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Abstract- This paper presents a power electronic interface 

converter based on asymmetric Γ-Source Inverter for 

photovoltaic application. The average state space model of 

the system is used for modeling of the proposed converter 

system. According to the obtained model of system, a two 

stage controller is designed to regulate the capacitor 

voltage of the impedance network to its required voltage 

and regulate Photovoltaic system voltage to its reference 

provided in maximum power point algorithm. To this aim, 

inverter modulation index, which is produced in AC side 

current controller, is used to adjust capacitor voltage in 

impedance network and inverter shoot through duty cycle 

is used to regulate PV voltage to its reference. Performance 

of the proposed two stage controller is verified using 

simulation in MATLAB/Simulink. 

 

Keywords: Power Electronic Interface, Asymmetrical               

Γ-Source Inverter, Photovoltaic. 

 

I. INTRODUCTION  

In recent years, Photovoltaic (PV) systems have 

become one of the most important renewable energy 

resources (RERs). Noiseless operation, low maintenance 

requirement and generating power from free source of sun 

make PV systems more popular among other RERs. Since 

source of PV system is free, its major cost is its installation 

cost, which is mainly composed the cost of PV module and 

power electronic interface (PEI) system. By the 

development of solar cell technology, manufacturers are 

able to produce solar cells with lower prices. 

Despite the reduction of cost in solar cells, the PEI 

systems price is rather the same. Therefore, to reduce the 

installation cost of PV system, this is necessary to reduce 

PEI cost. Voltage source inverters (VSIs) are most popular 

converter for converting DC power to AC in PV 

applications. This inverter is only a buck inverter from DC 

side to AC side, therefore in those applications that need 

boost capability, an additional DC/DC converter is used. 

Utilizing an excessive converter stage increases cost, 

volume and losses of total PEI system. 

Z-source inverter (ZSI) proposed in [1] is a buck-boost 

single stage PEI system. Unlike VSI, utilizing an 

impedance network between DC source and inverter legs 

and dedicating inverter shoot through cycles in ZSI 

switching algorithm, which is unallowable in VSI, the DC 

source voltage, can be boosted to a higher level without any 

extra converter stages. This unique feature of the ZSI 

makes it a suitable PEI system for many applications such 

as fuel cells, RERs, uninterruptible power supplies and 

power quality improvements [2-8]. 

According to the single stage power conversion of ZSI, 

for proper operation of ZSI pulse width modulation 

(PWM), the inverter shoot through duty cycle (D) and 

inverter modulation index (M) is related to each other and 

confined each other’s to an upper level. Achieving boost 

capability with higher D leads to reduction of M, which 

increases voltage stress on inverter switches. Therefore, 

this is necessary to achieve boost capability with higher M 

and lower D. To this aim maximum boost and maximum 

constant boost control strategy based on ZSI switching 

algorithm is proposed to lower the voltage stress on 

switches [9, 10]. 

Addition to the switching control strategy, some more 

advanced type of ZSI is proposed in literatures to achieve 

higher voltage gain in lower D to reduce voltage stress on 

switches in inverter legs. Switched Z-Source inverter 

utilizes six extra diodes in impedance network to achieve 

more voltage boost capability [11]. Utilizing a high 

frequency transformer in impedance network,                         

trans-Z-source inverter can have more voltage gain than 

traditional ZSI when the transformer turn ratio is increased 

[12]. T-Z-source inverter utilizes two transformers in its 

impedance network to increase the boost capability of the 

inverter [13]. 

In high frequency transformer based Z-source inverters, 

for achieving more boost capability, it is required to 

increase the turn ratio of the transformer. Increase in turn 

ratio of transformer leads to need for higher transformer 

winding and higher current stress on the legs which are in 

shoot through state. To cope with the problem one can 

resort to asymmetric Γ-source inverter proposed in [14]. In 

this converter structure, the voltage gain of the converter 

increases when turn ratio of transformer is reduced. 

Having lower transformer turn ratio with higher boost 

capability reduces the volume of windings and voltage and 

current stress on inverter switches. 
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Figure 1. The proposed PEI system 

 

Moreover, in this structure of impedance network, the 

DC source is serried with an inductor, which reduces high 

frequency ripples on DC source current and eliminates the 

need of excessive large filters in DC source. Interesting to 

advantages of Γ-source inverter, in this paper this type of 

inverter is used as a PEI system for photovoltaic 

applications. To this aim, a two stage controller is 

presented to regulate capacitor voltage of the impedance 

network to its reference and regulate PV voltage to the 

reference voltage provided in maximum power point 

tracking algorithm [15]. 

In this control manner, the capacitor voltage is set to its 

reference using inverter modulation index so that the 

PWM algorithm is properly operated and keeps balance 

between PV power producing and injected power to grid. 

The average state space method is used for modeling and 

design of the capacitor voltage controller. After design of 

capacitor voltage controller in a certain bandwidth, the PV 

voltage controller, which set the PV voltage to its reference 

using inverter shoot through duty cycle is designed with a 

bandwidth lower than capacitor voltage controller. 

This paper is organized as follows, in section II, the 

asymmetrical Γ-source inverter is modeled by average 

state space model. In section III, the two stages control 

strategy is presented and the controller coefficients are 

obtained according to the system model in section II. 

Performance of the proposed controller is evaluated using 

simulation in MATLAB/Simulink. 

 

II. MODELING OF ASYMMETRICAL Γ-SOURCE 

INVERTER 
The PV system based on asymmetrical Γ-source 

inverter as PEI system is shown in Figure 1. As can be 

seen, the power conversion process in this converter is 

single stage without any excessive DC/DC converter. In 

this configuration, a high frequency transformer is utilized 

to increase boost capability of the converter. To investigate 

the operation of the PEI system, its equivalent circuit in 

shoot through and nonshoot through states are shown in 

Figure 2(a) and (b) respectively. 

In this figure, the absorbed current from impedance 

network is modeled by current source of io while switch S 

represents the switching state of inverter legs. In shoot 

through state, the switch S is turned on and make the end 

of the impedance network short circuited. In this interval, 

the diode D is reverse biased. During this condition, the 

DC source energy and the electrostatic energy stored in 

capacitors are released in inductors and stores in them 

magnetically. In nonshoot through state, switch S is turned 

off and output current is supplied by impedance network.  

 
 

Figure 2. Equivalent circuit of PEI system, (a) in shoot through, (b) in 

nonshoot through state [14] 

 

In this condition, the diode D conducts and energy 

stored in transformer core and inductor is released to 

capacitors and increases their voltage level. According 

Figure 2(a), the corresponding voltages in shoot through is 

obtained as follows: 

1 2 1W W Cv v V   (1) 

2 2W C PV Lv V V v    (2) 

1 2W Wv nv  (3) 

where, n is the transformer turn ratio. 

The corresponding voltages in nonshoot through 

condition is as follows: 

1 2 2,C L PV C W PV L pnV v V V v V v v       (4) 

1 2 1 1,       W C C W pnv V V v v     (5) 

Averaging the voltages across the transformer 

windings and inductor to zero per switching period and 

neglecting parasitic resistances then results in [14]. 
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where, VC1, VC2 and Vpn represent the capacitor voltage 

across C1, C2 and inverter legs in steady state. The inverter 

voltage in AC side is as: 

2

pn
inv

v
MV   (9) 

According to Equation (8), the boost capability of the 

asymmetrical Γ-source inverter is increased when the 

transformer turn ratio is near “1”. This means that with a 

lower transformer windings and volume a high boost 

capability can be obtained. For dynamic modeling of the 

impedance network, the average state space method is 

used. Considering the x = [iL im vC1 vC2]T as state vector of 

the impedance network, the state space model of the 

system in Figure 2(a) is as follows: 
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According to Figure 2(b), in nonshoot through state, 

the space state model of system is as follows: 

0nst nst

dx
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dt
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where, 
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Considering Equations (11) and (13), the average state 

model of the impedance network can be obtained as  

0 0
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To obtain the main transfer functions of the system for 

design of controllers, the small signal perturbations of D  

and ˆ
oi  are introduced which are small variations of 

inverter shoot through duty cycle and load current around 

a given operating point. Considering D  and ˆ
oi  as inputs, 

the matrix B0, and u0 is changed as: 
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According to Equation (15), the transfer functions that 

should be used for controller design are as: 

 1ˆ 11
ˆ

ˆ
[ 0 0 1 0]( ) 0 1

ˆ
C

o

Tv C

i
o

v
sI A BG

i

    (16) 

 
ˆ 1

ˆ

ˆ
[ 1 0 0 0]( ) 1 0

ˆ
L

Ti L

D

i
sI A BG

D

    (17) 

 

III. DISCRIBTION OF THE PROPOSED 

CONTROL STRATEGY 

The proposed two stages control system is shown in 

Figure 3. As can be seen, the control system is composed 

of two control systems namely as capacitor voltage 

controller and PV voltage controller. For design of the total 

controller, at first the AC side current controller must be 

designed with a certain bandwidth as inner current 

controller. At second step, the capacitor voltage controller 

should be designed as outer controller for AC current 

controller. In this control method, the capacitor voltage 

controller provides reference current for AC controller, 

therefore the AC current controller bandwidth must be 

higher than capacitor voltage controller. Finally, the PV 

voltage controller must be designed with bandwidth lower 

than capacitor controller. 

 

A. AC Side Current Controller 

Since the AC current controller is inner controller for 

other parts of system, it should be designed with a higher 

bandwidth compare to other parts. As the grid voltage is 

balanced three phase, utilizing controller in synchronous 

reference is possible. In synchronous reference frame all 

variables in AC side is transformed to DC variables, 

therefore PI controller can be used to achieve aims such as 

zero steady state error and fast dynamic response.  

According to the AC side model of system shown in 

Figure 4, the AC current controller can be designed. 

Supposing the phase of grid voltage as reference phase, the 

direct component of current (id) is related to active power 

and quadratic component (iq) is related to reactive power 

injected to grid. Considering coupling inductor with                    

Lf = 2 mH in Figure 4, the bandwidth of current controller 

is set to 1 kHz where kPi = 0.1 and kIi = 16000. 

 

 
 

Figure 3. The proposed two stages controller 

 

B. Capacitor Voltage Controller 

The capacitor voltage controller provides current 

reference for AC current controller so that set the capacitor 

voltage to its reference. The proper operation of PWM 

algorithm is directly related to reference value for 

capacitor voltage. Because of single stage configuration of 

Γ-source inverter, the shoot through cycles must be 

replaced only among null vectors of (000) and (111) in 

PWM leaving active vectors unchanged. The following 

inequalities represent the conditions of proper switching in 

difference control method. 
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where, SBC, MCBC and MBC are simple boost control, 

maximum constant boost control and maximum boost 

control [9, 10]. 

According to Equations (6), (8) and (9) and considering 

Equation (18), the capacitor allowable voltage for proper 

operation of PWM is as: 
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 (19) 

Regulating the capacitor voltage to a proper reference 

voltage make balance between PV power generating and 

injected power to grid. For example, when the PV power 

increases, its excessive energy that is not transferred to 

grid is stored in C1 which increase its voltage higher than 

its reference. In this condition, the AC current controller 

must increase the active power injected to grid to subside 

capacitor voltage to its reference. Inversely, when PV 

power drops, the injected power to grid is become higher 

than PV power, which leads to decrease of capacitor 

voltage. When the capacitor voltage controller senses the 

drop in capacitor, it reduces the active power to grid to 

increase the capacitor voltage to its reference voltage.  

 

 
 

Figure 4. AC current controller model in Laplace domain 

 

 
 

Figure 5. Capacitor voltage controller model in Laplace domain 

 

 
 

Figure 6. PV voltage controller model in Laplace domain 

 

Achieving above mentioned requirements, the 

coefficients of capacitor controller must be negative. Since 

the capacitor voltage is related to active power exchange 

with grid, reference value for id must be generated in 

capacitor voltage controller while iq is set to zero to 

eliminate reactive power exchange with grid. The 

capacitor voltage controller model in Laplace domain is 

shown in Figure 5. 

 

In the Figure 5, io is related to id with coefficient of (g) 

which is a constant value in a certain modulation index and 

inverter shoot through duty cycle. According to the 

impedance network specification listed in Table 1, the 

bandwidth of capacitor voltage controller is set to 100 Hz 

with KPC = -0.1 and KIC = -20. 

 

 
 

Figure 7. Voltages in steady state condition, (a) Capacitor voltage, (b) 
PV voltage 

 

C. PV Voltage Controller 

Setting capacitor voltage to its reference, the PV 

voltage controller can be designed with a specific 

bandwidth lower than capacitor voltage controller. The 

inverter shoot through duty cycle is due to regulate the PV 

voltage to its reference. The PV voltage controller model 

in Laplace domain is shown in Figure 6. In this figure, (rres) 

significant the equivalent resistance of PV module around 

its operating point [16]. Considering the capacitor voltage 

regulated to its reference, increase in D lead to lowering 

the PV voltage and inversely PV voltage is increased when 

D is reduced. 

Therefore, the PV voltage controller parameters must 

be negative. According to system parameters and 

supposing rres = 4, the PV voltage controller is designed 

with bandwidth of 25 Hz where KPP = -0.002 and                       

KIP = -0.1. As can be seen, the bandwidth of the PV voltage 

controller is lower than capacitor voltage controller, which 

discourage dynamic interactions between PV voltage, and 

capacitor voltage controller. 

 

IV. SIMULATION RESULTS 

Simulations are performed to verify the performance of 

the proposed controller and confirm our analysis. To this 

aim, a typical PV system based on asymmetrical Γ-source 

inverter as PEI system is simulated in MATLAB/Simulink 

environment. The system parameters and controller 

coefficients is the same presented in section III. The grid 

phase-null voltage is assumed to be 120 V(RMS) with 

frequency of 60 Hz. As shown in Figure 1, the proposed 

system is connected to the main grid through inductor of 

Lf as coupling impedance, which lowers the switching 

stress on inverter current. 
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The switching frequency of inverter leg is considered 

to be 10 kHz and the PWM algorithm is based on SBC 

which is a simple method of switching. Operation of PEI 

system and its controllers in impedance network side in 

steady state are investigated in Figure 1. Capacitor voltage 

controller is required to set capacitor voltage to 360 V, 

which is in allowable limit presented in Equation (19). 

Moreover, the PV voltage reference is set to 200 V to 

absorb maximum available power from PV system. 

 
Table 1. The system parameters 

 

Circuit parameters Values 

C1 and C2 400 µF 

L 2 mH 

Lm 400 µH 

rL 0.1 Ω 

rf 0.1 Ω 

n 1.5 

Io 25 A 

D 0.15 

 

As can be seen in Figure 7(a), VC1 is equal to its 

reference of 360V with no steady state error. As known, 

the proper operation of the inverter-switching algorithm is 

directly related to the VC1, which is set to a proper voltage 

stated in Equation (19).  In Figure 7(b) the PV voltage is 

200 V which is set to the reference provided by MPPT 

algorithm. As can be seen, the PV voltage controller sets 

the PV voltage to its reference without steady state error.  

The proper operation of the PV voltage controller is 

directly related to proper operation of the VC1 controller. 

The capacitor “2” which its value is dependent to the PV 

voltage and capacitor “1” voltage and isn’t set to a specific 

voltage is shown in Figure 7(c). As can be seen, the voltage 

across the capacitor “2” is much lower than capacitor “1” 

which is one of advantages of the utilizing the proposed 

converter as interface system for PV.   

 

 
 

Figure 8. Inverter current 

 

 
 

Figure 9. Reference signals in PWM algorithm 

 

The inverter current in AC side in steady state 

condition is shown in Figure 8. As can be seen the inverter 

current has completely sinusoidal wave form which 

confirm the proper operation of the PWM algorithm. This 

is noted that the proper operation of PWM is dependent to 

choose of a suitable reference voltage for capacitor “1” in 

its allowable range. 

The inverter modulation index and shoot through duty 

cycle is shown in Figure 9. According to Equation (18), for 

proper operation of switching algorithm, this is essential to 

modulation index be lower than inverter nonshoot through 

duty cycle which is (1-D) in Equation (18). 

 

 

 
 

Figure 9. Switching process, (a) Inverter legs voltage, (b) Input inductor 
current (iL), (c) Transformer magnetizing current (iLm) 

 

As can be seen in Figure 9, in steady state condition, 

the modulation index is always lower than nonshoot 

through duty cycle (i.e. M < 1-D) confirming the 

placement of shoot through cycles only between null 

vectors. The inverter voltage in DC side (vpn) is shown in 

Figure 10(a). In shoot through cycles, vpn is zero and in 

nonshoot through states, it reaches to about 410 V. During 

the shoot through condition, the energy stored in 

transformer and inductor in impedance network is 

increased while in nonshoot through condition these 

energies are released to capacitors. The current of 

magnetic components are shown in Figure 10(b) and (c). 

 

 
 

Figure 10. MPPT algorithm, (a) PV voltage reference, (b) PV voltage, 
(c) Capacitor “1” voltage, (d) Capacitor “2” voltage 
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Figure 11. Injected powers to grid 

 

 
 

Figure 12. Reference signals in PWM 

 

As can be seen the transformer magnetizing current and 

inductor current in impedance network side is increased in 

shoot through cycles and decreases in nonshoot through 

states releasing their energy to capacitors and load. The 

operation of the proposed two stages controller to change 

the PV voltage reference for finding its maximum power 

point is shown in Figure 11. The PV voltage reference is 

varied in some steps for finding maximum power point in 

the way shown in Figure 11(a). 

The PV voltage responses to this step change of PV 

reference voltage are shown in Figure 11(b). As can be 

seen the PV voltage controller is able to fix PV voltage to 

its desired reference properly. As mentioned, the proper 

operation of the PV voltage controller is dependent to 

capacitor voltage controller performance, therefore this is 

important to capacitor “1” voltage be fixed in its reference 

voltage during PV voltage variations. The capacitor “1” 

voltage during PV voltage reference variations is shown in 

Figure 11(c). According to Figure 11(c), capacitor voltage 

is always regulated to its reference of 360 V. 

The capacitor “2” voltage during PV voltage step 

changes is shown in Figure 11(d). Since capacitor “2” isn’t 

equipped to a special controller, its voltage is a function of 

PV voltage and VC2, therefore varies when PV voltage 

changes. The PV system powers injected to the main grid 

in AC side is shown in Figure 12. By variation of PV 

voltage, the injected active power to grid is varied in the 

way shown in Figure 12. As can be seen, when the PV 

voltage is about 220 V, the maximum power is injected to 

the grid. Since iq is set to zero in AC side current controller, 

there is no reactive power exchange between the main grid 

and PV system. 

As mentioned, the proper operation of the PWM 

algorithm and subsequently proper operation of whole 

system achieves when the modulation index and inverter 

shoot through duty cycle inequality in Equation (18) is 

performed. The inverter modulation index and inverter 

nonshoot through duty cycle is shown in Figure 13. Since 

the VC1 is regulated to a right value, the inverter 

modulation index is always lower than its nonshoot 

through duty cycle. The Figure 13 confirm the proper 

switching algorithm which in it, the shoot through cycles 

only occurs during null vectors leaving active vectors 

unchanged. 

 

V. CONCLUSIONS 

This paper has been presented the dynamic modeling 

of the Γ-source inverter that is a suitable converter for PV 

applications. Using the obtained dynamic model of the 

system, a two stages controller is designed to achieve 

requests such as proper switching algorithm, injecting 

power generated by PV to the main grid and maximum 

power point algorithm. In this control strategy, one of the 

capacitor voltages in impedance network side is regulated 

to its reference so that make balance between produced PV 

power and injected power to grid and ensure proper 

switching algorithm in PWM. 

Keeping the capacitor voltage to its reference using 

adjustment of active component of AC current, the PV 

voltage controller can regulate PV voltage to its reference 

provided by MPPT controller. The performance of the two 

stages controller in regulating the capacitor voltage and PV 

voltage is verified by simulation results both in steady state 

and transient states. Moreover this has been shown that the 

proposed controller achieve proper operation of PWM 

algorithm which in it the shoot through cycles is placed 

only in null vectors.  
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