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Abstract

Recently, interest in solar energy has been increasing due to the decrease of traditional energy sources and the increase of energy demand. Solar energy
has been preferred because it is environment friendly, pollution-free, unlimited and cost-effective. Electricity from solar energy is obtained by using
photovoltaic (PV) systems. The efficiency of photovoltaic systems changes depending on the changing environmental conditions. The two most important
factors affecting the operation of photovoltaic systems are solar irradiance and temperature. Under fast changing environmental conditions, maximum
power point tracking (MPPT) should be done in order to work at the maximum power point of PV system. Maximum power point tracking tracks the
operating point corresponding to the maximum power point. Thus, maximum power can be obtained from PV system.

In this study, simulation of the maximum power point tracking was carried out using Perturb &0bserve and Fuzzy Logic Control methods and the results
of these methods were compared. According to the simulation results, it was seen that fuzzy logic control method was better than perturb&observe method
for following the maximum power point (MPP).
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DEGISTIR&GOZLEMLE VE BULANIK MANTIK YONTEMLERI iLE FOTOVOLTAIK
SISTEMLERDE MAKSIMUM GUC NOKTASI TAKIBININ KARSILASTIRILMASI

0z

Son zamanlarda, geleneksel enerji kaynaklarinin azalmasi ve buna karsilik enerji talebinin artmasindan dolayi giines enerjisine olan ilgi artmaktadir.
Glines enerjisi, atmosfer dostu olmasi, kirlilige yol agmamasi, sinirsiz olmasi ve masrafsiz olmasi nedeniyle tercih edilmektedir. Giines enerjisinden elektrik,
fotovoltaik sistemler kullanilarak elde edilmektedir. Fotovoltaik sistemlerin verimi degisen ortam kogsullarina bagh olarak degismektedir. Fotovoltaik
sistemlerin calismasini etkileyen en 6nemli iki faktor, giines isinim miktari ve sicakliktir. Degisen ortam kogullari altinda PV sistemin maksimum verimde
calismasini saglamak icin maksimum gii¢ noktas! takibi yapilmalidir. Maksimum giic noktasi takibi(MGNI), maksimum gii¢ noktasina karsilik gelen
calisma noktasini izler ve PV sistemden maksimum gtic elde edilmesini saglar.

Bu ¢alismada, Degistir&Gézlemle ve Bulanik Mantik yontemleri ile degisen ortam kosullart altinda maksimum gii¢ noktas: takibi yapilmistir ve iki
yénteme ait sonuglar karsilastirilmigstir. Simiilasyon sonuclarina gére, bulanik mantik kontrol metodunun maksimum gii¢c noktasini takip etmede degistir
& gozlemle metoduna gore daha iyi oldugu gortilmiistiir.

Anahtar Kelimeler: Fotovoltaik sistem, Maksimum gli¢ noktasi takibi, Degistir & Gozlemle metodu, Bulanik mantik

1 Introduction maximum power point tracking (MPPT) technique is necessary
Today, interest in the use of renewable energy sources has that is expected to track the MPP at changing environmental
increased because of the limited stock of the traditional energy conditions. MPPT methods are generally applied to DC-DC
sources and the increase in energy demand. Among renewable converter circuits [1, 2, 4-7]. In PV systems, DC-DC converters
energy sources, solar energy has received a great attention are used to change the output voltage. Generally, they are
because it appears to be one of the most promising renewable connected between the PV system and the load [8].

energy source with features which are low maintenance cost,

F iff MPPT techni h
no fuel cost and environment friendly[1-4]. rom past to present, many different techniques have

been used. These techniques can be divided into conventional

A PV system has a non-linear I-V characteristic and output techniques and stochastic techniques. Conventional MPPT
power depends on atmospheric conditions. In P-V techniques have proven the ability to track the maximum
characteristics, there is one point where power is maximum. power point (MPP) under uniform solar irradiance. On the
This point is the maximum power point (MPP) and change rate other hand, conventional techniques have failed to track the
of power is zero at this point. Since the MPP changes with true MPP under fast changing environmental conditions.
temperature and solar irradiance, it is difficult for PV system to Therefore, stochastic based methods and artificial intelligence
operate continuously at the maximum power point without have been developed to obtain maximum power under fast
changing the system parameters. Therefore, an efficient changing environmental conditions[2].

51



Okan Bingél, Burcin Ozkaya, Serdar Pagaci
Mugla Journal of Science and Technology, Vol 3, No 1, 2017, Pages 51-57

In this study, the maximum power point was carried out using
perturb&observe and fuzzy logic control methods for a DC-DC
buck converter. A PV model was developed in simulation
environment. Then, perturb&observe and fuzzy logic control
which are maximum power point tracking methods was
applied separately to the PV model for a buck converter. In
perturb&observe method, oscillation around the maximum
power point was occurred and this was reduced the efficiency
of the PV panel. On the other hand, the energy conversion
efficiency of the PV system was increased using the Fuzzy Logic
Control. In Figurel, block diagram of maximum power point

tracking in PV systems is shown.
DC-DC v
BUCK LOAD
CONVERTER 5
Imodule
L
Vmodule MPPT

Figurel. Block diagram of maximum power point tracking in PV
systems
2 Modeling of Photovoltaic Cell and Module

Photovoltaic systems are used to convert sunlight into
electrical energy. The equivalent circuit of PV model which
consists of a photo current (I/rpn), a diode (D:), a parallel
resistor(Rsy) expressing a leakage current and a series
resistor(Rs) describing an internal resistance to the current
flow of the PV cell is shown in Figure 2 [9]-[13].
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Figure2. The equivalent electrical circuit model of a PV cell

The output current of the PV cell obtained by Kirchhoff law is
expressed as in equation (1).
I'=Ipy —1Ip —Lsy

1)
Ipn is generated by the incident light. Ip is the diode current
which is proportional to the saturation current and is given in
equation (2).
q(V+IRg)

Ip = To(exp (WN:) -1 )
The Isu represents the current passing through the parallel
resistance (Rsy) and is given in equation (3).

Isy = (V+IRs)/Rsy (3)
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The power obtained from a typical PV cell is less than 2W at
0.5V approximately. For this reason, PV cells must be connected
in series-parallel configuration on module to increase the
output power and voltage. A PV module has Np parallel cell and
Ns series cell. The equivalent circuit of PV module is shown in
Figure 3. The output current of PV module is given in equation

(4) [13].
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Figure3. The equivalent circuit of PV module

) % V + IR
I =Nplpy —Npl,| e ¥T4Np —1 |—-—=—— (4)
Rsy

where

Io is cell reverse saturation current;

T is the cell’s reference temperature;

k is a Boltzmann constant (1.381x10-23 ] /K);

q is an electron charge (1.602x10-19 C);

A is an ideality factor of diode;

Np is the number of PV cells connected in parallel;

Ns is the number of PV cells connected in series.

PV module parameters are given in Table 1.

Tablel. PV module parameters [15]
Parameter Variable Value

Maximum power Pmax 225W
Maximum power point voltage Vmpp 29.7V
Maximum power point current Impp 7.59 A
Open circuit voltage Voc 373V
Short circuit current Isc 8.13A
Number of cell Nh 60

The I-V  (current-voltage) and P-V (power-voltage)

characteristics of the PV module vary depending on solar
irradiance and temperature. When the solar irradiance is
increased, the short-circuit current of the PV module increases
and the maximum output power increases as well. When
temperature is increased, the short-circuit current of the PV cell
increases, but the maximum output power decreases. Since the
increase in the output current is much less than the decrease in
the voltage, the net power decreases at high temperatures. The
[-V and P-V characteristics of PV module under varying
temperature are shown in Figure 4 and The I-V and P-V
characteristics of PV module under varying solar irradiance are
shown in Figure 5.
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Figure4. The (a) I-V and (b) P-V characteristics of PV module under varying temperature
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Figure5. (a) I-V and (b) P-V characteristics of PV module under varying solar irradiance
3 DC-DC Buck Converter L
A buck converter (step-down converter) is a DC-DC power w
converter and its output voltage is lower than the input voltage. T -
The circuit diagram of buck converter is shown in Figure 6(a) o+ +
and it consists of a controlled switch S, a diode D; a filter Iﬂ(‘i‘) v, =V, C = Ré v,
inductor L, a filter capacitor C and a load resistance R. In the ¢
circuit, Vois output voltage and Vsis input voltage [8], [14], [16]. - -
In Figure 6, (b) and (c) equivalent circuit for the switch closed
and equivalent circuit for the switch open, respectively. (b)
5 L L
—/: +"Fﬁ3‘ﬂ'ﬂ" O SN
L - lj{. l"k + v = Vu -
+ iy + " +
V;(:) Di v, = Ré*’” v, v, =0 C = Rglﬁ,
la) (€)
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Figure6. (a) The circuit diagram of buck converter, (b)
Equivalent circuit for the switch closed, (c) Equivalent circuit
for the switch open

Analysis for determining the output voltage is to examine the
inductor current and inductor voltage first for the switch closed
and then for the switch open. The switch is closed between
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0<t<DT and is opened between DT<t<T where T is period and D
is duty ratio [16].
When the switch is closed in the buck converter circuit, the
diode is reverse-biased. The voltage across the inductor is

diy,

v, =Vs—Vp = L% (5)

The change in inductor current,
din _ 8 _ 80 _ VsV ©)
dt At DT L
Vs—Vo

(AiL)closea = ( L )DT (7)

When the switch is open, the diode becomes forward-biased to
carry the inductor current. The voltage across the inductor is

di

v, ==V =L—- (8)
The change in inductor current,
dip _ iy My _ Vo
dt At (1-D)T L ©)
, v,
(ALL)open = - (Ta) (1-D)T (10)

Steady-state operation requires that the net change in inductor
current over one period must be zero. The average inductor
voltage is zero. This requires

(AiL)open + (AiL)ciosea = 0 (11)

As a result, the relationship between the output voltage, the

input voltage and the duty ratio (D) is given in Eq. (12).
V, = V,D (12)

The parameters of the buck converter are given in Table 2.

Table2.The parameters of the buck converter

Parameter Value
L 66 uH
C 75 uF
R 4.5Q

4 Perturb & Observe Method

The Perturb&Observe method is one of the widely used method
to track the maximum power point in photovoltaic systems
because its applicability is easy. In this method, MPPT is made
by perturbing PV panel voltage or current. In this method, the
operating voltage and current of the PV panel are measured
periodically and the power is calculated according to voltage
and current values. Then, power and voltage values are
compared to the their previous values. The disruptive effect is
made by directly affecting the duty ratio of the DC-DC
converter, or by increasing the reference voltage, or by
decreasing the reference voltage and the effect of output power
of the PV system is observed. Since the dP/dV ratio at the
maximum power point is equal to zero, this process continues
until dP/dV= 0 [5, 17-19]. Figure 7 and Figure 8 show the
perturb&observe method in the simulation environment and
the flow chart of perturb&observe method, respectively.
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Figure7. The perturb&observe method in the simulation
environment
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Figure8. The flow chart of perturb&observe method

5 Fuzzy Logic Control

Recently, the fuzzy logic control (FLC) has been used to
eliminate the negative effects of conventional maximum power
point tracking methods under fast changing environmental
conditions. The application of fuzzy logic control is easy since it
does not require knowledge of the exact model of the system [7,
8, 20].

In this study, there are two input variables and one output
variable. The inputs of FLC are error (e) and change of error
(de), at sample time k, which are defined by (13) and (14), while
the output of FLC is the duty cycle, D. The two input variables
are described by:

__ P(kK)-P(k-1)
e(k) = V(k)-V(k-1) (13)
de(k) =e(k) —e(k—1) (14)

In the equation (13), P(k) is the output power of the PV panel,
P(k-1) is the previous output power of the PV panel, V(k) is the
voltage of the PV panel and V(k-1) is the previous voltage of the
PV panel. In Equation 14, e(k) represents the error value at
present and e(k-1) represents the previous error value. The e(k)
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value indicates the location of the operating point where it is at
MPP or left of the MPP or right of the MPP. The de(k) value
indicates the direction of movement of the operating point [2,
6,7].

Fuzzification

The linguistic variables used to create membership functions
are NL (Negative Large), NM (Negative Medium), NS (Negative
Small, Z (Zero), PL (Positive Large), PM (Positive Medium), and
PS (Positive Small). Figure 9 shows the membership functions
of the fuzzy logic controller.

Mambarship lunction plots

ML M NS Z Ps PM PL

. Input vanable "e*
(a)
Membaership funciion plots

ML MM NS Z FE  PM PL

Input variable “de®
(b)
Membership function plots

NL NM NS 2 PS5 PM PL

-auIDu"nnai:h‘ﬂ‘ .
(c)
Figure9. The membership functions (a) error (e), (b) change of
error (de), (c) duty ratio(D)
Inference Method
Fuzzy inference was performed using Mamdani method and the
fuzzy rules are shown in Table 3. The fuzzy rule table was

created by trial and error and 49 rules gave better results in
this system.
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Table3. Fuzzy rules

e/de NL NM NS Zz PS PM PL
NL PL PL PL PL NM Z Z
NM PL PL PM PM PS Z Z
NS PL PM PS PS PS Z Z
Z PL PM PS Z NS NM NL
PS z z NM NS NS NM NL
PM Z Z NS NM NL NL NL
PL Z Z NM NL NL NL NL
Defuzzification

In this system, the centre of gravity was used compute the
output of this FLC which is the duty ratio. The equation of the
center of gravity method is given in (15).

_ X5, uD))-D;j

D= 15
ST, (D) (15)

The FLC in the simulation environment is shown in Figure 10.
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Figure10. The FLC in the simulation environment

6 Simulation Results
In this study, the output power of the PV system for the
following test conditions was applied to Perturb&Observe and
FLC method, separately.
- Constant temperature (25°C) and constant solar irradiance
(1000W/m?2).
- Constant temperature (25°C) and varying solar irradiance
values (200W/m?, 400W/m2, 600W/m2, 800W/m?2 and 1000
W/mz2).

¥

P »F

Lakl

PV panel

Display

Measurements

Figure 11 and 12 show the PV power curves under constant
temperature and solar irradiance and PV power curves under
constant temperature and varying solar radiation, respectively.
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Figurell. PV power curves under constant temperature and
solar irradiance
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Figurel2. PV power curves under constant temperature and
varying solar radiation

When the Figure 11 is examined, under constant temperature
and solar irradiance, the fuzzy logic control method has a
shorter time response and less oscillation than
perturb&observe method. When the Figure 12 is examined,
under constant temperature and varying solar irradiance, the
fuzzy logic control method follows the maximum power point
more accurately than perturb&observe method at each step.

7 Conclusion
In this study, the maximum power point was carried out using
perturb&observe and fuzzy logic control method for a buck
converter. The aim of the work is to control the duty ratio of the
buck converter in order to obtain maximum power from a PV
module under fast changing environmental conditions. As a
result, it is seen that the fuzzy logic control method is better
than the perturb&observe method to track the maximum
power point.
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