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Abstract
This paper describes a grid connected photovoltaic system
with Fuzzy Maximum Power Point Tracking (Fuzzy-MPPT) based
on Modified Single Ended Primary Inductor Converter (ModSEPIC). The Mod-SEPIC with the fuzzy logic based MPPT helps
in turn to provide a variable voltage into a constant voltage for a
Photovoltaic (PV) system. This converter is highly preferred to
obtain a high voltage gain. The constant dc output voltage obtained
from Mod-SEPIC converter is given to three phase Hex bridge
inverter which helps to invert the incoming DC into AC. The
proposed system is designed and monitored with an embedded
controller mainly a PIC controller which generates a control signal
and activates the relay/driver unit. The voltage and frequency
conditions are explained in order to achieve grid synchronization.
The main objective of this paper deals with the PV system to
supply required renewable power to the AC load and the excess
power produced from the PV array during high radiation period can
be fed into the grid. Thereby, it reduces the cost of the system. The
whole system is developed and tested using MATLAB/Simulink
software under various climatic and load conditions.
Keywords - Photovoltaic System, Modified SEPIC Converter,
Fuzzy MPPT Control.

1. Introduction
The characteristic voltage and power of a
photovoltaic (PV) array is non linear and time varying
because of the changes caused by the atmospheric
conditions so that the maximum power point tracking
(MPPT) algorithm is adopted to maximize the output power.
In recent years the grid connected PV system has become
more popular because they do not need battery backups to
ensure MPPT. The typical two configurations of a gridconnected PV system are single or two stages. In two stages,
the first is that it uses the conversion of the power into high
AC voltage the second is to boost the solar array voltage and
track the maximum power. The presence of Mod-SEPIC
converter allows to maintain the fixed DC link voltage
enough high to make the inverter to operate. Although there
is much information in the literature, development of
dynamic models of grid-connected PV system which
includes PV array a control system using PI, a distribution
network and a load, a PWM technique. The typical

configuration of three-phase grid-connected photovoltaic
system consists of solar array, a three-phase Hex bridge
inverter, and a grid voltage. The three-phase Hex bridge
inverter with filter inductor converts a DC input voltage into
an AC voltage by using a corresponding switch signals to
make the output current in phase with the utility voltage and
obtain a unity power factor. Many algorithms have been
developed for the MPPT of a PV array. The fuzzy logics are
applied for the maximum power point tracking controller in
which the MPPT techniques are more popular because of the
simplicity of its control structure. The sliding-mode
controller is famous for signal stability and easy
implementation [14]-[18]. Different authors used one cycle
control for MPPT [19] whereas, the authors used
conventional PI regulator along with the MPPT scheme [20].
Among different intelligent controllers, the fuzzy logic is the
simplest way to integrate with the system and provides
greater response than conventional controllers. .

2. Proposed System
The change of voltage is fed to the Mod SEPIC
converter is the main function of this paper.The purpose
of this converter keeps the voltage without any changes
with the help of fuzzy MPPT is shown in Fig. 1.
The voltage level can be increased or decreased
depending on the maximum power. The three phase
Hex bridge inverter helps to invert the incoming signal
from the converter. This paper seeks to use Mod SEPIC
converter with a fuzzy based MPPT to extract the
maximum power under various load and climatic
conditions.
The Embedded controller changes the voltage
level by changing the duty cycle of the pulse widthmodulated (PWM) signal which helps in tracking of
reference signal. The output signal is compared with the
sinusoidal reference signal to produce zero error signal.
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where, Δδ is the change in duty ratio resulting from the
change of reference signal.

4. Fuzzy Logic Controller (FLC)

Fig. 1 Block diagram for the proposed system.

The Mod SEPIC’S output is compared with another
reference signal to achieve the maximum power. As the
inverter is used in the PV system more accurate output sine
wave is employed using FLC under varying atmospheric
conditions which exploits the maximum power effectively and
improved total harmonic distortion (THD). When R1 is
activated solar power supplies to load. When R2 is activated
solar power supplies to grid. When R3 is activated fetches
supply from the grid and then supplies to load.

The FLC which makes use of the fuzzy logics
to control the output of the Embedded controller. The
main components in MPPT controller based on fuzzy
systems are the fuzzification , inference ,rule-base , and
the defuzzification unit.The error e(k) and change in
error Δe(k) these are the two inputs to the controller.
The Fuzzification block converts the inputs of crisp into
inputs of fuzzy The rules are formed in rule base and
are applied in the inference block. The defuzzification
converts the fuzzy into the crisp output. The fuzzy
inference is carried out using Mamdani’s method and
the defuzzification uses the centre of gravity. The
design of fuzzy controller was done using Mamdani’s
method for both converter and three phase Hex bridge
inverter. The fuzzy unit consists of membership fuctions
is shown in Fig. 3.

3. Modified SEPIC Converter with MPPT
The Mod SEPIC converter can use a single switch and
is shown in Fig. 2. As with dc-dc converters the Mod SEPIC
exchanges the energy between the capacitor and the inductor
to convert voltage into another. The amount of energy
exchange is controlled by using a transistor which is a
MOSFET. MOSFET’s offer low voltage drop and higher input
impedance than FET’s. However for PV application the dc-dc
converter can be used to supply the inverter and also to charge
the batteries in stand
alone systems using bidirectional
switch.

Fig. 3 Fuzzy Logic Controller

5. Embedded Controller Operation
The solar power (P S ) is subtracted with the
load power (PL) to achieve the three conditions. The
conditions are listed below in Fig. 4.

Fig. 4. Embedded Controller Model
Fig. 2 Modified SEPIC converter

The fuzzy controller is applied to the Mod-SEPIC
converter to minimic the new signal from the MPPT. The new
duty cycle δ (k) is adjusted by adding or subtracting the previous
duty cycle δ (k−1). Eq.(1) represents the relation between the
present and previous duty cycle i.e.,
δ (k) = δ (k−1) ± Δδ
(1)

•
•

•

The first condition shows that, when P S -P L is
greater than 0 (P S -P L > 0) the power from the
solar array feeds the power to the load.
The second condition shows that, when P S -P L
equal to 100 (P S -P L =100) the solar array feeds
the power to the grid.
The third condition shows that, if P S -P L is less
than or equal to 100 (P S -P L <0) the power
should be fetched from the grid and it supplies
to load.
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6. Simulation Results & Discussion
Simulation is applied on MATLAB/SimuLink to verify
the practical implementation of the simulation of the proposed
Mod SEPIC for the three phase Hex bridge inverter. The
waveform of three phase Hex bridge inverter is shown in Fig.
5.The graph consists of voltage 450V, current 8A and the load
power 1000W is represented in waveforms.

Fig. 6.1 Switching Function of Case 1

Case 2 : Solar Power Generation for 690 W/m2
Radiation
The radiation is set to 690W/m2 the generated
power is 1406.4W. At this case the load power is about
1000W is shown in Fig. 7 .The Eq. (4) which clearly
explains the above statement.
Fig. 5 Output waveform of three phase Hex Bridge

Inverter

P Generation =1406.4W

Case 1: Solar Power Generation for 890W/m2 Radiation

P Load= 1000W

The graph which consists of Irradiance, solar power,
load power, and grid power. The radiation is set to 890W/m2
the generated power is 1795.6 at this case the load power is
about 1000W is shown in Fig. 6. The above statement is
justified by Eq. (1)

(4)
P solar > P Load

P Generation =1795.6W
P Load= 1000W

(2)

P solar > P Load

Fig. 7 Power Generation of Case 2

As a result solar to load (R1) hence there is no
excessive power generated by the PV array therefore it
is capable to supply only to the load and not to the grid
and is shown in Fig. 7.1 and the corresponding equation
verifies the above statement represented in Eq (5).
P Generation =R 1 ON

Fig. 6. Power Generation of Case 1

As a result solar to load (R1) and solar to grid
(R3) switches are activated and is shown in Fig. 6.1 and
the corresponding equation verifies the above statement
represented in Eq. (3).
P Generation =R 1 +R 3 ON

(3)

(5)

7. Conclusion

Fig. 7.1 Switching Function of Case 2

Case 3: Solar Power Generation For 185 W/m2 Radiation
The radiation is set to 185W/m2 and the power
generation of 2000W from the PV array reduces to 350W. The
corresponding load power is 1000 W. In this case, P solar < P Load
and as a result second relay (R2) should be activated. The
generated power is feed to grid to load. The corresponding
power generation is shown in Fig. 8. The Eq. (6) explains the
above statement is shown below.
P Generation =350W

The grid connected photovoltaic system Fuzzy
Maximum Power Point Tracking (Fuzzy.MPPT) based
on Modified Single Ended Primary Inductor Converter
(Mod.SEPIC) using Fuzzy Maximum Power Point
Tracking (Fuzzy.MPPT) has been presented in this
paper. The performance can be achieved with the help
of fuzzy based MPPT to track the maximum power
thereby increases the reliability and performance of the
system.The voltage and frequency conditions were
explained helps in turn to achieve grid synchronization.
The purpose of three phase Hex bridge inverter was
explained and the system was monitored using
Embedded controller. The simulation was performed by
using MATLAB/Simulink software. The whole system
has been analyzed and tested and the results were
tabulated for various radiations under different climatic
and load conditions.

References
[1]

Eric Glover, Chung-Ching Chang, Dimitry
Gorinevsky, and Sanjay Lall, “Frequency stability for
distributed generationconnected through Grid-Tie
inverter”, IEEE Powercon, pp. 1-6, Oct 30- Nov 2,
2012.

[2]

Aleksey Trubitsyn, Brandon J. Pierquet Alexander
K.Hayma Garet E.Gamache
,Charles R. Sullivan,
David J.Perreault,
Hanover,“HighEfﬁciency
inverter for photovoltaic Applications”, IEEE Energy
Conversion
Congress
and
Exposition,
vol.
3,no. 4, pp. 931-939, Oct. 2012.

[3]

Chun-Hao Lo, Nirwan Ansari, Fellow, “Alleviating
solar energy congestion in the distribution grid via
smart
metering
communications”, IEEE
Transactions on Parallel and Distributed Systems,
vol.23, no.9, pp. 1607-1620, Sep. 2012.3301,
Jul.2012.

[4]

M. Hongbo, L. Jih-Sheng, F. Quanyuan, Y.Wensong,
Z. Cong,and Z. Zheng, “A novel valley-SEPICderived power supply without electrolytic capacitor
for LED lighting application,” IEEE Trans.
Power Electron., vol. 27, no. 6, pp. 3057–3071, Jun.
2012.

[5]

A. A. Fardoun, E. H. Ismail, A. J. Sabzali, and
M. A. Al-Saffar, “New efﬁcient
bridgeless
Cuk rectiﬁers for PFC applications,” IEEE
Trans. Power Electron., vol. 27, no. 7, pp. 3292–

[6]

D.Hyun-Lark, “Soft-switching SEPIC
converter
with ripple-free input current,” IEEE Trans. Power
Electron., vol. 27, no. 6, pp.
2879–2887, Jun. 2012.

[7]

S. J. Chiang, H.-J. Shieh, and M.-C. Chen,
“Modeling and control of PV charger system with
Trans.
Ind.
SEPIC converter,”IEEE
Electron., vol. 56, no. 11, pp. 4344–4353, Nov.
2009.

P Load= 1000W
(6)
P solar < P Load

Fig. 8. Power Generation Case 3

The switching function of Case3 is shown in Fig. 8.1
and the corresponding equation verifies the above statement
represented in Eq. (7).
P Generation =R 2 ON

Fig. 8.1 Switching Function of Case 3

(7)

[8]

[9]

N.Femia,
G.Petrone,
G.Spagnuolo,
and
M.Vitelli, “Optimization
of
perturb
and
observe maximum power point
tracking
method,” IEEE Trans. Power Electron.,
vol.
20, no. 4, pp. 963– 973, Jul.
2005.
N. Mutoh, M. Ohno, and T. Inoue, “A method for
MPPT control while searching for
parameters
corresponding to weather
conditions for PV
generation systems,” IEEE Trans. Ind. Electron., vol.
53, no. 4, pp.
1055– 1065, Jun. 2006.

[10]

F. Pai, R. Chao, S. H. Ko,
and
T. Lee,
“Performance evaluation of parabolic
prediction
to maximum power point
tracking
for
PV
array,” IEEE Trans. Sustain. Energy, vol. 2, no. 1,
pp. 60–68, Jan. 2011.

[11]

K. .Manohar, P.Sobha Rani,“MPPT and simulation for
a Grid-Connected photovoltaic system and fault
analysis”,The International Journal Of Engineering
And Science (IJEAS), vol. 1, pp. 158-166, Dec.2012.

[12]

Steven L. Brunton, Clarence W. Rowley, Sanjeev R.
Kulkarni, Fellow, and Charles Clarkson, “Maximum
power point
trackingfor
photovoltaic
Optimization
using ripple based extremum
seeking
Control”,IEEE Transactions on
Power
Electronics, vol. 25,no. 10, pp. 2531-2540, Oct. 2010.

direct- drive PMG wind turbines,” IEEE Trans.
Appl., vol. 48, no. 1, pp. 3–11, Jan./Feb. 2012.

Ind.

[19]

N.Femia,
D.Granozio,
G.Petrone,
G.
Spagnuolo,and
M.
Vitelli,
“Optimized
onecycle control in
photovoltaic
grid
connected applications,” IEEE
Trans. Aerosp.
Electron. Syst.,vol. 42, no. 3, pp. 954–972,
Jul. 2006.

[20]

S. Kranthi Kiran, T.Aruna Kumari,
T.Ranjani,
“Photovoltaic Grid – connected
inverter
based
MPPT using PI Regulator”,
International
Journal of
Engineering
Research and Development
vol. 4, Issue 1, pp. 6880, Oct. 2012.

Author’s Profile

[13]

Mohammad B.Shadmand,Mostafa Mosa, Robert
S.
Balog, and Haitham Abu
Rub,“Maximum
power point tracking of
Grid
connected
photovoltaic system
employing
model
predictive control”, IEEE
Transactions
On
Industrial Electronics,pp.3067-3074, 2015.

[14]

Gauthier Delille, Bruno François,
and Gilles
Malarange, “Dynamic
frequency
control
support by energy
storage to reduce the impact
of wind
and solar generation on isolated
power
wind
and
solar
generation
on
isolated
power
system’s
inertia,
IEEE
Transactions Sustainable Energy, vol.3, no.
4,
pp.931-938, Oct.2012.

[15]

A. J. Garrido,
I. Garrido, M. Amundarain, M.
Alberdi, and M.de la Sen,“Sliding-modecontrol of
wave power
generationplants,”
IEEE
Trans.Ind.Appl.,vol.
48,
no.6,
pp.2372–2381,
Nov./Dec. 2012.

[16]

F. Cupertino, D. Naso,
E. Mininno,
and B.
Turchiano, “Sliding-mode control
withdouble
boundary layer for robust
compensation
of
payload mass and
friction in linear motors,” IEE
Trans. Ind. Appl., vol. 45, no. 5, pp. 1688–1696,
Sep./Oct. 2009.

[17]

Ridha Benadli , Brahim Khiari , and Anis Sellami ,
“Three-Phase grid-connected photo voltaic system
with
maximum power point
tracking
technique based on voltage-oriented control and
using sliding mode
controller”,
International
Renewable
Energy
Congress
(IREC).,2015.

[18]

W.Qiao, X.Yang, and
X.Gong,“Wind
speed
and
rotor position sensorless control for

Ashwini.M obtained her B.E. in
Electronics and Communication Engineering, at Karpagam
college of Engineering (2014), and now she is pursuing M.E.
in Applied Electronics at Hindustan College of Engineering
and Technology in Electrical and Electronics Engineering
department Coimbatore under Anna university of Chennai.
She is currently doing her project on Embedded system for
Renewable energy applications.

Dr.K. Sekar, received the B.E.,
degree in Electrical and Electronics Engineering from
Government College of Technology, Coimbatore and the
Masters degree in Power Electronics and Industrial Drives
from Sathiyabama Institute of Science and Technology,
Chennai, Tamil Nadu, India. He has completed doctorate
degree in Electrical Engineering from Anna University,
Chennai. He has about 21 years of teaching experience. He is
now Associate professor at Hindusthan College of
Engineering and Technology, in Electrical and Electronics
Engineering department Coimbatore. His areas of
specializations are Soft computing techniques, Renewable
Energy Technology with Power Electronics, DC-DC
Converters, Image processing, Control engineering and
Renewable Energy applications for industry and he has
published 20 papers in International Journals and more than
14 papers in IEEE sponsored International Conferences /
International
and National conferences to his credit

716

