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Abstract: Due to the depleting stocks of fish in the market, there have been an increased interest in aquaculture. However, raising
fishes in an intensive aquaculture system results on a low-quality fish or even fish kills as fishes are being cultured in artificial tanks
and cage systems, not on their natural habit. This paper presents a water quality monitoring system with automatic correction to
monitor and maintain vital water quality parameters essential for fish growth, such as temperature, potential hydrogen (pH) level,
oxidation-reduction potential, turbidity, salinity, and dissolved oxygen to achieve optimum yield using Arduino and Raspberry Pi 3B+
through LoRaWAN IoT Protocol. The system uses sensors, microcontrollers, and a web application for acquiring and monitoring data
of six different water quality parameters and are maintained in a desired level optimal for fish growth using aquarium heater, motor
for sodium bicarbonate distribution, solenoid valve and water pump that serves as correcting devices. The proponents measured the
system’s efficiency and reliability through monitoring two intensive aquaculture setups – controlled and conventional setup. From the
data gathered, the controlled setup greatly increased efficiency, reduced the work of fish farmers, avoided fish kills, and surpassed yield
quality of the conventional setup.
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1. Introduction
Aquaculture is one of the most important and fastest

rising industry for animal food production globally and is
the principal contributor in human consumption in terms
of aquatic animal food [1]. As fish cultured in aquaculture
system uses the water in artificial tank to live, feed, grow,
and excrete waste, the water quality easily declines that
can affect its growth and health. Water quality identifies
to an excessive degree the achievement or disappointment
of fish farming. Hence, water quality is a significant factor
in aquaculture operations guaranteeing the health of any
aquaculture system [2]. Maintaining the water quality level
in the ideal range enhances fish growth rate and reduces
the incidence of fish diseases [3]. Among the essential
water parameters to monitor and maintain are temperature,
potential hydrogen (pH) level, oxidation-reduction potential,
turbidity, salinity, and dissolved oxygen.

Fish growers depend on testing using manual means to
monitor the state of several quality parameters of water.

However, testing using manual approach is consumes time
and as water quality changes continuously, it gives inac-
curate results. Therefore, up-to-date technologies should be
used to overcome this problem in aquaculture[4]. Mech-
anization of aquaculture setups will permit these subse-
quent advantages: (1) production nearer to market demand,
(2) enhance guidelines and directive with regards to the
environment, (3) lessen disastrous losses, (4) minimize
environmental control, (5) reduce the charge of production,
(6) improve the quality of aquatic goods [5]. Furthermore,
development in the aquaculture industry provides affordable
aquatic animal food and is beneficial to industry economics
to balance the losses in international trade [6].

An intensive aquaculture system which monitors and
automatically corrects essential water quality parameters
for growth rate improvement of the fish is developed in
this study. The study specifically aims: (1) to develop an
intensive aquaculture system that should monitor the tem-
perature, pH level, oxidation-reduction potential, turbidity,
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salinity, and dissolved oxygen of the water and automati-
cally turns ON/OFF the correcting devices, (2) to realize an
Internet-based structure to access the automated aquaculture
system with the help of an online application which displays
the status of the aquaculture setup, exhibiting the numerical
values of the vital water parameters, and (3) to determine the
system’s efficiency and reliability and the difference of the
growth rate of the fishes between the automated aquaculture
system and the conventional setup.

The system focuses on monitoring and automatic cor-
recting of water temperature, pH level, oxidation-reduction
potential, turbidity, salinity, and dissolved oxygen. It utilizes
sensors, microcontrollers, LoRaWAN (Long Range Wide
Area Network), and correcting devices. Pre-programmed
in the microcontroller are the threshold values for the six
different quality parameters of water. Improvised correcting
devices are developed using motor connected to microcon-
troller, water pump, heater, water bottle and drum. The
water correction focuses on water replacement for stabi-
lizing the water quality and adding of sodium bicarbonate
solution for pH level. Through this, the water is set to an
optimal range ideal for fish growth without exposing the
fishes to various chemicals that may affect their health.
Moreover, this method is a lot cheaper and easier to use
for fish farmers. The data from sensors were acquired only
one time per day. The data acquisition is implemented at a
definite period in the day while the correction takes place
once the data acquired are not on the desired range optimal
for fish growth. This study is restricted in culturing one
specie namely Nile tilapia (Oreochromis niloticus) in an
intensive aquaculture system.

This paper is structured as follows: Related works are
discussed critically in Section 2. System architecture for the
proposed Internet-based intensive aquaculture monitoring
system is illustrated and explained in Section 3. Results
were presented and discussed in Section 4. Finally, conclu-
sion and future work are detailed in Section 5.

2. RelatedWorks
An aquaculture system of De Belen et al. [7] developed

an aquaculture system that uses three parameters namely:
pH, temperature, and flow rate. These three parameters’
correlation were computed, and experiments showed that
”the pH has inversely proportional to temperature, but flow
rate has no effect on the pH and temperature.” Meanwhile,
an IoT-and-LoRaWAN-based modular device was devel-
oped that automates the water monitoring and correcting
in an extensive aquaculture system [8]. It monitors water
parameters such as water level, dissolved oxygen, oxidation
reduction potential, total dissolved solids, turbidity, pH, and
temperature. It was compared with a conventional device
and the readings are within the acceptable values. In the
other study, Menger’s theorem was used for placement of
fault tolerant nodes which are needed for sensing of soil
moisture, light, temperature, and humidity [9]. The said
method achieved a better transmission and throughput ver-

sus the conventional approach. Meanwhile, a different type
of algorithm (differential encoding and Huffman technique-
based lossless compression technique) for sensor nodes used
in smart agriculture is proposed for environment features’
monitoring [10]. Notably, it has the best performance over
all the compression techniques.

In Nagayo et al. [11], an aquaponics (a combination of
aquaculture and hydroponics) [12], [13], [14], [15] system
with water recirculating part, Arduino-based control and
monitoring part, GSM shield and NI LabVIEW, solar energy
conversion system, and cooling and heating systems was
designed for plant and fish growth. Meanwhile in [13],
[14], [15], their aquaponics system utilized an Ion-Sensitive
Field Effect Transistor (ISFET) as a pH device for optimum
growth of plants and fishes. The superiority and efficiency of
the ISFET-based pH device compared with the typical glass-
electrode pH meter was proven through various experiment
and testing its performance for evaluation. An aquaponics
system which was proposed in Murad et al. [16] was
developed that used temperature sensor, pH sensor, water
sensor, servo, peristaltic pump, solar, liquid crystal displays
(LCD), and GSM module water monitoring of aquaponics.
The data is displayed through LCD and a notification is
sent via GSM module. Fish farming and tracking control
system of Gao et al. [17], developed a system to control and
supervise water quality treatment equipment for fishpond.
It also includes a predicting process for managing water
quality automatically with the breeding and selling of fresh-
water fish being tracked. This study uses integrated sensor
assembly, GUI, QR code and LoRa wireless transmission
technology. In Daud et al. [18], an aquarium setup with
pH level monitoring and fish feeding system in android
application was developed using analog pH sensor, Arduino
MEGA, NodeMCU controllers and Liquid Crystal Display
(LCD). To use the smartphone as controller to control the
operation of fish feeding, the NodeMCU utilized Wi-Fi
mode of communication. The data acquired from the sensor
is displayed through LCD.

According to Wu et al. [19], the use of smartphones
or mobile devices in IoT applications such as agriculture
can reduce energy consumption in terms of data generation,
lessen manufacture and deployment cost, and is consid-
ered environmentally friendly as it reduces the number of
deployed sensors. In Atat et al. [20], facilitating Internet
of Things in different applications connects different cyber
physical systems (CPS) which are systems that comprises
the interrelated physical objects and a computer program
or application. This aid implementing their transfer of
information. Today’s technologies make receiving the data
from CPS an easiest duty since low cost smart sensors are
available anywhere.

The study of [21] further discussed the efforts done
to measure water quality using sensors. It cited [22]
where sensors are deployed to monitor underwater envi-
ronment parameters e.g. pressure, water level, water flow,
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