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SUMMARY
The Internet of Things (I0T) is revolutionizing various industries by enabling smart, interconnected

systems. This study explores 10T applications in aquaculture, specifically for ornamental fish farming, where
water quality management is critical. Traditional monitoring methods are often inefficient, leading to potential
risks for aquatic life. To address this, an loT-based aquarium system was designed, integrating sensors to
measure key water parameters such as pH, temperature, dissolved oxygen, and turbidity. The system employs
an ESP32 microcontroller for real-time data processing, a DS3231 RTC module for time synchronization, and a
MicroSD card for data logging. Additionally, automated alerts via social media platforms enhance
responsiveness to adverse conditions. The proposed system enhances fish health monitoring, reduces manual
intervention, and improves survival rates. This research demonstrates the potential of 10T in smart aquaculture,
offering a scalable solution for ornamental fish stores and similar environments.

INTRODUCTION
Internet of Things (loT) is an important topic in technology industry, policy and engineering circles. This
technology is embodied in a wide spectrum of networked products, systems and sensors, which take advantage of
advancements in computing power, electronic miniaturization and network interconnections to offer new capabilities not
previously possible. There are various potential applications from 10T to almost all areas of the life of companies,
individuals, ‘smart’ environments in domains such as lifestyle, retail, agriculture, factories, transportation, buildings, cities,
culture and tourism, emergency, health care, user interaction, environment and energy. Recently with advancements in

aquaculture resulted in development of production technologies that improved the quality of the fish farming ponds, thus
leading to improvement and increasing of fish production.
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Smart grid:

Smart grid is a concept that integrates information and communication technologies (ICT) with grid power
systems.it characterised by two- way flow of both electricity and information. Smart grid solutions can be applied in every
part of the grid: production, transmission and distribution. Recently, a fourth part of the smart grid, i.e. the smart home has
become a major (mainstream) research and application interest in smart grid. Smart home refers to the use of ICT in home
control, ranging from controlling appliances to automation of home features (windows, lighting, etc.). A key element of the
smart home is the usage of intelligent power scheduling algorithms, which will provide residents with the ability to make
optimal, a priori choices about how to spent electricity in order to decrease energy consumption. Another term commonly
used is smart house or home automation. The combination of information technologies and advanced communication and
sensing systems, creates a variety of new potential applications. New advanced concepts, such as pervasive or ubiquitous
computing (Greenfield, 2006), where computing is made to appear everywhere and anywhere, hold a huge potential for
application in smart grid (Parikh et al., 2010). Smart devices or objects, capable of communication and computation, ranging
from simple sensor nodes to home appliances and sophisticated smart phones are present everywhere around us. The
heterogeneous network composing of such objects comes under the umbrella of a concept with a fast-growing popularity,
referred to as Internet of Things (loT).

10T for ornamental fish:

Humans are kept fishes and aquatic animals as pets since former times when interacting with it can be helping
decrease levels of stress and blood pressure. On the other hand, the business of beautiful fish farming and breeding or fish
and aquaculture store, it has a large number of fish and fish tanks. Many aquacultures and fish caring may not be given
through attention. good quality water is very important to aquatic life, ani it consist of many features with indicators that can
evaluate water quality in various numerical values, such as turbidity, potential of hydrogen ion(pH), Total dissolved solids
(TDS), dissolved oxygen (DO), oxidation-Reduction potential (ORP). Electrical conductivity (EC), biochemical oxygen
demand (BOD), Chemical oxygen demand (COD), etc. The precision technology can help in the aquarium caring and
providing notifications via social media such as LINE will increase the chances of fish survival. 10T is one of the
technologies that have capabilities to manage and control electronic devices automatically. With many sensors can be detect
and measure the aquarium environment such as lighting, temperature, and the water quality.

Aquarium system design:

In this work, the aquarium system of ornamental fish and aquatic animals for the store was designed by using loT
devices and sensors as the follows.
ESP32 DevKitC: It is a board in developed kit with Electronic Control Unit (ECU) which is microcontroller unit in series of
Espressif ESP32-WROOM-32, total 38 pins included. In this research, the aquarium system requires 20 - pins (voltage and
ground are excluded) for digital and analog input-output the value or signal from 10T and sensor devices. Especially, the Wi-
Fi communication is one feature that is included and it is a necessity in this work for sending and - receiving data between
server and notification system.
DS3231 Real-Time Clock (RTC) module: The DS3231 RTC module was applied and kept track of the current time for
other sensor activation and data recording to server. This module has its power source which is a 3V-3.6V battery for backup
and continuous time keeping. It requires two special f pins (SCL and SDA) for communicating with the ESP32 board. At
stage of aquarium system initialization, the DS3231 module was synchronized the time from Network Time Protocol (NTP)
server and stored the current time in itself.
MicroSD card module: ESP32 can complete the file system to read and write the microSD card by using this module. It is a
necessity to keeping and tracking information from sensors and all system configuration through the file system. During the
water quality detection, the previous data or history data of the sensor were calculated and applied to automatic system
decision and activation. There are four special pins (CS, SCK, MISO, and MOSI) are required to SPI communication in this
work.
DS18B20 temperature sensor probe: The DS18B20 probe is a small digital temperature sensor with 3-wires interface. This
sensor can operate in liquid or water in two modes; normal mode, and parasite mode. Normal mode was applied to the
automatic aquarium system. It requires 4.7k Ohm of pull-of resistor and three digital pins for output data, 5V of power
source, and ground connection respectively.
pH sensor module: It is an analog meter for pH measurement in water or liquid. Th pH sensor module consists of three
components; pH electrode with BNC connector interface, analog cable, and pH sensor circuit board. The pH measurement
levels are 0-14pH with accuracy value at +0.1pH. This module requires a pin for analog pH data.
Dissolved oxygen (DO) sensor module: This module is used to measures the dissolved oxygen in the aquarium system. The
dissolved oxygen is detected in analog value by BNC probe and analog signal converter board module. An analog pin is a
necessity in this module.
Turbidity sensor module: The level of turbidity can be detected by this analog sensor which is an optoelectronic
instrument. It is able to detect the total suspended solids (TSS) or colloidal particles that harbor pathogens in the water by
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measuring the intensity of light scattered at 90 degrees to the beam of light. An analog pin is required for signal output from
sensor. The signal output will decrease when the turbidity level is high.

Total Dissolved Solids (TDS) sensor module: It is a small analog sensor for measuring the total concentration of dissolved
substances in the water. It needs an analog pin for output data to ESP32.

Photoresistor sensor module: Photoresistor or Light Dependent Resistor (LDR) sensor was conducted to measuring of light
intensity or brightness in automatic aquarium system. In this work, LDR sensor module was combined with potentiometer
for control brightness of LED tube light in tank. A digital pin was reserved for this sensor.

Ultrasonic sensor module: The ultrasonic sensor is used to detects and measures the minimum level of water that remaining
in the aquarium tank. This module will be active when water pump starting for draining the water out of tank. Two digital
pins are required for controlling this sensor.

Horizontal water level sensor: It is a horizontal float switch. It was applied to control the maximum water level in aquarium
tank.

X9C103S digital potentiometer module: This module is adopted to increase or decrease the current for control the
brightness of LED tube light.

AD5290 digital potentiometer: This potentiometer is analog device which operate voltage between -15V and +15V. It is
support for electronic devices in wide range of voltage such as 3V, 5V, 9V, 12V, and 15V devices. In this system, the voltage
of air pump operated range between 6V and 12V and controlled by AD5290 potentiometer.

Two-ways solenoid valve: This solenoid valve is a fluid or water control electronic valve. It is designed for 1.5 inches of
water pipe and operated with 5V. This valve was set to Normally Closed (NC) mode. It will be opening when the minimum
water level in tank was detected by ultrasonic sensor. In general, it must be used with a transistor and a diode in operation.
Dual channel Relay (5V): This relay is used to switch and control air pump and water pump. Two digital pins are required
for this relay.

Water pump (12V): This pump is conducted to water draining from tank. There are wide range of water pumps. In this
experimental, we use a simple of pump such as Sonic AP1200 pump. It has water flow rate at 600 liters per hour.

Mini electric vacuum pump or air pump(6V-12V): In order to control the dissolved oxygen in the water, two mini air
pumps with vary of voltage between 6V and 12V are conducted in this system. These two pumps were controlled by
AD5290 potentiometer.

LED tube light: The LED light is regulated used for aesthetic and intended for relaxation of fish and aquatic animals in
aquarium system. This LED tube light can be dimmed and controlled by X9C103S potentiometer.

CONCLUSION

The integration of IoT technology in ornamental fish farming presents a transformative approach to aquaculture
management. By leveraging smart sensors, real-time monitoring, and automated alerts, the proposed system ensures optimal
water quality, enhancing fish health and reducing manual oversight. The use of ESP32, DS3231 RTC, and various sensors
demonstrates a cost-effective and scalable solution for fish stores and hobbyists alike. Future improvements could include
Al-driven predictive analytics for early anomaly detection and expanded sensor networks for broader environmental
monitoring. This study highlights the potential of 10T in modernizing aquaculture, offering a sustainable and efficient method
to maintain aquatic ecosystems while improving productivity and animal welfare.
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