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Abstract: The aim of this paper was to present an optimized method in order to use maximum capacity of the 

photovoltaic panels. In this regard, we presented a method for the maximum power point tracking in the photovoltaic 

systems by using the neural networks and adaptive controller. In the proposed system, we estimated an error by using 

neural network. If this error is lower than the allowable systems error, the system works at the maximum power point, 

and if the error value is greater than the allowable error, the output power can be adjusted by using the adaptive 

controller. The adaptive part of the proposed system consisted of two fuzzy controllers with two different rule bases. 

The first controller designed to produce the duty cycle of the boost converter and the second controller designed to 

adjust online the outputs scaling factor of the first controller. We simulated the proposed system in the MATLAB 

software and then compared the output power of this system with the output power of the conventional fuzzy and the 

P&O methods. The comparison results indicated that the proposed system had better performance compared to the two 

above-mentioned methods. 
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1. Introduction 

According to the growth of humans in modern societies 

and disadvantages of the fossil fuels, finding the 

alternative fuels to the fossil fuels is essential. Thus, in 

recent years, the use of solar energy has been increased 

[1]. Recently, the photovoltaic panels have increasingly 

become important as a renewable resource, since these 

panels do not have the costs and pollution of the fossil 

fuels. Due to the structure of these panels, the output 

power-voltage curve in such systems is non-linear and by 

changes in the environmental conditions, it changes the 

operating point of these systems [2, 3]. There are several 

ways to do the maximum power point (MPP) tracking 

(MPPT) in the photovoltaic (PV) systems. Among these 

methods are: the Perturb and Observe (P&O) [4, 5, 6], 

Incremental Conductance (IC) [6, 7, 8, 9, 10], Constant 

Voltage (CV), Constant Current (CC) [11, 12, 13], Fuzzy 

method [14, 15, 16] and the neural networks [17, 18, 19, 

20]. The neural networks and fuzzy methods are more 

intelligent and tracking the MPP better than previous 

methods [15, 16, 17, 18]. According to [18], the fuzzy 

method (FLC) has better performance in comparison to 

the neural network so that increases the efficiency of the 

system. In this paper, we presents a new method for 

tracking the MPP based on the neural network and 

adaptive controllers. We simulate the proposed system in 

MATLAB software and simulation results show that the 

proposed MPPT method has better performance in 

comparison to the conventional P&O and FLC methods. 

In Section 2, we will introduce the general MPPT method 

in the photovoltaic systems. Sections 3 and 4 respectively 

will introduce the fuzzy and neural methods. The 

proposed system simulations and the results will be 

mentioned in sections 5 and 6, respectively. Additionally, 

the proposed system will be compared with the P&O 

algorithm and conventional fuzzy method. Lastly, 

Section 7 presents the paper conclusion. 

2. The General MPPT Method in the 

Photovoltaic Systems 

The photovoltaic panel consists of many solar cells. 

These cells are connected in series and parallel with each 

other. Due to the structure of these cells, the output 

power-voltage curve in such systems is non-linear and by 

changes the environmental conditions, it changes the 

MPP [2, 3]. Fig. 1 shows the output power-voltage curve 

of the PV panel. 

Tracking the MPP in photovoltaic systems is required 

to a DC/DC converter, which its place is between the 

load and the PV panel. Fig. 2 shows the schematic of the 

MPPT method with a PV panel and a DC/DC converter. 

 
(a) 

 
(b) 

Fig. 1. The output power-voltage curve; a) constant 

temperature and variable radiation; b) constant radiation 

and variable temperature 

 

 
Fig. 2. The general schematic of the MPPT method 

 

In this paper, we used the boost converter. Here, the 

task of boost converter is impedance matching between 

the load resistance and the output resistance of the PV 

terminals. 

3. The Structure of Fuzzy Controller 

Professor Lotfi (1965), for the first time, presented the 

theoretical fuzzy logic controller. This logic is based on "if 

– then" fuzzy rules. In addition, in accordance with 

Professor Lotfi’s definition, the membership of any 

element in the fuzzy method is determined by a value in 

the range of [0 1]. Fig. 3 shows the schematic of the fuzzy 

logic controller. In general, the fuzzy system is made of 

four parts: the fuzzification interface, rule base, fuzzy 

inference mechanism, and defuzzification interface [21]. 
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Fig. 3. The General Structure of the Fuzzy Controller 

4. The Structure of Neural Networks 

The neural network is composed of layers and weights. In 

general, there are three neuronal layers in neural 

networks: the input layer, hidden layers and output layer. 

Fig. 4 shows the overview schematic of the neural 

network where  are the weights of the system and (

). 

 
Fig. 4. The General Schematic of the Neural Network 

Algorithm 
 

There are many types of neural networks. In this 

paper, we use Perceptron Neural networks for the MPPT. 

In this type of neural network, the weights and biases 

could be trained for a specific purpose [22]. 

5. The Proposed System 

The proposed system consists of two parts: the neural 

part and adaptive controller. Fig. 5 shows the overall 

schematic of the proposed system. 

 

Fig. 5. General structure of the proposed system 

 

In the first part, the neural network produces an 

optimal power according to changes in voltage and 

current. Then by comparing this optimal power and 

operating power of the system, an error will be generated. 

If this error is lower than the allowable error, it indicates 

that the performance of the system is at the MPP, but if 

the error is greater than the allowable error, the adaptive 

controller should be produce (should be produced / 

should produce) a duty cycle and keep the system at the 

MPP. The adaptive part of the proposed system consists 

of two fuzzy controllers. The first controller (FLC1) is a 

design to produce the duty cycle and the second 

controller (FLC2) is a design to adjust online the output 

scaling factor of the first controller. These two fuzzy 

controllers have different membership functions and rule 

base. The inputs of these controllers are the error 

(obtained by neural network) and the change of this error 

calculated by the following equation: 

  ( )   ( )   (   )                                            (1) 

According to [23], whenever a fuzzy controller is in 
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use and changes the fuzzy controller parameters 

(membership functions, rules or output scaling factor), 

we can state that this system is an adaptive controller, 

otherwise the system is a simple fuzzy system. Here, 

since the output scaling factor of the FLC1 tuning with 

the FLC2, we had named as the adaptive controller. Fig. 

6 shows the inputs membership functions of the first and 

second fuzzy controllers and Fig. 7 shows the output 

membership functions of the first and second fuzzy 

controllers. Tables 1 and 2 show the rule base of the 

FLC1 and FLC2, respectively. 

 

 
(a) 

 
(b) 

Fig. 6. The input membership functions of the fuzzy 

controllers, a) the first input, b) the second input 

 

 

 
(a) 

 
(b) 

Fig. 7. The output membership functions of the fuzzy 

controllers, a) the first controller, b) the second controller. 

 
Table. 1. The rule bases of FLC1. 

 

NB NS ZE PS PB 

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. 2. The rule bases of FLC2. 

 

NB NS ZE PS PB 

NB ZE ZE MB B VB 

NS ZE ZE VB VS SB 

ZE S ZE ZE ZE S 

PS S SB VS ZE ZE 

PB VB VS SB ZE ZE 

6. Simulation and Comparison Results 

In this section, we simulate the proposed system in 

MATLAB/Simulink software. First, we compare the 

proposed system by P&O method. Here, we use [6] for 

the simulation of the P&O method. We assume that the 

environment condition for both MPPT methods is the 

same and the temperature is constant at 25 ° C and the 

radiation is variable at the levels of 800, 700 900(
   

  
). 

These changes take in the time interval 0.02 second. Figs 

8-a and 8-b, respectively, show the change of radiation 

and the output power for both methods. 

 

 
(a) 
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(b) 

Fig. 8. a) The change of irradiation, b) output power for 

both controllers 

 

As you can observe in Fig. 8-b, the P&O method 

cannot track the MPP accurately and in radiation 800 (
   

  
) 

increases the settling time of the output power. 

Furthermore, in the change of radiation from 900 to 

700(
   

  
), the output power has a huge overshoot. In 

general, the P&O method decreases the efficiency of the 

system, but the proposed method tracks the MPP better 

than the P&O method so that increases the efficiency of 

the system. 

In this regard, we compare the proposed system and 

the fuzzy method. Here, we use [16] for the simulation of 

the fuzzy method. In this paper, instead of using two-

input fuzzy controller (which used in most papers), is 

using of the three-input fuzzy controller. The inputs to 

this controller include system error, change of the system 

error and the PV panel voltage. Moreover, in this paper, 

the membership function of the fuzzy controller is tuned 

by the GA algorithm (FLCGA). In [16], it is shown that 

the FLCGA have had better performance in comparison 

to the conventional fuzzy method. Now, we simulate the 

FLCGA controllers. Here, we will avoid mentioning the 

FLCGA membership functions and rules, and the 

respected readers can refer to [16] for more information 

in this regard. For simulation, we assume that the 

environmental conditions are the same as the previous 

ones. In other words, the temperature is constant at 25 °C 

and the radiation is variable at the levels of 800, 700 and 

900(
   

  
) . Fig.8-a shows the change of irradiation and 

Fig. 9 shows the power variation for both methods. 

As you can observe in Fig. 9, in rapid changes of 

radiation, the proposed system have better performance 

compared to the FLCGA system so that decreases the 

output power settling time and oscillation, and causes to 

increase the efficiency of the system. Table 3 shows the 

output power settling time for both controllers. 

 
Fig. 9. The output power for both proposed and FLCGA 

systems. 

 

Table 3. The output power settling time for the proposed 

and FLCGA systems. 

Settling time  

(Millisecond) 

The 

proposed 

system 

The 

FLCGA 

system 
Change of radiation from 0 to 

800 
3 7 

Change of radiation from 800 

to 900 
0.7 1 

Change of radiation from 900 

to 700 
1 6 

 

If we define system efficiency by the following 

equation, then Table 4 describes the comparison of 

operation in all above-mentioned methods [12]. 

  (
 

 
∑

  

       

 
   )      (

 

 
∑   

  

      

 
   )        (2) 

Where    ,       ,   (          ) and n are solar panel 

power, the maximum power, power loss, and sample rate, 

respectively.  

Table 4. Comparison of system efficiency and 

operation of the proposed system and conventional 

P&O and FLCGA methods. 

 

P&O 

 

FLCGA 

The proposed 

system 

 

85.93% 90.31% 94.37% 
Overall 

efficiency 

7. Conclusion 

In modern societies, use of renewable energy has 

tremendously increased. Nowadays, one of the best 

methods in the field of clean energy is the use of the PV 

systems. Due to the high cost of these systems, using the 

maximum power of these systems is essential. In this 

paper, we presented a new method for the MPPT in 

which this performance was based on the neural networks 
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and adaptive controller. Then, we simulated the proposed 

system in MATLAB software and then we compared the 

results of these method with the conventional P&O and 

fuzzy methods. As we observed, the proposed system had 

better performance in comparison to the two above-

mentioned controllers so that decreased the settling time 

and increased the efficiency of the system. 
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