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ABSTRACT

The Internet of Things (IoT) has led to an exponential growth in data generation, creating significant
challenges in data storage, processing, and transmission. Existing IoT systems often struggle with
managing large-scale data, facing issues such as high storage costs, inefficient data transmission, and
slow processing speeds. This paper addresses these challenges by developing an efficient framework
that optimizes the management of IoT-generated big data by integrating data compression, and storage
techniques. The proposed system begins with data collection, where IoT-generated big data is
gathered from various sensors. The next step is data preprocessing, where missing values are handled
using median imputation, and outliers are removed using the Interquartile Range method. The
preprocessed data then undergoes compression using Zstandard, reducing its size while maintaining
integrity. The compressed data is stored in Network Attached Storage, ensuring scalable and efficient
storage. Data retrieval is optimized for efficient processing and access. Finally, the system ensures
reduced storage requirements and enhanced performance for large-scale IoT data. The results
demonstrate a significant reduction in storage utilization, from 100% at 100 MB to 30% at 500 MB,
and the compression time increases from 2 seconds at 100 MB to 9 seconds at 500 MB. The
contributions of this work lie in the integration of compression, preprocessing, and storage
optimization techniques to handle large-scale IoT data more efficiently, ensuring reduced storage costs
and improved system performance in IoT applications.

Keywords: Internet of Things (IoT), Big Data, Zstandard, Network Attached Storage and IoT Data
Management.

1 INTRODUCTION

The Internet of Things (IoT) has revolutionized data generation by connecting billions of devices
worldwide, leading to an unprecedented surge in data volume, velocity, and variety [1]. This
proliferation of IoT devices has significantly impacted data management and storage infrastructures,
necessitating innovative solutions to handle the massive influx of data [2]. Traditional data processing
systems often struggle to efficiently process and store the vast amounts of data generated by IoT
devices, leading to challenges in real-time data analytics and decision-making [3]. To address these
challenges, integrating advanced data preprocessing and compression techniques with scalable storage
solutions like Network Attached Storage (NAS) has become essential. Such integration aims to
enhance data handling capabilities, reduce storage requirements, and improve overall system
performance in IoT applications [4]. The proposed framework seeks to address these critical issues by
combining efficient data preprocessing, compression, and storage strategies tailored for IoT-generated
big data.
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 Existing approaches to managing Internet of Things (IoT) data face significant challenges that
hinder their effectiveness [5]. Traditional data management systems often struggle with the vast
volumes, high velocity, and diverse variety of data generated by IoT devices, leading to difficulties in
real-time processing and analysis. Additionally, the heterogeneity of IoT devices, each utilizing
different communication protocols and data formats, complicates data integration and standardization
efforts [6]. Security and privacy concerns further exacerbate these challenges, as the distributed nature
of IoT systems makes them susceptible to breaches and unauthorized access [7]. Moreover, the lack of
scalability in traditional storage solutions poses problems in accommodating the exponential growth
of IoT data, necessitating the development of more robust and adaptable data management strategies
[8]. Addressing these issues requires innovative approaches that can handle the dynamic and complex
nature of IoT data effectively.

The proposed framework overcomes the limitations of existing systems by integrating median
imputation, IQR-based outlier removal, Zstandard compression, and NAS-based storage into a
cohesive solution. This integration ensures efficient handling of missing data, removal of anomalies,
effective data compression, and scalable storage, tailored to the specific needs of IoT applications.
The novelty of this study lies in its holistic approach, combining these techniques to create a unified
framework that enhances the performance, scalability, and reliability of IoT data management systems.

The organization of the paper is as follows: Section 2 reviews related works. Section 3 describes the
methodology. Section 4 presents the experimental setup and evaluation metrics. Finally, Section 5
concludes the paper.

2 LITERATURE SURVEY

Several existing works have addressed the challenges associated with managing IoT big data, focusing
on compression, encryption, and data transmission. For example, Xue et al. (2015) proposed a big
data dynamic compressive sensing system architecture to optimize data transmission by reducing the
amount of data required to be sent [9]. However, while compressive sensing offers data reduction, it
often faces limitations in terms of computational complexity and reconstruction errors, especially in
real-time applications [10]. Similarly, Jiancheng et al. (2017) developed a parallel algorithm for
wireless data compression and encryption, aimed at reducing transmission delays while securing the
data [11]. The drawback of this method lies in the potential for high computational overhead during
the encryption process, which may impact the efficiency of IoT systems that require quick data
processing [12].

Bertino et al. (2015) focused on the development of sensor-based big data cyberinfrastructures to
manage large-scale data [13]. Their approach provided scalable and secure systems for data
processing but did not fully address the challenges of data redundancy and real-time data handling
[14]. Likewise, Zhu et al. (2015) worked on multimedia big data computing techniques, which
emphasized the need for efficient storage and retrieval [15]. Despite their contributions, these methods
were often not adaptable to IoT systems, where data is continuously generated in real time and
requires immediate action [16]. Sadiq Ali Khan et al. (2017) explored big data management in the
connected world of IoT, proposing methods for seamless data integration [17]. However, their
methods did not adequately address the computational limitations posed by large-scale IoT data
processing [18].

These existing methods, although significant, often operate independently and fail to provide a
holistic solution for managing IoT big data. They may face challenges with scalability, real-time
processing, and integration with diverse IoT environments. The proposed framework overcomes these
drawbacks by integrating efficient data preprocessing techniques, advanced compression algorithms
like Zstandard (Zstd), and scalable storage systems such as Network Attached Storage (NAS). This
unified approach ensures reduced data loss, minimized computational overhead, and optimized
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storage, making it more suitable for handling the dynamic and large-scale data generated by IoT
applications.

2.1 Problem Statement

Although significant progress has been made in IoT and IIoT data management, several critical
challenges still remain unaddressed, particularly in the areas of storage efficiency and reducing
transmission costs [19]. The problems include the inability of current systems to handle large-scale
data efficiently, high computational overhead, and bandwidth issues that affect overall system
performance [20]. The work is proposed to overcome these challenges by integrating advanced
compression techniques, efficient data preprocessing, and edge-based analytics, ensuring scalable and
cost-effective management of IoT data.

3 METHODOLOGIES

The proposed system starts with data collection, where large volumes of IoT-generated big data are
gathered from various sensors deployed across the system. The data then moves to data preprocessing,
which handles missing values through median imputation and detects outliers using the Interquartile
Range (IQR) method. After preprocessing, the data undergoes compression using Zstandard (Zstd),
which reduces the data's size without sacrificing significant information. The compressed data is then
organized for optimal storage and accessibility. Finally, all data is stored in Network Attached Storage
(NAS), providing a scalable, reliable, and cost-effective solution for storing IoT big data, ensuring
efficient data management in IoT applications. This process is illustrated in Figure 1.

Figure 1:Workflow for IoT Data Management and Optimization

3.1 Data Collection

Data collection involves gathering large volumes of IoT-generated big data from various sensors
embedded in devices throughout the system. These sensors continuously monitor different parameters
such as temperature, humidity, motion, and more. The data is collected in real-time or at periodic
intervals, depending on the application's requirements. The gathered data is then transmitted to a
centralized system or storage solution for further processing. Ensuring the accuracy and consistency
of this data is crucial, as it serves as the foundation for all subsequent analysis and actions. Effective
data collection is vital for managing and optimizing IoT systems, particularly when dealing with
large-scale, dynamic environments.

3.2 Data Preprocessing

After the data is collected, the first step in data preprocessing is handling missing values. Median
imputation is used to replace missing values with the median of the available data in the dataset. This
method is effective as it reduces the impact of outliers and ensures the data distribution is not skewed.
By filling in missing values, the dataset becomes more complete for subsequent analysis.
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The second step in data preprocessing is removing outliers. The Interquartile Range (IQR) method is
applied to detect values that fall outside the acceptable range, calculated by the difference between the
first and third quartiles. Any data points beyond 1.5 times the IQR are considered outliers and are
removed, ensuring that the dataset reflects more accurate and reliable values.

3.3 Data Compression

After the data has been pre-processed, data compression is applied to reduce the storage requirements
and improve transmission efficiency. Zstandard (Zstd) compression is used, a modern algorithm that
balances high compression ratios with fast decompression speeds. This method ensures that the size of
the pre-processed data is significantly reduced without sacrificing data integrity. Zstd is particularly
beneficial for large datasets generated by IoT systems, as it minimizes the storage footprint while
maintaining quick access for further analysis. The compressed data is stored efficiently, facilitating
faster processing and reduced bandwidth usage during transmission. This compression step is crucial
for handling the large volumes of data generated by IoT devices in a scalable and resource-efficient
manner.

Zstandard (Zstd) is a lossless data compression algorithm that provides high compression ratios and
fast speeds. The compression process can be mathematically represented by applying a compression
function � to the original dataset � to generate the compressed dataset �� is expressed as equation (1),

�� = �(�) (1)

Where, � represents the original, uncompressed data. �� is the compressed data after applying the
Zstd compression function �.

Zstd uses a combination of dictionary compression and entropy encoding. It splits the input data into
blocks and applies a series of operations to reduce redundancy, including:

A pre-trained dictionary is used to replace repeated sequences of bytes in the input data with shorter
representations. The algorithm encodes the data using variable-length codes to represent frequent
patterns with shorter bit lengths and infrequent patterns with longer bit lengths.

The decompression function �� restores the original data from the compressed dataset and its
represented as equation (2),

� = �� �� (2)

Where, �� is the compressed data. � is the original uncompressed data restored after decompression.
The Zstd algorithm ensures that ��(�(�)) = � , meaning the decompressed data is identical to the
original data, preserving data integrity. The mathematical model behind Zstd is designed to optimize
for both speed and compression efficiency, making it suitable for large datasets such as those
generated by loT systems.

3.4 Data Storage

After the data has been compressed, data storage is the next crucial step. The compressed data is
stored in a Network Attached Storage (NAS) system, providing a scalable and efficient solution for
handling large volumes of data. NAS ensures centralized storage, allowing multiple devices to access
the data over a network. By storing compressed data, NAS reduces the required storage space and
minimizes the associated costs. Additionally, NAS provides high availability and data redundancy,
ensuring that the compressed data remains accessible and secure. This storage method is particularly
beneficial for IoT applications, where data size and retrieval speed are critical factors.

4 RESULTS
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The results section presents the performance metrics of the proposed system for managing
compressed IoT data. It includes the evaluation of storage utilization and compression time,
highlighting the efficiency and computational demands of the Zstandard (Zstd) compression algorithm.
The following graphs illustrate the relationship between data size, storage utilization, and
compression time. These results demonstrate the effectiveness of the proposed compression technique
in optimizing storage and processing efficiency for IoT systems.

Figure 2: Storage Utilization for compressed IoT data

Figure 2 presents the storage utilization for compressed IoT data. The graph illustrates how storage
utilization decreases as the data size increases, reflecting the efficiency of the compression technique.
At a data size of 100 MB, the storage utilization is 100%, while at 200 MB, it drops to 50%. As the
data size increases further, the storage utilization continues to decrease: at 300 MB it is 40%, at 400
MB it is 35%, and at 500 MB, it reaches 30%. This demonstrates that the compression technique
significantly reduces storage requirements, especially for larger datasets, which is vital for efficiently
managing big data generated by IoT systems.

Figure 3: Compression time IoT data

Figure 3 illustrates the compression time for compressed IoT data using the Zstandard (Zstd)
compression algorithm. As the data size increases, the compression time also increases, which is
expected as larger datasets require more processing time. For data sizes of 100 MB, 200 MB, 300 MB,
400 MB, and 500 MB, the compression times are 2, 4, 5, 7, and 9 seconds, respectively. This trend
demonstrates the linear relationship between data size and the time required for compression using
Zstd. The graph emphasizes the computational demand for compressing larger IoT datasets, which is
an important consideration when optimizing for efficient data processing.

5 CONCLUSIONS

In this work, optimizing the management of IoT-generated big data by integrating data preprocessing,
compression, and storage techniques has been achieved. The results show that the compression
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method significantly reduced storage utilization, with storage requirements decreasing from 100% at
100 MB to 30% at 500 MB. Additionally, the compression time increased from 2 seconds at 100 MB
to 9 seconds at 500 MB, highlighting the relationship between data size and processing time. This
integrated approach ensures efficient storage and retrieval of IoT data, significantly reducing storage
costs while maintaining data integrity. The system proves to be highly scalable and resource-efficient,
making it well-suited for large-scale IoT applications. Future work will focus on enhancing
compression algorithms further, exploring real-time data processing capabilities, and optimizing the
system for varied IoT environments to improve performance and reduce computational overhead in
diverse scenarios.
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