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Development of a Dissolved Oxygen (DO) and Electrical Energy Monitoring System
for an Aquaculture Pond by Using NB-IoT Technology
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ABSTRACT

ARTICLE INFO

Background and Objectives: One major issue faced by the intensive
aquaculture farming of fish is the dissolved oxygen (DO) in pond, which is
particularly critical at nighttime and exacerbated by power outages. Such
incidents can significantly reduce DO levels. This research aimed to achieve
two objectives: (1) to develop a DO monitoring system, and (2) to establish
a system for monitoring the electrical status and for communicating
wirelessly via Narrow Band (NB) networks to transmit data and report results
to stakeholders.

Methodology: The equipment utilized in the experiment consisted of a DO
monitoring system designed as a buoy-type measuring device. Solar panels
were installed on top to provide power for driving the motor and the
monitoring system, which utilizes the DO Meter model az 8403 to send
RS232 data to a microcontroller unit (ATmega328p). This unit is connected
to an ESP8266 via I2C communication, and the ESP8266 is connected to an
NB board to transmit measurement results to a Cloud server. Meanwhile, the
electrical status monitoring and notification system relies on the ESP8266
microcontroller unit, which connects to the SDM120CT monitoring device
through RS485 Modbus RTU protocol. This setup sends measurement results
to the Cloud server and sends notification about the electrical status via the
LINE application.

Main results: During the experiment, it was found that the DO concentration
was below 4 mg/L from 01:00 to 10:00. After this period, the DO gradually
increased until 12:00, reaching a peak of approximately 12 mg/L during the
day. Subsequently, it began to decrease after 17:00, dropping below 4 mg/L
again by 01:00. Consequently, the operating time of the aerator needed
adjustment. Normally, aeration in aquaculture is carried out for 18 hours per
day, but it was reduced to only 9 hours per day.

Discussion: The results of the DO measurements influenced the management
and operation of the aeration system in the fish farming pond. There was a
reduction in aeration time by up to 9 hours per day, which is equivalent to a
50% reduction in electrical costs, resulting in maximum savings of 12,474
baht per cultivation cycle. Additionally, the system included notifications for
electrical status, alerting if there was a voltage drop or if the voltage fell
below 205V, which occurred 230 times within one month.

Conclusion: The DO level is directly proportional to the degree of light
intensity. When the DO value exceeds the standard, the aeration system can
be managed and adjusted accordingly. By considering the aeration system
operating time based on the DO level, it is possible to save 15.40 kWh/day,
which equates to 9,702 baht or 38.88% per cultivation cycle using
management method 1. Meanwhile, management method 2 can help farmers
save up to 19.80 kWh/day, which equates to 12,474 baht or 50.0%.
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WiFi 108 - 600Mbps 50 - 100 m. High Harun et al. (2018)
Sukrismon et al. (2019)
ZIGBEE 20 kbps - 250 10 cm. - 20 m. Low Hampannavar Ph. D,
kbps Santoshkumar (2012)

Sukrismon et al. (2019)
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Benedetto (2021)
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Figure 14 Dissolved oxygen level in fishpond throughout the day
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Figure 15 Traditional timing of aerator usage
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