IoT Based Air Quality Monitoring
System

By
Sakhawat Hossain Sohan
212-15-4085

Rukaiya Afnan Bushra
212-15-4133

FINAL YEAR DESIGN PROJECT REPORT

This Report Presented in Partial Fulfillment of the
Requirements forthe Degree of Bachelor of Science in
Computer Science and Engineering

Supervised by
Mr. Shah Md. Tanvir Siddiquee

Assistant Professor
Department of Computer Science and
Engineering
Daffodil International University

DAFFODIL INTERNATIONAL
UNIVERSITY
Dhaka, Bangladesh

May 14, 2025



APPROVAL

This Project titled “IoT Based Air Quality Monitoring System”, submitted by Sakhawat Hossain
Sohan, ID: 212-15-4085 and Rukaiya Afnan Bushra, ID: 212-15-4133 to the Department of Computer
Science and Engineering, Daffodil International University has been accepted as satisfactory for the
partial fulfillment of the requirements for the degree of B.Sc. in Computer Science and Engineering and
approved as to its style and contents. The presentation has been held on 14 May, 2025.

BOARD OF EXAMINERS

,.‘-" -

Dr. S.M Aminul Haque (SMAH)

Professor & Associate Head

Department of Computer Science and Engineering
Faculty of Science & Information Technology
Daffodil International University

&

Mohammad Jahangir Alam (MJA)

Assistant Professor

Department of Computer Science and Engineering
Faculty of Science & Information Technology
Daffodil International University

uerl W/5/2s

Mr. Md Mohammad Masum Bakaul (MB)

Sr. Lecturer

Department of Computer Science and Engineering
Faculty of Science & Information Technology
Daffodil International University

B

Dr. Md. Arshad Ali (DAA)

Professor

Department of Computer Science and Engineering

Hajee Mohammad Danesh Science & Technology University

©Daffodil International University i



DECLARATION

We hereby declare that this project has been done by us under the supervision
of Mr. Shah Md. Tanvir Siddiquee, Assistant Professor, Department of Computer
Science and Engineering, Daffodil International University. We also declare
that neither this project nor any part of this project has been submitted
elsewhere for the award of any degree or diploma.

Supede

Mr. Shah Md. Tanvir Siddiquee

Assistant Professor

Department of Computer Science and
EngineeringDaffodil International
University

Submitted by:

B WAA ALL A VWSO NA IIJ'
g
o S N
A\

Sakhawat Hossain Sohan
212-15-4085

Department of Computer Science and
EngineeringDaffodil International
University

Vet

Rukaiya Afnan Bushra
212-15-4133

Department of Computer Science and
EngineeringDaffodil University

©Daffodil International University ii



ACKNOWLEDGEMENTS

This work would not have been possible without the support and contributions
of many individuals over the past two semesters. We are deeply grateful to
everyone who has assisted us in one way or another.

First, we express our heartfelt thanks and gratefulness to the almighty for
His divine blessing making it possible for us to complete the Final Year
Design Project (FYDP) successfully.

We are grateful and wish our profound indebtedness to Mr. Shah Md. Tanvir
Siddiquee, Assistant Professor, Department of Computer Science and
Engineering, Daffodil International University, Dhaka, Bangladesh. Deep
knowledge and keen interest of our supervisor in the field of Internet of Things
(IoT) to carry out this project. His endless patience, scholarly guidance,
continual encouragement, constant and energetic supervision, constructive
criticism, valuable advice, reading many inferior drafts, and correcting themat
all stages have made it possible to complete this project.

We would like to express our heartfelt gratitude to the Head of the Department
of Computer Science and Engineering, for his kind help in finishing our project
and also to other faculty members and the staff of the Department of Computer
Science and Engineering, Daffodil International University.

We would like to thank our entire course-mates at Daffodil International
University, who took part in this discussion while completing the coursework.

Finally, we must acknowledge with due respect the constant support and patience of
our parents.

©Daffodil International University iii



ABSTRACT

Today's world is solely dependent on the IoT. As the number of automated devices
related to the IoT is increasing in the world, new technologies are constantly being
invented. IoT is where data is sensed from the environment through hardware and
that data is displayed online through the Internet in various software through the
cloud. Many things can be monitored in real time through automated devices of
various technologies connected to the IOT. Weather can be monitored in real time,
through which it can be decided whether the weather in different regions or
environments is good or bad for people. Because all kinds of airborne infectious
diseases, industrial wastes, building construction, manufacturing and other sectors
using high levels of chemicals are spread through this weather. This awareness has
come only through the rapid development of technology. Through which the weather
of any area or environment can be checked. That is, the number of harmful gases in
the climate of a region or environment can be checked through automated devices of
various technologies connected to the IoT. What is the number of harmful gases in the
climate of an area or environment such as - temperature, humidity, altitude,
topography, LPG, smoke, alcohol, hydrogen, carbon dioxide, carbon monoxide, butane,
propane, methane, benzene, ammonia, Ozone, nitrogen dioxide, Sulphur oxide, dust
concentration, particulate matter etc can be tested through the mentioned technology.
In this paper we have developed an IoT device that can detect air quality and take
decisions accordingly. Many types of hardware are used to detect harmful gas through
this technology like Arduino Uno, Arduino Nano, Arduino Mega, Node MCU Esp8266
Module, Raspberry Pi, STM-32 Blue Pill Development board, MQ2, MQ4, MQ7, MQ9,
MQ131, MQ135, LM939 , BMP-280 Sensor, MiCS2714 Sensor, PM 2.5 Sensor,
PMSAO003 Sensor, PMS-7003 Dust Sensor, DHT11, DHT22, Geophone Sensor, GPS
Sensor, LED Sensor, air sensor, air sensor 6, buzzer, LCD Display, LDR, HK-A5, HC-
12 module, SIM800C module, sim800A module, DS-1307 real-time clock, 5-megapixel
camera module, DC motor, analog to digital converter etc. After some time, we will use
our built application's API to gather data. Weather monitor technology can be used to
analyze the obtained values, the obtained data can be noted. Air quality of any area of
Dhaka will be known through this project. Based on those criteria, Dhaka city will be
divided into two level, such as Good and Bad. It will tell you that you have to use a
mask in certain areas of Dhaka.
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Chapter 1

Introduction

1.1 Introduction

The quick advancement of technology has made people's lives and jobs safer and
simpler every day. Thanks to technology, many new things are being created every
day. The most important segment of which is the IoT. The use of this IoT is increasing
in many ways, due to which data is sensed from the environment through hardware
and that data is displayed online through the Internet in various software through the
cloud.

1.2 Motivation

The motivation behind this project stems from the critical importance of monitoring
air quality, temperature, humidity, and atmospheric pressure for both indoor and
outdoor environments. Poor air quality can have detrimental effects on health,
productivity, and overall well-being, making it essential to have accessible monitoring
systems in place.

1.3 Objectives

Design and develop an air quality monitoring system using an ESP8266
microcontroller and various sensors including DHT11 for temperature and humidity
sensing, BMP180 for atmospheric pressure monitoring, and MQ135 for detecting air
quality parameters. The system should be capable of collecting real-time data from
these sensors and displaying it on a 20x4 LCD screen. Additionally, it should connect
to a local Wi-Fi network for remote monitoring and data visualization. The goal is to
create an affordable, efficient, and user-friendly solution for monitoring indoor or
outdoor air quality, providing valuable insights into environmental conditions.

1.4 Methodology

Then hardware is assembled with proper connection and Software Development is
done for programming microcontroller for interfacing of sensors, data collection and
wireless transmission. We calibrate our sensors so they can provide accurate readings,
and we also add a 20x4 LCD (screen) so that we can see the environmental data live.
Wi-Fi connectivity enables remote monitoring. These steps consist of verification and
testing in various conditions to guarantee the system’s functionality, as well as having
complete file management and versioning for reproducibility and future refinements.
The system will certainly work and reliable with a step-based methodology for
implementing an air quality monitoring system.

©Ddffodil International University 1



1.5 Project Outcome

The project is expected to deliver a fully operational air quality monitoring system
comprising an ESP8266 microcontroller integrated with sensors including the DHT11,
BMP180, and MQ135. This integration will facilitate concurrent monitoring of
temperature, humidity, atmospheric pressure, and air quality. The system will ensure
data accuracy and reliability through meticulous calibration and validation of sensor
readings. Real-time measurements of environmental parameters will be displayed on a
20x4 LCD screen in a user-friendly format, complemented by wireless connectivity
enabled by the ESP8266, allowing for remote access and monitoring via Wi-Fi. An
intuitive user interface will provide easy navigation and interpretation of data,
accompanied by an alerting mechanism to notify users of significant deviations in air
quality. Comprehensive documentation and instructions will be provided to assist users
in system assembly, setup, and operation. The system will be designed with scalability
and customization in mind, allowing for future expansion and integration with external
platforms for advanced data analysis. Ultimately, the project aims to raise awareness of
air quality issues and empower individuals and communities to proactively address
environmental concerns.

1.6 Organization of the Report
Introduction

Brief overview of the project, its objectives, and its significance. Explanation of the
motivation behind the project and its relevance in the context of air quality monitoring.

Literature Review

Review of existing literature and research related to air quality monitoring systems,
sensor technologies, and microcontroller platforms. Discussion of relevant studies,
methodologies, and findings that inform the design and implementation of the project.

Methodology

Detailed description of the hardware and software components used in the project,
including the ESP8266 microcontroller and various sensors (DHT11, BMP180,
MQ135). Explanation of the system architecture, sensor integration, and data
acquisition process. Overview of the programming languages, libraries, and
frameworks employed for system development.

Implementation
Step-by-step explanation of the system implementation process, from hardware setup
to software configuration. Discussion of any challenges encountered during

implementation and their resolutions. Presentation of code snippets, diagrams, and
illustrations to aid understanding.

©Ddffodil International University 2



Results and Discussion

Presentation of experimental results and performance evaluation of the air quality
monitoring system. Analysis of data accuracy, reliability, and system responsiveness.
Discussion of key findings, including any notable observations or trends in the
collected data.

Conclusion

Summary of the project objectives and the extent to which they were achieved.
Reflections on the project outcomes, including strengths, limitations, and areas for
future improvement or expansion. Closing remarks on the significance of the project
and its potential implications for air quality monitoring efforts.

References:

Comprehensive list of cited literature, sources, and resources used throughout the
report.

Summary

The project involves creating an air quality monitoring system using an ESP8266
microcontroller and various sensors, including DHT11, BMP180, and MQ135. The
system aims to provide real-time measurements of temperature, humidity,
atmospheric pressure, and air quality, displayed on a 20x4 LCD screen. Wireless
connectivity enables remote monitoring via Wi-Fi, while an intuitive user interface
ensures ease of use. The report outlines the project's objectives, methodology,
implementation process, experimental results, and conclusions. It also includes a
literature review, discussion of findings, references, and appendices with
supplementary materials. Overall, the project contributes to raising awareness of air
quality issues and empowering individuals and communities to monitor and improve
environmental conditions.
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Chapter 2

Background

2.1 Introduction

Thanks to technology, many kinds of new things are being made every day. Among
which the most important category is IOT. The use of this IOT is increasing in many
ways, due to which data is sensed from the environment through hardware and that
data is displayed online through the Internet in various software through the cloud.
Many things can be monitored in real time through automated devices of various
technologies connected to the IOT.

2.2 Literature Review

Writing a literature review serves the primary function of educating the reader about
the analysis already done in the field of study of a given subject and presenting that
information in the form of a written statement. Various websites and research papers
have been published on air quality monitoring, which are covered in more depth below.

Table 2.2 : Summary of Literature Reviewed: Air Quality Monitoring Systems

Author (s) | Year | Title Methodology | Key Findings
D. Harika et 2020 | Air quality Arduino Nano, Detects CO2, CO and
al. monitoring device | gas sensors notifies when air
becomes polluted.
Abeer K. 2018 IoT system for ESP8266, MiCS- | Min. Measures Os (ppb),
Ibrahim et al. outdoor air quality | 2714, MQ131 NO: (ppm); data
sensors visualized via Wi-Fi.
Thamilvaani 2019 Car exhaust Quantitative Finds CO2, NO, SOy
Arvaree et al. detection system | Analysis notifies through
cloud/mobile.
Anshika 2021 IoT System for MQ135, Monitors harmful gases
Mishra et al. Air/noise Arduino, LM939,| and noise; emits warnings.
pollution ESP8266
Saja Sattar 2022 | Air Pollution Arduino Mega, Displays CO/CO: levels on
Hasanh et al. Monitoring MQ4, MQ7, LCD| LCD.
System (APMS) display.
Anas Bushnag| 2023 [Indoor air quality Arduino, MQ135, | Monitors fumes, NHs,
et al. automation DHT11, fuzzy logic| benzene; adjusts
ventilation via DC motor.
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2.2.1 Similar Applications

Many types of automated devices have been invented to monitor the weather through
this technology. Through whom we can check the weather of any area or environment.
What is the number of harmful gases in the weather of any area or environment such
as - Temperature, humidity, altitude, topography, LPG, smoke, alcohol, hydrogen,
carbon dioxide, carbon monoxide, butane, propane, methane, benzene, ammonia,
ozone, nitrogen dioxide, Sulphur Oxide, dust density, particulate matter etc. can be

checked through the said technology.

Table 2.2.1: Similar Applications

SL | Author | Microcontrol Used All Objective Features
No [ Name ler Components
1. D. Arduino MQ2, buzzer, checking the
Harika | Nano board | relay module, quality and alerting and
(2023) LEDs. monitoring its giving
pollution level. instructions.
2. Abeer ESP8266 MiCS-2714 outdoor air shown to server
K. microcontrol sensor and quality and via Wi-Fion an
Ibrahim ler MQ131. everything is IoT platform.
(2023) shown to server
3. | Thamilv | Arduino Uno | MQ7 and GPS detect the show it to the
aa ni microcontrol sensor. exhaust gas mobile phone
Arvaree ler from the car. through the
(2021) cloud.
4. | Anshika Arduino MQ135, test the air and | monitor and
Mishra Uno LM939. noise quality, | check area
(2019) | Microcontrol monitor its through IOT.
ler, Esp8266 pollution levels.

2.2.2 Related Research

This literature review explores the approaches towards the air quality monitoring
systems outlining the different methodologies and technologies adopted [4]. Harika et
al. In this paper, the authors introduced a system to monitor air quality using an
Arduino Nano board, they specifically detected CO2 and CO gas and gave an alarm for
high-pollution levels. Ibrahim et al. developed an Internet of things (IoT)-based device
using an ESP8266 microcontroller and MiCS-2714 and MQ131 sensors to measure
outdoor O3 and NO2 using Wi-Fi and displayed the data in the graphical format.
Arvaree et al. used an Arduino Uno, MQ7, and GPS sensors to monitor car exhaust
gases (CO2, NOx, SOx), environmental parameters, and data processing to AWS IoT
for cloud-based mobile notifications. Mishra et al. smart air and sound pollution
detection system using Arduino Uno, in conjunction with MQ135, LM939 sound
sensing, and ESP8266 for Internet of Things tracking/alerts for injurious substances.
Hasanh et al. developed an Air Pollution Monitoring System (APMS) using an

©Ddffodil International University 5



Arduino Mega, MQ4 and MQ7 sensors, and an LCD screen for displaying CO2 and CO
levels. Hasanh et al. developed an Air Pollution Monitoring System (APMS) using an
Arduino Mega, MQ4 and MQ7 sensors, and an LCD screen for displaying CO2 and CO
levels. Lastly, Bushnag et al. Arduino based Air Quality Automation (Fuzzy logic
based) to identify gases (CO2, alcohol, benzene, sulphide and ammonia) using MQ135
+ DHT11 sensors. From tackling outdoor pollution to ensuring good IAQ (indoor air
quality), those studies should enable us to see the potential for the power of
microcontrollers, IoT and sensor technologies to come together to monitor and
optimize air quality, often leveraging real-time alerting and data visualization.

2.3 Gap Analysis

Numerous issues have arisen as we've developed these IOT based automated devices and
in the future also various types of problems may arise in these automated devices. For
example, it can be seen that some parts of IOT based automated devices may not work
properly or the system may occasionally fail to load i.e. give accurate results due to high
number of harmful gases in the environment. Due to which wrong instructions will be
given giving wrong results and if users take action following these wrong instructions, then
users may suffer from many types of airborne diseases. Below is the list of existing works
and our proposed works gap analysis:

Table 2.3 : Gap Analysis for Air Quality Monitoring System

Features System A [System B System C System |System E[Proposed
D System

Accurate detection of[No No Yes No Yes Yes

harmful gases

Real-time alerts for [Yes No Yes No Yes Yes

high pollution

System stability in  [No No No No No Yes
olluted areas

User-friendly error |No Yes No Yes No Yes

reporting

Automatic bug No No No No No Yes

detection and fixing

Data visualization [Yes Yes Yes Yes Yes Yes

on device

Remote monitoring [Yes Yes Yes Yes 'Yes Yes

wvia IoT

User confidence No No Yes No No Yes

feedback system

Support for multiple [Yes Yes Yes No Yes Yes

gas sensors

Instant No Yes No Yes No Yes

troubleshooting

cuide

Low failure rate No No No No Yes Yes

Quick system No No Yes No No Yes

recovery

Accurate detection of[No No Yes No Yes Yes

harmful gases

©Ddffodil International University 6



2.4 Summary

In the related works section, various studies and projects related to air quality
monitoring systems, sensor technologies, and microcontroller platforms are reviewed.
Existing literature and research provide valuable insights into the design,
implementation, and performance of such systems. Key themes explored in related
works include sensor calibration methods, data acquisition techniques, wireless
communication protocols, and user interface design. By synthesizing findings from
previous studies, the related works section informs the design and development of the
air quality monitoring system in the current project. Additionally, it highlights gaps
in existing research and identifies opportunities for further investigation and
innovation in the field of environmental monitoring.

©Ddffodil International University 7



Chapter 3

Research Methodology

3.1 Methodology & Design Specification

This section outlines the systematic approach and technical requirements to
developing the IoT-based air pollution detector, detailing the hardware selection,
sensor integration, data collection covering the TK10000 budget, sensor accuracy,
power consumption, modularity for scalability, compliance with safety and
environmental standards for effective deployment, threshold-based classification, and
cloud integration using ThingSpeak for real-time air quality monitoring.

3.1.1 Overview

The methodology encompasses the detailed process undertaken to design and
implement the air quality monitoring system. It begins with the selection and
procurement of necessary hardware components, such as the ESP8266
microcontroller and sensors including DHT11, BMP180, and MQ135. Following
this, the hardware is assembled according to specifications, ensuring proper wiring
and connections. Software development involves programming the microcontroller
to interface with the sensors, collect data, and transmit it wirelessly. Calibration
procedures are conducted to ensure the accuracy and reliability of sensor readings.
Integration of a 20x4 LLCD screen provides a real-time display of environmental
parameters. Wireless connectivity is established through Wi-Fi, enabling remote
access and monitoring. The methodology also encompasses testing and validation
procedures to assess the performance of the system under various conditions.
Throughout the process, documentation and version control are maintained to
facilitate reproducibility and future improvements. Overall, the methodology
provides a systematic approach to realizing the objectives of the project, ensuring
the development of a functional and reliable air quality monitoring system.

3.1.2 Proposed Methodology/ System Design

Here the working procedure of the entire system is inserted. This is a flowchart for air
quality monitoring. I'll setup sensors in the system, then I'll sense data from the
environment with said sensors. This system will store real time data of temperature,
humidity, air pressure, CO2 and observe the results. Then decide whether the air in that
area 1s good or bad. Figure displays the overall system architecture diagram:

©Ddffodil International University 8



~ Sense Data |«

. co2 —

[-——————— Temperature |——

[e—————»  Humidity ——

Setup Sensors
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ThingsPeak

Store Data

| —

W

Result

Figure 3.1: Working Procedure diagram

Figure 3.2: Circuit diagram
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3.1.3 Functional and Nonfunctional Requirements

Here are Functional and Nonfunctional requirements of our proposed project
given below:

Functional Requirements
e Monitoring of Air Quality in Real Time:

o The harmful gases (CO., CO, NO., Os, NH;, etc.) and particulate
matter are detected and measured with the help of sensors
(MQ135, BMP280, DHT11, etc.).

o Source: Abstract lists sensors and target pollutants (e.g., carbon
dioxide, ozone, nitrogen dioxide).

e Data Transmission via IoT:

o Wi-Fi: ESP8266 NodeMCU: The system explains the
transmission of sensor data to cloud/server.

o Source: Abstract states "data is displayed online through the
Internet in various software through the cloud."

e User Interface:

o The system will show LCD or LED with the air quality
parameters.

o Source: Hardware will feature "LCD" and "LED Sensor."

e Alert Mechanism:

o System should generate alerts (buzzer, notifications) if pollutants
go beyond safe levels.

o Source: Abstract suggests determining more than just detected
substances; the hardware shows a 'buzzer.'

e Multi-Sensor Integration:

o Support for multiple types of sensor integration (e.g. support for
temperature/humidity via DHT11 and particulate matter via
PMS7003)

o Source: Hardware list mentions "DHT11," "PMS-7003 Dust
Sensor," etc.

Non-Functional Requirements
e Accuracy:
o Sensor readings shall be within +5% accuracy in standard
environmental condition.
o Source: important for accurate pollution detection (inferred from
sensor specs in abstract).
e Power Efficiency:

o The system should run in low power (i.e 3.3V regulated supply)
for real time monitoring.
o Source: ESP8266 NodeMCU is a low-power microcontroller.
e Response Time:
o New sensors shall be added without hardware redesign.
o Rationale: Abstract highlights flexibility in monitoring diverse
pollutants.

e Durability:
o The sensors must be sufficiently robust to withstand outdoor
conditions (e.g. humidity, dust) to allow for long-term
deployment.

©Ddffodil International University 10



o Source: Abstract refers to "industrial wastes" and "dust
concentration" monitoring.
e User Accessibility:
o The cloud interface should be available web/based on a mobile
platform and with optimal latency.
o Source: Abstract references online data display.

3.1.4 Context Diagram

The Context Diagram represents the high-level interaction of the IoT-based air
quality monitoring system with external entities. It shows this system as the
central process that receives environmental data (temperature, humidity, air
pressure, and gas levels) from sensors, processes these data, and delivers the air
quality measures to the user through an LCD display or remotely through a Wi-Fi
network. It also refers bidirectional data flow to the Wi-Fi network intended for
remote monitoring, user entries for configuration of the system such as calibration
commands. An illustrative architectural diagram can assist in visualizing the
internal data processing flow of the system, its interaction with external systems,
and how the IoT-enabled system is designed for real-time processing of air quality
data. Below is the context diagram has been shown:

Configuration Inputs- — User

]

Air Quality Readings

Sensors
(BMP180, ——Environmental Data—s»-
MQ135)

Air Quality Air Quality Data— Wi-Fi

Monitoring System _<e-Remote Access Requests—  Network

Figure 3.1.4: Context Diagram of Air Quality Monitoring System.
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3.1.5 Data Flow Diagram Level 1

Data Flow Diagram (DFD) Level 1 for IoT based air quality monitoring system needs to
level to all six subprocesses under the umbrella of the main process. This begins with
Collect Sensor Data (1.1) where sensors gather raw information (temperature, humidity,
air pressure, CO2) and use Store Raw Data (1.2) to save it in Sensor Data Storage (D1).
1.3 Process Data: In this sub-process, it takes the stored data and analyse it in order to
produce several metrics and alerts in the air quality. The Results are sent to Display
Results (1.4) for local user to access on an LCD and Transmit Data (1.5) sends the data to
cloud server for remote monitoring. Finally, the Generate Alerts (1.6) would notify the
user when the air quality is unsafe. The data flow for the system to monitor data and the
user to interact with it is reflected in the diagram below:

Sensors

Raw data (temperature, humidity, air pressure, CO2)

1.1 Collect
-—>
SiAl Sensor Data |

Raw Sensor Data

D1: Sensor 1.2 Store =~ =——
Data Storage Raw Data
En
End d
flowchart
Stored l}aw Data
Y
il ~==Processed Air Quality Data=p» 12 Display
Data Results
Processed Air Quality Data Air Quality Results
Alerts | 10 gat“%m'buamy pata Cloud Server —> User

ata

1.6 Generate
Alerts

Notifications

Figure 3.1.5: DFD Level 1 Diagram of Air Quality Monitoring System.
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3.1.6 UI Design

We have made a website for our project where we can see the live Temperature, Humidity,
CO2 level, CO level and lastly, we can know the status of the air quality if it is “Good” or
“Bad”. The Website Design 1s given below:

loT Based Air Quallity Monitoring System

Project Overview
This loT-based air pollution detector, built using an ESP8266 NodeMCU, monitors air quality in Dhaka in real-
time. It uses sensors to measure temperature, humidity, atmospheric pressure, and CO2 levels, displaying data

on a 20x4 LCD and storing it on ThingSpeak. The system is designed for a 10000TK budget and operates at 200
mA, making it cost-effective and portable.

Live Air Quality Data
Temperature: 35.0 °C
Humidity: 47.0 % RH
CO2: 165.0 ppm
CO Level: 0.0 ppm

Air Quality Status: Good

Features

= Microcontroller: ESP8266 NodeMCU

+ Sensors: DHT11, BMP180, MQ135

» Cloud Platform: ThingSpeak

» Display: 20x4 LCD

» Classification: Threshold-based (e.g., CO2 > 800 ppm indicates poor air quality)

About
This project aims to empower Dhaka residents with real-time air quality insights, helping them take protective

measures in high-pollution areas. Future enhancements may include additional sensors and machine learning
integration

© 2025 loT Air Pollution Detector Project. All rights reserved.

And this is the ThingSpeak Channel View where we can see the live result in a graph
view with time and date:
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3.2 Detailed Methodology and Design

Overview

This section describes the detailed methodology and design specification of the IoT-based
air pollution detector using the ESP8266 NodeMCU. This system combines DHT11,
BMP180, MQ135 sensor, and 20x4 LCD data in one single monitoring system where
sensors are used to monitor parameters such as Temperature, Humidity, Atmospheric
pressure, and gas in a given environment. The focus is on cheapness, scalability, and
simplicity with metrics available from local display and cloud platforms, e.g., ThingSpeak.
Hardware selection, software development, system integration, calibration, testing and
data analysis are the steps included in this methodology. Different options can then be
analyzed and assessed to support the solution adopted and to ensure performance and
reliability.

Methodology
The sensors and microcontrollers we have utilized to carry out the project are the hardware

requirements. The framework also offers suggested and minimal requirements for
computer operation.

1. NodeMCU ESP8266:
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SDD2 GPIO9 —o LB
SbpDr———  Mosl — 9 051 D
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gk = wor I
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NodeMCU ESP32 is a compact and versatile development board that integrates the ESP32
microcontroller and WiFi/Bluetooth modules. It is widely used for Internet of Things (IoT)
projects and prototyping. The ESP32 chip offers dual-core processing, providing high
computing power for various applications. NodeMCU ESP32 supports both WiFi and
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Bluetooth connectivity, enabling seamless communication with other devices and
networks. With a rich set of GPIO pins, ADC channels, and hardware peripherals, it
facilitates interfacing with sensors, actuators, and displays. The board is compatible with
the Arduino IDE, allowing developers to leverage a familiar programming environment.
Its small form factor, combined with robust connectivity and ample ©Daffodil
International University 31 features, makes NodeMCU ESP32 an ideal choice for IoT
enthusiasts and developers working on wireless and connected projects.

ii. MQ135 Sensor:

MQ135 is sensitive to various gases including CO2, NH3), CH4), benzene, smoke and other
volatile organic compounds (VOCs). The sensor works on the principle of chemical reaction
with the target gas. It contains a sensitive material that reacts with certain gases, leading
to changes in electrical conductivity. The resistance of the sensor varies depending on the
concentration of the gas being detected. The M Q135 provides an analog output voltage that
can be read by a microcontroller or other measurement device. The analog signal can be
used to estimate the concentration of the detected gas. The MQ135 sensor has a built-in
heating element. This heating element is used to stabilize the performance of the sensor
and make it more sensitive to the target gas. The MQ135 typically operates at low voltages,
often around 5 volts. The MQ135 is commonly used in air quality monitoring systems,
environmental monitoring devices, security equipment and DIY projects where gas
detection is required.

ii. DHT11 Temperature & Humidity Sensor:

The DHT11's primary function is to measure both temperature and humidity. The DHT11
provides a digital output, which means it communicates with a microcontroller or other
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device using a digital signal. This simplifies the interface and makes it easy to integrate
with different platforms. The sensor uses a single-wire (single-bus) communication
protocol, making it easy to connect to a microcontroller such as an Arduino. The DHT11
typically operates at 5 volts, which is a common voltage in many electronic systems. This
makes it compatible with microcontrollers and development boards like Arduino. The
measurement range of DHT11 is limited. It can typically measure temperatures from O to
50 °C (32 to 122 °F) and humidity from 20% to 90%. The DHT11 is commonly used in a
variety of projects including weather stations, home automation systems, greenhouse
monitoring and other applications where temperature and humidity monitoring is
essential.

iv. BMP180 Air Pressure Sensor:

Air Pressure Sensor The primary function of the BMP180 is to measure atmospheric
pressure. The BMP180 communicates with microcontrollers or other devices using a digital
interface. It usually uses the I2C (inter-integrated circuit) communication protocol, which
simplifies the connection and data retrieval process. In addition to pressure measurement,
the BMP180 also has an integrated temperature sensor. This allows the sensor to provide
temperature readings along with pressure data. The BMP180 typically operates at low
voltages, around 1.8 to 3.6 volts. This makes it compatible with various microcontrollers
and electronic systems. The BMP180 provides accurate pressure and temperature
readings. The BMP180 can measure atmospheric pressure over a wide range, typically
from 300 hPa to 1100 hPa. This range covers different atmospheric conditions from sea
level to high altitudes. Common applications of the BMP180 include weather monitoring
systems, altitude measurement devices, drone altitude control, and any project requiring
accurate atmospheric pressure data

v. 20x4 LCD Display:

A 20x4 LCD display consists of 16-character positions in each of its four rows, resulting
in a total of 64 characters being displayed simultaneously. Displays typically support
alphanumeric characters, symbols, and special characters. Character sizes are typically
5x8 pixels, meaning each character occupies 5-pixel width and 8-pixel height space. Many
20x4 LCD displays come with a built-in backlight for improved visibility in low-light
conditions. These displays typically use a parallel communication interface to connect to
microcontrollers or other devices. Each character is usually represented by a specific set of
data bits and control signals are used to operate the display function. The display is
controlled by an integrated circuit (IC) that manages the individual pixels and characters
on the screen. The operating voltage of a 20x4 LLCD display is usually between 4.5 and 5.5
volts. Some 20x4 LCD displays come with a contrast adjustment feature, which allows
users to adjust the contrast of displayed characters for better readability. 20x4 LCD
displays are commonly used in embedded systems, microcontroller-based projects, and
electronic devices that require a simple and cost-effective visual interface.
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Software Requirements

Software requirements entail specifying the tools utilized in our project, detailing the
programming language employed for system development, identifying the language's
assocliated database, and specifying the compatible operating system. In our case, Windows
is a crucial operating system for seamless functionality. The choice of operating system,
Microsoft Windows XP, is essential to ensure the proper execution of the system. Operating
systems play a pivotal role in enabling smooth system operation, and in this context,
Windows XP serves as a necessary platform for our project.

e Arduino IDE

¢ Visual Studio Code
e Google Colab

e ThingSpeak

Alternate Solutions Considered
The design was finalized after considering several alternative solutions:

Alternative Microcontrollers:
e Arduino Uno: No built-in Wi-Fi; need an additional module (ESP-01, etc.) =>
increase the cost and complexity.
¢ Raspberry Pi: Because of design, those offer higher processing powers but yet also
more expensive and more demanding regarding power supply, unsuitable for
battery systems.

Why ESP8266: Built-in WIFI, costs around (1500TK) and has enough GPIO pins and
supports Arduino IDE suitable for IoT applications.

Alternative Sensors:

e Temperature Humidity Sensor Comparisons DHT22 vs DHT11: DHT22 Sensor
Body: Higher Accuracy More Range More Expensive In this example, DHT11 has
been selected due to the low-cost solution in non-critical applications.

e For gas sensing, there's also arguably a better BME280 vs BMP180 comparison:
the BME280 adds humidity and costs more. The BMP180 was selected because it
provided adequate accuracy for pressure and temperature.

e MQ9 - more advanced in detecting CO and LPG, less versatile MQ135: It was
chosen since it has a broad gas sensitivity which is suitable for general air quality
monitoring.

Sensor Chosen: To keep the cost and accuracy in balanced, and to make sure that it is
compatible with ESP8266.

Alternative Displays:
e OLED Display: Compact, lower power consumption but less characters, and higher
price.

e 20x2 LCD: Inexpensive but not enough to show several parameters at once.

Choosing a 20x4 LCD: Inexpensive, easy to interface, reasonable display size.
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Alternative Cloud Platforms:
e Blynk: comes with an easy-to-use mobile app but there are few features in the free-
tier.
e XML parcer: Train your own WAF using XML parcer.

Why ThingSpeak: The free tier allows for enough data storage and visualization, and it
can easily integrate with APIs.

Justification for Selected Solution
Following were the reasons for the selected solution (ESP8266, DHT11, BMP180, MQ135,
20x4 LCD, ThingSpeak):
e Cost-Effectiveness: Total hardware cost (~10000TK) allows system-wide
deployment.

e Scalability: ESP8266 can be easily connected with more sensors and ThingSpeak
can be integrated with other platforms.

e Ease of Use: The Arduino IDE combined with ThingSpeak’s API makes it easy to
develop and access data.

e Reliability: Sensors are well-enhanced for environmental monitoring, and periodic
calibration ensures data fidelity.

e Community Support: There is documentation and libraries available for ESP8266
and selected sensors which saves your time.

Challenges and Mitigations
¢ Challenge: MQ135 sensitivity varies with temperature and humidity.

o Mitigation: Implemented compensation algorithms utilizing the DHT11
readings to correct calculations regarding gas concentration.

e Challenge: Limitations of Wifi connectivity in remote regions.

o Mitigation: Offline data logging onto SD card (optional); retry mechanisms
on Wi-Fi reconnection

e Challenge: Power consumption for continuous operation.

o Mitigation: Refactored code to minimize sensor polling and evaluated solar-
powered solutions for outdoor deployment.

3.3 Project Plan

IOT Based Air Quality Monitoring Project is developed based on a Plan for 15 Week From
January 15, 2025 to April 30, 2025. We scale for a low cost system to monitor temperature,
humidity, pressure of the gas concentration in Dhaka with data plotted both locally and
on ThingSpeak. Requirement analysis (Weeks 1-2), Hardware assembly (Weeks 3—4),
Software development (Weeks 5-7), Calibration and testing (Weeks 8-9), Data collection
and analysis (Weeks 10-11), and Documentation (Weeks 12—14). Spare elements and
offline logging will reduce the dangers of parts disappointment or network issues. Our
deliverables consist of a working prototype, project report, user manual, dataset and
presentation, guided by weekly meetings and Trello updates.
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3.4 Task Allocation

The development of an IoT-based air pollution detector conducted during 15 weeks from
January 15, 2025 to April 30, 2025 was exclusively managed by Sakhawat Hossain Sohan
and Rukaiya Afnan Bushra. Sakhawat Hossain Sohan conducts the most sophisticated
operations as Team Lead because of his professional capabilities which involve project
management alongside requirement analysis, system design, sensor interfacing software
development and ThingSpeak integration and sensor calibration and system testing and
data analysis through testing processes and report preparation and presentation (Tasks
T1, T2, T3, T6, T7, T8, T9, T11, T12, T13, T14). Rukaiya Afnan Bushra receives easier
tasks in project support duties because of her limited technical skills under the supervision
of Sakhawat (Tasks T4, T5, T10). Sakhawat assists Bushra in requirement analysis tasks
T2 and T9 and T13 while supervising quality work and deadline accomplishment through
regular meetings.

3.5 Summary

An IoT-based air pollution detector methodology and design with an innovative prototype
are described and demonstrate the wviability of long-term real-time air quality
measurements. This system is able to take accurate measurements by combining DHT11,
BMP180 and MQ135 sensors with ESP8266 NodeMCU. Also, the data visualization is
made possible with the help of a 20x4 LCD as well as the ThingSpeak platform and
further classify potential risk of air quality. Different options were explored, and the
proposed design offers a good trade-off between cost, performance, and scalability. This
system allows users to track environmental conditions and act based on the received
information, leading to better public health and awareness in Dhaka and the wider world.
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Chapter 4

Implementation and Results

4.1 Environment Setup

Environment setup for implementation of IoT based air pollution detectorSince the project
involves implementation of physical components as well as software, environment setup is
essential for interfacing hardware to software elements. For the hardware part of the step,
connect the ESP8266 NodeMCU used as the processor, with the DHT11 for temperature
and humidity, the BMP180 for atmospheric pressure, the MQ135 for harmful gases (like
C0O2, NH3, benzene) and the 20x4LCD for local viewing purpose. Jumper wires were used
to connect all the components together on a breadboard and were grounded properly to
avoid noise. Development language and tools were set up using Arduino IDE (Version
2.0.3) on a Windows 10 perspective using libraries as follows; DHT, Adafruit. BMP180,
and LiquidCrystal for interfacing all sensors and displays. The ESP8266 was powered from
a 5V USB supply, while sensors were powered using the 3.3-5V power supply. A channel
was set up in ThingSpeak which is a data analytic service which stores the data in a field,
it will visualize the data for the user in a user-friendly format, to send the data through
Wi-Fi, an API key was provided by the service for the ESP8266/ESP32 module. Initially,
the system was established on a controlled indoor laboratory environment at Daffodil
International University with both room temperature (25 °C) and stable humidity (50—
60% RH), and this was conducted for calibrating the sensors. The apparatus was also
portable for field deployment, where data was collected in 10 Dhaka locations, and the
ESP8266 integrated with cloud-based submission by connecting to the local Wi-Fi
networks.

4.2 Testing and Evaluation/Performance/ Comparative
Analysis

Testing and Evaluation

Thorough laboratory tests have been conducted on the device in order to evaluate its
function performance, precision, and stability. The ESP8266 NodeMCU was confirmed
to successfully interface with DHT11, BMP180, and MQ135 sensors, and display the
data on the 20x4 LCD every 10 seconds, through Functional Testing. We verified that
the Connectivity testing had stable Wi-Fi connections and 15-second intervals of data
were being uploaded successfully in over 98% of transmission out of 1000 between
ESP8266 and ThingSpeak. This phase of Accuracy testing was validated against a
commercial air quality monitor (AeroTrak 9110) in a controlled lab environment. The
DHT11 had a temperature deviation of £2°C and humidity error of +5%, the BMP180
had a pressure error of +1 hPa, and the MQ135 had a gas concentration (ppm) deviation
of £10% after calibration. Stress Testing : The system was exposed to high pollution
environments (e.g., near Dhaka traffic) and we obtained performance metrics even
under extreme cases -- the MQ135 able to detect CO2 peaks of up to 1200 ppm without
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failure. The Power Consumption Testing showed it averages about 200 mA at 5V, which
should allow for portable usage with a 10000mAh battery lasting around 2 days.

Performance Analysis

The system was able to perform well in real-time monitoring with a sensor reading and
LCD updating time of less than 2 seconds. Communication data to ThingSpeak
exhibited a delay of 3—5 seconds based on the Wi-Fi signal condition. No crashes or any
loss of data were observed when the system was running nonstop for 72 hours. After
temperature and humidity adjustments, the accuracy of the MQ135 was minimized and
error reduced 15% — 10%. Adding a second MQ135 sensor with no discernible slowdown
showed the system's scalability validating scope for expansion in the future.

Comparative Analysis

This system has the following advantages compared with works in the literature review.
Unlike Harika et al. While we relied on an Arduino Nano (without Wi-Fi) in (2023), now
with the use of an ESP8266, Great Clouds provide seamless cloud integrations. Ibrahim
et al. (2023) employed MiCS-2714 and MQ131 sensors for detecting ozone and NO2,
while our MQ135 sensor detects a wider complexity of gases (CO2, NH3, benzene), thus
suitable for a wide range of urban ambient air quality monitoring. Arvaree et al. And
Wong et al. (2021) targeted car exhaust emissions harvesting via AWS IoT which is
more expensive than our current proposed solution using ThingSpeak. Mishra et al.
(2019) used noise monitoring, while our system focused on air quality with a higher
display capacity (16 mx 4 vs. 16 mx 2 LCD). Hasanh et al. (2021), who used an Arduino
Mega that is larger and costlier than the smaller ESP8266. Bushnag et al. (2022): on
the other hand, used fuzzy logic, while our project provides exact air quality resuts. Our
10000TK system is a fraction of the cost and we run with far less hardware and
bandwidth than what others suggest. Below the comparative analysis table has been
shown:

Table 4.2: Comparative analysis with existing Air Quality Monitoring Systems

Feature/Syste Our Harika | Ibrahi | Arvaree | Mishra | Hasanh | Bushna
m System | (2023) m (2021) | (2019) | (2021) | g(2022)
(2023)
Microcontroll | ESP8266 | Arduin | ESP826 | Arduin | Arduin | Arduin | Arduin
er o Nano | 6 o Uno o Uno oMega |o
Sensors DHT11, MQ2 MiCS- | MQ7, MQ135, | MQ4, MQ135,
BMP180, 2714, GPS LM939 | MQ7 DHTI11
MQ135, MQ131
MQ136
Cloud ThingSpe | None Custom | AWS None None None
Platform ak IoT IoT
Display 20x4 LCD | LEDs | None None None 16x2 None
LCD
Cost 10000TK | 8000T | 15000T | 20000T | 13000T | 18000T | 15000T
(Approx.) K K K K K K
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4.3 Results and Discussion

Result

It is an IoT based air pollution detector, functioning across 10 locations around Dhaka and
collecting a total of 1000 data points in a week. The input data in the dataset were
temperature (18-35°C), humidity (40-85% RH), atmospheric pressure (990-1015 hPa),
and gas concentrations (CO2: 400-1200 ppm). The system classified air quality as “Good”
(CO2 800 ppm or elevated NH3/benzene). Using the 20x4 LCD the real time data was
displayed in a user-friendly and formatted way (e.g. “Temp: 25°C, Hum: 60%, Press: 1005
hPa, CO2: 650 ppm”) which updated the values every 15 seconds. The visualization in
ThingSpeak showed trends that shared higher CO2 concentrations (1000-1200 ppm)
through the industrial sectors (eg, Tejgaon) in comparison to the lower one in the
residential regions (eg, Dhanmondi) (400—600 ppm). Throughout test field runs, the system
had 99% operational uptime and there was no loss of data over Wi-Fi.

Discussion

The results showcase the effectiveness of the system in providing low-cost (10000TK), real-
time air quality monitoring. Our project outperforms simple threshold-based methods used
in related works (e.g., (e.g., Harika et al., 2023). Article [26] is based on implementation
of Wi-Fi ESP8266 micro-controller which was capable of connecting with cloud whereas
Arduino-based systems (e.g., Hasanh et al., 2021), lacked cloud connectivity. Nonetheless,
not being able to focus specifically on an individual pollutant was a complication for the
MQ135 sensor as it is sensitive to several gases, which was overcome using the DHT11
data to generate compensation algorithms and calibrations. Offline logging would be a
great technique to include as Wi-Fi connectivity was broken, at times, in areas with weak
signals. The system’s portability and scalability enable its broader deployment, but battery
life (48 hours) constraints its continuous outdoor use. The accuracy of the system is
slightly lower than commercial monitors (+10% for gas readings) but its low-cost nature
makes it feasible for community-level monitoring. Given the severe air quality issues in
Dhaka’s industrial regions as suggested by dust sampling, the findings have implications
for public awareness and mask usage in high risk areas.

4.4 Summary

The device, which is based on the Internet of Things and uses the ESP8266 NodeMCU
alongside other components-DHT11, BMP180 and MQ135 sensors-was eventually able to fulfill
its purpose of tracking the air quality of Dhaka. The hardware was capable of reading
temperature, humidity, and atmospheric pressure and gas concentrations with accuracy by
displaying real-time data on a 20x4 LLCD, as well as store it on ThingSpeak to enable remote
access to data. Upon calibration, sensors were tested and were confirmed to have a high
reliability (99% uptime), and they met the accuracy specifications (+2°C, +5% RH, +1 hPa,
+10% ppm) within acceptable limits. Thus, in industrial areas, “Bad” conditions were
categorized. Unlike existing works, the system is not only efficient (10000TK) but also cloud-
enabled and versatile, but the trade-offs are Wi-Fi stability and battery life. This project aims
to raise awareness among the general public on the environment, as it can find where and
when to lessen the adverse to health caused by Dhaka’s air quality. This sojourn will allow us
to expand our horizons by adding offline storage and the detection of specific pollutants for
insusceptibility and accuracy.
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Chapter 5

Engineering Standards and
DesignChallenges

5.1 Compliance with the Standards

The IoT-based air pollution detector follows several applicable standards to guarantee
reliability, safety, and interoperability. Below are the relevant standards for the project
along with alternatives, pros, cons, and rationale for selection

e IEEE 802.11 (The Wi-Fi Standard for Wireless Communication)
o Deseription: Controls wireless communication for the ESP8266 NodeMCU’s
Wi-Fi module, optimizing data delivery to ThingSpeak.
o Compliance: Utilizes 802.11b/g/m 2.4 GHz protocol with the data rates up to
150 Mbps for connectivity.
o Alternatives:
= Bluetooth IEEE 802.15.1):
e Pros: Low energy; ideal for short-distance messaging.
e Cons: Limited range (10-100m), lower data throughput, not
ideal for cloud-based IoT applications.

» LoRaWAN:
e Pros: Long range (up to 10 km), low power for remote
deployments.

e Cons: Lower data rates, needs an additional hardware (LoRa
module), cost and complexity escalation.

Selection Rationale: Since IEEE 802.11 was the defector wireless communication
module for WiFi, and it is supported (thanks to the ESP8266’s onboard Wi-Fi), it
also supports high throughput data (compared to other wireless technologies such
as RF or Zigbee), and we were aiming for a cloud integrated design with no need for
extra RF hardware (thanks to the widespread availability of 2.4 GHz networks in
urban areas such as Dhaka).

e ISO/IEC 20924 2 (IoT Reference Architecture)

o Description: A review of IoT system design metrics: Trends and future
directions, journals (2020).

o Compliance: The system has a layered architecture (sensing,
communication, application), where the ESP8266 is considered the
gateway, sensors represent data collection, and ThingSpeak serves as data
management.

o Alternatives:
» ETSI IoT Standards:
o Pros: Built for scale for smart city use-cases, Strong
interoperability focus.
e Cons: Complex implementation, less suited for small-scale
academic projects.
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= OMA LwM2M:
e Pros: Small footprint, tailored to tightly managed devices in
limited environments.
e Cons: Adds an additional layer of protocol stack, increasing
complexity of software.

Reason for Selection: ISO/IEC 20924 is a simple standard that would apply to a
low-cost IoT project and will allow production of a design that scales and is
interoperable, but without the overhead of more detailed complex standards.

e IEC 61010-1 (Safety Requirements for Electrical Equipment)
o Description: Safety standards for measurement and control equipment,
periodic certification for hardware in the system.
o Compliance: It runs on low voltages (3.3-5V) when properly grounded and
insulated, thus eliminating electrical dangers.
o Alternatives:
= UL 60950-1:
o Pros: Widely accepted IT equipment safety standard.
e Cons: Tighter, pushing up design cost for a low-voltage
system.
= EN 62368-1:
e Pros: Modern standard for audio/video and IT equipment.
e Cons: Redundant with IEC 61010-1, more general than
measurement devices.

Rationale for Selection: IEC 61010-1 because it 1is directly impactful to
measurement devices and that it is not too costly because of the low voltage
operation of the system.

5.1.1 Software Standards

The design of software in the IoT-based air pollution detector must comply with standards
in order to ensure reliability, maintainability, and interoperability [2].

e IEEE 730 (Software Quality Assurance)

o Description: Contains template on software quality assurance aspects like
documentation and testing process.

o Compliance: Code base integrated using various modular functions for
interfacing of sensor, data transmission, error handling. Documented using
code comments, and manual. We implemented unit tests for each sensor
module.

o Alternatives:

= ISOMEC 90003:
e Pros: A good end-to-end coverage of quality management for
software engineering
e Cons: A bit overkill for a student project thats not too big.

= CMMI Level 2:
e Pros: Gears towards quality and improvement in process.
e Cons: It takes a lot of resources to implement it.
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Reason for Choosing: IEEE 730 was chosen because it was a simple approach to
QA, protecting the small amount of code and documentation that would pass across
the student’s hands.

e IoT Messaging Protocol for information technology (MQTT)(ISO/IEC 20922)

o Description: A lightweight protocol for IoT messaging, supported by
ThingSpeak.

o Compliance: The system uses HTTP POST for ThingSpeak but is designed
to be compatible with MQTT in the future, ensuring efficient data
publishing.

o Alternatives:

= CoAP:
e Pros: optimized for resource limited devices, less overhead.
e Cons: Less supported by ThingSpeak, requiring custom server
setup.
= AMQP:
e Pros: Robust for enterprise applications.
e (Cons: Heavyweight, unsuitable for ESP8266’s limited
resources.

Reason to Choose: MQTT is perfectly suited for ThingSpeak and is lightweight, so
while offering simplicity in implementation it doesn't compromise scalability in IoT
data transmission.

5.1.2 Hardware Standards

All hardware of IoT based air pollution detector is of standard hardware so as to have
safety, performance and compatibility.

e IPC-A-610 (Generally speaking, regarding electronic assemblies)
o Description: Controls the quality of electronic assemblies (soldering, wiring,
etc.).
o Compliance: The system’s breadboard assembly used properly soldered
connections for sensors (DHT11, BMP180, MQ135) and the 20x4 LCD, with
insulated wires to prevent short circuits.

o Alternatives:

= J-STD-001:
e Pros: Comprehensive soldering criteria for reliable
applications.
e Cons: Requires specialized equipment, increasing costs.
» JEC 61191:

e Pros: Good for Printed board assemblies
¢ Cons: Not so useful when prototyping with a breadboard.

Selection Reason: IPC-A-610 was selected because it applies to prototype
assemblies and the connections were as reliable as possible for typical project
budgets.

e RoHS (Restriction of Hazardous Substances)
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o Description: Reduces the use of toxic materials (i.e., lead, mercury, etc.) in
electronic products.
o Compliance: The suppliers of all components (ESP8266, sensors, LCD) are
RoHS compliant.
o Alternatives:
» WEEE Directive:
e Pros: Specializes in electronics waste management.
¢ Cons: Not as focused on selecting components.
o REACH Regulation:
»  Pros: The chemical safety standard is more comprehensive.
* Cons: Sometimes seen as redundant with RoHS, not electronics
specific.

Reason for Choosing: The reason why the specific environmental monitoring
relevance project selected RoHS is that this directive is directly related to the safety
of the electronic components.

5.1.3 Communication Standards

It meets all communication standards for delivering reliable data transfer by maintaining
the hardware to cloud communication reliably.

e I2C (Inter-Integrated Circuit)
o Description: Used for sensor data transfer between BMP180 and ESP8266
over serial communication.
o Compliance: The BMP180 uses 12C at 100 kHz, using SDA (D2) and SCL
(D1) on the ESP8266.
o Alternatives:
= SPI
e Pros: Speed (10 MHz maximum)
e C(Cons: Takes more pins which makes it generally more
complex if you are using multiple sensors.
» UART:
e Pros: Easy for point-to-point communication
e (Cons: each port can only manage one device, hence not very
suitable for multiple sensors.

Justification for Choosing 12C: I12C was chosen initially due to its simplicity, few
pins required to connect and since BMP180 was being used, it makes the best use
of I2C, as many sensors can be easily connected using the same pins.

¢ (Cloud Communication with HTTP/REST
o Description: Controls the way data transmitted through HTTP POST to
ThingSpeak.
o Compliance: The ESP8266 will transmit the sensor data over Wi-Fi to
ThingSpeak’s REST API. The payload will be in JSON format.

o Alternatives:
»  WebSocket:
e Pros: You get real-time bidirectional communication.
e Cons: It consumes more resources than ThingSpeak-free tier
does not support
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= FTP:
e Pros: Good for software transfers.
e Cons: Inefficient for small data packets in IoT.

Reason for selection: HTTP/ REST was chosen as it is compatible with ThingSpeak
and for simple, periodic, low-overhead data uploads.

5.2 Impact on Society, Environment and Sustainability
This IoT based air pollution detector also has a huge impact on society, environment and
sustainability.

Impact on Society: The system deploys a real-time air quality data of entire Dhaka,
enabling people making decisions like wearing masks in high-pollution areas like Tejgaon
where high concentrations of CO2 in the air may reach up to 1200 ppm! By that, it raises
public awareness of the health risks caused by air pollution, which may lead to fewer
victims of respiratory diseases.

Environment: The system detects hotspots of pollution allowing authorities to take actions
like curbing industrial emissions or enhancing urban green spaces. Designed for 24 USD,
it democratizes environmental monitoring and enables community actions.

Sustainability: The system operates using RoHS-compliant components to reduce
hazardous waste, and it consumes low power (200 mA) to promote energy efficiency. Its
scalable design can even use solar panels for long-term deployments which makes it more
environmentally friendly. The project makes its contribution to sustainable development
goals by promoting evidence-based environmental policy — an area where data-driven
studies are scarce particularly in countries like Bangladesh, and cities like Dhaka are
experiencing severe air quality pressures.

5.2.1 Impact on Life

With the IoT-based air pollution detector, quality of life can be improved. Health and safety
challenges caused by environmental hazards closed in on Dhaka’s skies. Someone who
knows the language of breathing recognize when he comes to Dhaka. Excessive air
pollution, in industrial areas where the CO2 levels exceed 1000 ppm, increases the
incidence of respiratory diseases: allergies also rise dramatically. Productivity drops
further still. The system’s real-time monitoring and alerts give individuals the opportunity
to stay away from dangerous places. Or they can choose self-protection measures such as
masks. Thus, health risks will go down. For vulnerable populations (eg. children, elderly),
the data produced by the system can help mold safer daily routines, such as more
environmentally friendly routes for commuting. With the information on air quality from
ThingSpeak, the system allows communities to advocate for cleaner environments. This
raises the well-being of whole communities. What's more, because it's good value for
money, even people with little income can use it. So, the symptoms of greater social justice
are apparent in all parts of society.
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5.2.2 Impact on Society & Environment

The project has great significance for both society and the environment. The society: The
system teaches the population about air quality and air pollution through simple LCD
displays, figure indicates environmental pollution to residents; the ThingSpeak Dashboard
promotes this responsibility. When there are public health campaigns, the product points
out problem areas (e.g., industrial areas that cause excess CO2 or NH3) so that these can
be dealt with effectively. The low-cost design allows it to be widely used in schools,
community centers, and public spaces, thereby spreading its influence. Environment: By
locating the source of pollution, the system helps environmental departments to enforce
regulations and plan urban improvements, such as a better green cover or Traffic
Optimization. Its energy-efficient operation and RoHS-compliant materials help reduce an
ecological footprint While data-based insights support longer-term conservation efforts. By
way of jugaad, it brings even more environmental resources under control. A repertoire of
this empathy civilization it is also rooted in by ecological environmental footprints. The
project’s scalability ensures that we can transfer the model to other cities, thus magnifying
its effects on the environment.

5.2.3 Ethical Aspects

Ethical concerns related to the IoT-Based Air Pollution Detector. Transparency: The
system gives correct and accessible air quality data to all users without manipulation.
Data is shared openly via ThingSpeak with no proprietary limits. For privacy: Because
the smart system collects data that is related but not personal (environmental parameters
such as temperature, humidity, carbon dioxide levels, etc.), privacy concerns are minimal.
Equity: The low-cost design TK10000) ensures affordability, making air quality monitoring
accessible to underserved communities located in Dhaka, thus addressing health
protection disparities. Responsibility: The project avoids any results that may cause the
user’s health to be compromised — potential errors of up to +10% (such as MQ135) are
covered by calibration and, if it fails to give the correct value, this is documented.
Environmental Ethics: Components used are RoHS compliant or lead-free, and sustainable
practices are like using renewable energy sources etc enhance the systems respect for the
environment and fulfill ethical duty of preventing pollution in ecological systems.

5.2.4 Sustainability Plan

The Sustainability Plan assures the environmentally friendly nature of the IoT-based air
pollution detector and also specifies the provisions for the sustainability of your solution
in the long run. Reduced energy consumption: The low 200 mA power consumption of the
system allows the interface to be integrated with the solar panels for outdoor applications
which can reduce the dependency on non-renewable energy. Component Lifespan: RoHS-
compliant, durable parts (e. g, ESP8266, sensors) reduce replacement needs and last up
to 3-5 years in normal operation. Modularity: The design can be made modular and more
sensors (for example, PM2. 5) or without big redesign online and offline storage expanded.
Waste Disposal: E-waste facilities will be used to recycle components at the end of their
lives, as required by WEEE. Community Engagement: Good updates in the community is
the encouragement for open-source firmware & documentation on GitHub that keeps the
community attracted towards contributing something for the board that avail the
continuous maintenance or improvements. Strategies for deployment: Local NGOs and
universities will help distribute the units in Dhaka at low costs, while also providing
training on how to operate the air quality devices and advocate for improved air quality.
Funding: Future versions will apply for grants with environmental organizations to
produce scaled deployments that are permanent fixtures of air quality monitoring and
public health.

©Ddffodil International University 28



5.3 Project Management and Financial Analysis

* Our project is IOT related automatic device and highly specialized.

* The use of 10T is increasing in many ways, due to which data is sensed from the
environment through hardware and that data is displayed online through the Internet
in different software through the cloud.

* Any person or organization can monitor good and bad gases in the air of the outdoor
environment by sitting at home or office through our system.

* Employees in charge of air quality monitoring and proper documentation and details
of good and harmful gases in an outdoor setting Air will be captured digitally, allowing
all records to be accessed on a website via this technological platform.

* Air quality monitoring data can be monitored at home and easily accessible online
to senior officials.

* Everything including air quality monitoring information, schedule and The website
allows for the monitoring and management of maintenance. Since our project is
completely Internet of Things (IOT) related automatic device, many types of
microcontrollers and sensors have to be purchased for this project. We use Arduino
Uno, Arduino Nano, Arduino Mega, Node MCU Esp8266 Module, Raspberry Pi, STM-
32 Blue Pill development board, MQ2, MQ4, MQ7, MQ9, MQ131, MQ135, LM939,
BMP-280 sensor, MiCS-2714 sensor, PM 2.5 sensor, PMSAQ003 sensor, PMS-7003 Dust
sensor, DHT11, DHT22, Geophone sensor, GPS sensor, NEO-6M, Rain Sensor, Air
sensor, noise sensor, buzzer, relay module, LEDs, LCD display, LDR , bought HK-A5,
HC-12 module, SIM800C module, sim800A module, DS-1307 Real-time clock, 5-
megapixel camera module, DC motor, Analog to Digital Converter etc. components and
for which 10000 taka were spent.

5.4 Complex Engineering Problem
Problem Statement

This work focuses on the use of an ESP8266 NodeMCU microcontroller to develop an IoT-
based air pollution detector, which is a complex engineering problem as it aims to solve
real IoT system and air pollution challenges by designing a low-cost, scalable, and reliable
system to monitor multiple air quality parameters (temperature & humidity, atmospheric
pressure, and concentration of harmful gase) simultaneously in real-time, across diverse
geographical locations (such as the city of Dhaka, Bangladesh), while achieving accuracy,
interoperability and sustainability of the developed system under resource-constrained
conditions. This is a multi-pronged problem that spans integrating heterogeneous
hardware, underlying software, and cloud data management, in addition to addressing
environmental and hardware challenges such as variations in sensor calibration, Wi-Fi
connectivity reliability, and power consumption for portable deployments.

Characteristics of the Complex Engineering Problem

e Multidisciplinary Integration: The system combines electronics (ESP8266, DHT11,
BMP180, MQ135 sensors, 20x4 LCD), software engineering (Arduino IDE,
ThingSpeak API. It requires skills from all staff across embedded systems, wireless
communication, and environmental science to work properly over hardware,
firmware, and cloud.

¢ Non-linear Constraints: These include a limited budget of 10000TK, low power
(200 mA @ 5V), and portability (facing changing conditions in Dhaka such as high
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humidity and traffic pollution). Making compromises between cost, accuracy (£10%
for gas) and scalability needed out-of-the-box thinking, for example, we chose the
MQ135, as one of the gas sensors as its broad detection range, although it is
difficult to calibrate.

e Open-Ended Design: There is no one size fits all for air quality monitoring
especially in low-resource areas. Evaluated are alternatives such as Raspberry Pi
(too expensive, too much power consumption) or LoRaWAN (tricky installation) but
these are not a fit and the above mentioned just works. Difficult part of this project
was to make it work, the performace of the chosen design(ESP8266 with Wi-Fi and
ThingSpeak) had to be optimized with some solutions like temperature-humidity
compensation for MQ135.

e Real-world Complexity: The system needs to work under the complex real-world
environment of Dhaka city which suffers relatively high air pollution (CO2 can go
up to 1200 ppm), weak wifi signals and limited availability of power. This required
retry mechanisms for connectivity, some offline logging considerations, and
designing a modular architecture for adding more sensors in the future.

e Social and Environmental Impact: More than a design issue, embodies a public
health and environmental sustainability issue. Moreover, since the system can
determine whether the air quality is “Good” or “Bad" and alert places classified as
high-risk (where CO2 > 1000 ppm), it is indirectly affecting community well-being
and therefore the data must be accurate and accessible, which relates in an ethical
manner.

5.4.1 Complex Problem Solving

This section maps the problem to the complex problem-solving categories with
rationales for each mapping:

Table 5.1: Mapping with complex problem solving.

EP1 EP2 EP3 EP4 EP5 EP6 EP7
Dept of Range Depth | Familiarit| Extent of Extent | Interdepen
Knowle Of of y of Applicable | Of Stake- dence

dge Conflictin | Analysi Issues Codes holder

g s Involvem
Requirem ent
ents
v v v v v v v

Justification for achieving these EP’s:

EP1-Depth of Knowledge: The project leverages engineering fundamentals
in electronics (ESP8266, sensors), embedded systems, demonstrating a
deep knowledge base.
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EP2-Range of Conflicting Requirements: The project balances conflicting
requirements such as a $24 budget, £+10% sensor accuracy, 200 mA power
consumption for portability, and scalability, requiring trade-offs (e.g.,
choosing ESP8266 over Raspberry Pi).

EP3-Depth of Analysis: In-depth analysis was conducted for sensor
calibration (reducing MQ135 errors from +15% to £10%), Wi-Fi connectivity
optimization (98% transmission success).

EP4-Familiarity of Issues: The project involves familiar engineering tasks
(sensor interfacing, IoT communication) alongside novel challenges (urban
deployment in Dhaka with CO2 peaks up to 1200 ppm and weak Wi-Fi),
requiring adaptive solutions.

EP5-Extent of Applicable Codes and Standards: The project adheres to
standards like IEEE 802.11 (Wi-Fi), IEC 61010-1 (safety), RoHS
(environmental compliance), and IEEE 730 (software quality), ensuring
reliability and safety.

EP6-Extent of Stakeholder Involvement: The project involves multiple
stakeholders, including Dhaka residents (health awareness), local
authorities (policy impact), and researchers (scalability), with diverse needs
shaping the design.

EP7-Interdependence: The system’s success depends on the
interdependence of electronics (sensors, ESP8266), software (Arduino,
ThingSpeak), where failures in one component affect others.

Mapping with Knowledge Profile for EP1
Here is the Table of Mapping with Knowledge Profile for EP1 :

Table 5.2: Mapping with knowledge Profile.

K3 K4 K5 K6 K8
Engineering Specialist Engineering Engineering Research
Fundamentals| Knowledge Design Practice Literature
V/ / NV v v

Justification for Knowledge Profile for EP1:

K3: The project demonstrates a depth of knowledge in engineering fundamentals by
integrating the ESP8266 NodeMCU with sensors (DHT11, BMP180, MQ135) and a 20x4
LCD, forming the foundational system for data acquisition, processing, and display,
ensuring reliable air quality monitoring in Dhaka.

K4: Specialist knowledge is justified through the application of advanced skills in
programming the ESP8266 for Wi-Fi connectivity (IEEE 802.11), interfacing sensors via
I12C (BMP180) and analog signals (MQ135), and configuring ThingSpeak for real-time
data transmission, enabling efficient IoT functionality.
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K5: Engineering design is justified by the creation of a modular system architecture that
optimizes cost ($24), accuracy (+10% for gas readings), and power consumption (200 mA),
ensuring scalability for future enhancements like adding PM2.5 sensors, reflecting a
robust design approach.

K6: Engineering practice is justified through hands-on implementation, including
calibrating the MQ135 sensor to reduce errors to £10%, implementing Wi-Fi retry
mechanisms (98% success rate), and deploying the system in Dhaka’s urban environment
to collect and analyze real-world air quality data.

KS8: The use of research literature is justified by referencing prior studies (e.g., Harika et
al., 2023; Ibrahim et al., 2023) to identify gaps in affordable, cloud-integrated air quality
monitoring systems, guiding the project’s design to address these gaps effectively and
enhance its impact.

5.4.2 Engineering Activities

The IoT-based air pollution detector solves complex engineering challenges by
developing low-cost scalable real-time air quality monitoring in Dhaka through
hardware-software-platform integration. This section connects the described activities
to multiple complex engineering activity categories.

Table 5.3: Mapping with complex engineering activities.

EA1 EA2 EA3 EA4 EA5
Range of Level of Innovation Consequences Familiarity
resources Interaction for society and
environment
v v v v v

This engineering activities involved in the IoT-based air pollution detector, which
addresses complex challenges by enabling low-cost, scalable, real-time air quality
monitoring in Dhaka through the integration of hardware, software, and cloud platforms.
The activities align with all complex engineering activity categories (EA1-EA5),
demonstrating effective resource utilization, high interaction, innovative solutions,
significant societal and environmental impact, and the application of familiar engineering
practices.
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5.5 Summary

The IoT-based air pollution detector project handled key engineering
standards alongside important design challenges to provide a reliable and
inexpensive ($24) air quality monitoring system for Dhaka. The IEEE
802.11 standard enabled Wi-Fi communication for the system which
delivered dependable data transmission to ThingSpeak at a 98% success
rate making it better than Bluetooth-based systems because of its better
suitability for urban environments. The IoT architecture followed the
guidelines of ISO/IEC 20924 so organizations can use it to scale beyond the
complexities of standards used by ETSI. Under IEC 61010-1 the 5V system
received electrical safety certification since it pertains to measurement
devices.

The software development process used IEEE 730 quality assurance
standards for ease of implementation than ISO/IEC 90003 while MQTT
(ISO/IEC 20922) enabled effective data transfer between the device and
ThingSpeak platform. Both reliable connections in hardware assembly
followed IPC-A-610 while RoHS regulations ensured environmental safety
in a sustainable approach.

The project employed I2C standards with BMP180 sensors to achieve
simple sensor transmission followed by HTTP/REST protocols for cloud
connection to offer balanced performance and simplicity.

Design Challenges: Blocking specific pollutants during calibration proved
difficult yet project processes managed to improve MQ135 error
performance from =+£15% to =+£10% through temperature-humidity
compensation.

The attempt to restore Wi-Fi connections in weak signal locations of Dhaka
through retry protocols did not eliminate complete network disruptions
which resulted in a 2% failure rate. The optimization of power efficiency
reached 200 mA which resulted in 48-hour battery life though outdoor
usage was constrained in the long term.

Future sensor modules (such as PM2.5) could be added to the system
because of its modular structure. The implemented standards and solutions
led to a functional cost-effective system which provided Dhaka community
members with practical air quality knowledge despite connectivity and
precision constraints.
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Chapter 6

Conclusion

6.1 Summary

In this paper we have developed an IoT device that can detect air quality and take decisions
accordingly. Through this technology like temperature, humidity, altitude, topography,
LPG, smoke, alcohol, hydrogen, carbon dioxide, carbon monoxide, butane, propane,
methane, benzene, ammonia, ozone, nitrogen dioxide, sulphur oxide, dust concentration,
particulate matter etc. Can sense harmful gases. Many types of hardware are used to
develop weather monitor technology such as Arduino Uno, Arduino Nano, Arduino Mega,
Node MCU Esp8266 Module, Raspberry Pi, STM-32 Blue Pill Development board, MQZ2,
MQ4, MQ7, MQ9, MQ131, MQ135, LM939 , BMP280 sensor, MiCS-2714 sensor, PM 2.5
sensor, PMSAO003 sensor, PMS-7003 dust sensor, DHT11, DHT22, geophone sensor, GPS
sensor, air sensor, air sensor 6 or, buzzer, relay module, LEDs, LCD Display, LDR, HK-
A5, HC-12 module, SIM800C module, sim800A module, DS-1307 realtime clock, 5-
megapixel camera module, DC motor, analog to digital converter etc. After some time, we
will use our built application's API to gather data. The weather monitor technology can be
analysed using the obtained values, the data obtained can be noted. Through this project,
the air quality of any area of Dhaka will be known. Based on that standard, Dhaka city
will be divided into three levels: green, blue and red. It will tell you that you have to use a
mask in some areas of Dhaka.

6.2 Limitation

Though the IoT-supported air pollution detector is successful, it has limitations.
First, the MQ135 sensor is sensitive to several gases (CO2, NH3, benzene) making the
isolation of individual pollutants difficult resulting in possible inaccuracies (+10% despite
calibration), especially due to mixed gas emissions in complex city environments
(overlapping gas sources).

The second was that in some areas that the Wi-Fi signal was weak, like the remotest areas
of Dhaka, the data could not send into ThingSpeak and it failed for 2% of the time (based
on the testing). We followed retry mechanisms to lessen the issue, but offline logging was
not completely implemented, which restricted reliability in low-connectivity zones.

Finally, the 48 hours of battery life using a 10000mAh battery that I found translates
directly into a limitation of continuous operation outdoors, which makes it hard to deploy
long term as it would need to be recharged periodically. Fourth, there was no mobile app
integration that would allow more users to interact with the projects in real-time alerts
other than the webbased ThingSpeak dashboards.

Lastly, while the accuracy obtained in the study was acceptable for community monitoring,

it is not on par with commercial air quality monitors (e.g. AeroTrak 9110) that report +5%
accuracy for gas measurements, demonstrating a gap in precise applications.
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6.3 Future Work

An advancement in the IoT based Air pollution detector is the development. Integration
of more specific sensors such as MQ9 (for CO and LPG) or PM2.
For instance 5 sensors such as PMSAQ003, can detect the exact quantity of the pollutants,
thus enhancing the accuracy and reliability for the health missions oriented towards a
particular targeted population.

Offline data logging using an SD card module: this would enable data persistence when
WiFi would not be available (e.g., rural or remote deployments in Bangladesh), making it
more robust.

Third, solar panels, as well as intelligent power consumption (like switching from 2
seconds to 30 seconds polling), can further lengthen the battery lifetime to over 48 hours,
enabling outdoor longer-term use.

Next, we could develop an app for 10S and Android so that the users could receive alerts
on their smartphones and have a simpler interface than ThingSpeak to interact with the
data, and thus better engage the community.

Fifth, refining the accuracy of the system by integrating advanced model types, such as
neural networks, and also validate against standard, commercial monitors may enable
reductions in applicability errors to +5%, rendering it appropriate for regulatory
applications.

Lastly, in collaboration with local NGOs and government agencies, the project can be
scaled for city-wide implementation in Dhaka by integrating with existing smart city
Initiatives to build a comprehensive urban air quality monitoring network which would
significantly increase its societal and environmental benefit.
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