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Abstract 
 
This work comprehensively demonstrates the performance analysis of Fuzzy Logic Controller (FLC) with Particle Swarm Optimization 
(PSO) Maximum Power Point Tracker (MPPT) algorithm on a stand-alone Photovoltaic (PV) applications systems. A PV panel, DC-DC 

Boost converter and resistive load was utilized as PV system. Three different MPPT algorithms were implemented in the converter. The 
result obtained from the converter was analyzed and compared to find the best algorithm to be used to identify the point in which maxi-
mum power can be achieve in a PV system. The objective is to reduce the time taken for the tracking of maximum power point of PV 
application system and minimize output power oscillation. The simulation was done by using MATLAB/Simulink with DC-DC Boost 
converter. The result shows that FLC method with PSO has achieved the fastest response time to track MPP and provide minimum oscil-
lation compared to conventional P&O and FLC techniques. 
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1. Introduction 

Greenhouse gases emission, global warming and environmental 
issues due to increasing electrical power generation have attracted 
the attention of researchers to explore extensively on renewable 
energy. Photovoltaic (PV) has a big potential in power generation 

system that can potentially overcome the issues. PV panels has 
been widely used in power system application tends to be 
distributed generation (DG) unit as they can operate independently 
from larger grid. This DG unit has been developed widely in many 
countries such as Japan, Germany, Spain and USA [1]. Generally, 
PV system are divided into grid-connected, stand-alone and hybrid 
as discussed in [2]. However, a factor such as loads impedance, 
solar irradiance intensity and temperature gives significant impact 

to the PV output power and leads to less effective of power 
generation. In addition, when output voltage increase, the power 
increase first then drop, thus there are exist voltage corresponding 
to maximum power output. Hence, power electronic such as Buck, 
Boost or Buck-Boost converter are widely implemented in 
between PV panels and loads which able to control the seeking of 
maximum power point (MPP) and drawn maximum output power 
of PV panel which can be found and maintain the voltage exist. 

This converter known as Maximum PowerPoint Trackers 
(MPPTs) which can dominate the duty cycle of the the power 
electronic interfaces by an algorithm [3]. The MPPTs are vital 
technique in PV application because they can track the maximum 
power of PV output [2].  This will recovered an efficiency of PV 
output power generation as their power losses reduced. It is vital 
to track the MPP of PV output generation because of their 
intermittency production due to stochastic behaviour. PV plant’s 
efficiency is affected by the efficiency of power electronics 

interfaces and MPPT algorithm. The power electronics interfaced 

not improve their efficiency because they depends on availability 
of  hardware technology, but tracking the MPP with new 
improved algorithm is easier, fast and reliable and leads to 
efficienct to the PV power generation [4]. At MPP, the PV arrays 

generated maximum power with retain of controller to avoid any 
power losses [4]. 
 

 
Fig.1: Concept of MPPT system [4] 

 
Fig.1 explained the concept of MPPT technique in PV system. A 
DC/DC converter is implemented in the system to matching the 

condition. The MPPT algorithm adjust the duty cycle (D) until the 
best D value is detected at matching condition and transferring 
power to the load [5][6]. In order for PV output power to reach 
MPP, the PV system is required to operate at a specific levels of 
voltage and current, as shown in Fig.2. The MPP is depends on 
temperature and irradiance variations of solar radiation. Hence, the 
MPP tracking system is essential for this system in order to keep 
close and track to MPP. There are several modern and traditional 
MPPT algorithms which were reported to achieve the MPP output 

in order to maximize the efficiency of PV system [2][6][7]. 
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Fig.2: P-V and I-V characteristic of PV arrays [4] 

 
An advantage of using MPPT algorithm for PV applications is 
discussed in this paper. Furthermore, the simulation work has 
demonstrated the result of most common algorithm used in MPPT 
techniques, which are FLC and Perturb & Observe. The bounda-
ries input and output of membership functions of FLC were opti-
mized by using Particle Swarm Optimization (PSO) and compared 
for evaluation.      

2. Theoretical Background 

2.1. Solar Panel 

Solar cell is the main component in solar panel which to convert 
light energy to an electrical current by moving a charged particle 
in silicon. A PV module is made up by connecting many series 
and parallel of solar cell. Fig.3 shown a single model of solar cells 
which connected to a diode and two resistor.   

Fig.3: Single diode model of solar cells [3] 

The characteristic equation for single solar cells is given by equa-
tion (1). 
 

𝐼 =  𝐼𝐿 − 𝐼0  𝑒
𝑞 𝑉−𝐼𝑅𝑆  

𝐴𝑘𝑇  −
𝑉 − 𝐼𝑅𝑆
𝑅𝑆𝐻

                                              (1) 

 
 
Where I and V are the output current and voltage respective. Iph is 
photocurrent, q and T are the electron charge with a value of 

1.6x10-19 (C) and the absolute temperature in degree Celsius, re-
spectively. Boltzmann constant, k = 1.38x10-19 (J/k), Rs and Rsh are 
the series and shunt resistances, respectively. To characterize the 
properties of solar cells, it is important to indicate the Power-
Voltage and Current-Voltage curves. Fig.4 shows the effect of 

solar irradiation variation (1kW/m2) on the Power-Voltage and 
Current-Voltage curves in this project. As shown in Fig.4, the 
change of current brings a significant effect than the voltage. As 
such, the higher solar irradiation, the higher would be solar input 
to solar cells and leads to increasing power magnitude [3][8].  

Fig.4: V-I and V-P 

The temperature has given significant effect to the voltage. As 
shown in equation (2), the open circuit voltage is proportional to 
the temperature.  
 

𝑉𝑂𝐶 𝑇 =  𝑉𝑂𝐶
𝑆𝑇𝐶 + 

𝐾𝑉,%

100
 𝑇 − 273.15                                               (2)          

 
Fig.5 shows the Power-Voltage and Current-Voltage changes with 
the temperature. As changing of irradiance and temperature, solar 
panel’s internal resistance accordingly changes. From the curve 
obtained, it is clear that, as increasing in irradiance level, the net 
output power increase while increase in ambient temperature, it 
non-linearly decreased [6][9].   

 

 
Fig.5: The change in output characteristics of PV with variation in tem-

perature 

Maximum output power can be obtained when the solar panel’s 
output resistance is equal to its internal resistance. Hence, tracking 
a maximum power in any conditions is essential to verify the MPP 
is obtained from PV board. The temperature and irradiance are not 

constant due to fluctuation behaviour of weather. This behaviour 
makes MPP inconstantly tracking the maximum output power of 
PV generation and leads to unstable power generation. Hence, the 
process is commonly performed by an advance MPPT algorithm 
that have been developed previously [10].    

2.2. MPPT with Perturb & Observe 

To increase the efficiency of solar cell, the method called MPPT is 

undertaken to match the sources and load properly. Hence, Perturb 
& Observe (P&O) are popular methods to implement the MPPT 
[3][4][10]. It perturbs the operating voltage of PV arrays, and 
observe the effect of this changes on PV generated power. 
 

 
Fig.6: Curve characteristic of PV panel 
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As shown in Fig.6, once the power production increases, the per-
turbation direction kept remain at the same as before. And, it 
should be in the other direction to achieve the MPP once power 
decrease [11]. This repeated process is done until the MPP output 
is achieved. Fig. 7 demonstrated the flow chart of P&O method.    
 

 
Fig.7. Perturb & Observe method [3][6] 

2.3. MPPT with Fuzzy Logic Controller (FLC) 

This method has capability to track MPP of PV system as their 
ability to solve non-linear behavior, robust and easy to implement 
with imprecise and incomplete data [7][10][12]. The proposed 
FLC for MPPT in PV system is shown in Fig. 8. Generally, FLC 
consist of three stages which are fuzzification, ruled based table 

lockup and defuzzifications [7].  
 

 
Fig.8: Structure of a Fuzzy Logic Controller 

 
During fuzzification, crisp value is transformed into grade of 
membership function for linguistic term of fuzzy sets. This called 

decomposing system input into one or more fuzzy sets. In this 
case, five levels of are addressed which are NB (negative big), NS 
(negative small), Z0 (zero), PS (positive small), PB (positive big). 
The input of FLC was set as error (E) and change of error (ΔE),  
which were derived from actual signal (E, ΔE) from Fig. 8. After 
multiplication of actual signal with scale gain (SE, SCE), the input 
then convert into fuzzy levels.  
ΔE and E are the input of MPPT FLC. The E and ΔE can be cho-
sen by the user using an approximation based on equations (3) and 

(4) [13].    

𝐸 𝑘 =  
𝑃 𝑘 − 𝑃(𝑘 − 1)

𝐼 𝑘 − 𝐼(𝑘 − 1)
                                                                   (3) 

And 

𝜟𝐸 𝑘 = 𝐸 𝑘 − 𝐸 𝑘 − 1                                                                  (4) 

Where P(k) and I(k) are the power and the current, respectively. 

E(k) shows the location of the operating point inside the MPP at 
the instant k, according to the P-I graph. The direction of the oper-
ating point is indicated by the input ΔE(k). The controller provides 
output on the change in converter’s duty ratio (ΔD) [14]. 

Table 1: Fuzzy Membership Function Rules 

 
 
After calculating and converting the E and ΔE into linguistic vari-
ables, the ΔD of FLC output of converter can be searched and 
obtained in Fuzzy membership function rules, as shown in Table I. 
In this paper, Table I is developed based on the boost converter 
that was used in this research because the assignment of the lin-
guistic variable to ΔD is different and dependent on power con-
verter used. As an example, operating point is avoided towards left 
of MPP as in Fig.2, then E is PB and ΔE is Z0, so that ΔD must be 

Positive Big to achieve maximum power point. In defuzification 
stages, the linguistic variable converted into numerical variable 
given fuzzy sets and corresponding membership degrees [7]. This 
will map the fuzzy sets into crisp set to provide decision or signal 
to a power converter. 

2.3. MPPT with Particle Swarm Optimization (PSO) 

PSO is an advance method and considered powerful optimization 

that have ability to solve complex optimization problem as devel-
oped by [15]. The performance of the algorithm is evaluated and 
achieved by considering the efficient and intelligent movement of 
particles and the collaboration of the swarm [16]. Generally, the 
system initialized the population randomly and search the optima 
by updating generation. The general flowchart of PSO algorithm 
shown in Fig. 10. In this research, PSO was utilized to find an 
optimal adjustment of scaling factor for fuzzy-MPPT controller. In 

this work, PSO was used to perform satisfactorily in steady state 
condition and it was aimed at improving the transient performance 
if the system yields a condition that is oscillating or abnormal. In 
addition, an improvement of fuzzy control performance is made 
by optimize the membership function to heuristically define the 
optimum membership function of fuzzy logic controller [17]. The 
proposed diagram of PSO algorithm is shows in Fig.9.  
 

 
Fig.9: Block diagram of proposed PSO algorithm 
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Fig.10: Flowchart of PSO algorithm 

3. Methodology 

The method in this research is done by MATLAB/Simulink for 
PV array, boost converter P&O algorithm and FLC with PSO 
optimization. The operation and simulation of each algorithm was 
performed under standard conditions with an irradiance power 
density of 1000 W/m2 and at a temperature of 25oC). The extract 
result has compared and evaluated for each of algorithm.  

3.1. System Configuration 

The simulation has developed and done by using 
MATLAB/Simulink. Fig.11 shows completed model of system 
consist of PV module, boost converter circuit and MPPT control-
ler.  
The PV module considered in this simulation STP135-12/Tb is 
made of serially-connected 35 multicrystalline silicon solar cells 
with a nominal rated power at 150 W. Two PV arrays that were 
used with similar power output produced and compare the MPPTs 

with the same input at standard operating conditions.  The DC-DC 
Boost converter consist of inductor, diode and IGBT are depicted 
in Fig. 12. The Fig.13 shown the block diagram of MPPT control-
ler developed using MATLAB/Simulink. 

 
Fig.11: Model of the PV system, Boost converter and MPPT controller in   

MATLAB/Simulink 

 

 
Fig.12: DC-DC Boost Converter diagram 

 

 
Fig.13: MPPT controller model 

3.2. Fuzzy Rule Algorithm 

The association of the output of fuzzy to the input was derived 
based on the investigation and analysis of the system behavior. 
Fig.14 shown diagram of fuzzy MPPT algorithm.  
 

 
Fig.14: Diagram of fuzzy MPPT algorithm 

 
The inputs of voltage and current will change to E and ΔE before 
execute by fuzzy inference system. A few conditions were includ-
ed by designing the fuzzy rules and they are listed below. 

 Change in membership function of input and output to keep in 

direction by adjusting ΔD of the converter. 
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 Shifting to optimum point due to fluctuation of temperature 

and sunlight level to the characteristic curves. 

 At a peak power point, the point of operation is stabilized by 
providing the system with a set of rules. 

With considering on this points, the membership function of fuzzy 

sets is defined as shown in Fig.15. 
 

  

Fig.15: Membership function of E and ΔE 

 

 
Fig.16: Three-axis model of the MPPT fuzzy surface  

 
Mamdani’s method was used in combination with the maximum-
minimum fuzzy combination law. Fig. 16 shows a fuzzy inferences 
surface method resulted as Mamdani’s pattern.  

3.2. Optimal Fuzzy Logic Controller  

Although the ability of FLC can deals with non-linear behaviour, 
choosing the boundaries of input and output of membership func-

tions was a major disadvantages of FLC method. Hence, the opti-
mization method applied to obtain an optimal membership func-
tion of fuzzy logic controller. The purpose is to obtain an optimum 
boundaries for the membership function’s input/output. The im-
portant elements that involved are input formation, limitations of 
optimization and fitness-function. Every elements is operated 
toward an enhancement and categorization/classification to pro-
duce the optimum membership functions. The optimization 
searches for the best possible solution by reducing the fitness-

function to a minimum value even though the inputs and con-
straints selection in each iteration is manipulated. Fig.17 shows a 
developed diagram of optimization technique applied to adjust the 
membership function in order to obtain the best boundaries solu-
tion for membership functions through PSO technique. 

 
Fig.17: Block diagram of optimized FLC membership function 

4. Result & Discussion 

The result and discussion section includes comparison of MPPT 
controller using P&O method, FLC method and FLC with PSO in 
terms of its power tracking features at a standard operating condi-
tion, under the irradiation 1000W/m2 and ambient temperature of 

25oC. The main highlight of obtained result are the ability of PV 
system response time to generate output power of MPP. Also abil-
ity of corresponding algorithm to simultaneously enhance the 
dynamic performance and steady state performance of the PV 
system. Fig. 18 shows a result of output power generated by 
MPPT algorithm. 
 

 
Fig.18: Comparison of MPP output power generation 

 
From result, it observed that, the output power generated by FLC 
with PSO reached 4840 W of MPP and hence improve steady state 
performance and response time to reach MPP than conventional 

P&O and FLC algorithm. This shows that the steady state behav-
iour of PV system using FLC with PSO algorithm are more stable 
and provide smaller oscillation. Fig.19 shows a comparison output 
voltage obtained by the corresponding algorithm.  
 

 
Fig.19: Comparison of MPP output voltage generation 

 

From Fig.19, the performance of output voltage for three MPPT 
algorithm was observed and the FLC with PSO had given maxi-
mum voltage at 420V with short times response. This is to indi-
cate that the time taken for FLC with PSO to reach maximum 
voltage are faster than P&O and FLC algorithm.  

5. Conclusion 

Simulation was carried out by using MATLAB/Simulink with PV 
module of STP135-12/Tb to generate a 150W PV generation. The 
simulation of each algorithm was performed under standard oper-
ating condition of irradiance 1000W/m2 and temperature of 25ºC. 
Simulation results have shown that the proposed MPPT using FLC 
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with PSO algorithm provides a more stable tracking of maximum 
power at a faster rate, as compared to MPPT using P&O method 
and FLC method. 

 

Acknowledgement 

 
The author would like to thank for the financial support from Uni-

versity of Tenaga Nasional of grant number 
(RJO10289176/D/2018/J48). 

 

References 

 
[1] S. Ahmed et al., “RenewableS 2011,” Renew. Energy, vol. 5, no. 4, 

p. 116, 2011. 

[2] N. Karami, N. Moubayed, and R. Outbib, “General review and 

classification of different MPPT Techniques,” Renew. Sustain. En-

ergy Rev., vol. 68, no. July 2015, pp. 1–18, 2017. 

[3] W. Bai and K. Lee, Distributed Generation System Control Strate-

gies in Microgrid Operation, vol. 47, no. 3. IFAC, 2014. 

[4] A. Saeed Ahmed Student, B. A. Abdullah, and W. Gharieb Ali 

Abdelaal, “MPPT Algorithms: Performance and Evaluation,” 2016 

11th Int. Conf. Comput. Eng. Syst., pp. 1–7, 2016. 

[5] L. Zhang, S. Member, W. G. Hurley, and W. H. W, “A New Ap-

proach to Achieve Maximum Power Point Tracking for PV System 

With a Variable Inductor,” vol. 26, no. 4, pp. 1031–1037, 2011. 

[6] C. P. Roy, D. Vijaybhaskar, and T. Maity, “Modelling of Fuzzy 

Logic Controller for Variable- Step Mppt in Photovoltaic System,” 

no. 2, pp. 426–432, 2013. 

[7] T. Esram and P. L. Chapman, “Comparison of Photovoltaic Array 

Maximum Power Point Tracking Techniques,” IEEE Trans. Energy 

Convers., vol. 22, no. 2, pp. 439–449, 2007. 

[8] J. Ahmad, “A fractional open circuit voltage based maximum pow-

er point tracker for photovoltaic arrays,” Softw. Technol. Eng. 

(ICSTE), 2010 2nd Int. Conf., vol. 1, pp. 247–250, 2010. 

[9] N. Díaz, A. Luna, and O. Duarte, “Improved MPPT short-circuit 

current method by a fuzzy short-circuit current estimator,” IEEE 

Energy Convers. Congr. Expo. Energy Convers. Innov. a Clean En-

ergy Futur. ECCE 2011, Proc., pp. 211–218, 2011. 

[10] Subiyanto, A. Mohamed, and M. A. Hannan, “Maximum power 

point tracking in grid connected PV system using a novel fuzzy log-

ic controller,” 2009 IEEE Student Conf. Res. Dev., no. SCOReD, 

pp. 349–352, 2009. 

[11] D. Sera, T. Kerekes, R. Teodorescu, and F. Blaabjerg, “Improved 

MPPT Algorithm for Rapidly Changing Environmental Condi-

tions,” pp. 1614–1619, 2006. 

[12] M. A. Hannan, Z. Abd Ghani, and A. Mohamed, “An enhanced in-

verter controller for PV applications using the dSPACE platform,” 

Int. J. Photoenergy, vol. 2010, 2010. 

[13] N. Khaehintung and K. Pramotung, “RlSC-Microcontroller Built-in 

Fuzzy Logic Controller of Maximum Power Point Tracking for So-

lar-Powered Light-Flasher Applications,” Ieee, pp. 2673–2678, 

2004. 

[14] Jiyong Li and Honghua Wang, “Maximum power point tracking of 

photovoltaic generation based on the fuzzy control method,” 2009 

Int. Conf. Sustain. Power Gener. Supply, pp. 1–6, 2009. 

[15] J. Kennedy and R. Eberhart, “Particle swarm optimization,” Neural 

Networks, 1995. Proceedings., IEEE Int. Conf., vol. 4, pp. 1942–

1948 vol.4, 1995. 

[16] I.-Y. Chung, W. Liu, D. A. Cartes, and K. Schoder, “Control pa-

rameter optimization for a microgrid system using particle swarm 

optimization,” 2008 IEEE Int. Conf. Sustain. Energy Technol., pp. 

837–842, 2008. 

[17] A. K. Paul and P. C. Shill, “Optimizing fuzzy membership function 

using dynamic multi swarm - PSO,” 2016 5th Int. Conf. Informatics, 

Electron. Vision, ICIEV 2016, pp. 139–144, 2016. 

 


