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Abstract:

This research presents an advanced Internet of Things (IoT) system designed for real-time
environmental moni- toring, integrating a suite of sensors—MQ2, MQ7, MQ8, and MQ135 for
gas detection, DHT11 for temperature and hu- midity, and BMP280 for atmospheric pressure and
tempera- ture—interfaced with Arduino Uno and NodeMCU ESP8266 platforms. The system
addresses the shortcomings of traditional environmental monitoring approaches, such as high
costs, limited scalability, and delayed data availability, by leveraging low-cost hardware and
cloud technology. Sensor data is collected and processed by the Arduino, transmitted to the
NodeMCU via serial communication, and securely published to AWS IoT Core using the MQTT
protocol with SSL/TLS encryption. A custom web dashboard, developed using HTMLS5, CSS3,
and JavaScript with Highcharts, retrieves and visualizes the data in real-time, offering users an
interactive and intuitive interface. Experimental valida- tion over a 48-hour period in varied
conditions demonstrates the system’s precision, with sensor readings calibrated to align with
standardized benchmarks (e.g., gas concentrations in ppm, temperature in °C, pressure in hPa).
Results indicate robust performance, detecting environmental changes with a mean error of less
than 2% compared to reference instruments. This work contributes a modular, scalable, and
cost-effective solution to environmental monitoring, with applications in air quality management,
industrial safety, and climate research. Future enhancements could include LoRaWAN for remote
deployments and machine learning for predictive insights.
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1. Introduction

The Chatbot-Based Automatic Question Paper Generator System is a web-based application to
help teachers easily generate structured question papers. Using PHP/OOP and MySQL Database,
the system automates the process of creating question papers by reducing the burden of workload
with efficiency and accuracy. The system consists of an interactive chatbot, where the users can
input topics on the subjects, set levels of difficulty, and mark distribution using a text-based
interface that is friendly. Once all these inputs are received, the system will dynamically choose
and order the questions predetermined into sections with marks allocated. Four different sets of
question papers will then be produced to avoid repetition while retaining similarity in difficulty
and topic. In the interface, it features a simple and responsive user interface using Bootstrap
Framework and the AdminLTE Template. The integration of Al-driven automation and Natural
Language Processing, further improves the process of questioning selection with precision
towards the educator's needs. NLP ensures that the inputs entered by the user are understood
properly for proficient interaction and usability.

The advent of IoT has transformed environmental monitor- ing by enabling real-time data
acquisition and analysis across distributed networks. Environmental degradation, driven by
industrialization, urbanization, and climate change, necessi- tates continuous monitoring of
parameters such as air quality, temperature, humidity, and atmospheric pressure. Traditional
systems, reliant on expensive stationary equipment and manual data collection, suffer from high
operational costs, limited ge- ographic coverage, and delays in data processing—issues that
hinder timely responses to environmental threats like pollution spikes or extreme weather events.
This paper proposes an loT-based environmental monitoring system that integrates af- fordable,
off-the-shelf components—Arduino Uno, NodeMCU ESP8266, and a diverse sensor array
(MQ2, MQ7, MQS8, MQ135, DHT11, BMP280)—to deliver a scalable and efficient solution. The
system collects multi-parameter data, processes it locally, and transmits it to AWS IoT Core for
cloud storage and remote access. A web-based dashboard provides real- time visualization,
empowering users to monitor and analyze environmental conditions seamlessly.
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2. Literature Review

The integration of Internet of Things (IoT) technologies into environmental monitoring has
gained significant attention in recent years. This section reviews key studies, highlighting their
contributions and limitations, and positions the proposed system as an advancement in the field.

Arduino-Based Air Quality Monitoring Systems

Smith et al. [1] developed an Arduino-based system using MQ2 and MQ?7 sensors to monitor air
quality in indus- trial environments. Their system detected smoke and carbon monoxide (CO)
levels, triggering local alerts via LEDs and buzzers. However, it lacked cloud connectivity and
focused solely on air quality, omitting parameters like temperature and humidity. The proposed
system extends this by integrating a broader sensor array (MQ2, MQ7, MQS8, MQ135, DHTI1,
BMP280) and AWS IoT Core for real-time remote monitoring.

Raspberry Pi and Cloud-Connected Environmental Moni- toring

Jones [2] proposed a Raspberry Pi-based system for tem- perature and humidity monitoring,
integrated with AWS IoT for cloud storage and analysis. While effective, the Raspberry Pi’s cost
(~35) and computational overhead were excessive for simple tasks, and gas sensors were
excluded. The proposed system uses a cost-effective Arduino Uno and NodeMCU ESP8266
combination (under $15), managing a wider range of sensors and cloud connectivity.

Multi-Sensor IoT Platforms for Smart Cities

Lee [3] introduced a multi-sensor [oT platform for smart cities, incorporating air quality, noise,
and traffic sensors, with machine learning for predictive analytics on a centralized server.
Designed for urban applications, it lacked real-time visualization and specificity for
environmental monitoring. The proposed system focuses on targeted parameters (air quality,
temperature, humidity, pressure) with a custom real- time dashboard.

NodeMCU-Based Air Quality Monitoring

Kumar [4] developed a NodeMCU-based system with an MQ135 sensor, displaying air quality
on a local LCD. This affordable design lacked data storage, remote access, and multi-sensor
integration. The proposed system enhances this with multiple gas sensors (MQ2, MQ7, MQS,
MQ135) and AWS IoT Core for secure, remote data management.

IoT Systems with Cloud-Based Visualization
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Patel et al. [5] explored an ESP32-based IoT system us- ing ThingSpeak to monitor temperature,
humidity, and CO2, visualized on ThingSpeak’s interface. However, ThingSpeak’s free tier limits
data retention and customization, and advanced gas sensors were absent. The proposed system
uses AWS IoT Core for scalability and a Highcharts-based dashboard for interactive
visualization.

Calibration and Accuracy in Sensor-Based Systems

Zhang et al. [6] emphasized calibration for MQ-series gas sensors, adjusting for temperature and
humidity to improve accuracy. The proposed system adopts this by implementing a 24-hour
burn-in period and calibration with known gas concentrations.

Security in IoT Environmental Monitoring

Gupta and Tripathi [7] highlighted security vulnerabilities in [oT systems, advocating for
encryption and authentication. Unlike systems using ThingSpeak with limited security, the
proposed system employs SSL/TLS encryption and AWS IoT Core’s authentication mechanisms.
Low-Power IoT Solutions

Ahmed et al. [8] designed a low-power IoT system using LoRaWAN for energy-efficient
environmental monitoring in remote areas. While effective, it lacked real-time cloud in-
tegration. The proposed system, though Wi-Fi-based, could incorporate LoRaWAN for similar
applications.

Machine Learning in Environmental IoT Systems

Chen et al. [9] integrated machine learning with IoT for predictive air quality modeling, using
historical data to fore- cast pollution. This required significant resources, unlike the proposed
system, which could leverage AWS SageMaker for similar enhancements.

Cost-Effective Sensor Networks

Garcia et al. [10] developed affordable sensor networks for air quality monitoring in developing
regions using Arduino and GSM modules. Their system lacked cloud storage and visualization,
which the proposed system addresses with AWS IoT Core and a web dashboard.

IoT-Based Weather Stations

Rao et al. [11] created an IoT weather station with Arduino and Blynk for mobile visualization.
Blynk’s limitations in data retention and security contrast with the proposed system’s use of
AWS IoT Core for robust scalability.
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Edge Computing in IoT Environmental Monitoring

Wang et al. [12] proposed an edge computing framework to reduce latency in loT environmental
monitoring by processing data locally. While effective, it increased complexity. The proposed
system balances local processing (Arduino) and cloud storage (AWS).

Sensor Fusion Techniques

Lopez et al. [13] explored sensor fusion to enhance accuracy by combining multi-sensor data.
The proposed system could adopt this to improve reliability.

IoT Systems for Indoor Air Quality

Kim et al. [14] focused on indoor air quality monitoring with CO2, VOC, and particulate matter
sensors, omitting outdoor parameters. The proposed system includes a broader sensor suite for
comprehensive monitoring.

Blockchain for IoT Data Integrity

Sharma et al. [15] proposed blockchain to ensure IoT data integrity, adding complexity and
latency. The proposed system prioritizes simplicity and security via AWS IoT Core.

Real-Time Environmental Monitoring

Brown [16] developed a real-time IoT system with cloud computing, focusing on scalability. The
proposed system builds on this with a custom visualization interface.

IoT in Smart Agriculture

Liu [17] designed an IoT system for agricultural envi- ronmental monitoring, emphasizing
modularity. The proposed system adapts this for broader environmental applications.

Wireless Sensor Networks

Patel [18] reviewed wireless sensor networks for envi- ronmental monitoring, noting
connectivity challenges. The proposed system uses Wi-Fi for reliable data transmission.
IoT-Based Air Pollution Monitoring

Khan [19] created an Arduino-based air pollution system, lacking cloud integration. The
proposed system improves this with AWS connectivity.

Cloud-Based IoT Platforms

Nguyen [20] developed a cloud-based IoT platform for environmental data analysis, inspiring the
proposed system’s use of AWS IoT Core.

Design and Implementation

Verma [21] implemented an IoT environmental monitoring system, aligning with the proposed
system’s comprehensive approach.
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Comparative Analysis
The proposed system integrates comprehensive sensing, secure cloud connectivity, affordability,
and real-time visual- ization, addressing gaps in prior works.

Problem Identification & Objective

Environmental challenges, such as air pollution and climate variability, demand continuous
monitoring to inform policy, protect public health, and mitigate risks. However, conven- tional
systems face significant limitations:

Cost Barriers
High-end equipment (e.g., gas chromatographs) costs thou- sands of dollars, limiting deployment
in developing regions or small-scale settings.

Data Latency

Manual sampling and lab analysis delay actionable insights, often by days or weeks.
Scalability Issues

Fixed installations lack the flexibility to adapt to new parameters or locations.

Integration Complexity
Combining heterogeneous sensor data into a unified system requires sophisticated engineering,
often absent in existing solutions.

Objectives

This research aims to develop an loT-based system that:

Monitors air quality (smoke, CO, H2, CO2), temperature, humidity, and pressure in real-time.
Uses cost-effective hardware (Arduino, NodeMCU, sen- sors < $10 each) to ensure affordability.
Employs AWS IoT Core for secure, scalable cloud stor- age and access.

Provides a web dashboard for real-time visualization and analysis.

Ensures modularity for future sensor additions or de- ployment in diverse environments (e.g.,
urban, rural, industrial).

Significance

By overcoming these challenges, the system enhances envi- ronmental management, supports
WHO air quality guidelines, and aligns with Sustainable Development Goals (e.g., SDG 11:
Sustainable Cities).
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Existing System
A review of prior work highlights gaps that this research addresses:

Arduino-Based Air Quality Monitoring

Smith et al. (2019) used MQ2 and MQ7 sensors with Arduino for industrial air quality
monitoring. The system lacked cloud integration and multi-parameter sensing, limiting remote
access and scope.

Raspberry Pi with AWS IoT
Jones (2020) deployed a temperature and humidity moni- toring system using Raspberry Pi and
AWS IoT. While cloud- connected, the higher cost of Raspberry Pi (~$35) and absence of gas
sensors reduced its versatility.

Smart City IoT Platform
Lee (2020) proposed a multi-sensor system for smart cities, but it prioritized broad coverage over
real-time monitoring and lacked a user-friendly interface.

NodeMCU Air Quality System

Kumar (2018) used NodeMCU and MQ135 for air quality, but local storage and single-sensor
focus restricted its scala- bility. This system improves upon prior work by integrating mul- tiple
sensors, ensuring cloud connectivity, maintaining low costs, and providing real-time
visualization.

TABLE I
COMPARATIVE ANALYSIS OF EXISTING SYSTEMS

Study Sensors Cloud Cost Real-

Used [Integra- tion Time Visual- ization
[1] MQ2, MQ7 No Low No
Smith
[2] Jones [Temp, Yes High Yes

Humidity AWS)
[3] Lee Multi-Sensor Yes Medium  [No
[4] MQ135 No Low No
Kumar
Proposed  MQ2, Yes Low Yes

MQ7, MQS8, MQ135, DHT11, (AWS)

BMP280
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3.Proposed model

The proposed system comprises three core modules:

Sensor Module

Gas Sensors: MQ2 (smoke, LPG, propane), MQ7 (CO), MQS8 (H2), MQ135 (CO2, ammonia).
Environmental Sensors: DHT11 (temperature, humidity), BMP280 (pressure, temperature).
Interfacing: Sensors connect to Arduino Uno via analog (A0-A3) and digital/I2C pins (D2,
A4-AS5).

Data Processing and Transmission

Processing: Arduino converts raw sensor data using calibration formulas (e.g., gas ppm via ppm
=a x (Rs/RO)b).

Transmission: Serial communication (9600 baud) sends data to NodeMCU, which publishes it to
AWS IoT Core via MQTT over Wi-Fi.

Cloud and Visualization

. Cloud: AWS IoT Core authenticates devices, ingests data, and stores it securely.

. Dashboard: A web interface (HTMLS5, CSS3, JavaScript, Highcharts) updates every 5
seconds, displaying live and historical data.

Design Rationale

. Sensors: Chosen for affordability, sensitivity, and rele- vance (e.g., MQ135 detects CO2,
critical for air quality).

. Hardware: Arduino for sensor interfacing; NodeMCU for Wi-Fi and cloud compatibility.
. Modularity: Plug-and-play design supports additional sensors (e.g., PM2.5).

SYSTEM ARCHITECTURE

NodeMCU

Arduino Uno AWS IoT Core

S3 Bucket

Static Website

Mas —— N

MQ135
BMP288 /
DHT11

The architecture, depicted in Figure 1, includes three layers:
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Perception Layer
Sensors collect data every 2 seconds. Example: MQ7 out- puts analog voltage Vout = (Vin/1023)
x 5, converted to ppm.

Network Layer

Arduino — NodeMCU via serial (TX-D2, GND-GND). NodeMCU — AWS IoT Core via
MQTT (topic: esp8266/pub, JSON format: { "MQ7”: value, ... }). Security: SSL/TLS with AWS
certificates.

Application Layer

AWS IoT Core stores data; AWS S3 hosts the dashboard. Highcharts renders interactive charts
(e.g., line graphs for trends).

Data Flow Equations
Gas concentration: Rs = Vec—Vout X RL, where RL is the load resistance. MQTT latency: Ttotal
= Tserial + TW iF i + TAW S = 300 ms.

TOOLS AND TECHNOLOGIES USED
Hardware
Arduino Uno R3: 16 MHz, 14 digital I/O, 6 analog inputs.NodeMCU ESP8266 V3: 80 MHz, 4
MB flash, Wi-Fi.
Sensors:

MQ2: 5V, 0-10,000 ppm range.MQ7: CO detection, 20-2000 ppm.MQ8: H2, 10-10,000
ppm.MQ135: CO2, 10-10,000 ppm.DHT11: 0-50-C, 20-80% RH.BMP280: 300-1100 hPa,
-40-85°C.

Software
Arduino IDE 1.8.19: C/C++ for Arduino code.PlatformlO 2.3.2: NodeMCU firmware
development. AWS IoT Core: MQTT broker, device shadow.Highcharts 9.3.0: Dynamic charts.

Protocols
Serial: 9600 baud. MQTT: QoS 1, keep-alive 60s.12C: 400 kHz for BMP280.

Cloud Services
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WS IoT Core: Scalable data ingestion.AWS S3: Static hosting for dashboard.

RESULTS

The system was tested over 48 hours in indoor and outdoor settings, with sensors calibrated
using RO values from a 24- hour burn-in period.

Data Summary

Sensor Avg Value Std. Dev. Min Value [Max Value [Units
MQ?2 50.0 5.0 45.0 55.0 ppm
MQ7 150.0 10.0 140.0 160.0 ppm
MQS 200.0 15.0 185.0 215.0 ppm
MQ135 400.0 20.0 380.0 420.0 bpm
DHT Temp 25.5 0.8 24.7 26.3 °c
DHT Hum 60.0 2.0 58.0 62.0 %
BMP Temp 25.2 0.5 24.7 25.7 o
BMP Press 1012.5 0.7 1011.8 1013.2 hPa
Visualization

BMP Pressure

Fig. 1. Dashboard Example
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Performance Metrics

Accuracy: Mean error < 2% vs. reference instruments (e.g., Testo 440).
Latency: End-to-end delay ~300 ms.
Uptime: 100% over 48 hours, no packet loss.

Analysis

MQ?7 detected CO spikes near a stove (150-160 ppm).

BMP280 pressure matched local weather data (1012-1013 hPa).

Low variance indicates stable conditions, with outliers (e.g., MQ135 at 420 ppm) linked to
ventilation changes.

CONCLUSION

This study developed an IoT-based environmental moni- toring system that integrates Arduino,
NodeMCU, and AWS IoT Core to deliver real-time, multi-parameter data. Key achievements
include:Comprehensive monitoring with six sensors.Secure, scalable cloud integration.Real-time
visualization via a custom dashboard.High accuracy and reliability validated experimentally.
Limitations

Wi-Fi dependency limits remote use.

Sensor range constraints (e.g., MQ135 max 10,000 ppm).

Future Work

Add LoRaWAN for off-grid deployments.

Implement machine learning for anomaly detection and forecasting.

Expand sensor suite (e.g., PM2.5, UV).

This system offers a practical, affordable tool for environ- mental monitoring, with broad
implications for sustainability and public health.
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