when discharging and negative when charging; Pout is positive 

when the inverter delivers power to the grid. 

 

IV. PROPOSED CONTROL SCHEME 

 

A. Battery Current Closed-Loop Control 

 

Using the battery current as a state variable to replace the variable x1(voltage VC1 of capacitor C1), due to iB = (VB,OP-

X1)/Rb,  from (9)–(12), we obtain 

 
Its small signal model is 
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where small variations of all variables around their equilibrium state are 

 

 
Where the symbols “- -” and “ ” above the variables denote their equilibrium states and small variations, respectively; 

R is a nonlinear resistance. Then the small signal-based transfer function from the shoot through duty ratio to the bat-

tery current is 

 
 

 

  
 

 
The proportional and integral (PI) regulator is employed in battery current closed-loop control to find the desired small 

variation of the shoot-through duty ratio by 

 
where kp and ki are the proportional and integral constants, respectively. Defining 

 

 
the transfer function of the PI regulator is 

 

 
 

A feed-forward control will speed up the response by a steady state shoot-through duty ratio value 
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B.Space Vector Modulation Applied to QZSI 

Traditional SVM: The well-known traditional SVM is defined as 

T1 = TsM sin(60ᶱ-θ + 60ᶱ(i-1)) 

T2 = TsM sin(θ - 60ᶱ(i-1)) 

T0 = Ts – T1 – T2 

Uref  = U1

�ଵ�௦+ U2

�ଶ�௦ Where i = 1,2,….,6 is the segment number to calculate the duration of the two involved active states; Ts is the switching 

period; T0 is the switching time of traditional zero vector U0; T1 and T2 are the switching times of active state vectors 

U1 and U2 ; θ is the inclined angle of U1 and reference voltage Vref ; the modulation index M is √ሺ͵ܷ݂݁ݎ/ܸ݀ܿሻ, in 

which Vdc is the dc bus voltage. 

The SVM’s switching moment is generated by the following steps: 
i) Determine the sector N of voltage vector reference Uref . 

ii) Calculate the switching times T1 and T2 of the two adjacent voltage vectors. In different sectors T1, is the action time 

of a vector that immediately follows the starting zero-vector, then is carried out. 

iii) Calculate the switching times Tmax , Tmid and Tmin  of three phases, respectively, they are the maximum, medium, 

and minimum switching times in three phases. 

Modified SVM for the QZSI:As the introduction of shoot through zero states for the QZSI, the voltage reference be-

comes 

Uref  = U1

�ଵ�௦+ U2

�ଶ�௦+ U0

�଴�௦+ Vsh

�௦ℎ�௦  

Where Vsh is the shoot-through voltage vector, and Tsh is the shoot-through time interval. The shoot-through states are 

in the action time of zero vectors, i.e., U0(T0/Ts)+Vsh(Tsh/Ts) = 0, then  the shoot-through states will not affect the action 

of active vectors. Tmax , Tmid and Tmin are the maximum, medium, and minimum switching times corresponded to the 

traditional SVM; those with subscripts “+ ” and “- ” denote the modified switching times of the upper and lower 
switches in one bridge leg, respectively. The entire shoot-through time interval in each switching period is equally 

divided into six parts. Each part is combined into the transition moment between the traditional zero vector and active 

vector. 

 
Fig.5 switching sequence of QZSI-SVM 

 

The switching times of traditional SVM are shifted, as a result that the switching signals of the same bridge leg are no 

longer complementary. The Tmid applies a   Tsh /12 time leading and lagging for the upper and lower switches to dis-

tribute the Tsh/6 shoot-through time interval. The Tmin performs a Tsh /4 and Tsh /12 time leading for the upper and lower 

switches, respectively, to remain the invariable time interval of active states, i.e.,T1 and T2 ; as well as a Tsh /12  and Tsh 

/4  , time lagging for the upper and lower switches are carried out for Tsh /4. In such a way, each of three bridge legs 

fulfills the Tsh /6 shoot-through time interval in each switching and there are six shoot-through actions in one switching 

period. 
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C. Control Strategy 

In the same way as the conventional voltage source inverter, the output power of the QZSI can be controlled on the 

basis of the d-q model. Three-phase grid currents and voltages are measured and transformed to get the d- and q-axis 

components, i.e., from three-phase a-b-c frame, to two-phase stationary coordinate α-β frame, and finally to two-phase 

rotation coordinate d-q frame. 

The state-space model for the ac side of QZSI in the static coordinate system is 

 
where uoj and ioj represent the inverter output voltage and current, respectively; ugj and igj represent the grid-connected 

voltage and current at the point of common coupling (PCC);,j ϵ {a,b,c}, denotes the phase j . 

 

In the dq synchronous reference frame, the above equations can be expressed as  

 
where uod and uoq are the inverter output voltages in the dq coordinate; ugd and ugq are the grid voltages in the dq coordi-

nate; similarly, iod and ioq , igd and igq are the inverter output currents and the grid-injected currents in the dq coordinate, 

respectively. By using the state feedback decoupling control, the inverter outputs will be 

 
 

 

 
Fig.6 Proposed hybrid power system with battery assisted QZSI 

 

PLL is used to get the phase of grid voltage, which will be used in the d-q transformation. The d-axis and q-axis com-

ponents of grid currents are regulated with a closed-loop controller in order to deliver constant currents, and thereby, 
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constant active power P and reactive power Q to the grid. The reference currents i* d and i* q can be obtained from the 

active power reference P∗ and the reactive power reference Q∗, respectively. P∗ is decided by the output of energy 

management unit and Q∗ is kept at zero all the time. The grid-injected currents are controlled in the phase with the grid 

voltage, and this causes a unity power factorfor the generation system. After these calculations, the modulation index M 

will be derived. Then M and D are combined together to produce the pulse and control the operation of QZSI.The d-

axis current reference i
*

gd is determined by �݃݀ ∗= ሺ�� + ��ሻሺݏ/�� − �� ∗ሻ. The active power injected to the grid 

increases when the error is positive; the vP* is obtained by the maximum power point tracking (MPPT). And igq
*
=0 to 

get unity power factor 

.  
Fig. 7 PQ Decoupling Control 

 

Further, the dq-axis voltage references are then obtained by the inner PI regulators, respectively. Through the dq- αβ 

transformation, the obtained voltage references uoα
*
 and uoβ

*
 and the desired shoot-through duty ratio are applied to 

generate gate drive signals by the addressed QZSI-SVM. 

 
 

http://www.ijirset.com/


    

                       ISSN(Online) : 2319 - 8753 

                                ISSN (Print)  : 2347 - 6710                            

International Journal of Innovative Research in Science, Engi-

neering and Technology 

(An ISO 3297: 2007 Certified Organization) 

Vol. 4, Special Issue 6, May 2015 

Copyright to IJIRSET                                                                   www.ijirset.com                                                                           1011 

  

 
 

Fig.8 Simulation result of (a) input voltage (b) SVM sequence (c) Load output voltage (d) Grid output voltage 

 

V.CONCLUSION 

 

In this paper, a control scheme for hybrid power generation system based on battery assisted quasi Z source inverter 

was proposed. Three operating modes of battery - charging, no charging, and discharging prevent the battery from over 

charging or over discharging, which will prolong the battery lifetime and keep the battery safe. An SVM technique was 

performed for the QZSI with high dc-link voltage utilization and high efficiency.The whole control scheme is simulated 

in MATLAB/ SIMULINK to test the correctness of proposed strategy. 
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