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ABSTRACT The Internet of Things (loT) has brought changes to modern life, such as automatic traffic lights,
smart homes, optimizing energy utilization, and monitoring water conditions in ornamental fish. It is necessary to
design an integrated system that can monitor and maintain stable water conditions and is suitable for ornamental
fishing. This paper describes the design of an automatic control system tool for regulating water temperature and
acidity in an loT-based fish aquarium. The design of the tool consists of a NodeMCU ESP 8266 as the
microcontroller, connected to DS18B20 to measure water temperature, and PH-4502C to measure acidity. The
application of the control system in the aquarium works well, with an average temperature of 28.99 centigrade

and a pH of 5.44.

INDEX TERMS NodeMCU ESP 8266, PH-4502C, DS18B20, Internet Of Things

l. Introduction

The maintenance of water conditions is very important
for the survival of ornamental fish. Ornamental fish are
tropical fish that require a water temperature of around
24 to 28 degrees Celsius. Ornamental fish also need
water conditions with a degree of acidity, or a water pH
of around 6 to 7. If these conditions are not met, then
ornamental fish usually respond by becoming inactive
and losing their appetite; they cannot reproduce; they
swim unstable or restless; and their growth becomes
stunted, which can even cause ornamental fish to
die.[14][15]. Most people do not have enough time or
even neglect to maintain this condition. Busy work and
feeling lazy due to having to monitor water conditions
manually and routinely are problems for some people.
For this reason, it is necessary to design an integrated
system that can monitor and maintain stable water
conditions and is suitable for ornamental fish.[1][2]

The Internet of Things comes as a solution to the
problem above. The Internet of Things (IoT) is the use
of programming arguments that can produce an
interaction between machines that are connected
automatically without human intervention and without
any distance or time restrictions. [7][20][22][24][25]l0T
has brought changes to modern life, such as automatic
traffic lights, smart homes, optimizing energy utilization,
and monitoring water conditions in ornamental
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fish.[3][4][5]. Water plays a crucial role in the survival of
ornamental fish. Optimum retention of the water
environment, especially in terms of temperature and
pH,[17,25] is an important factor for the health and life
of ornamental fish. However, finding suitable water
conditions for decorative fish is not an easy task.
Sudden changes in temperature or significant pH
fluctuations can cause stress and even death in
ornamental fish.[5][6][7]

In this context, the main challenge to overcome is
how to consistently maintain water conditions at an
optimal level for ornamental fish. Climate change and
human activity have had a negative impact on water
quality, causing changes in temperature and pH levels
that can disrupt the aquatic ecosystems where
ornamental fish live. Therefore, innovative solutions are
needed that can accurately monitor and control water
conditions so that the environment for ornate fish
remains stable and supports their lives [8][13].
Maintenance of the Internet of Things (loT) comes as a
promising solution to addressing this challenge[3][10].
By integrating intelligent sensors and connector
technology, loT solutions can provide real-time
monitoring of temperature and pH in aquariums or
ornamental fish habitats. The information obtained from
these sensors will enable owners of decorative fish to
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take prompt and appropriate action to address
unwanted fluctuations in water conditions.[9][10][11].
With the Internet of Things (loT),[12] monitoring of
water conditions can be done anytime and anywhere
via a smartphone that is integrated with the internet.
[16][17][18][19]This monitoring also provides
automation to the water heater if the water temperature
is below a predetermined temperature and to the acid
and wet pumps to maintain the stability of the water pH.

EO

®.

FIGURE 1. Tool design

Il. Materials And Methods

The design of this tool consists of a NodeMCU ESP
8266 as the microcontroller, connected to DS18B20 to
measure water temperature and PH-4502C (FIGURE
1). To connect the microcontroller to the pH sensor,
another DIY MORE module is needed, which functions
as a connector because the end of the pH sensor cable
is round, and the DIY MORE can also adjust the
voltage potentio. To be able to monitor via mobile
phone requires an additional application installed on
the mobile phone, namely the Blynk application. To be
able to connect to the internet, of course, you must
have an internet signal from a WiFi or mobile phone
hotspot. To connect to Blynk, you only need to write a
unique code obtained from your email, SSID, and WiFi
pass.

The first one that worked was the NodeMCU
ESP8266. After the nodemcu turns on, the PH-4520C
sensor and the DS18B20 sensor will turn on and detect
the temperature and pH of the aquarium water. If the
temperature or pH of the water that is detected is not
appropriate, the relay will turn on so that the heater and
water pump will turn on. After detecting using a sensor
and getting data results from the temperature and pH
sensors, Nodemcu will then send the data to Blynk via
the internet network. In making an automatic control
system tool for regulating water temperature and acidity
in an Internet of Things-based fish aquarium, some
supporting hardware is needed. The hardware needed
is:

DS18B20 1 Temperature sensor
3. PH-4202C 1 PH Sensor
4. DIY Module 1 PH sensor module

MORE

5 Board 2 To place the tool circuit
6 Jumper cable 10 To connect the tool
7 Laptop 1 Used for tool configuration
8 Mobile phones 1 As an additional device for

monitoring
9 Mini water pump 3 2 To spray ph liquid

\'

10 Aquarium heater 1 To warm the water
11 Relay 1 As an on off switch for
water pump and heater
devices
12 Battery 2 To activate the pump

In this application, not only hardware but also software
need to be considered. Without software, hardware
cannot be operated. The software used in the research,
namely:

TABLE 2
Software

No Tools Description

1 Arduino IDE As software for writing
programs, compiling
programs, and uploading
programs
2 Blynk As software that resides on

mobile phones for
monitoring with the concept
of Internet Of Things
Connecting the ESP8266
board to a WiFi network

3 Library ESP8266iWiFi.h

4 Library Connecting the WiFi

BlynkSimpleShieldESP82  module of the ESP8266 to
66.h Blynk
5 Library Controls the 16X2 LCD
LiquidCrystal_I2C.h display output

6 Library Activating the DS18B20

DallasTemperature.h and temperature sensor
OneWire.h

TABLE 1
HARDWARE
No. Device Total Description
1. ESP 8266 MCU 1 As a microcontroller

Node

Journal homepage: https://ijeeemi.org

At this stage, after designing the tool on the NodeMCU
ESP8266, do the programming using the Arduino IDE
software so that the tool that has been designed can
function properly. The following flowchart shows the
Arduino IDE program:

um

k.
—_—
Start The DS1EB20 temperature
gauge is active

L

-
Start measuring the water Heater On
temperanse
!

k

The water
femperature is below
24 Celsius

Relay On

Relay off

FilGURE 2. Flowchart on the DS18B20 temperature device
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FIGURE 3. Flowchart on PH-4502C

FIGURE 2 is a flowchart of the DS18B20 temperature
device. In the DS18B20 temperature program
connected to the relay. If the water temperature is cold,
then the relay will turn on. The relay is connected to the
water heater, which, when the relay turns on, also turns
on automatically. If the water temperature is suitable for
the ornamental fish environment, the relay will turn off
or not turn on, which makes the heater in the aquarium
also turn off or not turn on. FIGURE 3 shows the PH-
4502C tool. In the PH-4502C program, it is connected
to two relays, namely relays that regulate acidic mini
water pumps and basic mini water pumps. If the pH
captured by the PH-4502C indicates alkaline, then the
relay that controls the alkaline mini water pump will turn
on, and vice versa, if the water is acidic, then the relay
that controls the acidic mini water pump will turn on.

lll. Results

In the results of this discussion, several tests and
discussions will be carried out relating to measuring the
temperature and pH of water that has been made with
a DS18B20 temperature sensor and a PH-4502C pH
sensor. The DS18B20 temperature sensor and pH-
4502C sensor are used as automatic measuring
instruments in ornamental fish aquarium water. To
calibrate the PH-4502C sensor, two types of water with
different pHs are needed: one with pH 4, or acidic, and
the other with pH 7, or normal. After having two types
of water with different pHs, calibration will be carried
out according to the tools used. The test procedure is
carried out by putting the DS18B20 temperature sensor
and the pH-4502C sensor into the water in the
ornamental fish aquarium. This test will show the
results on mobile phones using the Blynk application.
The purpose of this test is to determine the temperature
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and pH of the water in the ornamental fish aquarium
that we have using the mobile phone we use. The
distance that we can see with this tool depends on the
range of WiFi signals connected to the WiFi module on
the microcontroller used.

FIGURE 4. Testing the pH of aquarium water using litmus paper

In FIGURE 4, tests have been carried out on aquarium
water on litmus paper. The color of the litmus paper is
yellow, which indicates that the water in the aquarium is
slightly acidic, as in FIGURE 5.

' . . ‘i“

FIGURE 5. Measuring the pH of aquarium water using litmus paper
In FIGURE 5, it can be seen that the pH value in the
ornamental fish aquarium is yellow, which indicates that
the pH of the water is acidic, which ranges from
number 5. After knowing the pH of the aquarium water,
test the pH of the aquarium water using a DS18B20

sensor, which will be dipped in aquarium water as
shown in FIGURE 6.

FIGURE 6. 'i'esting the PH-4502C sensor in aquarium water
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TABLE 3
Data from PH-4502C sensor on aquarium water

Time ADC value pH pH Voltage pH value
01:28:15 915 2.949 5.88
01:28:21 906 2.920 6.10
01:28:27 880 2.836 6.73
01:28:34 1024 3.300 3.25
01:28:40 901 2.904 6.22
01:28:47 913 2.942 5.93
01:28:53 992 3.197 4.02

In TABLE 3, tests have been carried out on the
DS18B20 sensor and result in an average pH value of
5.44. After getting the pH value, test the water
temperature in the aquarium as shown in FIGURE 7.

FIGURE 8. Relay IN3 switches on to signal the water pump to switch on

In FIGURE 8, testing has been carried out on aquarium
water. After the DS18B20 is dipped in the aquarium,
the data obtained will be displayed in the Arduino IDE
software as TABLE 4.

. / "~ |
FIGURE 7. Testing the DS18B20 sensor on aquarium water

TABLE 4
Data from DS18B20 sensor on aquarium water
Time Celsius Fahrenheit

01:19:51 29.00C 84.20F
01:19:58 29.00C 84.20F
01:20:05 29.00C 84.20F
01:20:12 28.94C 84.09F
01:20:19 29.00C 84.20F
01:20:25 29.00C 84.20F
01:20:25 29.00C 84.20F

TABLE 4 shows the data results obtained by the
DS18B20 temperature sensor, with an average value
of 28.99 centigrade and 84.18 Fahrenheit. which
indicates the water temperature is normal. After getting
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the centigrade and Fahrenheit values, test the
temperature of ordinary water as shown in FIGURE 9.

FIGURE 9. Relay IN1 does not switch on indicating the heater is off

IV. Discussion

After getting all the results from the temperature and
pH sensors, the device will send the data to the mobile
phone via a WiFi signal connected to the
microcontroller. The results will be displayed on the
Blynk application as shown in FIGURE 10.

FIGURE 10. Results obtained on blynk

FIGURE 10 shows the results obtained by the
DS18B20 and PH-4502C sensors that sent the data to
the NodeMCU ESP8266 microcontroller. After that, the
data is sent again via a WiFi signal connected to the
microcontroller to Blynk, which will display the results
obtained by the temperature and pH sensors earlier.
After getting all the results, the data obtained will be
entered into TABLE 5 in the form of a graph.

TABLE 5
Data graph
Hours PH Temperature

1 6 25,3
2 6,1 28,1
3 6,2 28,9
4 6,8 28,9
5 7 28,9
6 71 28,9
7 6,8 28,5
8 6,7 28,5
9 6,7 28,7
10 6,5 28,9
11 6,4 29,1
12 6,1 29

13 5,9 28,6
14 6,4 28,8
15 6,9 28,9
16 6,9 28,9
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Hours PH Temperature
17 6,8 29,1
18 6,4 28,9
19 6,5 28,9
20 6,5 28,8
21 6,3 28,9
22 6,6 28,9
23 6,5 29,1
24 6,5 28,9

V. Conclusion

The design of the tool used functions well for
measuring pH and water temperature in small
aquariums. The average temperature that is good for
ornamental fish is 25 degrees Celsius to 30 degrees
Celsius, and a good pH for ornamental fish is in the
range of 5 to 7. The application of the control system in
the ornamental fish aquarium works well with an
average temperature of 28.99 centigrade and a pH of
5.44. The control system used is a pump containing
acidic or alkaline liquid, which functions to regulate the
pH of the water to remain appropriate, and a heater
that functions to regulate the temperature to remain at
the ideal temperature for the fish. The application of the
Internet of Things sends data to the Blynk application,
which can be monitored via a smartphone, with a delay
of 7.9 ms and packet loss of 0, which is seen using
Wireshark. The results obtained are very normal, which
indicates the feasibility of using the Blynk application
depending on the connected internet connection. The
device used must be continuously connected to an
internet connection in order to be monitored through
the Blynk application.
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