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To tackle the increasing needs of fish farming production, it becomes a necessity to adopt new techniques of

digitalization in order to handle the huge quantity of data generated by the fish farming ecosystem. This step
will allow fish farmers and researchers to extract valuable information and as a result they will improve their
productivity. Although Big Data techniques are affording many advantages, it has not been widely applied in
agriculture, especially in fish farming. This article sheds light on the potential that Big Data have in the fish
farming industry. It shows the functional and technical need of including Big Data in traditional fish farming
systems. Thereafter, it presents the architecture proposal of a smart fish farming system based on Big Data

technologies.

1 INTRODUCTION

Population growth, socioeconomic factors and food
industry are highly correlated. According to Sarker et
al., the world population has grown from three to six
billion, which created a high food demand (Sarker,
Md Nazirul Islam, et al. 2020). The Food and
Agriculture Organization of United Nations (FAO-
UN) has affirmed that population is growing by 30%
until 2050, consequently food production must be
increased by 70% (United Nations 2015).

Along with this massive increase there are many
challenges and constraints such as land degradation,
water contamination and the degradation of fishery
resources, which creates real uncertainties of food
security (Sarker et al. 2020) (United Nations 2015).

To Handle these increasing demands, many
researcher papers have been published since the
1990s. However, most of the studies and initiatives
were focused on developing the agricultural field
only. Nowadays, researchers are trying to merge
between agriculture and technology such as Remote
Sensing, Big Data, Cloud Computing and the Internet
of Things (IoT). Indeed, all these initiatives are
converging to the concept of “Smart Farming”.

Big Data Analysis has been used in various
industries such as banking, insurance, medicine,
industry and marketing. Despite all the success that
Big Data has achieved in the mentioned fields, it
started being applied to agriculture only recently, but
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not in the fish farming domain. According to some
agriculture specialists and corporations, applying Big
Data to fish farming could increase the profit and
production quality (Lytos et al. 2020).

For this main cause, adopting new Big Data
technics has become a necessity in order to tackle the
challenges of productivity, environmental impact,
food security and sustainability (Sarker et al. 2020)
(Lytos et al. 2020).

The motivation for writing this article stems from
the fact that Big Data is a modern technique that is not
treated yet in fish farming despite its benefits as it
proved a significant potential in other domains.

Indeed, the main goal of this contribution is to
present a focused overview of the existing challenges
of fish farming and how Big Data can be used to
overcome those challenges by offering a dedicated
Big Data Architecture for the fish farming systems.

2 RELATED WORKS

The existing research works are mostly focused on
agriculture and how can we extract valuable
information from collected data. In their paper, Lytos
etal. considers agriculture as a complicated scientific
field by its nature that requires a dedicated framework
for managing the incoming data and processing it.
Moreover, they presented a comparison between
many frameworks used to handle the agricultural data
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but, among 14 frameworks only two are supporting
Big Data. Indeed, a dedicated Big Data architecture is
required as it allows the integration of IoT, and this
will allow an efficient data collection through sensors
and the automation of many operations (Lytos et al.
2020).

In parallel, N.N.Misra et al. has showed in their
article that since we integrated IoT solutions in
agriculture it starts generating massive amount of
data, that is categorized as “Big Data", and this may
open new opportunities to monitor agriculture and
food process. They presented how we can merge
between Big Data, [oT and Al to shape the future of
agri-food systems. In general, this study has focused
on agriculture analysis, mainly, it exposes how
greenhouses can be monitored using Al and how
Supply Chain modernization can enhance the food
quality (Misra et al. 2020).

Even though they did not present how Big Data
techniques participates in developing the fish farming
field through IoT integration.

Furthermore, in his research paper Xinting Yang
et al. has presented how Deep Learning (DL) can be
applied for smart fish farming to handle the series of
challenges for data processing. In addition, he
affirmed that the most significant contribution of DL
is its ability to automatically extract features (Yang et
al. 2021). Although, before we start using DL on this
data, we should be able to manage it, especially when
we talk about fish farming massive data that is
generated by [oT devices. To overcome this situation,
creating a dedicated Data Lake architecture is the best
solution to manage data efficiently, in order to be
consumed in a better way.

3 BIG DATA TECHNIQUES FOR
FISH FARMING

In general, we can differentiate between two concepts
of database management systems.

The first concept is the data warehouse, which is
simply a relational database designed especially for
querying and analyzing data. Usually, it contains
structured historical data coming from transactional
databases; furthermore, all data stored is structured.
Additionally, the organization of data in a data
warehouse is subject oriented, which means each
table is built to respond exactly to a need that was
already specified. One more thing to remember is that
before storing the data in the staging zone of a DWH
it should respect an exact structure and may pass
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through data cleansing steps to ensure high data
quality in reporting (M.M.EI Aissi et al. 2020).

In smart fish farming, data and information are the
core eclements. The aggregation and advanced
analytics of all or part of the data will lead to the
ability to make scientifically based decisions.
However, the massive amount of data in smart fish
farming imposes a variety of challenges, such as
multiple sources, multiple formats and complex data
(Fleming, Aysha, et al. 2018).

Multiple sources include information regarding
the equipment, the fish, the environment, the breeding
process and people. The multiple formats include
text, image and audio. The data complexities stem
from different cultured species, modes and stages.
Addressing the above high-dimensional, nonlinear
and massive data is an extremely challenging task.
Moreover, a data warehouse has a special data
collection approach known as ETL that has three
main steps: Extraction, Transformation and Loading.

Data extraction refers to extracting data from
homogeneous/heterogeneous sources; data
transformation involves processing data in order to
cleansing it and transforming it to an adequate
structure, so that querying, and analysis are simple
and efficient; finally, data loading means the
ingestion of data into the final target.

The second concept is the data lake; it is defined
as a powerful Big Data architecture for storing huge
amounts of structured, semi-structured and
unstructured data. Furthermore, it allows storing
every data type in its original format regardless of its
size and its source (data as-is storing) (Kour et al.
2020).

Data Lake allows a high flexibility as the data
structure or schema is not defined when data is
captured. This means we can store all the data without
a careful design or the need to know what the future
use case is and where our collected data should
provide answers (Panwar et al. 2020). It must be
noted that this architecture will allow a high
suppleness while interacting with data like SQL
queries, Big Data analytics, full text search, real-time
analytics, and machine learning.

In a data lake, we are talking about an ELT
(Extraction, Transformation and Loading) process
rather than an ETL (Extraction, Loading and
Transformation), as presented for the data
warehouses, which is completely evident since the
most important phase in a data lake architecture is to
gather data and store it as much as we can (M.M.EIl
Aissi et al. 2020), then when a use case appear and
depending on the use case we can move to the
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transformation phase where we start building the
models by combining the different existing data.

The table below provides a quick view on the
main differences between the Data warehouse and the
Data Lake architecture:

Table 1: Data Warchouse versus Data Lake.

Characteristics Data Data Lake
Warehouse
. Non-Relational
Data Relational and Relational
Schema On-Write On-Read
Price Higher cost Lower cost
Data Quality Clean data Raw data
Data Scientist /
Users Data Analyst Data Analyst /
Data Developer
Machine
Batch reporting, Learning,
Analytics BI and Data Predictive
visualization Analysis, Data
Discovery

In order to choose the adequate architecture, we
must highlight that the collected fish farming data has
some characteristics which differentiate it from the
data that was used to be stored in the traditional
database management systems, since it is massive
data.

Besides, there is a long debate on the data which
is generated from fish farms. Some researchers do not
consider it as Big Data because of its characteristics.
They pointed out that fish farm data does not fit
properly with the existing characteristics of Big Data.
But other researchers consider it as Big Data and
point out that it will be Big Data when all data from
the fish farming system are pooled together (Sarker et
al. 2020) (Panwar et al. 2020). Considering both
views, this part will explain the characteristics of fish
farm data as follows.

e Volume: Generally, fish data is generated
from various equipment from tanks, pumps
and manual measurement and sensors
(Hassan et al. 2020). It is usually stored in
office computers or even cloud services.
Statistics show that huge data are generated
by fish farming systems and stored
according to specific years. So, the volume
of data is so big and even sometimes
difficult to move to other devices.

e Velocity: Velocity means the rapidly
changing characteristics of data. Generally,
10 MB of data are generated from multiple
sensors per hour. The size of data keeps
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increasing depending on fish production
activities (Sagar et al. 2018). So, the data
size is increasing at the pick of fish
production but continues even in low
production. Furthermore, the duration or
lifetime of fish is varying from one to
another. So, some fish have short lifetime,
but some others have long lifetime.
Consequently, fish data vary from each
other.

Variety: Variety means a range of data
sources. Fish farms data should be
categorized according to its source and this
will help to understand and use the data
efficiently. Sometimes, data varies from
equipment to equipment, automated sensor
to manual method (Sagar et al. 2018)
(Hajjaji et al. 2021). So, data should be
managed properly according to its
collection, types, and procedures. Manual
data should be transferred properly to the
computer and integrated with machine-
based sensors (Lioutas et al. 2019). The
manually collected data should be analysed
and transformed into structured format for
future use.

Veracity: In most cases, fish farming data
are unstructured in nature. Manual data is
more unstructured than other data which is
generated by sensors (Lioutas et al. 2019).
There is also a problem about the data
quality. Usually manually collected data are
messier than machine-based sensor data
(Lee, Junchan, et al. 2020). Furthermore,
fish farming data are greatly influenced by
sensor factors and human factors and it can
be minimized by taking proper records of
manually applied inputs and installing
automated  sensors  with  monitoring
carefully.

Value: Usually, fish farming data bears a
high volume of information which is
generated by every stage (Schuster, Jason.
2017). Moreover, it has great potential and
value for making future decisions
(Carbonell, Isabelle. 2016). The data sources
are usually from sensors, APIs, post-
production studies and environmental
factors (Pham et al. 2018). It possesses great
value in different stages in fish production
like water pH, water nutrient content, feeds
content, humidity, temperature requirement,
diseases and other related valuable
information (Majumdar et al. 2017).



The above statements clearly explain that fish
farming data is really Big Data in all aspects of Big
Data characteristics, so adopting the Data Lake
architecture is a necessity. The potential of fish
farming Big Data is actually dependent on its use by
agriculturists, fish farmers, researchers,
academicians, and decision makers.

4 PROPOSED FISH FARMING
DATA LAKE ARCHITECTURE

To illustrate the need of Big Data in a fish farming
system, we propose a technical architecture that can
handle the data flows generated in usual fish farming
operations. In this architecture we distinguish three
main phases (Figure 1):
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Figure 1: Data management process.

4.1 Data Acquisition

Technical architecture is a minimal set of rules and
interactions of the parts or elements in order to ensure
that the system satisfies a specified objective as well
as a set of requirements. For this purpose, we
proposed a technical architecture corresponding to
the Big Data system for smart fish farming.

Fish farming architecture generates three types of
data. The huge amount of data that sensors produce
must be processed before it can be used. Since there
are multiple devices, data need to be transformed or
standardized to a unified format. The sensors
communicate and send data through HTTP/HTTPS or
MQTT protocols to the cloud. The data regards
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mainly: temperature, light, chemical composition and
average weight of fish (Majumdar et al. 2017).

Flat files contain complementary data manually
written in csv format and sent through email. The files
are received and sent to the data lake cluster via mail
bot also called data bot. Manual data can be food
quantities per tank or number of fish.

APIs data consist of all the external data regarding
the weather, fish prices, fish food prices and others. It
is collected from APIs using curl shell command and
stored into flat files in order to be ingested.

4.2 Data Ingestion / Processing

Before Storing, analyzing and accessing data, data
ingestion gathers data and brings it to the processing
system.
Two tools can be distinguished based on the type
of data:
- Apache Oozie is used to orchestrate a process.
It is used to build and schedule data jobs at a
precise date and time or frequency. Flat files
from emails and APIs are handled in long
running jobs in order to store them to the
Hadoop cluster (Pham et al. 2018). These jobs
are scheduled daily to ensure that new updated
data is used in dashboards and reports.

- Apache Kafka is responsible for consuming
and fetching the streaming data produced by
sensors and published to the OPC server
(Pham et al. 2018).

Batch data from APIs and manual data fetched
by Oozie is pushed to the data lake into Hive tables.
Apache Spark is then used to access, transform and
store data into Apache HBase tables.

4.3 Data Consumption

The Data can be consumed in many types as Data
Visualization through dashboards presenting KPIs for
each uses case (Zhou, Chao, et al. 2019) (Zhao, Jian,
et al. 2018), we can perform some predictive analysis
through Machine learning or even some statistical
analysis (Salman, Ahmad, et al. 2020).

5 CONCLUSION AND
PERSPECTIVES

The integration of technology in fish farming is
considered as a key element for maximization of fish
farming production in order to support the high food
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demand of the world population that is keep growing
each year. Despite the huge benefits of Big Data
application in many fields including agriculture, it is
still not very accessible in fish farming activities. Big
Data techniques are the pilar for transforming
traditional fish farming to modern digital fish
farming. It overcomes all the limitations related to
fish farming systems by analysing farmer’s need,
market need, financial efficiency and other
stakeholder perspectives. The study is highlighting
the necessity of integrating Big Data in fish farming
then presenting a dedicated Data Lake architecture for
fish farming use case. Besides, strong initiatives are a
necessity to tackle the related challenges such as data
quality, data availability and data governance. Our
future works are focused on using the proposed data
lake architecture as a base for an advanced study
using different types of data analysis including
artificial intelligence and machine learning.
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