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1. Introduction 

Nowadays, the use of solar energy to electrify the 

domestic premises has been widely implemented. The clear 

benefit of using renewable and clean energy sources accelerate 

growth in research and development in the area of solar 

harvesting technology [1]. In Malaysia context, the hot climate 

season provide big advantages for solar PV installation [2] 

where the cost of solar installation is still expensive compared 

to conventional type of energy generation.  

The movement of the sun throughout the day lead to static 

solar PV installation looks less efficient compare to the PV 

panel that can track the sun movement [2]-[5]. Therefore, the 

ability of the solar system that can track the sun and move the 

panel surface to always facing the sun give a lot of 

advantageous compared to the static system [4]-[8].  

Thus, this project exploring and study the different 

between static solar panel and solar with tracking system. The 

proposed solar-based project will be in small scale focusing on 

educational kit to demonstrate how PV system works, with a 

connected load which this project connected to RGB strips, 

along with Internet of Things (IoT) concept for monitoring 

purposes [9]-[17]. The selection of dual axis system is expected 

to gain 25% more efficiency compare to single axis system in 

capturing the solar energy from the sun [6]. 

 

1.1 Project Objectives and Scopes 

Main objective of this project was to design and study 

Arduino programming that sense LDR and able to compare the 

intensity of light. System also need to be able to simulate 0° - 

360° rotating servo motor of solar panel upon LDR sensing to 

obtain the maximum efficiency of solar energy. Finally. 

construction and validation of  a dual axis solar tracker project 

that has monitoring display for daily monitoring and 

comparison purposes using Blynk application. 

However, some limitation has been set to achieve the 

project goal.  
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a. Designing C++ Arduino uno microcontroller as 

project controller including interfacing Nodemcu for 

IoT.  

b. Using light dependent resistor (LDR) as a light 

sensor where this sensor varies the resistance 

depending upon the light fall. The converted digital 

form Analog signal through ADC embedded in 

Arduino microcontroller will compare the difference 

LDR voltage level.  

c. By using servo motor to control the solar rotation 

angle. The difference between LDR voltage level 

will drives the servo motor towards normal incident 

of sunlight where it catches the most sunlight. The 

angle of rotation is set by controller. 

 

2. Literature Work 

Solar Photovoltaic (PV) System is an electrical system 

that convert light to electricity. The electricity produces from 

the PV Module in the form of Direct Current (DC). Due to the 

distribution of the electricity is using Alternating Current (AC), 

the electricity from PV Module is converting DC to AC using 

inverter. The transformer is to step-up the voltage level of PV 

system to match grid voltage level. Basically, the components 

of Solar PV System are consisting of Solar PV Module, solar 

charger controller, battery, inverter if needed and load. A PV 

module is packaged, connected assembly of 6x10 photovoltaic 

solar cells. Photovoltaic modules There are 3 types of PV 

Modules which are Monocrystalline, Polycrystalline and Thin 

Film. These 3 types of PV modules have their own leading 

characteristics and contrast.  

 

2.1 Solar Tracker in Photovoltaic Application 

Normally, the existing system has maximum energy from 

the sun is received only from morning 11 am to afternoon 2 pm, 

due to solar panel is always kept tilted 30º facing north and 

charges a dry cell that normally has a rating of 5V to 24V. Two 

types of solar tracker consist of single and dual axis tracker. 

Single axis solar tracking system could improve the incident 

angle of sunlight. In order to ensure maintain and increase 

maximum power output from PV cells, the sunlight’s angle of 

incidence needs to be constantly perpendicular to the solar 

panel. This requires constant tracking of the sun’s apparent 

daytime motion, and yet it will develop an automated sun 

tracking system which carries the solar panel and positions it in 

such various ways that direct sunlight is always focused on the 

PV cell 

Single-axis solar tracker rotates with one axis moving 

back and forth in a single direction. Different types of single-

axis trackers include horizontal, vertical, tilted, and polar 

aligned, which rotate as the names imply, meanwhile dual-axis 

solar tracker continually face the sun because they can move in 

two different directions. Types include tip-tilt and azimuth-

altitude. Dual-axis tracking usually used to turn a mirror and 

redirect sunlight along a fixed axis towards a stationary 

receiver. These both trackers follow the sun vertically and 

horizontally, so they help gain maximum solar energy 

generation. 

 

2.2 Project Description 

The main objective of this project is to develop an 

automatic solar tracking system where with the system, the 

solar tracker will be able to keep aligned with the sun in order 

to produce as maximum as much power. The system focuses on 

the controller design and set the rotation of motor upon 

receiving sun to get the maximum intensity of sun. When the 

intensity of sunlight is decreasing, this system automatically 

changes its direction to get maximum intensity of Sunlight [1]. 

A Blynk application has been added to monitor the 

performances of solar panel. 

 

2.3 Solar Panel 

The most significance component in the system is the solar 

panel itself. This project uses Polycrystalline solar panel as it is 

known as high efficiency type other than thin film. 

Polycrystalline silicon solar panel are space efficient, which is 

suitable for this smalls scale project aside of producing high 

power. Polycrystalline also live as the longest, hence it can be 

used for a long period of time. It is easy to get as the 

manufactured of PV crystalline is worldwide production. 

Polycrystalline solar panels tend to have slightly lower heat 

tolerance than monocrystalline solar panels. This project use a 

panel of 10W, 12V solar panel as on Fig. 1. 

 

 
Fig. 1 – Polycrystalline Solar Panel 

 

In order to choose the best manufacturer of Polycrystalline 

solar panel, few calculations of the model efficiency (1) must 

be considered as follows and further calculation will be 

demonstrated in part 3.0 onwards: 

 

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝑃𝑜𝑢𝑡_𝑆𝑇𝐶

𝑃𝑖𝑛
=

𝐼𝑚𝑝_𝑆𝑇𝐶×𝑉𝑚𝑝_𝑆𝑇𝐶

ℎ×𝐴
 (1) 

 

2.4 Rechargeable Battery 

A rechargeable battery dry cell that has function in the 

same way as primary cell which is non-rechargeable battery. 

The difference between these two batteries is the chemical 

reaction that happened in reverse during the recharge cycle. In 

solar panel, rechargeable battery is used to store the energy 

collection from the sun that need to be used later by the load 

and normally use is lead acid type. This batter is a wide 

deployment due to their cheap and relatively long service life, 

that can keep up to 15 years.  A capacity of 7.2Ah, 12V battery 

is expected to last for a 8 hours long time (refer to Fig. 2). 
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Fig. 2 – Lead Acid rechargeable battery 

 

 

2.5 Servo Motor 

Servo Motor or Brushless Servo Motors have windings in 

the stator and permanent magnets attached to the rotor. No 

brushes are used. Brushless servo motors provide high 

acceleration, high torque, and no maintenance [2]. 

This project has use MG946R Towerpro Digital Metal 

Servo type that able to carry up to 13KG High torque and load 

as on Fig. 3. Two similar type of motor is used for rotation 

angle, horizontally and vertically. Motors are attached at mild 

steel-based to hold the solar panel and get instructions from 

Arduino that sense LDR. 

 

 
Fig. 3 – Servo Motor MG946R Towerpro type 

 

 

2.6 Light Sensor 

One of the sensors that detect the existence of sunlight or 

light is Light Dependent Resistor (LDR) aside of photoresistor. 

It functions as a resistor, two terminals, no polarity, the 

resistance decreases when it is expose to higher light intensity 

and normally use with another resistor as voltage divider. 

Basically, it is a light sensitive resistor, the resistance will 

decrease when the surface is expose to light. Total LDR used 

for this project is four and each LDR will compare the 

resistance value to give signal to controller and therefore, motor 

will rotate. Partitions are used to let the LDR sense the highest 

resistance before it instructed motor to move (Fig. 4). 

 

 
Fig. 4 – LDR for sensing light 

 

2.7 Arduino Uno 

Arduino Uno is a type of controlled that use in the project 

to keep the solar panel aligned with the sun in order to 

maximise the power efficiency. Arduino Uno is one of the 

microcontroller that has been selected to convert the Analog 

signal photocell voltage into digital values and provide output 

channels for motor rotation. This project connected with 

Arduino Maker Uno as the brain of project as it is fully 

compatible with Arduino. It also can share same library and 

code besides equipped 12 LEDs, 1 piezo buzzer and 1 

programmable button on the Maker UNO. 

 
Fig. 5 – Arduino Maker Uno as controller 

 

2.8 NodeMCU Controller 

One of the available controller that can be used in the 

project is NodeMCU. NodeMCU can acts as an interface 

between hardward and software through Blynk application. 

This IoT board is an open source that refers to various 

firmware. It includes firmware that runs on ESP8266 WiFi and 

hardware which is based on ESP-12 modules. The languages 

involving in this firmware are including C and C++ scripting 

language. The input for this project is sensor voltage and 

internet, while for the output displayed on smart phone [4]. 
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Fig. 6 – NodeMCU ESP8266-12 type 

 

2.9 PWM Charger Controller 

A PWM charge controller or charge regulator is a voltage 

and current regulator to keep batteries from overcharging (Fig. 

7). It regulates the voltage and current coming from the solar 

panels going to the battery. Solar panel of this project is 12V 

and need to charge 12V, so if there is no regulation the batteries 

will be damaged from overcharging. Normally battery need 

around 12V to 14V to get fully charged. Its purpose is to keep 

the system batteries charged and safe for a long time. Pulse 

Width Modulation (PWM) type of solar charger has been 

selected due to can reduce battery heating and gassing. It also 

automatically adjusts for battery aging, self-regulate for voltage 

drops and temperature effects in solar systems. 

 

 
Fig. 7 – PWM charger controller 

 

2.10 Voltage Sensor 

This kind of electronic sensor has its input voltage which 

is voltage to be measured is restricted to 25V. A simple and 

useful module which uses a potential divider to reduce any 

input voltage by a factor of 5 [3]. This allows to use the 

analogue input of a microcontroller to monitor voltages much 

higher than it capable of sensing. The module also includes 

convenient screw terminals for easy and secure connection of a 

wire (Refer to Fig. 8). It will transmit the data to the Arduino 

which interfacing with NodeMCU for Blynk. 

 

 
Fig. 8 – Voltage sensor 0-25V 

 

 

3. Methodology 

This project is designed with solar panel, Light Dependent 

Resistor (LDR), Arduino Uno controller, Servo Motor and its 

particular driving circuit. LDR varies the resistance depending 

upon light fall. The varied resistance is converted into an analog 

voltage signal. The analog voltage signal from solar sensor is 

then fed into controller Arduino Uno which ADC (Analog 

Digital Converter) in it. The converted digital signal is given as 

the input of Arduino Uno. When there is difference between 

LDR voltage levels controller program drives the servo motors 

towards normal incidence of sunlight where it catches the most 

sunlight.  The additional Blynk is for monitoring purpose from 

distance for solar panel to ensure it maintain optimum 

performance. 

 

3.1 System Diagram 

Based on the diagram in Fig. 9, the process starts with 

sensing sunlight with Light Dependent Resistor (LDR) and will 

convey the result to the Arduino Uno. The program works by 

comparing the resistance of the four sensors and moving the 

motors. How sensitive those sensors are completely depending 

on the programming coding. When sunlight falls on the sensors, 

the value of potential divider circuit will be changed. 

 

 
Fig. 9 – Block diagram of the complete system 
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Fig. 10 – Schematic diagram of Arduino connection 

 

 
Fig. 11 – Block diagram for controller 

 

 
Fig. 12 – Flowchart of the LDR with connection to 

controller 

 

Fig. 10 and Fig. 11 show input and output sensors 

connected to the Arduino controller. Firstly, the sensors will 

give signal to controller. When sensor is normal to the sun, 

there is no shadow of object on the LDRs. Then, the light 

intensity which on the LDRs is same. Therefore, digital values 

are also same. Thus, the motor will not rotate. If sensor is not 

normal to the sun, there should be shadow of object on one of 

the LDRs. Then the digital value of the LDR which get dark is 

less than the digital value of another LDR. 

For example, if voltage value of LDR A is less than LDR 

C and LDR B is less than LDR D, the motor will turn in right 

direction since LDR C and D has higher amount of voltage. 

Once all the voltages are the same, the motor will stop rotating. 

During night time, all the sensor’s voltage need to remain all 

same so that it will not move from its initi.al position. This can 

be done by programming. The flowchart in Fig. 12 explained 

how LDRs working. 

 

 
Fig. 13 – Block diagram for NodeMCU ESP 8266-12 

 

Fig. 13 above shows how Blynk application is interfacing 

with NodeMCU ESP 8266-12 which have wifi functionality. 

This wifi module has 1 input only which is connected with 

voltage sensor. Therefore, all the voltage performance each 

time is monitored through the Blynk applications in 

smartphone from a bit far. 

 

3.2 System Specification and PV Based Modelling 

Table 1 shows detailed specifications of the system. The 

most crucial and hardest part is to assemble the mild steel with 

the plywood. The mild steel must fabricate nicely according to 

project and must fit motors well. It requires a lot of time to 

configure exact dimension and placement of the materials. 

RGB is place at the end of product to see it works. 

Table 1 - Project specification with the list of equipment 

 
 

Fig. 14 shows the model prototype of the system develop 

in 3D graphic. This model provides the idea on how the system 

Item Specification

Main Process

To track highest intensity of sunlight and 

convert into electrical energy by installing 

controller

Rotation Axis Horizontal and Vertical, (X and Y)

Solar Panel Polycrystalline type   

System Voltage
GENUINE GP 12V 7.2Ah Rechargeable 

Sealed Lead Acid Battery

Solar Charger Controller PWM 12V/ 24V Auto Switch

Controller Arduino Maker Uno  

Motor
Tower Pro RC Servo Motor MG946R 

(180 degree)

Energy Flow Solar energy to Electrical Energy

Load DC load : RGB LED strip (5V)

Material
Mild Steel (holder), Plywood (base) 

Plastic Conduit Flexible (Cable Trunking) 

Feature Blynk Application (Smartphone)
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will look and the arrangement require to construct the actual 

hardware at later stage. 

 

 
Fig. 14 – 3D model of prototype 

 

 

3.3 System Algorithm and Project Costing 

The system algorithm in Fig. 15 shows the step by step 

flow in the designed system. System start with initialization of 

input that power up from powerbank. Once system in ON 

mode, the location of the solar panel will be adjusted based on 

the location of the sun detected by the solar sensor. 

 

 
Fig. 15 – System algorithm flowchart 

 

The construction of the hardware prototype requires the 

purchased of various parts and components. The list of the part 

for this project and cost incur show in the Table 1.  

Table 2 - A summary of project costing for the project 

 
 

 

4. Result and Discussions 

Fig. 16 below shows a picture of complete project. The 

complete system consist of solar PV panel, PWM charger 

controller, battery, and sensor controller with Blynk system. 

 

 
Fig. 16 – Dual axis solar tracker complete project 

 

4.1 Functionality Testing 

The testing is conducted for 3 consecutive days (Fig. 17). 

Each day has different time due to unpredictable weather. The 

project is tested about 10 minutes, within 3-4 hours, put under 

direct sunlight to gain as optimum as it can. The performance 

is then monitored through Blynk application. The reading of 

actual testing with Blynk is almost the same. This is due to 

formula and declaration numbers in Arduino coding, and hence 

the reading has slightly different with actual one. The testing is 

done after near afternoon when the sun almost at the top. The 

data collection work start around 11 am, finish before 4 pm, on 

7 Dec – 10 Dec 2019. 

The solar tracker also detects the highest intensity through 

LDR and give its optimum value. Its rotate according to the 

sensing of LDR that gives signal to servo motor. Other than 

that, in dim weather condition, the sunlight can be replaced with 

floodlight to replicate the sunlight. Due to unpredictable 

weather, this experiment only conducted for 10 minutes, repeat 

No Equipment Specification Qty
Price 

(RM)

1 Solar Panel 12V, 10W Polycrystalline 1 80

2 LDR - 4 2

3 PWM Charger Controller 12V/ 24V Auto Mode 1 14

4 Servo Motor Towerpro MG 946R 2 50

5 Arduino Uno Maker Uno type 1 50

6 Battery Lead Acid 12V 1 70

7 Electronics part Resistor, cable, jumpers - 10

8 RGB Strips
5V red, green and blue 

color
1 10

9 Voltage Sensor 0-25V 1 5

10 NodeMCU ESP 8266-12 version 9 1 15

304Total
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the same experiment after few hours. Fortunately, the result still 

as expected. 

 

 
Fig. 17 – Functionality testing under sunlight 

 

Fig. 18 illustrate the PV panel output voltage read from 

PWM charger controller and from voltage sensor which shown 

in Blynk application. In dim weather, where the sunlight are 

covered, the reading of solar panel is however decreasing. This 

can be seen as in Fig. 18. This concept has been explaining 

earlier in [1]. Full testing between solar tracker and static solar 

is done as well at the same time and the result will be shown at 

4.2 with further elaborations. 

 

 
Fig. 18 – a) Voltage output charger controller to the 

battery, b) Current and power ouput from Blynk interface 

 

 

 
Fig. 19 – Dim weather condition reading, a) Direct voltage 

output from panel, b) Voltage output from system sensor 

 

4.2 Static Solar and Solar Tracker Performance 

Comparison 

Both Table 3 and Fig. 20 shows the performance 

comparison of solar tracker versus static solar. It can be 

observed that the system with tracking function produce higher 

output voltage compared to the static system. Although, the 

reading slightly difference, the overall efficiency still within 

2% to 9% from total capable efficiency.  

Table 3 - Voltage reading between solar tracking and 

static solar 

 
 

This project prototype can be used as an educational kit to 

observe some performance behavior in the PV system with or 

without tracking system. It is proven that the highest of 

irradiance sunlight can give the highest output performance. 

However, with the solar tracking system, the performance are 

slightly increase compare to the system with tracking (Fig. 20). 

 

 
Fig. 20 – Line graph comparison between Solar Tracker 

and Static Solar 

 

 

5. Conclusion 

This paper elaborates a simple and accurate modeling 

method of a commercially available photovoltaic panel using 

both axis of direction. First, this testing is going through a 

Date Time 

Solar 

Tracker 

Voltage (V)

Static Solar

Voltage (V)

11.30 am 11.89 10.9

12.45 pm 13.8 13

2.00 pm 12.21 12.1

11.00 am 11.5 11.3

2.30 pm 12.89 12.5

3.30 pm 11.97 11.5

12.00 pm 13.98 13.78

1.00 pm 13.96 13.9

11.15 am 12.59 12.3

1.30 pm 13.31 13.2

2.00 pm 13.9 13.08

4.00 pm 11.9 9.2

07/12/2019

08/12/2019

09/12/2019

10/12/2019
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discussion of an existing modeling methods of photovoltaic 

panels (actual and simulation). Later, the methodology related 

to this project and then actual testing of a photovoltaic panel 

has been described.  In methodology also, the main components 

are discussed in detail with specifications and design related.  

The modeling of this commercially available PV panel is 

based on specifications given on the manufacturer’s plate. 

Actual testing provides brief idea on how the solar output 

performance behave with and without the solar tracking 

system. The output comparison concludes the earlier 

hypothesis that system with solar tracking provide better output 

performance. Thus, achieved the main objective of the project. 
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