
Abstract 
T Grid interconnection of PV system based on a single stage boost inverter is presented in this article. This boost inverter 
directly converters low voltage DC into high voltage AC without using boost converter and DC-AC converter known as two 
stage conversion. Normally grid interconnection of PV system requires two stage conversions, which is bulky, complicated 
and costly. The above mentioned disadvantages are eliminated by using the presented boost inverter because it is a 
single stage conversion. For achieving good response, the boost inverter is controlled by the Fuzzy Logic Controller. The 
effectiveness of the proposed system is validated by MATLAB/SIMULINK software and the appropriate results are pre-
sented.
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1.  Introduction
Energy consumption is increasing day by day due to 
the advancement in technologies. Conventional energy 
sources such as thermal; hydel, etc. are having the disad-
vantages of polluting the atmosphere, low efficiency and 
limitedly available etc. For eliminating the above disad-
vantages people are concentrating on Renewable Energy 
Sources (RES). The main advantage of Renewable Energy 
Sources is that they do not pollute the atmosphere and 
also they are limitless1,2. There are so many numbers of 
RES existing such as PV, wind and fuel cell etc. Among 
all the RES, Photovoltaic system (PV) has the advan-
tages of clean, light and easily installable cell converts 
sun radiation directly into electricity. The basic element 
of PV cell is silicon. Usually the voltage obtained from 
the PV cell is very low (0.4-0.5 v). For grid interconnec-
tion of PV systems, we generally first convert low voltage 
DC obtained from the PV system into high voltage DC 
using boost DC-DC converter and then convert this 
high voltage into AC by using voltage source inverter. 

This process is called two stage conversion systems3 
which are shown in Figure 1.

The disadvantages of two stage conversion system are 
as follows:

•	 Lower efficiency.
•	 Low reliability.
•	 Higher cost and larger size.

For eliminating the above disadvantages, the single stage 
conversion system is used in this paper4 which is shown 
in Figure 2.

Features of the single stage conversion system are as 
follows:

•	 Simple circuit topology.
•	 Higher efficiency.
•	 Low cost.

The boost inverter controlled by Fuzzy Logic Controller, 
which is a nonlinear controller presented in this paper 
and the appropriate results are also presented.

*Author for correspondence

Indian Journal of Science and Technology, Vol 9(38), DOI: 10.17485/ijst/2016/v9i38/89970, October 2016
ISSN (Print) : 0974-6846 

ISSN (Online) : 0974-5645



Fuzzy Logic Control of a Single Stage Boost Inverter for Grid Connected PV Systems

Indian Journal of Science and Technology2 Vol 9 (38) | October 2016 | www.indjst.org

2.  Working of Boost Inverter
The following Figure 3 depicts the circuit diagram of 
boost inverter comprises of two DC-DC converters.

The two DC-DC converters produce DC biased sine 
output which is anti phase with each other makes the 
output voltage maximum5.

The output voltages of these two converters are given 
as:

	 � (a)

	 � (b)

The voltage across the load is given as:

	 � (c)

The two converter model of a boost inverter and 
their characteristics are shown in the Figures 4 and 5 
respectively.

The voltage gain of the proposed boost inverter is 
given by:

	 Gain =  =  � (iv)

3.  PV System
The basic element of a PV cell is silicon and it generates 
electricity by using sun radiations. The electrical equivalent 
model of a PV cell is shown in the below diagram.

It consists of a current source, diode in parallel with 
it. Practical PV cell consists of shunt resistance Rsh and a 
series resistance Rse7. For high voltages, PV cells have to 
be connected in series and for high current they have to 
be in parallel. 

The insolation current is given by:

	 Iph = Id + IRp + I� (iv)

Where I = load current,

	 I = Iph–(Io[e(v+IRs/VT)–1]+V+IRs/Rp)� (v)

Where Iph = Insolation current.
I0 = Reverse saturation current.
The following graph shows the I-V and power curves 

of a solar panel.
The voltage obtained from the PV cell is about 

0.5–0.7 V. Interfacing of PV system with the existing 
grid requires an efficient converter to make this system 
effectively. Conventional grid connected system uses 

Figure 1.  Two stage conversion system.
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Figure 2.  Single stage conversion system.
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input variables, error (e) and change of error (de) are used 
in this fuzzy logic system. The single output variable (u) is 
duty cycle of the proposed boost inverter.

The error and change in error of the output voltage of 
a boost inverter are the inputs of Fuzzy Logic Controller. 
These two inputs can be classified into five groups; NB: 
Negative Big, NS: Negative Small, ZO: Zero Area, PS: 
Positive Small and PB: Positive Big and its parameter8–10. 
The following Table 1 shows the fuzzy rules for the pro-
posed converter.

5.  Simulation Results
The following Figure depicts the MATLAB/SIMULINK 
diagram of the proposed inverter with Fuzzy Logic 
Controller. It consists of four switches S1, S2, S3 and S4. 
Pulses for these switches are obtained from the Fuzzy 
Logic Controller. The FLC senses the actual voltage and 
compare it with reference value. The error (Vref–Vact) is 
the input for the Fuzzy Logic Controller. The FLC process 
the error and produce the corresponding signal for the 
switches. 

The following Figure 13 shows the switching signal 
generator for the proposed inverter.

The corresponding switching signal for the inverter is 
shown below:

The following Figure 14 shows the grid connected 
current and grid voltage which are in phase with each 
other.

From the Figure 15, the grid connected current and 
voltage is both sinusoids and also they are in phase with 
each other. FFT analysis of grid connected current is 
shown in Figure 16.

From the Figure 17, THD of the current is 1.41%, 
which is under the tolerance of IEEE-519 rule.

two types of converters such as DC-DC converter and 
inverter which increases the overall cost of the system. In 
order to eliminating the above disadvantages, this paper 
proposes a single stage conversion system utilizing single 
converter known as boost inverter. The proposed inverter 
is controlled by a Fuzzy Logic Controller to make this 
converter work efficiently.

4.  Fuzzy Logic Controller
One of the most powerful artificial intelligence controller 
used for the nonlinear systems is Fuzzy Logic Controller 
(FLC). L. A. Zadeh was the person to introduce the con-
cept of fuzzy set theory in 1965. A Fuzzy Logic Control 
system essentially incorporates the experience, intuition 
of a human plant operator. The Fuzzy Logic Controller 
utilizing the fuzzy logic converts a linguistic control strat-
egy into automatic control strategy. The basic approach of 
FLC is shown in Figure 8.

In this paper FLC is used to generate the switching 
signals for the proposed boost inverter which injects the 
power into conventional grid without violating the grid 
rules. The following Figure 8 shows the membership 
functions and fuzzy rules for the proposed converter. Two 

Figure 6.  Electrical equivalent model of a PV cell.

Figure 7.  I-V characteristics of solar panel.

 
 

 
Figure 6. Electrical equivalent model of a PV cell.   
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Figure 8.  Fuzzy Logic Controller.
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Figure 9.  Membership function for input variable error.

Figure 10.  Membership function for input variable change 
in error.

Figure 11.  Membership function for input output variable 
change duty ratio.

Table 1.  Fuzzy rules for the proposed inverter

Figure 12.  MATLAB/SIMULINK diagram of the proposed 
inverter.

Figure 13.  Switching signal generator for the proposed 
inverter.

Figure 14.  Pulses for the switches S1, S2, S3 and S4.

Figure 15.   Grid voltage and grid connected current.
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Figure 16.  Actual grid connected current and reference 
current. 

Figure 17.  FFT analysis of load current.

6.  Conclusion
This paper presents a new single stage conversion system 
for the grid interconnection of PV system. The pro-
posed boost inverter directly converts the low voltage 
DC obtained from the PV system into AC. In order to 
get the good transient response the proposed inverter is 
controlled by the Fuzzy Logic Controller. By using FLC, 
the grid connected current and grid voltage are in phase 
with each other. The proposed concept is verified by using 
MATLAB/SIMULINK environment and corresponding 
results are presented in this paper.
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