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ABSTRACT

The paper proposes an innovative solution with a new air
monitoring system that utilizes loT technology, featuring
compact, flexible, and automated nodes. This system operates
without human intervention and can perform real-time
measurements, reducing errors and consuming less energy.
The product is developed and designed based on WiFi
communication technology, NodeMCU Module, and the
application of various sensors such as rain sensors,
temperature-humidity sensors, soil moisture sensors, UV
(Ultraviolet) sensors, dust sensors, fire sensors, and GAS
sensors. The final product is a feasible hardware system for use
in WiFi-covered areas, serving not only environmental
monitoring but also households, farms, and agricultural areas.
Keywords: Measurement; monitoring; control; environment;
Internet of Things (loT).

1. Introduction

Monitoring environmental quality has become more
urgent than ever in the context of increasing climate
change and environmental pollution. The Internet of
Things (IoT) technology has opened new opportunities
for the efficient and accurate collection, analysis, and
management of environmental data [1], [2], [3], [4], [5]-
This paper focuses on the research and development of an
environmental monitoring device based on IoT
technology.

Overview of studies to date. Several studies have been
published on environmental pollution monitoring
systems, including: In [6], the authors propose an IoT-
based environmental pollution monitoring system. This
system only monitors pollution caused by vehicles, using
sensors to collect real-time data on air pollutants such as
SO2, CO, CO2, and NO, and calculates the percentage of
these substances. The pollutants addressed include
Ammonia, Oxygen, and Carbon Monoxide. In [7], the
authors present a model to assess the complexity of air
pollution in a workplace monitoring and forecasting
system. The system uses multiple sensors and Neural
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Networks to track and predict temperature, humidity, wind direction, and wind speed. In
[8], the authors propose a framework for a monitoring system based on wireless sensor
networks (WSN), using mobile communication networks (GSM) and LabView to build an
interface for displaying monitoring information. This system only monitors Carbon
concentration in the air. In [9], the authors present an intelligent monitoring system using
IoT and Petri Nets (PN) to track temperature and predict reference temperature, which can
be used for temperature control units. This study also emphasizes energy consumption and
model efficiency. In [10], the authors discuss using Zigbee networks to monitor indoor air
quality, tracking PM2.5, CO2, temperature, and humidity. Data is collected through IoT
devices and shared via GPRS/4G networks. This system also focuses on energy
consumption and the efficiency of the monitoring model. Other studies have built IoT-
based monitoring systems to track hazardous pollutants in air, water, and soil by various
authors [11], [12], [13], [14], [15]. These models use different controllers and sensors to
collect and monitor data on air pollutants, pH values in industrial wastewater, and other
factors. Surveys of related devices, products, and publications indicate that these solutions
are complex and expensive. Moreover, these technologies are proprietary (require
licensing) and are only suitable for specific subjects or areas proposed by the authors.

This paper presents the development of a new air quality monitoring system
intended for use in several areas in Vietnam to address the shortcomings of previous
systems by using compact, flexible, and fully automated network nodes. This system
minimizes errors, consumes less energy, and operates independently of human
intervention. The system is expected to have a simple operation, requiring no high-level
user knowledge, and be easy to maintain, repair, and install at a much lower cost. The
research aims to design an environmental monitoring system capable of collecting data
from various sensors, transmitting data in real-time, and providing detailed information
on environmental parameters such as air quality, temperature, humidity, and noise levels.
This system will use sensor modules connected to microcontrollers like Arduino and
ESP8266 to collect and transmit data wirelessly to a central server. The study also
addresses the development of environmental data management software (website),
allowing scientists and authorities to access, monitor, and analyze the data quickly. This
software will provide data visualization tools, detect trends, and offer early warnings
about environmental changes.

2. System design diagram

The overall block diagram of the system is described in Figure 1.

Description of Functional Blocks [2-10]:

» Node MCU Block: Receives data from the control block and sends it to the server
while receiving control signals from the server to control the sensors.

« Actuator Block: Receives signals from the control block to switch electrical
devices on and off.

« Control Block: The central control unit is responsible for collecting and
processing data from the sensor block through the Node MCU block and receiving
control signals from the Node MCU to manage the sensor block. The system's smooth
operation and efficiency depend heavily on the control block, which uses the Arduino
UNO R3 board.
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» Sensor Block: Collects data from the environment and sends it to the control block
for processing.

» Display Block: Informs the observer of the current system status.

 Power Block: Provides power to the other blocks in the system.

POWER BLOCK

EKECUTION
BLOCK

Figure 1: Block diagram of the overall system

System Operation Principle: Sensors (temperature-humidity sensor, dust sensor,
UV sensor, rain sensor, soil moisture sensor, gas sensor, fire sensor) collect environmental
data and send the values to the Arduino. The Arduino receives and processes these values
and then sends them through the NodeMCU module while displaying them on an LCD
screen. The NodeMCU receives data from the Arduino, transmits it to the server (website)
via a Wi-Fi connection, and waits for control signals from the server to control electrical
devices. The web server visually displays the parameters received from the sensors in real-
time (with a delay due to upload time). It controls the electrical devices through on/off
buttons on the system website.

Component Selection:

« Data Transmission Block: The system uses the Node MCU module to send and
receive data via Wi-Fi.

« Actuator Block: Uses the BMC water booster pump.

« Control Block: The system uses the Arduino UNO R3 board as the main
microcontroller.

» Sensor Block: Includes Temperature and Humidity Sensor (DHT11); Soil
Moisture Sensor (YL-69); Rain Sensor: Detects rain or conductive liquids contacting the
sensor surface, useful for automatic applications such as rain detection and automatic water
level alerts; Dust Sensor (Sharp Optical Dust Sensor PM2.5 GP2Y1010AUOQF); UV Sensor
(ML8511); Gas Sensor (MQ-2 for LPG/CO/CH4); Fire Sensor.

* Display Block: Uses the LCD 12864 screen to display status and sensor readings.
The system uses a green LCD12864 screen for display.
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* Power Block: The system uses three different power supplies: 12V 5A Powers
the pump, motor, motor control circuit L298, and cooling fan. 9V Powers the Arduino,
Node MCU module, and sensors. The 9V supply to the Arduino goes through a 5V
regulator 1C for Arduino operation, and the 5V supply for the sensors is taken from the
Arduino's 5V pin. 5V Powers ensures sufficient current for the relay circuit, preventing
voltage drops.

3. Hardware design

The hardware circuit design of the system is illustrated in Figure 2.

LCD1
S0 HA
T EXT
S0IL1 LIGHT1 - I
=011 LIGHTHA EHES
B Tew EBpp3.BElEzEEcRoboz]
S e sk el +{afel-{uleloll]oflafele]o]
LR £ g
ILZENSDRHA
<TEM DUSTAH
%‘N" [ DUSTSENZ0 R HA
(2 STEXT=
s
EN f iz ﬁg =
ouT -
= — 4
g e g S585sY
iEs |
~{ra|m| +] ]
S0RHA
— Reierans g Epym
03¢t AREF
T L o
FAST uvz | RE= 013 e
CAEEENSORHA T ;\rz“‘ :ﬁ =
e o 010 [ 2
= - f=L11) ne
Frumsred = Jwn vz [
Jrfrlafele ] M DHTA
= vt = DHT11HA
1 CER ey 0 DS 1 <
S bl -
- w2 b+
" = lea k= a
S | T vz = §E-5
OCE1 ] i ns D 7
—+—]{ a0 o = '""l'
= o RETWG T, z WATER
+ 3
= 13 0
= =2 s [ b
+ = e
g AT ERZEN SR HA
B z‘.’( :: = TEiz e
o = o S
] 2 = =
e il o)
RET T
T+ CECrT— [ LEL" LECZE  LED4
=2 G5 e LEDHA | LEBHA  LEDHA  LEDHA _ RAINA
Wi I =g STER [ =TEm  TER  =TE® 51 e o
E E WCs —z—us VDT f=L11]
E E e el
[10=19 KN G A —
- =8 By EIn L= Hal ha
o = o = TEM STEM

Figure 2: Schematic diagram of the system circuit

In Figure 2, the sensors and modules are connected to the Arduino UNO R3 board
according to the pin connection tables provided below (Tables 1, 2, 3, and 4). The system
uses a 5V relay that is activated at a high level, allowing it to control the power for the
water pump, cooling fan, and the L298 motor control module, which operates the curtain
motor. To display the operating status, an LCD 12864 screen is connected to pins D10
through D13 of the Arduino. The NodeMCU ESP8266 module is used to send and receive
data from the server.

All sensors and relays are powered by a 5V DC supply, the water pump uses a 12V
DC supply, and the Arduino operates on a 9V DC power source. Sensor data is
continuously updated automatically and sends value information or warning signals to both
the LCD screen and the web interface in real time. Additionally, users can control actuators
(fan, water pump, curtain, etc.) remotely via the internet or perform other tasks as needed.
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Table 1: Pin connection table for sensor block

Arduino GND | 5V |33V | A0 |A1|A2|A3|D6| D7 |D8|D9
Dust Sensor GND | VCC| - - - |- (V0| - |LED| - | -
Temperature Sensor | GND | VCC| - - - -] - - - |DO| -
Rain Sensor GND | VCC| - - - -] - - - - | DO
Gas Sensor GND | VCC| - - - |AO| - | - - -] -
Soil Moisture Sensor | GND | VCC | - - |AO] - | - | - - - -
UV Sensor GND| - |vcciodr| - | -] -1 - - - -
Fire Sensor GND | VCC| - - -1 -1 -1D0O| - -] -

Table 2: Pin connection table for data transmission block

Arduino D0 D1 5V GND
Node MCU TX RX Vin GND

Table 3: Pin connection table for display block

Arduino 5V GND D10 | D11 | D12
LCD12864 | VCC,BLA | GND,BLK,RST | RS |RW | E

Table 4: Pin connection table between node mcu and relay module

Node MCU DO |[D1 |D2 |[D3 (D4 |GND
Module Relay | IN1 |IN2 |IN3 [IN4 |INS | GND

4. Software design

To ensure the system operates effectively, an algorithm flowchart that meets the
problem requirements is essential. Based on the functions of the system components
described in Figure 1, this study proposes the development of algorithm flowcharts for the
system, divided into two separate flowcharts: one describing the functions of the controller,
and the other describing the functions of the server [6], [7], [8], [9], [10], [11], [12], [13],
[14], [15]. Additionally, to develop the software interface that supports connection to the
hardware system, an Integrated Development Environment (IDE) is used to program the
Arduino boards.

a. Controller algorithm flowchart

The algorithm flowchart for the system node controller is shown in Figure 3. Upon
initialization, the system starts by setting up libraries, sensors, and modules, followed by
checking the Wi-Fi connection status. If Wi-Fi is connected, the system will await
commands from the server to control the devices, read and process sensor data, and
subsequently send this data to the server. This process repeats in an infinite loop. If Wi-Fi
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is not connected, the system will continue checking until a connection is established, after
which the subsequent processes are executed. The <ESP8266WiFi.h> library enables the
NodeMCU DEVKIT to perform Wi-Fi connection functions in various modes.

SYSTEM INITIALIZATION

CHECK WITH CONNECTION

WAITTING FOR CONTROL
COMMAND FROM SERVER

READ SENSOR DATA

h 4

SEND DATA TO SERVER

Figure 3: Algorithm flowchart for controlling system nodes

b. Server algorithm flowchart

The algorithm flowchart describing the server operation of the system is
constructed as shown in Figure 4. Upon successful initialization, the server immediately
receives data sent from the Node. During this process, the server listens for control
commands from the user. If the user wishes to operate a device (such as a pump, fan, or
curtain), the server promptly sends an ON/OFF control signal to the Node.

52



Vinh University Journal of Science

Vol. 53, No. 44/2024

/ 3 \.
( BEGIN )
Y B

/ SYSTEM INITALIZATION ',“'

RECEIVE DATA FROM NODE

SEND PUMP ON OFF COMMAND TO
NODE

SEND PUMP ON OFF COMMAND TO
NODE

<
<

v

__~TURN ON REDUCER
MOIOR

SEND PUMP ON OFF COMMAND TO
NODE

|

Figure 4:

Algorithm flowchart for server operation
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5. Results and discussion

The design product in practice is illustrated in Figures 5, 6, 7, 8,9, 10, 11, and 12:
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Figure 7: Top view of the product Figure 8: Side view of the product

And images of the results when operating the product in practice:
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Figure 9: LCD screen displaying measured environmental parameters
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The development of an environmental quality management and monitoring device
based on IoT represents a significant advancement in environmental science and
technology. By leveraging IoT technology, this device addresses core issues of traditional
monitoring systems, such as bulkiness, high energy consumption, and the need for manual
intervention. The integration of diverse sensors, along with real-time data collection and
analysis, ensures greater accuracy and efficiency. Its compact and flexible design also
facilitates deployment across various environments, including households, agricultural
settings, and urban areas.

6. Conclusion

This paper presents the research results on developing an environmental quality
monitoring and management device based on IoT technology. The device has
demonstrated high stability and accuracy in measuring environmental parameters as
required. Users can remotely monitor and configure the device, making it suitable for
specific operational environments. Future developments could include additional features
such as scheduled on/off controls, power cut-off in case of faults, and audio alerts for
operational status. Furthermore, additional sensors could be integrated to enhance
monitoring capabilities. Upcoming enhancements may also incorporate control and
monitoring methods such as voice control, touchscreens, or mobile phone integration. The
research aims to create products that are practical for daily life, ensuring quality,
affordability, and suitability for Vietnamese consumers.
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TOM TAT

NGHIEN CUU XAY DUNG THIET BI
QUAN LY GIAM SAT CHAT LUQNG MOI TRUONG
SU DUNG MANG KET NOI VAN VAT

Ho Thi Tuyén
Truong Pai hoc Cong nghé thong tin va Truyén théng, Pai hoc Thdi Nguyén, Viét Nam
Ngay nhan bai 09/7/2024, ngay nhan dang 10/9/2024

Bai bao d& xuat mot giai phap cai tién cho hé théng giam sat khong khi méi, sir
dung cong nghé IoT, v6i cac node nho gon, linh hoat va ty dong. Hé thong nay khong can
su can thiép cta con nguoi va c6 thé do dac theo thoi gian thuc, giam sai s6 va tiéu thu
nang lugng it hon. San pham duoc xay dung va thiét ké dua trén cong nghé truyén thong
WiFi, Module NodeMCU, va tmg dung cac cam bién da dang nhu cam bién mua, nhiét do
- d6 am, do am dat, tia UV (Ultraviolet), bui, lra va GAS. San pham cudi cing 13 mot hé
théng phan cimg kha thi dé sir dung tai cac noi ¢6 pha song WiFi, phuc vu khong chi cho
quan tric moi trudng ma con cho cac ho gia dinh, trang trai va khu vuc néng nghiép.

Tir khéa: Do dac; giam sat; diéu khién; méi trudng; mang két ndi van vat.
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