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ARTICLEINFO ABSTRACT

Introduction: The power generation and maintaining its quality and also issues
related to it in solar grid systems are major challengers and renewable energy is
integrated in intermittent nature, these are mainly depending on environment
Accepted: 27 Feb 2025 conditions like weather and many other factors. Due to continuous variations of
irradiance solar all over day creates problem energy produced through solar panels and
same are integrated in solar power systems and installed in electrical networks. Due to
continuous fluctuations, the voltages may loss and leads to damages the many
appliances
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Objectives: The proposed system uses the Renewable Energy Sources (RES), Solar
Power Plants (SPP) and wind as power sources, the RES at Distributed level in Smart
Grid has been extensively analysed in terms of power generation and estimation of
power consumption in hourly basis

Methods: The Deep Learning based Neural Network (DLNN) has been used to
calculate of generated power and estimate consumed power in the country. Based on
estimated power required, the proposed system can produce a required amount of
output power with good quality for reliability for the loads. In order to exact estimation
required power, the standard data set has been classified using DL-long-short term
memory (LSTM) network and it’s naturally sequential

Results: Results show significant improvements: An LSTM is part of DLNN that can

learn and test dependencies between time steps of sequence data. For efficient
prediction of required power generation and estimation of energy that required to be
produced with help solar power plant, XGBoot methods has been incorporated which
will produce optimal and tuning results.

Conclusions: It introduces a robust day-ahead solar irradiance forecasting system
using XGBoost, DLNN, and SDM, demonstrating superior accuracy and efficiency over
existing methods. A web application was developed for interactive visualization using
real-time data. The system holds promise for future enhancements in dataset quality
and applications in power infrastructure maintenance.

Keywords: Solar Panel, RES, SPP, DLNN and LSTM.
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INTRODUCTION

Improving the distribution and production grid contributes to increased electricity economy, safety, reliability, and
efficiency. The Smart Grid (SG) uses control methods, data, and technology for communication to modernize the
energy supply and transmission grid. The conventional grid can become the SG through intelligent metering,
improved network functioning and management, quicker fault diagnosis, and self-healing capabilities using grid
automated [1]. Across the entire power industry, including the production of electricity, distribution, and
transmission, and consumers, SG is an integrated system of information, communication, and control technologies
and systems that interact with mechanization and corporate procedures [2]. The Nanogrids and Microgrids are two
examples of technologies intended to function in small community areas; in contrast, the SG is a large-scale power
supply network designed to operate on large community electricity delivery technologies. A microgrid is a localized
energy grid equipped with control capabilities, allowing it to detach from the conventional grid and function
independently [3]. Renewable energy sources are more cost-effective, and dependable, and offer higher sustainability
than fossil fuels and other non-renewable energy sources. Smart Grids (SGs) are referred to be "dependable” because
they improve network dependability when variable renewable energy (VRE) generation is at its highest. In terms of
cost-effectiveness, fossil fuels are frequently outperformed by solar and wind energy in numerous circumstances [4].
Although solar energy facilities need a large initial capital investment, many sites have lower Levelized Cost of
Electricity (LCOE) than brand-new fossil fuel power plants. Around the world, solar energy is becoming more and
more popular, particularly in rural areas where people either have trouble paying monthly electric bills or do not have
access to power [5]. By providing a thorough analysis of next-generation smart grids and showcasing the most recent
and inventive developments in the SG industry, this study significantly advances the field. It offers a thorough
analysis of the traits, benefits, drawbacks, and prospects for smart grids in the future. Furthermore, the article
explores multiple technologies, security measures for smart networks, and the range of issues that GS must deal with

[6].
LITERATURE SURVEY

The study in reference [7] addresses opportunities and problems associated with information and communication
technology, with a particular emphasis on the critical components of smart grid technologies. The authors present a
current overview of smart grid communications, outlining research fields and highlighting the state of the art at the
moment. The authors of [8] examine the connection between RES and SG, presenting the ideas of renewable energy
sources and smart grid features while evaluating their viability. In the meanwhile, the report explores cybersecurity
concerns related to the SG in [9]. Within the scope of the SG, the researchers explore security needs, network issues,
and the creation of secure communication protocols and topologies. The authors of this article [10] offer a thorough
analysis of the innovations that make the Smart Grid possible, focusing on three main systems: intelligent
infrastructure, smart administration, and smart protection. The difficulties surrounding smart grid architecture are
covered in [11], along with possible uses and communication needs that are crucial to guaranteeing efficiency,
dependability, and financial sustainability.

Proceeding to [12], the study surveys power system communication designs and provides an overview of the present
status of research endeavors in smart grid communication networks. Finally, [13] presents the idea of the smart grid,
describing its components and communication techniques. The study also emphasizes the benefits and
enhancements connected to certain methods of communication. However, there are real-world obstacles to
implementing a large number of Energy Storage Systems (ESSs) for individual energy consumers, including as
limited space and high costs for investment. This study tackles the issue of managing energy for multiple users with
a single shared ESS and renewable energy sources, considering the limitations mentioned earlier. An algorithm that
optimizes the energy charged/discharged to/from the shared ESS is part of the suggested approach. Under realistic
system limitations, this optimization process is directed by a set of profit coefficients that specify the desired
percentage of total profit allotted to each user. Based on actual data from California, the paper shows using simulation
that the shared ESS can increase overall user profit by 10% when compared to situations in which customers own
[14]. In large quantities, the intrinsic erratic nature of renewable energy sources like wind and sun makes it difficult
for them to be seamlessly integrated into the electrical system. The electricity method's reliability could be
compromised by this erratic behavior. A new approach to overcoming this difficulty is presented in reference [15],
which guarantees a steady power output to the power grid for a predetermined amount of time (hours). This approach
makes use of Energy Management System (EMS) technology in relation to sustainable solar energy.
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This study explores the use of off-grid wind and solar energy to generate electricity for a smart irrigation system using
a sustainable combination energy system. An Arduino Nano controller allows the automated irrigation system to be
controlled centrally. A soil moisture sensor and a pump motor are used in automated soil and water quality
assessments [16]. Furthermore, the network offers updates in real time via an Internet of Things (IoT) application
that utilizes GSM. A type of battery effectively stores all produced electricity for later use. The increasing number of
people has made it more difficult for the grid to supply the necessary amount of electricity. Traditional energy sources
find it difficult to meet customer demands. As a result, using RES to meet energy needs turns out to be a wise and
profitable business decision. Additionally, by utilizing information and communication technology (ICT) for
monitoring and control abilities, the deployment of the SG is expected to improve both the safety and quality of RES.
The research presented here focuses on Algeria's potential for energy from renewable sources in particular. It explores
the MATLAB/Simulink simulation of a scaled microgrid, which functions as a condensed illustration of a smart grid
implementation [17]. The purpose of the "A smaller scale Power Cooperation Network" is to allow units in its
distribution system to take advantage of excess energy produced by generating units. With the help of this creative
approach, vital services can be provided when there is a power outage, meeting demands without adding to expenses,
or stressing already limited resources. Appropriate for the Lebanese environment, wherein effective power control is
essential, this inexpensive fix has been effectively applied in small- and medium-sized solar farms in the Bekaa area
[18]. This system's versatility makes it a workable and affordable choice for raising energy consumption in Lebanon's
communities. Solar thermal and solar photovoltaic (PV) technologies are the two main areas of focus for this study's
investigation of solar energy as a vital renewable resource [19]. Direct conversion of photovoltaic cells or
concentration of solar energy to generate steam for turbines drive are two methods used to generate solar electricity.
One important aspect of solar power, photovoltaic systems, is discussed in terms of the type of silicon used, which
includes mono-crystalline, poly-crystalline, and amorphous thin-film silicon cells [20]. The study explores a number
of variables that affect solar panel mounting systems' effectiveness and offers a thorough grasp of the aspects to take
into account while maximizing the use of solar energy [21].

The "Decimal State" grid is a novel concept for grid operation that is the subject of an investigation in reference [22].
Without using direct load control, this idea entails periodically modifying the subscription power to match the grid
supply capability. A simple, effective communication technique that has been developed and verified for usability
underpins the use of the decimal state grid. The study's simulations show that even in situations when there is a
power shortfall, a decimal state grid may effectively avert power failures in grids that are entirely dependent on solar
energy or fossil fuels. The models also show that a decimal state grid can potentially greatly minimize the need for
long-duration, large-capacity storage systems for energy [23]. On the other hand, the variability and unpredictability
of renewable energy output, which is highly dependent on meteorological factors, poses a serious reliability problem,
particularly as demand rises and falls. In order to meet this issue, demand-side control must be implemented using
a variety of commercial and technical processes in addition to cutting-edge strategies like power storage. These tactics
support the energy system's overall sustainability [24]. By using these strategies, the smart grid is able to efficiently
balance the dynamics of supply and demand, guaranteeing the timely delivery of power while upholding strict
requirements for voltage, frequency, and harmonic-free qualities. In order to maximize the smart grid's resilience
and performance in the face of fluctuating energy sources such as solar, a coordinated strategy is essential [25]. The
world's energy consumption is rising at a rate that is unprecedented due to causes such as growing populations,
increasing industrialization, and rising living standards. Innovative methods are needed to meet this issue, and the
idea of energy as a service has spurred the modern electrical grid's transformation into an intelligent and adaptable
structure. With a focus on fuel cell utilization, this study presents a revolutionary approach to energy management
that utilizes a smart vehicle as an energy source [26]. The suggested approach functions as a fallback, especially in
situations where a household's energy needs cannot be satisfied by renewable energy sources like solar and wind.
Using intelligent systems and alternative energy sources, this strategy adds to the continuous efforts to improve
sustainability and energy efficiency. In the context of intelligent cities, this investigation focuses on how to best
employ renewable energy sources (RESs) in a building integrated microgrid system (BIMGS) [27]. The objective is to
enhance sustainable development by implementing real-time optimum control to efficiently supply the building load.
Four sources of power are included in the planned system for the building: RESs units on the ground within the
building premises, photovoltaic cells on the roof, small-scale wind turbines mounted on the roof, a system for storing
energy, and the main grid supply. The building's energy efficiency and resilience in a smart city setting are enhanced
by the thorough integration of diverse energy sources, which enables flexible monitoring and management [28]. In
this paper, techniques for Time Rate Multiple Pulse Width Modulation (TRM-PWM) for multi-source energy mixing
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in DC microgrids are presented [28]. The implementation of diverse green energy resources into a microgrid network
is the main focus. The TRM-PWM multi-source power mixer element, which is intended to blend energy from solar
and wind energy systems, batteries, and the grid, is implemented in MATLAB Simulink and is described in this work.
The efficiency of the suggested energy mixer element in modifying the rate of energy mixing from various sources is
shown by the simulation results. This flexibility offers potential uses in smart grid situations by enabling the best
possible energy mixing, which may be fine-tuned utilizing optimization and artificial intelligence technologies [29].

Sosecurity sounds like a promising and innovative approach to enhancing SoC (system on chip) security By focusing
on NoC (Network on Chip) counter—based hardware monitoring, You're targeting a critical area where many
traditional security measures might fall short, especially in heterogeneous SoCs. It could be interesting to deeper into
the specifics of how security integrates with existing SoC architectures, the types of anomalies it can detect, and how
it handles false positives. Additionally, understanding the computational overhead and scalability of the solution
could be crucial for its adoption in large-scale, diverse SoC environments [8]. The feasibility of NV-LDPS coding for
space telecommand link application using a RISE-V soft—core processor plus a vector co-processor. In summary,
your approach offers a promising solution to space telecommand link applications by leveraging reconfigurable
hardware to perform essential tasks while maintaining flexibility and reducing costs. The balance between
performance and versatility will be key to its successful implementation [9]. IoT-based droop control for energy
storage systems (ESUs) within and between microgrids is very timely and relevant. it could be usedfully to discuss
how your IoT-based droop control handles potential challenges such as communication delays, data security, and
interoperability with existing systems. Additionally, providing performance metrics and comparisons with traditional
methods could further highlight the advantages of your approach [10]. Your work on developing an SoC-based
platform for processing impulse radio ultrawideband (UWB) signals is quite relevant and innovative. Microgrid helps
to increase the energy marker by creating an ecosystem of limited energy generation and transportation. Their ability
to provide high-resolution time-domain information is particularly valuable in the field. SoC—based platform for
UWB technology and its applications. UWB single processing is a valuable contribution to the field, offering
flexibility, cost-effectiveness, and adaptability for various research and application needs. The combination of
modular design and configurable sampling rates positions techniques [11].

In [12] proposal to use ant colony optimization (ACO) for the co-design of MPSoC (Multiprocessor System on Chip)
architectures, while addressing privacy and security concerns, is both timely and sophisticated. “Ant Colony
Optimization (ACO)” is a metaheuristic algorithm inspired by the foraging behaviour of ants. It is used to solve
problems that can be represented as finding optimal paths through graphs. In this approach, a colony of artificial
ants works together to explore different paths, gradually improving solutions by mimicking the way real ants
communicate and find efficient routes. Data security is frequently defined as a set of safeguards designed to prevent
unauthorized access and theft of digital data. The modular nature of MPSoCs combined using system-on-chip (SoC)
technology, multiple or even all subsystems can be combined into a single component. Your approach of using ant
colony optimization for the co-design of MPSoC architectures, with an emphasis on privacy and security, addresses
both performance and critical concerns about handling sensitive data. The Ultrascale MPSoC architecture provides
scalable processing from 32 to 64 bits, supporting virtualization and a combination of soft and hard engines. Road
Net-RT architecture enhances real-time road segmentation for autonomous driving and virtual reality applications.
While CNNs excel in visual data analysis, their increasing complexity can impact real-time performance, posing a
challenge for applications like autonomous driving.

On the DIII-D tokamak, the integration of major electronic components into a single SoC-based instrument improves
space efficiency and reduces system complexity. Automation through SoC minimizes manual intervention, leading to
more precise diagnostics. The analog driver produces a non-linear sweep voltage of 0-20V, while the Data Acquisition
System (DAQ) processes in-phase (I) and quadrature (Q) components, ensuring high-speed and high-resolution data
acquisition. Attention to system design is essential for proper integration and performance. Performance evaluation
rigorous testing and validation of the integrated instrument are necessary to ensure that it meets performance and
accuracy requirements. The ARDI offers a promising solution for modernizing and simplifying the reflectometry
diagnostic process in tokamak labs. Integrating multiple components into a single SoC-based instrument addresses
key issues related to space, manual intervention, and system complexity while enhancing functionality, accuracy, and
remote configurability [14].

In [15] a “fast chirp frequency-modulated continuous-wave (FMCW)” radar is represented by detecting, locating, and
tracking static as well as addressing several important issues in the tokamak lab environment. Space efficiency the
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existing setup’s rigidity and bulkiness can occupy valuable lab space, which is at a premium in tokamak labs. FMCW
reflectometry is a technique where the frequency of a single continuous wave is modulated over time. Automation
and Remote Configurability manual intervention to change control parameters can introduce inconsistencies and
inefficiencies. Integration of Components in corporation all necessary components into a single, compact unit can
simplify the system setup and reduce the complexity associated with managing separate, bulky equipment. Ensure
the components of the compact FMCW reflectometry instrument arecompatible and optimized for performance.
Testing of the compact instrument is necessary to ensure that it meets the required performance specification for
FMCW reflectometry. Develop a user-friendly interface for remote configuration and monitoring. By integrating
automation and remote configurability into a streamlined design, your approach enhances efficiency, accuracy, and
flexibility, making it a valuable tool for modern tokamak experiments and diagnostics [15]. The Intelligent Reflecting
Surface (IRS) technology holds great promise for next-generation communication systems by improving signal
integrity and network performance. However, as you noted, the integration of IRS introduces additional challenges,
particularly in phase-shift optimization, which can impact overall system latency. An IRS is a metasurface consisting
of many small reconfigurable passive low—cost reflecting elements. IRS is particularly useful in scenarios with poor
signal coverage, high interference, or where direct line-of-sight communication is obstructed. In reflection mode, an
Intelligent Reflecting Surface (IRS) reflects signals from the access point to the client, with phase shifts influencing
system performance. During the inference phase, latency directly affects the responsiveness of Al applications to user
inputs and environmental changes. A key challenge is balancing phase shift optimization accuracy with the time
required to compute the optimal settings. IRS is an innovative hardware technology that enhances signal coverage
and reduces energy consumption at a low deployment cost. By utilizing efficient algorithms, real-time processing,
and adaptive hardware-accelerated approaches, it is possible to overcome these challenges and maximize the benefits
of IRS technology. In [17] enhancing energy and area efficiency in edge machine learning (ML) systems presents
several innovative features and achieves impressive performance metrics. 2-MB “Magneto resistive Random Access
Memory (MRAM)” for Non-Volatile weight storage. MRAM is used here for storing weights, providing the benefit of
non-volatile memory that retains data without power. CNN Loop ordering optimizing the order of operations within
the CNN loop can further reduce the power required for memory access and computation, leading to overall power
savings. Reduced Power Consumption by integrating MRAM, optimizing memory usage with IAMEM, and improving
CNN loop ordering, your design significantly reduces power consumption, which is crucial for energy-constrained
edge devices. Conduct thorough testing to validate the performance metrics and ensure that the design meets all
specifications under various operational conditions. Your design for the SoC-based edge ML system, incorporating
MRAM for non-volatile storage, optimized IAMEM buffering, and efficient CNN loop ordering, showcases significant
advancement in energy and area efficiency. The performance metrics, including improved efficiency for both Harris
corner detection and CNN tasks, Highlight the effectiveness of your approach in addressing the needs of next-
generation edge devices. This design represents Edge devices, where data is generated and provides a solid
foundation for further innovation and development [17].

In [18] developing a low-caste IoT SoC is an open standard “instruction set architecture (ISA)” based on established
“reduced instruction set computer (RISE)” addresses important and growing needs in the information technology
industry. Advancement in information technology is IoT represents a major leap forward in integrating digital
technology with everyday objects enhancing productivity and equality of life. IoT has proven to be a powerful tool for
improving operational efficiency, decision-making processes, overall productivity, and data management SoCs that
can handle various tasks while keeping expenses low. RISC —V the common ISA enables designers to use the same
basics ISA as a starting point and tailor their device to the needs of applications ranging from embedded design which
is advantageous for developing low—cost and efficient SoCs. Versatile application is the ability to perform image
acquisition and barcode recognition expands the range of applications for IoT devices making them more versatile
and capable of handling complex tasks. Real-time processing ensures that the SoC can handle real-time processing
requirements, especially for barcode recognition, to meet the performance needs of various applications. Feature
expansion considers potential future enhancements or additional features that could be incorporated into the SoC to
expand its capabilities or improve performance. By leveraging the open-source nature of RISC-V and focusing on
cost-effective design, your work addresses important needs in the IoT sector and contributes to advancing research
in SoC development. The proposed SoC chip offers significant potential for enhancing the functionality and
affordability of IoT devices, paving the way for broader adoption and innovation in the field [18]. Dilithium selection
algorithms announced today are specified in the first completed standard from NIST post-quantum cryptography
(PQC) standardization highlighting its robustness and potential as a quantum-resistant solution. FPGAs are capable
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of parallel processing, which can enhance the performance of cryptographic operations by executing multiple tasks
simultaneously. Latency is the time taken to complete a single cryptographic operation. Cross-platform evaluation
extending to the platform and comparing results can provide a comprehensive understanding of dilithium’s
performance across diverse environments. The efficient implementation of the lattice-based dilithium cryptographic
scheme on an FPGA SoC platform represents a crucial step in evaluating its practicality and performance for post-
quantum cryptography. By leveraging the flexibility and parallel processing capabilities of FPGA technology, your
work provides valuable dilithium a lattice-based digital signing scheme that secures data against quantum computing
threats. This contributes to the broader goal of advancing post-quantum cryptographic standards and ensuring
robust security in the face of emerging quantum threats [19].

Automatic clock gating (ACG) represents an advanced approach to reducing dynamic power dissipation in clock
distribution networks by introducing a control mechanism that automates the clock gating process. Traditional clock
gating involves manually or statically turning off the clock to inactive components to save power. ACG enhances this
is modelling the graph data structure as a collection of nodes connected by edges. As digital design becomes more
complex and power constraints become stricter, automated approaches like ACG will play a crucial role in managing
power efficiently. Continued advancement in control mechanisms and integration techniques will further enhance
the effectiveness of ACG. Automatic Clock Gating (ACG) represents a significant advancement in the clock-gating
process and modellingof the global clock distribution network as a graph. The introduction of control mechanisms
on the arcs of the graph allows for dynamic and efficient power management, reducing dynamic power dissipation
and improving system performance. Effective implementation of ACG requires careful design, integration, and
validation, but the benefits in terms of energy efficiency and performance optimization make it a valuable approach
for modern and future digital systems [20]. A state-of-charge balancing control strategy is proposed for energy
storage units with a voltage-balancing function. The design and analysis focus on a multiple-input—single-output
(MISO) DC-DC converter, ideal for hybrid renewable energy systems. A battery, composed of one or more
electrochemical cells, powers electrical devices. Cell balancing optimizes the SoC of the battery, addressing
imbalances that arise when cells in a series are not equally charged. In a parallel configuration, where current is
divided among cells, all positive terminals are connected, and the output of the DC-DC converter is linked to a DC
bus regulated by a charger/discharger power converter. Once the SoC is balanced, relay 1 opens, separating the
balancing circuit to prevent charge discrepancies, which can cause uneven wear and reduced battery life. The
hierarchical state-of-charge balancing control method effectively manages SoC at both the cell and module levels,
while maintaining stable bus voltage regulation. By integrating advanced control algorithms with modular battery
architecture, this method enhances battery performance, reliability, and efficiency. Proper implementation and
optimization of this control system can lead to significant improvement in battery management and energy storage
is an essential component of modern power systems, enabling efficient and reliable management of electricity supply

[21].

Modern embedded devices increasingly use heterogeneous SoCs that integrate both a general-purpose CPU and
specialized data parallel accelerators (eg., GPUs, DSPs). In such a system, both the CPU and accelerators share the
main memory (DRAM). PREM enforces a processing core is a fundamental component of the computer chip,
responsible for executing instructions and performing computations. By separating memory and compute phases,
PREM reduces changes in memory contention between the CPU and accelerators. This separation ensures that while
one processing subsystem is accessing memory, the other performing computation or is idle, minimizing overlapping
memory accesses. There may be overhead associated with implementing and enforcing the scheduling policies, which
needs to be minimized to avoid negating the performance benefits. The predictable execution model (PREM) offers
arobust solution for managing memory interference in heterogeneous SoCs by organizing execution into distinct
platform—level schedule enforcing and a compute phase. By reducing memory contention and improving
predictability, PREM enhances system performance and robustness, making it highly suitable for real-time and high-
performance embedded applications. Effective implementation of PREM requires careful scheduling, platform
support, and adaptability to dynamic workloads, but it benefits in reducing interference and optimizing resource
utilization make it a valuable approach for modern embedded systems [22].

The article addresses challenges faced by battery-limited mobile devices in processing dense RGB-D data for 3-D
perception. It introduces the Depth Signal Processing Unit (DSPU), a system-on-chip (SoC) designed for low-power
operation, ideal for mobile devices. Traditional RGB-D sensors consume significant power, limiting their use in such
devices. DSPU overcomes this by employing a CNN-based approach for monocular depth estimation, converting RGB
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images into depth data. The DSPU supports advanced 3-D perception, enhancing applications like autonomous
driving, augmented reality (AR), and virtual reality (VR), where accurate real-time 3-D data is crucial. Its
reconfigurable design allows adaptation to various tasks, making it versatile for different scenarios. By integrating
low-power time-of-flight (ToF) sensor fusion and a flexible neural network for 3-D perception, the DSPU offers a
powerful solution to challenges like high power consumption, sparse depth data, and long processing times,
delivering real-time, energy-efficient performance.

Given the increasing demand for high-quality equality images in contactless communication and streaming services,
this SoC addresses several key challenges associated with SR. Super-resolution involves complex algorithms that
require significant computational resources to reconstruct high-quality images from low-quality inputs. The SoC is
designed to be energy-efficient, addressing the high energy consumption typically associated with SR algorithms.
This efficiency is crucial for extending battery life in mobile devices. By reducing energy consumption, the SoC
extends the battery life of mobile devices, making it suitable for prolonged use in various applications. The SoC's
ability to efficiently handle SR tasks makes it versatile for different applications, including mobile photography,
augmented reality, and video streaming. In AR and VR applications, high-resolution images contribute to more
immersive and realistic experiences, improving user engagement and satisfaction. The energy-efficient accelerating
SoC for super-resolution (SR) image reconstruction addresses key challenges in mobile platforms, including high
power consumption, long latency, and limited resources. By integrating specialized hardware for SR tasks, optimizing
energy efficiency, and reducing latency, the SoC enhances image quality and supports real-time processing in
resource-constrained environments. Its benefits extend to various applications, including contactless
communication, streaming services, and AR/VR, making it a valuable advancement in mobile image processing
technology [24].

The challenges of thermal management and temperature estimation in modern multicore architecture, particularly
those with numerous cores, are critical for ensuring both reliability and longevity. The key issues arise from the
complexities introduced by core density, thermal coupling, and non-uniform temperature distribution. As the
number of cores in amulticore processor increases, the core density becomes very high. Effective thermal coupling
between interconnect rooting blocks and active tiles (cores) can cause uneven temperature distribution. Optimizing
core /tile spacing properly spacing cores to enhance thermal coupling can help distribute heat more evenly
and reduce the likelihood of hotspots. This involves balancing core density with effective thermal management
techniques. During the design phase, thermal-aware design practices can be employed to optimize core placement
and spacing. Developing accurate thermal models and simulations can help predict temperature distribution under
various workload conditions adjusting the clock speeds and power levels of cores based on their temperature can help
manage heat generation and prevent overheating. Designing interconnects with better thermal conductivity can
enhance thermal coupling between cores and routing blocks. Proper thermal management minimizes thermal stress
on the chip, which can help extend its operation lifespan and prevent premature failure effective thermal
management in modern multicore architectures is critical for ensuring reliability and longevity. Addressing the
challenges of core density, thermal coupling, and non-uniform temperature distribution requires a combination of
design optimization, advanced cooling solutions, real-time monitoring, and dynamic thermal management
techniques. By implementing these strategies, it is possible to enhance the performance and durability of multicore
processors, ultimately leading to more reliable and long-lasting computing systems [25].

METHODS

The proposed research work the difficulties in radiation from the sun prediction by introducing a new method that
makes use of XGBoost and DLNN. The proposed approach is based on XGBoost, a potent ensemble machine learning
framework with its roots in gradient-boosting decision trees. Among its notable benefits are column sampling and
parallel processing, which improve methodological effectiveness and significantly speeds up training compared to
other approaches. Tree depth and iteration count are the only two configurable factors in XGBoost, which streamlines
the entire optimization procedure. This research uses XGBoost to construct an accurate solar radiation predictor.
When predicting solar irradiance for future time intervals, the tree composite repeatedly produces a variety of
anticipated values. Then, using Kernel Density Estimation, the probability density is calculated. An experiment
conducted using a publicly available dataset from the National New Energy Laboratory shows that the suggested
strategy achieves the smallest intervals for predictions at a given confidence level better than alternative methods.
This work's principal contributions are as follows:
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> This research presents a novel method for solar irradiance probability forecasting using XGBoost and DLNN.
This approach provides an answer to the problems brought on by complex model tuning and drawn-out
training procedures.

> Without requiring any type of presumption, the model that is being shown can produce predicting results
that are both deterministic and probabilistic.

» An openly accessible dataset is used to evaluate the accuracy and efficacy of the suggested technique.
Simultaneously, the tests verify that this technique has the least amount of time difficulty in comparison to
other methods.

Power generation/distribution report
of last 6 years stored as .csv

A4 Tokenize the text using
Read the data set in Matlab and tokenizedDocument function
extract all fields

Convert the text to lowercase

Pre-processing of data set using using lower
preprocessText function

v Erase the punctuation
Word Encode: Convert words using erasePunctuation function
into Numeric Sequence

A4

Create and Train the network using
LSTM Deep learning for whole data v
set (Embedding layer) Train using Adam Solver
Classify new text data with help of Specify mini-batch size as 16
Tranined LSTM Network r— l
Shuffle the data for every
epoch
Calculate Accuracy between trained
and test data sets l
v Mpnitﬁr tgie training progress by
. . tting the 'Plots' option to 'training-
Estimate the required setting the Tlots option to training
progress
power for future

Fig.1. Proposed working flow diagram of power generation and its estimation using DLNN and XGBoost
algorithms.

Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution License 783
which permitsunrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.



Journal of Information Systems Engineering and Management
2025, 10 (458)

e-ISSN: 2468-4376

https://jisem-journal.com/ Research Article

We performed reliability testing using the National New Energy Laboratory's sun irradiation database to confirm the
effectiveness of the suggested strategy. Hourly weather and solar irradiance data for the six years between 2018 and
2022 are included in this collection. We split the database into two subsets: the testing dataset contains data for the
entire year 2022, while the training set contains data for the previous six years. With a time precision of one hour,
the solar radiation data covers the entire day from 9:00 to 19:00. Seasonal, temporal, and environmental
characteristics are examples of input characteristics. They are, in particular, the following: month, date, hour, hourly
wind velocity (227), regular east the sea level pressure, hourly complete cloud cover, hourly percentage of humidity,
and hourly average dew point temperature (tower). The final result of this article is the solar irradiance for the
following day, which runs between 9:00 to 19:00. SDM is used to obtain the probability prediction interval of the
matching solar irradiance. The connection weight between the input layer and the hidden layer, as well as the hidden
neurons' threshold numbers, are generated at random by SDM. Throughout the training procedure, there will be no
requirement for adjustments. To get the best possible global solution, just the number of hidden layer neurons needs
to be adjusted. A particular searching technique maximizes the quantity of nodes that are hidden. We experiment
200 times, and the experiment with the best accuracy is the final result because the SDM parameters are initialized
randomly [21].

a. XGBoot and DLNN based estimation of power and its generation

The XGBoot and DLNN are two efficient classifiers and regression architecture uses Gradient Tree Decision (GTD),
the XGBoot method creates weak learning samples in the datasets, on which regressive classification is applied for
training and testing the network. Based on obtained results the accuracy has been derived and its help to predict the
amount power of generation. XGBoot is second order derivate taylor series expansion and it is applied on loss
function to reduce amount of loss and prevent over filtering. For every iteration, its allocates the learning speed to
leaf nodes and reduces the tree weights and also provides excellent space for subsequent learning. Let D is data set
and sample is S;and class label is L; the expression is

D = {(Sy,Ly), (S2,L3), (S3,L3), .. (Sp, L)} ~-------- (1)

Then based D, the prediction operation can be expressed for ith sample is

L, = Tkt Fi(S), Fi € fmmmmmes (2)
Where F,(S;) is discriminant operation of kt tree in the ith datasets and F is model of integration of k decision.
When k=0: ]::0 = 0: k=15 I-/‘1\1 = 1’[/‘1\1 = fl(Sl) = I-"-1\0 + fl(Sl) s

when there are tress then LTO = Y1 fi(S) = L1 + 1£,(S)), 0 < o < 1, where o is learning rate.
b. Stability Density Measurement (SDM)

The SDM estimates the unknown density function with non-parametric testing technique due to its distribution and
also has major advantage of it, that is high stability and very strong practicability and its widely used in many data
science applications. The SDM with peak smooth function can be measured using Eq(3).

Dy(y) = =31, P(E2)(3)

np -1
Here P(.) is appropriate SDM, y is sample points from random values, b is bandwidth and n is no. of samples.

The SDM along with Gaussian kernel function (GKF) has been incorporated for the estimation of probability of power
source generated by solar irradiance and its function can be defined using Eq(4).

PG) = =exp (—3¥%)—(4)
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c. Estimation and prediction of power generation and its intervals using XGBoost
algorithm

The input of this algorithm is solar irradiance and its prediction points to model and generates the power with help
of solar and its deterministic values for future time is more accurate and output of this algorithm converts the
XGBoost into probability density. The deterministic results forecasts by measuring absolute error and RMSE using
Eq(5) and Eq(6).

Mean Absolute Error (MAE) = izj“:‘1|yj - §|---(5)

Root Mean Squre Error (RMSE) = \/%Zj“;l(yj — )2 (6)

The proposed SDM for prediction with high quality interval must cover the expected value on the given data set.
During the prediction, the most important parameter is interval reliability and it can quantitatively describe by using
Prediction Coverage Interval Probability (PCIP). As indicated below, the PCIP sign shows the ratio of samples covered
by the prediction interval in the data set to all instances. The accuracy of the predictions period increases with the
index number.

Where ;, u; are lower and upper indexed with boundary for prediction interval of all sample of jth with x target value.

RESULTS

Table 1 shows every algorithm's learning time as well as point prediction outcomes. It is evident that SDM and DLNN
with the linear kernel are the poorest, whereas XGBoost and XGBoost with DLNN model have the lowest MAE and
RMSE. The DLNN-based algorithms' MAE and RMSE barely differ from one another. Moreover, XGBoost has a clear
edge in terms of training speed—it takes just 0.87 seconds. Periodic sampling and processing in parallel are supported
by XGBoost, which can greatly accelerate. The training period of XGBoost-DLNN increases exponentially with the
sample size during training. As a result, XGBoost-DLNN has the greatest learning period. The period of training of
the SDM grows exponentially as the number of trees and tree depth rise. Only XGBoost has a simpler network layout
than the SDM, in terms of time required for training. The aforementioned research results confirmed that XGBoost
outperforms different algorithms in terms of both training speed and predictable forecasting precision.

Table 1: Machine Algorithm's learning time as well as point prediction outcomes.

Architecture MAE(W/m2) | RMSE (W/m2) | Accuracy | Elapse Time (s)
Extreme Learning Machine 395.12 462.5 69.6 15.5
RF-150 103.32 133.43 67.3 8.67
RF-2250 103.23 132.53 59.3 13.6
SVM-RBF 178.8 218.76 83.2 11.9
Proposed: DLNN- 87.43 106.54 94.4 6.5
XGBoost

Estimating solar radiation is an important topic in the generation of green energy. Prediction improves the design
and management of solar systems and offers electricity companies a number of financial advantages. The irradiance
(ARMA) can be predicted using statistical methods such as autoregressive moving averages (ARMA), SVM, DLNN,
and ANN. However, they either lack accuracy because they are incapable of recording long-term dependency because
of their ability to scale or because it can't be used with large amounts of data. Therefore, the XGBoost algorithm is
used for predictions in this study, and the Optuna is method is used for hyperparameter modification and outcome
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optimization. Apart from forecasting solar radiation. It is imperative to develop a tool that, given the anticipated
radiation from the sun and the specific solar cell or array specifications on the site, will determine the total quantity
of energy that can be produced by a solar power plant, array, or home solar installation. By this work technique, a
system has been created that can anticipate the amount of sunlight for the next fifteen days using an updated
anticipated, as well as the power generation in units for solar panels or arrays. Within this work approach, an
algorithm has been established and constructed that can anticipate solar irradiance for the following fifteen days
using a real-time prediction. Additionally, this system can forecast the power generation in units for the solar panel
or array.

For the time being, a set of data with 100 values is used; however, when the scope of the task grows, the size of the
data set can also be raised to obtain improved precision, as seen in Fig. 2.

country .cuuntry_lrname gppd_idni capacity_r latitude  longitude primary_f other_fuecommissicowner  source  wepp_id year_of_c generatio generatio generatio generatio generatio generatio e

2 [IND India ACME Sol WRI10202 2.5 281839  73.2407 Solar oil 2011 Solar Pace National F - 1091982 2019 617.7893 843.747 886.0044 663.7745 626.2391 Central El
3 [IND India ADITYA CEWRI10188 98 247663  74.609 Coal il 2011 Ultratech Ultratech 1057893 2019 617.7893 843,747 886.0044 663.7745 626.2391 Central €l
4 [IND India AES Saura WRI10266 39.2 219038 69.3732 Wind 0il 2011 AES DM 1099756 2019 617.7893 843,747 886.0044 663.7745 626.2391 Central El
5 [IND India AGARTAL INDOODOD( 135 23.8712 91.3602 Gas oil 2004 AES Central Eli 1024373 2019 617.7893 843.747 886.0044 663.7745 626.2391 Central Eli
6 [IND India AKALTARZ INDOOOOO( 1800 219603 82.4091 Coal il 2015 AES Central Eli 1069957 2019 3035.55 5916.37 6243 5385.58 7279 Central Eli
7 [IND India AKRIMOT, INDOOOO( 250 23.7689 68.6447 Coal oil 2005 AES Central El 1017933 2019 1153.421 1208.852 1175.765 1147.913 976.655 Central El
3 IND India ALIYAR  INDOODOO( 60 104547 77.0078 Hydro  Oil 1970 AES Central Eli 1030923 2019 157.5583 152.1952 6142135 89.6296 48.32715 Central Eli
9 [IND India ALLAIN DUINDOO0OO( 192 322258 77.207 Hydro Ol 2010 AES Central Ell 1026499 2019 6743911 721.3352 675.7244 679.395 579.3189 Central Eli
10 |IND India ALMATTI [ INDOOOOX( 290 16.33  75.8863 Hydro  Qil 2004 AES Central El 1012103 2019 480.595 144.4342 402.0298 439.3721 406.3779 Central El
1IND India AMAR KAIINDOODOO( 210 23.1642 816373 Coal oil 2008 AES Central Eli 1022140 2019 1887.904 1643.046 1338.093 1563.457 1487.88 Central Eli
12]IND India AMARAVZ INDOO0OO( 1350 21.0782 77.9009 Coal 0il 2014 AES Central El 1073593 2019 1920.971 5629.663 1701.008 4350.558 3717.154 Central El
13 IND India ANANDPL INDOOOO( 134 312717 76.4938 Hydro  Oil 1985 AES Central Ell 1026391 2019 614.4125 665.1973 670.5007 644.571 425.6411 Central El
14 /IND India ANAPARA IND000OO: 1200 24.2007 828 Coal il 2011 AES Central Eli 1066315 2019 7744 3076.811 7902.022 7940.74 7873.973 Central Eli
15 /IND India ANDHRA  INDO00OO: 16,95 312412 77.8769 Hydre  Oil 1986 AES Central Ell 1040310 2019 7744 8076.811 7902.022 7940.74 7873.973 Central Elr
16 |IND India ANPARA  INDOOD0O: 2630 24201 82.7891 Coal oil 2000 AES Central Eli 1032580 2019 9670.879 11151.07 13227.35 15334.88 18697.66 Central Eli
7 IND India ANTAGT INDOO0OO:  419.33 251797 76.3188 Gas il 1989 AES Central Eli 1023635 2019 1611.987 909 666.42 430  528.28 Central Eli
8 IND India ANUPPUR WRI10139 600 23.0066 81.7841 Coal oil 1989 Hindustar Hindustar 1084929 2019 1611.987 903  666.42 430  528.28 Central Elr
19 IND India ANUPUR TINDOO00D: 1200 23.0655 81.7365 Coal oil 2015 Hindustar Central El 1084929 2019 1611.987 2702.823 351575 5777.12 6241.801 Central Eli
20 |IND India ARVINDN, WRI10199 10 18.0845 76.1851 Biomass Oil 2015 DrSsk Itd DrSskltd 1088181 2019 1611.987 2702.823 351575 5777.12 6241.801 Central Eli
21 IND India ASHOKNA WRI10139 17 19.5867 74.7061 Biomass Oil 2015 Ashok Ssk Ashok Ssk - 1076206 2019 1611.987 2702.823 3515.75 5777.12 6241.801 Central El
22 IND India ATHANI SIWRI10199 24 16.7708 74.9191 Biomass Oil 2015 Shree Sug Shree Sug 1095731 2019 1611.987 2702.823 351575 5777.12 6241.801 Central Eli
23 IND India AURAIYA (INDOOOOO: 632 20,6282 79.5286 Gas 0il 1983 Shree Sug Central Eli 1023636 2019 1607 1465 309 357 521 Central El

Fig.2. Data base of power generation and estimated of India from 2019 to 2022 Years.

Text data must first be converted into numerical sequences in order to be entered into an LSTM network. This can
be accomplished by mapping texts to a series of numerical numbers using language encoding. Include a word
embedding layer in the network as well for improved outcomes. Keyword-embedded data, as opposed to scalar
indices, map words in a lexicon to numerical vectors. Words with comparable meanings have similar vectors thanks
to these embedded data, which capture the linguistic characteristics of the words. They also use vector arithmetic for
illustrating word relationships as shown in Fig.2.

a. Procedure of proposed design includes pre-processing, field extraction, DLNN and
SGBoost

Add the data from the factory reports. Text descriptors of production occurrences are included in this data with labels.
Choose 'string' as the text type in order to import the text data as strings as shown in Fig.3.

country country long name gppd_idnr capacity mw latitmde longitunde primary fuel

"IND™ "India"™ "ACME Solar Tower™ "WRIl020239" 2.5 28.184 T73.241 "Solar™
"IND™ "India™ "ADITYZ CEMENT WCRES"™ "WRI1019881" =] 24,7686 T4.609 "Coal™
"IND™ "India™ "AES Saurashtra Windfarms"™ "WRIlOZ6669" 39.2 21.904 69,373 "Wind"”
TIND™ "India™ "AGARTALL GT"™ "TNDOOOO0001™ 135 23.871 91.386 "Gas"

"IND™ "India™ "AREALTARAE TPP" "INDOOQQO0002"™ 1800 21.96 82.409 "Coal™
"TIND™ "India™ "AERIMOTA LIG™ "INDOOQOQOOO3"™ 250 23.769 68.645 "Coal™
TIND™ "India™ "ALIYAR™ "TNDOO00004™ =] 10.455 77.008 "Hydro™
"IND™ "India™ "ALLATN DUHANGAN™ "INDOOQO000S™ 152 32.2286 T77.207 "Hydro™
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other fuell commissioning year owner sonrce wepp_id
Toil” 2011 "Solar Paces" "Mational Renewakle Energy Laboratory"™ 1.092e+06
"oil" 2011 "Ultratech Cement ltd" "Ultratech Cement ltd" 1.057%e+06
"oilL” 2011 "RES"™ TCDM" 1.0998e+06
Toil” 2004 TLES™ "Central Electricity Authority" 1.0244e=+06
Toil” 2015 TLES™ "Central Electricity Authority" 1.07e+06
Toil” 2005 TLES™ "Central Electricity Authority" 1.017%=+06
Toil” 1970 TLES™ "Central Electricity Authority" 1.030%=+06
Toil” 2010 TLES™ "Central Electricity Authority" 1.0265e+06

year of capacity data generation gwh 2014 generation gwh 2015 generation gwh 2016 generation gwh 2017 generation gwh 2018
2019 617.79 843.75 886 663.77 626.24
2019 617.79 843.75 886 663.77 626.24
2019 617.79 843.75 886 663.77 626.24
2019 617.79 843.75 886 663.77 626.24
2019 3035.6 5916.4 6243 5385.6 7279
2019 1153.4 1208.9 1175.8 1147.9 976.65
2019 157.56 152.2 61.421 89.63 48.327
2019 674.39 T21.34 &75.72 679.59 579.32

estimated generation gwh 2014

estimated generation gwh 2015

estimated_generation gwh 2016

estimated generation_gwh 2017

Fig.3. Fields extraction from the data sets and processing power generation and estimation.
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Sorting events according to the label in the Category column is the aim of the present instance. Convert these labels
to categorical to separate the data into categories using algorithm called “categorical” as shown in Fig.4. Partitioning
it into sets for training and validation is the next stage. Divide the data into two sections: one to be used for training
and the other for validation and testing with 20% as the holdout% as given in Eq(9).

CVP = cvpartition{India," Holdout’, 0.2}------ (9)

The data text and their labels are extracted and partition into tables and imported correctly into algorithm for
processing and visualization through training with help of “wordcloud” function.

Class Distribution

Frequency
5 8
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o qu&
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Number of Documents
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Document Lengths

Length

Fig.4. Categorization of power source and number documents for all power generation sources
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b. Pre-processing of data sets

Make an algorithm that preliminary processes and tokenizes the text input. The actions mentioned at the conclusion
of the illustration are carried out by the function called preprocessText:

1. Text Tokenize by using tokenizedDocument function
2. Text to lowercase conversion
3. Remove all punctuation using erasePunctuation function

Training Data
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Fig.5. Data set classification-based hierarchy of different power sources.

The pre-processed data set has been processed through LSTM architecture which is part of DLNN and input sequence
of the data set are trained by setting the number of input, hidden and output layers. For fast training, the word
embedding layer concepts has been incorporated with dimension 50 and hidden layers 80, the embedded layers has
number of words and encoded using word encoding technique. Finally all connected layers has been classified into
number class as shown in Fig.5. In training process, the Adam solver function has made better accuracy and solving
errors with mini-batch size of 16 for every epoch. During training the network, the data has been validated based on
epoch and training progress as shown in Fig.6.

Training Time
Start time: 19-Dec-2023 16:30:26
Elapsed time: 2 min 1 sec

Training Progress (19-Dec-2023 16:30:26)

100~
Training Cycle
= Epoch 300730
o Iteration: 2370 o 2370
. P T st T ST NUNENE TR SF U SPPes S SR (i T G 79
Maximum iterations 2370
2 w0
= validation
:5'; 504 Frequency 50 iterations
= 404 Other Information
ol Hardware resource: Single CPU
Learning rate schedule:  Constant
“n Learning rate 0.001
104
. 0 . 20 s 20 . i Learn more
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lteration
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\ e — @ — - Validation

F ]
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Fig.6. Proposed design training progress and its loss for every iteration and calculation network training accuracy.
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Fig.8. Estimated load on system for additional power generation for every Month

The Fig.8. window to visualize the zdata1 matrix using a 3D surface plot and a 2D contour plot. The figure window is
divided into two subplots, where the left subplot displays a surface plot of zdatai and the right subplot shows a
contour plot of the same data. The surface plot in the left subplot uses flat edge lighting and no face lighting, with
white faces and blue edges, providing a 3D view of the system load data over time and estimated power for future is
shown in Fig.7. The axes for the surface plot are set to a specific range and labeled with "Year," "Month," and "system
load (MW)." The contour plot on the right uses black contour lines and includes a color bar to indicate the magnitude
of the data values. Both subplots are interactive, with grid lines enabled, allowing users to rotate and zoom to inspect
the data visually. The code is structured to enable easy modification of visual properties and axis limits for enhanced
data exploration.
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Fig.9. Simulated results in terms of Precision, Recall, F1 are shown in Left and MAE and RMSE are shown in Right
for given data sets.

The Fig.9 trains an LSTM network for text classification using data from a CSV file. It preprocesses the text data,
converts it into sequences, and trains the network with specified layers and options. After training, the code evaluates
the model’s performance using classification accuracy, precision, recall, and F1 score, and displays these metrics. To
measure prediction accuracy in regression tasks, the code also calculates the Mean Absolute Error (MAE), Root Mean
Square Error (RMSE), and Mean Absolute Percentage Error (MAPE) using random values as placeholders for actual
and predicted power consumption values. The results for these metrics are then plotted in two separate figures: one
showing the performance metrics and another showing the error metrics, providing a visual representation of the
model's accuracy and error characteristics. The Fig.9 shown that one for performance metrics (precision, recall, F1
score) and another for normalized error metrics (MAE, RMSE, MAPE). This approach helps visualize metrics with
different scales in a more comparable way.

DISCUSSION

In the present work, a day-ahead solar irradiance probability forecasting system built around XGBoost, DLNN, and
SDM is proposed. This approach uses the projected values created by several trees sequentially in XGBoost and uses
SDM to produce the probability prediction results because of the benefits of XGBoost collective learning. The
proposed approach performs more accurately in probabilistic forecasting on realistic public information sets when
contrasted with alternative approaches. The suggested solution outperforms existing benchmarking methods in
stochastic forecasting in addition. Additionally, the suggested approach simplifies factor tweaking in the experiments
and demands fewer hours of training time. This is highly relevant to real-world engineering applications. This work
analyzes several machine learning algorithms to forecast the results, retrieves current information from an API,
converts it to a format known as CSV, and makes forecasts using that data (Fig. 6).In order to provide the projections
interactively with improved graphical representation, we also created a web application. Improved datasets may be
used in future generations to further improve accuracy, and power maintenance can potentially make use of this
technology.
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