
   

 

Abstract—to harness the solar energy, various energy 

conversion technologies are required. Photovoltaic (PV) panels, 

or commonly known as solar panels, are devices used to convert 

sunlight into electricity. The acronym PV stands for photo (light) 

and voltaic (electricity), whereby sunlight photons free 

electrons from the atoms of the panels and creates a voltage 

difference. Since the PV panels convert sunlight into electricity 

in the form of direct current (dc), while most electrical devices 

for residential applications require alternating current (ac), 

dc-ac power conversion is needed. This can be realized by 

power converter known as inverter. In solar energy systems, PV 

inverter is the power converter used specifically to convert the 

dc power obtained from PV panels into ac power. From the 

economic point of view, although the cost of PV power is 

relatively high as compared to other renewable energy sources 

such as wind and biomass, it has decreased from more than 

$50/W in the early 1980s to about $5/W today. Besides, the PV 

panels can be designed as part of the roof structure, replacing 

the conventional ceramic or concrete-based roof tiles. In view of 

these advantages, PV is envisaged as a viable economics 

proposition of the future. As the solar energy for residential 

application is gaining considerable interest, there have been 

numerous PV inverter topologies proposed in the literature. PV 

grid connected and stand alone systems are becoming more and 

more popular now a days. With proper tracking system an 

efficient inverter system can be developed for single phase as 

well as three phase. This research paper is basically based on 

the approach that by considering a conventional tracking 

system a single phase inverter circuit is implemented whose 

switching is done by using DSP TMS320C28027. 

 

Index Terms—Photovoltaic panels, boost converter, bridge 

inverter, unipolar pwm switching, TMS320C28027. 

 

I. INTRODUCTION 

With the increasing concern about the non-renewable 

energy sources, constant increase in the prices of fossil fuels, 

global warming and damage to environment and ecosystem, 

the renewable energy is becoming more popular and is 

gaining more attention as an alternative to non-renewable 

energy sources. Among the renewable energy sources, the 

energy through photovoltaic effect is being considered as the 

most essential and sustainable energy resource such as 

compared to other type of energy sources such as wind, 

biomass, hydro power, tidal. 

Nowadays photovoltaic system are likely recognized & 

widely utilized for different types of power system 
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applications. These systems can generate direct current 

electricity without any environmental impact. Being a 

semiconductor device, the PV system is static and free of 

moving parts which make it easy for operation and also 

requires less maintenance. As per  A. Yafaoui., B. Wu and R. 

Cheung [3] there are number of methods by which a 

photovoltaic modules can be arrange for harvesting the solar 

energy such as perturb and observe method, open and short 

circuit method and  estimate perturb-perturb method for 

maximum power point tracking. 

Thus the extracted signal from a photovoltaic array can be 

used directly or it can be stored depending upon the type of 

system used. For an inverter application if used in stand alone 

mode, it operates independently of the grid without battery 

storage. For domestic purpose it is desired that the inverter be 

able to operate in both mode of operation. 

The main contribution of this paper is based on conventional 

tracking system based performance and analysis of a 

bidirectional frequency link photovoltaic inverter using texas 

piccolo series processor TMS320C28027. 

As per Tames Kerkes, Dezso Sera and Rimes Toe [2] a dsp 

processor TMS320F2812 can be efficiently used for power 

control in an inverter circuit. Also as per Hao Zhou,Chawan 

Tong,Meiqin Mao,Chan Gao [6]  TMS320F28335 can also 

be efficiently used for generating  switching signals for 

inverter application. 

This research paper mainly concentrates on  stand alone 

system with a solar tracker connected to a bidirectional high 

frequency link inverter circuit. This inverter circuit is 

controlled by considering Texas piccolo series processor 

TMS320C28027 which is more advanced, specific and 

cheaper as compared with others [4]. 

 

II. SYSTEM COMPOSITION 

The system explained in this research paper is a stand 

alone system consisting of following individual systems:- 

1) Generating a DC signal by using a suitable photovoltaic 

tracking system.  

2) Stepping up of generated DC signal by using an 

appropriate boost converter. 

3) Conversion  of  DC signal  to AC signal  using  a single 

phase  bridge inverter circuit  with proper  filter. 

Fig.1 shows a simlink model of a photovoltaic module. It is 

assumed that the average insulation is 1000watt/m2 .The PV 

module parameters considered are open circuit 

voltage(Voc),short  circuit current(Isc) and  rated current i.e 

PV current at  maximum power  point and  rated voltage 

under  standard  test  condition. 
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                                              Fig.1 

 

III. BOOST CONVERTER 

In boost converter the output DC voltage is greater than the 

input voltage [17].This can be achieved by considering the 

following theoretical approach for the circuit shown in Fig.2. 

This circuit uses power MOSFETs which can be used to step 

up the voltage.             

 
Fig.2 

The circuit operation can be divided into two modes:- 

Mode1:- When transistor Q1 is switched ON at t=0 

Mode2:- When transistor Q1 is switched OFF at t=t1 

When transistor Q1 is switched ON, the input current rises 

and flows through inductor L and Q1 as shown in Fig.3. 

 
Fig.3 

When Q1 is switched OFF, the current flows through L, C, 

load and diode Dm as shown in Fig.4. 

 
Fig.4 

Assuming that inductor current rises linearly from I1 to I2 

in time t1, then the input voltage Vs is given by 

=  

 

 
If the inductor current falls linearly from I2 to I1 in time t2 

then 

 
Also 

 

 
where ∆I  is the peak to peak ripple current of inductor L  and 

Va  is  the average output voltage. 

Thus equation 1 and 2 can be equated as 

 

 
Considering t1=Kt   and t2=T (1-k) 

 

 

 

 

 
Assuming lossless circuit 

 
For frequency substituting K=t1/t 

 
Switching period t can be calculated as 

 

 

 
Thus 

 
Thus peak to peak ripple current is given by 

 
When transistor is ON the capacitor supplies load current 

for t=t1 .Thus the average capacitor  current during  time t1  is  

Ic=Ia  and peak to  peak ripple voltage  of  capacitor is 

 

 

 
Thus 

 
But 
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Therefore 

 

 
If I1 is the average inductor current, the ripple current 

is    

 

 
If t1 is the average capacitor voltage, then capacitor ripple 

voltage is  

Thus                 R 

The value of capacitor is calculated as 

 

 
      Fig.5 

Inverter Model 

 
                                          Fig.6 

The inverter model  used for simulation is a pulse  width 

modulated  inverter as shown in  Fig.6.In such type of 

inverter ,the  input DC voltage  from  a solar tracker or battery 

which is constant in magnitude ,is applied to the inverter 

circuit. The inverter circuit consists of switching devices 

such as IGBT, MOSFET which rectifies the output voltage. 

Thus the inverter must control the magnitude and frequency 

of the generated AC signal. This is achieved by using pwm 

technique. The type of switching used in model is unipolar 

switching. In pawn with unipolar switching; the two legs of 

full bridge inverter are not switched simultaneously. The two 

legs are controlled separately by comparing the modulating 

signal (Vmod) and carrier signal (Vref).    

1) If Vmod > Vref  then G1is ON and Vo=Van 

2) If Vmod < Vref  then G2 is ON and Vo=0 

3) If –Vmod > Vref then G3 is ON and Vo=Vbn 

If –Vmod < Vref then G4 is ON and Vo=0 

VO = Van – Vbn  

Thus G1 and G4 is ON, Van=Vd,Vbn=0 then Vo = Vd 

G2 and G3 is ON, Van=0, Vbn=Vd then Vo=-Vd 

G1 and G3 is ON, Van=0, Vbn=0 then VO=0 

G2 and G4 is ON, Van=0, Vbn=0 then VO=0 

Thus when switching occurs , the output voltage changes 

between 0 and +Vd as well as 0 and –Vd voltage levels.This 

is called as unipolar switching.The unipolar switching has 

advantage of doubling the switching frequency which results 

in cancellation of harmonics. 

 

IV. SIMULATION RESULT  

The performance of photovoltaic inverter was tested using 

MATLAB and the output signal was observed with different 

carrier frequencies. 

1) Analysis of photovoltaic model 

 Insolation = 1000 w/m2 

Ratings of PV cell 

 (With bypass diode) 

 Voc= 22.2 volts, Isc = 5.45Amp 

 Voltage at Pmax =17.2 volts,                                       

Current at Pmax = 4.95 Amp 

Output dc voltage = 103.2 volts 

2) Analysis of  boost converter 

Input dc voltage = 103.2 volts 

Inductance (L) = 2mH 

Load Resistance (Rl) =2K 

Output dc Voltage = 235.6 

3) Analysis of Inverter model 

PWM Generation:-  

Sampling Time = 2μsec 

Modulating Signal:- Modulation Index = 0.8 

Frequency = 60 Hz 

Input dc signal = 235.6 

 

V. OUTPUT SIGNAL 

Carrier Frequency =1.5KHz 

      
Carrier Frequency =2.5KHz 

 
Carrier Frequency=10KHz 

 
 

VI. HARDWARE IMPLEMENTATION 

A photovoltaic bidirectional link inverter was 

implemented using a solar tracker .An  inverter circuit with a 
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filter, driver circuit  with  processor tms320c28027  was 

developed and tested with  a conventional solar tracker.The 

specification of hardware is as follows:- 

Specification of PV module 

Model – SLP5-12, Rated Power: - 5watt 

Rated Voltage:-17volt, Rated Current:-0.29 Amp 

O.C voltage: - 21.6 volts, S.C current: - 0.34 Amp 

Slandered Test Condition – 1000watt/m2 

Battery specification 

Microtek: - 12 volt, 7.2Ah 

Inverter circuit specification 

IGBT Driver: - TLP 250 

IGBT: - G4PC60U 

Filter Circuit: - Inductor-10mH, Resistance – 22 ohms, 

Capacitor – 22 microfarad 

A solar tracker as shown in Fig.7 was designed to charge a 

12 volt, 7 amp battery. The solar tracker was able to track the 

sun from east to west   based on the LDR circuit by rotating 

the PV module with 22.5 degree at every 3 hours to get 

maximum power.  

                                                                                                  
Fig.7 

A bidirectional high frequency link inverter was developed 

with the given specification in order to achieve relatively 

small size, light weight and high efficiency inverter circuit as 

shown in Fig. 8  

 
Fig.8 

For switching of the IGBT‟s a driver circuit based on 

TLP250 was used with processor TMS320C28027 as shown 

in Fig.9 and the output signal was observed.  

 
Fig.9 

  

VII. OUTPUT SIGNALS OBSERVED 

PWM Signal:- 

PWM signal for switching of IGBT was generated from a 

driver circuit consisting of IC TLP250.The input to  driver 

circuit was given from  the  GPIO 1 to GPIO4 pins of 

processor TMS320C28027.The PWM signal through 

TMS320C28027 was generated by loading, debugging and 

building the program in code composer studio(version 

3.1).The PWM signal generated is shown in fig.10.  

 
Fig.10 

Finally the generated PWM signals were applied to the 

IGBT‟s of the inverter circuit and the output AC signal was 

observed at   the output of filter circuit. The fig.11 shows  the 

generated AC signal.  

 
Fig. 11 

 

VIII. CONCLUSION 

This paper presents the simulation and hardware of a 

single phase photovoltaic inverter using TMS320C28027 

control. It is observed in simulation that with the increase in 

frequencies the nature of the ac signal can be 

improved.Further,the implementation of TMS320C28027 

processor makes the inverter more flexible due to its real time 

analysis. Also by considering a conventional photovoltaic 

tracking system maximum power can be extracted. 
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