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Abstract  
 

In this paper implementation of a single-phase, single-stage current source inverter-based photovoltaic 

system for grid connection is aimed. The system utilizes transformer-less single-stage conversion for tracking the 

maximum power point and interfacing the photovoltaic array to the grid. The maximum power point is maintained 

with a fuzzy logic controller. A proportional-resonant controller is used to control the current injected into the grid. 

In order to improve the power quality and system efficiency, a double-tuned parallel resonant circuit is proposed to 

attenuate the second- and fourth- order harmonics at the inverter dc side. A phase shifted carrier based modulation 

technique for the current source inverter is proposed to magnetize the dc-link inductor by shorting one of the bridge 

converter legs after every active switching cycle. Simulation and practical results validate and confirm the dynamic 

performance and power quality of the proposed scheme. The Indies of this proposed converter by three phase grid 

interconnection with the double tuned filter and the three phase current source inverter. A proportional-resonant 

controller is employed to manage this injected into the grid. The power quality issues and system efficiency, a 

double-tuned parallel resonator is projected. The CSI Voltage boosting capability permits a low-tension PV array to 

be grid interface while not Victimization electrical device or a further boost stage. Doubled tuned resonant filter is 

employed to rectify the smoothing of the dc link current and to eliminate the change harmonics of this supply 

electrical converter (CSI). 

 

Keywords: Three phase Current source inverter (CSI), grid-connected, P&O maximum power point tracking 

(MPPT) algorithm, photovoltaic (PV). 

 

1. Introduction  

 
Among various renewable energy sources, PV and wind power are most rapidly growing renewable energy 

sources. The PV source is a nonlinear energy source and direct connection of load will not give optimum utilization 

of the photovoltaic system. In order to utilize the PV source optimally, it is necessary to provide an intermediate 

electronic controller in between source and load under all operating situations. By using this electronic controller it 

is possible to operate the PV source at maximum power point tracking (MPPT), with this for improving the energy 

efficiency of the PV module. Many control algorithms have been reported in the literature to track maximum power 

from the PV arrays, such as incremental conductance (INC), constant voltage (CV), and perturbation and 
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observation (P&O) MPPT algorithms. The two algorithms often used to achieve maximum power point racking are 

the P&O and INC methods. High-voltage PV array is not essential, because of the dc voltage boosting stage. 

However, this two-stage technique suffers from reduced efficiency, higher cost, larger size and high harmonics. 

From the aforementioned drawbacks of existing grid connected PV systems, it is apparent that the efficiency and 

footprint of the two-stage grid-connected system are not that much effective. Therefore, single-stage inverters have 

gained attention, especially in low voltage applications. Different single-stage topologies have been proposed, and a 

comparison of the available interface units is implemented. In the conventional voltage source inverter (VSI) is the 

most commonly used interface unit in grid-connected PV system technology due to its simplicity, availability and 

reliability. However, the voltage buck properties of the VSI increase the necessity of using a bulky transformer or 

higher dc voltage value.  

However, the advantages are achieved at the expense of a more complex PV system. Moreover, a bulky 

transformer and an unreliable electrolytic capacitor are still required. The current source inverter (CSI) has not been 

extensively investigated for grid- connected renewable energy systems. However, it could be a viable alternative 

technology for PV distributed generation grid connection for the following reasons: 

1) The dc input current is continuous which is important for a PV application; 

2) System reliability is increased by replacing the shunt input electrolytic capacitor with a series input inductor; 

3) The CSI voltage boosting capability allows a low-voltage PV array to be grid interface without the need of a 

transformer or an additional boost stage. 

Grid-connected PV systems using a CSI have been implemented. The three-phase CSI for PV grid connection 

proposed. 

 

 
Fig 1: Single-phase grid connected current source inverter 

 
Fig 2: Three-phase grid connected current source inverter 

 

 In this paper, a single-stage single-phase grid-connected PV system-based on a CSI is extended to three phase grid 

connection and doubled-tuned parallel resonant circuit is proposed. To eliminate the second- and fourth order 

harmonics on the dc side. A modified carrier based modulation technique is proposed to provide a continuous path 

for the dc-side current after each active switching cycle and the control structure consists of MPPT, an ac current 

loop, and a voltage loop. To demonstrate the effectiveness and robustness of the proposed system, computer-aided 

simulation and practical results are used to validate the system. 

PV Array Characteristics 

PV system directly converts sunlight into electricity. The output of PV panel is DC. The basic device of a 

PV system is also known as PV cell. Cells may be gathered to form modules or arrays. For more applications now a 

days require DC-DC converters to process the electricity from the PV device. These converters may be used to 
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either increase or decrease the level of voltage of the PV system, The output voltage getting from PV we are giving 

input to double tuned filter.  

 

A. PV Module Characteristics  

The equivalent circuit diagram of a PV module is shown in fig.1,  

 

 

Fig. 3 Equivalent circuit diagram of a solar cell PV module 

 

 The above figure is PV module circuit diagram, the current source represents the current is generated by light 

photons and its output is constant under constant temperature and constant irradiance. The diode shunted with the 

current source determines the characteristics of I-V of a solar cell. There is a series of resistance in a current path 

through the semiconductor material, the metal grid, contacts, and a current collecting bus. These resistive losses are 

lumped together as a series resistor (Rs). Its effect becomes very noteworthy in a PV module. The loss associated 

with a small leakage of current through a resistive path in parallel with the intrinsic device is represented by a 

parallel resistor (Rp). Its effect is much less noteworthy in a PV module compared to the series resistance, and it will 

only become noticeable when a number of PV modules are connected in parallel for a larger system. The 

characteristic equation which represents the I-V characteristic of a practical photovoltaic module is given below  

 

 

Where I is current and V is voltage are the PV cell current and voltage respectively, IPV is the photovoltaic current, 

Io is the reverse saturation current of diode, Vt = NskT/q is the thermal voltage of the array with Ns cells connected 

in series, k is the Boltzmann constant, T is the temperature of the p-n junction, q is the electron charge and n is the 

diode ideality constant. IPV and I0 are given as follows 

 

 

 

Where “a” is temperature coefficient of Isc, G is the given irradiance in W/m2 and Eg is the band gap energy. The 

intensity of solar irradiance is the most dominant environmental factor which is strongly affecting the electrical 

characteristics of solar panel ac- cording to the Equation (5). The effect of the irradiance on the voltage-current (V-I) 
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and voltage-power (V-P) characteristics. The PV cell produces higher output currents because the light generated 

current is proportionally generated by the flux of photons. 

 

Fig.4 I-V characteristics of the solar PV array  

It measures the PV array voltage and current, and then perturbs the operating point of PV generator to encounter the 

change direction. The maximum point is reached when . There are many varieties, from simple to 

complex. 

If the power increases due to the perturbation then the next perturbation of the operating voltage is continued in the 

same direction. 

 

Fig.5 P-V characteristics of the solar PV array  

 

The maximum power point (MPP) decreases with de- creasing irradiance and this is indicated on each (V-P) curve. 

 

2. Perturb and observe technique  

 

In Perturb and observe (P&O) system, the MPPT algorithm is based on the calculation of the PV power and the 

power change by sampling both the PV current and voltage. The tracker operates by periodically incrementing or 

decrementing the solar array voltage. 

 
TABLE I Summary of hill-climbing and P&O algorithm 



IJRIT International Journal of Research in Information Technology, Volume 2, Issue 11, November 2014, Pg. 269-277 

B.Srikanth Naik, IJRIT- 273 

 

The algorithm works when instantaneous PV array voltage and current are taken, as long as sampling occurs only 

once in each switching cycle. This process is repeated periodically until the MPP is reached. The system then 

oscillates about the MPP. The oscillation can be minimized by reducing the perturbation step size. However, a 

smaller perturbation size slows down the MPPT.Fig.6 below shows the flow chart of conventional P&O technique. 

To overcome the problem of this slow response in reaching to MPP, a new algorithm has been developed so that 

MPP can be reached faster compared to that of conventional P&O.  

 

3. Controller system design 

 

The below figure shows the carrier phase shift pulse width modulation controller for the operating the 

current source three phase inverter for the three phase grid connected system. In order to provide a continuous path 

for the dc-side current, at least one top switch in either arm and one bottom switch must be turned ON during every 

switching time. In the conventional sinusoidal pulse width modulation (SPWM), for the existence of overlap time as 

the power devices change states allows a continuous path for the dc current values. Due to this the overlap time is 

insufficient to energize the dc-link inductor, which results in increased THD value. Therefore, CPWM is proposed to 

provide sufficient short-circuit current after every active switching action. 

 

 
 

Fig 7: Carrier phase shift pulse width modulation 

 

4. Fuzzy Logic Controller 

 

                The control system is based on fuzzy logic. Fuzzy logic controller is a one type non linear controller and 

automatic controller. In this type of the control approaching the human reasoning that makes the use of the 

acceptance, uncertainty, imprecision and fuzziness in the decision-making process, manages to offer a very 

satisfactory performance, without the need of a detailed mathematical model of the system, just by incorporating the 

experts’ knowledge into the fuzzy. Fig 8 shows the fuzzy logic controller block diagram. The fuzzy logic control 

system is based on the MAMDHANI fuzzy model. This system consists of four main parts. First, by using the input 

membership functions, inputs are fuzzified then based on rule bases and the inferencing system, outputs are 

produced and finally the fuzzy outputs are defuzzified and they are applied to the main control system. 
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Fig 8: Block Diagram of fuzzy logic controller 

 

 
 

Fig 9: selection of input and output variables 

 

 
Table II: Fuzzy rules 

 

4. Simulation results 

The below figures shows the simulation diagram and results for proposed converter with single phase CSI and 

extended three phase CSI technique with the MPPT, fuzzy and carrier phase shift pulse width modulation 

controllers. 

 

Fig 10: simulation diagram for single phase CSI 
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Fig 11: PV input voltage, current and power 

 

Fig 12: CSI current and Grid voltage 

 

Fig 13: Single phase grid current 

 

 

Fig 14: simulation diagram of extended system 
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Fig 15: Three phase Grid voltage 

 

Fig 16: Three phase Grid current 

5. Conclusion  

A single-stage three-phase grid-connected PV system using a three CSI has been proposed that can meet 

the grid requirements without using a high dc voltage or a bulky transformer is connected. Control structure of the 

proposed system consists of MPPT, a current loop, and a voltage loop to improve system performance during 

normal and varying weather conditions. Since the system consists of a single-stage, the PV power is delivered to the 

grid with high efficiency, low cost. Modified carrier-based modulation technique has been proposed to provide a 

short circuit current path on the dc side to magnetize the inductor after every conduction operation. Moreover, a 

double-tuned resonant filter has been proposed to suppress the second- and fourth-order harmonics on the dc side 

with relatively small inductance. The THD of the grid- injected current was 1.5% in the simulation and around 2% 

practically. The feasibility and effectiveness of the proposed system has been successfully evaluated with various 

simulation studies. 
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