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Abstract— This study presents the idea of power 

production through the solar which depends on the light 

intensity that falls on the solar panel. This project utilizes 

dual axis solar tracking system based on intensity of light 

using Arduino UNO. The hardware implementation 

includes an Arduino UNO and four LDR sensor for 

sensing the maximum intensity of light. Two DC motors 

are used, one motor is used for horizontal rotation and the 

second motor is used for the vertical rotation. This system 

includes the implementation of MPPT. It controls the 

charge and stores it in a battery. Battery provides 12V to 

inverter where DC voltages convert into AC voltages. 

SPWM inverter is designed over push pull topology. In 

conclusion, the proposed system operates on low input 

power and delivers high efficiency in output. 
  

Keywords- arduino, dual axis, inverter, mppt, solar tracking 

system. 

I. INTRODUCTION  

As the time is progressing, the energy demand is increasing. 

Previously, the demand of energy was fulfilled through the 

fossil fuels which is used in the electric power generation but 

due to the environmental hazards of fossil fuel i.e. Pollution, 

their use has decreased [1]. This had forced man to find the 

alternative ways to overcome the demand. Renewable Energy 

obtained from various sources like wind, water and solar is 

now used to generate electric power since it is more cost-

effective and economical [2]. Now the world is moving 

towards solar energy as it is the common Distributed 

Generation (DG) installed in rooftops. This is because the 

sunlight is always available for the maximum time [3].    
Pakistan is facing serious energy crisis due to which 

renewable energy demand is increasing in our country [4]. The 
world is moving towards solar energy as it is the most 
commonly used distributed generation installed in every 
rooftop. Also, Pakistan is one of the countries of the world 
where sunlight is available for the maximum time [5]. As a 
result, the project's goal is to improve solar panel efficiency. 
Inverter is used to convert the DC voltages to AC voltages [6]. 
As we know our home appliances are worked on AC voltages 
[7]. So, for this purpose we used the SPWM inverter. SPWM 
inverter topology has the maximum efficiency in comparison 
to other topologies [8].  

The benefit of this design is that it maximizes the solar panel 

efficiency which will reduce the number of solar panels for 

operation purposes [9]. The solar tracker has been designed 

in this project which helps in positioning the solar panel in 

the direction of sun so that highest number of photons strikes 

on the panel [10]. As a result, maximum solar energy is 

utilized for generation of electricity [11]. 

A two-axis solar tracker was constructed in one of the 

research projects in Ref. [12], and the tracking was done 

according to the sun's longest route. Under cloudless clear 

weather, the system was shown to produce 42.6 percent more 

energy than a stationary PV system [12]. Other experiments 

using a two-axis solar tracker found similar results, with the 

greatest percentage of energy gathered being 41.34 percent 

greater as compared to fixed PV system [13], [14]. Even a 

single axis device [15] has the potential to gather 22% higher 

energy than with a fixed PV system. One of the experiments 

looked at current, voltage, and power with resistance change, 
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and found that the recorded power increase for two-axis was 

43.87 percent, for east-west tracking it was 37.53 percent, for 

vertical tracking 34.43 percent, and 15.69 percent for north-

south tracking. The control and motor system utilized less 

than 2% of the total energy gathered [16]. To maximize the 

collection of energy, an open-loop tracking system based on 

neuro-fuzzy systems was also built [17]. In [18, 19], an 

algorithm was developed for a low-cost, high-precision, 

closed-loop sun-tracking system. The basic reason is that 

doing trials on real-time technologies are just too costly [20-

22]. To solve the problem of tracking system of sun some 

studies [23–26] use microcontrollers and dc motors 

programmed through MATLAB. The authors developed a 

prototype of the portable technology that may be used to 

deploy solar panels [31-33]. 

In this paper we focused on angle and magnetic declination 

to maximize solar panel efficiency. We mainly focused on 

dual axis solar tracking scheme which depends on intensity 

of light using Arduino UNO. The next portion highlights that 

the proposed system operates on low input power as well as 

it delivers high output efficiency. 

II. AIMS AND OBJECTIVES 

Pakistan is one of the countries where sunlight is available for 

maximum time. Because the orientation of the sun changes 

over time, the solar panel must be set in such a way that it 

captures the maximum quantity of photons. So, our objective 

is to produce maximum power by using a smaller number of 

panels. Therefore, a solar tracker is designed which helps in 

moving the panel with respect to the position of sun to 

produce maximum power.  

Main block diagram of our project is shown in figure 1: 

 
                                Figure 1. Block Diagram  

III. DESIGN OF HARDWARE 

A. Solar Panel And Tracking 

In this form of tracker, the tracker just follows one path. 

Either horizontal or vertical axis is used for tracking the sun 

path. In equatorial areas, horizontal tracking system is used 

and in laxity regions, vertical tracking system is used. In this 

tracker, both horizontal axis which move the solar panel 

upward, down word direction and vertical axis which makes 

the panel to move parallel to the ground are used. Here two 

types of angles azimuth angle and elevation angles are used 

to determine the direction of sun. By using these angles, we 

get the better accuracy to find the maximum position of sun. 

Dual axis tracking system accuracy is about double times 

greater than the single axis tracker. In our project, we are 

using dual axis tracking system. By using this system, we will 

get the better results than the single axis designing [28].  

 

 
Figure 2. Diagram of solar tracking system 

 

DC Gear Motor conductor which carried the current is placed 

in the magnetic field than in the specific direction, a force is 

experienced. Let’s now there is a simple model of DC motor, 

a single turn of conductor is put between two opposite 

polarities of poles, one is the south pole and the second is the 

north pole as we can see in the figure. Now if through the 

commutator we applied DC current to the turn than current 

becomes start to flow through it. Now the batteries positive 

terminal is connected with the left conductor side and right 

conductor side of the turn is connected to the negative 

terminal of the battery. Also, we can see in this model that at 

the left position side magnetic south pole is placed and at 

right side position north pole is present. Current flows 

inwards in the left side of the conductor and flows outwards 

from the terminal in right-side of conductor. One can use 

Fleming’s left-hand rule, where findings show that the 

position of force. To do so, we must have to stretch left hand's 

fourth thumb and fingers by the right angle towards each 

other. If four fingers are lined along the magnetic field 

direction (north pole to south pole) and the second or middle 

finger is positioned along the force direction. This is clearly 

upward here. Similarly, again the four fingers aligned as of 

north pole towards south pole plus second finger or middle 

finger is connected along the current direction in the right-

side conductor so now the thumb indicates the mechanical 

force direction. This is totally downward. Due to these 

upward and downward forces on the turn, one torque is 

produced which tends to rotate turn in clockwise direction. 

After clockwise direction of rotation of 90-degree turns come 

towards the vertical position in respect of the magnetic field 

[27].  

 
Figure 3. Fleming's left-hand rule 
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B. Tilt angle tracking 

As the N-S movement of sun everyday daily sun every 

day is very tiny, it is not worth to perform the tracking 

continuously on the tilt angle side. Several studies have 

revealed that a small number of movements each year, 

between four and eight, is likely more than adequate to 

extract more than 98 percent of the energy. Fig. 4. shows the 

position of the PANEL with relation to the sun. The resultant 

current is given by Eq. (1) if the elevation angle is about 

geographical north (not magnetic north).  

I= I0Cos �                       (1) 

When the panels are perpendicular to the irradiation, then 

the combination of current (I) is equals to the product of the 

inclination angle (Cos �) and maximum current (I0). In 

Bahrain, the difference in tilt angle is roughly 35.5°C 

between summer and winter. Because the shift in angle over 

each season is less than 15°C, online tracking is unlikely to 

be beneficial. This may not have a significant impact on 

energy extraction. Off-line tracking, on the other hand, is 

helpful when the tilt angle is only modified four or at most 

eight times a year [28]. 

 

 

 Figure 4. Elevation of PANEL with respect to the sun 

 

C. MPPT 

Makes the output voltage step down. The buck converter 

is a straightforward kind of DC-DC converter that delivers a 

yield voltage that is not as much as its information. It is 

normally utilized when input is high as compared to output 

battery bank. MPPT configuration must be originated on the 

structure of the PV context. On the off chance that the battery 

bank voltage is equivalent or under 48V, buck converter will 

be utilized. On the off chance that the battery bank voltage is 

more prominent than 48V, step up converter will be the best 

alternative. 

We are using Perturb and Observe method for MPPT 

designing. P&O Method Is a general Cost-Effective Solution 

for MPPT [29]. The block diagram of perturb and observe 

method is shown below: 

 
                     Figure 5. P & O Algorithm 

D. Inverter 

Inverter is the circuit which is utilized for conversion of 

DC voltages to AC voltages. Inverter is now essential part of 

the industry because it is used in many devices, UPS, and 

variable frequency devices. In our project design we are using 

H-Bridge topology. It is commonly used topology [30]. 

Arduino UNO is used for PWM output. BC547 is used 

to generate the signal. Couple of BC547 generating antiphase 

signal which further proceed to TIP142. TIP142 are used for 

switching they generate a wave like sine wave having some 

noise which is later removed. TIP142 is center tap 

transformer. Its primary winding is divided into two parts so 

two different voltages can be acquired. It takes input from 

TIP142 and gives step up output which is further filtered.  

The output of the inverter is distorted so we use filters to 

convert the wave into sine wave. In our Project we use LC 

filter. Filter will remove the harmonics from the output ac 

voltage of our inverter. Then the wave will be converted into 

a sine wave. With the use of a step up transformer, the 

converted sine wave is then step up to obtain a voltage of 220 

volts rms. 

IV. SOFTWARE 

This includes software design of our work. With the help 
of software tool, first of all we make our designs on the 
software and check the working of our circuits. After getting 
the results from software work than we proceed further for the 
hardware design for our hardware work. Software’s that we 
used during our work are as follows. 

 Arduino 

 Proteus. 
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A. Solar Tracker 

The first part of our project is the solar tracker. We 
implement the solar tracker on the software with the help of 
coding. We will read the 4-LDR values through the analog 
pins of Arduino and a PWM is generated according to the 
analog inputs all these will be happen through the coding. 

LDR1 starts operating as the light declines on sensor1. Then 

the output of LDR1 goes to the Arduino pin A0 and then from 

the pin5, signal makes the horizontal motor active through the 

relay1. So, the horizontal motor starts rotating from left side 

to the right side. 

Correspondingly, LDR2 sensor operates and then output goes 

to the pin A1 of the Arduino UNO. Then through the pin4, 

horizontal motor starts moving from right side to the left side. 

The same procedure is followed by the LDR3 and LDR4. 

Here the vertical DC motor starts rotating from left side to the 

right side for sensor3 and for sensor4 vertical DC motor starts 

rotating from right side to the left side. 
Arduino will generate the PWM according to that and 

move the panel to the left position with the help of motor. On 
the other hand, if the right LDR has greater intensity of light 
than the left LDR. Now the voltage appeared across the right 
LDR is greater and Arduino will rotate panel toward right 
position. 

In any case if light is falling on the all LDR’s with same 
intensity than their voltage will also be equal and Arduino will 
not rotate the motor and our panel is at its position. 

To control the direction of DC motor we use Arduino uno 
in the  above software design. Arduino will read the values of 
these sensors in the form of voltages and then according to that 
it will turn on the Specific Relay according the sensors. 
Simulation of dual axis solar tracker is shown in figure.6: 

 

 
Figure 6. Dual axis solar tracker simulation 

 

B. MPPT 

The main idea on which MPPT functions is to withdraw most 

accessible power from the photovoltaics modules. The MPPT 

compares the yield of PV modules to that of the battery and 

switches it to the most appropriate voltage for charging the 

battery and to the optimum yield control to obtain the most 

extreme current into the battery. MPPT can be utilized to 

supply capacity to the DC load which some time is 

legitimately associated with the battery. MPPT is basically a 

type of DC-to-DC converter which intake DC for sun-based 

panel. it changes over it to various DC voltage and current 

dimension which will be coordinating with the voltage and 

current of the battery bank. Simulation of MPPT is shown in 

figure.7: 

 
Figure 7. MPPT Simulation 

 

C. Inverter 

In inverter design we will focus on two things. First one is 
inverter type and the second is gating signal for the inverter. 

This technique is the best one as compared to above 
techniques. With the help of this technique the output 
waveform of our inverter will be same as the grid’s waveform. 
Multiple pulses with different time period have been 
generated in a half cycle of time period. 

We generated the SPWM signal with the help of digital 
method. There is also second method. But digital technique is 
better technique. Digital technique is more flexible, we can 
make any change with the help of coding.  

Inverter converts DC to AC. Microcontroller is producing 
the SPWM signal. Gate driver IC’s are used for strengthen the 
gating signal of MOSFET that is produced by microcontroller. 
Step-Up Transformer is used to convert the output of Inverter 
(12V-AC) to 220V-AC. Filter is used to remove harmonics 
from the output. Simulation of inverter is shown in figure.8: 
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Figure 8. Inverter simulation 

V. RESULTS 

A. Simulation Inverter Result 

Our simulation was performed on PROTEUS software for 

the final software implementation.  

 
Figure 9. Inverter Output 

This is the output of ARDUINO which generate pulses. 

From output we can see that if we increase duty cycle then 

the voltage also increases. By using several pulses in a half 

cycle the harmonic content can be reduced in our output 

voltage. It can also be seen that the output waveform is 

purified sine wave. By raising the switching frequency and 

width of the SPWM signal, the output can be made more 

sinusoidal.  

B. MPPT Simulation  Result 

 MPPT is used for charging the battery and to 

improve the efficiency of PV array output power. 

 

Figure 10. MPPT Output 

 

C. Practical Inverter Result 

The practical output waveform of the designed inverter is 

shown in figure.11. 

 

 
Figure 11. Output of Inverter 

 

By employing an inverter, the 12 V DC output from the 

battery is now converted to 220 V AC voltages. Push pull 

topology is used in the design of the modified SPWM 

inverter. The center tap transformer MOSFET and BJT are 

used to convert DC voltages. 

 

D. Output Comparison  Of Tracking System 

We noticed the varying values of power of fixed, single axis, 

and dual axis systems at different times utilizing table.1. 

Table 1: Power (watts) of 3 systems at different times 
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Without load output voltage = 21.5 V 

With load output voltage = 18V 

With load current = 1.67 Ampere 

We can see that the values obtained from the dual axis solar 

tracker are bigger than those obtained from the fixed and 

single axis tracking systems by comparing the values. Also, 

we conclude that during the morning time and after 3 pm, 

fixed and single axis system does not provide sufficient 

power to fulfill our desire required values but on the other 

side, dual axis solar system during the maximum of the 

daytime provide enough power which we are needed. 

E. Limitations 

 We cannot achieve 100% pure sine wave through 

inverter; therefore, it will have some harmonics. 

 Any equipment which converts DC to AC loses 

power during the process of conversion. Let’s say if 

an inverter is 80% efficient, it means that 20% of 

power is lost during conversion process. 

VI. CONCLUSION 

In precise terms this project’s objective is to have a 

sunlight-based board yielding its most extreme conceivable 

power constantly, this is accomplished by tracking the sun 

and turning the sunlight-based board in the same manner, 

allowing daylight to reach the farthest areas of the daytime. 

In this task we found out about parameters affecting vitality 

transformation of Photovoltaic (PV) exhibits. Likewise 

Learned about the over-all idea of Maximum Power Point 

Tracking (MPPT) and how to program consume an Arduino. 

In any case, proficiency and molded yield control is yet a 

major valuation for analysts and PV industry. Power 

streamlining technique assumes an energetic job in the 

execution of the sunlight-based photograph voltaic 

frameworks. Double pivot sunlight-based tracker ensures the 

greatest coupling of the sun with the sun powered module that 

expands the sun-based efficiency. The proposed Perturb and 

Observe calculation is the change in the regular calculation 

that limits the hunt space of the calculation diminishing the 

multifaceted nature and improving the execution of the 

traditional calculation under uniform and differing climate 

conditions. 
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