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Abstract: Renewable energy sources are gaining a significant research attention due to their 

economical and sustainable characteristics. In particular, solar power stations are considered as 

one of the renewable energy systems that may be used in different locations since it requires a 

lower installation cost and maintenance than conventional systems, despite the fact that they 

require less area. In most of the small generating stations, space occupancy is controlled by 

placing the equipment on an open terrace. However, for large-scale power generating stations, 

acres of land are required for installation. Human employers face a challenging task in 

maintaining such a large area of power station. Through IoT and data mining techniques, the 

proposed algorithm would aid human employers in detecting the regularity of power generation 

and failure or defective regions in solar power systems. This allows performing a quick action 

for the fault rectification process, resulting in increased generating station efficiency.  

Keywords: Solar panel maintenance, maximum power generation, IoT, data mining, solar panel. 

Introduction 

 Maintenance is required for all the modern systems. Furthermore, the preventive and 

breakdown maintenance are two types of maintenance. When compared to electrical or 

electronic systems, the mechanical systems require a lot of preventive maintenance. The 

scheduled maintenance, routine maintenance, and predictive maintenance are all remaining 

as the elements of preventative maintenance [1]. The electrical and electronics systems like 
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television, mobile phones, fan, lights etc., are mostly does not require any planned or routine 

maintenance. However, the defective or breakdown of an electrical system can be predicted by 

monitoring its performance in a continuous way. Therefore in most of the electrical operations, 

the systems are equipped with an ammeter and voltmeter for measuring its load conditions [2]. 

 Monitoring a system with human effort is a time consuming and difficult task for an 

unskilled person in such particular field. Therefore, the monitoring process can be simplified 

through implementation of several sensors and its peripheral units. Mostly, the sensors are small 

and tiny in size with the ability to work on any climatic condition with a lesser power 

requirement. Therefore, there is no worry about the heating and other limitations in the sensor 

modules [3, 4]. The sensor outputs are mostly numerical and binary in nature so it is mandatory 

for a human to analyze the readings observed from the sensors. Due to development of several 

computer algorithms, the human effort on analyzing the observed readings are minimized by 

setting up a threshold value for determining the emergency or immediate action requirements [5]. 

At present, the algorithms are widely implemented on such sensor based monitoring systems to 

take several predetermined actions specified by the humans for avoiding delay in the 

maintenance operations. Therefore, the presence of damage and faults are reduced to its extent 

[6]. 

 

Figure 1. Architecture of IoT based Control Systems 

 The Internet of Things [IoT] system does not require a huge wiring connection for 

monitoring any system. The IoT systems also have the ability to transfer the measured readings 

through wireless connections along with the help of Bluetooth, Wi-Fi and other server modules. 

Therefore, the installation time, cost and space requirement are comparatively minimal in IoT 
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operations and it makes the IoT system to be adaptable for several types of applications. Data 

that are collected through the IoT sensors can be embedded on any kind of medium for analysis 

purpose. The developed data mining algorithms based on neural network architectures are having 

the ability to analyze such readings in the cloud architecture. Therefore, the space requirement 

for installing a huge hardware setup at the base stating is reduced. The computed information are 

mostly can be monitored through a regular pc system or an android device. Figure 1 represents 

the architecture of a monitoring system based on IoT and data mining algorithms. 

 The difficulty in developing such systems is identification of appropriate sensors and 

peripheral components. The peripheral components also include the identification of an 

appropriate neural network algorithm for analysis because there are several type of neural 

network architectures are available to provide different range of accuracy over the same analysis 

process depending on its nature. The accuracy of the prediction process is always dependent 

upon the training process employed in the neural network algorithms. The number of data 

utilized for the training process will also have the impact over the prediction or estimation 

analysis. It is becoming a limitation in employing the neural network algorithm on several 

applications. 

Related Work 

 The performances of solar power systems are increasing day by day due to the technical 

advancements of several electronic components. The solar power systems are broadly classified 

into two types as grid connected systems and standalone systems. The grid connected systems 

are mostly employed on mass production of electricity and the standalone systems are also 

employed widely for non-commercial purposes. The grid connected systems usually don’t 

require any battery or power bank modules for storing the generated power for the later 

utilization. However, the standalone systems are mostly equipped with a storage module for 

saving the produced energy [7]. While implementing solar power systems with storage modules, 

it is always must to have a supporting segment for estimating the storage power utilization. A 

segment based on Bayesian approach [8] was developed to monitor the remaining energy in a 

lead acid battery. The estimation of remaining energy can be also found for any kind of batteries. 

https://doi.org/10.36548/jscp.2021.2.004


Journal of Soft Computing Paradigm (JSCP) (2021)  

Vol.03/ No.02 

Pages: 96-109 

http://irojournals.com/jscp/ 

DOI: https://doi.org/10.36548/jscp.2021.2.004 

 

 

99 

ISSN: 2582-2640 (online) 

Submitted: 5.05.2021 

Revised: 25.05.2021 

Accepted: 14.06.2021 

Published: 26.06.2021 
 

 

A support vector regression [9] based technique was also developed to find the balance useful 

energy on lithium ion batteries. Here the support vector regression model is fused with a particle 

filter for analyzing the multistep ahead estimation. 

 Identification and rectification of faults in solar power system is a challenging task 

nowadays due to its mass space occupancy. Generally monitoring process of grid and 

transmission system requires a few quantities of reliable sensors for estimating the current and 

energy flow in a reliable manner. Sensors connected with microcontrollers are having an extra 

capability to do several actions during the emergency conditions. A hybrid system [10] was 

developed to do such emergency actions along with the transmission of emergency signal to the 

authorized base station. To enable such emergency signal to the base station, a GSM module will 

be kept connected to the microcontroller for data transmission. In the recent years, the 

monitoring systems are merged with a machine learning approach for analyzing the fault types 

and its characteristics. The major challenge in employing such intelligent systems is their limited 

memory and computational capability. Therefore such systems are kept in a base station for 

having large memory modules and peripheral equipment. In order to catch up the energy changes 

from the transmission lines the systems are employed with an IoT sensor for transmitting the 

measured signal to the base station. A similar kind of technique was developed [11] with the help 

of SVM and fuzzy deep neural network for classifying the faulty conditions from the normal 

state.  

 Nowadays the IoT systems are widely used on several applications for wireless data 

transmission. Health care applications are coming to the top among the sector on employing IoT 

for data transmission. An experiment was conducted to find the betterment among the 

6LoWPAN and RPL IoT systems on health care data transmission [12]. The experiment was 

conducted by measuring the active parameters from an athletic person on their training process. 

The observations are kept to analyze the packet delivery ratio and routing protocol overhead 

among the different IoT systems. From the analysis it has been observed that the packet delivery 

ratio of 6LoWPAN achieves better performance than the RPL systems. However, the control 

packets delivered per node is comparatively larger in RPL over the 6LoWPAN module. 
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 An elegant method for improving the performances of solar power system was developed 

with the help of IoT systems [13]. Here the system aims to monitor the sun light angle for tilting 

the solar panel angle to receive maximum radiation from the sun. The system also aims to 

identify the dust presence in the solar panels for analyzing the efficiency of the power 

generation. From the observation of dust particle presence the system developed to calculate the 

energy loss also. The dust particle observations will also create signal to clean up the dust 

presence in the solar panels. The smart grid architecture of IoT systems [14] are designed to 

observe multiple range of signals and parameters from the connected units. These kind of 

architecture improves connection and communication stability among the connected networks. 

The cost efficiency will also get improved while employing an IoT module with grid 

arrangement. Placing security systems on smart grid systems will minimize the effort of 

employing individual data security system for each sensors. 

 The IoT systems are also widely employed for improving the effective utilization of 

electrical energy. The challenges in employing solar power systems on highway lighting process 

are analyzed [15] to address its issues. The report says that the connected solar systems are in 

need of regular maintenance for improving the process efficiency. The challenge also explores 

that the identification of fault in such individual highway lighting system is difficult. In recent 

days for improving the IoT systems on network scalability and data mining process, the systems 

are equipped with a fog computing modules [16]. Hence the performances of IoT system will be 

improved to certain extent by means for estimating the optimum characteristics. Transmission of 

data from an IoT system requires very large space depending upon the application employed for. 

Saving and processing of such huge data will be difficult in a base station. Therefore to minimize 

the computational cost and energy the fog and cloud computing strategies are developed. 

 A big data mining technique was employed in a micro grid solar power system for 

detecting its performance efficiency [17]. From the analysis work it has been observed that the 

efficiency of solar power systems are fluctuated due to line resistance and poor application 

stability. The stability also has direct relationship over the load fluctuations on different 

scenarios. For addressing such issues the system is employed with a control discrete algorithm 

for analyzing the observed data from the connected systems. Keeping the collected information 
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on cloud and other public storage for mining process is not a good thing to certain extent. 

Because there's a possibility that such data will be tampered with and altered by hackers. This 

may lead to minor and major challenges in the connected systems of IoT architecture. In order to 

address such kind of challenges, several algorithms were developed. An effective perturbation 

algorithm was developed to measure the soil nutrients for analyzing the potential productivity 

tests [18]. The developed algorithm was verified with several datasets for identifying its 

prediction accuracy and attack resistance process. 

 A hybrid algorithm was also developed to estimate energy peak load and energy demand 

analysis on an electric energy systems [19]. The analysis was performed here with the help of 

support vector regression to identify the energy demand and peak load analysis. The observed 

performance analysis from support vector regression is also forwarded to particle swarm 

optimization for the value optimization. The analyzed information from the data mining 

algorithms on IoT sensor values are kept under the blockchain network for the future analysis 

[20]. As a result, the information from previous analyses may be retraced at any moment. Instead 

of storing the acquired data in the physical layer, it's a better idea to maintain it on the cloud, 

where it may be secured using blockchain technology. The data available in the blockchain can 

also be traced easily at any time for the future mining process. 

Proposed Work 

 The block diagram of the proposed model is shown in figure 2. Here, the solar power 

station is connected with an IoT hardware board for transferring the observed signals to cloud 

environment for the data mining process. In data mining process, the performance of the solar 

generated power is compared to its previously generated power for the same sun light radiation. 

If the algorithm detects any deviation from the observed power generation values to the previous 

generated value means, the proposed model will send a signal to the maintenance team for an 

action. 
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Figure 2. Block Diagram of the Proposed Model 

 The solar panel used for power generation is connected with a voltage and current sensor 

for measuring the generated output. Similarly, to measure the sunlight intensity, a set of LDR 

and photodiode was utilized in the proposed model. The connection setup has been established 

between the solar power station and microcontroller unit as shown in figure 3. The observed 

signals from the sensor are connected into a signal conditioning circuit for removing the 

unwanted and interrupted signals. The sensors are usually created to produce analog signals in 

nature. Therefore, the fluctuations in the generated signal can be easily found by the 

microcontroller module. 

 

Figure 3. Connection between solar power stating and IoT module 

 Figure 4 explores the algorithmic flow of the proposed model. Here the sensors are 

connected to the solar panel for monitoring the generated power continuously. The observed 
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values are compared to the calibrated value of the connected solar panels. All the electrical 

equipment needs calibrations after the usage of certain time limit to verify its efficiency. In the 

proposed work those calibrated values are taken into account for the data mining process. To 

monitor the current and voltage variations thingsboard IoT platform is employed in the work. It 

will assist the maintenance team to monitor the virtual response of the connected solar power 

system. Simultaneously the same data is transmitted to a local microcontroller for analyzing the 

received value to the actual calibrated value. The actual value is kept over the microcontroller 

program at the time of every calibration cycle. 

 Solar panel crack, abnormal dust over the solar panels and poor tilting angle direction of 

solar panel are some of the causes for getting reduced and irregular power generation from the 

solar power systems. Nowadays there are lot of automated systems are developed to address 

these issues by means of image processing algorithms [21, 22] and machine learning algorithms 

[23, 24]. The proposed system can also clubbed with such automated systems for improving their 

efficiency. 

 

Figure 4. Workflow of the proposed model 
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Experimental Analysis 

 The proposed work is verified with two set of solar panel groups which are connected in 

series of 6 solar panels in a row to generate the maximum power of 2100 watts. Each solar panel 

has the ability to generate 350 watts on its maximum. The two solar panel groups are specified as 

solar panel A and B in figure 5 which are showing the output voltage, current and power from 

the generated from both of the solar panel group A and B. The utilized IoT platform has the 

ability to project the observed variations on a real time display with a given time interval. In the 

same way the temperature, LDR and photodiode outputs are projected in figure 6.  

 

Figure 5. Output of the connected panels in thingsboard platform 

 

 

Figure 6. Temperature, photodiode and LDR output 
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 The voltage and current fluctuations among the connected solar panel group A and B is 

shown in figure 7 and 8. The display panels are also showing the minimum and maximum values 

of the measured parameters along with their average value on such specific time interval. In 

order to generate the alert signal, the microcontroller unit placed at the base station will be 

connected with a siren and LED display to project the status of the connected system. The trigger 

values are carried into account for analysis based on the values given to the microcontroller 

system from the calibrated values of the connected solar panels. 

 

Figure 7. Realtime voltage variations 

 

 

Figure 8. Realtime current variations 

 The projections from the IoT platform indicate that, the proposed work has the ability to 

efficiently monitor the performance of the connected solar panels. In future, the proposed work 
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can be connected with a vice versa communication model for sending back the control and 

operation signals for automating the process of solar panel cleaning and angle change direction 

process. To make such kind of automatic system in a reliable manner, the systems are required to 

be connected with an uninterrupted communication channel. 

Conclusion 

 Solar power systems are the type of renewable power generation energy source, which 

are widely employed on domestic and commercial segments due to their simple construction. 

However, the solar power system is the one which requires huge maintenance for establishing its 

efficient operation. The work proposed in the paper aims to provide a maintenance alert based on 

the generated current and voltage from the solar panels. The observations from the solar panel 

systems are compared with respect to the calibrated values of the solar panel based on different 

solar radiations. The proposed model alerts the maintenance team, when there is a huge variation 

in the power generated by the solar panels. The proposed work can be extended with a control 

unit for performing some of the minor maintenance work on the connected solar panels. 
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