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ABSTRACT

Water quality management is a critical aspect of environmental monitoring and
aquaculture, particularly in maintaining optimal conditions for aquatic organisms.
One of the main parameters affecting water quality is turbidity, which can indicate
pollution and excessive suspended particles. Recent developments in Internet of
Things IoT technology provide opportunities to improve real-time monitoring and
automatic control of water quality. Therefore, this study aims to design and
implement an IoT-based water turbidity monitoring and control system to monitor
turbidity levels and automatically regulate water conditions. The proposed system
utilizes an ESP32 microcontroller integrated with a turbidity sensor, ultrasonic
sensor, relay modules, and water pumps, while Node-RED is employed as the
data processing and visualization platform. Data communication is carried out
using the MQTT protocol, enabling real-time data transmission and monitoring

through a graphical dashboard. In addition, Telegram notifications are
implemented to promptly inform users when turbidity exceeds predefined
thresholds. The research method includes system design, hardware and software
integration, and performance testing under various turbidity conditions. The
testing results show that the system is able to accurately measure water turbidity,
transmit sensor data reliably, and display real-time monitoring graphs via Node-
RED. Furthermore, the system successfully performs automatic control of drain
and fill pumps based on detected turbidity levels. In conclusion, the developed
IoT-based system effectively monitors water turbidity in real time, provides
automatic notifications, and autonomously controls water circulation when
turbidity becomes excessive. Future research may include the integration of
additional water quality parameters, such as pH and temperature, ensuring
sustainability globally.

(CC BY-NC 4.0).

INTRODUCTION

Water quality is a critical factor in aquaculture systems, particularly in koi fish cultivation, where environmental
conditions directly affect fish health, growth, and survival. One of the most influential water quality parameters is turbidity,
which represents the concentration of suspended particles in water. High turbidity levels can reduce dissolved oxygen,
disrupt fish metabolism, damage gill function, and promote the growth of pathogenic microorganisms. In many traditional
koi farming practices, turbidity monitoring is still performed manually through visual observation, which is subjective and
often leads to delayed corrective actions.

Advances in Internet of Things (IoT) technology provide new opportunities for developing real-time, automated,
and objective water quality monitoring systems. IoT enables the integration of sensors, microcontrollers, and
communication protocols to continuously monitor environmental parameters and trigger automatic responses when
abnormal conditions occur. Several studies have demonstrated the effectiveness of loT-based systems for water quality
monitoring; however, many implementations rely on short-range communication or lack automated control mechanisms.

Therefore, this research aims to develop an IoT-based system for real-time monitoring and automatic control of
water turbidity in koi fish ponds. The system integrates an ESP32 microcontroller, turbidity sensor, ultrasonic sensor,
LoRa communication, MQTT protocol, Node-RED dashboard, and Telegram notifications. The proposed system is
expected to provide accurate turbidity monitoring, timely notifications, and autonomous pump control to maintain optimal
water conditions.
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LITERATURE REVIEW

Water turbidity is defined as the level of water clarity affected by suspended particles such as sediment, organic
waste, plankton, and microorganisms. In koi fish cultivation, an ideal turbidity range is generally between 1040 NTU,
while values above 80 NTU are considered harmful. Prolonged exposure to high turbidity can lead to stress, reduced
feeding activity, and increased disease susceptibility. Ikhsan Kamil, Ujang Dindin. (2024)

The Internet of Things (IoT) is a technology paradigm that enables physical devices equipped with sensors and
actuators to communicate over a network without human intervention. Steinbach, D., & Higginbotham, B. (2022)

In aquaculture, IoT has been widely applied for monitoring parameters such as temperature, pH, dissolved
oxygen, and turbidity. ESP32 is commonly used as an [oT microcontroller due to its processing capability, low power
consumption, and communication support. Lohith et al. (2024)

LoRa technology is suitable for long-range, low-power communication in environmental monitoring systems.
MQTT is a lightweight publish-subscribe protocol widely adopted in IoT applications, while Node-RED provides a
visual programming environment for data processing and visualization. Telegram has also been utilized as a notification
platform due to its reliability and ease of integration.

METHOD
This study was conducted through several stages, including system design, hardware and software implementation,
and performance testing of the IoT-based water quality monitoring system using LoRa communication.
1. System Design The system consists of two main parts: the Node and the Gateway. The Node functions as a sensor
unit placed in the pond, while the Gateway serves as the receiver and data processing center.
®  Node acts as the transmitter, consisting of a SEN0175 turbidity sensor and an ESP32 microcontroller as the main
processor. The ESP32 collects and processes the sensor data, then transmits it via the LoRa E220-900T22D
module to the gateway. An LED indicator is also included to provide the operational status of the node.

Indicator LED

LoRa Module

E220-900722D

Turbidity Sensor

Module

~

Fill Pump

R

Fill Pump Relay

V Power Supply Module

Fig. 1 Block Diagram Node

e Gateway functions as the receiver and data processor. Data from the node are received by the LoRa module,
processed by the ESP32, and forwarded to the Raspberry Pi. The Raspberry Pi runs Node-RED as the central
data management platform, providing a real-time monitoring dashboard and sending automatic notifications
via Telegram bot whenever the parameters exceed the defined thresholds. The gateway is also connected to
a wireless access point (WAP), allowing users to access the dashboard from a laptop or smartphone.
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2. Flowchart

The system workflow begins at the node, which consists of an ESP32, a SEN0175 turbidity sensor, and a LoRa
module. After initialization and power verification, the ESP32 reads the turbidity value, formats it into JSON,
and sends the data to the gateway via LoRa. At the gateway, the data is received, parsed, validated, and then
published to the MQTT broker with the topic "fish/monitoring." The broker distributes the data to all subscribers,
including the Node-RED dashboard. Node-RED visualizes the data in real-time through graphs and indicators,
comparing the values to predefined thresholds. If an abnormal condition is detected (e.g., very turbid water
<600), an automatic alert is sent to the user via Telegram. This workflow integrates the node as the sensing and
sending unit, the gateway as the receiver and publisher, the MQTT broker as the distributor, Node-RED as the
visualization platform, and Telegram as the alert mechanism, ensuring efficient, real-time, and responsive
monitoring of koi pond water quality.
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Fig. 3 Flowchart
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RESULT

The hardware design phase is a crucial part of developing an IoT-based water quality monitoring system using
LoRa technology. This design focuses on optimizing the integration of sensor nodes, gateways, power supplies, and solar
panels to ensure continuous operation in outdoor environments. The nodes, consisting of turbidity sensors, transmit real-
time data to the gateway via LoRa communication. The gateway then processes and forwards the data to a server for
dashboard visualization and Telegram notifications. As shown in Figure 3.5, the hardware design depicts the complete
system configuration, including the placement of nodes in the pond, gateways, batteries, and solar panels, ensuring reliable
water turbidity monitoring with minimal manual intervention.
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Fig. 4 Mechanical Design

The experimental results of the loT-based water turbidity monitoring system using LoRa communication are
summarized as follows
Table 1 Turbidity Sensor Data Transmission Test Results

Turbidity Turbidity Drain Status of the
NO Time Value Status Pump Filling Telegram
(NTU) Status Pump
The sensor
1 13.05 682.09 detects no OFF OFF None
water.
13.08 The sensor None
2 681.20 detects no OFF OFF
water.
The sensor None
3 13.11 684.78 detects no OFF OFF
water.
4 1% 100444 Clean Water OFF OFF None
s 1315 100891  CleanWater ~ OFF OFF None
6 13.19 924.75 Clean Water OFF OFF None
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7 12.31 590.76 Murky Water ON OFF

8 12.31 573.75 Murky Water ON OFF

9 12.32 582.70 Murky Water ON OFF

As shown in Table 4.1, the SEN 0175 Turbidity sensor successfully transmitted turbidity data that showed a
significant difference compared to the theoretical value. Where the value should be clear water has an NTU value
ranging from 1040 NTU, while turbid water is in the range of >80 NTU. However, the sensor measurement results
showed significantly different values, namely 900—1200 NTU in clear water conditions and 600 NTU in turbid water
conditions. This difference can be caused by sensor voltage instability or signal interference on the microcontroller
analog pin which causes the reading results to be inaccurate.

4. PERINGATAN! Kondisi air tidak normal.
Nilai turbidity: 590.76 NTU

Status:  Air Keruh

Fig. 5 Turbidity Sensor Testing for Telegram Notifications

The integration with Telegram was tested by simulating abnormal conditions. When the turbidity reached 590.76
NTU, the system automatically sent a recurring alert, such as "WARNING! Abnormal water conditions" to the user's
Telegram account.
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Fig. 6 Data Capture Using Wireshark

Wireshark analysis confirms that sensor data is transmitted from the node to the gateway and forwarded to the
MQTT broker. Captured packets show the connection, subscription, publishing, and ping processes. The data payload is
transmitted in JSON format, containing opacity values identical to the sensor readings. The observed sequence of
Subscription Requests before Publish Messages is consistent with the MQTT protocol rules, where subscribers must
register before receiving published data.

In conclusion, the research results show that this system is capable of monitoring water turbidity in real-time,
transmitting data reliably via LoRa, visualizing it on a dashboard, and sending notifications via Telegram effectively.

DISCUSSION

The results indicate that the proposed IoT-based system effectively addresses the limitations of manual turbidity
monitoring. Real-time data transmission and visualization allow users to monitor pond conditions remotely. The
integration of automatic control reduces response time and human dependency, which is crucial for maintaining stable
water quality.

Compared to conventional monitoring methods, this system provides objective measurements and continuous
operation. The use of LoRa enhances communication reliability for ponds located far from control centers. However, the
system currently focuses only on turbidity and water level parameters.

CONCLUSION

Based on the result and analysis, it can be concluded that:

1. The turbidity sensor installed on the ESP32 is capable of detecting the level of water clarity or turbidity by reading
the NTU value. The reading results are then categorized into several conditions: no water/not submerged, clear water,
moderately turbid water, and very turbid water. This data is not only displayed via the serial monitor but also sent to
the MQTT broker and visualized on the Node-RED dashboard, so users can monitor water conditions directly in an
easier and more informative way.

2. Data from the turbidity sensor is successfully sent via MQTT to Node-RED and displayed as a gauge and historical
graph, making it easier to analyze changes in water quality over time. Furthermore, the system is equipped with a
Telegram notification feature that automatically alerts when the water is very turbid. With this integration, users no
longer need to perform continuous manual checks; instead, they can simply monitor the data through an internet-
connected device.

3. If the sensor reading indicates very cloudy water, the ESP32 automatically activates a relay to turn on the drain and
fill pumps in the specified sequence. This water draining and filling process can occur without direct user intervention,
but can still be monitored via the Node-RED dashboard and Telegram notifications. Thus, this system has proven that
IoT-based monitoring and control can help maintain water quality more practically and efficiently.
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