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Abstract

Air pollution originating from vehicles and industries has become a
serious problem posing a threat to human life. Therefore, air quality
monitoring is crucial for both outdoor and indoor applications to
safeguard a promising future and ensure a healthier life. This project
developed an air quality monitoring system that allows users to monitor

and examine air quality directly at a specific location using the Internet
of Things (IoT). The system employs two types of sensors: fine dust
sensor (GP2Y1010AUOF) and temperature with humidity sensor
(DHT11) which transmit data to NodeMCU ESP32. This microcontroller
processes and sends the data to the Blynk web server. The project also
incorporates Long Range (LoRa) module as the transmitter and receiver
for the sensor data. Results are compared with TESTO 650i. There were
some inconsistencies with readings which could be due to sensors'
accuracy or environmental factors. The integration of this system with
cloud storage enhances the efficiency of information delivery. An loT-
based system like this is essential for users who wish to conduct real-
time remote monitoring. Ultimately, this project serves as a method to
detect fine dust and monitor air quality readings including temperature
and humidity.

Air Quality Monitoring, Internet of
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1. Introduction

Air pollution has emerged as one of the most pressing environmental issues, significantly impacting health and
the environment [1]. Traditional air quality monitoring methods face challenges such as high costs and lack of
real-time data [2]. The Internet of Things (IoT) offers a cost-effective solution by enabling real-time data
collection and analysis [3]. This project proposes an IloT-based air quality monitoring system using
GP2Y1010AUOF fine dust sensor and the DHT11 temperature and humidity sensor, transmitting data to an
NodeMCU ESP32 microcontroller and then to the Blynk web server for real-time monitoring [4]. The system also
incorporates LoRa module to enhance transmission range. This loT-based solution provides an efficient, scalable
method for air quality monitoring, addressing the limitations of traditional methods and contributing to efforts
in mitigating air pollution's adverse effects [5].

2. Methodology

Fig. 1 shows the block diagram for LoRa transmitter. The system begins with the DHT 11 sensor and the Sharp
Dust GP2Y1010AUOF sensor sending data to the NodeMCU ESP32 microcontroller. Temperature and humidity
data are sent by the DHT 11 sensor, while particulate matter data is sent by the Sharp Dust sensor to the
NodeMCU ESP32. The data is then transmitted to the LoRa Transmitter, and subsequently, the data is sent to the
Blynk Cloud. Fig. 2 shows the block diagram for LoRa Receiver. LoRa Receiver receives data transmitted over
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LoRa network. The NodeMCU processes the received data from the LoRa module and formats it for transmission
to the Blynk cloud and LCD. The data is then stored in the Blynk Cloud and displayed on the LCD.
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Fig. 1 The block diagram for transmitter
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Fig. 2 The block diagram for receiver

Fig. 3 shows the flowchart for the operation of the air quality monitoring system. Initially, the system is
started, and it is checked if power is received from the power bank. Once powered, data on temperature,
humidity, and particulate matter are transmitted from two separate locations: Location 1 (Tun Fatimah (TF)
College) and Location 2 (Tunku Tun Fatimah Library (PTTA)).

The NodeMCU ESP32 microcontroller with LoRa is then activated, and it is connected to Wi-Fi and the Blynk
application. This setup allows data to be received from both locations. The collected data are stored in the Blynk
application and displayed on an LCD screen.

The system uses a DHT11 sensor to measure temperature in degrees Celsius and humidity in percentage,
and a GP2Y1010AUOF dust sensor to measure particulate matter in micrograms per cubic meter. These sensors
operate autonomously at the specified locations. The sensor data are easily retrieved and transmitted using
NodeMCU ESP32 and LoRa. All the collected data are carefully stored in the Blynk application, which is easy to
use. Fig. 4 shows the prototype of the transmitter and Fig. 5 shows the prototype of the receiver.

Table 1 lists all the components needed for this project. Whilst, Table 2 shows the software requirement for
the project and the purpose of the software in the project development.
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Fig. 3 Flowchart of overall project
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Fig. 4 Prototype of the transmitter
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Fig. 5 Prototype of the receiver

Table 1 List of components and their functions

No Components Function

1 NodeMCU ESP32 microcontroller. Primary microcontroller.

2 DHT 11 sensor. Measure temperature and humidity.

3 Sharp dust GP2Y1010AUOF sensor.  Measure particulate matter (dust).

4 Longe-Range (LoRa) module. Act as transmitter and receiver of the data.

Table 2 Software requirements and the purpose

No Software Function

1 AEDUINO IDE.  For programming the code and uploading the code into the microcontroller.

2 Blynk Cloud Act as transmitter and receiver of the data.

3. Result and Analysis

Fig.6 shows the prototypes of the transmitters at both locations. In Fig. 6(a), the temperature, humidity, and
particulate matter are tested at TF College while in Fig. 6(b) are tested at PTTA. Fig. 6(c) shows the data stored
in Blynk Cloud that synchronized with the LCD in Fig. 6(d) and Fig. 6(e). That means the data sent by LoRa
transmitter is stored in Blynk Cloud and displayed on the LCD. Fig. 6(d) and Fig. 6(e) show the results that are
displayed on the Blynk Cloud and the LCD respectively.
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DHT11

Fig. 6(c) Data stored in Blynk Cloud are synced with the data on LCD

Fig. 6(e) Data for temperature, humidity, and particulate matter displayed at PTTA

3.1 Comparison with TESTO 650i

result from the project is compared with TESTO 650i to determine which method is more effective, accurate, or
suitable for a particular task. Fig. 7(a) shows the average temperature for TF College. The values measured by
TESTO 650i and DHT 11 are not very much different. Fig. 7(b) shows the average humidity for TF College. In the
morning, the result taken by TESTO 650i is higher than DHT 11, while at night the value is almost the same. Fig.
7(c) shows the temperature for PTTA. The TESTO 650i recorded significantly higher humidity levels in the
morning compared to the DHT 11. However, during the night, the humidity levels measured by both sensors
were almost identical. This suggests potential differences in sensor sensitivity or environmental conditions
affecting the measurements. Fig. 7(d) shows the average humidity for PTTA. The humidity levels measured by
both sensors in the morning were quite similar, with the TESTO 650i recording a slightly higher value. During
the night, the DHT 11 sensor recorded a marginally higher humidity level than the TESTO 650i. This indicates
that the measurements from both sensors are consistent, with minor variations possibly due to sensor accuracy
or environmental factors.

Average temperature for TF College Average humidity at TF College

Temperature (°C)
Humidity (%)
ok @ s G20
2588388

PTTA (morning) PTTA [night)
EDHT11 618 616
W TESTO 650 B264 6112

TF (marning) TF {night)
EDHT11 34.14 3436
W TESTO 605 275 33.8
Time {am and pm)
Time (am and pm)

Fig. 7(a) Average temperature for TF College Fig. 7(b) Average humidity for TF College
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Average temperature for PTTA Library Average humidity at PTTA Library

Humi dity (%)
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-

PTTA (morning) PTTA inght)
mOHT11 34.58 3446 mOHT11
W TESTO 605 26.08 30.14

PTTA (morning) PTTA (neht)
7212 706

W TESTO 650 73.38 68.72

me (am and pm) Time (am and pm)

Fig. 7(c) Average temperature for PTTA Fig. 7(d) Average humidity for PTTA

4. Conclusion

This project developed a portable air quality monitoring system using the NodeMCU ESP32 microcontroller,
Sharp dust sensor GP2Y1010AUOF, and DHT11 sensor to measure particulate matter, temperature, and
humidity. Comparison with TESTO 650i yields some differences in temperature and humidity and some
inconsistencies were noted in particulate matter readings. Integrating the system with an IoT platform using
LoRa communication modules and the Blynk app enabled data transmission and real-time monitoring of
particulate matter, temperature, and humidity.
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