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Abstract

This paper presents the practical implementation of fuzzy logic control algorithm for maximum power point
tracking (MPPT) in photovoltaic (PV) systems. A prototyping PV system is implemented with a boost DC-DC
converter using Microchip® PICI18F452 microcontroller to execute the MPPT algorithms. The common
algorithms like perturbation and observation (P&O) and incremental conductance (IncCon.) as well as the
proposed fuzzy logic control algorithm are implemented and tested under different conditions, and the test
results are analyzed and compared. The results show that the proposed fuzzy logic control algorithm can give
better performance than perturbation and observation and incremental conductance algorithms.
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1. Introduction

Photovoltaic (PV) based power systems are used today in many applications such as satellites, battery charging,
home appliances and many more. So, the maximization of output power for photovoltaic systems (PV) has a
great interest as the efficiency of the PV cells still not high enough.

The maximum power extracted from the PV generator depends strongly on three factors: irradiation, load
impedance and cell temperature, assuming fixed cell efficiency [1]. The variation of the output I-V characteristic
of a PV cell with temperature and irradiation variation is shown in Figs. 1 and 2 [2]. It can be observed that the
temperature changes mainly affect on the PV output voltage, while the irradiation changes mainly affect on the
PV output current.
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Fig.1. V-P, V-I Characteristics of a PV cell at constant irradiation level and various temperatures.
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Fig.2. V-P, V-I Characteristics of a PV cell at constant temperature (25 C) and various irradiation levels.
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The third factor, which affect on the PV output power, is the impedance of the load. In the present work, load
consists of a DC loads with different impedances. When a PV generator is directly connected to the loads, the
system will operate at the intersection of the I-V curve and load line, which can be far from the maximum power
point (MPP) as shown in figure 3.
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Fig.3. I-V curves of PV cell and various resistive loads

In order to overcome the above mentioned undesired effects on the PV output power, a maximum power point
tracker (MPPT) is used for extracting the maximum available power from the solar PV panel and transferring it
to the load. MPPT consists of a DC-DC converter and control circuit where there will be a MPP seeking
algorithm.

Many tracking techniques and algorithms have been developed as the Fractional Open-Circuit Voltage method
[31[6][7] , the Fractional Short-Circuit Current method [3][4][5] as well as the Perturbation and Observation
(P&O) method and the Incremental Conductance (IncCon.) method. The fractional open-circuit voltage assumed
that voltage at MPP (Vmpp) is proportional to PV open-circuit voltage (Voc). However, the estimated Vmpp is
only an approximation of real Vmpp and the proportional constant will change with the PV panel aging, which
means that the performance will degrade with time. Similarly for the fractional short-circuit current method. The
Perturbation and Observation method has been widely used because of its simplicity and it is easy to implement,
the idea of this algorithm is to periodically incrementing or decrementing the solar panel voltage then if a given
perturbation leads to an increase (or decrease) in panel power, the subsequent perturbation is made in the same
(or opposite) direction. In this manner, the peak power tracker, continuously seek the peak power conditions.
However, this approach can be slow and thus can become ‘confused’ under rapidly changing atmospheric
conditions.

The incremental conductance method compares the incremental conductance of the PV panel with its
instantaneous conductance. The output voltage and current from the source are monitored upon which the MPPT
controller relies to calculate the conductance and incremental conductance and to make its decision (to increase
or decrease duty ratio output).

The present work describes the implementation of fuzzy logic control for maximum power point tracking (MPPT)
for a PV system in comparison with the most commonly used algorithms (P&O and IncCon. algorithms). A
microcontroller is used for control of the MPPT algorithm. The Proposed fuzzy logic algorithm, and the P&O as

well as  IncCon. algorithm are implemented and tested under different conditions and the results are analyzed

and compared . The measured parameters such as panel voltage, current, power and temperature as well as the

control parameters such as duty ratio are monitored and displayed on the PC.

2. MPPT Algorithms

The perturbation and observation (P&O) and the incremental conductance (IncCon.) algorithms as well as the
proposed fuzzy logic control based algorithm, are described this section.
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2.1 Perturbation and Observation

Perturbation and observation (P&O) algorithm is widely used in practice because of its simplicity and ease of
implementation. In this algorithm a slight perturbation is introduced to the PV panel voltage, Due to this
perturbation the power of the panel changes. If the power increases due to this perturbation then the perturbation
is continued in that direction. After the peak power is reached the power at the next instant decreases and hence
after that the perturbation reverses and when the steady state is reached the algorithm oscillates around the peak
point. [8][9]0. Figure 4 shows the flow chart of P&O method, where P and V represent PV panel power and PV
panel voltage.
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Fig.4. Flowchart of P&O algorithm.

The drawbacks of this method are that, at steady state, the operation point (OP) oscillates around MPP, the
amplitude of this oscillation is propositional to the step size of perturbation. Also, it has been shown that P&O
can exhibit erratic behaviour under rapidly changing atmospheric conditions [1][11] .

2.2 Incremental conductance
The incremental conductance (IncCon.) algorithm is derived by differentiating the PV panel power equation with
respect to voltage and setting the result equal to zero [10][11][12]. This is shown in Equations (1) to (5).

P=1:V (1)

(Where P= PV panel power, V = PV panel voltage, I = PV panel current).
Differentiating eq. (1) with respect to dV:

d*pl."rdv =1+V= d{."rdp (2)
From eq. (2), the basic equations of this method are as follows:
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A==y (% yp = 0) leftof MPP (4)

Figure 5 shows the flow chart of the IncCon. method, where P, V and I represent PV panel power, voltage and
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Fig.5. Flowchart of incremental conductance algorithm.

The main advantage of IncCon. algorithm is that it offers lower oscillation around the MPP than the P&O
algorithm. Also, it offers a good performance under rapidly changing atmospheric conditions.

2.3 MPPT using Fuzzy Logic Control

Fuzzy logic controllers have been introduced recently in the tracking of the MPP in PV systems. They have the
advantage to be robust and relatively simple to design as they do not require complete knowledge of the exact
model and it can handle nonlinearity 0. The proposed fuzzy logic MPPT Controller, shown in Figure 6, has two
inputs and one output. The two input variables are the error E and change of error CE at sampled times k defined
by eq. 6 and 7, where P, V are the PV panel power and voltage respectively at instant k:

(k) — P(k-—
B0~ Soovaos ©
CE (k) =E (k) - E (k-1) (7)
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The input E(k) shows if the operation point at the instant k is located on the right or on the left of the MPP on the
PV characteristic curve as shown in figure 7, while the input CE(k) shows moving direction of this point.
Where the control action D is duty cycle of PWM signal that control the boost converter.

Rule base
z
\ g
E—»
Fuzzification —»  Inference | Defuzzfication —» D
CE—»
Voltage [V]
Fig.6. Block diagram of the fuzzy controller Fig.7. PV cell power curve

The fuzzy controller includes three functional blocks, which are fuzzification, fuzzy rule algorithm, and
defuzzification.

% Fuzzification:

The fuzzy logic controller requires that each control input variable to be expressed in fuzzy set notations using
linguistic variables. These variables (characterized by membership functions) are used to decompose each
system variable in the fuzzy regions. In this paper we use five linguistic variables for system inputs E and CE
which are NB (negative big), NS (negative small), ZE (zero), PS (positive small) and PB (positive big), using
basic fuzzy subsets as shown in Figure§.

«  The Fuzzy Rule Algorithm:

The fuzzy rule algorithm includes 25 fuzzy control rules (listed in tablel) that contain all the information for the
controlled parameters. It is set according to experience and the operation of the system to be controlled. These
rules are implemented by microcontroller and used for the control of boost converter (tracker) such that
maximum power is achieved at the output of the solar panel at all different conditions. Fuzzy inference engine is
an operating method that formulates a logical decision based on the fuzzy rule setting and transforms the fuzzy
rule base into fuzzy linguistic output. In this paper using zero-order Sugeno fuzzy model [13] has been used.

*  Defuzzification

The output of fuzzy controller is a fuzzy subset. As the actual system requires a non fuzzy value of control,
defuzzication is required. In this paper the weighted average is used to compute the output of this FLC which is

the duty cycle.
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Fig.8. Membership function of E, CE and D

CE |NB NS ZE PS PB
E
NB ZE ZE PB PB PB
NS ZE ZE PS PS PS
ZE PS ZE ZE ZE NS
PS NS NS NS ZE ZE
PB NB NB NB ZE ZE

Table 1. Fuzzy rule table

3. Implementation

To test the performance of the proposed MPPT algorithm, the system shown in Figure 9 was implemented. The
system consists of:

1) Solar panel.
2) DC/DC converter.
3) Microcontroller-based control board.

4) PC-based application software.

PV 1~ —
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driver
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Fig.9. Block diagram of the proposed MPPT.

3.1 Solar panel
The PV panel, which is to be used with this system, consists of 4 IXYS modules, model SLMD481H12, giving
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around 4 W maximum power and around 15.2 V open-circuit voltage at an irradiation of 1000W/m2 and
temperature of 25° C. The PV module specifications are given by the manufacturer are shown in table 2. The sun
light is simulated by a 750W halogen lamp as a light source for the PV panel. The panel equipped with LM35
temperature sensor to monitor its temperature during experiments.

3.2 DC/DC converter

The DC/DC converter here is a boost converter working at a switching frequency of 50 KHz, it is used to
interface the PV panel output to the load and to track the maximum power point of the PV panel. The parameters
of the converter are given in Table 3.

3.3 Microcontroller-based control board

The MPPT algorithms are implemented on a Microchip PIC18F452 MCU. This microcontroller features a 10-bit,
eight channel A/D converter that used by the control program to measure the PV panel output current and
voltage as well as panel temperature. Also, it features three PWM outputs with program controlled duty cycle
that used to control the DC-DC converter to track the MPP.  This family of microcontroller was chosen because
it has the necessary features that required for the proposed system, such as big memory size, on-chip A/D
converter, PWM outputs, low-power consumption and low cost.

3.4 PC-based application software.

Visual Basic software application was implemented to monitor the proposed system parameters online. It reads
the measurements of the PV panel current, voltage, power and temperature as well as the controller output duty
cycle from the MCU using UART port. The software has the ability to export these measurements to Excel for
further off line analysis. Figure 10 shows the online monitoring of system parameters under the use of different

algorithms as well as the case of MPPT-OFF using the PC-software.

Parameter Value Parameter Value
open circuit voltage 7.56 V Switching 50 kHz
short circuit current 200 mA frequency

voltage at MPP 6.06 V Inductance L 2.2 mH
current at MPP 178 mA Capacitor Co 100pF
maximum peak power | 1081 mW MOSFET 110A 55V
solar cell efficiency 22% Diode 20A 40V

Table 2. Solar module specifications

Table 3. DC-DC converter parameters

Experimental results

An extensive implementation and testing for the selected techniques has been done using the above-described
system. Some selected results are presented with a comparison between P&O, IncCon and proposed fuzzy MPPT
controllers. The following results were presented for different irradiation levels at fixed temperature as shown in
Figurell, and at different temperature levels at fixed irradiation in Figurel2, also at different loads at fixed
temperature and irradiation level in figurel3.

Fig.11 shows the experimental results of PV operating power for experiment time of 25 second the irradiation
level has increased at time 10 second and decreased again at time 18.5 second at constant temperature of 30°C.
The figure shows the result when using P&O, IncCon and fuzzy algorithms for MPPT.

Fig 12 shows the experimental results of PV operating power at varying temperature and constant irradiation.
The figure shows the result when using P&O, IncCon and fuzzy algorithms for MPPT.

Fig.13 shows the output power of PV at fixed irradiation level and fixed temperature under load change for P&O,
IncCon and fuzzy algorithms for MPPT as well as the case of MPPT-OFF. As shown the proposed fuzzy
algorithm for MPP shows smother power signal line and better stable operating point than both P&O and IncCon
algorithms.

Fig.14 shows the output power of PV at fixed irradiation level and temperature for P&O, IncCon and fuzzy
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algorithms for MPPT. As shown IncCon algorithm shows less oscillating and better stable operating point than
P&O., and the proposed fuzzy algorithm shows smother power signal line, less oscillating and better stable

operating point than both P&O and IncCon algorithms.

From the experimental results, it can be deduced that the fuzzy logic based algorithm has better performance

than both P&O and IncCon algorithms, and it has more accuracy for operating at MPP.
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Fig.10. Online-monitoring of system parameters by the PC-based software.

(1) PPT-OFF(2) PPT-ON with Inc. Con. Algorithm (3) PPT-ON with fuzzy control algorithm.
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Fig. 11: Panel O/P power for different algorithms under change in irradiation and constant temperature.
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Fig. 12: Panel O/P power for different algorithms under change in temperature and constant irradiations.
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Fig.14: Panel O/P power with different algorithms at constant temperature and irradiation

Conclusion

This paper discussed the implementation of different algorithms for MPPT on a microcontroller with
photovoltaic system that is used to evaluate the performance of these algorithms. The fuzzy logic based
algorithm is tested versus the most popular algorithms which are P&O and IncCon. algorithms. The algorithms
were implemented and tested against change in irradiance, temperature and load. The proposed fuzzy algorithm

71



Journal of Energy Technologies and Policy www.liste.org
ISSN 2224-3232 (Paper)  ISSN 2225-0573 (Online) may

Vol3. Nos5, 2013 NSTe

achieved better performance and efficiency comparable to the P&O and IncCon. algorithms.
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