EMITTER International Journal of Engineering Technology
ISSN: 2443-1168, Vol. 8, No. 2, December 2020, pp. 355~371
DOI: 10.24003/emitter.v8i2.520

Design and Implementation of Wireless Sensors and Android
Based Application for Highly Efficient Aquaculture
Management System

Goib Wirantol, Dayat Kurniawanl, Yudi Y. Maulanal, I Dewa P.
Hermidal, and David Oktaviandi?

1Research Center for Electronics and Telecommunication, Indonesian Institute of
Sciences (LIPI), Jl. Sangkuriang, Bandung 40135, Indonesia
2Food Agency, Provincial Government of Bangka Belitung
E-mail: 1ppet@mail.lipi.go.id,
Corresponding Author: 2gwiranto@gmail.com

Received June 8, 2020; Revised August 30, 2020; Accepted October 10, 2020

Abstract

The main problems in the practice of traditional shrimp aquaculture
are related with maintaining good water quality and reducing high
operational cost. In this paper it will be described the application of
wireless sensors and Android based application as mobile
monitoring tool in achieving highly efficient shrimp aquaculture
monitoring system. A set of four water quality parameter sensors
(pH, temperature, conductivity and DO) were submerged into the
pond using a buoy, in which an electronics and Xbee wireless
transmitter have been installed to transmit the measured data into a
fixed monitoring station. The main component of the fixed
monitoring station was a smart data logger capable of performing
automatic aeration system. Data transmission from the monitoring
station to the master station was done through GSM/GPRS module of
a Raspberry microcontroller. Using internet connection, a web based
server has been developed from which the Android based application
retrieved the measured parameter data. Graphical analysis of water
quality data can be performed from a mobile phone, allowing users to
monitor the aquaculture regardless of their geographical location.
This system has been implemented in a shrimp aquaculture in
Bangka island, Indonesia. In addition to giving real-time water
quality data, the system was able to reduce the operational electricity
cost because of the automatic aeration feature. Consistently, the
system has been sending the measurement data to the web server,
which is accessible using Android mobile phones worldwide.

Keywords: Android application, water quality, online monitoring,
web server, aquaculture, mobile monitoring.
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1. INTRODUCTION

Monitoring water quality of aquaculture has become an area of specific
interest to many researchers and practitioners over the past few years. They
realised that water characteristics play a vital role in determining the output
of an aquaculture business. From economic point of view, aquaculture
products, especially shrimps, has been one of the major sources of export
revenues for countries like Indonesia [1]. In 2018, the value of export
revenue from shrimp products reached 1.3 billion US dollars [2] and is
expected to increase in the coming years. Despite such a promising prospect,
the practice of shrimp aquaculture in the country is still dominantly
conducted using traditional manner [3], which is characterised by high
operational cost for electricity and food, high cost for labour, high risk from
disease infection, and untrustworthy from operational managers to the
owners. Such condition often leads to substantial losses in the aquaculture
business.

In moving from traditional to modern practice of aquaculture, it is
required that water quality parameters must be constantly monitored and
analysed. Thus, accurate measurement of water quality parameters such as
pH, temperature, Dissolved Oxygen (DO), conductivity, among others, must
be performed in real time and continuously. On the other hand, the use of
mobile phones and internet almost can not be separated from daily activities,
ranging from social networking, gaming, personal communication, business
working groups, education, etc. It is due not only to cheaper communication
cost, but also by diverse mobile applications that have been developed to
fulfill the need of users of all ages. The ability of mobile phones to display
almost all desktop applications has even made them more interesting.
Monitoring applications, such as for environment, health, and agriculture,
which in the past were primarily developed on windows based, now they can
be developed on mobile phones using Android operating system [4-8]. Using
mobile phones with internet, now the monitoring of aquaculture water
quality can be performed quite easily [9,10].

This work was aimed to design an online monitoring system using
wireless sensors, and apply it in a real aquaculture environment. Since the
location of the aquaculture and the research center is separated by a distance
of more than 1000 km, a web based data server and an Android application
has been used to allow for easy monitoring and further development.

2. RELATED WORKS

Previous works on online monitoring for aquaculture include that by
Chandanapalliet et al. [11] where low cost wireless sensor networks have
been implemented to monitor temperature, pH, and humidity in Gudlavalleru
aquaculture, Krishna district, India. The system was tested for data
transmission from the fish pond to the control room. Simbeye and Yang [12]
has demonstrated a similar system in Tanggu fish pond, China. The measured
water quality parameters include DO, temperature and water level, with
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automatic pump operation to reduce energy consumption during aeration.
Alternatively, a power monitoring device can be connected to a smart power
management system to further reduce energy consumption of the pond
aeration operation [13], which should be attractive if it can be applied into a
large scale aquaculture industry. The importance of monitoring the water
circulation system of an aquaculture has also been highlighted by work of
Faller and Rodriguez [14]. Overall, the use of sensors and Internet of Things
(IoT) for aquaculture industries in China has been mentioned by Ma et al
[15]. Although some work has been tested on real aquaculture environment,
many works are still at laboratory scale [16-19], and thus need further
testing for their long term stability.

3. ORIGINALITY

Work on water quality monitoring for shrimp aquaculture has been
conducted since 2010 at the Research Center for Electronics and
Telecommunication, Indonesian Institute of Sciences (LIPI). It has evolved
from the use of offline method with onsite display to online monitoring
through World Wide Web and mobile devices. The main aim was to help
farmers increasing their shrimp productivity by using real-time water quality
monitoring and reducing operational cost through automatic aeration
system. In addition, the web server allows data from many aquaculture
centers to be integrated, by which future study may be conducted to further
optimise the aquaculture management system. Although similar work
conducted by other researchers have focused on the monitoring of water
quality parameters, this particular work has the significance of also allowing
automatic aeration to maintain optimum DO level. By doing so, the use of
power consumption for pond aeration can be significantly reduced. Thus, the
work that will be described in detail here should provide a foundation for
moving from traditional practice to modern and automatic aquaculture
management system.

4. SYSTEM DESIGN

As shown in Figure 1, the system consisted of three main parts: a
monitoring station, a master station, and a mobile monitoring station. The
monitoring station has the function of performing initial data collection about
the water quality parameters from the location of the aquaculture, and
performing an automatic aeration system. In this case, if the DO value drops
below the lower threshold then the aeration is ON, and if the DO goes above
the upper threshold value then the aeration if OFF. Data from the monitoring
station were transmitted to the master station using GSM/GPRS module of a
Raspberry based microcontroller. At the master station, data were received
by a web based data server running MySQL with GUI (Graphical User
Interface) capability. The mobile station, i.e,, mobile phones with Android
application, then accessed the database via website and displayed the data in
graphical format.
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Figure 1. The concept of online water quality monitoring using Android based
application

4.1 The Monitoring Station

The monitoring station basically consisted of sensors and a smart data
logger. Initial data collection was performed by the sensors, and the data
were sent to the data logger using an Xbee wireless transmission. Table 1
lists the desired water quality parameters for a general pond fish aquaculture
[20]. Although there are many parameters that need to be considered in an
aquaculture, such as ammonia, turbidity, nitrate, and salinity, but in this
work, only four parameters were monitored; pH, DO, Conductivity and
temperature. In addition to cost limitation, the monitoring of only these four
parameters were also based on the most important ones as usually
conducted in most fish aquculture application.
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Figure 2. (a). The block diagram of sensor connection to the Arduino
microcontroller, Xbee pro wireless transmitter and solar panel, (b). The buoy
structure used to submerge water quality sensors and keep the electronic
components saved.
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Table 1. Desired water quality criteria for the general pond fish aquaculture [20]

No Parameter Acceptable | Desirable Stress
Range Range

1 | Temperature (°C) 15-35 20-30 <12,>35
2 | Turbidity (cm) 30-80 <12,>80
3 | DO (mg/L) 3-5 5 <5, >8

4 | BOD (mg/L) 3-6 1-2 >10

5 | COz (mg/L) 0-10 <5,5-8 >12

6 | pH 7-95 6.5-9.0 <4,>11

7 | Alkalinity (mg/L) 50 - 200 25-100 <20,>300
8 | Hardness (mg/L) >20 75-150 <20,>300
9 | Calcium (mg/L) 4-160 25-100 <10, >250
10 | Ammonia (mg/L) 0-0.05 0-<0.025 >0.3

11 | Nitrite (mg/L) 0.02-2 <0.02 >0.2

12 | Nitrate (mg/L) 0-100 0.1-4.5 <0.01,>100
13 | Phosporus (mg/L) 0.03-2 0.01-3 >3

14 | Conductivity (uS/cm) | 30-50000 | 100 -2000

PH refers to the concentration of hydrogen ions [H*] in the water and
is the measure of water acidity. The pH measurement ranges from 0 to 14
with the lower the more acid the water is. For general aquaculture, the
normal pH values are usually 7.0 to 9.5, with an optimum range between 6.5
to 9.0. PH is important because it affects the metabolism and other
physiological processes of the culture fish. DO, on the other hand, refers to
the solubility of oxygen in the water. It has a direct effect on fish growth and
production of the aquaculture through feed consumption. Low DO level can
be harmful to the culture fish because of the increase in the water toxicity
level [21]. Conductivity is a measure of how well the water conducts
electricity and is directly related to salt content. A small amount of salt
content is needed to help fish maintain their osmotic balance, although high
salt content is also needed by other fish species. As a cold blooded animal, the
body temperature of fish is effected directly by its environment temperature.
Higher temperature increases the oxygen demand and increases the level of
ammonia in the water.

4.2 Water Quality Sensors

Four sensors have been used to measure pH, DO, conductivity and
temperature of the pond water quality. The specification of each sensor is
listed on Table 2. Atlas Scientific sensor probes have been used in many field
application. In our case, we have used ENV-40 type for measuring pH,
conductivity, and DO parameters, which are suitable for field application
involving fresh and salt water. It can be seen that the measurement range of
each sensor should be adequate to measure the acceptable ranges of the four
parameters as listed in Table 1. As can be seen in Figure 2a, these sensors
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were connected to an Arduino microcontroller with Xbee Pro wireless
transmitter, which is capable of sending wireless data up to 3.200 m at 2.4
GHz in outdoor environment (according to Xbee Pro S2B datasheet). An
interface signal processing circuit for pH, DO, and conductivity sensors was
needed to convert the analog signal from the sensor to digital format that can
be read by the microcontroller. For the temperature sensor, a direct
connection to the Arduino port was possible using one wire connection.
Power for the entire sensing block was supplied from a 50-watt peak solar
panel system. The heart of an Arduino Uno is an ATMega 328
microcontroller, which must be programmed to allow a set of instructions be
executed and performed the required functionality.

Table 2. Sensor types and specification used in the online monitoring system

No Sensor Model Range
Type
1 | pH Atlas pH Probe Part # ENV-40-pH | 0-14
2 Do Atlas Dissolved Oxygen Probe 0-100 mg/L

Part # ENV-40-DO
Atlas Conductivity Probe K 0.1 | 0.07 - 50.000
Part # ENV-40-EC-KO0.1 uS/cm

4 | Temperature | DS18B20 -55-125¢C

3 | Conductivity

To allow these sensors submerged into the water and keep the
electronic components and wireless transmitter saved, a buoy has been
designed as shown in Figure 2b. The depth of the fish/shrimp pond is
normally between 80 - 100 cm. For an average pond area of 5.000 m2, the
positioning of the buoy is very important. Thus as a means of monitoring
system, the buoy was positioned near the effluent of the pond, where the
water quality parameters should have the lowest values. The main problem
affecting the reading, especially for the DO probe, was biofouling or the
accumulation of microorganisms, plants, algae, or small animals on the
surface of the probes. Therefore, we have conducted regular maintenance by
cleaning and re-calibrating the sensor reading. In addition, the sensor probes
were enclosed inside a PVC tube to reduce direct contact with algae and other
microorganisms.

4.3 The Raspberry based Smart Data Logger

The smart data logger has the function of receiving data from the sensor
block, controlling the automatic aeration system, displaying and transmitting
the received data to the web server. As can be seen in Figure 3a, the main unit
of the data logger was a Raspberry Pi 3 board. Compared to other
microcontroller boards, Raspberry is a small size board with a lot of features
suitable for system automation and [oT applications. Just like a mini
computer, it has everything from built-in wireless and Bluetooth
connectivity, 64 bit processor, 1 GB RAM, 4 USB 2.0 ports, 40 pin extended
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GPIO, and HDMI and RCA video outputs. Although it doesn’t have an internal
memory, but it is capable of reading a 32 GB external memory. The operating
system is based on Linux kernel, and instructions can be performed using
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Figure 3. (a). Block diagram of the smart data logger based on Raspberry Pi 3, (b).
The smart data logger, router board and relay box after installation

The use of Raspberry for [oT or online monitoring system has becoming
popular since the past few years. Some of them has been applied for water
quality monitoring [22,23], environmental monitoring [24], and smart home
security system [25]. The most attractive feature of Raspberry is the GPIO
(General Purpose Input/Output) pins that can be programmed to connect
directly to sensors or any other devices, allowing remote monitoring of
physical parameters via worldwide web. In this system, an Xbee Pro wireless
receiver has been used to receive data sent from the sensing block. The data
was then displayed immediately to the touch screen LCD to give a real time
information about water quality to the person onsite the aquaculture.With
the onsite display, an operator at the aquaculture can avoid the use of
handheld instrument normally used to check the water quality parameters.
The programming at the raspberry then checked the data for any threshold
violation. In this case, the threshold value was set against the measured DO
parameter. For the desirable value of 5 mg/L, the system will activate the
relays in case the measured DO value dropped below 5 mg/L. The relays
were connected to the pond aeration system. Since the aim was to maintain
the DO value at the pond above 5 mg/L, therefore once the aeration system
was triggered, it will continue running until the DO value reached 7 mg/L.
This method was also meant to avoid relay activation/deactivation when the
DO values were around 5 mg/L.
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The final task of the data logger was sending the measured data to the
web based server using built-in wifi transmitter to the router board and
modem. Data transmission interval can be programmed depending on the
urgency of the analysis. For some application with high data fluctuation, the
transmission interval can be short resulting in almost real time
measurement. But for general aquaculture application, a 5-minute data
interval should be adequate. Figure 3b shows the installed data logger with
router board and relay box positions.

4.4 The Master Station

The master station has the function of collecting all the data from the
sensors that have been sent by the data logger. It consisted of web based
server that has been designed to accept data from several locations of the
monitoring sites. In addition to displaying the data through a worldwide web,
the server also collected all data in a database format so that they can be
accessed by client from anywhere using browser with internet connection.
The database management system was based on MySql, an open-source
relational database management system (RDBMS). Data querying was
performed using PHP (Hypertext Preprocessor), a popular web based
programming language, which allowed dynamic websites and database
interaction. The website for the online monitoring system has been designed
using Bootstrap, a free front-end framework for faster and easier web
development. The websites has several features such as allowing data to be
displayed in graphical and tabulation formats and exporting data in Microsoft
excel, pdf, and image format. In addition, the website has a user management
system, so that different users have different access privileges.

Oniine Monitoring - PPET LIPI s

e

Singepore - Signal Quality : 30dBm

[2) PH : 675
K 0o : 459mg/L
Indonesia
a - Conductivity : 362.7 pS/cm

S Temperature @ 27.01°C

2 g8 Bt
Data Sensor # Kampus PPET-LIPI
679 =~ 471 " 3679 = 26.57
Figure 4. The front page of the web database server and real time parameter values

as read from the front page of the web server for Kampus PPET-LIPI station
(accessed from http://www.ppet.lipi.go.id/water/home.php)
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Figure 4 (left) shows the front page of the web database server
accessed from client browser. The front page has several information about
water quality parameter data. On the map it can be seen three flags showing
the locations of the monitoring stations. Two green flags are in Bandung
(Iaboratory measurement) and one red flag is in Bangka Island (real
aquaculture monitoring). The green color indicated a normal water quality
condition, whereas the red color indicated a violation of the threshold value
has occurred, and the automatic aeration system is in operation. The
numbers at the bottom of the page indicated four water quality parameters
being measured at one of the locations, in this case at Kampus PPET-LIPI
station. The real time parameter values for the measured water quality can
also be read by clicking the station flag on the front page of the web server.
This is given in Figure 6 (right) for Kampus PPET-LIPI station. At the
moment, the values in this website was programmed to update every 5
minutes.

4.5 The Moblie Station

The mobile monitoring station was meant to allow users having a
mobile phone with Android operating system to monitor the water quality
measurement data more easily, since it is considered more practical than
having to access a website or waiting for a sms gateway data. As such, an
Android based application has been developed resembling the web-based
server. The Android operating system is basically an open source Linux
program that can be used to develop applications using Java programming
language. However, the Android version itself has developed from its early
release in 2009 (version 1.5, code name Cupcake) to 2018 (version 8.1, code
name Oreo). The developed Android application is suitable for Android
version 4.0 or above.

The data for the Android application was extracted from the web
database. As has been described in the previous work [26], the process of
data transfer from web server to the Android application involved data
parsing using HTTP (Hypertext Transfer Protocol) connection. It also
required an API (Application Program Interface) to connect the mobile and
the website applications. The API used contained source codes based on PHP
that has a function of querying data from the website. The data was then
encrypted using AES (Advanced Encryption Standard) algorithm, and sent to
Android in JSON (JavaScript Object Notation) format. But before the data
could be read and displayed by the software developer for Android (Android
Studio), the data must be de-encrypted by the Android program. Figure 5
shows the front menu and the real time parameter values of the measured
water quality from three locations as appeared on the Android application.
The data is automatically updated every 5 minutes. This time interval was
chosen based on the urgency of the online data and to reduce the storage
capacity if data were sent with shorter time intervals. For further detail about
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graphical format, data table, and location of each station, the user can click on
the corresponding button below the station names.
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Figure 5. The front menu and the real time parameter values as appeared on the
Android application

5. EXPERIMENT AND ANALYSIS

5.1 System Deployment and Implementation

The whole system of online water quality monitoring has been tested
both in the laboratory and in real aquaculture environment. At the laboratory
scale, the aim was to test the system in transmitting data from the sensors to
the web based server and to the mobile phone application. Thus, the
laboratory testing was done continuously for several months prior to the
implementation in real aquaculture location.

One of the oldest shrimp aquaculture center in Babel Province is
owned by PT. Merdeka Sarana Usaha. It has been in operation since 1984
with a total area of 100 ha consisting of 89 ponds (eah pond varies from
3.000, 5.000 to 10.000 m?). The main focus of their aquaculture is vannamei
shrimp, with an average production of 4.000 kg per cycle from each pond.
Each cycle period takes about 100 - 110 days. The main water source for the
ponds is coming from the nearby estuary of Baturusa river. Normally after 1
cycle period, the pond is cleaned and prepared for the next cycle. This waiting
period can take up to 1 month.
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Figure 6 shows the location of the aquaculture where the system has
been deployed and implemented. On the right inset it can be seen the detail
coordinates and the aerial view of the shrimp ponds. Due to the geographical
location which separated the aquaculture and server locations, and the fact
that it was difficult to find the necessary components on the island, the
system was basically 100% built in the laboratory before deployment to the
location. Prior to the deployment, it is necessary to check the signal
availability for the internet connection. In Indonesia, signal availability varies
depending on the cellular company covering that area.
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Figure 6. The detail location of the shrimp aquaculture center in Bangka
island where the online monitoring system has been deployed

5.2 Discussion

Based on the developed system and the testing that has been
conducted, it was expected that the system could deliver real time data
measurements to the website and the mobile application. Comparison
between these two data information was important as it showed that the
designed system could deliver the data correctly. In Figure 7 it can be seen
the DO and pH measurement values on March 16, 2018 (from 1 to 9 am) as
taken from the website and the Android application for station PPET-LIPL
The sensor data were transmitted using an Arduino based data logger, which
was the first version of the developed data logger. As can be seen, both
graphs showed identical values for the corresponding DO and pH
measurement, with the DO values range between 4.5 - 5.0 mg/L and pH
values between 6.5 - 7. As these data were taken in the laboratory, there was
no significant variation in the measured values for both parameters.
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Figure 7. Comparison of the measured DO and pH values as taken from the
website and the mobile application (inset) for station PPET-LIPI on March 16, 2018
(from 1 to 9 am)

In Figure 8 it can be seen the conductivity and temperature
measurement values on March 15, 2018 (from 1 am to 23 pm) as taken from
the website and the Android application for station RPi2 P2ET Test. This
station is also located in the laboratory and the sensor data were transmitted
using a Raspberry based data logger. Both graphs showed identical values for
the corresponding conductivity and temperature measurement, with
conductivity values range from 350 - 375 uS/cm, and temperature values
around 28 °C. Again, as these data were taken in the laboratory, there was no
significant variation in the measured values for both parameters.

A different condition obtained from the station at the aquaculture
location. Figure 9 showed the measured DO values at the aquaculture center
on the day of November 1, 2017. As can be seen, high variations for the
parameter occured through out the day. The DO value was low in the
morning, drifting from 4.5 to 4.0 mg/L, and beginning to rise from 4.0 mg/L
at 6 am up to almost 8.0 mg/L at around 11 am. From then the DO value
started to decrease and reached 5.5 mg/L at 22 pm. Noting that the threshold
value for the automatic aeration was set by the data logger at 5.0 - 7.0 mg/L
(the lower and upper threshold), it means that the aeration system should be
operational from 1 am until around 9 am (for 8 hours), and stopped for the
rest of the day since the DO value never dropped below the threshold again.
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Figure 9. The measured DO values as taken from the website for station
Tambak PT. MSU on November 1, 2017 (from 1 am to 23 pm)

From Figure 9 it can also be explained that the effect of aeration on the

DO value was significant. This was seen from the steep rise of DO value in the
morning after 6 am, which was due obviously to the increase in
photosynthesis activity by underwater organism(in the present of sunlight)
and the operation of aeration system. But after the aeration stopped
operating at 9 am, the increase in DO value only was sustained for two more
hours (until 11 am) before gradually decreased for the rest of the day. From
this graph, it is understandable why traditional aquaculture practices always
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have their aeration system running to keep the DO value high. However, it as
also proven that to maintain the DO level above an acceptable threshhold of
5.0 mg/L in a normal day, the aeration system only needs to be running 30%
of the time, which should save energy consumption quite significantly.

In Figure 10, it is shown the measured pH and temperature values at
the aquaculture center on the day of October 27, 2017. From this graph, it can
be seen that the pH value was nearly constant above 6.5, or within the
desirable range for an aquaculture. But the value decreased a little at around
11 am as the temperature of the water rises. This slight decrease because of
temperature was as expected, althouh it may not be the only factors affecting
the drop in the pH values.

Tambak PT. MSU v <

Temperature

pH

Figure 10. The measured pH and temperature values as taken from the
website for station Tambak PT. MSU on October 27,2017 (from 1 am to 23 pm)

6. CONCLUSION

This paper has described the design and application of wireless sensors
and Android based application as a monitoring tool for an aquaculture
system. Four water quality sensors (pH, temperature, conductivity and DO)
have been used to obtain data from the laboratory and from a real
aquaculture location in Bangka island, Indonesia. The measured data were
transmitted using Xbee wireless transmitter to a smart data logger, by which
they were further sent to a web based server. The smart data logger was
designed and realised using a Raspberry Pi, which was capable of performing
automatic aeration system to reduced energy consumption of the
aquaculture.

An Android application has been developed to retrieve data using
internet connection from the web server and displayed them on mobile
phones. Graphical analysis of water quality data can be seen onsite,
performed from the website or displayed using a mobile phone, allowing
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users to monitor the aquaculture condition regardless of their geographical
location. The overall system has been proven capable of transmitting
accurate measurement data, either from the laboratory or real aquaculture
stations. This online water quality monitoring system has been operating for
several months, making the water quality management system of an
aquculture more efficient.
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