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Abstract

Monitoring sewer gas is important, as it poses significant risks to public health, the
environment, and infrastructure. This is especially critical for sewer workers who
are exposed to these gases on a daily basis. These gases are flammable and can
cause explosions. In addition to physical hazards, they can lead to serious health
issues such as eye irritation, respiratory failure and even death. Manual sewer gas
monitoring requires a sewer worker to be physically present at the site to collect
data. Since sewer flow fluctuates throughout the day, a larger dataset is needed for
meaningful analysis, which means the sewer worker must remain on-site for
extended periods. As a result, this increases their duration of exposure and the
associated health risks. In this study, a web-based remote monitoring system was
designed to provide users with continuous updates on gas concentration levels
through an accessible web interface. First, a gas sensor prototype was developed to
detect sewer gases, process the data and transmit it to a database. Then, a web
interface was designed using Django, a Python-based web framework, to
communicate with the database for data visualization. The database system was
developed using MySQL for data management. The web-based system consists of
a login page, a homepage and graph plotting features for trend analysis. Through
the homepage, users can monitor gas composition in real time without the need to
be on-site continuously. The web interface is accessible anytime and anywhere
using a computing device, such as a computer or mobile phone, with an internet
connection. This remote monitoring system offers a scalable, efficient and safe
solution for sewer gas monitoring. Future work may include enhancements to gas
sensor calibration and integration with an alert system.

Keywords: Chemical engineering, Gas monitoring, Internet of Things (IoT),
Remote monitoring, Sewer gas, Web-based system.

1072



Development of a Web-Based Remote Monitoring System for Sewer Gas . . . . 1073

1. Introduction

Sewer workers face hazardous working conditions daily due to the nature of their
job, which involves the operation and maintenance of sewerage facilities. Sewers
produce hazardous gases such as hydrogen sulphide, ammonia and methane, which
can cause serious health problems [1]Click or tap here to enter text.. Exposure to
hydrogen sulphide can cause irritation and nausea, while at higher concentrations
it can be fatal [2].Click or tap here to enter text. Ammonia gas affects the respiratory
system, causing symptoms such as coughing, shortness of breath and respiratory
failure at higher concentrations, which can ultimately lead to death [3, 4]. Methane
gas is highly flammable and is one of the major contributors to greenhouse gases
(GHGs), playing a significant role in global warming and climate change [5]. Click
or tap here to enter text.In China, a methane gas explosion resulted in loss of life
and damage to surrounding infrastructure [6].

The characteristics of these gases, such as being colourless and odourless, make
them even more difficult to detect without proper equipment, thereby increasing
the risk of accidents. Even hydrogen sulphide, which has a distinct rotten egg smell,
can cause olfactory fatigue at higher concentrations, a condition in which a person
can no longer detect the smell. The Occupational Safety and Health Administration
(OSHA) has set the Permissible Exposure Limit (PEL) for hydrogen sulphide at 10
ppm over an 8-hour work shift, while ammonia has a slightly higher PEL of 25
ppm. This PEL indicates the duration of exposure considered safe for workers
without causing any adverse health effects [7].

In Sabah, the government agency responsible for managing sewerage in the
state, the Sabah Sewerage Services Department (SSD), relies on manual monitoring
using portable gas detectors. Currently, there is no online monitoring system for
sewer gas emissions implemented by the department. Although no sewer gas-
related accidents involving sewer workers have been reported to date, the
department has previously received public complaints regarding pungent odour
near sewerage assets. In one case, a sewer worker was dispatched to measure
hydrogen sulphide concentrations, spending two hours in the morning and another
two hours in the afternoon collecting data. From the data analysis, there was a
period during which hydrogen sulphide concentrations at the affected site exceeded
10 ppm. The source of the odour could only be confirmed after a site investigation,
and necessary actions were taken following the completion of data analysis. This
reactive approach delays the response time to public complaints and increases the
risk of prolonged exposure for sewer workers.

In terms of gas sensors, metal oxide semiconductor (MQ) sensors are among the
preferred choices due to their low cost, fast response and high sensitivity [8-10].
When exposed to gases, an interaction occurs between the target gas and the sensing
layer of the MQ sensor. This interaction results in a change in electrical resistance,
which can be measured to determine the gas composition [11]. MQ sensors have
certain limitations, as their sensitivity can be affected by factors such as temperature
and humidity [12]. Water molecules act as a barrier that reduces the interaction
between gas and the sensing layer, resulting in lower sensitivity under high humidity
conditions. Additionally, the response time of the MQ sensor tends to increase with
rising temperature but decreases rapidly once a certain threshold is reached [13].
Therefore, in this study, in addition to the MQ gas sensor, a weather condition sensor
is implemented to provide data on temperature, humidity and air pressure.
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The advancement of device control aligns with the development of gas sensors,
especially open-source microcontrollers such as Arduino Uno [14, 15]. Click or tap
here to enter text.Microcontrollers serve as the brain of the system, where raw gas
data (analogue) is processed, converted into digital format and then transmitted to
the database. The use of Arduino Uno as a microcontroller is widely used in gas
monitoring [16-18]. Click or tap here to enter text. Although the Arduino Uno can
process gas data, its lack of an integrated Wi-Fi module makes it unable to transmit
data. As a result, these monitoring systems are often paired with ESP8266 or Digi
XBee modules specifically for data transmission purposes, as reported in previous
studies by Fahim et al. [19]. Ramesh and Saran [20] and Abraham and Lee [21].
The ESP8266 was further developed into a microcontroller with built-in Wi-Fi
functionality, making it more advanced than the Arduino Uno. However, it features
the same 10-bit Analog-to-Digital Converter (ADC) as the latter. The ADC is one
of the key components in processing raw gas data; the higher the ADC resolution,
the more accurate the representation of gas composition. This study used the ESP32
as a microcontroller, which has a 12-bit ADC and a built-in Wi-Fi module.
Therefore, by utilizing ESP32, it provides more accurate readings and simplifies
the network connection to the database [22].

A systematic database management system is crucial as it bridges the
communication between the microcontroller and the web interface (Graphical User
Interface, GUI). One of the database systems commonly used to store and manage
sensor data is MySQL, an open-source Relational Database Management System
(RDBMS) [23, 24]. This database system is useful when handling large volumes of
data, especially those generated from continuous monitoring. In a web-based
monitoring system, the MySQL database receives gas data from microcontrollers and
is used to store, retrieve or update the data based on the system setup [25, 26]. Click
or tap here to enter text.However, due to the communication protocol, the
microcontroller cannot send data directly to the MySQL database. It requires an
intermediary, which is the PHP interpreter [19]. PHP scripts are needed to translate
requests or queries from the microcontroller before submitting them to the MySQL
database.

Setting up a database system requires some level of computer programming
knowledge; therefore, the use of commercial GUI platforms that can offer both
database and web interface functionality has been on the rise in recent years [27-
29]. These commercial platforms allow users to simply input information related to
the monitored asset, while the platform automatically manages data storage and
system configuration. The collected data are stored in the platform’s cloud
database, enabling users to remotely monitor and manage their assets through a
ready-made interface. Blynk is a mobile-based application that provides ready-
made templates, allowing users to easily create an account, log in and set up a
monitoring system. Studies conducted by Arul et al. [30] and Jumaa et al. [31] used
Blynk, which includes an alert system that notifies users when a predefined
threshold is reached, a feature that is particularly useful in gas monitoring. Other
studies done by Anusha et al. [32] and Vidhya et al. [33] used ThingSpeak, which
also offers ready-made cloud-based database storage, allowing users to easily
visualize and analyse data remotely.

Although these ready-made platforms are user-friendly and easy to set up, they
present several limitations for large-scale monitoring applications. In most cases,
the database belongs to the commercial platform provider, which raises concerns
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regarding data ownership and security, especially for government agencies.
Furthermore, the system design is often rigid, and customization typically incurs
additional costs. The free usage of these commercial platforms is usually limited to
a single asset, often intended for testing or development purposes. As more assets
are added, the cost increases accordingly, eventually making large-scale asset
monitoring significantly more costly [34].

This limitation becomes particularly significant when managing a large
number of sewerage assets, such as those operated by the Sabah Sewerage
Services Department (SSD), which manages more than a thousand sewerage
facilities across the state. Under such conditions, relying on commercial
monitoring platforms becomes impractical and economically inefficient. In
addition, manual monitoring methods are time-consuming and make continuous
on-site monitoring difficult to implement. Therefore, a more efficient monitoring
approach is required. To address this challenge, the development of a web-based
monitoring system is necessary to enable remote and continuous monitoring of
sewer gas emissions across multiple sewerage assets.

In this study, a customized web-based monitoring system was developed to
provide full control over database management and system configuration. A gas
sensor prototype was integrated with the system to transmit gas concentration data
to a centralized database, where the information can be visualized through a web
interface for real-time monitoring and analysis. Compared with existing
commercial monitoring platforms, this approach offers greater flexibility,
scalability and data ownership, making it more suitable for large-scale sewer gas
monitoring applications.

The aim of this study is to develop a web-based remote monitoring system
utilizing MySQL as the database management system and a custom-built web
interface developed using Django, a Python-based web framework. The web
interface was designed to visualize not only sewer gas composition but also
environmental parameters such as temperature, humidity and air pressure,
providing a more comprehensive overview of the sewer environment. To achieve
this, two sensor prototypes were developed: a gas sensing unit and a weather
sensing unit, which measure gas composition, temperature, humidity and air
pressure. The system enables real-time visualization of gas composition data and
supports historical data analysis through trend graphs. By enabling continuous
remote monitoring through the developed web-based system, this study provides
a practical approach for real-time monitoring of sewer gas emissions, improving
response time, reducing reliance on manual monitoring and enhancing the safety
of sewer workers.

2. Proposed System Requirement

2.1. Hardware requirement

The sewer gas detection prototype, referred to as the Gas Sensing Unit (GSU),
consists of MQ gas sensors, an ESP32 microcontroller and an OLED display. Each
GSU is dedicated to a specific gas type and is connected to its respective
microcontroller and OLED display, all assembled on individual breadboards. A
weather condition sensor named Weather Sensing Unit (WSU) is also incorporated
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to provide temperature, humidity and pressure readings. The main hardware
components used in the proposed sewer gas monitoring system are shown in Fig. 1.

(a) Gas sensor

The sensors used in this study are metal-oxide semiconductor (MQ) type gas sensors.
MQ-4, MQ-136, and MQ-137 were selected to detect methane, hydrogen sulphide, and
ammonia, respectively. All these MQ sensors use the same principle for detecting gas.
They are readily available both locally and through international online stores. Their
affordability makes them one of the top choices for gas monitoring. It has four pins:
VCC (power input), GND, DO (digital output) and AO (analogue output). The AO pin
sends an analogue output (voltage output) to the ESP32 for further processing.

(b)ESP32 microcontroller

The system uses the ESP32-WROOM-32 microcontroller (30-Pin) with an integrated
Wi-Fi system, enabling it to connect to other Wi-Fi networks for data transmission.
It operates at 3.3V to 5V and is powered via a Type-C connection, allowing it to
connect directly to a power supply. It features a 12-bit Analog-to-Digital Converter
(ADC), meaning it can represent analogue values as digital values from 0 to 4095 (212
levels). The ESP32 is equipped with 25 GPIO pins that can be connected to other
devices and serve various functions. GPIO36 is the pin that receives the analogue
signal from the MQ gas sensor for ADC conversion. The ESP32 also has two 12C
(Inter-Integrated Circuit) channels, which are the communication protocols that allow
it to communicate with other devices. The system supports communication over both
local (LAN) and wide-area (WAN) networks via Wi-Fi connectivity.

(¢) Organic light emitting diode (OLED) display

The system uses a 0.96-inch OLED display (4-pin) for real-time data
visualization of gas concentrations. OLED displays do not require a backlight,
unlike traditional LCDs. Therefore, they consume less power while offering
better contrast and visibility, even in low-light environments. The OLED display
used for this study has a dual-colour scheme (yellow and blue) and a 128x64 pixel
resolution, ensuring sharp and clear graphical output. It operates using the 12C
communication protocol, which utilises two data pins, thereby reducing wiring
complexity and simplifying integration with the ESP32 microcontroller. These
pins are the Serial Data Line (SDA) and the Serial Clock Line (SCL). The SDA
pin carries data, while the SCL pin provides the clock signal. The program is set
to display gas concentration values in parts per million (ppm). With the display,
it provides instant data to users on-site.

(d)Weather Condition sensor (AHT20+BMP280)

The weather condition sensor consists of two integrated components: AHT20 and
BMP280. The AHT20 measures both temperature (°C) and relative humidity (%),
while the BMP280 provides air pressure data as well as temperature. However, for
accuracy and consistency, temperature data from the AHT20 sensor are used for
display on the OLED and web interface, as it offers higher precision compared to
the BMP280. The sensor also operates via the I2C communication protocol, making
it easily integrable with the ESP32 microcontroller.
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(a) (©) ()

Fig. 1. Hardware components used in the proposed sewer gas monitoring
system. (a) MQ series gas sensor used for detecting methane (MQ-4),
hydrogen sulphide (MQ-136) and ammonia (MQ-137) in sewer gas
monitoring system, (b) ESP32 microcontroller as the core processing system,
handling gas data processing and data transmission, (c¢) OLED display for
data visualization on-site, and (d) Weather condition sensor
(AHT20+BMP280) to monitor temperature, humidity and air pressure.

2.2.Software specifications
2.2.1. Microcontroller processing and sensor connectivity

The pin connection between the sensors, OLED display and the ESP32 is shown in
Fig. 2. The power supply is provided through the 3V3 pin of the ESP32, which is
connected to the VCC/VDD pins of the sensors and OLED display. The analogue
output (AO) of the gas sensor is connected to GPIO36 (VP) on the ESP32, where
ADC conversion is performed. The converted values are used to calculate gas
concentration, which is then stored in a MySQL database. The DO pin is not used
in this analogue configuration.
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(a) (b)
Fig. 2. Circuit diagram of (a) GSU and (b) WSU.

MicroPython is a lightweight version of Python designed for embedded systems
and is used to program the ESP32. The MicroPython scripts were developed
through the Thonny IDE. Two software components were installed on the ESP32
microcontroller: the CP2102 driver and the SSD1306 library. The CP2102 driver
enables USB-to-Serial (UART) communication between the microcontroller and
the computer, while the SSD1306 library allows data to be displayed on the OLED
screen. Once these steps were completed, the MicroPython code was ready to be
uploaded to the ESP32 microcontroller, as shown in Fig. 3.
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@ ® Thonny - MicroPython device :: /main.py @ 141:58
0 &5 o o=

[ main.py |

from machine import Pin, SoftI2C, ADC
import ssd1306
inport time

import machine

import math

import urequests as requests
import ujson as json

import os

import gc

gc.collect()

channel1="Channel 1"

adc = ADC(Pin(36))
« »

MicroPython (ESP32) « CP2102 USB to UART Bridge Controller @ /dev/cu.usbserial-0001 =

Fig. 3. Serial monitor of program uploaded
in ESP32 microcontroller in Thonny IDE, for GSU.

The MQ sensors need to be calibrated, beginning with a preheating process that
involves supplying power via the Type-C connection on the microcontroller for at
least 48 hours. The MQ sensor relies on its internal heating element to function
properly and provide accurate readings. Therefore, all GSUs need to be preheated,
especially during initial use to allow for stabilization. After this period, the
calibrated resistance value of the sensor, known as RO, is recorded under clean-
room air conditions.

The gas value in parts per million (ppm) is calculated based on the sensitivity
curve (log RS/RO ratio vs. ppm). The sensitivity curve was obtained from the
datasheet provided by Zhengzhou Winsen Electronics Technology Co., Ltd. Once
the ppm values are calculated, the base reading is taken and stored in the database
as BaseComp. This completes the calibration process for the GSU.

2.2.2. Web-based Monitoring system programming

The back end consisted of the creation of the database and the web interface. A
database was created using MySQL to store all sensor data. Separate tables were
created in the database for methane, hydrogen sulphide, ammonia and weather
conditions. Each table includes fields for sensor ID and composition, allowing both
real-time monitoring and historical trend analysis. Additional tables were also
designed to support website functionality, including user management, device
setting and system configuration. The ESP32 transmits sensor data to the database
over the HTTP protocol via POST method. However, MySQL is not capable of
directly processing HTTP requests, thus an intermediary layer is required. To
address this, PHP scripts are used to receive the incoming HTTP requests from the
ESP32, parse the data and insert it into the database.

These PHP scripts are hosted on an Apache web server, which handles the
server-side HTTP communication. The web interface was programmed in Python
using Visual Studio Code as the development environment. Django, a Python-
based web framework, was utilized to structure and manage the web application.
Django simplifies the web development process by providing built-in templating
and routing features, which handle URLs and connect users to specific functions
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such as the login page. It is also compatible with MySQL databases, making it
easier to store and retrieve data.

The front end was built using integrated HyperText Markup Language
(HTML), Cascading Style Sheets (CSS) and JavaScript. HTML is used to structure
the content of the website, such as defining headings, menu buttons and graph plot
buttons. CSS provides styling to the webpage, including fonts, spacing and colours.
Lastly, JavaScript adds interactivity to the website. Real-time gas composition
updates and interactive graphs are made possible through JavaScript. Figure 4
shows the HTML code for the homepage designed in Visual Studio Code.

The homepage of the system is titled Sewer Gas Emission Monitoring System.
The website is designed with a login interface and a homepage view. The homepage
displays information about the sewer assets or the locations of the sensing units.
Alongside the sewer facility information, the types of gases being monitored and
their real-time composition levels are also shown. For each gas, a 'Plot
Composition' button is provided to view the gas concentration data in real-time
graph format. Weather conditions are also shown to provide temperature, humidity
and air pressure data.

Fig. 4. Serial monitor of the HTML code for the
web-based homepage view in Visual Studio Code.

A menu button is created on the navigation bar as a dropdown menu consisting
of options such as Logger Setup, Device Setup, Download Logged Data, View Gas
Composition, and other system-related settings. The summary of the menu button
is as shown in Table 1. Figure 5 shows the complete hardware and software setup
of the remote monitoring system.

k3 InMySaL Write PHP Bult the webs
¢ Write database, create scripts for the interface using Style the web
g MicroPylhon table related to gas communication Python and interface using
g lcode for ESP32 and other functional between Django HTML, C8S
'% tables for the database and ramework and JavaScript
» website ESP3z2
¥ |
o L
3 ¥
o Assemble:
2 1) GSU
ﬁ (MQ sensors + Install drivers Mié‘:gg:;[:cn Prepare
ESP3z + OLED) and libraries Calibrate MQ computer as
5 (CP2102, Ecgggz‘"‘l,?a Sensors host server
E 55D1306) Thonny IDE using LAN
£ (AHT20+BMP280 + ny
ESP32 + OLED)

Fig. 5. Integration of the hardware and software setup for the system.
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Table 1. Summary of Menu button functions.

Menu Button Function

Device Setup Form for users to input calibration data for
each gas and its corresponding calibration
date.

Logger Setup Form that allows users to configure the graph
settings:

e Total Plot Points: number of data points
(x,y) displayed on a graph

e Total Log Points: number of records
stored in the database, depending on the
interval setting

e [nterval: time interval between each
recorded data point

Download Logged  Download the recorded data (based on Total

Data Log Points) in CSV format.

View Gas Generate a graph based on the data from the
Compositions uploaded CSYV file.

Change Password Allows users to change their password.
Logout Log out of the system.

Download User-Log Download records of user login activity.
Clear User-Log Clear all user login records.

About Display information about the developer of

the monitoring system.

3.System Integration

The overall remote monitoring system uses a Wide Area Network (WAN),
allowing any computing device connected to the WAN to access the monitoring
system’s website. As shown in Fig. 6, each sewer facility equipped with the remote
monitoring system can send gas composition data to the cloud database (MySQL).
Clients can access the website via a computer, laptop or mobile phone to view gas
composition easily anytime and anywhere in real time. This remote monitoring
system enables the headquarters to monitor sewer facilities located in different
districts where sensing units are installed.

Sewer District ey Sewer
Facilities Office Facilities

g ClowdDaabase
=9 T =
Cllent's \ /

| -
T RN YWY

Facilities Office Mobile Phone

Fig. 6. General architecture of the overall monitoring system.

For the development stage, the monitoring system is tested within a Local Area
Network (LAN) before transitioning to a cloud hosting server. The program,
database and PHP scripts are stored on a laptop, and all sensing units are powered
via USB-C cables, as shown in Fig. 7.
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Fig. 7. The experimental setup of the GSU (MQ-4,
MQ-136, MQ-137) and WSU, powered via a Type-C connection.

Figure 8 illustrates sections of the code for (a) establishing the Wi-Fi
connection and (b) retrieving the BaseComp data. The code is structured to first
establish a Wi-Fi connection. If the connection is successful, the ESP32 sends a
POST request to a PHP server that hosts the necessary scripts to retrieve the base
reading (BaseComp). The calculation of gas concentration in ppm consists of two
steps: performing ADC conversion and then subtracting the result by the
BaseComp value.

The final result represents the gas composition in ppm. Once the gas
composition is calculated, the data is stored in the MySQL database. Essentially,
there are two PHP scripts for each gas sensor - one to retrieve the base reading and
another to update the gas composition.

[ Thonny - MicroPython device :: jmain.py @ 8:1 [ X ] Thonny - MicroPython device :: /main.py @ 8:1
JZd 0 e- 154 0 -
[mainpy ] [mainpy]
def comnect_to_wifi(): while True:
inport network y
sta_if = network.WUAN(network.STA_IF) it indicator = 0:

if net sta,

isconnected():
pri t

T True) : url = "http://{}/Gasphp/read_gascont N, php" . format (php_server_ip)
sta_if.connect (wifi_ssid, wifi_passward) print("URL 0K")
while not sta_if. isconnected(): try:

tine.sleep(1) response = requests.post(url, datazjson.dunps(data))
print("Wi-F ted!") response_Lines = response, text.split()
o sta_if, ifcontigl) [e]) print(response_lines)

URL 0K
["{"data_before™:(*1d":"1 17:29°
2°1°0.4%;:

:*1°, *Stcompl” *DStcompl”:2025-05-03", "Stcomp
0.47,"DStcomp2" : *2025-05-03" , “St: "0t

07, “DStcomp3* 1 *2025-05-03"))

)

0

Parsed JSON data:

{'data_before's {'Id': '1', 'Stcomp2’: '0.4", 'Stcompl's '29', 'Stcomp':
comp3't '2025-05-03', 'DStcomp2’t '2025-05-03', 'DStcompl't '202

5-05-03'})

BaseComp 29.0

Base reading (BaseConp) read ok

MicroPython (ESP32) « CP2102 USA to UART Bridge Controller @ /dev/cu usbserial-0001 = MicroPython (ESP32) « CP2102 USB to UART Bridge Controller @ /dev/cu.usbserial-0001 =

(a) (b)

Fig. 8. Serial monitor output in Thonny IDE showing part of
(a) the Wi-Fi connection code and (b) the base reading retrieval code.

4.Results and Discussion

The user management login system is to ensure appropriate security levels for
administrators, supervisors and operators. Administrators are responsible for
managing system settings and configuring the overall behaviour of the website.
Supervisors, typically engineers, have access to edit device configurations, such as
the calibration settings of the MQ gas sensors. Operators, who are sewer workers
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handling tasks on-site, are limited to accessing and viewing gas composition data
and real-time trend graphs.

From the homepage view, users can monitor the current gas composition levels
and determine whether they have exceeded the allowable permissible limits, as
shown in Fig. 9. This enables early preparation and mitigation efforts, especially in
the event of complaints. A home dashboard specifically designed for guest users
can be implemented to allow them to view selected information, depending on the
permissions defined by the system administrator. Figure 10 shows the website
homepage viewed via mobile phone.

« C  Aotsecwn 192.168..102:8000 @ Guent

Composition :0.00 ppm

Catbraton inlo
Curront 00 pom

Status of Complaint: No Complaint Curent 20 ppm
0

Person In Charge: Operator

Composition :0.00 ppm Temperature  :27.27 °C

aia Humidity 4874 %

Curont 04 ppom
Baso 04 pom

Pressure 99.47 atm

5128 T 3478 wr@

(a) (b)

Fig. 10. Website homepage viewed on
(a) mobile phone and (b) dropdown menu button.

The Device Setup is used for gas sensor calibration settings, where users can
input the calibration data (BaseComp), as shown in Fig. 11. Based on these base
readings, the backend code calculates the gas composition for each gas, which is
then displayed on the homepage.

The Logger Setup allows users to configure the data logging interval for plotting
gas composition graphs. In this system, the interval is set to 4.0 seconds, meaning
the graph is updated with new data points in real time every 4.0 seconds, as shown
in Fig. 12. The graph serves as a valuable tool for identifying gas emission trends
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and correlating them with peak and off-peak usage of bathroom or toilet facilities.
Any abnormal spike in gas emissions outside the expected trend may indicate
potential issues at the site, such as a sewer pump malfunction, manhole blockage

or network failure.

Sewer Gas Emission Monit

Device Setup
Bac Raading Data Eniry

ot e mas B
=

[ WosmaE D

Fig. 11. Dropdown menu button showing the Device
Setup form which is used for entering base reading data.

Sewer Gas Emission Monitoring System

Logger Setup
Totl Pt Ponts (5 - 140)
Totl Log Points (300-3000) 1800

Interval (1-30 Seconds) 40

(@)

Real-Time Gas Composition

(b)

Fig. 12. (a) Logger Setup form for configuring graph settings.
(b) Real-time graph plotted based on the Logger Setup configuration.
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For trend analysis, users can download the data in a CSV file by clicking on
Download Logged Data and view the recorded values by selecting the View Gas
Composition option, as shown in Fig. 13. Other items in the dropdown menu
include Change Password, Login/ Logout, Download User-Log, Clear User-Log
and About.

¢ AvoiStare 1921681028000 uposTY] ® oue

Upload CSV to Plot Angles

Select CSV fike: | Chosss e |No e chosen

Upload/Plot

()

© 0@ O Expiore ot Gas Compositon X+

« G ANotsecure 192.168.1.179:8000/plotETA! & (@owes) :

Gas Composition

Plot Gas Composition over Time

Time (D:M:Y:H:M:S)

(b)

Fig. 13. View Gas Composition page showing (a) the CSV upload
section, and (b) the graph generated from the uploaded historical data.

The overall development of the system was carried out using Linux, although
developers have the flexibility to use Windows or other operating systems. The
system is designed to be universal and with a custom-built IoT platform, users can
add and display any type of information without limitations. Additionally, the system
can be easily migrated to cloud hosting services, offering greater scalability for data
management, particularly when monitoring a larger number of sewer assets.
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One of the key factors contributing to the successful implementation of the
proposed monitoring system is the effective integration between the sensing
hardware and the database system. The ESP32 microcontroller, equipped with
built-in Wi-Fi capability, enables stable communication with the database through
HTTP requests. In addition, the use of a structured MySQL database allows
efficient storage and retrieval of sensor data, supporting both real-time monitoring
and historical trend analysis. Furthermore, the custom-designed web interface
developed using Django provides flexible data visualization and system
configuration compared with ready-made commercial platforms. Collectively,
these components enhance the overall effectiveness of the monitoring system by
enabling continuous monitoring of sewer gas emissions.

Despite the successful development and integration of the monitoring system,
several limitations should be acknowledged. The gas sensing units developed in
this study primarily serve as prototypes to demonstrate the functionality of data
acquisition and transmission to the database and web interface. Therefore, the
sensor readings are intended to verify the successful operation of the web-based
monitoring system rather than to provide highly accurate representations of gas
compositions. In addition, the current system relies on a continuous power supply
and Wi-Fi connectivity for the sensing units. This requirement may pose challenges
for installations in remote sewer facilities where a stable power source is not readily
available or where internet connectivity is limited.

5. Conclusions

This study successfully developed a web-based remote monitoring system with a
custom-designed database system. The system allows users to remotely monitor
gas composition and store sewer data in the MySQL database. Users can download
the historical data and perform trend analysis, which aids in decision-making and
in convincing top management. The monitoring system is always accessible via any
computing device, provided there is internet connectivity in the area, which is
particularly beneficial for monitoring in urban areas.

Future work should therefore include further calibration using known reference
gas concentrations to improve measurement accuracy for practical deployment. Real-
world deployment at actual sewerage facilities should also be conducted to evaluate
the system performance under varying operational and environmental conditions.
Such deployment would allow further validation of sensor reliability, network
stability and system scalability when multiple sensing units are installed across
different locations. In addition, an alert system, such as sending messages to sewer
workers for emergency evacuation, can also be added to the monitoring system. The
web interface is a continuous work in progress and can be enhanced with more
comprehensive features and informational content based on user requirements. This
research shows the potential of IoT in modernizing urban sewerage systems and the
possibilities for seamless integration with smart city concepts.
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