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The actual environmental problems and the increasing demand of energy around the globe have 
motivated the adoption of novel energy resources. In this transition the microgrids appear as a 
key element. The photovoltaic systems (PVSs) represent one of the main energy resources for 
microgrids (ˇGs), consequently the improvement of their efficiency has gained a special interest 
in recent studies. It follows that the maximum power point tracker (MPPT) controllers appear 
as one of the principal topics from these studies. In this work is presented the design and 
implementation of a fuzzy-logic-controller-based MPPT system applied to a PVS. The 
implemented controller operates based on the classic algorithm of Perturb and Observe (P&O); 
it controls the duty cycle of a DC-DC boost converter depending on both the changes of the 
supplied power by the panel and the duty cycle variations observed. The controller was 
implemented in a NI myRIO-1900 board and was tested under an experimental DC ˇG with a 
load capacity of 1 kW and a 190 V bus. The design of the fuzzy logic controller (FLC) 
considered a set of gains that allow its implementation on panels of different power outputs. 
The achieved results evidence that the controller operates satisfactorily under panels with a 
different power output. For instance, the controller not only reaches the maximum power point 
in a shorter time than a classic P&O controller but presents a similar behavior in steady state 
with low oscillations.  

Keywords: Fuzzy logic controller; Maximum power point tracker; Photovoltaic system.  

 

1. Introduction 

 

The consequences of the global warming in the last years has motivated the adoption of 

novel international policies intending to mitigate the climate change [1]; consequently, it is 

necessary a transition from the energetic systems related with emissions of greenhouse 

gases [2] to novel systems based on renewable energies [3] denoted as clean energy 

sources, which become a priority topic for researching. This transition to novel energetic 

systems follows three fundamental trends known as the “three Ds”: Decentralize, 

Decarbonize, and Democratize. While the balance of driving factors and the details of the 

particular solution may differ from place to place, microgrids (µGs) have emerged as a 

flexible architecture for deploying distributed energy resources that can meet a wide range 

of needs [4].  

Among the distributed energy resources that can integer a µG, there are included 

generating systems such are reciprocating engines, combustion gas turbines, Stirling 

engines, photovoltaic panels (PVPs) and solar heating, wind/micro-wind, hydro/mini-

hydro, geothermal, tidal/wave, and biomass [5]. In fact, most of the µGs applications 

present a parallel configuration of PVPs and wind turbines as the main sources of 

renewable energy [6]. For this reason, the exploitation of solar energy using PVPs became 

part of the group of technologies used in this transition [7]. Moreover, increasing the 
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efficiency of a solar panel takes part on the interests of recent studies; in fact, several 

maximum power point tracker (MPPT) techniques are developed to extract maximum 

power from the photovoltaic system (PVS) [8].  

To date, it has been reported tens of thousands of publications related to the proposal of 

novel MPPT techniques [9]. One of the introduced techniques for this purpose is the use of 

fuzzy logic controllers (FLCs). These controllers have the advantage of being robust and 

their operation does not require to know the model of the plant to be controlled, which 

makes this type of controllers to have a relatively easy implementation. On the other hand, 

due to their flexibility, the FLCs result more effective than traditional controllers [10]. [11] 

shows that alternatively to a traditional controller, the implementation of a FLC improves 

the accuracy, the convergence speed, and the efficiency of the MPPT. In addition, [12] 

demonstrates that a FLC results more precise during the changes in solar irradiance and 

presents a softer oscillation around the maximum power point (MPP) compared to a 

conventional Perturb and Observe (P&O) algorithm. Finally, [13] argues that the dynamic 

performance of a FLC is more efficient than other MPPT techniques. Moreover, the FLC 

gives a high degree of freedom to tune its control parameters which allows simple 

modifications. 

It is prevailing the use of FPGAs, DSPs, and digital controllers to implement embedded 

FLC-based MPPTs [14]. In [15] is proposed the implementation of an embedded FLC-

based MPPT using a generic FPGA, where the controller consists of interconnected 

modules and it is programmed in hardware description language (HDL); these modules 

comprise the error calculation and its variation, the fuzzification, an inference machine, the 

set of fuzzy inference rules, the defuzzification, a pulse-width modulation, and a finite-state 

machine. A similar application is presented by [16] but using a Mimas V2 Xilinx Spartan 6 

board. Finally, [17] implements a FLC-based MPPT with the purpose of performing a 

comparison of its implementation between different available technologies: Arduino-Uno, 

Arduino-Mega, Nios (Stratix III), Arduino-Due (ARM) and FPGA (Stratix III). As a result, 

[17] found that the implementation of the controller using a FPGA offers better benefits by 

presenting a lower execution time and the possibility of handling up to 4426 PVPs. 

 This work presents the design and implementation of a FLC-based MPPT with the 

purpose of its application on a DC microgrid (DC-µG). The controller was embedded in the 

FPGA module of a NI myRIO-1900 board and was validated with a set of tests using an 

experimental DC-µG with a load capacity of 1 kW and a 190 V bus. In section 2 is 

described the experimental DC-µG and the PVS used to test the FLC. Section 3 presents a 

detailed description of the designing process of the FLC. Then, section 4 explains the 

followed procedure to embed the FLC in the FPGA module of the development board. 

Finally, in section 5 are presented the performed tests and the achieved results with the 

implemented controller. 

 

2.  DC Microgrid 

 

The µR concept has become of particular interest because its architecture allows the use 

of renewable energy resources and the management of the supplied energy to critical loads 

with a set of energy resources when occurs a fail on the AC Main Grid (AC-MG). The µRs 

are low-voltage grids or distributed energy resources that supply energy to interconnected 

loads by using a variety of energy generators, which work independently and isolate from 

the AC-MG when occurs a fail. As aforementioned, a µR allocates various energy 

generators like win/micro-wind turbines, fuel cells, and/or PVPs, which are interconnected 

by power electronic converters (PECs) and connected to the AC-MG through a point of 

common coupling. To illustrate the structure of a µR, Fig. 1 shows an example of a µR with 
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some typical elements of these µRs. Particularly, this µR has a PVP, a fuel cell (FC), a 

batteries bank (BB), an ultra-capacitors bank (UB), AC loads and synchronous generators 

(SG) [18]. Certainly, the set of elements contained in a µR represent an operative challenge 

that must be approached with a perspective on control systems design to guarantee a 

reliable system and an economical operation of the µR. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The DC-µGs development have gained interest from both the academic and industrial 

sectors. In the first place, this is due to their high feasibility and efficiency, also the use of 

simple control systems, lastly the natural interface between the renewable energy resources, 

the electronic loads, and the energy storage devices. In general, a DC-µG is composed by a 

set of PECs operating not only in parallel but also with harmony. Therefore, each one of the 

PECs basically operates by local functions of current-control, voltage-control, and droop-

control, as well as a function to control the MPPT of a PVP. The experimental tests 

presented in this work required the design of an experimental DC-µG with a setup of 1 kW 

maximum power and a 190 V bus. The experimental DC-µG proposed is showed in Fig. 2. 

 

 

 

Fig. 1. General structure of a µR. 

Fig. 2. Structure of the experimental DC-µG. 
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In the proposed structure, the PVPs are the main energy resource for the DC-µG. Every 

PVP is connected to a 0.6 kW DC/DC boost PEC; the corresponding model of the 

implemented PVS is presented in Fig. 3. The simulation of the PVPs was performed with 

two E4360A PVP simulators from Agilent. During the designing of the boost PEC, there 

was defined a gain of 1.5 with the purpose of guaranteeing a 190 V output voltage from the 

PEC when the PVP operates with a 500 W MPP. Also, the PEC was designed to operate in 

continuous-conduction-mode, i.e. the current (IL) along the inductor (L) increases and 

decreases linearly during both intervals on and off in the switching device, respectively. 

The L and C values are L=107 µH and C=440 µF for an operating frequency of 40 kHz. To 

use the PVP simulator is necessary to provide it with an operation curve setup, therefore it 

is required to define the following parameters: a MPP voltage (Vmpp), an open-circuit 

voltage (Voc), a MPP current (Impp), and a short-circuit current (Isc). 

 

 

 

 

 

 

 

 

 

 

 

3. Fuzzy Logic Controller 

 

The fuzzy sets and fuzzy logic were introduced by Zadeh, who firstly stablished the 

concept of systems theory and then extended these theories as an inference technique for 

the design of expert fuzzy systems [19]. These systems have been successfully applied on 

many occasions for research and commercial purposes. The popularity of these systems is 

due to their capability for modelling the uncertainty and the use of efficient inference 

mechanisms [20]. The FLCs offer a systematic approach by creating control algorithms that 

rely on linguistic variables and knowledge-based systems (expert systems). These 

controllers present clear advantages when they are used to operate with either imprecise 

information or complex mathematic models. As can be seen in Fig. 4, a FLC has four basic 

components: a fuzzifier, a set of fuzzy rules, a fuzzy inference machine, and a defuzzifier 

[21].  

 

 

 

 

 

 

 

 

Fig. 3. Schematic model of a PVS. 

Fig. 4. FLC general structure. 
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Specifically, every component of a FLC is responsible of different tasks as described 

below: 

• Fuzzifier: the inputs measured in the control process are converted into fuzzy 

linguistic values using a fuzzy reasoning mechanism. 

• Fuzzy Rules: this is a compilation of the expert control rules necessary to achieve the 

control objective. 

• Fuzzy Inference Machine: this unit is the fuzzy reasoning mechanism, which 

performs several fuzzy logical operations to infer the control action for a given 

fuzzy input. 

• Defuzzifier: the inferred fuzzy control action becomes the clear control value required 

in this unit. 

 

Therefore, the design of a FLC implies the definition of a series of parameters to build 

these components prior to its application. These parameters include fuzzy sets, fuzzy rules, 

scale factors at both entries and outputs of the system, inference methods and 

defuzzification procedures. As it has been mentioned, this work presents the hardware 

implementation of a FLC-based MPPT algorithm in a PVS. This controller pursues to 

extract the maximum power from PVPs by using a FLC based on a classic MPPT P&O 

algorithm, which process is illustrated with the flowchart showed in Fig. 5. The algorithm 

works with the principle of perturbing the output supplied by the PVP to provoke a change 

on the supplied power by the PVP and to analyze the effect of this change with the 

objective of increasing the power supplied by the PVP. If the executed perturbation 

generates an increase in the supplied power by the PVP then the perturbation will applied 

again in the same direction; otherwise, when the perturbation generates a decreasing on the 

supplied power then the perturbation will be applied in the opposite direction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Flowchart of a MPPT algorithm. 
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In Fig. 6 is presented a diagram of the PVS with the implemented controller for the 

MPPT. This controller modifies the duty cycle on the power switching device and monitors 

the variations of the supplied powers by the PVP. It is worth mentioning that a global 

manager defines the proper time for each PVS to work with this control mode; therefore, 

each PVP works with an independent FLC to control the MPPT. 

 

 

 

 

 

 

 

 

 

 

 

 

The FLC-based MPPT has an equal number of inputs as a P&O algorithm. These inputs 

monitor the power variations on the PVP (Pchanges) and the variations on the duty cycle 

(DCchanges). Every variable was defined with a set membership functions, three triangular 

and two trapezoidal, with an operating range from -1 to 1. Identically, an output variable 

(Odc) defines the variations over the duty cycle to perturb the system also using the same 

type of membership functions and the operating range as the inputs. It was intentionally 

defined an operating range from -1 to 1 for the inputs and output with the purpose of 

performing simple gain adjustments on these signals to have the capability of controlling 

different powers. For this case in particular, the Fig. 7 shows the employed gains to control 

a 500 W PVP. The design and implementation of the controller was conceived to be 

adjusted for any type of PV panel by scaling the values of D(k)-D(k-1), P(k)-P(k-1) and 

Odc. In particular, the PV panel used to evaluate the purposed design required the scaling 

of these variables with values of 40, 1/5, and 1/33 respectively, which were modified in the 

inputs of the corresponding multiplication or division block. It is worth mentioning that the 

values of these constants are estimated empirically and are intrinsic to each PV panel. 

 

 

Fig. 6. Diagram of control system for the MPPT. 

Fig. 7. FLC-based MPPT setup to control a simulated 500 W PVP. 
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All the constructed membership functions for the input and output of the system are 

shown in Fig. 8. In Table 1 is presented the set of fuzzy rules on the design of the FLC. The 

relation of the inputs and the output as well as the behavior of the FLC is showed by the 

graphic presented in Fig. 9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. Membership functions for the input and output variables. 

Fig. 9. Behaviour representation of the fuzzy system. 
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Table 1. AND-type fuzzy rules. 

 Power changes 

Duty 

cycle 

changes 

 
Very 

negative 
Negative Zero Positive 

Very 

positive 

Very 

negative 

Very 

positive 

Very 

positive 
Positive Negative 

Very 

negative 

Negative 
Very 

positive 

Very 

positive 
Positive 

Very 

negative 

Very 

negative 

Zero Positive Positive Positive Positive Positive 

Positive 
Very 

negative 

Very 

negative 
Positive 

Very 

positive 

Very 

positive 

Very 

positive 

Very 

negative 

Very 

negative 
Positive Positive 

Very 

positive 

 

4. Hardware Implementation  

 

Undoubtedly, the characteristic parallelism of hardware description for embedded 

systems in a FPGA increases the performance and reduces the task execution time when 

compared to other technologies such are microcontrollers or DSPs. Thus, the proposed 

FLCs were embedded in the FPGA module of a NI myRIO-1900 board. Then, it is 

described the designing methodology used to implement a FLC-based MPPT. The structure 

implemented in hardware to embed the designed FLC is showed in Fig. 10. In the first 

place, the fuzzifier modules of the FLC process both inputs power changes and duty cycle 

changes to calculate their corresponding membership degree; then the inference machine 

and the fuzzy rule set define the behavior of the system; lastly, the defuzzifier takes the 

fuzzy solution to calculate a real value for its application on the duty cycle output to control 

the converter. 

 

 

 

 

 

 

 

 

 

 

To implement in hardware all the showed membership functions by Fig. 8, it is 

necessary to make use of the straight-line equation y=ax+b, where the coefficients a and b 

are given by (1) and (2). There is required a couple of coordinate points P1(x1, y1) and P2(x2, 

y2) to construct the line, where each point represents the minimum and maximum 

membership degree on each fuzzy set, respectively. 

 

 
(1) 

Fig. 10. FLC structure. 
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(2) 

Similarly, the design of the “Negative” membership function requires the use of two 

straight lines. The first straight-line is defined by the points P1(-0.8, 0) and P2(-0.4, 1), 

which results on the equation y=2.5x+2; on the other hand, the second straight-line is 

defined by the equation y=-2.5x and the pair of points P1(-0.4, 1) y P2(0, 0). Following this 

procedure is possible to define the corresponding equations for all the membership 

functions related with the input variables. In Table 2 are listed all the equations for each 

membership function as well as their corresponding range.  

 

Table 2. Design of the membership function for the FLC. 

Name Range Equation 

Very Negative [-1,-0.8]  
Very Negative [-0.8,-0.4]  

Negative [-0.8,-0.4]  
Negative [-0.4,0]  

Zero [-0.1,0]  
Zero [0,0.1]  

Positive [0,0.4]  
Positive [0.4,0.8]  

Very Positive [0.4,0.8]  
Very Positive [0.8,1]  

 

The fuzzifier was implemented with the listed equations on Table 2; to illustrate the 

general structure of the fuzzifier, the Fig. 11 shows its diagram. After the fuzzification stage 

there are defined five outputs for the connected input power changes and five additional 

outputs for the connected input duty cycle changes as well; these outputs define a 

membership degree (MD) to the related membership function, for example, MD_VN 

corresponds to the membership degree for the “Very Negative” membership function. In 

consequence, the values of the MDs for every single membership function are used by the 

fuzzy rules set to compute the maximum value between the resulting minimal values. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 11. Structure of the fuzzifier for the input variables. 
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The set of fuzzy rules defined for the proposed FLC-based MPPT were previously 

presented in Table 1. To implement this set of rules in hardware it was computed the 

maximum value among the minimum values of the membership degrees for every single 

membership function. To calculate the corresponding weight for the Odc output in the 

“Very Negative” membership function there were defined the seven rules showed in Table 

3. These rules are the complete set assigned to the “Very Negative” case for the Odc output. 

From this set it is calculated the minimum membership degree for each rule, thus for the 

seventh rule is computed the minimum value of MD_N for the input DCchanges and the 

MD_VP for the input Pchanges, which results in the min(R7) value. Later, the weight “Very 

negative” (W_VN) for the Odc output is obtained by calculating the maximal value from 

the minimums on each of the seven rules as indicated by (3). 

 

W_VN=Max[min(R1), min(R2), min(R3), min(R4), min(R5), min(R6), min(R7)] (3) 

 

 

Table 3. Fuzzy rules set for the "Very Negative" membership function. 

 Power changes 

Duty 

cycle 

changes 

 
Very 

negative 
Negative Positive 

Very 

positive 

Very 

negative 
   R6 

Negative   R5 R7 

Positive R1 R3   

Very 

positive 
R2 R4   

 

The W_N value is defined by (4) which was obtained by the set of rules for the Negative 

membership function. This set is presented in Table 4.  

 

Table 4. Fuzzy rules set for the "Negative" membership function. 

 Power changes 

Duty 

cycle 

changes 

 Positive 

Very 

negative 
R8 

 

W_N=Max[min (R8)] (4) 

 

Similarly, the W_P value is defined by (5) and employing the rules set showed in Table 

5. 
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Table 5. Fuzzy rules set for the "Positive" membership function. 

 Power changes 

Duty 

cycle 

changes 

 
Very 

negative 
Negative Zero Positive 

Very 

positive 

Very 

negative 
  R14  

 

Negative   R15   

Zero R9 R10 R11 R12 R13 

Positive   R16   

Very 

positive 
  R17  

 

 

W_P= Max[min(R9), min(R10), min(R11), min(R12), min(R13), min(R14), min(R15), 

min(R16), min(R17)] 

(5) 

 

Finally, the W_VP value derives from the rules set of the Table 6 and (6). 

 

Table 6. Fuzzy rules set for the "Very Positive" membership function. 

 Power changes 

Duty 

cycle 

changes 

 
Very 

negative 
Negative Positive 

Very 

positive 

Very 

negative 
R18 R20  

 

Negative R19 R21   

Positive   R22 R23 

Very 

positive 
  R24 R25 

 

W_VP=Max[min(R18), min(R19), min(R20), min(R21), min(R22), min(R23), min(R24), 

min(R25)] 

(6) 

 

As result of the described procedure, the defuzzifier can calculate the adequate output 

for the FLC based on the weights defined in this previous stage. The defuzzification is a 

mathematical process to convert a fuzzy set into a real number, particularly, this process 

requires a high quantity of hardware resources when a FLC is being implemented. In 

particular, the implemented controller in this work uses the centroid method to perform the 

defuzzification, which is very common and broadly used in applications. In this method, the 

real number that represents the fuzzy output is obtained from the x coordinate of the fuzzy 

output set’s center of gravity. The calculation of the center of gravity for the fuzzy set is 

defined by (7), where µY is the membership function for the output set Y and which output 

variable is y. 
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(7) 

 

The controller employs (8) to implement the defuzzification process. In this equation, My 

represents the gravity moment, meanwhile AT represents the total area. 

 

 
(8) 

 

With (9) is possible to compute AT, where H1, H2, H3, H4 and H5 are the W_VN, W_N, 

W_Z, W_P y W_VP weights, respectively. To illustrate the values of these variables, the 

Fig. 12 is presented. 

 

(9) 

 

From (9), the value of B1=0.8 corresponds to the base of triangles formed by the 

membership functions N, Z, and P for the output variable Odc; on the other side, the value 

B2=0.6 corresponds to the base of the trapezes formed by the membership functions VN 

and VP for the same output variable Odc. 

 

 

 

The calculation of the moment My is performed by the computing of the respective 

moments for all the membership functions. This moment is obtained with the covered area 

by each membership function multiplied by the distance between the origin and the position 

of its centroid. It is important to clarify that the system does not considers the Z function 

due to its location produces a distance to the origin equal to zero. Besides, the calculation of 

the component produced by the trapezes, which form the functions VN and VP, is 

decomposed in two independent figures: a rectangle and a triangle. Thus, (10) allows the 

system to calculate the value of the moment My to obtain the value of the output variable 

Odc. 

Fig. 12. Diagram used for the defuzzification process. 
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(10) 

 

5. Experimental Results 

 

During the implementation of an embedded control system is relevant to analyze the 

differences in the expected behavior of the proposed model and after it has been discretized. 

For this reason, it is presented a comparison between the estimated behavior of the 

proposed model and its behavior once the FLC system was applied on a real PVS. To 

illustrate this, it is contrasted the expected behavior of the designed system (Fig. 9) and the 

resulting behavior of the embedded system represented by the surfaces showed in Fig. 13. 

From these graphics is possible to appreciate that in both cases the systems present similar 

behaviors and practically produce the same surfaces. In Fig. 14 is presented the resulting 

compilation status after the implementation of the embedded FLC in a NI myRIO-1900 

board. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13. Behaviour of the embedded FLC-based MPPT system. 
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The literature has demonstrated that the FLC systems present various advantages over 

the classic control systems. In contrast with the evidences showed by the literature, this 

work proves this theory by comparing the behavior of the classic P&O algorithm against a 

P&O-based FLC to control a MPPT in a PVS. In this case, the registered results of both 

tested algorithms are showed in Fig. 15. On the one hand, the classic P&O algorithm 

reaches the steady state on maximum power in 17 seconds and presents an oscillation 

between 97.6% and 100%. If it is desired to speed up the transient response for this type of 

control, it would be necessary to increase the perturbation percentage which could generate 

higher oscillations during the steady state. On the contrary, if it is desired to attenuate the 

oscillations on the steady state, the system would require decreasing the perturbation 

percentage which would produce a slower transient response. On the other hand, the FLC-

based MPPT presents a transient response of 8 seconds, while the oscillations on steady 

state maintain a variation between 97.5% and 100%. Clearly, an attenuation over the 

resulting oscillations for this system is out of debate since the perturbation basis of a MPPT 

algorithm would be missed. 

 

 

 

 

 

 

 

 

 

 

 

 

The parameters of the responses in both algorithms classic P&O and FLC-based are 

resumed in Table 7. Even though that the classic P&O and the FLC-based systems offer a 

similar behavior over the steady state, certainly, the FLC-based system has a better transient 

Fig. 14. Compilation status generated for the FLC-based MPPT. 

Fig. 15. Response over time for the classic P&O and FLC-based systems. 
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response speed than the classic P&O. No doubt, this demonstration agrees with the findings 

presented over the literature.  

 

Table 7. Response parameters of the MPPT algorithms. 

Controller Response parameters 

 Rise time Power percentage over the steady state 

P&O 17 seconds 97.6% - 100% 

FLC 8 seconds 97.5% - 100% 

 

To evaluate the behavior of the FLC-based MPPT, there were performed experimental 

tests using different power set ups in a PVP simulator. With a graphic interface, showed in 

Fig. 16, the PVP simulator presents the I-V and P-V curves of a PVP. Additionally, the 

simulator displays the locations of the real-time supplied power with a red cross, the 

maximum power on the I-V curve with a yellow triangle, and the maximum power on the 

P-V curve with a yellow square. At the bottom of the interface is contained the information 

related to the current and voltage outputs supplied by the PVP, as well as the supplied 

power. Also, the internal characteristics of the PVP are showed together with the supplied 

outputs. The Fig. 17a, Fig. 17b, and Fig. 17c present the transient response of the FLC-

based MPPT observed in the PVP simulator for a maximum power of 308.91 kW. Once the 

FLC gets the maximum power, it maintains the perturbations over the PVS to extract the 

maximum power of the system. This effect is showed in Fig. 17c, Fig. 17d, and Fig. 17e. 

Finally, the Fig. 17f illustrates the capability of the FLC-based MPPT to extract the 

maximal power for a PVS set up for a maximum power of 134 W. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 16. PVP simulator graphic interface. 
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a b c 

d e f 

Fig. 17. Behaviour of the FLC-based MPPT connected to a PVP simulator. 

 

6. Conclusion 

 

As it was proposed at the beginning, the FLC-based MPPT was tested for different 

configurations of a PVP. As is known, the performance of a real PVP not only depends 

upon multiple weather variables whose behavior is unpredictable but also relies on its 

characteristic non-linear curve. The developed FLC-based MPPT accomplishes with all the 

design parameters defined for the system even under this varying conditions. Therefore, the 

designed FLC achieves a smart managing of the PVS becoming a reliable controller.  

Markedly, the implemented FLC demonstrated to have a faster transient response than a 

classic P&O. This was evident during the experimental tests, where the FLC system 

showed a reduction over the 50% in the settling time observed by a classic MPPT 

controller. As a result, the DC-µG will see this effect reflected as a shorter time of 

instability and a higher exploitation of the supplied energy by the PVP, in other words, the 

controlled PVP would be capable of supplying higher levels of energy in a shorter time than 

a PVP controlled by a classic algorithm. 

The implementing on hardware of the FLC also presented some advantages for this 

work. In the first place, the discretizing process did not generate significant differences on 

the relation between the inputs and the output of the FLC by the expected behavior of the 
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model. Also, the implemented model did not require the totality of resources available on 

the board, therefore there is the possibility of employing these remaining resources for 

additional tasks either for the DC-µG management or adjustments on the developed 

algorithm.  

It is worth noting that the proposed FLC-based MPPT does not consider the effect of 

shading. The experimental tests make evident the correct functioning and the feasibility of 

the controller; however, these premises are accomplished only when either a unique PVP or 

a set of PVPs are not under the effect of shading. Usually, in the practice a PVS is 

comprised by PVP arrays and the condition of a uniform irradiated solar energy over the 

array becomes an ideal assumption. Nevertheless, a controller designed under this 

assumption results in a weak approach because the system will present a poor performance 

in a real application. Given the above, the proposed FLC-based MPPT presents a new 

opportunity for a future work on the addition of the shading effect in the developed 

algorithm. 
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