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Abstract 

To reduce the environment pollution due to the heavy dependency on fossil fuel 

in energy production, solar energy been investigated to encourage public on using 

the renewable energy. The current photovoltaic (PV) system is sensitive to 

temperature, and it cannot exhibit the maximum efficiency with external factors 

such as partial shading, shadow casting, indirect sunlight and accumulating dusts 

on the solar panel. There is also lesser Internet of Things (IoT) interface 

application for users to monitor the solar panel condition. The project aims to 

innovate an efficiency PV system with the implementation of sensor-less solar 

tracking, algorithmic self-cooling, integrated electronics and IoT system. The 

system developed integrated DC-DC Converter with Maximum Power Point 

Tracking (MPPT) algorithm to track the maximum power point (MPP) of the 

panel and construct a motorized platform for the PV panel in conjunction with 

the solar tracking and self-cooling capability. An application that monitors the 

parameters of the PV panel is also developed. The result of the final developed 

system is having 25.22% efficiency increment. 

Keywords: Dual-axis solar tracking, IoT with blynk, Motorized tracking platform, 

MPPT, Panel cooling system. 
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1.  Introduction 

As renewable energy becomes a solution due to humans heavily depending on the 

non-renewable energy sources, the alternative and cleaner energy needs to be 

applicable to people with different level of needs. The usage of non-renewable 

energy has harmed the environment that provides life for humans, and thus the 

project will be focusing on enlarging the solar energy that is harvested from the sun 

through the usage of dual axis solar panel structure. 

To understand how the solar power can be introduced to the residential and 

industrial application, firstly, the solar panels will be fabricated with the array of 

photovoltaic cells, and the PV cells will convert the solar irradiation from sunlight to 

proportional DC voltage output, as shown in Fig. 1. Then, it is fed into the charge 

controller that manages safely on the battery charges that store the energy that is 

harvested from solar panels. After that, the system gets connected to the existing 

electrical grid, as shown in Fig. 2.  

 

Fig. 1. PV system formation. 

 

Fig. 2. Flow of electrical power. 
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The system has several flaws that diminishes the renewable energy being 

widely utilized in the society nowadays. Kurpaska et al. [1] showed that the 

performance of the solar panel is very sensitive to increase in temperature, and 

every 50 ℃ rises in temperature will cause a 20.1% drop in the efficiency of PV 

module. Secondly, the system has high dependency to changes of environment. 

Kazem et al. [2] found out that shadow casting on panel surface, indirect sunlight, 

and accumulated dirt on the solar panel will lower the efficiency exponentially.  

Kazem et al. [2] pointed out that PV systems does not have a user-friendly and 

modern IoT implementation as shown in Fig. 3. 

 

Fig. 3. IoT system dashboard [2]. 

Along with traditional energy sources, the importance of renewable energy as a 

key source of energy for the entire world has gradually grown. The energy 

requirements have increased rapidly as a result of their development. Solar PV 

systems, on the other hand, are not always efficient as we would like. Also, solar 

panels do not perform consistently in all settings, and several factors can reduce 

efficiency. Thus, this study was conducted in order to improve solar panel 

efficiency and acquire the highest potential electricity output. 

On the other hand, most of solar panel systems are missing the smart energy 

management system [3] This makes it difficult for the user to know if the solar panel 

efficiency is good or not. Thus, this study improved the system with remote data 

monitoring by using energy meters and IoT gateways, as well as the system, allowing 

the user to control the system from anywhere [4]. 

2.  Support Platform Design 

2.1. Platform design investigation 

The solar tracking structure design is important in ensuring the solar panel and 

cooling system can be properly supported with the weight of components. The 

stability of the solar panel platform must be considered as the project will need the 

platform to always move in incremental motion. The structure must be practical by 

using the material wisely, and a compact design for a lesser carbon footprint 

produced. Lastly, the platform created must consider being hassle-free as the design 
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consists of wiring and testing, thus a platform that is simple and functional is 

considered. The azimuth is the motion that turns the platform horizontally, while 

the elevation, or the tilt, is the motion that turns the solar panel in angular motion.  

In the first design, Fig. 4, two gears on the bottom functions as the azimuth by 

turning the middle rod that supports the solar panel. The top two gears functions as 

the tilt of the solar panel platform by turning the rod that’s connected to the thinner 

rod that determines the solar panel facing direction. The solar panel has 4 

attachments that are connected, which will fasten the linkage between the tinner 

rod and solar panel, thus allowing the entire system to function as a dual-axis solar 

panel platform structure. 

The second design, as in Fig. 5, utilizes two sets of racks and pinion to function 

as a tilt for the solar panel, and an extra motor at the bottom to act as the function 

of azimuth. There is an increase of the attachments with the rod. The solar panel 

placement has a design to ensure the platform does not drop by fixating it with the 

outer design frame. These designs contribute to how the design above satisfies the 

platform in becoming a dual-axis solar panel platform. The utilization of rack and 

pinion can be likened to the working of a linear actuator where the elevation of the 

solar panel can be adjusted precisely. 

The project focuses on constructing a motorised solar panel structure platform 

that can apply solar tracking and cooling capabilities. The tabulated data shown in 

Table 1 shows that the materials utilized by the second design will be higher. The 

gears, rod supporter, and solar panel frame of design 2 will increase the cost of the 

project, as more materials will be used to design, assess, and recalibrate to ensure the 

prototype is stable and can perform the expected tasks. Secondly, the structural 

stability of design two is lesser than design 1, as design 1 applied a more 

straightforward method to have both the functions of azimuth and elevation. Design 

2 utilizes rack and pinion, which, though it is a workable idea since it provides a 

rotation to linear motion, the stability of rack and pinion must be further explored, as 

the structure posed only allows a certain angle of solar panel to be tilted. The longer 

the rack, the more the elevation of the solar panel can be controlled. Thirdly, viewing 

from the materials and structure of both designs, the material used for design 1 is 

lower than for design 2. Since the prototype constructed will be redesigned to perfect 

the platform, it is suggested that design 1 is to be further improvised and testing will 

be done to save cost used in the project and reduce the complexity of the design. Thus, 

design 1 is chosen as the fundamental design to be enhanced.  
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Fig. 4. Solar panel platform design 1. 

 

Fig. 5. Solar panel platform design 2. 

Table 1. Solar panel structure material design comparison. 

Parameters Design 1 Design 2 

Gears 4 (spur gears) 2 sets of rack and pinion 

Rod 2 2 

Rod supporter 1 (6 attachments) 2 (6 attachments) 

Solar panel frame 
0 (to use solar 

panel for fitting) 
1 

Motor 2 3 

2.2. Design of platform and testing 

The design of the platform as in Fig. 6 is firstly to have a strong double-sided tape 

to tape the solar panel to the support holder. Then, the thick rod holder supports the 

weight of the panel and motor. The thick rod supporter supports the 

abovementioned structure, and then the small support platform will help to spin the 

thick rod with respect to the gear for lesser friction force occurring. The excess 

space at the thinner rod above is to make space for cooling components and wirings. 

The platform below everything is to support and stabilize the entire platform.  

This position is when the stress and strain of the entire platform are at their 

maximum point. The external forces are gravity and the solar panel’s weight. From 

the Finite Element Analysis in SOLIDWORKS as in Fig. 7, the middle rod that 

links the gears and the solar panel will experience high stress and strain. 

Figure 8 shows Displacement Analysis of the structure, though it shows that the 

solar panel will have a displacement, however, the actually affected component will 

be the thin rod. 

To reduce the stresses that will cause deformation during the prototype production, 

the stepper motor setup can help to reduce the straining of the rod as it connects to the 

gear. The linkage of the rod and platform is designed with a hexagon and infill of 25% 
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for all parts except the gears and the thin rod, as shown in Fig. 9. The support platform 

has also been redesigned for a larger area to support the solar panel. 

 

Fig. 6. Finalized platform design. 

 

Fig. 7. Stress and strain analysis of platform. 

 

Fig. 8. Displacement analysis of platform. 
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Fig. 9. New design of top solar panel platform. 

3. Cooling Design 

3.1. Cooling design investigation 

Solar cells like all other semiconductor devices, are temperature sensitive. 

Temperature increases diminish the bandgap of a semiconductor, affecting the 

majority of its material properties. As a result, less energy is required to break the 

connection. A decrease in the bond energy reduces the bandgap in the bond model 

of a semiconductor bandgap. As a result, raising the temperature lowers the 

bandgap. Figure 10 shows the effect of rising temperatures on the open-circuit 

voltage. Because I0 is temperature-dependent, the open-circuit voltage drops with 

the temperature [5]. 

 

Fig. 10. The effect of temperature on I and V of PV [5]. 

Frequently, solar panels are tested at 25 degrees Celsius (77 degrees Fahrenheit), 

so the optimal temperature for solar cells is between 15 and 35 degrees Celsius. Solar 

panels, on the other hand, may reach temperatures of up to 65 degrees Celsius (149 

degrees Fahrenheit), at which time solar cell efficiency suffers [6]. The temperature 

coefficient of any solar panel can be between 0.3% and 0.5% which uses to calculate 

the power loss. one example will be taken when the temperature is 50 ℃ for the solar 

panel that has a temperature coefficient of 0.35% [7]: 

• Firstly, the difference in temperature between the normal testing temperature of 

25 ℃ and the actual temperature which is assumed as 50 ℃.  

∆𝑇 = 𝑇𝑁 − 𝑇𝐴                                  (1) 

50℃ − 25℃ = 25℃  
• Then, the difference in temperature multiples with temperature coefficient of 0.35% 
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25℃ ∗ 0.35% = 8.75% 

• Thus, the power is losing by 8.75 percentage at temperature 50 ℃ 

This chapter discusses various cooling approaches that can be used to lower the 

operating temperature of PV cells. Where it will include an investigation of tools 

and techniques that used to implement the cooling system, proposed cooling system 

methodology, and concept design of the system, and how the system is 

implemented in both simulation and prototyping.  

The goal of this chapter is to improve the performance of PV systems by keeping 

cell temperatures as low as possible. as it is known that the operating temperature 

influences the efficiency of solar panels. Where increasing the temperature of a solar 

cell reduces its efficiency. Thus, a cooling system must be included for this project to 

keep the PV cell temperature constant to improve efficiency. 

3.2. Design of cooling system 

Fig. 11 shows the block diagram of the cooling system. The temperature is read by 

the thermistor sensor which connect to the microcontroller. In the system, two fans 

and water pump will be used to cool down the solar penal as the water pump push 

the cold water to be solar panel. The fans produce a cool air around the solar penal 

where it helps the solar penal to cool down. LCD screen will be used in simulation 

to display the temperature degree which will be displayed integral system in the 

application. 

 

Fig. 11. Block diagram of cooling system. 

Fig. 12 shows the flow chart of the cooling system. The system starts operating by 

reading temperature value of the solar panel. Based on the reading temperature the 

cooling system will be activated. When the temperature between 34 ℃ and 37 ℃ the 

fan will be activated. When the temperature above 37 ℃ the water pump will be 

activated. Else when the system less than 34 ℃ all of fans and water pump will be 

deactivate. The conditions of the system were developed based on the average 

temperature of Malaysia and the different in temperature of the solar penal and air. [8] 
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Fig. 12. Cooling system flow chart. 

The algorithm conditions that control the cooling system way are defined based 

on the average temperature of Malaysia and the difference in the temperature of the 

solar panel and air. Where Malaysia's average daily temperature ranges from 21 °C 

to 32 °C [8], and the average value difference in temperature of the air and solar 

panel that it can be found using the following equation: 

∆𝑇 = |𝑇𝑐𝑒𝑙𝑙 − 𝑇𝑎𝑖𝑟|                                                  (2) 

where the 𝑇𝑐𝑒𝑙𝑙  can be calculated by using the equation below. It is used to develop 

the temperature conditions of the algorithm only. In the real prototype, the  𝑇𝑐𝑒𝑙𝑙  is 

a measured temperature that will be read by the thermistor only. 

𝑇𝑐𝑒𝑙𝑙 = 𝑇𝑎𝑖𝑟 +
𝑁𝑂𝐶𝑇−20

800
𝑆                               (3) 

where: 

• NOCT is the normal operation cell temperature of the PV panel. 

• S is the Solar Irradiance in W/cm2.  

To calculate the maximum cell temperature, a maximum temperature that can 

be reached in Malaysia is used which is 32 °C. Assume that the highest temperature 

can be the solar panel measure is when the sun’s ray in straight line into the solar 

surface which can be 1100 W/cm2. The NOCT of solar penal that used is 25 °C. 

𝑇𝑐𝑒𝑙𝑙(max) = 32 +
25 − 20

800
1100 = 38.8 ℃ 

As it was mentioned in the investigation that the solar penal reach to the best efficiency 

when the temperature between 15 °C and 35 °C. based on this value temperature condition 

was developed where when the temperature is 34 °C going to 35 °C the cooling fans 

activate to keep the temperature less than 35 °C. In case if the temperature goes to maxim 

above 38 °C, the water pump is activated where the water is better that the air in heat 

transfer. Water is used to keep the temperature less than 37 °C. 

Thermistor is a resister that effects by a temperature refer to Fig. 13 as the relation 

between them can be found by the following equation: 
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Fig. 13. Voltage divider circuit of the thermistor. 

For Eq. (4), the R is the thermistor resistor, R1 is the fixed resistor, which is 10 K ohm, 

B is the constant, which is 3380, and Tr is the normal temperature of 25 ℃. T is the 

temperature of the solar that it will be measured.  

𝑅 = 𝑅1 exp (𝐵 (
1

𝑇
−

1

𝑇𝑟
))                                    (4) 

Which can be found by following equation: 

𝑇 =
1

𝑇𝑟
+

1

𝐵
 𝐼𝑛 (

𝑅

𝑅1
)

−1

                                            (5) 

𝑇 =
1

25
+

1

3380
 𝐼𝑛 (

𝑅

10𝑘
)

−1

 

Firstly, R must be found. Based on the voltage divider circuit R can be found 

from the following Equation.:  

𝑉 =
𝑅1

𝑅1+𝑅
𝑉𝑖                                (6) 

where the V is the reading voltage which connects into the microcontroller. Vi is 

the voltage that input to the divider circuit which is 5 V for Arduino UNO and 3.3 

V for the ESP32 microcontroller. So, R is equal to: 

𝑅 =
5 ∗  10𝑘

𝑉
− 10𝑘 

𝑅 = (
5 ∗ 10𝑘

𝑉
− 1) 

The above equation will be used in Arduino code. Where the v is collecting data 

and the 5 with red colour can be changed based on the working voltage of the 

microcontroller, 5 V for Arduino Uno with ADC of 1023, and 3.3 V for ESP32 

with ADC of 4095. 

As discussed above, the reason for using a switch to operate the fan and water pump. 

As N-MOSFET was selected to be used. Figure 14 shows how MOSFET- Fan/Pump 

circuit is connected. Where a resistor of 100 ohm is connected between the output pin 

from the microcontroller into the MOSFET gate part to limit the current. Where resistor 

of10 K ohm is connected between the ground and gate part in case if the microcontroller 

has any problem the voltage will be grounded to off the fan or pump. Diode connects in 

parallel with the fan/pump to avoid any damage can be for the MOSFET which can be 

burned by the high voltage that happens when the fan switches off. 
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Fig. 14. Transistor switch circuit for fan and water pump. 

4. Microcontroller Design for Solar Tracker 

4.1. Solar tracker investigation 

Solar tracking, which refers to tracking the position of the sun on the sky, has been 

implemented in various PV systems over the years. Specifically, the PV panel is 

oriented to point directly at the sun to maximize the amount of solar irradiation 

striking the surface of the panel; thereby resulting in greater power output from the 

system. The solar irradiation impacting on Earth from the sun consists of two 

components - namely “direct” and “diffuse”. The direct component delivers the 

maximum amount of solar energy as the beams are originated directly from the sun 

itself. The diffuse component, on the other hand, occupies a very low percentage 

of the total solar energy as they are essentially sunlight that has been scattered in 

all directions in the atmosphere. Therefore, the prime function for a solar tracker is 

to capture the maximum available direct component by minimizing the cosine 

effect. The cosine effect refers to the reduction of effective surface area (that could 

harvest solar energy) due to the incidence angle formed between the sunlight and 

the normal line of the PV panel [8], as shown in Fig. 15. 

 

Fig. 15. Definition of the Cosine effect [8]. 

As evident from Fig. 15, the cosine of the incidence angle represents the ratio 

between the effective surface area and the actual surface area of the PV panel. 

Therefore, as the incidence angle decreases, the effective area (and thus the solar 

energy harvested) is increased. 

Fig. 16 illustrates the power lost due to the cosine effect as the angle of incidence is 

swept from 0 to 90°. From this semi-log graph, it is clear that the power loss approaches 
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zero as the angle of incidence is close to 0°, which is the ideal alignment. Additionally, it 

is evident that even a 25° degrees misalignment drops the direct power by 10%.  

 

Fig. 16. Relationship between misalignment of PV panel and power loss [9]. 

There are several types of solar trackers that have been developed by 

researchers. Traditionally, solar tracking was performed manually by changing the 

orientation of solar panels at regular time intervals throughout the day. Nowadays 

however, with the advancement of technology, this process is automated using 

microcontrollers and actuators. When it comes to automated solar tracking, either 

closed-loop or open-loop control is implemented. The closed-loop approach 

utilizes an array of photoelectric sensors to detect the brightest source of light and 

provides feedback to the microcontroller. This technique does not guarantee that 

the panel is always perfectly aligned for minimal cosine effect. In addition, it is also 

susceptible to errors that may occur due to: (i) degradation of sensor quality 

(possibly due to the accumulation of dust and grime) and (ii) objects in the 

environment blocking the sensors.  

A better approach is open-loop control, which will be implemented in this 

project, whereby the exact position of the sun is calculated using highly accurate 

astronomical formulae without relying on delicate sensor hardware. This technique 

ensures that the PV panel is always oriented directly at the sun, irrespective of the 

environmental conditions.  

The path taken by the sun on the sky varies dramatically depending on two major 

factors – the time of the year and the location on earth. This can be illustrated on a 

sun path diagram, which is a 2D projection of the sky dome whereby the center of the 

plot is directly overhead with 90° elevation and the outer-most circle represents the 

horizon. The yellow shaded area in Error! Reference source not found. shows the a

nnual variation in the sun path for Kuala Lumpur. It is evident that the sun does not 

follow the same path throughout the year, thus a robust solar tracking algorithm that 

accounts for these variations is necessary for the best results. 
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Fig. 17. Sunpath diagram for Kuala Lumpur. 

When it comes to practical implementation of solar trackers, there are two 

different mechanisms used – single axis and dual axis solar trackers. Single axis 

solar trackers are capable of tracking the sun on a single axis (either solar elevation 

or azimuth). Typically, the elevation of the PV panel is fixed while solar tracking 

is executed on the azimuthal axis i.e., tracking the sun along the east-west direction. 

Dual axis solar trackers offer a superior level of solar tracking as they can track the 

sun in two axes (both solar elevation above the horizon and azimuth). Therefore, 

the sun is precisely tracked exactly as predicted by sun path diagrams. 

4.2. Design of solar tracker 

Fig. 18 shows the general block diagram of the proposed methodology to develop 

the sensor-less open loop solar tracking system. The block diagram illustrates the 

architecture of the proposed methodology with ESP-32 development board as the 

microcontroller unit and its associated peripheral inputs and outputs. 
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Fig. 18. Block diagram for solar tracking system. 

The first input to the system is the GY-NEO6MV2 GPS module that 

automatically outputs geolocation data (current latitude and longitude) with serial 

communication to the ESP-32. The module automatically captures several GPS 

satellites and communicates with them via GPS L1 frequency (1575.42 MHz) to 

calculate the exact location based on triangulation technique.  

An enhancement will be implemented which uses a P-channel MOSFET 

(specifically, the IRF4905 PMOS transistor) to control the power supply to the GPS 

module according to signals output by the ESP-32. This feature would allow the 

microcontroller to completely switch off the GPS module right after the location is 

obtained; thereby minimizing the power consumption of the system and subsequently, 

reduce the rate of battery discharge. Next, the ESP-32 would connect to the specified 

Wi-Fi network and communicate with the NTP (Network Time Protocol) server to 

retrieve the current date and time information. With these two inputs (geolocation, date 

& time), the ESP-32 would execute the solar position calculating algorithm to calculate 

the current solar elevation and azimuth angles, as shown in Fig. 19. 

As depicted in Fig. 19, the solar elevation angle is defined to be the vertical angle 

formed between the horizon and the sun. Additionally, the solar azimuth angle is 

defined to be the horizontal angle formed between due North and the sun. This is 

essentially the “compass direction” of the sun, and it is measured clockwise from 

North. Once the current solar elevation and azimuth angles are calculated by ESP-32, 

it will calculate the required number of steps for both stepper motors in order to tilt 

and turn the PV panel in both axes. As a result, control signals are output to the two 

stepper motor drivers (A4988) – one for each axis. The drivers convert the control 

signals into appropriate driving signals to step (rotate) the stepper motors as required. 
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Fig. 19. Definition of solar elevation and Azimuth angles. 

Other than that, two limit switches are also used as inputs to the system. These 

limit switches are essential to ensure accurate and repeatable positioning of the PV 

panel since stepper motors are inherently open loop devices with no positional 

feedback associated with them (unlike servomotors). As the system is first powered 

up, both stepper motors will be stepped in reverse direction slowly until the limit 

switches are activated. This sequence is known as “homing” and it ensures both 

stepper motors are at the home position (0°) before tracking is initiated. The 

prototype will have limit switches attached in appropriate positions such that the 

PV panel initially points to the horizon at 0° elevation and due North at 0° azimuth. 

The entire system is self-powered by the 12 V battery that stores harvested solar 

energy with the electrical system. A DC-DC buck converter is used to step down 

the voltage to 3.3 V, which is appropriate for the ESP-32.   

Fig. 20 shows a simplified flow of the proposed methodology that will 

programmed into the ESP-32 microcontroller. The flowchart consists of sub-

algorithms that have been simplified to one block to clearly illustrate the main 

algorithm for pedagogic purposes.  

The flow of the system begins by homing the stepper motors to ensure the PV 

panel is pointing at the horizon due north at the beginning. This is to ensure accurate 

positioning of the panel as stepper motors lack positional feedback, as explained 

earlier. Next, the GPS module is turned on by activating the PMOS transistor. As the 

GPS module is turned on, it automatically begins searching for available satellites in 

the sky. Once sufficient satellites have been captured, the geolocation is accurately 

triangulated and transmitted to the ESP-32 microcontroller via serial communication. 

This process takes some time, depending on various factors such as cloudiness of the 

sky and antenna placement. One limitation of the GPS module is that it requires direct 

line of sight to the satellites outdoors, however this is not a problem in this application 

as the PV panel will always be placed outdoors. Once the geolocation data has been 

obtained, the latitude and longitude variables are updated internally, and ESP-32 

connects to the specified Wi-Fi network. It then communicates with the NTP server 

to retrieve the current date and time information.  
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Fig. 20. Overall system flow chart for solar tracking system. 

The system then checks whether the current minute is a multiple of 5 by 

calculating the appropriate modulo (minute % 5) before proceeding with the 

remaining steps in the program. In this way, solar tracking is executed at 5-minute 
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intervals (i.e., whenever the current minute is a multiple of 5 at zero seconds). Solar 

tracking at intermittent intervals is feasible in this application as the sun moves at a 

very slow pace on the sky and continuous tracking every second would be futile. If 

the current minute is a multiple of 5 and current second is zero, the system proceeds 

with calculating the current solar elevation and azimuth angles using the solar 

position calculating algorithm that will be explained later. Next, the system checks 

whether the calculated elevation angle is greater than zero (i.e., whether the sun is 

above the horizon during daytime). If the elevation is a negative value, it indicates 

that the sun has already set; thus, the stepper motors are deactivated using the “sleep” 

pins on the motor driver. If the elevation is positive, the system proceeds to calculate 

the difference between the solar position angles and PV panel’s position. Based on 

the difference, appropriate step commands are the sent for both stepper motor drivers 

to tilt and turn the PV panel in both axes as required. Once again, the current date and 

time are obtained, and the loop repeats as shown in the flowchart.  

5. Electrical System Design 

5.1. Electrical system investigation 

MPPT algorithm in this case refers to Maximum Point Power Tracking (MPPT) 

algorithm where the algorithm is able to control the parameters of the PV panel in 

order to harvest the maximum power. To efficiently harvest the maximum power 

from the panel, the algorithm must constantly monitor the voltage/current/power of 

the panel based on the optimal operating voltage and current of the panel stated by 

the manufacturer on the datasheet.  

Fig. 21 shows a sample datasheet of a PV module from Canadian Solar with the 

model number of CS32-430MS which is a 430 W PV panel. The focus here to achieve 

MPPT is by focusing the optimal operating voltage and current of the panel which is 

given by 𝑉𝑚𝑝 and 𝐼𝑚𝑝 with the rating of 40.3 V and 10.68 A in this case which total 

up to the maximum power of 430.404 W. Thus, a certain MPPT algorithm will be 

proposed to control the one or multiple parameters of the panel to achieve the MPP 

as long as possible throughout the day. 

 

Fig. 21. Sample datasheet of CS32-430MS PV panel datasheet [10]. 

Going back to the electrical circuit of the system, in order to implement the 

MPPT algorithm and control the parameter of the panel, a circuit is needed as a 

medium to manipulate the set parameters in the panel. For such cases, a buck and/or 

boost converter will be used as the electrical medium.  
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Fig. 22 shows the different types of converters that can be implemented for the 

system. Fig. 22(a) shows a buck converter which is a converter that is able to step 

down the voltage from the source. Fig. 22(b) shows a boost converter which is a 

converter which step up the voltage and Fig. 22(c) shows a buck-boost converter 

which is a converter which can either step up or down the voltage from the source. In 

this case, the converter step-up or down ratio is depending on the duty cycle of the 

switching elements in the circuit and by controlling the duty cycle, we can achieve 

the MPP that were mentioned above. 

 

Fig. 22. DC-DC converters: (a) Buck. (b) Boost. (c) Buck-boost [11]. 

Other than that, if the panel is not storing its harvested energy in the battery due 

to the battery is fully charged or damaged, an inverter can be used as an interface 

to pump the harvested energy onto the city grid. Inverter is an electrical component 

that converts DC voltage to AC voltage and by precisely designing the inverter with 

a help of a step-up transformer, the low DC voltage level of the panel can be raised 

to the high AC voltage level of the grid. 

Fig. 23 shows the widely use DC-AC converters or inverters on the market where 

Fig. 23(a) shows a half-bridge inverter which inverts the DC signal by only using two 

switching and Fig. 23(b) shows a full-bridge inverter which inverts the DC signal by 

using four switches. 

 

Fig. 23. DC-AC converters (inverters):  

(a) Half-bridge inverter. (b) Full-bridge inverter [12]. 
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5.2. Design of electrical system 

Figure 24 shows the flowchart of electrical system that will be designed for the 

project. In this case, the start of the system will be the solar panel feeding its output 

power to the DC-DC converter and at the same time to the MPPT will be integrated 

into the DC-DC converter to extract its parameter out to the charge controller. The 

MPPT algorithm in this case will be either the constant voltage method or perturb and 

observe method. Even though the previous section selected the use of the constant 

voltage method, but the perturb and observe method will be tested in a simulation. 

 

Fig. 24. Flowchart of electrical system. 

The MPPT will then control the charge controller with the parameters of the battery 

which it will then manipulates the duty cycle of the DC-DC converter to achieve MPP 

and maintain a charging voltage for the battery. The battery or the output of the DC-DC 

converter will then power the DC-AC converter which converts the DC voltage to AC 

voltage which can be feed into the city grid or use to power the AC Load. 

Fig. 25 shows the block diagram of the electrical system where it is similar to the 

flowchart of the system similar to Fig. 24. 

Fig. 25. Block diagram of electrical system. 
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6. Application and GUI Design 

6.1. App and GUI design investigation 

The implementation of IoT concepts has become a necessity in our everyday life. 

Automation has made its way into every task and has provided ease of completion. 

IoT implementation helps share the data for analysis and decision-making by the 

user. The communication of the sensors is stressed as it allows information sharing 

across multiple platforms [13].This chapter will focus on the implementation of an 

IoT dashboard which is able to constantly monitor, analyse and store the parameters 

recorded sent from the ESP 32 microcontroller via Wi-Fi. 

This section encompasses the GUI design in the form of a mobile application 

that will be able to do all the tasks mentioned above. This application was created 

using Blynk which was designed for IoT based projects to control the hardware 

remotely, it can also display sensor data and store it as well. There are three 

elements in Blynk which are the application GUI itself which allows for dashboard 

creation and management. Then there is the Blynk server which enables the 

communication between the mobile device and the ESP 32. The option to run on a 

private Blynk server is also available otherwise the Blynk Cloud is available for 

everyone as it is open source. Lastly, the Blynk libraries are able to provide server 

connections and can process bidirectional commands. 

Fig. 26 shows the main feature flow for Blynk. GUI implementation is needed to 

make sure that the user can monitor the different variables of the project to make sure 

that it is working properly along with analysing the parameters for future 

considerations. This eliminates the need for physical presence and is able to show us 

future contingencies within our project as well through its variable widgets. Blynk uses 

virtual pins to assign different GPIO pins to widgets inside the application using Virtual 

pins. For ESP 32 there are 32 usable virtual pins whereas they can be increased to 128 

depending on the microcontroller using a special command in the Arduino sketch. In 

our project, we aim to connect the mobile application to the microcontroller using Wi-

Fi and feed the inputs from the solar panel and battery into the application. 

Error! Reference source not found. shows the main flow of how the application w

ill get its data. We can see that the voltage sensor and current sensor will take inputs from 

the solar panel and battery which are their respective current and voltage values. The 

temperature sensor will take the solar panels temperature as input as well. All of this data 

will be sent to the ESP 32 microcontroller which will communicate with the Blynk app 

through Wi-Fi. 
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Fig. 26. Blynk feature flow. 

 

Fig. 27. Block diagram for blynk flow. 

6.2. Design of GUI system 

The main flow of this data acquisition system relies on the sensors for data to be 

sent to the ESP32 microcontroller which will then in turn communicate with the 

Blynk application, as shown in Fig. 28. The GPS module also provides locational 

data to the ESP32 which sends this over to the app as well. The current sensors use 

the Hall effect principle to measure the panel current and battery current which are 

assigned to the GPIO pins 14 and 33 respectively. These were translated to the 

virtual pins in the application assigned to their respective displays. The same 

method was used for the panel voltage and battery voltage assigned to the GPIO 

pins 35 and 34 respectively. The battery voltage panel was used to find the battery 

percentage level and display it using a gauge for better representation. The GPS 

module as discuss previously will provide accurate latitude and longitude values 

which were also assigned to their respective virtual pins to allow for the map widget 

to be able to display the real-time location from anywhere around the world. 

The Blynk application is coded to show the solar power and energy harvested 

from the PV panel. It is also able to show savings based on the cost per kilowatt 

hour and converting to watt/hour for our prototype. We also have an integrated live 

super chart which maps the panel voltage and power to show consumption against 

output from the panel. There is a separate tab for battery monitoring which includes 

a battery percentage gauge alongside its voltage status also mapped onto a live 

graph. The last tab included into the application is for the solar tracker where it is 

able to show the real time location of the system based on the latitude and longitude 

provided from the GPS module. The azimuth and tilt values are also taken from 

previous section calculations to be represented onto the application. The angle 

deviation for specific times is charted via a graph. Manual inputs were also 
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available, but our group decided to remove manual inputs as everything being 

automated would be much better overall.  

 

Fig. 28. Flow chart of system with Blynk. 

7.  Final Prototype 

Fig. 29 shows the overall integrated system picture with all the integration and 

enhancement done onto the prototype. In this case, the middle picture shows the 

PV panel with the motorized platform which is 3D printed using PLA filament. 

Starting from the upper left and upper right, the two images show the passive 

cooling and active cooling for the prototype which include the heatsink and two 8 

cm DC fan. Then the entire ESP32 microcontroller system actual circuit board is 

shown where the individual components were written on the picture. For the double 

helical gear and counterweight design, those two are the enhancement done onto 

the system to improve its performance. Lastly, the MPPT charge controller can be 

observe at the mid-bottom and the Blynk application which is the IoT-based 

application developed is shown at the mid-left. 
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Fig. 29. Integrated system overall pictures. 

Fig. 30 shows the overall block diagram for the integrated system. Starting from 

the solar panel, it will first feed its power to the DC-DC converter where the converter 

will be controlled with a MPPT algorithm chip. The converter then feed the MPP 

power to the charge controller and the controller will regulate the power to charge the 

battery. The battery will then power a DC load and the extra charges will be fed into 

a DC-DC buck converter which it will lower the battery voltage from 12 V to 5 V to 

power the integrated system. The integrated system’s main control will be from the 

ESP32 module as all the sensors and actuators will be controlled by the 

microcontroller. The solar tracking algorithm as well as the necessary coding to 

monitor the active cooling of the panel is uploaded onto the microcontroller.  

The microcontroller then collects data from the GPS module and internet to then 

decide the input for the motor drivers which control the stepper motors to its turn 

to the accurate tilt and azimuth on the motorized platform. It will also collect the 

data from the thermistor that is connected at the back of the panel to then determine 

the control for the relay which turn on and off the DC fan for active cooling. Lastly, 

the data collected from the voltage and sensor module, as well as the cooling and 

solar tracking data will be fed to the IoT platform which consist of an application 

and GUI for the user. 

The integrated system has solar tracking capability with GPS and a cooling 

system for the solar panel which is triggered by a temperature sensor. For none 

integrated systems both these features are not available.  
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Fig. 30. Overall block diagram of integrated system. 

7.1. Testing and results of prototype 

Fig. 31 shows the integrated system solar data for 3 days with the continuous 

enhancement. 

 

Fig. 31. Integrated system solar data with continuous enhancement. 
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Fig. 32 shows a similar PV panel solar data without any integrated enhancement 

which the data will be used to observe the efficiency increment of the integrated 

system. 

 

Fig. 32. Normal PV panel without any integrated enhancement. 

Fig. 33 shows the comparison of solar data between the continuous 

enhancement shown in Fig. 31 and the similar PV panel without enhancement 

shown in Fig. 32. In this case, we can observe that the continuous enhancement 

greatly increases the average solar energy harvested which the benefit of solar 

tracking can be clear seen around morning (9am to 11am) and evening (4pm to 

6pm). The efficiency increment of the integrated system is recorded as 49.57%. 

 

Fig. 33. Comparison of continuous enhancement and no enhancement. 

Fig. 34 shows the comparison of solar data between the nett continuous 

enhancement and the similar PV panel without enhancement. In this case, the nett 

continuous enhancement refers to the data from the continuous enhancement, but 
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it is subtracted with the energy consumed by the integrated system. For the power 

consumption of the integrated system, the stepper motor consumed 1.2 W, the DC 

fan consumed 1 W and the microcontroller consumed 0.5 W, which result in a total 

of 2.7 W power consumption when all integrated system is activated. The efficiency 

increments of the integrated system which recorded as 49.57% in the continuous 

enhanced system drops to only 1% after the subtraction. 

 

Fig. 34. Comparison of Nett continuous enhancement and no enhancement. 

Error! Reference source not found. shows the comparison of solar data between t

he conditional enhancement and similar PV panel without enhancement. In this case, 

the conditional enhancement is a solution to tackle the high-power consumption of 

integrated system, which it will only power the integrated system during the critical 

timing of the day. In this case, we can observe from Fig. 33 that the solar tracker 

provides the best result only on the certain timing during morning and evening, thus 

the microcontroller is coded with additional algorithm in which it will only power the 

stepper motor during those critical timing and also shut down the entire system if the 

power gets too low. The scenario of power getting too low before sunset can be 

clearly observed in day 2 and day 3 due to the weather condition (raining). In this 

case, the power drops around 4pm for both day and the system will intelligently shut 

off the integrated system to prevent unnecessary consumption during those 

conditions. 
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Fig. 35. Comparison of conditional enhancement and no enhancement. 

8. Conclusions 

In conclusion, the group project with the title of smart energy performance 

improvement on PV system was completed with full design process, simulated 

testing, prototype testing, results collection and evaluation and proper discussion 

and analysis. As a summary, the result indicated that the enhancement applied to 

the PV panel increases the PV panel efficiency by 49.57% and the IoT-based 

application on Blynk platform was successfully developed and able to monitors the 

parameters of the system in real time. However, the continuous solar tracking and 

powering the integrated system consumed additional power and lowered the 

efficiency by up to 48%. Anyhow, the issue was solved by integrating conditional 

algorithm into the controller which only turn on the integrated system during 

critical timing and the enhancement manage to retain at least 25.22% efficiency 

increment. Lastly, the project prototype also required a high cost of RM373.80 (at 

2021) to developed in which was alleviated by innovative modifications such as 

cheaper stepper motor and only uses the microcontroller chip instead of the 

development board. 
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