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ABSTRACT 

In the current decades, photovoltaic power generation has become more important. To enhance the energy 
efficiency, it is always important to work the photovoltaic (PV) system at its maximum power point, thus the Maximum 
Power Point Tracking (MPPT) strategy is used. The main purpose of this paper is to develop a system based on a 
photovoltaic (PV) module using a single-diode model of a solar cell, and to present a comparative analysis between 
constant duty cycle, the conventional Perturb and Observe (P&O) algorithm, and the proposed P&O method using a PI 
controller for extracting the maximum power from the PV array. These methods are implemented using a Buck converter. 
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1. INTRODUCTION 

Domestic and industrial energy production is 
largely based on a limited resource: petroleum. The 
sources of oil are becoming increasingly scarce, as the 
world's energy demands rise steadily. It is estimated that 
world reserves will be depleted by 2030 if consumption is 
not radically changed. Since this form of energy covers a 
large part of current energy production, it is necessary to 
find an alternative solution to take over [1]. For this 
reason, much scientific research has been carried out in the 
sector of unlimited energy sources, such as wind power 
generation and solar energy transformation [2]. The 
energy through the solar photovoltaic effect can be viewed 
as the most necessary and vital sustainable resource due to 
the omnipresence, large quantity, and sustainability of 
solar energy. The design, optimization, and realization of 
photovoltaic systems are topical problems since they 
surely lead to a better exploitation of solar energy [3]. 
These photovoltaic systems generating electricity can be 
operated in different places: electrification of isolated 
sites, installation in buildings or direct connection to the 
electricity grid [4]. 

The output characteristics of PV array relies on 
upon the solar irradiance, cell temperature and output 
voltage of PV modules. Since PV array has nonlinear 
characteristics, it is important to model it and simulate for 
Maximum Power Point Tracking (MPPT) of PV system 
applications, to find the current or voltage at which a PV 
array should work to extract the maximum output power 
under a given temperature and irradiance. Quite recently, 
considerable attention has been paid to this issue, and 
many researchers have proposed various methods of 
MPPT [5]. These techniques can be characterized into 
three principal categories: lookup table methods, 
computational methods (neural networks, fuzzy logic, etc.) 
and hill climbing methods [6], [7]. These methods differ in 
many aspects such as required sensors, complexity, cost, 
and range of effectiveness. The most commonly applied 
MPPT algorithm is the Perturb and Observe (P&O) 
method, due to its ease of implementation, simplicity, 

good performance, and easiness of application with 
different types of PV arrays, this technique is based on the 
“hill-climbing” principle, which consists of moving the 
operation point of the PV module in the direction in which 
the power increases [8], [9]. The main drawback of this 
method is: oscillations occur around the MPP. In this 
article, we propose an MPPT P&O algorithm based on a 
PI (Proportional Integral) controller to regulate the 
photovoltaic current and ameliorate the efficiently of 
energy. A Buck converter is used to transfer the power 
generated by the photovoltaic module to the load. 

This paper presents a comparative analysis of a 
constant duty cycle, conventional P&O, and P&O based 
on a PI controller to perform the control of a Buck 
converter. The remainder of this article is organized as 
follows: After this introduction, an overview is given of 
the PV module and the Buck converter used in the 
simulation. In the next section, a comparative study of 
constant duty cycle, the conventional Perturb and Observe 
(P&O) algorithm, and the improved algorithm is given. An 
experimental set-up to verify the effectiveness of the 
algorithm is described next, and the results are 
complemented by a comprehensive discussion. The 
conclusion is provided in the final section. 
 
2. BLOCK DIAGRAM OF TRACKING SYSTEM 

 
2.1 Photovoltaic system 

Photovoltaic (PV) cell is a semiconductor device 
which converts the light energy into electrical energy. A 
PV system consists of a multiples component, including 
the modules, mechanical connection, electrical 
interconnections, and mounting for other components. 
Photovoltaic cells are made of several types of semi-
conductors using different manufacturing processes [10]. 
PV cell gives a voltage around 0.5 to 0.8 volts depending 
on semiconductor and the built-up technology. The 
numbers of PV cells are connected in series and parallel to 
get more amounts of voltage and current known as PV 
module and if many such modules are connected for any 
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application to get the desired amount of current and 
voltage then it is called as PV array [11]. 

For modeling the PV Module, we will, therefore, 
start from the basic element which is the cell. Figure-1 
shows the equivalent electrical circuit of an ideal solar cell 
[12-14]. The equation that describes the voltage-current 
characteristic of the solar cell is given by equation (1) 
[15], [16]. 

 
 

Figure-1. Equivalent circuit of a photovoltaic cell. 
 I = I − I  [exp V v+R I vV a − 1] − V v+R I vR                (1) 

 
The expressions of the photo-current (Iph) and the 

saturation current (Io) are defined by equations (2) and (3): 
 I = Is + K dT GG                                                       (2) 

 I = I +Ki Tx [V + Kv TV a ]−1                                                         (3) 

 

Thus, the following equation is obtained: 
 I = N I − N I [exp (exp V v+(R NN )I vV a ) − 1] −
V v+(R NN )I vR N /N                                                                    (4) 

 
Where:  
 

Ipv, Vpv Solar cell current (A) / voltage (V) 
Iph Light generated current (A) 
Io Diode saturation current (A) 
q Electron charge (1.6×10-19 C) 
K Boltzman constant (1.38×10-23 J/K) 
T Cell temperature in Kelvin (K) 
Voc Open circuit voltage (V) 
Isc Short circuit current 
Rs Solar cell series resistance (Ω) 
Rp Solar cell parallel resistance (Ω) 

a Ideality factor of the diode 

Vt The thermal voltage 

Npp, Nss Respectively the numbers of modules in  
parallel and in series 

 

2.1.1 Different parameter used in standalone PV array   
The PV module (KC200GT) [17] which is taken 

as the reference PV module for the simulation has the 
following electrical characteristics (at 25°C, 1000 W/m2): 
Npp = 3, Nss = 2,Tref = 25°C, a = 1.3, q = 1.6e-19,k = 
1.380658e-23, Isc = 8.2 A, Voc = 32.9 V, ki = 3e-3 A/K, kv 
= -116 V/K. 
 
2.1.2 Model of the photovoltaic cell 

The model of the PV cell is designed in Figure-2, 
and the calculation of I, Iph, and Io are presented as 
separate subsystems in Figure-3. 
 

 
 

Figure-2. Basic Simulink model of the equivalent 
PV cell. 

 

 
 

Figure-3.Simulink model of the PV equations. 
 
2.1.3 Simulation results of the PV array 

The simulation results of I-V curve and P-V 
curve of the PV array (in our case containing two 
modules) for different solar irradiation and constant 
temperature (T=25°C) are shown in Figure-4. 



                                VOL. 13, NO. 9, MAY2018                                                                                                                      ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2018 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                               3016 

 
 

 
 

Figure-4. I-V curve and P-V curve for different solar 
irradiance. 

 
From the above current and power curves for 

different solar irradiation and constant temperature, it can 
be observed that current and power of the PV array 
increases with increasing the solar irradiance. 
 

 
 

 
 

Figure-5. I-V curve and P-V curve for different cell 
temperature. 

The simulation results of I-V curve and P-V 
curve of the PV array for constant solar irradiation (1000 
W/m2) and different temperature are presented in Figure-5. 
As can be seen, voltage and power of the PV array 
decrease with increasing the cell temperature. 
 

2.2 Model of Buck converter 
A Buck converter or voltage controller is also 

called a stage down controller since the output voltage is 
lower than the input voltage [15], where the conversion 
ratio Vout/Vin varies with the duty ratio of the switch [18]. 
 

 
 

Figure-6. Circuit diagram of Buck converter. 
 
 In a simple case of a Buck converter, a diode is 
connected in parallel with the input voltage source, a 
capacitor, and the load, which represents output voltage. A 
switch is connected between the input voltage source and 
the diode and an inductor is connected between the diode 
and the capacitor [18]. 
 
2.3 Maximum Power Point Tracking (MPPT) 

The conventional Perturb and Observe (P&O) 
algorithm [19], [20], has been largely used due to its 
reliability and simplicity to implement, it is based on the 
perturbation incrementing or decrementing the voltage V, 
or the current I and observing the result of this disturbance 
on the measured power (P = VI). When the maximum 
power point is reached, the system operating point will 
start to oscillate constantly around that maximum power 
point [21].Despite the advantages of this method, it is not 
free of drawbacks, the main one is the oscillation in the 
power output caused by forcing the operating point to go 
back and forth around MPP [22]. 

The proposed P&O MPPT algorithm that 
improves the conventional algorithm is based on a PI 
controller which works towards minimizing the error 
between the photovoltaic current and the current generated 
by the MPPT block. The simplicity of operation, ease of 
design, inexpensive maintenance, and low cost made PI 
controllers very popular in most systems. Figure-7 
presents the block diagrams of the tracking system using 
different types of control: Constant duty cycle, 
conventional P&O algorithm, and the proposed algorithm 
based on a PI controller. 
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(a) 

 

 
(b) 

 
 
 

 

 
(c) 

 

Figure-7. Block diagrams of a) direct duty cycle control, 
b) conventional MPPT control, c) MPPT control using 

PI controller. 
 
3. MODELING AND SIMULATION OF THE  

PHOTOVOLTAIC SYSTEM 

In this section, constant duty cycle, conventional 
P&O algorithm [19, 20], and the proposed P&O based a PI 
controller are implemented using a Buck converter. The 
models are simulated in the software of Math works, and 
the different results are presented next. 
 
3.1 PV System for direct duty cycle (D = 0.6) 

 
3.1.1 Model of the PV system for D = 0.6 

The Buck converter voltage is fed to load with a 
constant duty cycle. A PWM pulse generated by a constant 
D=0.6 generator is applied to IGBT/Diode. The simulation 
model of the PV system with Buck converter is shown in 
Figure-8.  

 

 
 

Figure-8. MATLAB/Simulink model of PV system for a constant D =0.6. 
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3.1.2. Simulation results 
 The results of the output power and voltage of the 
Buck converter for variant solar irradiance and constant 
temperature (T=25°C) are depicted in Figure-9. 

 

 
 

Figure-9. Power and voltage curves at the output of the 
Buck converter using a constant 
D = 0.6for a variant irradiance. 

 
3.2 Conventional P&O MPPT algorithm 

As shown in Figure-10 [21], the P&O algorithm 
works on the idea of introducing perturbation to the 
system’s operating point to generate maximum output 
power. The PV array is perturbed by adding small  

 

increments until the maximum power point is reached. 
Initially, P (power output) is calculated by measuring the 
values of V and I of the solar array. Then a small 
perturbation is added in the form of ΔV. Then P is 
calculated by measuring the new values of V and I. If the 
second P reads positive, the system will keep perturbing in 
the same direction. Once it reads negative, the algorithm 
will bring the output power value back towards the 
maximum power point by adding a negative increment. 
When the maximum power point is reached, the system 
operating point will start to oscillate constantly around that 
maximum power point. The controller will track this 
operating point and try to bring the V of the solar array to 
perform at this MPP [21], [23]. 

 

 
 

Figure-10. Flowchart of the conventional P&O algorithm. 
 
3.2.1 Model of PV system using P&O algorithm 

The model of the PV array with the Buck 
converter and the detailed block diagram of the P&O 
algorithm mentioned above are constructed using 
MATLAB/Simulink, the model is shown in Figure-11.

 

 
 

Figure-11. MATLAB/Simulink model of the PV system using the conventional P&O algorithm. 
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3.2.2 Simulation result 
 The results of the simulation are depicted in 
Figure-12. 

 
 

 
 

Figure-12. Power and voltage curves at the output of the 
Buck converter using MPPT algorithm for a 

variant irradiance. 
 

 As clearly shown in Figure-12, large oscillations 
are encountered in the conventional P&O algorithm. 
 
3.3 P&O MPPT Algorithm using a PI Controller 

 
In this study, we developed an algorithm that 

improves the conventional P&O MPPT method, based on 
a PI controller which works towards minimizing the error 
between the PV current Iref (Ipv) and the current generated 
by the MPPT block Iout. An error current (Ierror) is 
measured by subtracting Iref from the Iout, which is next fed 
to a PI controller. The output of the PI controller is 
compared to a sawtooth waveform to provide the duty 
cycle adopted next to drive the converter. The Buck 

converter used to accomplish the implementation is forced 
to operate using this value of the duty cycle ensuring that 
the system operates at the desired maximum power point. 
The PI controller values are adjusted by trial and error 
method. Figure-13 illustrates the P&O algorithm based on 
the PI Controller principle. 
 

 
 

Figure-13. P&O with PI controller principle. 
 
3.3.1 Model of PV system using P&O algorithm with  

PI controller 

Figure-14 gives the MATLAB/Simulink diagram 
of the proposed Perturb and Observe maximum power 
point tracking algorithm, using a PI controller to regulate 
the photovoltaic current. The output of the PI controller 
gives the duty cycle adopted in the Buck converter. 
 

 
 

Figure-14. Simulink model of P&O MPPT with PI 
controller. 
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Figure-15. MATLAB/Simulink model of PV system using the proposed P&O algorithm. 
 

 
 

 
 

Figure-16. Power and voltage curves at the output of the 
Buck converter using the proposed P&O algorithm. 

 

 
 

 
 

Figure-17. Power and voltage curves at the output of the 
PV array using the proposed P&O algorithm. 

 
The model that we have adopted in this paper is 

indicated in Figure-15, containing the PV array, the Buck 
converter, and the proposed MPPT algorithm. This model 
is simulated for a constant temperature (25°C) and a 
variant irradiation (between 100W/m2 and 1000W/m2). As 
can be seen from the results obtained in Figures 16 and 17, 
the output voltage and power of the Buck converter 
changes with changing solar irradiance. It is also 
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remarkablethat the output of the PV panels decreases due 
to the used converter (a Buck converter in our case). 

As clearly observedin the result presented in this 
article, using the constant duty cycle or the classical P&O 
strategy exhibits large oscillations to the Buck converter 
output value, and this is the main drawback of using these 
techniques. While, the proposed P & O algorithm based on 
the PI controller gives the optimum duty cycle to track the 
irradiance profile almost perfectly, to eliminate squarely 
the oscillations in the converter output value, and to 
extract the maximum power from the PV system.  

The approach presented in this article show the 
performance and the effectiveness of the method proposed 
to generate and monitor the MPPT. 
 
4. CONCLUSIONS 

In this paper, P&O algorithm of MPPT with 
current regulation is implemented using a Buck converter. 
The model of the PV system is simulated in the software 
of Math works for a variant temperature and irradiance 
profiles, it is shown that the output power increases with 
the rise in solar irradiance. The comparison between the 
conventional P&O algorithm and the one proposed in this 
article show the effectiveness of the last to eliminate the 
oscillations and to track the maximum power point 
successfully when the external environment changes. 
 
REFERENCES 

 
[1] Miller Clark A. and Paul N. 2001. Edwards, 

eds. Changing the atmosphere: Expert knowledge and 
environmental governance. MIT Press. 

[2] Yousif C. Iskander. 2002. Recent developments of 
applying solar photovoltaic technologies in 
Malta. Proceedings of the ‘Enemalta’25th 
Anniversary Conference on Energy Efficiency, 
Mediterranean Conference Centre, 18th-19th October, 
Valetta, Malta. 

[3] Aziz, Abdelhak. 2006. Propriétés électriques des 
composants électroniques minéraux et organiques. 
Conception et modélisation d'une chaîne 
photovoltaïque pour une meilleure exploitation de 
l'énergie solaire. Diss. Université Paul Sabatier-
Toulouse III. 

[4] Ohunakin, Olayinka S., et al. 2014. Solar energy   
applications and development in Nigeria: drivers and 
barriers. Renewable and Sustainable Energy 
Reviews. 32: 294-301. 

[5] Saibabu T., Chaitanya Ch, and J. Surya Kumari. 2011. 
Modeling and simulation of pv array and its 
performance enhancement using MPPT (P&O) 
technique. IJCSCN 1: 9-16. 

[6] Azzouzi Messaouda. 2012. Comparaison between 
MPPT P&O and MPPT fuzzy controls in optimizing 
the photovoltaic generator. International Journal of 
Advanced Computer Science and Applications. 3.12: 
57-62. 

[7] Loukriz Abdelhamid, Mourad Haddadi and Sabir 
Messalti. 2016. Simulation and experimental design 
of a new advanced variable step size Incremental 
Conductance MPPT algorithm for PV systems. ISA 
transactions. 62: 30-38. 

[8] Ahmed Jubaer and Zainal Salam. 2015. An improved 
perturb and observe (P&O) maximum power point 
tracking (MPPT) algorithm for higher 
efficiency. Applied Energy. 150: 97-108. 

[9] Farhat Maissa, Oscar Barambones and Lassaad Sbita. 
2017. A new maximum power point method based on 
a sliding mode approach for solar energy 
harvesting. Applied Energy. 185: 1185-1198. 

[10] Villalva Marcelo Gradella, Jonas Rafael Gazoli and 
Ernesto Ruppert Filho. 2009. Comprehensive 
approach to modeling and simulation of photovoltaic 
arrays. IEEE Transactions on power electronics 24.5: 
1198-1208.  

[11] Ahmad Zameer and S. N. Singh. 2012. Extraction of 
the internal parameters of solar photovoltaic module 
by developing Matlab/Simulink based model. 
International Journal of Applied Engineering 
Research, ISSN 7.11.  

[12] Patil Sahebrao, N., & Prasad, R. C. 2014. Design and 
simulation of MPPT algorithm for solar energy 
system using Simulink model. International Journal of 
Research in Engineering and Applied Sciences. 2(01): 
37-40.  

[13] Sholapur S., Mohan K. R. & Narsimhegowda T. R. 
2014. Boost converter topology for pv system with 
perturb and observe mppt algorithm. IOSR journal of 
Electrical and Electronics Engineering (IOSR-JEEE). 
9(4): 50-56.  

[14] K. Ishaque Z. Salam, H. Taheri.2011. Accurate 
MATLAB Simulink PV System Simulator based on a 
two-Diode Model, Journal of Power Electronics. 
11(2): 179-187.  

[15] Atallah Ahmed M., Almoataz Y. Abdelaziz, and 
Raihan S. Jumaah. 2014. Implementation of perturb 
and observe MPPT of PV system with direct control 



                                VOL. 13, NO. 9, MAY2018                                                                                                                      ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2018 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                               3022 

method using buck and buck-boost converters. 
Emerging Trends in Electrical, Electronics & 
Instrumentation Engineering: An international Journal 
(EEIEJ)1.1: 31-44.  

[16] Sahu Tekeshwar Prasad and T. V. Dixit. 2014. 
Modelling and analysis of Perturb & Observe and 
Incremental Conductance MPPT algorithm for PV 
array using Ċuk converter. Electrical, Electronics and 
Computer Science (SCEECS), 2014 IEEE Students' 
Conference on. IEEE.  

[17] Ikyo B. A., A. Johnson and F. Gbaorun. 2017. 
Analytical Solution to Nonlinear Photovoltaic Diode 
Equation. 

[18] Ustun Taha Selim and Saad Mekhilef. 2010. Effects 
of a static synchronous series compensator (SSSC) 
based on a soft switching 48-pulse PWM inverter on 
the power demand from the grid. Journal of Power 
Electronics 10.1: 85-90.  

[19] M. A. Elgendy, B. Zahawi and D. J. Atkinson. 2012. 
Assessment of Perturb and Observe MPPT algorithm 
implementation techniques for PV pumping 
applications. IEEE transactions on sustainable 
energy.3(1): 21-33.  

[20] J. A. Jiang, T. L. Huang, Y. T. Hsiao and C. H. Chen. 
2005. Tamkang Journal of Science and Engineering. 
Maximum Power Tracking for Photovoltaic Power 
Systems. 8(2): 147-153.  

[21] Selmi Tarek, et al. 2014. P&o mppt implementation 
using matlab/simulink. Ecological Vehicles and 
Renewable Energies (EVER), 2014 Ninth 
International Conference on. IEEE. 

[22] Robles Algarín, C., Taborda Giraldo, J., & Rodríguez 
Álvarez, O. 2017. Fuzzy Logic Based MPPT 
Controller for a PV System. Energies, 10(12), 2036. 

[23] N. Femia, G. Petrone, G. Spagnuolo and M. Vitelli. 
2005. Optimization of Perturb and Observe Maximum 
Power Point Tracking Method. IEEE Transactions on 
Power Electronics. 20(4). 


