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Executive Summary 
 
 

In a world of increasing energy demand, it is imperative to come up with 

innovative solutions to reduce and conserve energy use. Solar energy is considered as one 

of the most promising means of renewable energy sources in future.  The electromagnetic 

radiation, which is transferred from the sun to the earth, can be converted into electrical 

energy through solar power technologies like photovoltaic panel. This Photovoltaic (PV) 

or Solar Panel capture the sunlight and convert it into electricity, which can be used to 

run household appliances and lighting or stored in batteries for later use. Solar Panel can 

work alone with 25%-30% efficiency and can decrease in cloudy days. Moreover, the sun 

takes different positions during the day, form sunrise to sunset, due to the rotation of the 

earth around itself. This means that the sunlight will reach the earth through different 

angles that may not be captured by the panel Thus, a tracking system is required to track 

the sun in order to maximize the produced electric power or energy.  

Therefore, the design and implementation of two-axis solar tracking system are 

presented in this report. 
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1. Introduction 

Large country such as Kingdom of Saudi Arabia (KSA) with area of 2,150,000 

square kilometers and population of 27.6 million need to increase its power capacity due 

to the growth of electricity demand. Saudi Arabia should increase its power capacity from 

35 GW in 2007 to 72 GW by 2022 [1], which mean it must have a huge investment 

program. Fig. 1 [2]. There is another way that Saudi Arabia can follow to meet that goal, 

which is exploitation of renewable energy (solar, wind, hydrogen, hydropower, etc.). The 

must suitable one for Saudi Arabia is the conversion of solar energy due to its 

contribution in reduce the environmental harm (which occurs after using oil) and the 

large availability of solar energy compared to the rest of the world. 

 

 

Figure 1 KSA power demand growth 

 

1.1. Solar Power in Saudi Arabia 
 

Geographic location is an important factor to success and reaches the goal of any 

application that uses solar energy to produce electric power. The annual rate of solar 

radiation for the entire world is about 1000 W/m2, but it is different radiation from one 

area to another. In Europe, North America, most of Latin American, and Western Asia, 

the annual rate of is between (100 - 200) W/m2. Countries located in the south-west of 
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Saudi Arabia receive a greater amount of solar radiation. Saudi Arabia consider as one of 

the best areas. Since the quantity of solar radiation is about 250 W/m2, (Fig2)  which is 

double the quantity of solar radiation in most of the world [2]. 

 

Figure 2 Amount of solar radiation reaching the ground 

 

 

Figure 3 Global Solar Radiation In KSA 

 

1.2. Concept of Solar Radiation 
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It is important to review some basic concepts concerning solar radiation 

before talking about the solar tracking systems to know the importance of this 

work. The sun produces high amount energy in form of radiations that reach to 

the earth. These sun radiations consist of direct radiation: which is the radiation 

that reach to earth without scatter and causes shadow, and diffuse radiation: the 

radiation that has been scattered (complete radiation on cloudy days). Ninety 

percent of sunlight is direct radiation while the rest is diffuses which can be 

increases in on cloudy days. Sun radiations are reflecting by the earth and the sum 

of both is considered as the global radiation on a surface. Accordingly, the sun 

must be visible to the panels as long as possible in order to maximize the 

collection of energy [3]. 

1.3. Parameters of the solar angels: 

1.3.1. Declination Angle 

 
The declination of the sun is the angle between the equator and a line drawn from 

the center of the Earth to the center of the sun. On the summer/winter the maximum angle 

of declination is 23.5° by plus or minus. Only at the spring and fall equinoxes is the 

declination angle equal to 0°. This declination angle changes seasonally due to the 

rotation around the sun and the tilt of the Earth on its axis of rotation [4]. 

 

Figure 4 The Declination Angles 

Fig. 5 shows the best configurations for the solar panel tilt angles to be fixed with respect 
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to the declination angle of the earth. According to Fig.5 On the 21
st
of December, the sun 

will rise 81°
 
east of due south and set 81°west of due south. On the 21

st
of March / 21

st
of 

September, the sun will rise 91°east of due south and set 91° west of due south. On the 

21
st
of June, the sun will rise 101°east of due south and set 101°west of due south [5] 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 

Optimal Tilt Angle for the Solar Panel in Jeddah 

 

 



   

 13 

Figure 6 Hour Angle 

1.3.2. Hour Angle 

 
 

The Hour Angle is the angular distance that the earth has rotated in a day. It is 15 

degrees multiplied by the number of hours from local solar noon.it is zero when sun is 

straight overhead, negative before noon, and positive after noon. 

 

 

1.3.3 Solar Altitude& Azimuth 
 

a) Solar Altitude: is the angle that covers the (x, y) plane on the surface on 

the earth. 

b) Solar Azimuth: is the angle between the (x, y) plane of the surface and 

perpendicular plane.  
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Figure 7 Solar altitudes and azimuths typical behavior of sun path 

2. Motivations 

 
The significant motivation behind the idea of this project is utilizing the 

renewable resources to obtain the maximum electrical energy. The large availability 

of solar energy here in KSA plays major rule in implementing this idea. This system 

will help the users to make their life more convenient by allowing them to use 

electricity as much as they need with very small cost. In addition, this project is 

valuable for many aspects; such as environmental aspect by producing green energy 

and reducing the pollution that occur from traditional resources. Economically; this 

project reduces the annual cost for electricity used from traditional grid and the 

dependency on oil. On the other hand, increases the productivity of energy while 

tracking the sun. Being widely available and totally free are two points that can 

increase its importance.  

3. Objective  

 
The aim of this project is to extract the maximum of the solar energy through 

automatic tracking of the sun in a two-axis movable PV solar panel. The solar panel 

tracks the sun automatically for maximum intensity of light by keeping solar panel 

perpendicular to the sun, in order to be more efficient (approx.40%) than the fixed panel 
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(25-30%). The controller is used to control the position of the motors in a vertical 

(altitude) and horizontal (azimuth) motions to capture the maximum of sunlight. 

4. Problem Statement  

 
To reduce the global warming, it is best to use renewable resources. Saudi Arabia has 

plenty of sun light that could be used to produce a clean electricity. Since the earth is 

moving with respect to the sun, a tracking system should be designed to capture the 

maximum of the energy coming from the sun. This project will handle such task where a 

2-axis tracker system is designed to automatically track the sun to maximize the electric 

energy produced. 

5. Methodology 

 
We use a PV panel to convert sun light to electricity. The system is composed of a 

PV panel, a battery for energy storage to be used at night and during cloudy days, a 

buck-boost converter to get a variable DC voltage. To maximize the output power, a 

solar tracking system will be designed where a two-axis motion will be implemented.  

6. Capabilities of the student  

 
The project involves many areas as such as electromagnetic field, AC and DC 

circuits, energy conversion and control. The student attended lectures and lab in several 

courses that cover these topics such as ECE 100 (Intro. to Electric Circuits), ECE 110 

(Intro. to Electronics (Devices)), ECE 240(Linear Control Systems), ECE241 

(Introduction to Robotics), ECE 341 (Digital Control Systems), ECE 342 (Optimal 

Control), ECE 440 (Multivariable Control). Therefore, the student has skills in 

recognizing the electronics part and connecting them to form a useable circuit. Also she 

has experience with micro controllers such Arduino UNO and C++ from previous course 
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projects. Furthermore, the idea of this project will implemented successfully with the 

cooperation and guidance of Prof. Ahmed Bensenouci who will add more to the student 

performance. 

7. Literature Review  

 
This Literature Review discusses a several studies of Maximum Power Point 

Tracking for PV Systems. Every Photovoltaic or PV module has an operating point called 

maximum power point (MPP). This point will affect by the temperature of the cell, 

radiation, and the load. PV system has many methods to track the maximum power point 

(MPP), some of them are mentioned here in the literature review. 

 The first study done by Yan Hong Lim and D.C. Hamill. They presented a new 

technique for maximum power point tracking of the solar modules, which is Perturb and 

Observe technique. This technique makes the system uncomplicated and has an excellent 

response. [6] 

Yuvrajan and Shoeb presented a fast and accurate MPPT for solar panel system 

using the open-circuit voltage and short-circuit current of the PV panel. the results were 

very close to the theoretical values.[7] 

M. I. Arteaga Orozco, J. R. Vázquez, P. Salmerón, S. P. Litrán, F. J. Alcántara, 

presented system for Maximum power point tracker using sliding mode control. They use 

the output power of the PV array, output voltage of the converter and an input signal, 

which performs as switching signal. This system maximizes the generated power by the 

PV array .the results was suitable and the system easy to implement [8]. 

Tamer KHATIB, Azah MOHAMED present A Reliable Maximum Power Point 

Tracker for Photovoltaic Systems. they use the equivalent impedance of a load which make 

the response of the tracker faster and more efficient (95%) than P&O method (92 %) [9]. 

Ozdemir et al designed A single stage, three-phase three-level neutral point clamped 
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inverter. Voltage source was operated in current controlled mode and a PI current controller 

was used for the production of switching pattern. Phase Locked Loop method was used to 

operate inverter parallel with grid [10]. 

 Patil and Mahadik DEVELOPED A new system of Maximum Power Point 

Tracking (MPPT) consist of DC to DC converter controlled by microcontroller. The min 

point in their system is reducing the complexity. This is due to the use of PV output 

power to control the DC-to-DC converter. The system operates with high efficiency 90% 

[11]. 

Harish and Prasad presented a charging system of MPPT using microcontroller. 

P&O algorithm is used to acquire the peak power. This system has RS485 interface to 

transmit the data from the microcontroller to a remote location [12]. 

Hiwale et al presented An Efficient MPPT Solar Charge Controller using Perturb & 

Observe (P&O) algorithm. This system use ATMEGA 16 AVR processor with Buck 

converter [13]. 

Nowadays, the demand of control systems for various power electronic appliances 

had been increased. A lot of electronic researchers or designers have been working hard 

to find the most reasonable controller that can meet increasing demands. The idea of 

having a tracking system should be designed to capture the maximum of the energy 

coming from the sun.  It is seen that most of the researcher did their work in Perturb & 

observe algorithm. It is the most popular algorithm for Maximum Power Point Tracking 

as compared to other algorithms Therefore; this project concentrate on extracting the 

maximum of the solar energy through automatic tracking of the sun in a two-axis 

movable PV solar panel. 

 

7.1 Contemporary Issues 

 
Today, the knowledge of contemporary issues and societal context are considered as an 

important question to engineers. Engineers’ solutions requires both technical expertise 
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and understanding of societal and contemporary issues as well as the impact of their 

proposed solutions on human wellbeing. 

 

Awareness of contemporary issues in solar energy and their impact on technology and the 

workplace is essential during the engineering design process. For example, the cost of 

solar is down to just 10 percent of what it was five years ago [14]. But for solar to be 

viable without government subsidies (like the ones driving Japan's solar boom), the 

price per megawatt-hour will have to keep sinking. Materials like cadmium telluride, 

a crystalline compound used to make thin film solar cells, have helped drive down 

the price. These thin film cells can be manufactured much more quickly and 

inexpensively than silicon-based technologies, and collect more energy (ref Ker 

Than). In addition, the amount of energy generated by solar cells is sensitive to 

environmental changes, which can reduce electrical output as reported by “Inside 

Science (Ker Than)”. For energy storage, scientists have done a lot of work to 

overcome the problem of energy production during nighttime. A general solution is 

rechargeable batteries, other solutions include thermal power plants as reported by 

Carmel [15].  

It is also well known that sunlight will reach the earth through different angles that may 

not be captured by a fixed solar panel.  For this purpose, tracking systems are required to 

maximize the produced electric power or energy.  

Solar trackers are generally designed for climates with little to no snow or rain 

making them a more viable solution in warmer climates. While there are no global 

warming emissions associated with generating electricity from solar energy, there 

are emissions associated with other stages (manufacturing, materials 

transportation, installation, maintenance, etc.) as their manufacturing process, 

which includes a number of hazardous materials. These materials have to be 

recycled rather than thrown away in the environment [16]. 
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8. Project Description 

8.3. System Architecture and Functionality 

 
 In this project, the design and implementation of 2-axis solar tracking system using 

MPPT is investigated. This project is aimed to accurately determine the position of the 

sun to obtain the maximum solar radiation. This solar tracking system consist of so many 

parts working together to reach the aim.  This system starts with 4 LDR sensors, which 

provide feedback to a micro controller. Then, Micro controller will have processed the 

feedback and send signals to servo motors to move. These motors will move the PV panel 

towards the higher density of sunlight. PV panel will convert the sunlight into electricity. 

This electricity will be stored in the battery to later use with the help of charger controller 

to avoid any damage.  

 

Figure 8 Block Diagram of overall system 

8.3.1. Need for Solar Tracker 

 

A solar tracker is a device that is used to move the solar panel towards the sun 

using light sensors and motors in order to increase the amount of generated electricity. 
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The sun moves through 360 o every day from east to west and 46o from north to south 

over a year. According to these facts, there is a need for this device to capture the 

maximum of energy by tracking the sun movement. 

8.3.2.  Types of solar tracker 

 

a) Single Axis Trackers: 

 

 

Single axis tracker can only track the sun throug horizontal or vertical 

angles  . The horizontal type is used in regions that have short day where the 

vertical one used in  long day regions . Its construction not complicated but the 

losses of solar energy is high. 

b) Dual Axis Trackers: 

 

In Dual Axis Trackers, solar panel track the sun in the 4 directions throug 

horizontal and vertical motion. Acordingly, the efficincy of convertion enrgy will 

increce from 30% to approximately 40% due to pointing the sun at all time.  

8.3.3. Maximum Power Point Tracker 

In the voltage-current characteristic of a solar panel, there is a unique point that delivers 

the maximum possible power to the system. This point is the maximum power point 

(MPP) of solar panel.  
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Figure 9 Power Curve 

 

 

 

There are several methods to apply this technique such as: 

 Constant Voltage method 

 Open Circuit Voltage method  

 Short Circuit Current method  

 Perturb and Observe method 

 Incremental Conductance method  

 Temperature method 

 Temperature Parametric method  

But the most used is: 

 

a) Light Sensor Tracking. 

The methodology is depending on the reading of the spectrum of the light. If the 

light provides wider spectrum the PV will provide more wattage. So this method has a 

sensor to read these spectrums. 

There are some who use this method to track the light or the sun in one axis (x-axis 

for example) and some who use two axes to cover half sphere which is the required to 

track the sun. 
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In half sphere method the system has four LDR sensors. The LDR sensors is the 

perfect sensor for reading the sum of the spectrum because the chemical material it’s 

made of is reacting with the light. as much the light has wide spectrum the reaction 

goes stronger so I the sun (at full spectrum) in will reach its full reaction. 

The four LDR are distributed around the PV in two ways. First at the middle of the 

edges to read its position related to PV (top, lift, right, bottom). Second which is more 

affective is to place the LDR in the corners where the system uses the average of two 

sensors of the position. By using the average, it will eliminate the peak error which 

happened because the angle of the spectrum. 

 

Advantages:  

1. Most popular and commonly used. 

2. Fast reading and reacting. 

3. More affective. 

4. Simple on easy to build. 

5. Dose not requires powerful controller  

Disadvantages:  

1. Has parts different than the PV. 

 

b) Perturb and Observe method 

This method depends on the constantly checking the voltage (or current) to 

increase it according to the increases in power. When it passes over the maximum 

power point, algorithm will start decrees the voltage to compensate. This process will 

continue until reaching the maximum power point . 

Advantages: 

1. Comparatively accurate method. 

2. Dos not have more than PV and the controller  

Disadvantages: 

1. The output power will continue to oscillate around the MPP. 

2. It required a powerful controller. 

3. Has a lot of processes to track the light or the sun. 
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By overlooking in the two methodology and compere the advantages and disadvantages 

also considering the time we have to build the system and cost we found it is more 

affective, low cost and has more advantages that we use solar tracking system by LDR 

sensor.  

8.3.4. Project Constraints  

For project constraints, it is important to take into account technological and 

economic considerations to design solar tracking systems. However, the engineers of 

today need also to consider realistic constraints for higher system efficiency to obtain 

maximum power. During this project the following constraints have been considered. 

First, the designed tracking system needs to be cost-effective. Also, some components 

necessary for the design are not available in the Kingdom and need to be ordered 

overseas to avoid time delays. Other constraint include the rotation angle, which limits 

the range of motion of both degrees of freedom. This will be solved using limit switch. 

The size of the battery should be increased to cover the night hours and the cloudy days. 

During extreme position of the panel, it is important to keep the stability of the system to 

avoid unbalance and mechanical failure.  

8.4. Project Specification and Features 

8.4.1. PV panel  

 

Figure 8 Solar Panel 

PV panel which is a photovoltaic or solar module. It is a collection of solar cells. 

Each cell is made of semiconductor material like silicon.  It provides power when the 

sunlight (photons) hits its surface. A portion of its energy is absorbed by the 
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semiconductor to loose electrons and generate current and supply electricity. The more 

light that hits a cell, the more electricity it produces.  

Specifications: 

Table 1: Solar Panel Specifications 

Pmax 0.6 W 

Vmp 6 V 

Imp 0.1 A 

8.4.2. Buck Boost Converter  

 

Figure 9 Buck Boost 

The buck-boost converter is a type of DC-to-DC converter that has an output voltage 

magnitude that is either greater than or less than the input voltage magnitude.  It will 

regulate the voltage coming from the PV to the battery. 

Specifications: 

 Buck-Boost DC-DC Adjustable Step Up Down Converter 20W 5-32V to 1.2-

35V  

https://www.aliexpress.com/item/Boost-Buck-DC-DC-Adjustable-Step-Up-Down-Converter-XL6009-Power-Supply-Module-20W-5-32V/32627799347.html?ws_ab_test=searchweb0_0,searchweb201602_1_10065_10068_10501_10000074_10503_10000032_119_10000025_10000029_430_10000028_10060_10000067_10062_10056_10055_10000062_10054_10059_10099_10000022_10000013_10103_10102_10000016_10096_10000018_10000019_10000056_10000059_10052_10053_10107_10050_10106_10051_10000053_10000007_10000050_10084_10083_10000047_10080_10082_10081_10110_10111_10112_10113_10114_10115_10000041_10000044_10078_10079_10000038_429_10073_10000035_10121-10503_10501,searchweb201603_2,afswitch_1,single_sort_3_default&btsid=9e7fda41-2626-4eb7-a3c0-ba1aedfc69d3
https://www.aliexpress.com/item/Boost-Buck-DC-DC-Adjustable-Step-Up-Down-Converter-XL6009-Power-Supply-Module-20W-5-32V/32627799347.html?ws_ab_test=searchweb0_0,searchweb201602_1_10065_10068_10501_10000074_10503_10000032_119_10000025_10000029_430_10000028_10060_10000067_10062_10056_10055_10000062_10054_10059_10099_10000022_10000013_10103_10102_10000016_10096_10000018_10000019_10000056_10000059_10052_10053_10107_10050_10106_10051_10000053_10000007_10000050_10084_10083_10000047_10080_10082_10081_10110_10111_10112_10113_10114_10115_10000041_10000044_10078_10079_10000038_429_10073_10000035_10121-10503_10501,searchweb201603_2,afswitch_1,single_sort_3_default&btsid=9e7fda41-2626-4eb7-a3c0-ba1aedfc69d3
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8.4.3. Arduino Uno  

 

Figure 10 Arduino Uno 

Arduino is an open-source hardware platform designed around an 8-bit 

microcontroller, or a 32-bit Atmel ARM with a clock speed of 16 MHz. Arduino has a 

USB interface, 14 digital I/O pins (of which 6 can be used as PWM outputs), 6 analog 

inputs, a 16 MHz ceramic resonator. 

 

8.4.4. Battery (Lead acid)  

 

Figure 11 Lead Acid Battery  

A rechargeable battery is an energy storage device that can be charged again after 

being discharged by applying DC current to its terminals. Lead acid batteries are type of 

secondary batteries or as they are more commonly called - rechargeable batteries, 

reversibly convert chemical energy to electrical energy. Lead acid batteries have the 

lowest self-discharge rate compared to other types, and it requires a very low 

maintenance. Thus, it has the longest service life. In addition, it provides the greatest 

http://whatis.techtarget.com/definition/DC-direct-current
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amount of energy density, and it has the best charge retention. In this project, Lead Acid 

Batteries with deep cycle architectures will be used. It is the most used type in renewable 

energy generation. Deep cycle batteries are designed for maximum capacity and high 

cycle count . 

Specifications: 

Table 2 Lead Acid Battery Specification 

Chemistry Lead Acid 

Capacity 1 Ah 

Voltage 12 V 

 

8.4.5. LDR sensors  

 

Figure 12 LDR sensor 

LDR stands for Light Dependent Resistors and sometimes known as photo 

resistors. These are special kind of resistors whose resistance decreases with increasing 

incident light intensity. A photo resistor is made of a high resistance semiconductor. 

When light hits the sensor, semiconductor will absorb the photons to give electrons 

enough energy to jump into the conduction band and The resulting free electron will 

conduct electricity, thus lowering resistance with the increase in light intensity. Fig.13  
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Figure 13 light intensity Vs. resistance LDR  

 

There are many sizes of LDR but for this project the smallest one was preferred since the 

prototype is comparatively small. LDRs are the key of this project, which make the panel 

point to the sun during the day automatically. Two axis tracker require 4 LDRs place in 

the 4 corners of the panel in order to move in all directions depending on the average of 

each two (top-left / top-right, top-right / bottom-right, …) .Fig.14 

 

Figure 14 LDRs places with PV  
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8.4.6. Servo Motor   

 

Figure 15 Servo Motor 

There are several types of motors, but the most suitable type for this 

project is servo motors. Servo motors are kind of motors that rotate in steps with 

fast response. It is operates in closed-loop mechanism since it consists of position 

feedback sensor to control its motion and final position. fig.16  

 

 

Figure 16 structure of servomotor  

 

a servo motor function is to receive a signal of desired output and move 

until it turns to that position. So, it is perfect fit for this project, because it needs a 

fast response once the light hit the LDR sensors, and a slow speed of the motor to 

capture the effectiveness of the system. 
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8.5. Calculations to Select the System Components 

 

Through researching there were different methods used to adjust the project 

specific features, however, in this capstone project the power rating of each 

appliance should be well noted and analyze the system based on it [17]: 

8.5.1. Power consumed by the load  

 

The total power and energy consumed by the complete load should be computed as 

follows: 

a) Calculate total energy per day for the complete load. 

 

Total appliance use = (0.6W x 6 hours) = 3.6Wh/day. 

b) Calculate total energy per day needed from the PV modules 

 

Multiply the total appliances energy per day times 1.3 (the energy lost in the 

system) to be provided by the panels. 

 

Total PV panels energy needed = 3.6 x 1.3= 4.68 Wh/day. 

8.5.2. Size the PV modules 

 

To find the size of PV module, the total watt peak and the number of PV panels for 

the system should be computed as follows: 

a) The total Watt peak needed for PV modules 

 

Divide the total energy per day needed from the PV modules by the “panel 

generation factor” which is 4 in Saudi Arabia. 

Total Watt peak needed for PV modules  =
4.68 Wh/day

4  
= 1.17 Wp 
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b)  The number of PV panels for the system 

 

Divide the total Watt peak by the rated output Watt peak of the PV modules 

available.  

Number of PV panels needed =
1.17Wp 

0.6  
= 0.195 module 

So this system should be powered by at least 2 modules of 0.6 Wp PV module. 

8.5.3. Inverter sizing 

 

The input rating of the inverter should never be lower than the total watt of the load 

and it must have the same nominal voltage as the battery. 

8.5.4. Battery sizing 

 

The battery size should be computed as follows: 

c) Calculate total energy per day used by load.  

 

Total energy per day =  (0.6W x 6hours) = 3.6 Wh/day 

d)  Divide the total energy per day used by 0.85 for battery loss. 

 

Total energy per day =
3.6 

0.85 
= 4.24 Wh/day 

  

e)  Divide the result by 0.6 for depth of discharge.  

 

Depth of discharge =
4.24

0.6 
= 7.1 

 

f)  Divide the result by the nominal battery voltage.  

7.1 

12
= 0.58 
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g)   Multiply the result with the number of days that the system will work when there 

is no power produced.  

 

Battery capacity =
0.6W x 6hours

0.85 x 0.6 x 12V 
x 1 Day = 0.588 Ah 

 

 Total Ampere-hour required 0.588 Ah, So the battery should be rated 12 V 0.588 Ah 

for 1 day.  

8.5.5. Charge controller sizing 

 

The sizing of solar charge controller is compute by multiplying the short circuit 

current (Isc) of the PV by 1.3: 

Solar charge controller rating = 0.1 x 1.3 = 0.13A 

So the solar charge controller should be rated 1 A at 12 V or greater. 

 

8.6. Final circuit  

 

Figure 17 System circuit 
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The circuit has four LDR as shown each LDR is connected to the Arduino through 

voltage divider with a resistor the voltage here used to let the Arduino read the 

voltage variance as an indicator. 

 

8.7. Flowchart of the system  

The system as any system has a flowchart as an auto decision-making. This 

system does not have an end because it’s always tracking the sun. The system has 

two type do decision making one for the direction of the movement two for reach 

the highest light to absorb. By the flowchart we can found there is two loops. First 

loop is for the movement to reach the highest light, second loop is for reading the 

sensor if they are different or not.  
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Figure 18 Flowcharts 
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8.8. Final Prototype  
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9. Project Management 

9.1  Cost Estimates 

Table 3 Cost Estimation 

Part Name Price per each Quantity Sub Total 

LDR 4 SAR 4 16 SAR 

PV (20W) 45 SAR 2 90 SAR 

Servo Motor (13 

Kg*cm)         

75 SAR 2 150 SAR 

Arduino Controller 120 SAR 1 120 SAR 

Wood Plate (8 mm) 40 SAR 1 40 SAR 

Resistors 0.5 SAR 4 2 SAR 

Power supply 50 SAR 1 50 SAR 

Screws 0.1 SAR 20 2 SAR 

Motor Holder 15 SAR 2 30 SAR 

Battery (20Amp) 45 SAR 1 45 SAR 

  Total 743 SAR 

 

9.3.  Project Risk Assessment 

9.2.1 Solar panel 

- If the required size of solar panel is not available in the market, it is planned to 

connect multiple solar panel to achieve the electrical requirement. 

9.2.2 Motors  

- If the required size of solar panel is heavy, the hydraulic or pneumatic 

actuators will apply to support the motion of the motors. 
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9.4. Problems faced and the solutions 

 

9.4.1. Designing the model: 

The most challenging part in this project was design and builds the physical 

model. The position of the two motors was the key of this problem. After looking in 

YouTube and do some search in Google, final design was investigated. 

9.4.2. Solar panel  

The Weight of the panel was unknown. an important information like this number will 

affect the motion of the motors. the solution was to use small and light panel with a 

Appropriate motor size . 

 

10. Conclusion and Scope for Future Work 

10.1.  Conclusion 

 

Solar energy is considered as one of the most promising means of renewable energy 

sources of the future. Sunlight reach the earth through different angles that may not be 

captured by the panel, thus, a tracking system is required to capture sun light and 

maximize energy. In this project, the design of a two-axis solar tracking system  has been 

investigated and designed. The main objective was to track the sun in order to maximize 

solar radiation absorption. This system is composed of 4 LDR sensors connected to a 

micro controller. Two motors have been used for panel motion.  
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10.2.  Future Work 

 
 
 In Future there will be a need of renewable energy sources to produce electricity 

instead of the traditional ones. This project will help in producing energy for small 

villages by supply sufficient amount of energy using high sensitive solar panel that works 

in mild sun light. The use of solar panels can be in daily life for the starting whit small 

loads like mobile phone chargers and LED house lighting, etc. 
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