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Abstract- Photovoltaic systems normally use a maximum power point tracking (MPPT) technique to
continuoudly give forth the highest probable power to the load when the temperature and solar irradiation
changes occur. This subdues the problem of mismatch between the given load and the solar array. The
energy conservation principle is used to obtain small signal model and transfer function. A simulation
work handling with MPPT controller, a DC/DC boost converter feeding a load is achieved. Pl controller
and fuzzy logic controllers were used as the MPPT controller, which controls the dc/dc converter.
Simulations and experimental results showed excellent performance and were used for comparing Pl
controller and fuzzy logic controller.

Index Terms - DC/DC boost converter, fuzzy logic controller, maximum power point tracking,
photovoltaic system, PI controller, solar array

l. INTRODUCTION

As conventional sources of energy exhausting quickly and the cost of energy is increasing, solar energy
becomes a promising alternative source. The advantages of solar energy are: 1) abundant; 2) pollution free; 3)
distributed throughout the earth; and 4) recyclable. But its main disadvantages areits high initial installation cost,
and the low energy conversion efficiency. These problems can be overcome by increasing the energy conversion
efficiency and by maximizing the output power from the solar array. With the development of technologies, the
cost of the photovoltaic or solar array is awaited to reduce continuously in the future, making them useful for
residential and industrial applications[2].

Consequently, solar systems must be designed to operate at its maximum output power at any temperature or
solar irradiance. Generaly if the load is not directly coupled with the PV panel, the operating point and MPP do
not coincide. Direct connection of load to the panel may result in the over sizing of the panel and thus increases
the cost of the entire system [7]. The solution to this problem is to use a DC/DC boost converter with an
automatic duty cycle control which is usually inserted between the solar panel and the load. The MPP computing
system will improve the duty cycle and the input impedance of the converter until the system reaches MPP.

The system consists of a DC/DC boost converter and a controller. The controller measures the input voltage and
current and reckons the power to control the duty cycle. A capacitor or abattery is used as storage device.

For many years, research has been concentrating on various methods to draw maximum power from solar panel.

Several methods of maximum power point tracking have been considered. These methods require intelligent
controllers such as fuzzy logic controller and conventional controllers such as Pl controller [5]. This paper
presents a new maximum power point tracking using various intelligent controllers. The block diagram of the
system is shown in Fig.1. The converter is used for interfacing the PV output and the load and for tracking the
maximum power point of the photovoltaic panel.
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Fig. 1. Block diagram of the PV system
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. PV MODELING
In this section, in order to show the practicability of MPPT using PI and fuzzy logic controller, the photovoltaic
system with boost converter is used. The circuit configuration of the system is shown in Fig. 2.
A Circuit Configuration
The cell isfundamentally alarge area p-n diode with the junction positioned near to the upper surface. Therefore
a perfect photovoltaic cell may be modeled by a current source in parallel with a diode that mathematically

describes the V-I characteristics. The relationship between the output voltage V and current | of the solar panel is
givenby [1] and [3]:

=t [l o ] )-SR @
Where

o) oo 33 .
Isol = [Isc + KI(T - 298.18)] ﬁ (3)

Where |, V, lgs, T, K, Q, Ki, ls, A, Isoy Ecos Y(ZB), Tr, lorn Ry @nd Rs are cell output current and voltage, cell
reverse saturation current, cell temperature (Kelvin), Boltzmann's constant (1.381x1022JK) , electronic charge
(1.602x10™°C), short circuit current temperature coefficient at |, short-circuit current at 25°C and 1000W/m?,
solar irradiation in W/m?, light generated current, band gap for silicon (1.12eV), ideality factor(1.740), reference
temperature(298.18 K), cell saturation current at T,, shunt resistance and series resistance respectively.

The output power of the panel is P=VI, at maximum point, it isgiven as.

P a1 il 1
=4V =052 =0 )
i.e
1
I=(V-R) {IOS[Aexp(V +RD] + R—}
sh
Where:
__4a
YkTNcell

Nea IS the number of series cell in the panel.

Fig. 2. Circuit configuration of the PV panel

The shunt resistance is measured and the constants are determined in these equations by using manufacturer’s
ratings under standard test conditions of the Panel.

B. Boost Converter
Value L of the converter shown in Fig. 3. is calculated such that the peak current of the inductor at maximum
input power does not exceed the power switch current rating. Hence, L is calculated as[9]:

Vom(1—am)am
bl ©

Where fg, om, AlLm, Vom and oy are switching frequency, duty cycle at maximum input power of the converter,
peak-to-peak ripple of the inductor current, maximum of DC component of the output voltage and DC
component of the output current at maximum output power respectively.
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Fig. 3. Boost DC/DC converter
Theripple of the PV output current must be less than 2% of its mean value [3] the capacitor value at the input is
given by:

Iom %
C_ > om*“m 6
M = 0,02(1-am)Vinmfs ®

Where Vinm is the photovoltaic cell’ sinput voltage at the maximum power point.

The input power, input voltage and input current continuously change with atmospheric conditions when the
boost converter is used in PV applications. Therefore the conduction mode of the converter could change as it
depends on the input power, current and voltage. For tracking maximum power point of the PV panel, the duty
cycle also changes continuously. The converter switching frequency and the inductor value choice is a mutual
concession between the efficiency, the cost, the power capability and the weight of the converter.

C. Output Capacitor value
The output capacitor value is calculated to give the desired peak-to-peak output voltage ripple and is given by:

C > 9mlout (7)

out = rﬂ/out
Wherer isthe output voltage ripple factor given as:
r = AVoue/Vout
and AV is the output voltage peak-to-peak ripple at maximum power.
D. Boost converter model

If the chopping frequency is higher than the system characteristic frequencies, the converter can be replaced
with an equivalent model as shown in fig. 3 [8]. A voltage source is used for replacing the transistor, having a
value equals to its mean value. A current sourceis used for replacing the diode. Thus:

Ve =1 —a)Vou (8)

Ip =(1-a)l C)]

Where I, isthe mean value of inductor current Vo is the output voltage of PV system.
The continuous model equation is deduced as:

Cind_tz [_[L (10)

dI
Ld_tL =V-Vg 1D

dVoy
Cout at £ = Ip — Loue (12)
Vout = R oadl out (13)
At maximum operating point the equations are given as.
In = Iim
Vin = (1 — am)Voutm
Ioutm = (1 = o)L, (14)
Rm
oy =1-

t m RLoad )

Where lm, I m, loum Vim and a,, are the maximum values of |, 1, loy, V and a.and R =V /1, respectively.

The expression of the maximum value of duty cycle (u<1) show that the maximum value Rm of the output
resistance of PV panel must be inferior, at time, that the

RLoad > Rm (15)
E. Small signal model and transfer function

The transfer function of the system open loop for a small variation around an opimal operating point can be
determined. The system can be presented as shown in Fig. 4.

ISSN : 0975-4024 Vol 5No 2 Apr-May 2013 1770



Swathy C.Set al. / International Journal of Engineering and Technology (1JET)

+

Controller —  Plant Y()

Measuring
Device

Fig. 4. General block diagram of a closed |oop system

Where,
Kal
a1(s) b,sz +b;s+1 (16)
Kaz (b252 + bls + 1)
G = 17
a2(s) a,s2+a;s+1 a”n
With
_ (K;G = K;)(A + RyGrn)
al — K outm
1
Ky
Ky = ———F—
227 (1 + RsGpyn)
. K,L
bZ =a; = LCin, bl K_’ a; = GL
G 1 1
G=——7—;G6Gpy=7—"7""+—
1+ RSGm m Rdm Rsh
And
Kl =1+ ARS(RsIm - Vm)
Rym(1 + RsGp)
_ A(Rslm _Vm) _
> Ram(1 + RsG)

1
Ram = § AexpTA(Vp + Rel)]
Ka and K, are constants for the given temperature and solar irradiation. Ry, and G, are the maximum dynamic
resistance and conductance of the solar panel. If the values of L, Cin, Voum, Ims V, o and the parameter values of
solar panel are known, then the values of Ky, Ka, K1, Ky, by, by, a1, &, G, G, and Ryy, can be easily determined.
The transfer function of the open loop system is given by:

Go(S) = Gay (5)Gan (5) = ——21K82__ (1)
a a azs?+a;s+1

. MAXIMUM POWER POINT TRACKING CONTROLLERS
A. PI controller
PI controller is the co-operation of both propotional and integral action. The analytical expression can be given
as.
P=Ke+K K; Jedt+p(0)
Where,
P= controller output
Kp= proportiona gain
Ki=integral constant
€= error input
P(0)=initial value of controller output

The PI controller gain and integral gain obtained by Zeigler Nichols tuning are K,=0.014 and K; = 132.85. From
equation (5), the inductance of the boost converter can be chosen as is L=1mH. From equation (6), the input
capacitance of the converter can be chosen as C = 4.7uF, and, from equation (7) the output capacitor is 47uF.
Theresistance load is R oo = 60 Q. Fifty kilohertz switching frequency is taken.

B. Fuzzy logic controller

The fuzzy theory based on fuzzy sets and fuzzy algorithms provides a general method of expressing linguistic
rules; therefore they may be processed quickly. One of the advantages of the fuzzy logic controller isthat it does
not require any mathematical model of the plant. It is based on knowledge of the plant operator, and it is very
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easy to apply. Many complex systems deal with complex mathematical model. These complex systems can be
controlled without knowing the exact mathematical model of the plant using fuzzy logic control [5]. FLC is
capable of improving the tracking performance as compared with other classical methods for linear and nonlinear
loads. A FLC has three main components- fuzzification, fuzzy inference and defuzzification.

FLC has two inputs:. error and the change in error. The triangular shaped membership function is used due to the

resulting best control performance and simplicity. The range of each membership function is settled by the
previous knowledge of the suggested scheme parameters. The inputs of the FLC are expressed seven linguistic
variables [4]. The linguistic variables are;

NB: Negative Big

NM: Negative Medium
NS: Negative Small

Z: Zero

PB: Positive Big

PM: Positive Medium
PS: Positive Small

Fig. 5 (@) and (b) show the fuzzy set of error input (E) and change in error (CE) with seven triangular
membership functions.

@ (b)
Fig. 5. (a) Fuzzy set of error input (E) (b) Fuzzy set of change in error input (CE)

Fig. 6. shows the surface of the base rules used FLC.

Fig.6. Rule surface of FLC.

Inference engine of the fuzzy logic controller mainly consists of Fuzzy rule base and fuzzy implication sub
blocks. The inputs that are fuzzified are fed to the inference engine and then the rule base is applied. The output
fuzzy sets are then identified using fuzzy implication sub-blocks.

Once the fuzzification is over, fuzzy range of output is located. Since at this stage a non-fuzzy value of control is
available, therefore a defuzzification stage is needed. Centroid defuzzification method [8] is used in this
proposed scheme.

IV. SIMULATIONS AND EXPERIMENTAL RESULTS

In order to show clearly the effectiveness of these methods, some simulations were carried out. A MATLAB
based modeling and simulation scheme along with MPPT Pl controller and fuzzy logic controller are proposed
which are suitable for studying the I-V andP-V characteristics of a PV array under a non-uniform irradiation and
different temperature. The fuzzy logic controller based results are compared with the conventional the Pl
controlling methods which validate its merits.

A PI controller Smulation
Fig. 7. showsthe simulink model of MPPT using Pl controller.
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Fig. 7. Simulink model of MPPT using PI controller

B. Fuzzy Logic Controller Smulation
Fig. 8. shows the simulink model of MPPT using fuzzy logic controller.
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Fig . 8. Simulink model of MPPT using fuzzy logic controller.

The different parameter values taken for simulation from SM55 solar array data sheet:
Solar module temperature (T): 28°C

No: of cellsin series (Ng): 36

No: of cellsin parallel (Np): 1

Open-circuit voltage (Vo): 21.7V

Short-circuit current (I): 3.45A

Maximum power current (I,): 3.15A

Maximum power voltage (V): 17.4V

Maximum power (P,,): 55W

C. Experimental Results

Fig. 9 (@) and (b) show the I-V and P-V characteristics of the solar panel before adding controller. It is found
that the set of P-V and |-V characteristics are highly nonlinear and depends on solar irradiance of the solar array.
The combination of V and | maximizing the output depends on solar irradiation and is also affected by the
temperature.
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Fig. 9. (a) I-V characteristics (b) P-V characteristics

From |-V characteristics it was observed that as the cell temperature remain constant, the PV output voltage
remains nearly constant while the PV output current increases with increasing solar intensity.

Fig. 10 (a) and (b) show the result for Pl and fuzzy controlled MPPT for PV system.
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Fig. 10. (a) PI controlled MPPT for PV system. (b) Fuzzy controlled MPPT for PV system.

V. COMPARISON OF FLC AND CONVENTIONAL PI CONTROLLER

The results of applying the FLC on PV system to track the maximum power point is compared with the
conventional Pl controller applied on the same system. Figure shows the effect of the Pl controller and FLC
controller on the same PV power. The response of FLC is better than the response of the Pl controller since it
take more settling time. Therefore the fuzzy control algorithm is capable of improving the tracking performance
as compared with the conventional Pl controller.

V1. CONCLUSION

The purpose of maximum power tracking is to extract the highest possible power to the load from the solar
arrays. In this paper, the principle of energy conservation has been used to derive the system transfer function.
Both the controllers used in this paper improve the efficiency. The proposed method is by implementing a
maximum power point tracker controlled by fuzzy logic controller and Pl controller using boost DC/DC
converter to keep the PV output power at the maximum point al the time. These controllers are tested using
Matlab/Simulink program, and the results were compared. The comparison between Pl controller and FLC shows
that the fuzzy logic controller is better in response and don’'t depend on knowing any parameter of PV panel.
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