International Journal of Innovation Scientific Research and Review

Vol. 07, Issue, 05, pp.8448-8458, May 2025
Available online at http://www.journalijisr.com
SJIF Impact Factor 2025: 7.913

Research Article

IJISRR
ISSN: 2582-6131

AN EXAMINATION OF CLOUD-BASED BIG DATA STORAGE FOR SMART ENVIRONMENT
MONITORING

* Cheman. Mohammed. Abdullah and Dr.Hajar Maseeh Yasin

Akre University for Applied Sciences, Technical College of Informatics, Department of Information Technology, Duhok, Iraq.

Received 09th March 2025; Accepted 10t April 2025; Published online 20t May 2025

ABSTRACT

This article provides a comprehensive examination of big data storage options integrated with cloud computing, enabling the monitoring of smart environments.
Managing large, diverse datasets produced by an expanding number of sensors and Internet of Things devices is examined. The study examines the
development of distributed file systems and hybrid cloud-edge architectures as key enablers of scalable, effective, and secure data storage. Real-time
processing, data integration, and the conversion of unstructured data into actionable insights are all evaluated. Essential topics, including interoperability,
cybersecurity, and energy efficiency, are also covered. To enhance the performance and resilience of smart monitoring systems in dynamic urban and
environmental settings, this study synthesizes a comprehensive range of research papers and emerging trends, offering insightful recommendations for future

research and practical applications.

Keywords: Big Data, Cloud Computing, Smart Environment Monitoring, Internet of Things (loT), Distributed File Systems, Hybrid Storage, Data Integration,

Cybersecurity.

INTRODUCTION

There is a growing need for careful attention to the critical success
factors in managing big data. This is particularly true in the dynamic
and rapidly evolving innovative environments that have become
integral to many aspects of our lives. This comprehensive review
highlights the ever-increasing demand for effective and efficient
storage solutions that cover a broad spectrum of big data domains. It
focuses on the complexities and intricacies of managing these
multifaceted environments characterized by diverse and constantly
evolving data sources. It also emphasizes the integration of big data
technologies with advanced cloud computing solutions, which are
essential for enhancing operational efficiency.

Additionally, the review provides an in-depth examination of various
storage solutions, diverse data models, a broad range of research
studies, and emerging trends that could significantly impact the future
data management landscape.[1]

Furthermore, this research outlines a visionary approach to effectively
monitoring innovative environments, where data collected from a
range of sources, including advanced smart devices and the vast
interconnected Internet, is expected to accumulate to a staggering
175 zetta bytes annually by 2025. This massive and ever-increasing
data flow presents significant challenges in developing and
implementing appropriate storage solutions that adequately
accommodate this enormous growth. Key factors contributing to this
challenge include advanced cloud storage capabilities and
adaptability to diverse network environments, which are essential for
effectively monitoring and managing this torrent of information. This
research explores the innovative and strategic integration of big data
with cloud computing, aiming to achieve enhanced and streamlined
management of intelligent environments. However, it is essential to
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note that significant storage challenges remain, particularly regarding
the continuous and effective monitoring of these diverse contexts.
There are still open questions regarding the improvement of the
transition from raw, unstructured big data to effective and efficient
storage technologies, which is critical for practical, real-world
applications [2]. This multidisciplinary review addresses several
elements, including advanced smart sensors, innovative and
pioneering storage management practices, efficient query processing
methodologies, advanced pattern recognition techniques, effective
anomaly detection frameworks, and streamlined event distribution
strategies. These elements offer a comprehensive and holistic
perspective on big data storage solutions within intelligent
environments. The growing interest in monitoring, managing, and
optimizing these environments underscores the undeniable
importance of ongoing research and development in this vital and
dynamic field. It is crucial to unleash the full potential of big data,
enabling a transformative impact in practical applications across
various sectors. [3]

BACKGROUND AND SIGNIFICANCE

Big data has become a vital research field due to the increasing
availability of massive data streams, which show significant growth
potential. Advances in various technologies are driving this vast
amount of complex data. Current sources include the internet, social
media, mobile devices, and sensors that track the activities of urban
residents. Effectively managing this data is crucial for gaining
valuable insights that improve public services. The "Smart City"
initiative aims to improve urban life by integrating artificial intelligence
into city systems. Advances in digital technology facilitate the
processing of big data, while the challenge remains in managing the
diverse data from various sensors to monitor environmental factors in
real-time. [4]

Efficient data collection is crucial for enhancing urban environments
and public services, thereby making urban areas better places to live.
Smart and innovative solutions enable the utilization of big data and
the Internet of Things to monitor and enhance energy consumption
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and the efficiency of urban infrastructure through real-time data
collection. Managing big data, particularly while generating valuable
insights, requires efficient storage and advanced machine learning
algorithms. Additionally, societal, privacy, and security concerns
necessitate the standardization and establishment of shared data
protocols. Appropriate policies must be developed based on future
uses, with benchmarks for comparing smart city activities over time.
The infrastructure for collecting and managing big data from smart
city sensors is critical to understanding the relationship between data
and city operations. [5][6]

Big Data in Smart Environment Monitoring

Big Data in Smart Environment Monitoring: The Era of Max-Data. In
today's world, data analysis is essential in enhancing decision-making
processes and promoting sustainability, primarily through the efficient
storage and processing of vast amounts of big data. As the
infrastructure of our cities continues to evolve into more sophisticated
smart environments, maintaining environmental efficiency becomes
increasingly critical. The application of big data significantly supports
urban monitoring efforts, which have a profound impact on public
health and the overall operations of urban settings.[7]

Advanced sensors collect comprehensive data about air quality,
measuring pollutants and other environmental parameters.
Additionally, traffic sensors play a crucial role in alleviating congestion
by precisely tracking and analyzing road conditions in real-time. The
advent of smart grids represents another remarkable application of
big data, as these systems monitor energy consumption, manage
peak loads, and forecast potential outages. This forward-thinking
approach toward energy management ultimately leads to improved
community efficiency by integrating diverse data streams.[8]

In ride-hailing services, big data encourages the adoption of eco-
friendly choices while optimizing traffic flow by effectively detecting
and addressing speed violations. Neural networks enhance our
understanding by providing insightful analysis of road speed data.
Moreover, normalizing sensor data is critical for achieving effective
analysis, with robust support from cloud services to facilitate data
management and computational tasks.

Air quality monitoring systems play a crucial role in consistently
tracking PM2.5 levels using innovative dust sensors, enabling
accurate assessments of pollution levels in urban areas. The ongoing
development of sustainable city initiatives underscores the paramount
importance of environmental intelligence and highlights the necessity
for strategic investments in data-driven progress for future urban
development. [9][10]

Cloud Computing in Smart Environment Monitoring

The convergence of cloud computing and intelligent environmental
monitoring opens up new opportunities for ecological data analysis.
Cloud infrastructures enable the storage and processing of massive,
scalable datasets from monitoring technologies, providing instant
access to vast data. This approach is more efficient than manually
storing data on portable hard drives. Cloud storage is typically less
expensive than professional data services, as costs are related to
data volume and storage frequency [11]. However, security and
privacy concerns are critical, particularly for sensitive and real-time
video and audio streams that require precise data processing.
Despite these issues, commercial cloud computing enables global
access to data, enhancing collaboration among stakeholders by
centralizing diverse data sources for easy sharing. Various cloud
solutions, including big data storage platforms and software-as-a-

service (SaaS) portals, improve enterprise performance. Current
support includes Infrastructure as a Service (laaS) for virtual storage,
Platform as a Service (PaaS) for affordable real-time data processing,
and Software as a Service (SaaS) packages with powerful analytical
tools, highlighting the growing importance of cloud computing in
environmental monitoring projects [12]. The Different Cloud Service
Model Types. Using the service method, the cloud can be classified
into the following types: 1
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Figure 1: Cloud computing services.
Key Concepts and Definitions

Big data is now a significant research topic addressing data-intensive
systems in smart cities, healthcare analytics, asset management,
social media, geospatial data, and banking. Smart devices, including
sensors and actuators, enable networked communication. The
volume of data is expected to grow annually to 175 zettabytes,
equivalent to one trillion gigabytes. These diverse data sets require
complex processing techniques and intensive human effort. Big data
necessitates specialized processes that cannot be efficiently
managed on a single server, requiring distributed computing or
resource sharing.[13]

Following the challenges related to non-stationary, the variable model
data analysis began three years after the initial proposals. The
required spatially and temporally independent surface uses gray
matter, density, and EEG data. Large datasets are typically stored in
the cloud for future processing, which aligns with human rights
principles. A guide focuses on securing cloud storage and addresses
the needs of those familiar with these concepts. This guide features
authority figures associated with the facility and focuses on cloud
providers' design, development, and internal aspects. [14]

Big Data Storage Technologies

In bright environment monitoring, massive amounts of data are
collected via sensors and wireless networks. Maintaining historical
sensor data is crucial for effective monitoring, as it enables long-term
tracking, preserves a record of changes, and identifies patterns that
extend beyond simply observing variables. To manage this massive
data, specific storage structures are essential for further processing
and analysis. The collected data, which is often unstructured in 80-
90% of cases, is stored for future reference and detailed analysis.
"Smart environment" applications help track buildings and identify
abnormal behaviors associated with aggression or crime, which
impact community dynamics and mental health [15]. Stress detection
in everyday work environments also benefits from this data. Scalable
storage solutions and appropriate technologies are crucial for
managing large amounts of unstructured data, as smaller solutions
are often used to protect archived sensor data. However, storing
unstructured data in traditional modules poses challenges, while
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archived sensors can only handle limited structured data storage.
Long monitoring periods can lead to setbacks if storage is not
managed well. Dedicated analysis algorithms are necessary to
process massive amounts of monitoring data, as processing slows
down when scanning extensive storage data.[16]

Distributed File Systems

Surveillance systems in innovative environments generate massive
amounts of data daily. Traditional methods struggle to handle this
vast amount of data, necessitating the development of alternative
approaches specifically designed for big data. Efficient big data
storage is crucial for developing applications that effectively leverage
this information, particularly in decision-making processes. Various
storage solutions have emerged for managing big data, primarily
focused on distributed environments. The rise of cloud computing has
enhanced the efficiency and ease of managing distributed storage,
with free options available to users.[17]

Distributed file systems are crucial for storing large amounts of data,
enabling data distribution across multiple servers for improved
accessibility and enhanced fault tolerance. They manage large
datasets with scalability and redundancy by storing data in blocks on
nodes. Notable examples include the Google File System, Hadoop
Distributed File System, and cloud options such as Amazon S3.
Distributed Storage Area Networks (DSANs) allow remote file access
in data centers. However, multiple client access can lead to
consistency issues. Synchronous writes may create bottlenecks,
while asynchronous methods in GFS promote faster operations at the
risk of reduced write reliability. Data synchronization can also be
challenging, particularly in cross-data center replication with limited
bandwidth. Integrating distributed file systems with cloud storage
enhances user access and efficiency.[18]

Challenges and Solutions in Big Data Storage

The challenges of generating big data impact storage and retrieval,
hindering the extraction of valuable insights. Key issues include
access, retrieval times, complexity, energy use, and reliability.
Traditional hard drives remain prevalent, while SSDs present
challenges, including issues related to data locality. Cloud processing
requires flexible architectures with various concurrent agents.
Alternatives, such as clustered storage, involve complex software.
Emerging technologies focus on meta-cloud data distribution. It's
crucial to address 1/O inefficiencies, redundancy, and security
concerns. The virtual fence concept facilitates data deletion but
presents challenges related to exposure and fault tolerance. Erasure
coding addresses 1/O bottlenecks linked to deletion and privacy. [19]

Balancing hardware resource investment and energy consumption in
SCT-based cloud data centers is crucial, driving research on the
efficiency of SSD storage. Analyzing large-scale data reveals patterns
in big data and knowledge discovery, which is key to improving
maintenance and operations. Well-monitored meta-clouds enhance
efficiency and management. Examining shared MPC quality and its
influence on priority query processing and data exchange among
clouds can improve user experience in industry meta-cloud
development, with a focus on big data cloud storage and
maintenance.[20]

This text provides contemporary insights into the future of hierarchical
bright environment monitoring, offering a deeper understanding of
these challenges and highlighting a range of technically feasible
solutions. Further expansions of this knowledge and descriptions of
new solutions enhance the cost-effectiveness and efficiency of

monitoring intelligent systems, which in turn enable the continued
digitalization of our environment. Additionally, the future-oriented
nature of the work provides a solid foundation for further research in
the same or similar areas.[21]

Scalability and Performance Issues

While there are benefits to cloud storage for big data, its performance
struggles to keep pace with the rapid growth of big data. This has
created challenges in storing and accessing massive data,
particularly in bright environment monitoring. Issues such as
scalability, performance, and reliability emerge. If unaddressed, these
challenges can hinder scientific and socio-economic progress,
impacting infrastructure,  reliability, quality, analysis, and
interpretation.

Traditional centralized data processing faces challenges with large
data volumes due to network, memory, and power constraints. A
hybrid approach that combines centralized and distributed processing
using large clusters across data centers is crucial for effective data
storage and processing. Locality, redundancy, and degeneracy are
crucial design capabilities for storage systems, as illustrated by
measurements from a 30-node cluster example. [22]

Case Studies and Applications

Introduction. Urban Air Pollution Monitoring and Control. Human
Epidemic Spread Dynamics and Control in Network Readiness.
Influences of Mine Fire Pollution on the Ambient Atmospheric
Environment. Stick-Slip Prediction for the Rock Drilling Rig Based on
the Ensemble Empirical Mode Decomposition and Phase Space
Reconstruction. Fault Diagnosis of Marine Diesel Engine Using
Intrinsic Time-Scale Decomposition and Measures of Nonlinear
Complexity. Wind Turbine Gearbox Fault Diagnosis Using Multiscale
Permutation Entropy and Adaptive Local Iterative Sifting
Decomposition. [23]

Cities are increasingly focused on big data storage and analysis due
to the growing volume of data from residents and urban infrastructure.
Large-scale data comes from various aspects of city life,
necessitating knowledge consumption to help citizens solve urban
problems. Big data storage is crucial for smart city monitoring
services. While various storage models exist, most have focused on
client-server settings, leaving the cloud storage model for
collaborative scenarios largely unexplored. [24]

This section presents a comprehensive survey of big data storage for
smart environment monitoring in intelligent cities. It aims to provide a
comprehensive reference for the big data storage community in the
context of smart services and research. It details the advantages,
disadvantages, design objectives, and challenges of existing storage
models. A classification and summary of relevant cooperative storage
models for cloud monitoring are provided, along with further issues to
inspire future research. [25]

Smart Cities

Environmental monitoring via loT devices is becoming increasingly
important due to the rise of large environmental datasets and smart
environments. Numerous environmental sensing devices collect time-
series, multivariable, and high-resolution data. The deployment of loT
technologies enables the effective collection and management of this
vast amount of data. Storage and analytics have successfully
mitigated uncertainties in air, soil, and water quality. Consequently,
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big data solutions are gaining traction to enhance smartness in
industrial and scientific environmental monitoring efforts. [26]

Combining cloud storage solutions with third-party services is crucial
for large-scale environmental monitoring projects. Free monitoring
initiatives are on the rise due to increased environmental awareness,
legal obligations, the ease of data sharing, and the availability of cost-
effective big data analytics tools. Research communities, industrial
operators, and smart cities are accelerating sustainable monitoring
initiatives. States regulate environmental quality standards for air,
water, and soil, which are essential for maintaining public health and
the sustainable management of resources. Consequently, public
opinion pressure compels industries to invest in environmental
monitoring activities [27]. As shown in Fig. 2.
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Figure 2: Smart-City functionalities.[28]
Future Directions and Research Opportunities

This survey examines the evolution of a bright environment. It
discusses the opportunities and research challenges associated with
the application of development for big data storage technology in
cloud storage architecture. In the evolution process of smart
environments, edge servers are deployed to exchange sensing data
processing between the cloud and end-user parts of the innovative
environment. These edge servers operate according to the
predetermined criteria and a subset of the sensing data. The edge
servers serve as a preliminary decision-making center to support
cloud servers in conducting a long-term analysis of sensed data.
Deterministic data not fully accommodated by the edge servers is
forwarded to the cloud servers.

The incoming deterministic data is stored in a large database. Various
ML and Al models are developed to analyze them and identify trends
and maintenance needs. However, this analytical approach faces
challenges, such as limited storage and computing resources at
street cabinets. These issues are addressed with mild and aggressive
strategies. Additionally, due to potential threats, the data stored
remains confidential. New machine learning algorithms are being
designed to facilitate collaboration between the cloud and end users
while maintaining integrity with sensory tags. Lastly, effective control
over monitoring technology in smart environments emerges as a
critical issue. Collaborative plans are suggested to ensure data
privacy and support advancements in open-source data analysis.

LITERATURE REVIEW

In their 2015 study, Fazio et al., [29] examined the growing challenge
of managing large datasets from luminous environment monitoring
devices. Utilizing document-based and object-based storage models,
the authors' innovative hybrid cloud storage architecture can
efficiently manage a wide range of data types, from basic sensor

observations to complex multimedia streams. Their approach
prioritizes improving query and data retrieval performance and
addressing scalability issues by storing massive amounts of loT data.
Using open standards such as the Sensor Network Enabling (SWE)
specification, the article objectively evaluates different storage options
and highlights the value of interoperability. This work establishes a
practical foundation for implementing advanced monitoring systems in
smart cities, disaster management, and other critical areas by
bridging the gap between data formats and cloud scalability.

Stergiou and Bassanis (2022) [30] present a comprehensive analysis
of loT-based industrial big data management in cloud environments,
with a focus on energy efficiency. Their research addresses new
challenges and unresolved issues in handling industrial big data,
particularly when incorporating digital twin technology. The paper
demonstrates how machine learning can improve resource allocation
and energy efficiency in cloud data centers, particularly reinforcement
and federated learning. By proposing an advanced architecture that
integrates features from multiple cloud providers, the authors
demonstrate how intelligent data analytics can be used to build a
virtual model of industrial processes. This digital twin scenario paves
the way for more sustainable and energy-efficient operations in
industrial applications, improving real-time monitoring and predictive
maintenance.

Stergiou and Bassanis (2022) [31] present a comprehensive analysis
of loT-based industrial big data management in cloud environments,
with a focus on energy efficiency. Their research addresses new
challenges and unresolved issues in handling industrial big data,
particularly when incorporating digital twin technology. The paper
demonstrates how machine learning can improve resource allocation
and energy efficiency in cloud data centers, particularly reinforcement
and federated learning. By proposing an advanced architecture that
integrates features from multiple cloud providers, the authors
demonstrate how intelligent data analytics can be used to build a
virtual model of industrial processes. This digital twin scenario paves
the way for more sustainable and energy-efficient operations in
industrial applications, improving real-time monitoring and predictive
maintenance.

Rajeswari, Suthendran, and Rajakumar (2018) [32] propose an
innovative farming model that enhances farming precision by
integrating cloud-based big data analytics, mobile technologies, and
loT devices. According to their study, decision-making can be
supported by efficiently storing, processing, and analyzing real-time
agricultural data from various cloud sensors. By integrating mobile
computing, farmers can access vital information in real-time, thereby
increasing crop yields while reducing resource costs and waste.

Wang, Kong, and Bird (2018) [33] examined the strategic advantages
and potential of big data analytics in healthcare companies. The
authors identified key analytical skills, such as pattern recognition,
predictive analytics, and decision support, by analyzing 26 application
scenarios. These capabilities are essential for transforming
unprocessed healthcare data into actionable insights. Their research
presents a comprehensive structural framework for big data analytics
in the healthcare sector, focusing on the integration of structured and
unstructured data. It also provides strategic recommendations for
enhancing the sector's IT infrastructure and operational efficiency.

Zhou et al., (2016) [34] provide a comprehensive analysis of the
application of big data in intelligent energy management within the
energy sector. They present a practical model that supports data-
driven decision-making in innovative grid environments by examining
diverse significant energy data sources and their distinct
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characteristics. Power generation, micro grid operations, asset
management, and demand-side management are just a few
examples of energy management aspects the authors rigorously
examine using big data analytics. They also discuss industry
developments and the challenges inherent in IT infrastructure, data
integration, and security. This study offers insights into how big data
can be leveraged to optimize energy systems and expedite the
transition to more sustainable and innovative energy solutions.

Significant data initiatives in well-established enterprises coexist with
traditional analytics systems rather than existing in isolation, as
shown by Davenport and Dyché's (2013) [35] analysis of the
development and integration of big data within large corporations.
Their research demonstrates how contemporary big data
technologies are integrated with legacy infrastructures, such as
mainframes and traditional databases, to enhance operational
efficiencies, reduce costs, and facilitate more informed decision-
making. The study emphasizes the combination of various data
sources and analytics techniques in complex organizational
environments to produce comprehensive insights and drive strategic
business outcomes.

The need for secure big data architectures in the context of
Healthcare Industry 4.0 is discussed by Manogaran et al., (2017) [36].
The authors' Meta Cloud-Redirection (MC-R) platform guarantees
secure clinical alert transmission and real-time data analysis by
combining sensor data from wearable medical devices with cloud
computing. Their study emphasizes the importance of robust key
management and security measures in safeguarding private medical
information from unauthorized access, while also meeting the
functional requirements of networked Internet of Things platforms.
The general security posture needed for next-generation healthcare
technologies is strengthened by this architecture, which also
enhances patient monitoring and timely intervention.

The interaction between big data and cloud computing is examined
by Sandhu (2022) [37], who focuses on the challenges and debates
surrounding the efficient management of large, diverse datasets. The
essay compares various cloud-based systems, including Microsoft
Azure, Google Cloud, and Amazon Web Services. It examines
different definitions and classifications of big data, highlighting its
essential features—volume, velocity, variety, value, and veracity.
Through an examination of contemporary issues in distributed
storage, data security, and visualization, the research offers a critical
perspective on the evolving field of big data analytics and the role of
cloud infrastructures in addressing these issues.

According to Dos Anjos et al., (2015) [38], SMART is an application
framework for extensive real-time data analysis in heterogeneous
cloud environments. The article discusses the challenges of
processing massive amounts of data from multiple sources, as well
as how the SMART framework leverages multi-cloud deployments
and technologies like Map Reduce to deliver scalable and effective
analytic services. By emphasizing service compatibility and the
unique requirements of SMEs, the authors demonstrate how their
framework enables rapid, adaptable data processing without requiring
data to be consolidated into a single location, thereby addressing
significant concerns about infrastructure heterogeneity, resource
allocation, and latency.

Kashlev and Lu (2014) [39] discuss a system architecture that
performs complex, data-intensive scientific operations in cloud
environments. According to their research, the transient nature of
cloud resources raises several important issues, including platform
heterogeneity, dynamic resource provisioning, and integrating
different workflow components. To improve scalability and usability in

cloud scientific computing, the authors provide insights into balancing
cost and performance by proposing a generic, implementation-
independent framework and testing it using the DATAVIEW system.

This research paper by Androni et al., (2022) [40] examines current
developments in the robotic Internet of Things (loT), with a focus on
visual perception algorithms, sensing and computing technologies,
and remote big data management tools. This review summarizes
research across multiple fields, illustrating how new methods, such as
machine learning and advanced image processing, enhance the
autonomous decision-making capabilities of robotic systems. The
study lays the groundwork for future developments in reliable, robotic
Internet of Things (loT)-based systems by identifying key
technological trends and research gaps.

A unique fog computing architecture specifically designed for
intelligent transportation systems within the context of the Internet of
Vehicles (loV) is presented by Darwish and Abu Bakar (2018) [41].
The research highlights how centralized cloud computing cannot
meet the real-time processing requirements of ITS systems. Instead,
fog computing is presented as a viable solution to lower latency and
network constraints. The authors illustrate the potential and crucial
issues that must be addressed for the large-scale deployment of such
systems by combining aspects of intelligent computing, real-time
analytics, and Internet of Vehicles (loV).

In their 2020 review, Badidi et al, [42] highlight the growing
significance of fog computing in the context of smart cities,
emphasizing its ability to handle and evaluate the massive amounts
of data generated by urban Internet of Things (loT) devices. The
essay addresses the inherent drawbacks of cloud-centric
architectures, presenting fog computing as a decentralized solution
that processes data closer to its source, thereby mitigating excessive
latency and bandwidth constraints. This analysis thoroughly explains
how fog computing might promote more effective and responsive
urban data management by analyzing deployment tactics, use cases,
and service delivery models in industries such as smart grids,
healthcare, and transportation.

Baek et al, (2013) [43] propose a hierarchical, cloud-based
architecture called Smart-Frame to address the challenges of
organizing and evaluating massive amounts of smart grid data. To
process data from multiple front-end smart devices efficiently, their
design leverages the inherent advantages of cloud computing,
including scalability, agility, and cost savings. Furthermore, by
eliminating conventional digital certificates, the article presents a
robust security solution that utilizes identity-based encryption and
proxy re-encryption to mitigate computational complexity. This effort
fills the gap between theoretical assessments and practical system
designs for safe, smart grid operations.

The impact of big data and loT technologies on urban management in
smart cities, as examined by Chiroma and Hashem [44], is detailed in
this article. The exponential growth of sensor-generated data and its
revolutionary impact on industries such as energy, healthcare, and
transportation are examined, along with the challenges in handling
massive volumes of unstructured data. The paper emphasizes the
significance of cloud-based big data analytics in fostering sustainable
urban environments and proposes innovative business strategies.
This review can be viewed separately to highlight its distinctive
contribution to the literature on smart cities.

The authors of this paper, Cai et al, (2015) [45], examine the
technological challenges and architecture of loT-based data storage
in cloud environments. The article illustrates the challenges of
managing diverse and rapidly evolving loT data by breaking down the
data lifecycle, from collection and integration to processing and



International Journal of Innovation Scientific Research and Review, Vol. 07, Issue 05, pp.8448-8458 May 2025

8453

analysis. A crucial resource for comprehending cloud-based loT
storage systems, the debate also addresses prospective scalability,
performance isolation, and real-time data handling solutions. This
literature review can be divided into sections to provide targeted
insights into the integration of cloud computing and the Internet of
Things (loT).

In this article, Aydin et al., (2015) [46] present a scalable distributed
architecture designed for sensor data analysis and storage. The
difficulties posed by continuously generated sensor data are
highlighted, along with the use of open-source tools and parallel
processing frameworks to handle these massive datasets efficiently.
Using a case study that incorporates GPS sensor data and machine
learning methods, the research offers valuable insights into system
performance and viability in real-world applications. A separate
literature evaluation can highlight this work's contributions to sensor
data management technology.

Babar et al., (2023) [47] The novel architecture in this study combines
cloud processing and edge computing to handle the vast amounts of
diverse data generated by loT devices. Before moving data to the
cloud, it offers an edge intelligence module that handles preliminary
data processing to reduce latency and connection overhead. The
architecture demonstrates how machine learning can be integrated to
enhance data analytics by leveraging improved resource
management and optimized Map Reduce algorithms. One might

DISCUSSION AND COMPARISON

Table 1: A comparison of every study that was reviewed.

separate this review of the literature to concentrate on the edge-cloud
integration strategy for Internet of Things applications.

Wei et al., (2023) [48] propose a safety monitoring system that
leverages big data networks, cloud computing, and artificial
intelligence, with a focus on the agricultural industry. The study
addresses important issues, including wasteful fertilizer use and
environmental degradation, by proposing advanced techniques for
data collection and transmission via wireless sensor networks, as well
as enhanced positioning algorithms. lts energy efficiency and
transmission dependability assessment offer essential information for
sustainable farming methods. Contributions to agricultural monitoring
technology might be separately evaluated in this assessment.

This review article examines the development of power management
systems from the perspectives of big data analytics and cloud
computing. It discusses how centralized data centers that manage
massive amounts of diverse data from electrical equipment have
replaced traditional, separate monitoring systems. In addition to
evaluating new parallel processing models, such as Hadoop, Spark,
and Storm, the study also highlights issues like computational
complexity and latency. It makes suggestions for further research to
improve real-time monitoring and administration. To capture its
unique insights on power management improvements, AL-Jumaili et
al., (2023) [49] suggest that this literature study could be viewed
independently.

Ref Application Specific Use loT Components Possible Benefit Limitations
Communication
Technologies
[29] | Intelligent Gathering, preserving, and | Sensors for the ZigBee, LoRaWAN, Cost-effective Integrating
Environmental analyzing diverse environment and Wi-Fi, Cellular. storage and heterogeneous data,
Surveillance environmental data for multimedia. scalable, unified network dependability,
smart cities, risk data access. and upkeep expenses.
mitigation, etc.

[30] | Industrial loT Developing an electronic Sensors and 5G, Ethernet, WiFi. Real-time complexity of

Management model of industrial actuators for monitoring, integration, high
operations for predictive business. enhanced energy processing demand,
maintenance and energy efficiency, and and security issues
efficiency. sophisticated

analytics

[31] | Data Visualization Supporting decision- streams of data Internet, Cloud Better evaluation of Processing

and Analysis making through the from indirect loT connectivity the data and unstructured data is
visualization of extensive sources enhanced insight complex, and it
heterogeneous data extraction presents scalability

challenges.

[32] | Smart Agriculture Using weather forecasting, | Weather stations, LoRa, Cellular, Enhanced resource | Connectivity issues in
soil analysis, and crop drones, and Satellite efficiency; rural regions, sensor
monitoring to practice sensors for soil augmented resilience, and
precision farming moisture agricultural output; substantial initial

reduced operational | expenditure
expenditures

[33] | Healthcare Predictive analytics, Bluetooth, WiFi, Better results for Issues with
patient data analysis, and Medical wearables | Cellular patients, increased interoperability, data
clinical decision and intelligent operational privacy, and legislative
assistance Sensors effectiveness, and limitations

strategic insights

[34] | Energy Optimizing grid operations | Intelligent meters NB-IoT, ZigBee, Cost reductions, Cybersecurity threats,

Management/Smart and tracking energy and energy Cellular improved energy integration difficulties,

Grid generation and Sensors efficiency, and real- and high deployment
consumption (DSM) time demand costs

management

[35] | Enterprise Data | Real-time surveillance of Smart sensors and | Wireless (Bluetooth, Better care for The high cost, privacy,

Analytics patient vital signs with wearable medical WiFi), Cellular patients, safe data security holes, and
safe data acquisition and devices management, and problems with
notification. timely reports uniformity

[36] | Generally, big data Keeping and processing loT gadgets and Internet, Cloud Cost-effective Data variety,

analytics vast amounts of different sensor networks services, and fast storage, scalability, management
types of info from many internet cables and freedom complexity, problems
sources with integration
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[37] | Big Data Analyticsin | Keeping and processing loT devices and Cloud services, the Flexible, scalable, Complexity of
General vast amounts of different sensor networks internet, and fast and reasonably administration,

types of info from many bandwidth priced storage integration difficulties,
sources and data heterogeneity

[38] | Real-time analytics | Facilitate instantaneous environmental Hybrid/Multi-Cloud, immediate insights; | Deployment
for SMEs analysis and creation of sensors and Internet Suitable for SMEs; | complexity, integration

modular services from wireless sensor Modular service | challenges with legacy
diverse data sources networks architecture systems, and
scalability concerns

[39] | Cloud-based Implementing big data loT engagementin | Cloud networking Flexible resource Managing dynamic
workflow workflows for scientific scientific (such as REST allocation, economic | cloud resources can
management research (e.g., a case workflows is interfaces and HTTP- | effectiveness, and be difficult due to their

study of the automotive minimal. based APIs) expandability volatility and reliance
sector) on network
connectivity.

[40] | IoRT, orthe Internet | Remote management of | Robotic cameras, | Wireless  protocols, | Augmented distant Complex data
of Robotic Things massive data, sensing, | actuators, and | such as Bluetooth, | sensing and integration, high

and environmental | sensors ZigBee, and WiFi perception; processing needs, and
mapping  for  robotic optimized decision- possible  processing
systems making in robotic lag

applications

[41] | Smart Vehicle networks | Automotive DSRC, cellular, and | Fog computing | Implementation
Transportation/ employing fog computing | sensors and | VANET protocols | reduces latency, | difficulties for  fog
Vehicle Internet analytics for realtime | integrated systems | (V2V, V2l) enhances road | computing,  network

traffic and safety | (loV) safety, and improves | overhead, and
management traffic management. | heterogeneity in loV
data

[42] | Smart Cities Big data analytics and | loT devices in | Networks, including | Improved real-time | Scalability —problems,
leadership for | urban areas (smart | wired and wireless; | responsiveness, complex deployment,
innovative city ~ services | meters, cameras, | platforms for edge | lower latency, and | and integrating
(such as smart grids, | sensors) and fog computing; | economical data | disparate data sources
intelligent transportation, Internet access processing
and smart healthcare)

[43] | Smart Grid For power grids, secure | Grid sensors and | Internet, cellular, and | Hierarchical Network dependence,
information management, | smart meters. NB-loT protocols. structures  provide | security issues, and
and big data analytics. scalability, cost | integration with legacy

savings, energy | systems.
efficiency, and
enhanced security.
[44] | Big Data in Urban | Using big data analytics to | Various loT | Networks of wireless | Helpful information variety  of  data,
Smart Cities aid in decision-making and | devices and urban | sensors (WSN), | for improving service | difficulty of
urban management. SEensors. cellular, and the | delivery and | management, and
Internet. optimizing urban | privacy issues.
resources.

[45] | Systems for Storing | Distributed, scalable Numerous loT | Internet-based, WiFi, | Effective data | Large-scale
and Analyzing | storage and instantaneous | devices and | RFID, and cellular | processing, high | conventional database
Sensor Data sensor data analysis Sensors protocols scalability, and real- | limitations and

time analytics performance issues

[46] | Big Data Analytics | Enhanced data input and | loT edge devices | Internet, wireless | Effective parallel | High overhead of
for Edge-Cloud | analytics through cloud | and sensors. communications, and | processing, reduced | connection, complexity
Powered by loT processing and edge hybrid edge-cloud | latency, and | of integration, and data

machine learning networks. improved scalability. | intake.

[47] | Big Data Analytics | Real-time analytics | loT tools and | Cloud networking | Parallel processing | Problems with load
Architecture with 1oT | optimized architecture that | sensors protocols,  wireless | capability, balancing and
Support (Edge- | combines cloud, edge networks, and edge | scalability, minimal | scheduling, excessive
Cloud) computing, and loT (ML & networks latency, and | communication

YARN based) adequate data | overhead, and
ingestion integration difficulties.

[48] | Environmental Using Al, cloud, and big | Networks of | Wireless, WSN, and | Monitoring in real- | Expensive expenses,
Safety Monitoring for | data networks to monitor | wireless sensors | cellular time, increased | complex maintenance,
Agricultural and guarantee the safety | for things like resource efficiency, | and possible problems
Production of the agricultural | humidity and and less | with network reliability

environment temperature environmental
impact

[49] | Systems for Power | Integrated power system | Power  sensors, | Ethernet, NB-loT, | Better defect | Interaction with legacy
Management data monitoring, archiving, | smart meters, and | cellular networks, and | prediction, scalable | systems, data

and analysis using cloud- | grid monitoring | high-speed  optical | and economic data | heterogeneity,

based big data analytics | tools fiber. processing, and | processing delays, and
for improved problem enhanced real-time | network overhead
detection and decision- monitoring

making
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The table provides a comprehensive overview of 21 distinct
application areas that integrate big data analytics, the Internet of
Things (loT), and advanced communication technologies across
multiple disciplines. The table describes applications with specialized
use cases, such as real-time ftraffic control, precision agriculture,
predictive maintenance, and smart cities, as well as applications that
range from loT management and environmental monitoring to smart
agriculture, healthcare, and smart city solutions. The table identifies
the key loT components—such as sensors, actuators, smart meters,
and wearable's—for each application, along with the communication
technologies used, including ZigBee, LoRaWAN, Wi-Fi, and cellular
networks, as well as specialized protocols like DSRC and NB-loT. It
also highlights the advantages of these systems, such as scalability,
cost-effectiveness, real-time analytics, and improved operational
efficiency, while addressing constraints such as integration
complexities, network reliability issues, and data management
challenges. This comprehensive analysis highlights the complexity of
implementing loT and big data solutions across various operational
contexts.

EXTRACT STATISTICS

Frequency analysis indicates a significant concentration of
applications in big data analytics, with seven entries highlighting the
critical role of large-scale data processing and analysis across
multiple sectors. With six entries, innovative applications—
representing a significant trend toward integrating the Internet of
Things (loT) and intelligent systems with contemporary
infrastructure—constitute  the next largest category. These
applications include smart agriculture, transportation, cities, and
network management. Four to five entries relate to loT-related
applications, including industrial loT management and robotic loT.
This suggests that connected devices and automation are becoming
increasingly crucial in today's technological landscape. Other sectors,
such as environmental monitoring, sensor data management, and
energy management, are highlighted less frequently, indicating
specialized but essential applications in certain areas. This frequency
distribution highlights the prevalence of data analytics and innovative
technologies in modern solutions, showcasing various technical
applications, as illustrated in Figure 3.

Application

29% 29%

Environmental W Healthcare W Data Visualization,

H Clou forkflow W Systems (Data/Sensor or Power)

Figure 3: The frequency is represented statistically for the
Application.

An analysis of the frequency bands used by Internet of Things (loT)
components reveals the targeted and diverse application of sensing
technologies across various industries. Interestingly, the largest
group, with seven products, consists of general loT devices and
sensor networks, highlighting their widespread use as cornerstones in
diverse applications, from urban management to industrial monitoring.
Meanwhile, with four products, smart meters, network sensors, and
energy sensors form a vital subcategory, highlighting their importance
in energy management and smart grid solutions. Environmental

sensors and wireless sensor networks are also featured in three
products, underscoring the ongoing need to monitor ecological and
climate conditions, which is crucial for agricultural production and
environmental  monitoring  applications.  Specialized  sensing
applications, including automotive sensors, wearable medical
devices, and other specialized tools, demonstrate how loT solutions
are deployed in industries such as healthcare and transportation. This
frequency distribution demonstrates an integrated strategy that
combines general and specialized sensing technologies to meet
diverse operational needs, as shown in Figure 4.

ToT Components

B Environmental Sensors and Wireless
Sensor Networks

B General loT Devices, Gadgets, and
Sensor Networks

Smart Meters, Grid Sensors, and
Power Sensors

Medical Wearables and Intelligent
Sensors

B Agricultural/Weather-Related
Sensors

Figure 4: A statistical depiction of the frequency of loT Components.

The frequency distribution shows that cellular technology is the most
common, appearing 11 times, highlighting its importance in
connecting loT devices to various applications. The Internet is
mentioned nine times, underscoring its critical role in data
transmission and cloud connectivity. Wi-Fi is another important
communications technology that has appeared six times. Other
important technologies, such as Bluetooth, Zigbee, and the
Narrowband Internet of Things (NB-loT), are mentioned three times
each, highlighting their significance for local and private network
applications.  Although present at lower frequencies, other
technologies, such as Ethernet, cloud services, and wireless sensor
networks, play a vital role in private or performance-critical scenarios.
To illustrate the diversity and specialization of communication
solutions present in contemporary loT systems, each of the remaining
technologies, including advanced protocols such as 5G, digital dual-
band communications (DSRC), and VANET, as well as various cloud
and edge computing platforms, is represented once, as shown in
Figure 5.

Wireless Sensor RFID
Netwaork (WSN) |

ZigBee LoRsWAN / Lo

DSRC [ VANET

NB-laT

Bluetooth

Figure 5: Data visualization regarding the frequency of Possible
Communication Technologies.

According to the analysis, integration issues are the most common
constraints, accounting for 11 cases. This highlights the difficulty of
integrating heterogeneous data from different sources and
technologies. Concerns about cost, overhead, and data diversity also
pose significant challenges, as do the complexity of processing and
managing the system. These recurring themes demonstrate that
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while modern cloud infrastructures and networking systems hold
promise, they face significant challenges, including security flaws,
compatibility issues with legacy systems, heavy processing
requirements, and the need for integrated workloads. The data
highlights the need for effective solutions to efficiently manage these
complex issues, as illustrated in Figure 6.
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Figure 6: Display of statistical information regarding the frequency of
Limitations

Recommendations:

The thorough analysis of cloud-based big data storage for smart
environment monitoring leads to the following suggestions for
researchers and practitioners:

>  Adopt Hybrid Storage Architectures: Implement cloud-edge
hybrid storage models that leverage the low latency and
localized processing capabilies of edge computing,
complemented by the scalability and affordability of cloud
storage. The problem of handling enormous, quickly expanding
amounts of sensor-generated data can be addressed with this
integration.

> Purchase Scalable Distributed File Systems: Focus on
setting up and refining distributed file systems with improved
fault tolerance and effective data distribution. These systems
are essential for storing, accessing, and processing large
datasets in real-time, thereby enabling expedited decision-
making.

>  Augment Data Integration and Interoperability: Emphasize
the establishment of resilient protocols and standards for
integrating diverse data sources. Streamlined data integration is
essential for fully leveraging real-time monitoring, machine

learning algorithms, and advanced analytics in smart
environments.
> Enhance Security and Privacy Protocols: Implementing

sophisticated security measures, such as encryption and secure
access protocols, is essential, given the sensitive nature of
environmental and urban data. This will help alleviate
cybersecurity concerns while ensuring compliance with privacy
regulations.

>  Concentrate on Energy Efficiency and Economic Viability:
Performance, affordability, and energy usage must all be
balanced as data centers and storage solutions grow. Research
into more efficient resource allocation techniques and energy-
saving storage hardware should be given priority.

>  Allocate resources towards sophisticated analytics and
processing capabilities: Formulate and incorporate advanced
query processing methodologies and pattern recognition
approaches that effectively manage unstructured data. This will
further enhance the operational efficiency of smart environment
monitoring systems by ensuring that insights can be quickly
extracted from large and diverse datasets.

CONCLUSION

This evaluation concludes by emphasizing the importance of
combining cloud computing and large-scale data storage systems to
enable efficient smart environment monitoring. Scalable, secure, and
energy-efficient storage structures are necessary due to the vast
volumes of heterogeneous, unstructured data generated by the rapid
growth of sensor networks and loT devices. Distributed file systems
and hybrid cloud-edge models have made great strides, but issues
with cybersecurity, latency, and data integration still pose major
obstacles.

To overcome these obstacles and ensure real-time analytics and
operational effectiveness, the analysis highlights the importance of
implementing innovative strategies, such as hybrid storage systems
and robust data integration protocols. Future studies should continue
to focus on enhancing interoperability between various data sources
and refining sophisticated processing methods to effectively utilize big
data. The development of more robust and intelligent monitoring
systems that support sustainable urban development and intelligent
environmental management can be facilitated by stakeholders striking
a balance between technological innovation and pragmatic factors,
such as energy usage and economic viability.
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