Smart maximum power point tracking scheme for grid connected Photovoltaic
system under partially shaded insolation conditions
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ABSTRACT

This project presents the increasing of efficiency of PV system. The proposed technique called
"Current Sweep technique” is adopted to track the global maximum power point (MPP) and is used in
conjunction with the conventional technique, “Perturb and Observe (p&o)”. The drawback of the p&o
technique is the failure of global MPP tracking when there are several local maximum power points in the
system. The Current Sweep technique can solve this problem by starting to sweep the current from zero to
short circuit current value. Thus, the tracking of global MPP even under partial shading condition can be
achieved. Simulation and experimental results of 3 series connected PV array with non-uniform irradiance
are illustrated in this project. As results indicated, the maximum power point gained from the proposed

technique is significantly better than that of the conventional technique.
Keywords  Maximum Power Point Tracking (MPPT), Local Maxima Problem, Perturb and Observe (P&0), Current Sweep
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average method Js Hlsed to filter the noise of measured powe
signal’ which calcu aéed from _thﬁ Instantaneous valtage éxnd
current in order to reduce the ripple caused by tracking"and to
reduce noise from the converter’s switching.

£p
"y i
Is the sampling number.

pmn_[n]hls the simple moving a\/eraFe of the measured
ower and ks the window size of the simple moving average.
uring the partial shading, p, O[ ] wall drop at any amount
ApstIs set as a constant to compare the variation. This means
the minor variation with dropping amount is lower than APst
Will not be considered. The power variation is a comparison
between the real-time power Pnovfn] and the previous power

Pmodn-1]-2

mof -1jmof | >APs 2)

i¢_the above condition is true, the previous power provin-i
will be recorded as pa

Pa=p, Jn-n _ 3
pais Phe’]power before dropping. 9

While the insolation is reducing, the power continuously drogs
until the insolation stop changing. The saturation of the
electric power as shown in (4) is used in order to capture the
stopping point.

\Pwfn]-P.ndn-k]\ <e 0)

The power saturation can be found when the error ‘&’ becomes
zero or almost zero. If the power is saturated, the real-time
power Pnofn] will be recorded as pb.

Pb =PmovM _ )
~pbis the saturated point of the power.
Since the power drop can be caused by many factors such as
the sudden change of load, sudden change of insolation; thus,



the power comparison between paand pbis used to determine
that it is the partial shading or not. The following condition is
used to check the partial shading condition.
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3. SIMULATION RESULTS

The foIIowrn% g f? osed SIMULINK modeI IS adoRted t0

Investigate the effectiveness of the proposed algorithm. As

seen 17 this, figure, the 3 series conne ted PV array IS a oprted

n congunctron with the MPPT unctron InM

F g ed agorrtmrs gveoged ont IS m. file. Trme varying
lation pttern was adopted for testing the system.

Fig. 2. Simulation mociel

em operaj ?nunder gartrall tiaded condjtions js
unr or rrradr nce simulation as shown, in
3..The sud e change of Irradiance gccurs at a sl Iatrn

of 505, In a drtron the MPPT m file 1S replace

[
%ox to make more practrc orjente
nolse rom tt]e

occurred on t

DC-DC converter developed on tge Sim owe[] I}ISt
system. Tl
swrte( Ing Cevice In power converter vvas
tracki

e ng results. Fig. 4 shows the MPPT

circuit adopted in our srmulatron testing.

Fig. 3. Irradiance-time curves show the non-uniform
Irradiance.
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Module
ES206%6125 15 (Y 7 A 206V 764A

Table 2 Solar intensity of each module.
Module 1~ Module 2
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Module 3

Shaded 544 W/m2
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Maximum Power Point Tracking usin(% Fuzzy
Logic Control for Photovoltaic Systems

Pongsakor Takun, Somyot Kaitwanidvilai and Chaiyan Jettanasen

Abstract—In  this paﬁer, a fuzzy logic control (FLC). is
roposed to control the maximum power point trackmg
dPPT) for a photovoltaic (PV) system. The propose

chnique uses the fuzzy logic control to specify the size of
cremental current in ‘the current command of MPPT. As
:sults indicated, the convergence time of maximum ﬁower
aint (MPP) of the proposed “algorithm is better than that of
le conventional Perturb and Observation (P&O) technique.

Index Terms—photovoltaic system, MPPT, P&O, Fuzzy
ogic Control

|. Introduction

"N our world today, the problems caused by global
Lwarming and pollution effect become the important issues
)r research. Renewable energy sources are considered as a
:chnologlcal o‘otllon for generating clean en.erga/. Amon%
lem, photovoltaic (PV) system has received a grea
ttention as it appears to be one of the most promlsm%
mewable energy sources. Recently, dug to its developmen
nd cost reduction, PV si/stem becomes an efficient solution

the environmental problem  [L]. ~ However,

e development  for  improving  the * efficiency of
le PV system is still a chaIIen(Inng leld of research.

PV system cannot be modeled as a constant DC current
ource because its output power is varied depending on the
rad current, temperature and irradiation. _

Generally, MPPT is adopted to track the maximum power
oint inthe PV system. The efficiency of MPPT depends on
oth the MPPT control algorithm and'the MPPT circuit. The
1PPT control_ algorithm "is usually applied in the DC-DC
onverter, whichis normally used as the MPPT circuit,
%/plcal dlagFr_am of the connection of MPPT in a PV system

shown ~ Fig. 1 _ _

One of the_most popular, algorithms of MPPT is P&O
Perturb and Observe) technique; however, the convergence
roblem and oscillation are occurred at certain points durin
re t,racklng%._To enhance the performance of the P&
|gorithm, this paper presents the application of Fuzzy
.oglc_Con_troI (FLC) to the MPPT control, The simulation
tudy in this paper is'done in MATLAB and Simulink.

_ Manuscript received January 25, 2011. This work was su‘pported by the
iculty of engineering, King Mongkut’s Institute ot Technology
adkrabang, Thailand. — _

p. Takun, . Kaitwanidvilai and C. Jettanasen are with the Faculty
f Engineering, King Mongkut's Institute of Technology Ladkrabang,
iangko 10520, ~ Thailand (e-mall:uk_dtotb_cz%hotmall.com,
rsomyotk@gmail.com).

Fig. 1Typical diagram of MPPT ina PV System

Il. Photovoltaic Equivalent Circuit

The model of solar cell can be categorized as B—n
semiconductor junction; when exposed to light, the DC
current 15 generated. As known by many researchers, the
generated current depends on solar irradiance, temperature,
and load current. The typical equivalent circuit of PV cell is
shown in Fig. 2.

Fig. 2 Typical circuit of PV solar cell

The basic equations.describing the |-V characteristic of the
PV model are given in the following equations:

Where:

[ pv is the cell current (A).

Isc is the light generated current (A).
10 is the diode saturation current (A).
Rs s the cell series resistance (ohms).
Rp s the cell shunt resistance (ohms).
\0 s the diode voltage (V).

VT is the temperature voltage (V).
Vi is the cell voltage (V).
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lIl. Maximum Power Point Tracking techniques

A Perturb and Observation (P&O0) _
~ One of the most simple and popular techniques of MPPT
is the P&O technique. The main concept of this method is to
push the system to operate at the direction which the output
power obfained from the PV system increases. Following
equation describes the change of power which defines the
strategy of the P&O technique.

Ap =pk-n @

Ifthe change of power defined by (4) is positive, the system
will keep the direction of “the incremental current
(increase or decrease the PV current) as the same direction,
and ifthe dhange is ne%atlve, the system will change the
direction of incremental current command to the opposite
direction. This method works well in the_ steady state
condition I_fthe radiation and temperature conditions change
sIowag. owever, the P&O method fails to track MPP
when"the atmogpheric condition is rapidly changed. Flow
chart of the P&O method is described in Fig. 3,

Fig. 3 Flow Chart ofthe P&O Method.

B. MPPT using Fuzzy Logic Control ,

MPPT using Fuzz¥ ogic Control gains several
advantages of better performance, robust and mmEIe design.
In addition, this technigue does not require the knowledge
of the exact model of system. The main parts of FLT,
fuzzification, rule-base, inference and defuzzification, are
shown in Fig. 4. In the proposed system, the input variables
of the FLC are the chan}r_{le In PV array Power (APpv) and the
change in PV current (Alpv), Whereas the output of FLC is
the magnitude of the change of boost converter current

reference (Ald). The current reference is the command for

controlling the current drawn from the PV. Flow chart of the

proposed LG is shown in Fig. 5. The equations for APpV
and Alpvare given as follows:

ol =Vl 5)
K= pi>-C] )
AlL=1;-15 0

Fig. 4 The Fuzzy Logic Controller

Fig. 5 Flowchart ofthe proposed FLC method

_In'the proposed design, the universe of discourse for the
first Jnput variable (APpv) s assigned in terms of several
linguistic variables by using seven fuzzy subsets, which are
denoted by NB (negative blg), NM (negative mediym), NS
(neg_atlve smaly z {zerq), PS (positive Small), PM (positive
medium) and PB (positive big). The membership functions
for the "variable are shown In Fig. 6. Fig. 7. shows the
universe of discourse for the' second input”variable (Alpv),
which is classified into 3 fuzzy sets, namely, Nelgatlve (
Zero (Z) and Positive (P). Fig.8 shows the controf surface of
the output variable, Alref

Fig. 6 Membership Functions of the 14 Input Variable 1s
(APp)



Fig. 7 Membership Functions of the 2rd Input Variable 2rd
(Alpy)

O* g
Fig. 8 Sugeno Control Surface, Output Variable (Alre)

Based on the_knowled%e of the authors, the fuzzg As?/stem
rules can be designed as Shown in Table L APvand Alpv are
the inputs while Alrf is the output. The fuzzy inference of
the proposed. FLC is based.on the Su%,eno’s method which is
associated with the max-min composition.

Table L Rules for the proposed FLC

Rule no. I1fAPpv And 9Alpv Then Alref Singletons
1 PB PB 0.065
2 PM PM 0.03
3 PS PS 0.01
4 ZE P PS 0.01
5 NS NS -0.0i
6 NM NM -0.03
7 NB NB -0.065
8 PB PB 0.065
9 PM PM 0.03
10 PS % PS 0.01
1 ZE ZE 0
12 NS % NS -0.01
13 NM NM -0.03
14 NB YA NB -0.065
15 PB N NB -0.065
16 PM N NM -0.03
17 PS N NS -0.01
18 ZE N NS -0.01
19 NS N PS 0.01
20 NM N PM 0.03
21 NB N PB 0.065

IV. Model OF The System

The proposed Fuzzy Logic Control based MPPT has been
modeled and simulated using MATLAB/Simulink. qu: 9
shows our developed Simulink_model. In the simulation
study, the fuzzy logic based MPPT control is simulated and
compared with’ the”conventional p&o technique under the
operating, condition assummg the constant temperature and
varying “isolation (0 to 2000 w/m2. The step size of
inciemental, current in the. p&o technique uses
the aprproprlate value found by trial ‘and error technique. The
MPPT control consists of twd main parts, FLC and current

control, as depicted in Fig. 9. The specifications of PV
module used in this simulation are shown in Table 2

Table 2 the specification of PV module used in the
simulation.

Short Circuit Current 8 A
Open Circuit Voltage AV
Current at Pmax 6.72 A
Volt at Pmax 127V

Fig. 9 Model of the developed PV System in
MATLAB/Simulink

V. Result ANDDiscussion

Figs. 10 and 11 show the results of the 1-V and P-V
chargcteristic curves.of the PV module with the varying of
irradiation. As seen in these figures, the 1-V curves and'the
maximum points in the P-V clrves are changed under the
variations of operating condition.
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Fig. 10 |-V Characteristic Curves
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Fig. 11 P-V Characteristic Curves



The performance of MPPT using the FLC and the 3|mPIe
p&0 techniques is, verified by %Beratmg them under the
variation of irradiance. Fig. shows the transient
responses of the tracking power curves obtained from hoth
control algorithms. As “seen in the figure, the proposed
response IS much faster than that of the Conventional MPPT
while_the overshoots of the system are almost the same.
Fig. 13 shows the energy obtained from the both controllers;
cléarly, the Progosed controller gains more energy than the
conventional p& 0 technique.

Camoparssoftal Trac&a® Po»*f

m D
Fig. 12 Tracking curves by the FLC and p&0 Methods

Fig. 13 Energy obtained fromthe hoth controllers.

Fig. 14 shows the performance of the PV system using
FLCand p&o algorithms under fast chan mg of irradiance.
The irradiance values are 400, 400, 600, 600, 600, 600,
1000, 1000, 600, 600, 600, 600.200 and 200 | 2at0, 60
120, 180, 240, 300, 360, 420, 480, 540, 600, 660, 720, and
780" seconds, respectively. The MPPT using FLC gives the
results better than the P 0 in several areas of the tracking
curve. Fig. 15 shows the energy gained from the tracking
power curve in Fig. 14: clearly, the energ galned from the
Pergt?r?aede technique is higher than that of the conventional

Ique.

Lk
Fig. 14 MPP Tracking curves by the FLC and p&0
methods.
T
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Fig. 15 Energy obtained flgom tﬂe MPP tracking curves in
ig. 14

VI. Conclusions

This paper ppresents an intelligent control strategy of
MPPT for the PV system using thé FLC. Simulation results
show that the proposed MPPT can track the MPP faster
when compared o the conventional p&o method. In
conclusion, the proposed MPPT usmg fuzzy logic can
improve the performance of the system. For thefuture work
we. intend to implement the proposed technique In the real
PV system.
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