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Abstract There is, right now, substantial fascination with the ability to store as well as dispatch ability of solar energy, 

combined with the necessity to control electrical power in real-time. This article introduces a design thinking based 

novel structure that is designed to oversee the operational state of a Grid- dependent Utility-Scale PV Power Plant so 

as to assure the dependability and continuation of its production. The system in question offers a framework of 

collection gadgets, comprising wireless detectors distributed across the facility, that gather the data that is required. It 

additionally utilizes a high-precision procedure in order to coordinating each of the data collecting devices, something 

that is important for accurately establishing links among occurrences in the plant. In addition, an architecture for 

keeping track of all the different distributed gadgets, in addition to for the real-time handling of every bit of recorded 

da- ta, is given. Capabilities were examined in a 400 kW transformation facility connected to a 6.1 MW Utility-Scale 

PV Power Plant. 
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I. INTRODUCTION 

The number of people worldwide has been expanding for 

decades now, and along with there has been higher and 

higher resource squandering. The unnecessary use of 

natural resources originates from numerous reasons which 

includes, yet not only, the absence of suitable laws and 

regulations, the wrong utilization of current requirements as 

well as in some instances the outright disdain for such 

standards, in certain families and also in industrial contexts. 

Guidelines could arrive in the shape of legislation for 

obsolete gadgets (a few which continue to be utilized 

today), reserve device regulations on electric power 

utilization as well as electrical consumption instructions. 

One of the methods utilized to battle these challenges was 

the construction, or manipulation, of sensors along with, 

both the connection amongst them as well as the statistical 

analysis associated with this fresh data thus generating the 

Internet of Things (IoT). 

Presently, practically every industry has had some type of 

IoT expenditures, spanning from commerce to medical 

care, and the International Data Corporation (IDC) 

previously concluded that the information loads, in 2025, 

would climb to 163 zetta bytes, which is ten times what was 

created in 2016 [1]. This is mainly due to IoT gadgets, 

since by that time, Peter Newman expects there to be is 

going to be over 55 billion gadgets that are linked to any 

type of network. Furthermore, spanning be- tween 2017 

and 2025, there is an estimate of almost $15 trillion in 

cumulative expenditures connected to IoT [2]. 

The increasing need for the use of greater amounts of 

renewable energy is directly responsible for the 

development in the requirement for suitable IoT projects as 

well as architectures to enable more efficient energy 

management inside properties. Obviously, there are 

scenarios when tracking consumption of energy could offer 

difficulties. The study outlined in [3] serves as an example 

of the increasing need for energy-measuring systems and 

HVAC (heating, ventilation, and air conditioning) use. It 

also shows how unreliable connections and inefficient 

resources may lead to more data loss from neighboring 
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wireless gear noise. This, in turn, hinders real-time          

coordination among units and leads to inappropriate energy 

usage consequences. One of the issues investigators 

encounter is the lack of a norm for data produced by power 

monitoring systems. Common conceptual frameworks, like 

Brick, have been pro- posed as a way to define an actual 

semantics for sensors, subsystems, and their relationships in 

order to solve this. This could make it easier to create 

programmes that are transportable. 

Facilities have to lower operational and upkeep expenses 

despite boosting production, and improve the lifetime and 

accessibility across every one of their components, for the 

purpose of optimizing solar system sustainability and 

manufacturing performance. Given that pv capacity 

currently in operation is always increasing, even a small 

percentage increase would represent significant positive 

gain along with, typically, a reduction in the expenses of 

these plants. Such systems are unable to function efficiently 

if procedures are not standardized. For this goal, this paper 

de- scribes the creation and implementation of a unique 

technology termed PV-on time in a Grid-Connected Utility-

Scale PV Power Station. The approach used herein 

provides a comprehensive, deep continuous tracking of the 

operation of each component, evaluating different loss 

sources as well as discovering any flaws or variations 

through contrasting the output of the facility of comparable 

parts. 

However, these plants have to tackle certain obstacles 

because this sort of production of electricity is variable and 

reliant on unforeseen weather conditions. Random spikes 

and valleys in solar plant generation are caused by these 

events. Such represents one of the main disadvantages of 

this sort of green power facility when it comes to 

participating in the power industry. In the present day, 

transportable solar power is a challenge that has to be 

solved so as to keep the grid stable. This requires continues 

improvement of the optimal power production and demand 

equilibrium. The use of storage systems, when need 

saturation necessitates real-time management of the energy 

streams that comprise the electrical grid, may help to 

resolve this problem as it has been suggested below. Using 

storage facilities constitutes one of the more often used 

strategies to ensure the need for power is satisfied. Yet, a 

complete knowledge of a facility's manufacturing process is 

necessary to optimize the funds spent in these structures. 

Although it hasn't been completely handled yet, this is a 

problem that will undoubtedly come up in PV systems in 

the years to come. Moreover, the system that has been set 

up facilitates a dispersed track of the settings for operation 

of every de- vice that comprise the setup, as well as 

keeping track of the electrical signals produced at different 

places in the framework, and permits surveillance of an 

extensive variety of ecological levels. This equipment 

allows it possible to forecast weather conditions, which 

connects the connection among the operation of the plant, 

real-time generation, and information about the 

environment. 

II. OVERVIEW OF PREVIOUS WORK 

This section provides a summary of the current energy-

specific studies, covering arti- cles that have been published 

[4, 5, 6, 7, 8, 9, 10, 11, 12, 13,14,15] that address a range of 

topics related to the use of AI for electrical system 

operation monitoring. 

Barnabei et al. developed a system in [4] to perform 

unattended detection of anomalies for district heating 

system generating units. The system relies on a complex 

neural network regression algorithm and uses a sliding 

cutoff approach to handle the regression model's leftovers 

generated throughout the testing stage of the process. The 

equipment underwent evaluation for serious malfunctions 

which could arise in gas- fired power plants at the DH plant 

in Aosta, Italy. The findings proved that the framework is 

capable of correctly identifying abnormalities. 

    In [5], Lin et al. proposed a unique method to track 

shunt capacitors. The method monitors the shunt capacitor 

pool using its branch flow and synchronized power. Each 

of the capacitance characteristics for the unsupported star-

connected bank of capacitors are then calculated using the 

parameterized symmetrical of the capacitor characteristic 

estimation technique, and the unusual condition of the 

capacitor is then ascertained using statistical evaluation. 

The PSCAD simulation validated the relay safety device's 

capability to effectively monitor the initial anomalous status 

of the capacitor bank. 

      Jawad et al. introduced a probabilistic generative 

model-based fault diagnosis methodology in [6] to 

overcome the shortcomings of the existing problem 

identification methods for high-voltage direct current 

transmission networks. The method uses the wavelet 

transformation using ant colony management and machine 

learning algorithms to detect different types of issues in 

HVDC cables. The experimental results showed that the 

proposed technique of identifying faults of HVDC 

transmission systems has higher accuracy and durability 

compared to other existing methods like    decision forests 

and support vector machines. 

      Pujana published a hybrid based method in [7] for 

building a digital twin (DT) rep- resentation of solar energy 

generation devices. Using the benefits of real-world 

represensations and state-of-the-art software for data 

analysis, the technique retains physical links while 

extracting details from actual operational statistics to create 

artificial information of non-occurring incidents for the aim 

of identifying and categorizing faults. Compared to existing 

DT approaches, the method proposed in this study pro- 

vides notable increases in correctness and comprehension. 
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Xia et al. presented a multi-model fusion hybrid learning 

method using the layering architectures in [8,15] to detect 

energy theft. To accurately identify and recognize stolen 

electricity, a heterogeneous incorporated learning 

framework for layered architecture theft of power 

monitoring is built employing a variety of potent distinct 

learning over- lay cooperation architectures. This tackles 

the problem of the current techniques not being able to 

increase the precision in detecting power theft. 

An enhanced fusion of features in convolutional neural 

network technique was presented by Zheng et al. in [9] to 

distinguish between various discharge partials in gas- 

insulated switching mechanism. The problem with previous 

approaches is that they need a lot of numerical effluent 

information, which our method solves. By integrating time-

frequency information, the method may be able to detect 

more local components of potential release impulses and 

increase the precision of recognition to 95.8%. 

To accurately estimate and anticipate the ability and 

longevity of lithium-ion cells, Luo et al. developed a 

computerized learning-based lifecycle forecasting system in 

[10]. The CC and CV phases' features are obtained using 

optimum incremental capability (IC) curves, and distortion 

is removed using the filtering by Kalman approach. 

Subsequently, they developed a system, that can 

dynamically ascertain the appropriate operational stream 

and address issues with duplicate information and 

exorbitant computing expenses. By validating the NASA 

dataset, the researchers demonstrated an important boost in 

the algorithm's capacity to predict longevity of batteries on 

small datasets. 

Bai et al. proposed a HOG-SVM-based method in 

[11,14] for recognizing electrical components. The audio 

samples of electric equipment’s that were collected from 

the site were initially run through a wavelet conversion in 

order to produce wavelet coefficient- time mappings. 

Subsequently, the HOG characteristics of the images are 

selected, and the chosen parameters are sorted using an 

SVM decoder. Furthermore, the method combines visual 

processing with audio signal extraction to make effective 

use of picture handling and get beyond acoustic 

information processing limitations. Final- ly, computer 

models showed that the proposed method can accurately 

detect and classify electrical gear. 

A machine learning method was presented by Chen and 

associates (2019) [12] to control the procedure of 

incineration in plants that convert waste into energy in a 

smart way. The selection of the resultant parameters takes 

finances, security, as well as safety into consideration. By 

eliminating erroneous duplicate factors, the starting point 

factors are established, CNN-BiLSTM is formed, and the 

output variables are identified using the Lasso (Least 

Absolute Shrinkage and Selection Operator) approach. The 

findings have demonstrated that the framework can fully 

utilize the information's features over multifaceted feature 

input variables and is more accurate and applicable than the 

traditional approach. 

Finally, Zhang et al. created an immediate wind velocity 

forecasting system based on varied support segment (VSS) 

in [13]. Initially past information about wind velocities is 

divided into numerous parts using the variation modes 

decomposition technique. The expected prospective 

velocity of the wind is then calculated by adding the 

predicted values that are obtained using an improved 

converter model, which is then utilized to predict the 

expected outcomes of each element. Research evidence 

shows that the upgraded converter paradigm beats current 

forecasting algorithms in terms of accuracy when making 

predictions. 

MEASUREMENTS IN INVERTERS: 

SMART POWER QUALITY ANALYSIS 

    The general configuration of the intended collection 

device housed within an inverter is seen in Figure 1. By 

including additional sensors, DC (Direct Current) and 

measurements of voltage and current have been taken at the 

source for each one of the 4 TC-selected inverters within 

the Small-Scale PV Power Station. Both the voltages and 

alternating currents (AC) generated by the three separate 

phases production of the four inverters were also measured. 

The previous filtering network creation and production 

process for the current and voltage transducers utilized by 

the inverter to perform DC and AC readings is described 

below. 

For all DC and AC voltages, the transducer LEM LV 25-

p (LEM, Fribourg, Switz- er-land) was employed. It's a 

closed-circuit loop Hall phenomenon current transducer, 

basically. The preparation circuitry intended to use this 

transducer to measure voltage can be seen in Figure 2. 

Current has to travel via an outside resistor, R1, according- 

ly with the circuit's determined AC voltage. The transducer 

specification states that values up to 500 V may be 

detected. In order to get an ideal flow of 10 mA at the full 

range from the AC voltage, Q1 selected a resistor with a 

value of 25 kΩ. Highly precise resistors that had a 240 Ω 

rating were utilized in the output of the block to trans- form 

the electrical current into a voltage that the data collection 

card (depicted as 𝑅𝑀 in Figure 2) was able to identify. 

For DC voltage readings at the inputs of the invert- ers, 

another device that is employed is the LEM LV 25-P, 

which has a voltage meas- uring range that goes up to 

700 VDC. Thus, while the preconditioning circuit 

utilised in the AC measurements was identical, the 

maximum voltage could be achieved. For supplying 12 

mA DC current, a 50 kΩ resistor was used as 𝑅1. The 

resultant current of 25 mA indicates that this current is 
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proportional. PV-strings could be tested with this setup, 

and their peak DC voltage is 600 V. 

 

Fig. 1. General structure for electrical measurements 

in inverters. 

 

Fig. 2. General structure for electrical measurements 

in inverters. 

PV current and voltage are measured using an ACS712 

sensor (maximum current of 30 A) and a voltage sensor 

(maximum voltage of 25 V). The following formulas are 

used to calibrate both sensors: 

𝐴=(5𝐼𝑟1024−2.5) (1) 

where, Ir is the measured real value of current. 

𝑉=(5𝑉𝑟1024) (2) 

where, Vr is the measured real value of voltage, R1 and 

R2 series resistors (tension divider) 

Solar irradiance was measured by using a reference solar 

cell and calibrated with a pyranometer (the calibration 

coefficient is K = 1000), so 

𝐺𝑟=𝑘𝑉𝑚 (3) 

where, Vm is the produced voltage by the reference solar 

cell 

Roughly 73 EUR is the projected total cost. This cost 

may be regarded as inexpen- sive with adequate 

performance when compared to other monitoring systems, 

such as those in [33, 34, 35]. 

Data Processing System 

The PV-on time architecture monitors the condition of 

the information collection equipment and the readings that 

take place in real time by acting like a real time data 

acquisition programme. 

 The menu items Graphs, Manufacturing, Electricity 

excellence, Meteorological fa- cility, System, and Visio are 

those that trigger the information panels of the equip- ment 

or measurement sets on the upper bar. The "Diagram" 

choice is chosen for the artwork, which displays an 

illustration from the PV-on time scheme. 

The WSN units that are placed on the photovoltaic array 

are shown on the left, along with the associated metrics. 

The WSN networks may be chosen from three categories 

on an interface created expressly for this type of device. 

Every WSN node's measurement and connection quality 

data are recorded by its processing programme. 

The cRIO customizable processors' information, 

particularly the time coordination, is shown in the central 

area. Data about output and energy consumption is 

displayed as well for each of the cRIOs located in the TC. 

The electricity produced by each of the photovoltaic panels 

connected via the inverter is displayed as a percentage of 

their nominal energy. Environmental characteristics are 

displayed on the far right with information from the climate 

monitor and the satellite navigation device. 

Each device's condition is periodically checked by the 

information handling unit. In this instance, a graphic icon 

(LED indicator) indicates the state of the gadget. This 

makes use of the following colour scheme: Equipment in 

use: green; out-of- synchronization warning: yellow; 

communication issue alert: red; disconnected de- vice: grey. 

Seeing how the device is synchronized on this display is 

extremely helpful. 

III. RESULTS AND DISCUSSION 

The installation and configuration of an innovative 

system has allowed for detailed monitoring of every facet 

of a small-scale PV facility which is grid-connected. The 

setup integrates additional wired as well as wireless sensing 

equipment using controllers that can be programmed to 

monitor productivity at specific areas scattered throughout 

a solar facility. Because it could be configured with 

different sampling periods, the method is very versatile. 

The examination of each of the information enables real-

time understanding of the functioning of each PV system 

element and the presence of any potential technical issue. 
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Because of their greater capability, the se- lected cRIO 

controllers that are programmable and enable the 

examination of the produced electrical communication's 

PQ. The administrative and tracking applications, which 

were created as well specifically to be integrated with the 

PV-on time system, provide full real-time facility control. 

For solar facilities located in dry regions, it is strongly 

recommended to leverage IoT technology to create 

intelligent systems for tracking with issue detection tech 

niques. Furthermore, it is highly recommended to put into 

practice an ingenious strategy to ensure the timely 

segregation and safeguarding of the plants. 

The four primary constraints of the developed PV 

tracking system are as follows: 

(1) it is only suitable for very small-scale off-grid PV 

systems (PV strings); (2) the Wi- Fi module's range is 

capped at 100 metres; (3) just three major failures can be 

determined; and (4) the information provided on the 

developed web application are not established. 

A screenshot of the parameters measured by the application 

can be seen below. 

 

 

Fig. 3. Preview of Power Generation Monitoring Web 

Application 

IV. CONCLUSION 

To get beyond the aforementioned issues, we desire to 

evaluate the setup for a sizable solar power plant utilizing 

extra suitable instruments (current and voltage). 

Furthermore, a number of problems related to the PV 

modules such as bubbles, browning, snail trails, and others 

are going to be investigated. We are going to employ 

another long-distance data transfer technology, which 

includes LoRa, specifically, LoRaWAn which runs on a 

lower radio frequency spectrum compared to Wi-Fi. 

REFERENCES 

[1] Available online: 

https://www.statista.com/statistics/871513/worldwide-data-

created/ (Ac- cessed on 11 November 2023). 

[2] Available online: https://towardsdatascience.com/internet-of-

things-booming-15-trillion- market-88fde1da2113 (Accessed 

on 11 November 2023). 

[3] Marcus Vogt, Christian Buchholz, Sebastian Thiede, 

Christoph Herrmann, Energy effi- ciency of Heating, 

Ventilation and Air Conditioning systems in production 

environments through model-predictive control schemes: The 

case of battery production, Journal of Cleaner Production, 

Volume 350, 2022, 131354, ISSN 0959-6526, 

https://doi.org/10.1016/j.jclepro.2022.131354. 

[4] Barnabei, V.F.; Bonacina, F.; Corsini, A.; Tucci, F.A.; 

Santilli, R. Condition-Based Maintenance of Gensets in 

District Heating Using Unsupervised Normal Behavior 

Models Applied on SCADA Data. Energies 2023, 16, 3719. 

[5] Lin, Y.; Gan, J.; Wang, Z. On-Line Monitoring of Shunt 

Capacitor Bank Based on Relay Protection Device. Energies 

2023, 16, 1615. 

[6] Jawad, R.S.; Abid, H. HVDC Fault Detection and 

Classification with Artificial Neural Network Based on 

ACO-DWT Method. Energies 2023, 16, 1064. 

[7] Pujana, A.; Esteras, M.; Perea, E.; Maqueda, E.; Calvez, P. 

Hybrid-Model-Based Digital Twin of the Drivetrain of a 

Wind Turbine and Its Application for Failure Synthetic Data 

Generation. Energies 2023, 16, 861. 

[8] Xia, R.; Gao, Y.; Zhu, Y.; Gu, D.; Wang, J. An Efficient 

Method Combined Data-Driven for Detecting Electricity 

Theft with Stacking Structure Based on Grey Relation 

Analysis. Energies 2022, 15, 7423. 

[9] Zheng, J.; Chen, Z.; Wang, Q.; Qiang, H.; Xu, W. GIS Partial 

Discharge Pattern Recogni- tion Based on Time-Frequency 

Features and Improved Convolutional Neural Network. 

Energies 2022, 15, 7372. 

[10] Luo, C.; Zhang, Z.; Qiao, D.; Lai, X.; Li, Y.; Wang, S. Life 

Prediction under Charging Process of Lithium-Ion Batteries 

Based on AutoML. Energies 2022, 15, 4594. 

[11] Bai, K.; Zhou, Y.; Cui, Z.; Bao, W.; Zhang, N.; Zhai, Y. 

HOG-SVM-Based Image Feature Classification Method for 

Sound Recognition of Power Equipments. Energies 2022, 15, 

4449. 

[12] Chen, L.; Wang, C.; Zhong, R.; Wang, J.; Zhao, Z. 

Intelligent Modeling of the Incineration Process in Waste 

Incineration Power Plant Based on Deep Learning. Energies 

2022, 15, 4285. 

[13] Zhang, K.; Li, X.; Su, J. Variable Support Segment-Based 

Short-Term Wind Speed Fore- casting. Energies 2022, 15, 

4067. 

[14] Anuradha B, Vivekanandhan C. Usage of scratch pad 

memory in embedded system-state of art, Third International 

Conference on computing, communication and Networking 

Technologies (ICCCNT’12) 2012, pp 1-5. 

[15] Anuradha B, Kavitha M S, Karthik, Karthikeyan N 

“Exploring novel design Approach foe low Power VLSI in 

IOT devices”, ICTACT Journal of Microelectronics, July 

2013, vol 9, issue 2 


