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Abstract: Solar power although an abundant source of 

renewable energy must be utilized properly. One of the main 

factors to optimize its benefits is the capacity of the consumers to 

efficiently channel its power. The motivational factor of this 

endeavor is creating a robotic sunlight tracker system in 

harnessing solar radiant to its optimum potential in the Philippine 

setting, where sun’s insolation is low on the average due to the 

factors affecting climate conditions (like temperature, rainfall, 

storminess, winds, etc.).The study developed a prototype robotic 

sun tracker that is operated by a microcontroller using the sun’s 

perpendicularity and shadowing techniques in the design of the 

mechanism that injected an intelligent comparator algorithm. A 

motor control method was used to execute the best turn to harness 

the optimum solar energy with an Arduino based monitoring 

system that measured the voltages obtained from each of the 

set-ups. The result was a 29% improvement in generating 

electricity using the robotic sun tracker system versus static panel 

installation. 

Index Terms: Arduino based monitoring system, 

microcontroller, robotic sun tracker, shadowing technique, solar 

radiant  

I. INTRODUCTION 

The discovery of electricity leads to the many wonderful 

inventions that have made the lives of mankind easier. But as 

the earth is aging so as some of its resources like the 

nonrenewable sources of energy that the majority of mankind 

are consuming. Thus, more and more countries are starting to 

divert the greater percentage of their electricity to renewable 

energy sources [1] as convened in the Paris Agreement on 

Climate Change which the Philippines is also a member [2]. 

The Greenpeace organization in the Philippines reported 

the need to fully implement and support the RE (Renewable 

Energy) Act of 2008 where energy efficiency measures 

would 

help the country in deterring the rising costs of fossil fuels[3]. 

 Solar power as an abundant source of renewable energy must 

be optimized and utilized properly and one of the main 

factors to maximize its benefits is the capacity to efficiently 
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channel its power. The solar irradiance which is the amount 

of radiant energy coming from the sun [4] is not the same 

between countries as described in global solar atlas [5]. As 

for the philippines which is not even in the top 50 countries 

with the highest index of solar insolation distribution. The 

motivational factors of this undertaking are to create a robotic 

tracker in harnessing sun’s power in its optimum potential in 

the philippine setting, where sun’s insolation is low on the 

average and to determine the efficiency of utilizing a robotic 

sun tracker versus the static installation of solar panels.   

II. RELATED WORKS 

Hargreaves [6], presented the obtained data from NASA 

LaRC Power Project, the distribution of earth solar 

insolation at the ground level of the top 50 nations and 

unfortunately the Philippines is not included.  

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Top 50 Nations for Earth Solar Insolation (2015) 

 

Fig.1shows the top 50 nations in terms of earth solar 

insolation, this means that these countries are capable of 

generating more solar power energy without the extra help 

from panning and tilting technology such as automatic sun 

tracker. The earth’s rotation in a particular region will 

complete one rotation every 24hrs (based on a solar day) and 

thus moves at a rate of 15° per hour (one full rotation is 360°). 

Because of this, the sun appears to move proportionately at a 

constant speed and creates a daily solar arc that serves as the 

path of the sun’s motion across the sky. At certain latitude 

that corresponds to its angle, the sun will travel across the sky 

each day [7]. 
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Fig.2. The different angles of the sun. Source: Adapted 

from [7] 

Fig. 2 shows that the sun moves at a rate of 15° per hour to 

create the sun's arc will be the theory behind why every 

minute is critical in harnessing the sunlight, thus solar panel 

must be tilted move in accordance with this arc. 

 R. del Rosario, et.al.[8], proved that the solar trackers can 

add to the productivity of harnessing the sunlight, in terms of 

cost and size saving as well as the number of solar energy 

gains. The study was based on a real-time keeping chip, to 

automatically determine the optimum amount of sunlight in 

every 30minutes from 6AM-5P in a small farm with an 

incubator, lamp, and aquarium pump motor. Using tact 

switches to manually tilt the motor of the panels and to 

modify the clock thru 16x2 LCD. Thus, the paper highly 

recommends integrating the wireless technology using a 

microcontroller to maximize its duty cycle up to 6% and to 

become flexible and efficient in terms of management and 

maintenance. 

Bione, et.al.[9], conducted a study to compare the 

performance of the pumping systems driven by fixed, 

tracking and tracking with concentration PVs. A theoretical 

simulation, as well as the experimental comparison between 

three cases, was performed. The effects showed that it had 

significantly proven that PV with tracker obtained higher 

value in terms of volume of water is pumped out of 7.4 

m3/day. Based on these findings, it has proven that there is a 

significant difference between fixed PV (photovoltaic) solar 

panel and the PV with a tracker, which concluded the latter to 

be more efficient. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. The panel perpendicular efficiency to the rays of the 

sun. Source: Adapted from [10] 

Fig.3 illustrates the efficiency of solar irradiance 

collection of the solar panels that depends on when the sun's 

rays are perpendicular to the panel's surface [10]. 

Light Dependent Resistor (LDR) or photocells serve as 

the input transducers in the system. These photocells are light 

sensors devices that automatically detect lights. An LDR is a 

component that has a (variable) resistance that changes with 

the light intensity that falls upon it. Miniatures photocells 

LDR were used in developing the prototype [11]. 

 

 

 

 

 

 

 

Fig.4. A miniature Light Dependent Resistor (LDR) 

sample. 

 

Figure 4 shows a miniature photocell or LDR in a 

miniature epoxy sealed open frame package (4mm dia.). 

Resistance reduces as light falling on the device increases. 

 

 

 

 

 

 

 

 

 

 

Fig.5. Typical LDR resistance vs. Light Intensity Graph 

 

Figure 5 represents a typical LDR resistance versus light 

intensity graph that shows that resistance is inversely 

proportional to light intensity. 

Shinya, et al.[12], presented theories on shadowing 

technique on their paper, “Rendering Techniques for 

Transparent Objects”, the concept of shadowing to calculate 

luminance for a particular area for emphasis in terms of rays 

of light that will be reflected from a light source which is 

important for creating a realistic picture of transparent 

objects for computer graphics. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6 Illuminance formula for luminous intensity. 

Source: Adapted from [12] 

 

Fig. 6 shows the formula to get the luminance of a certain 

set-up and to get its luminous intensity. 
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The theory of shadowing to get the luminance 

concentration is used in designing the holder mechanism of 

the photocells or light dependent resistors (LDR) as the light 

sensor to control the turns of the motors (servo). 

Actuators are motors that convert energy into turning force 

which then move or control a mechanism or a system into 

which they have been incorporated. An actuator can 

introduce motion as well as prevent it. It typically runs on 

electric or pressure (such as hydraulic or pneumatic). The 

control system can be controlled mechanically or 

electronically, software driven or human operated [13]. The 

“servo” motor is used as a type of actuator to the system to 

provide speed control and position accuracy due to its 

feedback mechanism. 

The resistance (ohm) of light sensors (LDR) is converted 

to voltages using Ohm’s law. This law states that the 

“electrical current flowing through a fixed linear resistance is 

directly proportional to the voltage applied across it, and also 

inversely proportional to the resistance”, forming the 

relationships between the Voltages, Current and Resistance 

of Ohms Law [14] as shown below. 

 

 

                    (1) 

Ohm’s Law Relationship 

III. THE PROPOSED FRAMEWORK 

Different concepts and algorithms were used in the 

designing of the system’s prototype.  

The block diagram below represents the important phases 

used in the development of the robotic sun tracker using light 

sensors. 

A. Block Diagram of the System 

 
 

Fig. 7 Block Diagram of a Dual Axis Sun Tracker System 

Fig. 7 models the system from the mechanism that holds 

the four light sensors (LDR) in a dual axis border and a solar 

cell connected to the two-axis servo motors. These two-axis 

servo motors execute the best angle turn based on the best 

signal pulse modulator (SPM) that is based on the algorithms 

applied in the Arduino coding that process and perform to 

execute the optimum angle turn facing directly the sun. 

B. The Design 

The design of the robotic sun tracker is divided into four 

major phases: 

1. Solar Panel Holder (light sensors and solar cell) 

2. The Interface (circuit converter)  

3. The Microcontroller (Arduino nano) 

   4. The Actuator (Servomotor)  

 

The Solar Panel Holder 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.8 Holder’s Top View      Fig.9Holder’s Isometric 

View 

Figures 8 and 9 model the holder’s top and isometric views 

respectively printed in a 3d printer that served as the material 

to hold or to put together the dual axis border and the light 

sensors. The X part top of the dual axis border was designed 

using the shadowing technique for illuminance concentration 

[15]. 

The Interface 

Applying Ohm’s law in the circuit design of the interface 

that converts the Resistance coming from sensors (LDR) as 

analog output to the voltage that served as an analog input to 

the microcontroller (Arduino nano). 

The Microcontroller 

 The microcontroller using an Arduino nano is the brain of 

the system. The 4 analog signals from the interface were fed 

to the analog input pins of the Arduino Nano. The comparator 

algorithm was applied for the optimum results that were 

converted into digital signal outputs as the best vector 

direction for the Servo motors turns. 

 

 

 

 

 

 

 

 

Fig.10. Vector Direction for Servo Motor Movement 

 

 

Dual axis border for 

shadowing technique 

Light sensor (LDR) in 

quadrant D 
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Fig. 10 shows the vector guide in addressing the 30% 

tolerance of pulse width modulator signal values. 

 

 

 

 

Fig.11 An Arduino Nano microcontroller. 

 ig. 11 pictures a small and compact type of microcontroller 

that was used in processing the codes in Arduino. This was 

programmed using intelligent comparator and motor control 

algorithms to obtain optimum results. 

The Actuator (Servo Motor) 

 

 

 

 

Fig. 12 A Micro-Servo motor (SG-90) 180 degrees for 

Arduino. 

Two Servo motors were used for dual axis movement that 

executes the best turns to track the sun. These turns are in 

digital signals Pulse With Modulation (PWM) fed by the 

microcontroller [16]. 

C. The Arduino Based Monitoring Module 

  The Arduino based monitoring system is a module that 

monitors and measures the number of voltages produced by 

the two set-ups namely the one using the robotic sun tracker 

and the other set-up that panel is in static mode. 

 The program automatically monitors and evaluates the 

results of both set-ups graphically. These graphs are the basis 

for evaluating the performance of the robotic sun tracker 

system. 

 

 

 

 

 

 

 

 

 

Fig.13 The actual set-up for testing and validation 

procedures. 

 Figure 13 shows the actual set-up during the testing and 

evaluation of the study. It shows the robotic sun tracker in 

parallel with the panel installed in a static position. The 

system was tested between 7 am to 3 pm on a day with fair 

weather. 

IV. RESULTS 

 The result of the Arduino based monitoring system is 

presented based on its tabulated outputs.  

 

Fig.14. Graph of voltage measurement of using Robotic Sun 

Tracker versus panel in a static position 

 Fig.14 presents the result of the Adruino based monitoring 

system. The curve line in color blue denotes the value using 

the robotic sun tracker while the line curve in color red 

denotes the value of panel installed in a static position. 

 Below is the table of values in terms of the voltage 

generated by both set-ups.  

Table I 

Voltages generated by each of the set-ups. 

 

 

 

  

 The values show an improvement of 29% which is 

significantly showing an increase in performance on using a 

robotic sun tracker. 

V. CONCLUSION 

  The study has proven a very significant improvement of 

29% on the capacity of the robotic sun tracker to harness 

more radiant energy than static installed solar panels. 

 But other factors must be taken into consideration for 

further undertakings, such as the sturdiness of the set-up, the 

quality of the panels to use, the cost to incur for using the 

system, space to use for the set-up and others.   

 This paper also emphasizes on the need for more simple yet 

powerful innovations to kick-off now that humanity is more 

aware of the crisis brought about by climate change and 

increasing cost of none renewable sources of energy [17]. 
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