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ABSTRACT  

Inverter is basically an interface between DC source like photovoltaic cell and AC networks. There are many 

inverter topologies but output current distortion and efficiency are the two main parameters for the selection of 

inverters. This paper proposes a single-phase inverter for photovoltaic systems. The system consists of a switch 

mode DC-DC boost converter and H-bridge inverter. Furthermore, the intelligent PV module system is 

implemented using a simple maximum power point tracking (MPPT) method. Here, the SPWM (Sinusoidal 

Pulse Width Modulation technique of unipolar inverters is presented and simulated in MATLAB. The SPWM 

pulses are generated by comparison of two waves- a carrier wave, which is triangular in this case and a 

modulating reference wave whose frequency is the desired frequency, and is sinusoidal in this case. 

 

Keywords: Maximum Power Point Tracking (MPPT), Photovoltaic (PV) System, And DC-DC 

Converter, PWM, Unipolar Inverter, LC Filter. 

 

I. INTRODUCTION 

 
The characteristic voltage and power of a photovoltaic (PV) array is nonlinear and time varying due to the 

changes caused by the atmospheric conditions, therefore a maximum power point tracking algorithm is adopted 

to maximize the output power [1-3]. P&O based PV system has been used as the input source for the proposed 

inverter topology [4-5]. The major issue lies in converting the available DC sources into AC sources. Therefore, 

we proposed a two-stage intelligent PV system, which is similar to modular configuration topology. In an 

intelligent PV module instead of interconnection between modules they are interconnected with associated DC-

DC converter for MPPT tracking which ensures optimal operations of PV module. Various MPPT algorithms 

exist in different literatures. In this paper, we propose perturb and observe (P&O) method to extract maximum 

possible power from solar panel. Here, a two-stage PV system is proposed which consists of a DC-DC boost 

converter with MPPT and a DC-AC inverter to convert photovoltaic DC voltage into line 50 Hz AC voltage as 

shown in Fig. 1. In order to minimize the switching losses and to achieve better performance of the inverter, a 

combination of SPWM and a triangular wave signal is used for switching the inverter circuit [6-7]. The work 

has been carried out/simulated in MATLAB/SIMULINK environment. 
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Fig.1. Block diagram of two-stage filter connected PV system 

 

II. MATHEMATICAL MODELLING OF PV CELL 

 
The equivalent electrical circuit of an ideal PV cell can be treated as a current source parallel with a diode, as 

shown in fig.2. 

 
 

Fig.2. Equivalent electrical circuit of a solar cell  
 

The basic equation from the theory of semiconductor which mathematically describes the I-V characteristics of 

the ideal PV cell is [8]: 

dIcellpvII  ,                                     (1) 
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where, 

cellpvI , : Current generated by the incident light, dI : The Shockley diode equation 

cellI ,0 : The reverse saturation current of the diode, q : Electron charge (1.60217646*10^-19c) 

k : Boltzmann constant (1.3806503*10^-23), T : Cell Temperature in Kelvin (k) 
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V : Solar cell output voltage (V), sR : Solar cell series resistance (Ω) 

pR : Solar cell parallel resistance (Ω). 

The cells which are connected in parallel will increase the current whereas the cells connected in series provide 

improved output voltage. 

 

III. PERTURBATION AND OBSERVATION ALGORITHM 
 

P&O algorithm reads the values of voltage and current from solar PV module to evaluate maximum power to be 

tracked. The value of voltage and power at thk instant is stored in the memory. Then next value at 
thk )1(   

instant is measured again and power is compared with the previous measured values. The power and voltage at 

thk )1(   instant is subtracted with the values from thk  instant [9].  
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Fig.3. P-V Characteristics of photovoltaic cell  
 

From fig. 3, it is observed that right hand side of the curve where the voltage is almost constant the slope of 

0
V

P


  is negative whereas in the left hand side, the slope 0
V

P


 is positive. The right side of the curve 

is nearer to zero (lower duty cycle) whereas the left side of the curve is nearer to unity (higher duty cycle). 

Depending on the sign of ))1((  kpvPpvPpvP  and ))1((  kpvVpvVpvV  after subtraction the algorithm 

decides whether to increase the duty cycle or to reduce the duty cycle. The MPPT algorithm has been 

implemented at dc-dc boost converter side. The logic has been elaborated according to the flow chart of P&O 

algorithm, shown in fig. 4 [9,18]. The duty cycle lies in between 0 and 1. According to the change in the power 

pvP and the change in the voltage pvV , the duty cycle of the converter is changed as given in the following 

logic [12], 

If pvP >0 and pvV >0 then    

If pvP >0 and pvV <0 then    

If pvP <0 and pvV <0 then    
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If pvP <0 and pvV >0 then    

where  duty cycle and  is perturbation. 
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Fig.4. Flow chart of Perturb and Observe algorithm for MPPT 
 
 

V. DC-DC BOOST CONVERTER 

A boost converter is a step-up DC-DC power converter, which converts a low input voltage to a high output 

voltage. In this situation, the output current is lower than source current. Converter operation can be divided into 

two modes; first mode begins, when the transistor is switched on, the current increases linearly in the boost 

inductor, and when the diode is in off state, mode second begins, when the transistor is switched off, the energy 

stored in the inductor is discharged through the diode to the source load [10-11]. The classical relationship 

between input and output voltage of a boost converter at steady state condition is given by: 

                          
DiV

V




1

10                                                              (4) 

where, duty cycle D lies between 0 and 1 [12]. 
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Fig.5. Boost Converter Circuit 

 

VI. SINGLE PHASE SPWM INVERTER CIRCUIT  

In SPWM (Sinusoidal Pulse Width Modulation) two signals are compared. The Modulating reference signal is 

sinusoidal and the carrier wave is triangular [6]. Gating pulses are produce by comparing the two signals and the 

width of each pulse is varied is proportion to the amplitude of the sine wave. The frequency of the reference 

signal determines the inverter output frequency and the reference peak amplitude controls the modulation index 

and the RMS value of the output voltage. The unipolar modulation normally requires two sinusoidal modulating 

waves mv  and mv   which are of same magnitude and frequency but 180 out of phase. The two modulating 

wave are compared with a common triangular carrier wave crv  generating two gating signals am  and 3gv  for 

the upper two switches S1 and S3. It can be observed that the upper two devices do not switch simultaneously, 

which is distinguished from the bipolar PWM where all the four devices are switched at the same time. The 

inverter output voltage switches between either between zero and dV  during positive half cycle or between 

zero and dV  during negative half cycle of the fundamental frequency thus this scheme is called unipolar 

modulation. The unipolar switched inverter offers reduced switching losses and generates less EMI [7]. On 

efficiency grounds, it appears that the unipolar switched inverter has an advantage. Over modulation occurs 

when amplitude modulation index am  is greater than unity. It causes a reduction in number of pulses in the line 

to line voltage waveform leading to emergence of lower order harmonics. Moreover the notch and pulse widths 

near the center of positive and negative half cycle tend to vanish. To complete the switching operations of the 

device, minimum notch and pulse widths must be maintained. When minimum width notches and pulses are 

dropped, there will be some transient jump of load current 
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Fig.6. Single Phase Full Wave Bridge Inverter 

 
Table.1 Switching States 

 
Output voltage from an inverter can also be adjusted by exercising a control within the inverter itself. The most 

efficient method of the same is pulse width modulation control used within an inverter 

 

VII. SIMULATION RESULTS AND DISCUSSIONS 

 
The simulated PVA model is shown in fig. 7. This model has fixed temperature and irradiance; temperature of 

cell is 25 0 C & irradiance is 400 W/ 2m . 

 
Fig.7. Complete Simulink Diagram of PVA system 

 

The output of PV panel is connected with the boost converter. The output voltage of boost converter are shown 

in figs .8  
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Fig.8. Boost converter output voltage with P&O algorithm 
 

Fig.9 to fig.12 shows the obtained simulation results of reference and carrier waveform applied to the PWM for 

providing gating pulse to inverter 
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Fig.9. Waveform of Reference Wave for SPWM with unipolar voltage switching 
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Fig.10. Waveform of Carrier Wave for SPWM with unipolar voltage switching 
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Fig.11. Switching Signal from Control Circuit for MOSFET T1, T2, T3, T4 
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Fig.12. Waveform of Reference and Carrie Wave for SPWM with unipolar voltage switching 
 

The output of boost converter is then fed to the inverter which converts DC to AC. The output from inverter is 

fed to the LC filter. The output voltage of the inverter is shown in fig. 13-14. 
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Fig.13. Output Voltage of the Inverter 
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Fig.14. Output voltage waveform of Unipolar Voltage Switching with filter 

 

VIII. CONCLUSIONS 

The objective of this paper is to establish a model for the photovoltaic system with maximum power point 

tracking. A single phase two-stage photovoltaic inverter with combination of SPWM and triangular-wave 

switching strategy has been designed in MATLAB. In the proposed design, an MPPT algorithm with a boost 

converter is designed to operate using (P&O) method to control the PWM signals of the boost converter, which 

is adapted to the maximum power tracking in PV system. Instead of using line frequency transformer at the 

inverter output terminals, a DC-DC boost converter is used between solar panel and inverter that efficiently 

amplify the 80 V PV arrays output into 400 V DC, which is then transformed into line frequency (50Hz) 

sinusoidal ac 280V rms voltage by the inverter and thereby reducing the system losses and ensuring high 

voltage gain and efficiency. The simulation results show that the proposed photovoltaic inverter trace the 

maximum power of solar module and then converts it to a high quality ripple free sinusoidal ac power.  
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