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   Abstract—This paper presents the fuzzy logic control based 

solar tracking system using Arduino Uno. Stepper motor helps in 

tracking the axis of the sun and keeps the panel in direction of the 

sun all day long and a Buck DC-DC Converter has been used for 

Maximum Power Point Tracking. The proposed fuzzy logic 

controller has been implemented and tested using MATLAB. The 

above sun tracking power generation system has been tested in 

real time using Arduino Uno. The designed system increases the 

energy generation efficiency of the solar cells. 

 
Index Terms—Arduino Uno, Buck DC-DC converter, Fuzzy 

control, Stepper motor.  

I. INTRODUCTION 

   With the increase in demand of electric energy nowadays 

and depleting resources, renewable energy sources have 

started playing an important role in electric power generation.  

From the various renewable sources, solar energy has proved 

to be good choice for electric power generation, since it can 

be directly converted into electrical energy by photovoltaic 

modules. 

Despite of solar energy being a good source of energy, 

there is a need to improve the methods to harness this energy 

[1]. This can be achieved by axial tracking and maximum 

power point tracking. For efficient implementation of these 

methods, the controllers are mainly based on the 

conventional methods like Perturbation & Observation, hill 

climbing etc. and the relatively new and intelligent 

approaches like Fuzzy control, Neural networks etc [2]. 

The advantage of the fuzzy logic control is that it does not 

strictly need any mathematical model of the plant. It is based 

on plant operator experience, and it is very easy to 

implement. Hence, many complex systems can be controlled 

without knowing the exact mathematical model of the plant. 

In addition, fuzzy logic simplifies dealing with the 

nonlinearities in systems [2]-[3]. 

Sun tracking is a technique to constantly track the sun’s 

direction throughout the day so as to increase the efficiency 

of the system. It can be implemented using a motor, sensors 

and gear box for the position control [4]-[5]. Position control 

can be done in two directions i.e. horizontal and vertical 

using two different DC motors [6]. Controlling the position 

of the panel in the direction of the sun can be even achieved 

by stepper motor too [7]-[8]. 

  Maximum Power Point Tracking (MPPT) is basically a 

technique to track the constantly changing maximum power 

point of a solar panel. It consists of two main parts, a 

microcontroller to track the MPP and a power converter to 

convert the generated voltage from the source to a desired 

level for the load. Fuzzy control algorithm has been 

implemented to control the on/off time of the MOSFET 

switch of the Buck DC-DC converter [9]. If there is an ac 

load at the output then an inverter with the DC-DC converter 

can be used to match the load side [10]. 

So far fuzzy logic control based solar trackers with 

different configurations have been implemented on FPGA 

and PIC microcontroller and but the control logic in this 

research has been implemented on a simple microcontroller 

board Arduino Uno [9]-[11]. This controller consists of 

Atmega 328 microcontroller which is a simple platform to 

implement the control logic. 

II. PHOTOVOLTAIC (PV) SYSTEM MODELLING 

  To understand the electronic behavior of a solar cell, it is 

useful to create a model which is electrically equivalent, and 

is based on discrete electrical components whose behavior is 

well known. From the solid-state physics point of view, the 

cell is basically a large area p-n diode with the junction 

positioned close to the top surface. An ideal solar cell may be 

modeled by a current source in parallel with a diode; in 

practice no solar cell is ideal, so a shunt resistance and a 

series resistance component are added to the model [9]-[12]. 
From Fig. 1 

𝐼 =  𝐼𝐿 − 𝐼𝐷  – 𝐼𝑆𝐻                                                                               (1) 

 

 Where, I is the output current, IL is the photo generated 

current, ID is the diode current and ISH  is the shunt current in 

Amperes.  

𝐼𝐷 =  𝐼𝑂  exp  
𝑞𝑉𝐽

 𝑛𝑘𝑇  
 −  1                                                          (2) 

  

 Where, I0 is the reverse saturation current (A), n is the diode 

ideality factor (1 for an ideal diode), q is the elementary 

charge [1.60217646 X 10-19C], k is the Boltzmann’s constant 

[1.3806503 X 10-23J/K], T is the absolute temperature. 

The characteristic equation of a solar cell which relates the 

output current and voltage is as follows: 

𝐼 =  𝐼𝐿 − 𝐼𝑂  𝑒𝑥𝑝  
𝑞 𝑉+𝐼𝑅𝑆  

 𝑛𝑘𝑇  
 −  1 −  

 𝑉+𝐼𝑅𝑆  

𝑅𝑆𝐻
                          (3)                                                                  

 

        Fig. 1: Equivalent circuit of solar cell [12] 
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“From (3) one can find the I-V characteristic curve of a solar 

panel,” as shown in Fig. 2: 

 

Fig. 2: I-V curve of a solar panel [9] 

The solar panel used in this particular research has the 

following specifications: 

Model No. TBP-1235 

ISC 2.25 A 

VOC 21.2 V 

IMP  2.06 A 

VMP  17V 

PMIN  35W 

NS (No. of cells)  36 

Nominal irradiance at 25°C 1000 

For this particular panel a model was generated in 

MATLAB/Simulink in order to verify the equations (1)-(3). 

 
Fig. 3: Simulink model of the solar panel 

III. OVERALL SYSTEM DESIGN 

 
Fig. 4: Block diagram of the overall system 

This research includes the implementation of the system as 

shown in Fig. 4, using fuzzy logic control for increasing the 

efficiency of the solar panel using Arduino Uno. The system 
consists of two controllers, one for controlling the position of 

the solar panel in accordance to the change in position of sun 

(axial/sun tracking) and the other, for tracking the maximum 

power point with the change in position. 

IV. MAXIMUM POWER POINT TRACKING 

In order to increase the efficiency and to maintain the 

operating point at an optimum maximum power point of the 

PV power generation system, Maximum Power Point 

Tracking (MPPT) is used. MPPT is a technique which is used 

to track the new modified maximum power point in its 

corresponding curve whenever there is a variation in the 

temperature or irradiation. 

It can be seen from P-V power characteristics curve; Fig. 5, 

that the increment, or decrement of the voltage increases, or 

decreases the power when the operating point is on the left of 

the Maximum Power Point (MPP), and decreases, or 

increases the power when being on the right of the MPP. The 

process is repeated periodically until the MPP is reached. 

Then the system oscillates around the MPP [9] - [13]. 

 
Fig. 5: P-V characteristic curve [9] 

    In order to maintain the operating point at an optimum 

value a power conditioner or a DC-DC converter is added as 

an interface between the source and the load. It extracts the 

maximum power from the source and transfers it to the load 

by stepping up (boost) or stepping down (buck) as per the 

requirement at the load side. The power transfer is carried out 

in accordance to the maximum power value by varying the 

on/ off duty cycle of switch of the DC-DC converter.  

A. Buck DC-DC Converter 

A DC-DC converter in Buck configuration has been used 

for this research. It simply scales down the output of the PV 
panel to the desired level. As shown in Fig. 6, it consists of 

a controllable switch i.e. a power MOSFET (S), a diode 

(D1), an inductor (L) and a filter capacitor (C) [14].  

 
             Fig. 6: Buck DC-DC converter [14] 
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   DC-DC converter acts as a charge controller which is 

controlled by software based on Fuzzy logic. This control 

logic figures out the output voltage from the solar panel, finds 

out where the maximum power or peak power is produced 

and then controls the DC-DC converter to match the solar 

panel voltage with the battery/required output voltage. Fuzzy 

logic controls the DC-DC converter by generating a PWM 

signal that adjusts the duty cycle (D) of the MOSFET switch 

at a frequency of 50 KHz.  

The average output voltage is determined by: 

           
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
=  

1

1−𝐷
                                                       (4) 

  Following are the details of the components used to build 

the Charge controller/ DC-DC converter for the current 

application of converting the solar panel voltage to 12V DC. 

 MOSFET S= IRF 540N 

 DIODE D1= UF 4007 

 Inductor [14] is chosen by the following equation: 

             𝐿𝑚𝑖𝑛 =  
𝑅min  (1−𝐷𝑚𝑖𝑛 ) 

2𝑓𝑠
                                        (5) 

 INDUCTOR L= 25 µH 

 For capacitor [14] we use: 

            𝐶𝑚𝑖𝑛 = max  
𝐷𝑚𝑎𝑥    

2𝑓𝑠 𝑟𝑐

 
1−𝐷𝑚𝑖𝑛

2𝑓𝑠 𝑟𝑐

                            (6)        

 FILTER CAPACITOR C= 330 µF 

 MOSFET DRIVER= IR2104 

 

 
         Fig. 7: Experimental setup of the charge controller 

B. Fuzzy Controller for MPPT 

Fuzzy logic controller (FLC) measures the value of voltage 

and current at the output of the solar panel and then calculates 

the power to extract the inputs for the charge controller. 

FLC calculates the output power P(k) at each sample (k) and 

determines the variation in the power with respect to voltage 

(dP/dV). As shown in Fig. 5: 

If   𝑑𝑃/𝑑𝑉 > 0 , the controller changes the duty cycle so as 

to increase the voltage until power reaches to its maximum 

value or until  𝑑𝑃/𝑑𝑉 = 0  

If   𝑑𝑃/𝑑𝑉 < 0 , the controller changes the duty cycle so as 

to decrease the voltage until power reaches to its maximum 

value. 

The two inputs fed to FLC are: 

Error 𝐸(𝑘) =
𝑃 𝑘 − 𝑃(𝑘−1)

𝑉 𝑘 − 𝑉(𝑘−1)
                                            (7) 

Change in Error 𝐶𝐸(𝑘) = 𝐸 𝑘 −  𝐸(𝑘 − 1)                       (8) 

    Where Error E(k) shows that whether at the instant (k) the 

operating point is on the left or right of the MPP on the 

characteristic curve and Change in Error CE(k) determines 

the direction in which the MPP is moving. P(k) and V(k) 

determines the values of power and voltage generated by the 

PV panel resp. at the instant (k). 

The fuzzy logic inference used for designing the controller is 

based on Mamdani approach. 

  FLC has been designed in MATLAB. Following are the 

membership functions defined in MATLAB for E, CE, & D. 

 Fig. 8 shows the 7 triangular membership function 

for Error with all the fuzzy sets:     

 

    
Fig. 8: Membership function for Error 

 

 Fig. 9 shows 7 triangular membership function for 

Change in Error with all the fuzzy sets: 

 

 
   Fig. 9: Membership function for Change in Error 

 

 Fig. 10 shows the 7 triangular membership function 

for duty cycle output with all the fuzzy sets: 

 

 
       Fig. 10: Membership function for Duty Cycle 
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 Table I shows the control rule base for MPPT. 

Table I: Control rule table 

      CE 

E 

NB NM NS ZE PS PM PB 

NB ZE ZE ZE NB NB NB NB 

NM ZE ZE ZE NM NM NM NM 

NS NS ZE ZE NS NS NS NS 

ZE NM NS ZE ZE ZE PS PM 

PS PM PS PS PS ZE ZE PS 

PM PM PM PM PM ZE ZE ZE 

PB PB PB PB PB ZE ZE ZE 

 

 Fig. 11 shows the surface view of the rules in 

MATLAB: 

 
Fig. 11: Surface View of the Rules 

 

 Defuzzification is carried out by centre of gravity 

method for determining the output of the FLC i.e. 

duty cycle (D): 

      𝐷 =
 𝜇   𝑑𝑗  ∗ 𝑑𝑗𝑛

𝑗=1

 𝜇   𝑑𝑗  𝑛
𝑗=1

                                         (9) 

C. Flow chart for Fuzzy Control Algorithm 

The following flowchart in Fig. 12 describes the control 

algorithm based on fuzzy logic which is used to implement 

the system.  

 
Fig. 12: Flowchart of MPPT 

V. SUN TRACKING SYSTEM 

For axial tracking, stepper motor is used as a driving 

source to rotate the solar panel in the direction of the sun. The 

position of the sun is determined by a tracking sensor; the 

tracking sensor reading is then converted into digital signal 

through ADC and then passed onto fuzzy logic controller for 

aligning the panel in the direction of the sun. The fuzzy 

controller output is connected to the driver of the stepper 

motor to rotate the panel in one axis until it faces the sun 

through a gear box. 

A. Tracking Sensor Circuitry and Design 

LDR as shown in Fig. 13 is used to construct the tracking 

sensor circuit. LDR basically gives variation in resistance 

with the change in light intensity. LDR operates on 5V DC. 

To sense the position of the sun in one direction i.e. east-west, 

two LDRs are mounted on the panel with a shadowing 

element in between. This shadowing element helps in 

determining the accurate light falling on the respective LDRs. 

Since the light intensity received by both the LDRs would be 

different every time the sun moves, the output of the two 

LDRs is compared.  

 
            Fig. 13: LDR sensor and shadowing element 

 

The system determines which LDR has received more light 

than the other through ADC and drives the stepper motor 

towards the direction of the sun.  

LDR can be connected in a divider circuit to give the 

voltage output through a 10K resistor. Under bright light the 

resistance across the LDR is very low. The error calculated 

through both the LDRs is fed to the microcontroller as input 

voltage. 

B. Stepper Motor and its Driver 

Universal stepper motor as shown in Fig. 14 with 6 wires 

has been used for the precise movement of the panel. It has 

the following specifications: 

 

Step angle 1.8 degrees 

Steps per revolution  200 

Voltage 12V DC 

Current per phase  1A 

Torque 7Kg-cm 
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                                Fig. 14: Stepper motor 

 

 Driver: Stepper motors are operated through a driver which 

gets the signal from the microcontroller which is based on the 

fuzzy logic control. Driver used for the above stepper motor 

is ULN2003A. The driver inputs/outputs are connected in 

parallel for increasing the current through them for meeting 

the motor current requirement [15].  

 
            Fig. 15: connection diagram for driver circuit 

C. Fuzzy Logic Control for Axial Tracking 

FLC takes 2 inputs: Error and Change in Error and gives out 

one output which is fed to the stepper motor driver. It controls 

the direction of rotation and speed of the stepper motor. 

 

𝐸𝑟𝑟𝑜𝑟 𝐸 = 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 (𝐿𝐷𝑅1 −  𝐿𝐷𝑅2)                               (10) 

Change in Error 𝐶𝐸 = 𝐸𝑟𝑟𝑜𝑟 −  𝑃𝑟𝑒𝑣𝑖𝑜𝑢𝑠 𝐸𝑟𝑟𝑜𝑟           (11) 

If the Error is positive and the Change in Error is negative 

then this means that the response is following the right 

direction and it should move forward in this direction but if 

the Error becomes negative and the Change in Error is 

negative, this implies that the response is following the 

wrong direction and it should start moving in the opposite 

direction until the panel faces the sun. 

FLC has been designed in MATLAB. Following are the 

membership functions defined in MATLAB for E, CE, and S. 

 Fig. 16 shows the fuzzy sets for input Error with 7 

triangular membership functions: 

Fig. 16: Membership function for Error 

 Fig. 17 shows the fuzzy sets for input Change in 

Error with 7 triangular membership functions: 

 
            Fig. 17: Membership function for Change in Error 

 

 Fig. 18 shows the fuzzy sets for output Speed (S) 

with  triangular membership functions: 

 
                        Fig. 18: Membership function for Speed 

 

 Table II shows the control rule base for sun tracking. 

Table II: Control Rule Table 

      CE 

E 

NB NM NS ZE PS PM PB 

NB NB NB NB NB NM NS ZE 

NM NB NB NM NM NS ZE PS 

NS NB NM NS NS ZE PS PM 

ZE NB NM NS ZE PS PM PB 

PS NM NS ZE PS PS PM PB 

PM NS ZE PS PM PM PM PB 

PB ZE PS PM PB PB PB PB 

 

 Fig. 19 shows the surface view of the rules in 

MATLAB: 

 
            Fig. 19: Surface view of the rules 
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 Defuzzification is carried out by centre of gravity 

method for determining the output of the FLC i.e. 
Speed (S): 

          𝑆 =
 𝑆𝑗 ∗𝜇   𝑆𝑗  𝑛

𝑗=1

 𝜇   𝑆𝑗  𝑛
𝑗=1

                                      (12) 

D. Flow chart for Sun tracking algorithm 

The below flowchart in Fig. 20 explains the algorithm used 

for fuzzy based control of the sun tracking system. 

 
Fig. 20: Flowchart for Sun tracking 

VI. ARDUINO UNO 

The Arduino Uno shown in Fig. 21 is a microcontroller 

board based on the Atmega328. It has 14 digital input/output 

pins (of which 6 can be used as PWM outputs), 6 analog 

inputs, a 16 MHz crystal oscillator, a USB connection, a 

power jack, an ICSP header, and a reset button. It contains 

everything needed to support the microcontroller; simply 

connect it to a computer with a USB cable or power it with an 

AC-to-DC adapter or battery to get started. 

Arduino Uno has open source software that is why it’s 

quiet easy to implement control logics on this microcontroller 

board. Following table shows some specification of the 

microcontroller board [16]:  

Table III: Specification of Arduino Uno Board 

Microcontroller Atmega328 

Operating Voltage 5V 

Input Voltage 

(recommended) 

7-12V 

Input Voltage (limits) 6-20V 

Digital I/O Pins 14 (of which 6 provide 

PWM output) 

Analog Input Pins 6 

DC Current per I/O Pin 40 mA 

DC Current for 3.3V Pin 50 mA 

Flash Memory 32 KB (Atmega328) of 

which 0.5 KB used by boot 

loader 

SRAM 2 KB (Atmega328) 

EEPROM 1 KB (Atmega328) 

Clock Speed 16 MHz 

 
                    Fig. 21: Arduino Uno board 

VII. RESULTS 

Table IV shows the comparison between the output values at 

fixed and variable angles: 

Table IV: Output power at fixed and variable angles 

Time of 

the day 

PV panel output values 

at fixed angle 

PV panel output values at 

variable angles 

 V(V) I (A) P(W) V(V) I(A) P(W) 

7:00 am 6.47 0.016 0.1039 9.93 0.058 0.585 

8:00 am 8.76 0.067 0.5931 12.16 0.141 1.724 

9:00 am 10.33 0.160 1.658 12.92 0.256 3.319 

10:00 am 12.75 0.192 2.456 13.14 0.234 3.077 

11:00 am 12.37 0.258 3.201 12.61 0.267 3.377 

11:30 am 12.35 0.262 3.24 12.55 0.267 3.359 

12:00 pm 12.78 0.258 3.304 12.81 0.262 3.36 

1:00 pm 12.82 0.243 3.124 12.82 0.244 3.134 

2:00 pm 12.81 0.239 3.062 12.39 0.261 3.236 

3:00 pm 12.88 0.233 3.01 13.14 0.240 3.165 

4:00 pm 12.75 0.141 1.808 12.88 0.169 2.188 

5:00 pm 12.68 0.101 1.289 13.2 0.149 1.979 

6:00 pm 12.29 0.085 1.052 12.97 0.139 1.805 

7:00 pm 9.61 0.034 0.334 13.01 0.053 0.696 

Total 161.65 2.289 28.235 176.53 2.74 35.004 

 

Efficiency of the system is calculated as: 

 

Efficiency=  
 35.004 +28.235 ∗100

28.235
 = 23.973 % 
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 Fig. 22 shows the graph for Voltage through the 

solar panel 

 

 
Fig. 22: Voltage Curve 

 

 Fig. 23 shows the graph for current through the solar 

panel 

 

 
Fig. 23: Current Curve 

 Fig. 24 shows the graph for power through the solar 

panel 

 

 
Fig. 24: Power Curve 

 

 

Table V shows the comparison between the output values 

with/without the tracker: 

Table V: Output power with/without tracker 

Time of 

the day 

PV panel output values 

without tracker 

PV panel output values 

with tracker 

 V(V) I (A) P(W) V(V) I(A) P(W) 

7:00 am 
6.47 0.016 0.103 8.10 0.103 0.84 

8:00 am 
8.76 0.067 0.593 11.44 0.169 1.942 

9:00 am 
10.33 0.160 1.658 11.638 0.285 3.324 

10:00 am 
12.75 0.192 2.456 12.03 0.274 3.307 

11:00 am 
12.39 0.258 3.201 11.83 0.288 3.412 

11:30 am 
12.37 0.262 3.240 11.85 0.2885 3.419 

12:00 pm 
12.75 0.258 3.29 11.88 0.2881 3.423 

1:00 pm 
12.80 0.244 3.124 11.83 0.283 3.36 

2:00 pm 
12.79 0.239 3.062 11.70 0.2885 3.377 

3:00 pm 
12.88 0.233 3.010 11.76 0.283 3.342 

4:00 pm 
12.75 0.141 1.808 11.96 0.20 2.397 

5:00 pm 
12.68 0.101 1.289 12.09 0.177 2.152 

6:00 pm 
12.29 0.085 1.052 12.09 0.173 2.104 

7:00 pm 
9.61 0.034 0.334 11.76 0.106 1.259 

Total  
161.62 2.29 28.22 161.95 3.206 37.65 

 

Efficiency of the overall system with the tracker can be 

calculated as: 

 Efficiency=  
 37.65+28.22 ∗100

28.22
 = 33.416 % 

 

It has been observed that the efficiency of the system 

increases by 33.416% when implemented with the tracking 

mechanism. 

 

 Fig. 25 shows the graph for Voltage through the 

solar panel with/without the tracker: 
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Fig. 25: Voltage Curve 

 

 Fig. 26 shows the graph for Current through the 

solar panel with/ without the tracker: 

 

 
Fig. 26: Current Curve 

 

 Fig. 27 shows the graph for Power through the solar 

panel with/ without the tracker: 

 

 
Fig. 27: Power Curve 

 

 Fig. 28 shows the experimental setup of the overall 

system. 

 
Fig. 28: Experimental setup of the solar tracking system 

VIII. CONCLUSION 

Through the above research, we can conclude that the fuzzy 
logic controller increases the efficiency of the overall system 

by 33.416%. Stepper motor used for the direction control 

gives a precise position control and MPP is tracked 

efficiently throughout the day with the change in sun/ panel 

position.  

Fuzzy logic demonstrates efficient control, faster response 

and good conversion of human/ operator knowledge.  It has 

also shown a better result over the conventional methods.  

Arduino Uno turned out to be an easy platform implement the 

control strategy. 
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