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Abstract

Food research is uniquely intertwined with everyday life and necessitates the
utilization of big data. Within this domain, the research data consist of various
forms and formats, encompassing biological experiment results, chemical
analysis data, nutritional information, microbiological data, sensor data,
images, and videos. This diversity stems from the integration of data from
various subdomains within the larger field. With recent advancements in deep
learning technology, the importance of data has grown significantly, resulting
in increased reliance on data-driven research. Although specialized platforms
for sharing and utilizing data have been established at the national level, par-
ticularly in the bioscience field, food research lacks a dedicated infrastructure
and specialized data-sharing platforms. In this study, we develop a platform
that leverages Hadoop-based distributed file systems to create a data lake.
This platform enables data storage and sharing through a web-based interface.
The distributed file system supports scalability by adding data nodes, making
it an effective solution for capacity expansion. In addition, the web-based
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platform ensures high accessibility, allowing users access from anywhere,
at any time, using any device. Finally, we introduce the establishment of a
1.8 PB Hadoop-based physical storage system and present an approach for
building a highly accessible web platform with substantial utility.

Keywords: Food research data, big data, data platform, data collection, web-
based platform.

1 Introduction

Food research is a crucial area that is closely related to daily life and
health [1]. Research data in this field consist of various forms, such as bio-
logical experimental results, chemical analysis data, nutritional information,
microbiological data, sensor data, images, and videos [2]. The interdisci-
plinary nature of food research often results in the integration of data from
various domains. At present, the field of food research lacks dedicated
infrastructure for storing, sharing, and utilizing research data, considering the
specific requirements of the field for data sharing and utilization. Researchers
struggle to share their experimental results and data, hindering their collab-
oration with their peers. Consequently, redundant research efforts increase,
leading to reduced research efficiency. Furthermore, the COVID-19 pandemic
rapidly transformed work patterns in both industrial and research settings.
Remote working has become prevalent, and researchers now need to per-
form data analysis in locations other than laboratories. Given the growing
importance of remote working owing to COVID-19, efficient methods for
collecting, managing, and sharing research data have become even more
critical.

In the field of bioscience, solutions to these issues have been found
in data-sharing platforms. In particular, the United States, the European
Union, Japan, and China have implemented large-scale projects and policies
at the national level to promote bio-data sharing and collaboration [3-6].
These efforts are also expanding in the Republic of Korea [7]. However, an
effective infrastructure for research data sharing is still lacking in the field of
food research, thereby impeding innovation and progress in this area.

In this study, we address these challenges by developing a suitable data
platform tailored to the forms and formats of the data that are encountered
in the field of food research. Our data platform allows researchers to create a
data management plan (DMP) and upload data with ease using the metadata
that are generated in the plans. A data management plan is a document that
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outlines the lifecycle management of data collected or produced during the
research process. The metadata can then be used for information retrieval and
data sharing. Through this data platform, we aim to collect and share the data
generated in various food research areas effectively, ultimately enhancing
research efficiency and quality. In Section 2, we analyze case studies of
platform construction and operation for research data. Section 3 explains the
method for building a data platform that is suitable for the food industry.
In Section 4, we discuss the limitations of this study and future research
directions, and Section 5 describes the results of building a web-based food
research data platform.

2 Related Work

One of the most popular approaches for creating a platform for collecting and
utilizing data is to employ the concept of a data lake.

The first step in constructing a data platform is creating a data lake.
The method for building a data lake typically involves utilizing the Hadoop
ecosystem, which is open-source software that provides distributed pro-
cessing of massive datasets across computer clusters while providing high
availability [8]. Additionally, computer clusters can be scaled from a sin-
gle server to thousands of computers. This distributed storage technology
has applications in fields where large volumes of data are generated and
real-time storage is required, such as in the use of sensor data and the
storage and analysis of large-scale data in biosciences. Studies on the storage
and processing of large datasets have been conducted in various fields.
Examples include research on storing large-scale meteorological data [9],
storing remotely sensed data that are produced in large quantities [10], using
Hadoop for storing resource description framework models for linked data
and knowledge graphs [11, 12], and research on using Hadoop for processing
medical data to predict chronic kidney diseases in the context of large-scale
bioscience data [13]. Other studies have explored the advantages of Hadoop
in storing and searching proteomic datasets [14], as well as storing large-
scale genomic data in FASTA/Q files [15]. In addition, research has been
conducted to explore the use of Hadoop in connecting painting resources
with a storage-and-retrieval system [16] and building data repositories by
investigating storage formats and technologies for large-scale data [17].

The advantage of Hadoop in terms of accommodating various data for-
mats without constraints makes it suitable for a wide range of data types,
from massive sensor data to image and large-scale bioscience data. Given the
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diverse applications of food research in various fields, using the Hadoop file
system to store food research data is an efficient option.

The second step is to configure a user interface for storing and utiliz-
ing the data. Even if a data lake is well constructed, if it is difficult for
researchers to register the data and security measures are lacking, it cannot
be used effectively. A unified data analysis application was created using
modern computing infrastructure and web-based service platforms driven by
software [18]. This application was designed in a web-based environment
to facilitate community-driven data access and interaction among analysis
platforms within a cloud environment. The implementation of web-based
user interfaces has proven to be effective in enhancing interoperability and
accessibility. Additionally, some studies have aimed to provide convenience
in water quality research by effectively integrating the input, analysis, and
output within web-based platforms [19], as well as offering online spaces
for the real-time investigation and analysis of monitoring tools [20]. Certain
studies have also opted for a web-based approach for visualizing and ana-
lyzing omics data [21-24]. In addition, due to COVID-19, there is active
research and utilization of big data in the field of bioresearch [25-29]. With
the recent availability of network-enabled devices that are equipped with
web browsers as a standard feature, configuring the web as a user interface
allows for consistent platform functionality across different devices. In the
field of food research, unlike related studies, there is currently no dedicated
platform for sharing and utilizing data. Thus, researchers have resorted to
using data platforms from other research domains. In this study, we construct
an infrastructure based on Hadoop to serve as a data lake capable of handling
various data formats in food research. In addition, we develop a web-based
platform that can manage both metadata and actual research data.

3 Implementation of a Web-based Data Platform

Two essential components are required for the construction of a data platform:
the physical storage and the user interface, which allows users to store, access,
and manage data. Owing to the diverse forms and formats of research data in
the field of food research, the data repository should be built considering these
characteristics. Additionally, the research data may be the results obtained
from experiments or those used in ongoing experiments and should be free
from damage due to system failures.

First, we describe the storage construction method using the Hadoop
Distributed File System for the storage of data used in food research. This
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system allows for the flexible storage of a wide range of data, from small-
capacity structured data in tabular format, which are commonly used in
food research, to large-scale unstructured data such as images and photos.
Furthermore, the files are distributed and replicated into specific block sizes,
thereby avoiding data loss owing to system failures.

Second, we describe the web-based platform as an interface connected to
the storage, which enables users to store, utilize, and access research data.
The advancement of remote technologies and changes in corporate work
patterns due to COVID-19 have also affected the research environment [30].
Analyzing and conducting research based on data are no longer limited to the
laboratories. In a research environment where one can access research data
anytime and anywhere, provided that access to data and analytical tools are
available, that location can become a laboratory. Such an environment can be
established using web technology.

A data platform based on web technology enables access and usage
of data without being constrained by time, location, or devices. Moreover,
it offers high interoperability with other data analysis platforms, making
it convenient for various additional applications. This section outlines the
method of constructing a data repository using distributed storage technology
and building the corresponding web-based research data platform.

3.1 Infrastructure Establishment Using the Hadoop Distributed
Storage System

Research data constitute the output of research and provide vital informa-
tion for research. These research data represent significant achievements
and resources for researchers. Therefore, when managing research data,
researchers must ensure that the data are not compromised. Measures such as
managing replicas based on structural changes in the data or regular backups
at critical points are generally implemented. These management practices are
also effective when building the infrastructure for storing research data. The
storage that is used for retaining research data must ensure data integrity
even in the face of system failures. In this study, we establish a data storage
infrastructure using Hadoop-based distributed file storage, making it easily
deployable and usable for a range of entities, from small-scale food compa-
nies and university research laboratories to large corporations and research
institutions.

The construction of the distributed storage infrastructure using Hadoop
is carried out in the following sequence: physical configuration, network
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configuration, and Hadoop cluster setup. Physical configuration refers to
the setup of devices to be used for storage, whereas network configuration
involves configuring the communication between each device. Finally, the
Hadoop software and settings are used to complete the Hadoop infras-
tructure setup. For minimal construction of the physical configuration of
the distributed storage infrastructure using Hadoop, one NameNode and
three DataNodes are required. Physically, three servers (or computers), with
one serving as both the NameNode and DataNode, are required. However,
the recommended configuration calls for one NameNode, one secondary
NameNode, and at least three DataNodes. It is also advisable to separate the
roles into distinct physical devices when establishing the infrastructure.

In this study, we constructed the infrastructure shown in Figure 1, which
comprises one NameNode, one secondary NameNode for NameNode fault
tolerance, and eight DataNodes. The NameNode manages which DataNodes
store the data and the actual data are divided into distributed blocks of
configured block sizes, as illustrated in Figure 2. The Web Platform node
is a node where web-based software for the user interface is executed. The
Backbone System is an integrated system for user authentication and security.
These blocks are replicated thrice across different data nodes. Even if one
DataNode is excluded from the cluster because of a failure, the data can be
retrieved using replicated information from other nodes.

The network configuration involved connecting each node using a single
network switch. A 1 Gigabit network capacity was implemented, considering
the utilization of large amounts of data and concurrent usage. In addition,
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Figure 2 Example of block-level distributed storage in Hadoop distributed file system
environment for research data.(The yellow and green rectangles explain the replication of
blocks.)

SSH keys were mutually registered for intercommunication between the
servers.

Finally, in the Hadoop cluster setup phase, the Hadoop configuration files,
namely core-site.xml, hdfs-site.xml, yarn-site.xml, and mapred-site.xml,
were modified according to the earlier setup by adjusting the network IPs
and replication counts.

In this study, we configured a storage space of 1.8 PB (1920 TB) by
equipping each of the eight data nodes with 12 SAS disks of 20 TB each.
The replication was set to three, allowing for the utilization of 640 TB, which
was one-third of the physical storage space. Furthermore, the advantage of the
infrastructure built using distributed storage technology is its ease of scalabil-
ity for future capacity expansion. Additional servers and configurations can
be included to increase the capacity conveniently. Building such infrastruc-
ture using the Hadoop Distributed File System enables the management of
various forms and formats of data in the field of food research. This, in turn,
enables researchers to store and utilize data more efficiently and reliably.

3.2 Implementation of a Web-based User Interface and Access
Control

Research data storage, as it is built within the infrastructure, lacks security
and usability for direct use. To maximize the research data storage, we
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Figure 3 Menu structure diagram of the research data platform.

constructed a web-based data platform as a user interface. A web-based
platform provides a means of managing access permissions for research
data and allows for easy data uploading and sharing. The web-based data
platform developed in this study revolves around DMPs and enables metadata
management and data access control.

Figure 3 depicts the structure of the established research data platform.
In the DMP menu, users can create metadata to understand the research data,
including research methods, data types, formats, and production plans. In the
Data menu, users can register the research data that are produced according
to the DMP. Additionally, all of these functionalities include authorization
controls to ensure that they can only be performed for the specific research
projects in which the users are involved.

All platforms handle permission control through user logins. Various
methods exist for processing logins, including in-house user databases and
external integration. However, on this platform, we applied the method of
querying user information and processing logins through an active directory,
which is commonly used by enterprises for employee information manage-
ment. Figures 4, 5, and 6 depict sequence diagrams. The rectangles and dotted
lines represent Lifelines, while the vertical bars within rectangles signify
Activations, illustrating interactions between Lifelines. As shown in Figure 4,
when a user enters the login information, the platform verifies whether the
user information in the active directory matches and then processes the login.
If an in-house user database is used, this part can be modified to query the
in-house information instead.

The platform is designed to allow the registration of research data with
a DMP at its core. The DMP serves as a form of metadata for research
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data. Researchers can define the format and structure of the research data
by first registering a DMP and then eliminating the need for separate inputs

when registering actual data. In addition, the registered metadata can

be

shared among researchers through information retrieval. Figure 5 depicts
the procedure for registering a DMP for research data. Before researchers

create a DMP, platform administrators input the project information into

the

web platform to grant permissions. The researchers then select the relevant
project to which they have access and provide additional information to create

a DMP.



386 Gi-taek An et al.

Web Platform Researcher

Search for target project H

H
'
'
'

return T

u return H
A il
B
\

H

E Save selected dataset information

' and data file r[

Store data meta
in database

Store data file
in Storage

¢
system statboard \——O
. }:( |
f‘b | Meta Database
platform ! :
i setting ' ;
i i H
I '
i N

i} ,,,,,, |

access control

Platform
Administrator

Researcher
Research Data

Storage

Figure 7 Diagram illustrating data storage based on the roles of administrators and
researchers in a web-based data platform.

Once the DMP is completed, researchers can store the acquired data
through research activities on the platform, similar to experiments. Figure 6
illustrates the procedure for registering research data in the platform. With
the permissions obtained through logins, researchers can select the accessible
DMP and register the actual research data by selecting the research data
metadata that are registered in the DMP. Thereafter, the registered research
data are stored in a distributed manner in the previously described storage
system.

Figure 7 illustrates the usage and conceptualization of data storage for
various roles using this platform. Researchers in the field of food science can
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easily access web-based platforms anywhere, at any time, using any device.
They can store and manage data without being restricted by the format or
structure.

4 Discussion

Food research encompasses a wide range of data types including exper-
imental biological results, chemical analysis data, nutritional information,
microbiological data, sensor data, images, and videos. Complete research
data and data that are acquired for research purposes are valuable assets
requiring secure management. Individual management by researchers or
research teams has certain limitations. Furthermore, recent advancements in
deep learning technology have made data sharing and collaborative usage
inevitable. In the interdisciplinary field of food research, where various
research areas converge, it is essential to establish a data sharing platform
for the safe management and sharing of research data.

We have proposed a method to ensure the secure management of research
data by building an infrastructure based on distributed storage using Hadoop.
This method involves distributing and replicating research data in block-sized
units to minimize the loss of research data due to system failure. In addition,
we introduced a web-based data platform to enhance usability.

Although a web-based data platform is sufficient for storing, managing,
and sharing data, its utility can be further enhanced when integrated with
systems for data analysis. In future research, we plan to expand the research
data platform to encompass the entire data lifecycle in food research by
implementing methods for automatically collecting data generated by devices
and web-sharing sites and incorporating commonly used web-based data
analysis tools in food research.

5 Conclusions

In this study, we addressed the challenges of research data management and
sharing in the field of food research by constructing a web-based platform
and a Hadoop-based distributed storage system. The web-based platform was
designed to accommodate various forms and formats of data in the food
research domain, providing a secure storage environment and an easy means
for researchers to share and utilize their data.

The research data platform offers researchers the ability to manage
metadata relating to the research data, upload data, and control access
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permissions. It provides researchers with the freedom to access data securely
from anywhere and anytime, thereby facilitating the efficient management
and utilization of research data. Moreover, the Hadoop-based distributed
storage system plays a crucial role in ensuring the secure preservation of
data while minimizing data loss owing to system failures through distributed
storage and replication.

We created a physical storage space of 1.8 PB using the Hadoop Dis-
tributed File System and built a platform with a web-based user interface.
This platform is poised to drive innovation in data management and sharing
within the field of food research, enabling researchers to perform their work
more efficiently and contribute to the advancement of the field by utilizing
data effectively. In the future, we plan to develop an extensible research data
platform that encompasses the entire data lifecycle in food research through
the integration of automated data collection and analysis tools. These efforts
are anticipated to contribute to continuous innovation and development in the
field of food research.
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