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Abstract

Since Indoor air quality heavily affects human bealth, the problem of indoor air quality needs serions attention, especially when the air quality is
unfriendly and containing smofke. Therefore, it requires monitoring system to determine the smoke level in a room. This study aims to develop an
indoor air monitoring system based on 10T and WSN to ease the users for monitoring the air quality in the surrounding environment. The re-
search methods employed through library research, surveys and field observations, development system and testing system. The application develop-
ment stage includes analysis, system design, implementation, and testing. The air quality level monitoring application was built with the webbased
programming language, MySQL. database, and Arduino. The level of air pollution was measured by an MQ-2 sensor that serves to detect smoke
levels and a web-based application to display information. The indoor air quality monitoring system is able to display the data result throngh web-
site which can be accessed via the internet. Therefore, users can access the data from the smoke-level measurement of monitored surrounding envi-
ronment. The testing of the system shows that this application is feasible and applicable to be used as a device to monitor indoor air quality levels.
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1. INTRODUCTION

Indoor air quality greatly affects human health, since
human spend more time living indoors than outdoors.
Indoor air quality is influenced by human activities
such as smoking and burning garbage in a room. In-
door air quality is an issue that requires attention due
to its effect on human health (Alves et al., 2020; Aung
et al.,, 2019). Indoor air pollution (indoor air pollu-
tion), especially in the house is very dangerous for
human health, because in general people spend more
time doing activities in the house so that the house
becomes very important as a microenvironment re-
lated to the risk of air pollution (Becker et al., 2000).
The impact of air pollutants in the home space on
health can occur both directly and indirectly. Direct
health problems can occur after exposure, including
eye irritation, nasal and throat irritation, as well as
headaches, nausea and muscle fatigue, including
asthma, hypersensitivity pneumonia, flu and other vir-
al diseases. Whereas indirect health impacts can occur
several years later after exposure, including lung, heart
disease and cancer, which are difficult to treat and
have fatal consequences (Sedyaningsih, 2011).

Pollutant materials in houses, workplaces, or public
buildings have different levels compared to the
outdoor one. The increasing levels of indoor pollutant
materials are not only from outdoor pollutants, but
also sourced from indoor pollutants, such as cigarette

smoke, kitchen smoke or the use of anti-mosquito
burns (Kemp & Kemp, 2019). The continuing science
and technology development encourages people to
create something useful for others and individual
which intend to provide convenience and protection
from dangers such as cigarette smoke and fire that
threaten human life at any time (Guo et al., 2020). In
the development of technology, numerous facilities
are automatically designed to assist human activities in
regulating the safety and comfort of the indoor
environment which requires a higher level of security
(Gabriel et al., 2019), especially in a room that must
avoid flames, smoke, and poisoned gases such as
monoxide gas. This is intended to avoid room fires
and poisoned gases that harm human breathing in the
room (Becker et al., 2000).

Air pollution is produced directly by humans from the
smoke content in the form of CO (Carbon
Monoxide) gas found in everyday cigarettes burns,
men and women who become active smokers are
contributors of the gas (Guo et al, 2020).
Accordingly, other humans as passive smokers can be
affected as well as the natural surroundings. It is not
only CO gas that is produced, but also there are still
many other contents produced by the cigarette burn
(Huang et al., 2020). Another issue that could be
harmful to human being is the smoke from the
kitchen which also potentially endangers human
health such as coughing and sore eyes. Hence, this
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situation must be anticipated to avoid excessive
pollution in the room (Heo et al., 2019).

In developed countries the estimated annual mortality
due to air pollution in home spaces is 67% in rural
areas and 23% in urban areas, whereas in developing
countries the mortality rate is related to air pollution
in urban area housing spaces by 9% and in rural areas
by 1%, of total deaths. Pneumonia is the leading
cause of death in children under 5 years with a
number of deaths of more than 2 million people each
year (Sedyaningsih, 2011). The objective of this
research is to develop an indoor air monitoring
system based on IoT and WSN to ease the users for
monitoring the air quality in the surrounding
environment.

2. RELATED WORKS

Air quality monitoring is very important to detect
pollutants that can damage the environment and
endanger the health of living creatures. Therefore,
monitoring pollutant gas data is very much needed, to
prevent increasingly widespread air  pollution
(Schieweck et al., 2018). To measure smoke levels,
data and information are needed both from
measurements in the field and the results of analysis
in the laboratory. One of the control and monitoring
systems currently being developed is a Wireless
Sensor Network (WSN) based system (Kristianto et
al., 2019). WSN consists of individual nodes that
capable to interact with their environment by sensing,
controlling and communicating their physical
parameters (Pule et al., 2018).

WSN has many applications, ranging from industrial
monitoring  projects, medical telemetry and
environmental — monitoring.  This ~ WSN-based
application has different operational requirements,
which is why many technicians adopt different WSN
architectures, which are tailored to their needs. For
military  surveillance, for example, the main
requirements required are high bandwidth, high
security and wide network coverage. For industrial
monitoring applications require requirements related
to security, reliability and access in real time (Kemp &
Kemp, 2019; Kristianto et al., 2019; Pule et al., 2018).
In addition to using WSN, the system was also
developed based on internet of things (1oT)
technology. In IoT technology, data transfer can be
done in two-way direction through the internet
network (Santoso & Sari, 2019; Sari et al., 2017). IoT
can integrate physical devices with computer systems
smoothly from anywhere. The sensor is placed
somewhere for monitoring purposes and the next
process is carried out after analyzing the data. At
present, a number of devices are equipped with
sensors and processing devices, to help monitor and
control various devices (Khare et al., 2020; Saleh &
Hamad, 2017).

Research conducted by Lesmana and Rahayu
(Lesmana & Rahayu, 2016) designed a room air
quality monitoring instrument built using the MQ7
sensor as a measurement of carbon monoxide (CO),
GP2Y1010AUOF sensor as a measurement of dust or
particulate matter (PM10) and MQ131 sensor as a
measurement of O3 gas. Graphical and numerical
data displays were shown on a computer screen using
LabVIEW software. To facilitate users, the data from
the measurement of the room air quality index were
presented using the air quality index standard
regulated by the government - the Air Pollution
Standard Index (PSI in Indonesian ISPU). Research
about created a simulation of a room pollution
detection system using smoke sensors with SMS
(Short Message Service) notifications and Arduino-
based alarms (Tti et al., 2016), and design of indoor
quality monitoring systems with TCP/IP
communication based on ATMEGA16
microcontroller (Kim et al,, 2012). This air quality
monitoring system was able to identify the room
temperature and dangerous air levels (such as carbon
monoxide levels) in the room; subsequently provide
indications and information to users.

air

Research conducted by Peng and Wang (Peng &
Wang, 2019) to determine the level of smoke from
forest fires, following this, they created an algorithm
that combines manual features and deep learning
features. There were several monitoring stations to
check air quality levels in urban environments.
Generally, these monitoring stations only carry out
data acquisition of measured values from the sensor
and store it in a database (Yu et al, 2017). The
processing of measured results and statistical analysis
were mainly carried out in different places where data
were retrieved from various communication systems
(Abraham & Li, 2014; Kusljevic et al, 2014).
Measured data acquisition was usually carried out on-
line while statistical processing and analysis was done
off-line.

The effect of dust in the Sahara Desert was also
investigated by Ku and Bourgouin (Ku & Bourgouin,
2018), using the Atmospheric Transfer Modeling
system and the International Monitoring System.
Research related to Air pollution was carried out in
the city of Vila Real, Portugal, where the assessment
of urban pollution and its effect on historical urban
buildings was considered the main objective. The
research was also supported by an environmental
impact assessment study on historical buildings in the
city (Silva et al., 2020).

3. METHODS

This research employed library research, surveys and field
observations, system development and testing system. The
application development stage included analysis, system
design, implementation, and testing.
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3.1.System Component

Arduino UNO is a microcontroller board that uses
ATmega328. Arduino has 14 digital input / output
pins of which 6 can be used as PWM outputs, 6
analog inputs, a 16 MHz crystal, USB connection,
power jack, ICSP header, and reset button. The UNO
is the most used and documented board of the whole
Arduino family. Arduino technical specification
shown in Table 1.

Table 1. Arduino technical spesification

Item Specification
Microcontroller ATmega328P
Operating Voltage 5V
Input Voltage (recommended) 7-12V
Input Voltage (limit) 6-20V
Digital I/O Pins 14 (of which 6 provide
PWM output)

PWM Digital I/O Pins 6

Analog Input Pins 6

DC Cutrent per I/O Pin 20 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 32 KB (ATmega328P) of
which 0.5 KB used by
bootloader

SRAM 2 KB (ATmega328P)

EEPROM 1 KB (ATmega328P)

Clock Speed 16 MHz

LED_BUILTIN 13

Length 68.6 mm

Width 53.4 mm

Weight 25¢

ESP8266 is an integrated chip component designed for
the needs of today's connected wotld. This chip offers a
complete and integrated Wi-Fi networking solution, which
can be used as an application provider or to separate all
Wi-Fi networking functions from other application pro-
cessors. ESP8266 has on-board processing and storage
capabilities that allow the chip to be integrated with sen-
sors or with certain device applications via input output
pins with only short programming, ESP8266 was devel-
oped by a developer from China named "Espressif". The
ESP82066 series products are currently still in the develop-
ment stage (current R&D: esp8266-32). ESP8266 itself is
equipped with GPIO (General Purpose Input / Output).
With this GPIO we can perform input or output functions
like a microcontroller. For example, the ESP8266-01 seties
has 2 GPIOs, while the ESP8266-12E seties has an analog
read pin and several digital pins.

MQ?2 smoke sensor is a sensor that is usually used to de-
termine air quality or to determine the content that occurs
in the air. The MQ2 sensor is made from gas-sensitive ma-
terial, SnO2. If the sensor detects the presence of gas in
the air with a certain level of concentration, the sensor will
assume there is smoke in the ait. When the sensor detects
the presence of these gases, the sensot's electrical resis-

tance will decrease. By utilizing the working principle of
this MQ 2 sensor, the smoke content can be measured.

3.2.System Design

The flowchart of the smoke level monitoring system
design is presented in the following Figure 1, which
illustrates the process of the system started by
switching on the device so that the sensor works, as a
result the sensor will transfer data to Arduino Uno
and subsequently received by the ESP8266 Wiki
module and send to the smoke level monitoring
website.

Input data from
smoke sensor

I

Data processing

!

Connect to ESP8266 wifi
modul

I

Received data of smoke
level

Data content
selection

Results of smoke
level

Figure 1. Flowchart of system

The Block diagram illustrates the workflow of the
system, starting from the smoke detection by the
smoke sensorMQ-2. MQ-2 sensor serves to
determine the presence of carbon monoxide gas
where this sensor is used to monitor smoke levels.

Accordingly, the data is sent to Arduino and the wifi
module ESP 8260, the data will eventually be sent to
the database server via the internet. The monitoring
system can access the data of the smoke content on
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the database server via the internet, as shown in

Figure 2.
Internet A

Database server

Arduino Uno

ESP 8266 Wifi
modul

Smoke level
monitoring system

Figure 2. System block diagram

System testing is done by running the device and
applications. In this study, the transparent box is used
as a prototype of room installed smoke sensors.

300
250

200
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Furthermore, it can be seen the smoke level that is
displayed through a web-based system monitoring
application.

4. RESULTS AND DISCUSSION

System test results in the form of graph and table.
The data on the graph shows the value of smoke level
and time. The test results are presented in Figure 3
and Table 2. Smoke level sensor values are displayed
in the form of a numerical line graph in ppm (parts
per million). Figure 3 shows the highest point of
smoke content which is 262 ppm at 16:02:28, while
the smoke level is almost stable at 15:54:39 until
16:00:31, with a value of 64 ppm.

262

%!
1o
':’._______i_? 65 B2 B4 B4 B 64 B4 64 B &4 B! B1 61 54___5.‘
* 1544 15 46 1548 15750 1553 1554 1556 1558 16 00 1602 LI
Figure 3. System results graphic
Table2. System testing results explains the Use of Prototypes, categotized as 'Easy’
. o
No Time Smoke level (ppm) which is shown through th.e user test resultso of 57 /o
. 160425 3 and for the Accuracy Data in Figure 6 of 63% which
:04: . '
B 16:02:28 262 is 'Very accurate' result.
3 16:01:29 68
4 16:00:31 64 System Performance
5 15:59:32 64 o
6 15:58:33 64 80% /0%
7 15:57:35 64 60%
8 15:56:36 64 40% 23%
9 15:55:37 64 20% 7%
10 15:54:39 64 0% - P
Very good Good Not good

Table 2 shows the results of the system testing which
was carried out between 15:54 and 16:04.

The tests were conducted by 30 respondents to
determine the overall system prototype performance,
by assessing a number of parameters, namely: system
performance, the use of prototype, and accuracy of
the displayed data, as served in Figure 4, Figure 5 and
Figure 6.

Figure 4 explains the System Performance that
generally can be categorized as 'Very good' and is
shown through the user test results of 70%. Figure 5

Figure 4. System performance
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Use of Prototypes

57%
60%
40%
40%
20%
3%
0% I
Very easy Easy Difficult
Figure 5. Use of protoypes
Data Accuracy
80% 63%
60%
40% 27%
20% 10%
0%
Very accurate Accurate Less accurate

Figure 6. Data accuracy

The smoke sensor device series consists of MQ-2
sensors, Arduino UNO Microcontroller and Wifi ESP
8266 Module can be used to detect smoke in a room,
and can be used to determine the level of smoke in
the surrounding environment. The monitoring system
application can provide information on the results of
web-based smoke content monitoring. The advantage
of a web-based monitoring system application is that
it can be accessed from anywhere, thus, the smoke
levels in a room can still be monitored.

5. CONCLUSION

To conclude, it is clearly explained that the prototype
system is able to detect levels of smoke in a room. In
addition, the web-based smoke level monitoring
system can be accessed via the internet and it can
display smoke levels in a room. However, this current
research still has shortcomings — the prototype system
is still made on a small scale, and the measurement of
smoke content is only for indoors, in addition, this
experiment only used one smoke sensor. Therefore,
further research prototype system can be made in a
wider scope or in outdoor areas, and coupled with
other sensors, such as indoor temperature and light
Sensors.
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