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Abstract: This research work deals with the modeling and control of hybrid photovoltaic (PV) - Wind 
micro-grid using Quasi Z-Source inverter. This inverter provides better buck/boost characteristics, able to 
regulate the phase angle output, less harmonic content, no requirement of the filter and has high power 
performance characteristics over conventional inverter as major benefits. A SEPIC converter as dc-dc 
switched power apparatus is employed for maximum power point tracking (MPPT) functions which 
provides high voltage gain throughout the process. Moreover, a modified power ratio variable step 
(MPRVS) based perturb & observe (P&O) method has been proposed in the PV MPPT action which forces 
the operating point close to maximum power point (MPP). Practical responses justify the performance of 
hybrid PV-Wind micro-grid with Quasi Z-Source inverter structure. 

Keywords: PV, MPRVS, Quasi Z-source inverter, MPP, SEPIC converter. 

1. Introduction  

Micro-grid comprises the combination of micro sources, energy stored devices and several loads which 
works as a controlled unit to deliver electric demand for miniature location. It supplies power generation 
with tremendous reliability as well as an affirmation to varying loads [1-3]. Fossil fuels and nuclear 
sources are treated as traditional energy sources which provide electricity and are not located nearer to 
the load point.  As conventional energy sources are not environmentally friendly and due to long 
distance transmission, there is considerable power losses occur. Therefore, renewable energy sources 
have given more attention to generate alternative power by the researchers nowadays [4-8]. Distributed 
generating (DG) source viz. Solar, wind, fuel cell, hydro, tidal, etc. are considered as main renewable 
technology, which are highly flexible, expandable and has environmentally friendly behavior. The 
maximum power point tracking (MPPT) is the important constituent needed to achieve maximum power 
point (MPP) as an operating point which enables the utmost power extraction for renewable sources [9-
10]. Several MPPT technique viz. Perturb & Observe (P&O), Incremental Conductance (INC), Fuzzy logic 
control (FLC), Artificial Neural Network (ANN), Particle swarm optimization (PSO), Ant Colony 
Optimization (ACO), Artificial Bee colony (ABC), Firefly Algorithm (FA) etc. is reviewed in the literature 
are unable to detect global peak point with partial shade situations [11-23].  In this research work, 
Modified Power Ratio Variable Step (MPRVS) based P&O technique is proposed without PI controller 
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utilization which reduces the power oscillation near to MPP compared to a conventional P&O algorithm 
and provides prevention to battery charging from voltage fluctuation. 

To avoid multi reversal generation occurrence in a micro-grid system, in this research work a Quasi Z-
Source inverter is employed [24-26]. DC-DC converter is considered a vital interface to achieve peak 
power generation from PV modules. In this work, high quality tracking behavior is achieved by 
employing single ended primary inductance converter (SEPIC) which provides high voltage gain with 
better buck/boost performance compared to other dc-dc switched power converters [27]. This research 
work organizes mainly IV sections. I Section discusses the micro-grid system with an extensive literature 
review of MPPT techniques, dc-dc converters with benefits of Z-source inverter. II, section presents the 
complete structure of hybrid PV-Wind micro-grid system. III, section explains the PV Generator 
modeling, wind turbine model, MPRVS based MPPT algorithm, design specifications of the SEPIC 
converter as well as modes of operations of Quasi Z-source inverter. IV, section presents the experimental 
results which validate the performance of the proposed hybrid PV-wind micro-grid system. The novelty 
of this research paper is MPRVS based advanced MPPT algorithm have neither been discoursed nor been 
utilized before for hybrid PV-wind micro-grid with Quasi Z-source inverter experimentally. 

2. Structure of Hybrid PV-Wind micro grid  

The proposed structure of a design a PV-Wind micro grid system is portrayed in Figure 1. The SEPIC 
based soft switching for MPPT action is controlled through an advanced MPRVS based P& O MPPT. A 
quasi Z-source inverter with common grounding characteristics is employed to get high volt gain. 
Employed inverter operates in two modes of operation as shoot through and non-shoot through the 
states. In this manuscript, the two diode model based PV generator has the better power extraction 
capability in equated with the single diode model. The rotor of wind turbine is mechanically tied with a 
generator to produce electrical power. 

 

Figure 1. Structure of Hybrid PV-Wind micro grid 

2.1 PVG Mathematical Model 
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Figure 2 illustrates the basic PV cell schematic diagram which is responsible to transform sun energy into 
electric power using photoelectric effect which comprises numerous cells. Here a two diode model is 
considered to deliver better accuracy compared to single diode model. 

The PV cell output current is expressed mathematically as: 

ேܫ = ௉௛௢௧௢௡ܫ − ஽௜௢ௗ௘ଵܫ − ஽௜௢ௗ௘ଶܫ − ቀ௏ಿାூಿோೄಶ
ோುೌೝೌ೗೗೐೗

ቁ                                                         (1) 

Where, 

RSE= Resistance in series 

RParallel= resistance in parallel 

Also, Photon current is evaluated mathematically as: 

௉௛௢௧௢௡ܫ = ௉௛௢௧௢௡_ௌ்஼ܫൣ )ௌܭ+ ஼ܶ − ௌ்ܶ஼)൧ ∗
ீ

ீೄ೅಴
                                                             (2) 

Where, 

TSTC= 25° C =Temperature at STC (Standard Test Condition)  

GSTC= 1000W/m2 = Solar irradiance at STC 

KS= Coefficient of short circuit current 

௉௛௢௧௢௡_ௌ்஼ܫ  = Photo current at STC 

஼ܶ   = Ambient temperature 

G= Sun insolation 

Again, 

Diode saturation current can be evaluated as: 

஽௜௢ௗ௘ଵܫ = ஽௜௢ௗ௘ଶܫ =
ூೄ೓೚ೝ೟_ೄ೅಴ା௄ೄ(்಴ି்ೄ೅಴)

௘௫௣
ቂ൬ೇ೚೛೐೙_ೄ೅಴శ಼ೇಽ൫೅಴ష೅ೄ೅಴൯൰ቃ

ೇ೅೓೐ೝ೘ೌ೗
ିଵ

                                         (3) 

Where, 

IShort_STC= Short circuit current at STC 

Vopen_STC= Open circuit current at STC 

VThermal= Diode thermal voltage 

KVL= Voltage temperature coefficient 
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Figure 2. Basic PV cell schematic diagram 

2.2 Wind turbine modeling 

The working of wind turbine depends on wind velocity in which rotors are mechanically linked with 
generator. CPR (Performance coefficient) Vs tip speed (λT.S) curve is plotted for different βP.B (Pitch blade 
angle) which is depicted in Figure 3. Generated mechanical energy output from wind turbines can be 
written using equation (4) which is depending on wind velocity (VWind), RT (Turbine radius) and CPR 

(Performance coefficient) as: 

                                       

Figure 3. CPR (Performance coefficient) Vs tip speed (λT.S) curve is plotted for different βP.B (Pitch blade 
angle) 

ெܲ௘௖௛௔௡௜௖௔௟ =
ଵ
ଶ
௔.ௗߩଶ்ܴߨ௉ோܥ ௐܸ௜௡ௗ

ଷ                                                             (4) 

Where, 

 ௔.ௗ= Air densityߩ

Also, ratio of tip speed (λT.S) can be described mathematically which is correlated with an angular velocity 
of blade (ωA.V),  VWind and RT as: 

ௌ.்ߣ =
ఠಲ.ೇ∗ோ೅
௏ೈ೔೙೏

                                                                                  (5) 

And coefficient of performance is expressed with λT.S and βP.B (Pitch blade angle) as: 
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,ௌ.்ߣ)௉ோܥ (௉.஻ߚ = 0.72 ൤ଵହ଴
ఒೕ
− 2 ∗ 10ିଷߚ௉.஻ − 131 ∗ 10ିଵ൨ ݁

షభఴఱ∗భబషభ
ഊೕ                                 (6) 

Where, 

ଵ
ఒೕ
= ଵ

(ఒ೅.ೄା଼∗ଵ଴షమఉು.ಳ)
− ଷହ∗ଵ଴షయ

ଵାఉು.ಳ
య                                                                           (7) 

ௌ.்ߣ =
ఠಸ∗ோ೅

௏ೈ೔೙೏∗ƞ೒೐ೌೝ
                                                                                                 (8) 

ƞ௚௘௔௥ =
ఠಸಾ∗ோ೅
ఒ೅.ೄ	௏ೈ೔೙೏

                                                                                                    (9) 

Where, 

߱ீ= Speed of the generator 

߱ீெ= Peak allowed generator speed 

ƞ௚௘௔௥= Gear ratio 

2.3 SEPIC Converter Model 

Single ended primary inductor converter (SEPIC) is considered as an impedance adapter between PV 
module and Z-source inverter as it provides high gain throughout the operation, better voltage 
performance and high voltage rating for lower/higher power requirements. When boost converter 
combines with additional inductor and capacitor, a SEPIC converter is developed. In contrast with buck 
boost converter, the polarity of SEPIC is kept positively depicted using Figure 4.  Table 1 portrays the 
employed SEPIC converter parameters during implementation.  

 

Figure 4. SEPIC converter 

௢ܸ௨௧௣௨௧ = ௦ܸ௨௣௣௟௬ ∗
஽೏ೠ೟೤

ଵି஽೏ೠ೟೤
                                                                   (10) 

஺ܮ =
௏ೞೠ೛೛೗೤∗஽೏ೠ೟೤
∆ூಽಲ∗௙ೞೢ೔೟೎೓೔೙೒

                                                                        (11) 

஻ܮ =
௏ೞೠ೛೛೗೤∗஽೏ೠ೟೤
∆ூಽಳ∗௙ೞೢ೔೟೎೓೔೙೒

                                                                        (12)                                                                 

஺ܥ =
௏೚ೠ೟೛ೠ೟∗஽೏ೠ೟೤

ோಽ೚ೌ೏∗∆௏೚∗௙ೞೢ೔೟೎೓೔೙೒
                                                                  (13) 
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஻ܥ =
௏೚ೠ೟೛ೠ೟∗஽೏ೠ೟೤

ோಽ೚ೌ೏∗∆௏೚∗௙ೞೢ೔೟೎೓೔೙೒
                                                           (14)  

Where, 

 ௅ಳ =   Current rippleܫ∆	=௅ಲܫ∆

∆ ௢ܸ= Ripple voltage 

௦݂௪௜௧௖௛௜௡௚= Switched frequency 

Table 1. SEPIC converter parameter 

S.N Parameters Value 
  1. Inductors (ܮ஺  ஻) 0.42 mHܮ	=
  2. Capacitors (ܥ஺= ܥ஻) 3.5*10-3 µF 
  3. Current ripple (∆ܫ௅ಲ=	∆ܫ௅ಳ) 0.5 A 
  4. Voltage ripple (∆ ௢ܸ) 1*10-3 V 
  5. Switching frequency ( ௦݂௪௜௧௖௛௜௡௚) 20 Hz 
 

2.4 Modified Power Ratio Variable step based P&O MPPT 

Figure 5 demonstrates the working model of MPRVS based P&O technique for optimal PV power 
extraction from solar modules. The generation of gating pulses to the SEPIC converter is possible without 
the action of PI controller, which makes the reduction of power oscillation nearer to MPP and forces 
operating point close to MPP. It also prevents the battery charging system from over voltage. 

The instantaneous power obtained through PVG [ ௉ܲ௏(ܰ)] at SEPIC output terminal is calculated as: 

௉ܲ௏(ܰ) = ଴ܸ(ܰ) ∗  ௉௏(ܰ)                                                                      (15)ܫ

Where, 

଴ܸ(ܰ)&ܫ௉௏(ܰ)≡ Sensed voltage and current 

Also, previous instantaneous power is mathematically described as: 

௉ܲ௏(ܰ − 1) = ௉ܸ௏(ܰ − 1) ∗ ܰ)௉௏ܫ − 1)                                                         (16)   

And 
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Figure 5. Working model of MPRVS based P&O technique 

If     ∆ ௉ܲ௏(ܰ) = ௉ܲ௏(ܰ) − ௉ܲ௏(ܰ − 1) > 0, S= -1                                                                                                  (17) 

& ௉ܲ௏(ܰ) − ௉ܲ௏(ܰ − 1) < 0,S=+1                                                                                                                         (18) 

Again,  

(ܰ)ܦ = ܰ)ܦ − 1) + ܵ ∗  (19)                                                                   ܦ∆

ܭ = Step perturbation of duty ratio ≡ ܦ∆ ∗ ݀ܶ 

dT= Fixed step size 

K= Variable power ratio 

ܭ = ௉ುೇ
೘ೌೣି௉ುೇ(ே)
௉ುೇ(ே)

                                                                                (20)   

2.5 Quasi Z-Source Inverter mathematical modeling    

Figure 6 presents the equivalent power circuit of Quasi Z-source inverter which comprises LA, LB, CA, CB 

components with impedance circuit. The considered Z-Source Quasi inverter has no filter requirement, 
better buck/boost characteristics, able to regulate the phase angle output, less size, continuous conducting 
mode working, less harmonic content, high efficiency and with better power performance over a 
conventional inverter as major advantages. The Quasi Z-source inverter operates in two modes of 
operation. In non-shoot mode, the equivalent circuit has 6 active states with 2 zero states. Let TS is the 
total switched inverter with TA and TB as shoot through state and non-shoot through state, respectively.  

The duty ratio Dduty of SEPIC converter is mathematically written as: 

ௗ௨௧௬ܦ =
்ಲ
்ೄ

                                                                                  (21) 
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Figure 6. Equivalent power circuit of Quasi Z-source inverter 

Mode I: The equivalent model of Quasi Z-source inverter is depicted in Figure 7 and mathematical 
equations governing non-shoot through state is expressed as: 

௅ܸಲ = ூܸே − ஼ܸಲ 

௅ܸಳ = − ஼ܸಳ                                                                                (22) 

஽ܸூை஽ா = 0 

 

Figure 7. The equivalent model of Quasi Z-source inverter governing non-shoot through state 

 

Figure 8. Equivalent model of Quasi Z-source inverter in shoot through state 
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Mode II: Figure 8 illustrates the equivalent model of Quasi Z-source inverter in shoot through state mode 
with mathematical expression as: 

௅ܸಲ = ூܸே + ஼ܸಲ 

௅ܸಳ = ஼ܸಳ                                                                                (23) 

஽ܸூை஽ா = ஼ܸಲ + ஼ܸಳ 

Under steady condition, the average inductor voltage becomes zero. 

௅ܸಲ = ቈ
ቀ௏಺ಿା௏಴ಳቁ்ಲାቀ௏಺ಿି௏಴ಲቁ்ಳ

்ೄ
቉ = 0                                             (24) 

௅ܸಳ = ቂ
௏಴ಲ்ಲା(ି௏಴ಳ)்ಳ

்ೄ
ቃ = 0                                                            (25) 

On solving above equations, capacitor voltage ( ஼ܸಲ& ஼ܸಳ) are calculated mathematically as: 

஼ܸಲ = ቀ ்ಳ
்ಳି்ಲ

ቁ ∗ ூܸே                                                                        (26) 

஼ܸಳ = ቀ ்ಲ
்ಳି்ಲ

ቁ ∗ ூܸே                                                                       (27)  

Maximum voltage across DC-link =  ஼ܸಲ + ஼ܸಳ                                                                            (28) 

Putting equation 26 and 27 in 28 we get 

Maximum DC-link voltage = อ ଵ

ଵିଶ
೅ಲ
೅ೄ

อ ூܸே = ܭ ∗ ூܸே                                                                  (29) 

Where, 

K= Boost coefficient 

3. Experimental Results 

The considered hybrid PV-Wind micro grid is tested using MPRVS based P&O MPPT with employed Z-
source inverter. Figure 9 depicts the developed practical structure of the proposed hybrid micro grid. The 
SEPIC converter is controlled through MPRVS based P& O based MPPT in which LV-25P and LA-25P 
sensors are employed for VPV and IPV measurement. The power factor coefficient and THD are evaluated 
using a power quality analyzer (FLUKE 43B) and IGBT (IRG4PH50U), diode (Freewheel RHRG30120), 
driver circuit (HCPL 3120) etc. have been used as major circuit constituents. PMSG based wind emulator 
system is employed with interfaced dc-motor. The switched mode power converter makes the wind 
turbine as varying wind system which produces required torque by controlling wind turbine 
characteristics. The accuracy of proposed MPRVS based P& O based MPPT has been tested with 
changing wind operating condition depicted in Figure 10 (a). The employed controller works in MPP area 
and provides optimal tracking of wind power under abruptions of wind velocity shown in Figure 10 (b). 
The corresponding duty ratio of SEPIC converter is generated and illustrated using Figure 10 (c). 
Furthermore, the capability of proposed MPPT tracker is examined with step varying solar insolation. 
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Figure 9. Developed practical structure of proposed hybrid micro grid 

                                            

                                            (a) 

 

                                                        (b) 
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(c) 

Figure 10. Obtained practical responses (a) wind speed variation (b) wind power (c) Duty cycle of Cuk 
converter 

 

Figure 11. PV responses under fluctuating atmosphere 

Figure 11 demonstrates the PV array has obtained parameters under abrupt operating situations and has 
high accuracy and effective PV tracking in MPP region. The obtained experimental responses in Figure 12 
(a) illustrate the performance of the proposed hybrid micro grid under varying wind velocity and 
constant solar insolation. Also, Figure 12 (b) demonstrates the behavior responses of the hybrid micro 
grid under varying solar irradiance and constant wind velocity with MPRVS based P & O MPPT 
employed. The performance of the hybrid micro grid is tested in the absence of wind velocity and during 
this operation; the load is connected/disconnected to the utility grid, which is interpreted using Figure 13 
(a) load cutting condition Figure 13 (b) Load removing conditions. The performance of the wind 
generator is evaluated under disconnecting/reconnecting operating conditions to the micro grid, which 
are depicted by Figures 14 and 15 and reveal the accurate performance of the proposed hybrid micro grid 
in varying operating situations (disconnecting operating conditions to the micro grid and reconnecting 
operating conditions to the micro grid), respectively. 
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                                                             (a)                                                                    (b) 

Figure 12. (a) Capability of proposed hybrid micro grid under varying wind velocity and constant solar 
insolation. (b) Behavior responses of the hybrid micro grid under varying solar irradiance and constant 
wind velocity 

                              

                                                               (a)                                                               (b) 

Figure 13. The performance of the hybrid micro grid (a) load cutting condition (b) Load removing 
condition. 

                                            

Figure 14. The performance of the wind generator is evaluated under disconnecting operating conditions 
to the micro grid 
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Figure 15. The performance of the wind generator is evaluated under reconnecting operating conditions 
to the micro grid 

4. Conclusion 

The proposed hybrid PV-Wind micro-grid system using Quasi Z-source inverter is realized practically 
with dSPACE (DS 1104) kit. The MPRVS based P&O MPPT performance with SEPIC converter has been 
validated effectively, which delivers MPP achievement with low power oscillation for a PV system. The 
performance of Quasi Z-source inverter has been evaluated experimentally as has better buck/boost 
characteristics with fast dc-link voltage regulation under different operating conditions. Practical results 
reveal that optimal power has been tracked through PV-Wind renewable sources. Also, the two diode 
model based PV Generator provides high power extraction compared to single diode model.  
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