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CHAPTER I 

INTRODUCTION 

1.1 Background 

Automatic control system plays a vital role in the technological progress. It 

has ranges from very simple controls to fairly complex controls. Automatic 

refrigerators and ovens are examples of the simpler systems. Aircraft automatic 

pilots, inspection robots in manufacturing, electric power generation, and 

distribution systems represent complex control systems. Control system was found 

in many case where a large power controlled by smaller power. The advantages of 

control systems are better consistention of product, decreasing of operation costs & 

operators, and optimization of high safety process [1, 2, 3]. 

The most popular research topic on renewable energy is about solar energy 

that is focused on designing systems to optimize the efficiency of solar energy 

absorption. One interesting topic is a real time solar tracking system by facing the 

sun. Solar tracker can increase the output power up to 20-25% for single axis and 

30-45% for dual axis. Azimuth & elevation solar tracking allows solar panel to be 

moved left to right direction by rotating the azimuth plane as well as upwards or 

downwards in the elevation plane [4, 5]. In this case the control systems is being 

very important to get the consistency of the system rotation. The precision solar 

tracking system will give higher efficiency, so the varied methods has been applied 

to get more accurate tracking position. Such as uses the astronomical calculation, 

GPS, light sensors, until camera with image processing. 

The image processing produces higher accuracy on the sun position 

detection, as known the error values result from the previous simulation project are 

0.3688˚ (azimuth) and 0.3874˚ (elevation), in the other project the accuracy of 

tracking system without being affected by the weather can reach 0.1˚, while in the 

other research by designing system that is capable to detect sun position in cloudy 

weather can reach 0.04˚ [6, 7, 8]. These advantages have been compared with the 

other research method, such as using astronomical calculations the error is1.0997˚ 

(azimuth) and 1.2877˚ (elevation), LDR which can increase the error in percentages 

up to 18.13%, while using the photodiodes can reach until 5˚ error value [6, 9, 10]. 



2 

  

These previous results shows that the image processing is more accurate because it 

can provide the precise sun centroid coordinate pixels as feedback path in real time. 

The sun image is captured by the camera then processed to detect the pixel 

coordinate of sun centroid. The sun centroid must be in the center of the camera 

frame, so the servo motors are used to adjust the position of solar panel to track the 

sun position. Greater resolution of the camera will provide better performance of 

solar tracking process [11]. The pixel position of sun centroid is represented by the 

x and y value which represent the error value from the midpoint of camera frame. 

These values are used as the initial setpoint for azimuth and elevation axis to rotate. 

The accuracy of the system won’t be reached without the precision angle of 

servo motor rotation although the initial setpoint has very precision value. The servo 

motor in this system is an actuator that rotates to remove the sun position error. 

Servo motor is formed from DC motor which is controlled in closed loop system to 

rotate as much as the reference angle [12]. There are several servo controllers i.e. 

PID, Fuzzy Logic Controller, Neural Networks, and Line Quadratic-optimal 

Controller. But these controllers have less resistant to the external disturbance [13]. 

Moreover the DC motors have the nonlinearity, so the robust controller is needed. 

Sliding Mode Controller (SMC) is one of the popular control strategies and 

powerful control technology to deal with the nonlinearity. SMC has two main part, 

they are the sliding function and the sliding surface. The precise dynamic model are 

not required and the control algorithms can be easily implemented. However the 

parameters design of sliding function will affect the robustness of SMC [14]. 

PID controller is one of most popular control algorithm in the linear control 

systems. Proportional controller is directly equal to the error input, Integral is 

identic to the area under the error curve, and Derivative is equal to the rate of the 

error change. PID controller has any advantages that has a major influence in the 

performance system. So the PID controller is one solution to solve the problem in 

designing the SMC’s sliding function parameters to optimized the robustness. 

In this final project, Sliding Mode Controller with PID sliding function 

(SMC-PID) will be applied to control the angular rotation of the DC motor. The 

initial reference is according to the image processing result, while the feedback 
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signal is based on the encoder value. SMC is used to achieve the robustness to the 

system parameters variation and external disturbances. The main term is to get the 

most accurate and high precision panel position in order to track the sun position 

on azimuth and elevation angle. 

1.2 Problems Formulation 

Based on the background that has been stated before, the formulation of this 

final project problems are as follows: 

1. How to design SMC with PID sliding function for accurate positioning solar 

panel interm of azimuth and elevation tracking? 

2. How to implement SMC with PID sliding function for accurate positioning solar 

panel interm of azimuth and elevation tracking?  

1.3 Objectives 

Refers to the formulation of the problems that have been mentioned 

previously, the purpose of this final project are: 

1. Designing SMC with PID sliding function in the simulation and hardware 

validation for azimuth and elevation system using LabVIEW and the accurate 

encoder for accurate system modeling. 

2. Implements SMC with PID sliding function to DC motor using LabVIEW and 

MyRIO for accurate positioning with sun position image as initial reference and 

accurate encoder feedback path. 

1.4 Problems Limitation 

Limitting the problems is needed to make the discussion more focused, that 

is as follows: 

1. The azimuth and elevation tracking system of solar panels is designed in 

prototype form, with the actual solar panel system reference. 

2. The Identification of actuator modeling (DC motor) using the identification 

toolkit that available in LabVIEW. 

3. The control method used is SMC-PID compared with PID. 

4. The sun position image is only for the initial reference (setpoint) of the 

controller, while the feedback used in controller is the encoder. 
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1.5 Writing System 

Systematic of writing the final project “Accurate Positioning Control of 

Solar Panel System for Azimuth and Elevation Tracking using SMC based Sun 

Position Image” is as follows: 

CHAPTER I INTRODUCTION 

The introduction chapter describes the issues raised that consist of 

background, problems formulation, objectives, problems definition, and 

systematics of writing about the final project. 

CHAPTER II LITERATURE REVIEW 

Contains a literature review of previous research or reference journals or 

books that support or pertain to the final project title. 

CHAPTER III METHODOLOGY 

Contain a method of designing or means how to achieving the objectives of 

the proposed problem formulation. 

CHAPTER IV RESULT AND DISCUSSION 

Contains about the presentation of the test result as well as discussion of 

data generated from system testing. 

CHAPTER V CONCLUSION AND SUGGESTION 

Contains conclusion and suggestions on the analysis that has been done and 

the performance of the simulation and tools (hardware) used when working on the 

final project. 


