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Abstract: In solar photovoltaic (PV) system it has been a tendency to extract the maximum output power from the PV panel 

with the decrease of production price. There are many novel control algorithms to track the maximum power point. The 

commonly used control algorithm is based on perturbation and observation algorithm (P&O). However, the traditional P&O 

method has some problems between the tracking speed and the control accuracy. In this paper, the mathematic model of 

photovoltaic cells is studied and a modified perturbation observation method is proposed. The algorithm adjusts the duty cycle 

step by step according to the variation of the slope of the power voltage curve. Simulink simulation of the PV module with the 

buck circuit proves the superiority of the variable duty cycle perturbation method in terms of tracking speed and stability 

compared with the traditional perturbation observation method. 
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1. Introduction 

The renewable energy sources have been widely used due 

to rising world-wide energy demands and soaring prices of 

fossil fuels. Main renewable energy sources include solar 

energy, biomass energy and geothermal energy. Among these, 

solar energy has developed rapidly in recent years. As prices 

of the photovoltaic panel decrease, more and more people 

begin to pay attention to improving the operating efficiency 

of the PV panel [1]. However, due to the nonlinear relation 

between the output current and terminal voltage of the 

photovoltaic cell, maximum power can only be reached 

when it operates at a certain output voltage. The output 

power of the PV cell changes with irradiation and 

temperature. In order to improve the total output power, 

many novel control algorithms have been proposed to track 

the maximum power point. 

According to the characteristics of maximum power point 

tracking, MPPT algorithm can be roughly divided into the 

traditional algorithm and the intelligent algorithm. Among 

these, traditional algorithm includes perturbation and 

observation algorithm (P&O), incremental conductance 

algorithm (IC), constant voltage control, short circuit current 

method and so on. Intelligent algorithm is mainly about the 

particle swarm optimization algorithm(PSO) [2], the neural 

network method (NM) [3] and the fuzzy logic method [4]. 

Currently intelligent algorithm has not been widely used due 

to its complex control principle. The commonly used control 

algorithm is based on perturbation and observation algorithm 

(P&O) [5]. 

The perturbation observation method is also called as a 

hill climbing method. Its basic principle is to add a 

disturbance voltage [6]. If the power increase, then keep the 

disturbance in the same direction and vice versa. At last, 

working point is near the maximum power point and swing. 

The advantage of P&O is that its accuracy is higher and the 

measured parameters are easy to achieve. However, the 

conventional perturbation observation method has the 

following disadvantages: the tracking speed and the control 

accuracy are contradictory, that is to say, the steady 

oscillation is small when the tracking speed is slow. When 

the tracking speed is fast, the steady oscillation becomes 
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larger. In this paper, aiming at balancing the contradiction 

between tracking speed and steady oscillation in 

conventional perturbation observation method, a modified 

perturbation observation method is proposed. Based on the 

principles and mathematical models of photovoltaic cells, 

the PV module and buck circuit model are built in 

MATLAB/Simulink. Compared with the traditional 

perturbation observation method in the same simulation 

environment, the modified perturbation observation method 

is highly efficient. 

2. Mathematical Models of Photovoltaic 

Cells 

According to the electronics theory, a solar cell can be 

represented by an equivalent circuit. There are many 

equivalent circuits of a solar cell, where the single-diode and 

two-diode models could be the most widely used. Since the 

single-diode model is simple and accurate enough in many 

cases, it is applied in this paper which is shown in Figure 1 [7]. 

 

Figure 1. Electrical circuit of a solar cell. 

The symbols in Figure 1 are defined as follows: 

���: photocurrent; 

��: current of parallel diode; 

���: shunt current; 

I: output current; 

U: output voltage; 

���: shunt resistance; 

��: series resistance. 

With reference to the equivalent circuit, the relationship 

between the output voltage and the output current can be 

expressed as [8]: 
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Where ��- reverse saturation current of the diode (A); q - 

the electron charge (1.602 × 10
��C); K- Boltzmann constant 

(1.38 ×
�� J / K); n-the curve fitting factor. 

The term (U+I��)/��� can be ignored, because it is far less 

than ���, so the formula can be simplified as: 
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As 	���,��,�� and n in formula (2) are difficult to determine 

and these parameters are not the technical parameters 

provided by manufacturers, the formula is only for theoretical 

research. Usually PV model datasheets provide users with the 

following parameters: short-circuit current (���), open-circuit 

voltage (���), the maximum power point current (��) and the 

maximum power point voltage 	��. 

In this paper, the actual engineering model combined with 

the specific parameters of photovoltaic cells which are 

provided by manufacturers to study the characteristics of PV 

modules is used. Since the solar irradiation G and the 

temperature T are two major factors that affect the 

photocurrent ��� , the photocurrent under certain conditions 

can be obtained by the following formula. Standard conditions 

are: G���=1000W/��, �� = 25°C. 
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As the temperature affects the diode's reverse saturation 

current �� , the following equation can be used to find the 

diode saturation current at a certain temperature: 
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By differentiating the two sides of equation (2) and making 

U = ��� , then subtracting them, the resistance ��  can be 

obtained. And 
�!
�" |!$% can be obtained from the manufacturer: 
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Combined the formula (3) - (9) with the related data 

provided by manufacturers, the PV module is designed using 

the M function in MATLAB/Simulink. According to the input 

voltage U, irradiation G, temperature T, the current I can be 

calculated. Thus I-U and P-U curve of the module can be 

drawn. 

3. Principle Analysis of Adaptive Duty 

Cycle Disturbance Method 

In this paper, a modified perturbation observation method 

that can adjust the disturbance step size is proposed. The 

principle is based on U-P curve of photovoltaic cells [9]: 

At the maximum power point (MPP), 
�&
�! = 0. 

On left side of MPP, 
�&
�! > 0. 

On right side of MPP, 
�&
�! < 0. 

The PV module voltage and current (Difference between 

the present value and previous value) are used to calculate the 

values of dU and dI. Also we can get dP=dI*dU. If )�&�!) <  

(e is set as tan 1� 	-.	 tan 2�), then the atmospheric conditions 

have not changed and the MPPT is still operating at the MPP. 

If )�&�!) > , it indicates the operating point is on the left side 

or right side of MPP. Then we begin to calculate the value of 

∆U*∆P. If ∆U*∆P>0, it indicates that the operating point is on 

the left side of MPP. To track the MPP, it is necessary to 

increase the operating voltage. On the other hand, if ∆U*∆P<0, 

the operating voltage should decrease. The operating voltage 

change in this paper is done by adjusting a step size ∆D (b �&
�!) 

to the duty cycle D of a DC-DC converter. The step size can be 

adjusted itself. When the operating point is far away from the 

maximum power point, a large step size can be used to 

improve the tracking speed (at this moment b �&
�! determines 

to use a big step size). When it is approaching the maximum 

power point, b �&
�!  determines to use a small step size to 

ensure the tracking accuracy. So the modified P&O method 

can balance the contradiction between tracking speed and 

steady oscillation in traditional perturbation observation 

method. The flow chart of the modified perturbation 

observation algorithm is shown in Figure 2. 

 
Figure 2. Flow chart for modified P&O. 

4. Photovoltaic System Simulation 

4.1. Photovoltaic Cell Simulation 

In the MATLAB/Simulink platform, the most commonly 

used way of building a PV module is to use existing modules 

of Simulink, but it is very complicated. A large number of 

sub-modules are not good for researchers to check and set 

parameters. So in this paper, Matlab Function is used to write 

the M function of photovoltaic cell in Matlab R2016b. There 
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are three inputs and one output ports in this model, where G is 

insolation, T is temperature of PV module, U is output voltage 

of PV module and I is output current of PV module. A 60W PV 

module Solarex MSX60 was chosen for modeling. The 

concerned electrical characteristics specifications are shown 

in Table 1. 

Table 1. Solarex MSX60 60W. 

Maximum power Pm 59.9W 

Current at 0�12 Im 3.5A 

Voltage at	0�12 Um 17.1V 

Short circuit current Isc 3.74A 

Open circuit voltage Uoc 21.0V 

Insolation Gnom 1000W/m2 
Temperature T1 25°C 

Given the PV module to obtain the I–V characteristics of the 

various insolation. U-I curves and U-P curves of presented 

model at the same temperature (25°C) but at different 

insolation levels are shown in Figure 3 and Figure 4. The 

insolation is 1000W/ �� , 800W/ ��  and 600W/ �� , 

respectively. Figure 3 and Figure 4 show that the use of 

equations (3) - (9) to establish the simulation model can 

correctly reflect the characteristics of photovoltaic cells curve. 

 

Figure 3. U-I curves of the PV module. 

 

Figure 4. U-P curves of the PV module. 

4.2. Maximum Power Point Tracker 

The maximum power point tracking (MPPT) controller [10] 

draw maximum available power by forcing the PV module to 

operate at close to maximum power operation point. Power 

output from the PV module changes due to changes in solar 

radiation and temperature. Maximum power point tracker 

(MPPT) is used with a dc-dc converter (step up/step down) 

which serves the purpose of transferring maximum power 

from the solar PV module to the load. The duty cycle of dc-dc 

converter is changed with the load impedance as well as the 

source is also changed and matched at the maximum point of 

power. The duty cycle of the converter is changed till the peak 

power point is obtained. Consider �� is output voltage and 

�34 is input voltage, for a buck converter: �� = 5�34	. 
4.3. Comparation of Traditional P&O and Modified P&O 

In this paper, a buck converter is chosen for simulation in 

which the buck circuit is packaged in the sub-module named 

Subsystem. To meet the simulation accuracy, the circuit 

selects the input capacitor C1=300uF, inductor L=500uH and 

the output capacitor C2=300uF. The overall 

MATLAB/Simulink model is shown in Figure 5. 

 

Figure 5. MATLAB/Simulink model of PV model with MPPT. 
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Figure 6. U-t curve of traditional P&O (d=0.003). 

 

Figure 7. P-t curve of traditional P&O (d=0.003). 

 

Figure 8. U-t curve of modified P&O (b=0.003). 

 

Figure 9. P-t curve of modified P&O (b=0.003). 

The traditional perturbation observation method and the 

modified P&O are simulated in the same conditions. The step 

size of duty cycle in traditional method is set to 0.003 while b 

in the modified P&O is also set to 0.003, the solution method 

in Simulink is ode23tb, and the simulation time is 0.1s. The 

solar irradiance is 1000W/m
2
 and the temperature is 25°C. The 

output voltage and output power of the PV module are shown 

in Figure 6, Figure 7, Figure 8 and Figure 9. 

Figure 6 and Figure 7 show that the conventional 

perturbation observation need to reach the maximum power 

point around 60 W after 0.01 s and oscillation before reaching 

a steady value is bigger. Figure 8 and Figure 9 show that the 

adaptive duty cycle algorithm can reach the maximum power 

point around 60W before 0.01s. Also it can relatively smooth 

to achieve the maximum power point. 

Under the same conditions, the step size of duty cycle in the 

traditional perturbation observation method is set as 0.02 while 

b in the modified P&O is also set as 0.02. The output voltage 

and output power curves of the photovoltaic module can be 

obtained in Figure 10, Figure 11, Figure 12 and Figure 13. 

 

Figure 10. U-t curve of traditional P&O (d=0.02). 
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Figure 11. P-t curve of traditional P&O(d=0.02). 

 

Figure 12. U-t curve of modified P&O(b=0.02). 

 

Figure 13. P-t curve of modified P&O(b=0.02). 

Figure 10 and Figure 11 show that the oscillations of the 

output voltage and power curves increase in the traditional 

perturbation observation method when step size of duty cycle 

is set to 0.02 in comparision with 0.003. Meanwhile, the 

output voltage and power curves of Figure 12 and Figure 13 

stay the same. From the above result we come to the 

conclusion that the modified P&O has faster tracking speed. 

For traditional perturbation observation method, the increase 

of the duty cycle step size increases the oscillation before 

reaching the maximum power point. 

5. Conclusion 

In this paper, the mathematic model of photovoltaic cells is 

studied. The simulation model of traditional perturbation 

observation method and the improved perturbation observation 

method are established in Matlab Simulink. Comparing the 

output power and voltage of the modified P&O to the traditional 

method, it is shown that the modified P&O algorithm can track 

the maximum power point more quickly, thus ensuring the 

tracking speed. Meanwhile, with the increase of the duty cycle 

step size, the oscillation of the U-t and P-t curves in the 

modified P&O do not significantly increase, effectively 

improving the stability and reliability of the system. Future 

work includes implementing this technique. 
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