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Abstract — Urban sewage systems frequently face issues such as blockage and overflow, resulting in unhygienic
conditions, health hazards, and damage to public infrastructure. Manual inspection of sewage drains is unsafe, time-
consuming, and inefficient. To address these challenges, this project focuses on the design and development of a sewage
drain monitoring and alert system using

IoT and LoRa technology. The system continuously monitors sewage water levels using sensors and detects abnormal
conditions at an early stage.

The sensed data is processed by a microcontroller and transmitted over long distances using LoRa communication, which
offers low power consumption and wide coverage. A LoRa gateway forwards the data to a cloud platform for real-time
monitoring and alert generation. When overflow or blockage is detected, instant notifications are sent to concerned
authorities. The proposed system is cost-effective, reliable, and scalable, making it suitable for smart city sewage
management and public health improvement.
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L INTRODUCTION

Rapid urbanization has significantly increased the complexity of urban infrastructure management, particularly in the
area of sewage systems.

Traditional methods of monitoring sewage drains rely heavily on manual inspection, which is not only time-consuming
and labour-intensive but also fails to provide real-time data necessary for prompt decision-making. This leads to frequent
blockages, overflows, and gas leaks that pose serious health hazards, environmental contamination, and economic losses.
The proposed Sewage Drain Monitoring and Alert System addresses these challenges by integrating Internet of Things
(IoT) technology with Long Range (LoRa) wireless communication to create an intelligent, automated monitoring
solution capable of detecting critical conditions in real time.

The Internet of Things enables seamless connectivity between physical sensors deployed in sewage drains and cloud-
based platforms where data is processed, analysed, and stored. LoRa technology complements this by providing a low-
power, wide-area communication protocol that allows sensors to transmit data over long distances (up to 10-15
kilometers) while consuming minimal energy.

IL. WORKING PRINCIPLE

A. Colorimetric Detection Mechanism

The system is based on continuous sensing, data processing, long-range transmission, and alert. Sensors installed inside
sewage drains measure water level, toxic gas concentration, and flow conditions. The microcontroller processes sensor
data and compares it with predefined safety thresholds. Processed data is transmitted wirelessly
using LoRa to a remote monitoring unit. If abnormal conditions are detected, alerts are triggered locally and remotely.

B. Optical Sensing Principle
The System Uses:

The properties of light (absorption, emission, scattering, fluorescence) to detect and measure physical, chemical, or
biological parameters. It is non-contact, highly sensitive, and suitable for real time monitoring.

© IJARCCE This work is licensed under a Creative Commons Attribution 4.0 International License 1036


https://ijarcce.com/
https://ijarcce.com/

IJARCCE ISSN (0) 2278-1021, ISSN (P) 2319-5940

International Journal of Advanced Research in Computer and Communication Engineering

Impact Factor 8.471 >: Peer-reviewed & Refereed journal :< Vol. 15, Issue 4, April 2026
DOI: 10.17148/IJARCCE.2026.154134

Sewage Monitoring, [oT, LoRa, Gas Sensor, Level Sensor

III. MATHEMATICAL MODELLING AND CALIBRATION

The system checks whether these values are normal or abnormal.
Model
Let:
* L =water level
e Q-=flowrate
* G = gas concentration
* T =temperature
The system status can be written as:
S=f(L,Q,G,T)S =f(L, Q, G, T)S=f(L,Q,G.T)
Where S shows whether the drain condition is normal or alert.
Conditions
* If water level is high — Overflow alert
*  If flow rate is low — Blockage alert
* If gas level is high — Gas alert
»  If temperature is high — Warning alert
This mathematical model helps the system to detect drain problems automatically.

A. Architecture

The system consists of sensors, microcontroller,
LoRa module, gateway,cloud, and user dashboard.

Sensors collect drain data like water level, flow, gas, and temperature.
The microcontroller processes the data.

The LoRa module sends the data to the gateway. Then the data is stored in the cloud and shown on the mobile app or
dashboard.

Sensors — Microcontroller — LoRa — Gateway — Cloud — User
This architecture helps in real-time sewage drain monitoring.
Alert Mechanism:

*  IWater level > safe limit — Overflow alert

*  Flow rate < minimum limit — Blockage alert

*  Gas concentration > threshold — Gas leakage alert
*  Temperature > safe value — Warning alert

When any value crosses its threshold, the microcontroller immediately triggers an alert.
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Fig 1: Architecture Diagram
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The Design and Development of Sewage Drain Monitoring and Alert System using [oT and LoRa Technology consists
of multiple integrated layers that work together to provide real-time monitoring and early warning of hazardous conditions
in sewage systems. At the sensing layer, various sensors such as an ultrasonic sensor, gas sensor (for detecting H>S and
CHa), and flow sensor are installed inside the sewage drain. The ultrasonic sensor measures the water level using the echo
time principle, the gas sensor monitors toxic gas concentration to ensure worker safety, and the flow sensor measures
discharge rate to detect blockages. These sensors continuously collect environmental data and send analog or digital
signals to the processing unit.

processing layer consists of a microcontroller such as ESP32 or Arduino integrated with a LoRa module (e.g., SX1278).
The microcontroller reads the sensor data, applies calibration equations to improve accuracy, filters noise if required, and
compares the values with predefined threshold limits. If the water level exceeds 85% of the drain height, if toxic gas
concentration crosses the safe limit, or if the flow rate drops abnormally indicating blockage, the system generates an
alert condition. The processed data is then formatted into a structured data packet containing node ID, water level, gas
concentration, flow rate, and system status.

In the communication layer, LoRa technology is used for long-range and low-power wireless transmission. The sensor
node transmits the data packet to a LoRa gateway located within a few kilometres. LoRa is preferred because it offers
low energy consumption, deep penetration capability suitable for underground environments, and wide coverage, making
it ideal for smart city infrastructure monitoring.

B. PROCESS

The cloud-based monitoring and alert mechanism enhances decision-making by providing data storage, visualization,
and instant notifications to municipal authorities or maintenance teams. This reduces manual inspection, prevents
flooding, protects worker safety, and improves overall sanitation management. IoT and LoRa Technology consists of
multiple integrated layers that work together to provide real-time monitoring and early warning of hazardous conditions
in sewage systems.
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Fig 2: process flow diagram
The process  flow of the  Designand Development of Sewage Drain Monitoring and Alert System

using IoT and LoRa Technology begins with system initialization, where the microcontroller (ESP32/Arduino) powers
up, initializes all connected sensors (ultrasonic, gas, and flow sensors), and establishes communication with the LoRa
module. After initialization, the sensing phase starts. The ultrasonic sensor measures the distance to the water surface to
calculate the sewage water level, the gas sensor detects toxic gases such as hydrogen sulfide and methane.
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The data flow begins at the external entities, which are the sewage drain environment and the municipal monitoring
authority. The raw sensor data flows to the processing unit, which consists of a microcontroller integrated with a LoRa
module. In this stage, the microcontroller performs analog -to-digital conversion (if required), applies calibration
equations, filters noise, and converts the data into meaningful engineering units such as meters, ppm, or litres per second.
The processed data is then compared with predefined threshold values stored in the system. Based on this comparison, a
status indicator (normal, warning, or critical) is generated. All processed parameters along with node identification are
then structured into a formatted data packet. This data packet flows through the communication channel using LoRa

technology to the LoRa gateway. The gateway acts as a data forwarding process that converts LoRa packets into internet
based protocols and transmits them to the cloud server.
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V. RESULTS

The developed sewage drain monitoring system was successfully implemented and tested under various conditions to
evaluate its performance. The ultrasonic sensor accurately measured the sewage level, and the values changed
appropriately when objects were placed at different distances, indicating reliable level detection. Similarly, the MQ135
gas sensor responded effectively to the presence of gases, showing higher values when exposed to smoke or pollutants
and stable readings under normal conditions.
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Fig 4: Sender sends the Data

Screenshot 4.2.3 Sender Module The ESP32 microcontroller efficiently processed the sensor data and correctly identified
the system status based on predefined threshold values. When the sewage level dropped below the threshold or gas
concentration exceeded the safe limit, the system successfully generated alerts such as “OVERFLOW” and
“GAS_ALERT.” The buzzer also activated instantly, providing a real-time local warning.

Fig 5: Sender Module

The LoRa communication module demonstrated reliable long-range data transmission between the ESP32 sender and
Arduino Nano receiver. The receiver unit consistently displayed the transmitted data without significant loss or delay.
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Overall, the system performed effectively in real-time monitoring, alert generation, and data transmission, proving its
suitability for practical sewage management applications.

The developed sewage drain monitoring system was successfully implemented and tested under various conditions to
evaluate its performance. The ultrasonic sensor accurately measured the sewage level, and the values changed
appropriately when objects were placed at different distances, indicating reliable level detection. Similarly, the MQ135
gas sensor responded effectively to the presence of gases, showing higher values when exposed to smoke or pollutants
and stable readings under normal conditions.

The ESP32 microcontroller efficiently processed the sensor data and correctly identified the system status based on
predefined threshold values. When the sewage level dropped below the threshold or gas concentration exceeded the safe
limit, the system successfully generated alerts such as “OVERFLOW” and “GAS_ALERT.” The buzzer also activated
instantly, providing a real-time local warning.

The LoRa communication module demonstrated reliable long-range data transmission between the ESP32 sender and
Arduino Nano receiver. The receiver unit consistently displayed the transmitted data without significant loss or delay.

@ conr - 0 X

| Sond

MAutosal [] Show trestanp Neie v %0bad v | Cexoufut

Fig 6: Receiver received the Data

The system was tested under different environmental conditions to evaluate its consistency and stability. During testing,
the ultrasonic sensor provided reliable distance measurements with minimal variation, even when the surface conditions
of the liquid changed slightly. The gas sensor initially showed fluctuating values due to warm-up time but gradually
stabilized after continuous operation. This behaviour confirms the importance of calibration and proper sensor
conditioning before deployment. Once stabilized, the sensor readings remained consistent and responded accurately to
changes in gas concentration.
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Fig 7: Receiver module

The performance of the LoRa communication module was also analysed by varying the distance between the sender and
receiver units. It was observed that the system maintained stable communication over short and moderate distances
without any packet loss. The transmitted data was received clearly and in the correct format at the receiver end. The low
power consumption and long-range capability of LoRa make it highly suitable for underground and remote monitoring
applications, where conventional communication methods may not be effective.

The ESP32 microcontroller efficiently processed the sensor data and correctly identified the system status based on
predefined threshold values. When the sewage level dropped below the threshold or gas concentration exceeded the safe
limit, the system successfully generated alerts such as “OVERFLOW” and “GAS_ALERT.” The buzzer also activated
instantly, providing a real-time local warning. The performance of the LoRa communication module was also analysed
by varying the distance between the sender and receiver units. It was observed that the system maintained stable
communication over short and moderate distances without any packet loss. The transmitted data was received clearly and
in the correct format at the receiver end. The low power consumption and long-range capability of LoRa make it highly
suitable for underground and remote monitoring applications, where conventional communication methods may not be
effective.

VI. CONCLUSION

The Design and Development of Sewage Drain Monitoring and Alert System using [oT and LoRa Technology provides
an efficient, reliable, and cost effective solution for real-time monitoring of sewage infrastructure. By integrating sensors
for water level, gas concentration, and flow rate with a microcontroller-based processing unit, the system continuously
observes critical environmental parameters inside drainage systems. The application of mathematical modelling and
calibration techniques ensures accurate measurement and reliable detection of abnormal conditions such as overflow,
blockage, and toxic gas accumulation. The use of LoRa technology enables long-range, low-power communication,
making the system suitable for underground and large-scale urban deployments.
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The cloud-based monitoring and alert mechanism enhances decision-making by providing data storage, visualization,
and instant notifications to municipal authorities or maintenance teams. This reduces manual inspection, prevents
flooding, protects worker safety, and improves overall sanitation management. The modular and scalable architecture
allows deployment across multiple drainage points, making it adaptable for smart city The proposed system demonstrates
how IoT and long-range wireless communication technologies can significantly improve public health, environmental
safety, and infrastructure maintenance through intelligent monitoring and early warning mechanisms.
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