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ABSTRACT

Motorized vehicles have exhaust gas which is one of the biggest factors causing high levels of air pollution because
they contain harmful gases such as CO, CO2, HC and others. The indoor parking area is the area that is exposed to the
largest exhaust gas apart from roads. Therefore, it is necessary to detect air quality to determine the level of exhaust
gas in the area. In several previous research, some tools were created to detect the levels of these gases, but they tend
to be expensive and not flexible. This research presents an Android-based Air Detection Environment System
application using WSN technology to detect air quality levels in the parking area with multi-sensors as hardware for
air quality detection systems in parking environments. The application designed to successfully detect air quality due
to vehicle exhaust gas in the kind of CO, CO2, HC, PM10, temperature and humidity. This multi-sensor technology
can send air quality data to the server and display android applications in the form of air quality status, time and
location of the incident. The advantages of this application, the public can find out the environmental conditions in the
parking lot in practical, real-time and mobile because they only need to open the application on the smartphone. The
existence of this application is expected to increase safety and awareness of individuals against the quality of an
unhealthy environment.
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estimated 3.8 million deaths in the same period

[31[61[7]-

1. INTRODUCTION

Air pollution has been always discussed as a

topic of environmental problems due to the more
negative impact caused. Based on data from the World
Health Organization (WHO), air pollution has a big
impact and risk for health which 9 out 10 people breath
air containing high level pollutants[1][2][3]. High levels
of pollution have been shown to have adverse impact on
humans, vegetation, agricultural crops, forest, also
damage to building surface[4][5]. It estimated to cause 7
million people die every year from exposure to polluted
air. Ambient air pollution alone caused some 4.2 million
deaths in 2016, while household air pollution from
cooking with polluting fuels and technologies caused an

Air Pollution appears by several things such as
industrial development and construction which always
increase. One of the biggest things which caused an
increase in air pollution is exhaust gas results from
motorized vehicle transportation in an urban area[7][8].
Motorized vehicles produce exhaust gases which very
dangerous for the environment. The process of burning
fuel from motorbikes and cars produces exhaust gas
which generally contains levels of CO, CO,, NO2, HC,
C, Hz, H20 and N2[1][6][9][10]. This condition causes
the environment to be polluted by exhaust gas resulting
from vehicle oxidation contain toxins that harmful to the
environment[6].
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Gas levels from vehicle fuel combustion can be
measured using tools such as the Lutron AQ-9901SD
Air Quality Meter, National Air Pollution Monitoring
Network — NABEL[11], etc. The measuring equipment
used provides very accurate data but tends to be very
high in price for a significant scale-up. Therefore, a tool
was created to measure air quality which produces data
such as [11][12] but has a more affordable
price[13][14][15][16].

In [17], A monitoring system based on Arduino
microcontroller with a Bluetooth HC-05 module as a
communication medium for sending data to
smartphones. However, this tool cannot be widely
applied due to the limitations of Bluetooth which has
short-range and limited access in various places.

The technology that can be used to measure air
quality is the Wireless Sensor Network (WSN)
technology[18]. The WSN consists of several special
sensor nodes which can detect and monitor physical
parameters[19][20]. Some of the monitoring is carried
out, such as temperature, humidity, pressure, shift and
others automatically with a smart device so that it can to
process data in real-time[21][22] and data results will be
sent to the server and displayed on a smartphone via an
Android-based application interface[23].

Android-based application as a software platform
for Linux-based smartphone that can be used and
developed openly or open source[24]. This makes it
possible for developers to set, modify or even create
their applications. It used to make users easier to access
the internet flexibly using smartphones without limited
space.

This implementation of Android-based mobile
technology in the air quality detection system is carried
out due to data shown by the Digital Marketing
Research Institute Emarketer, it is stated that in 2018
more than 100 million Indonesians are active users of
smartphones. Unfortunately, it makes Indonesia has
ranked the fourth largest country with active smartphone
users after China, India, and America[25]. This
prompted the creation of an android application to
measure air quality so that people could easily access air
quality information which must be of sufficient quality.

Maintaining the quality of a mobile application
device is very necessary to avoid errors when it is used
by people. It is necessary to test using a method before
being published to the public so that the application can
operate properly, one of the methods that can be used is
the 1SO25010 method[26][27].

This research will design an Air Detection
Environment System (ADeV) application, which is an
Android-based application that will display air quality
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data in a parking area. This data obtained from a
detection tool in the form of WSN technology with
multi-sensors. This tool will detect air quality due to
vehicle exhaust gases of CO, CO2, HC, PMI10,
temperature and humidity.

2. WSN [IMPLEMENTATION AS AIR
QUALITY MONITORING

In [28], a wireless sensor network system was
applied to monitor air quality using DHT22
(temperature), MQ135 (air) and MQ7 (CO) sensors. The
data obtained from the sensor in real-time is entered into
a database server via a network using the Raspberry Pi
which can be accessed in real-time via a web server. In
[29] Paper, WSN has been implemented as a monitoring
agricultural area such as temperature and humidity
around the area. Continuous monitoring of these key
environmental variables can assist farmers in improving
the quality and productivity of food crops.

WSN applications are usually used for
commercial and industrial applications to monitor data
that would be difficult or expensive to monitor using
wired sensors[30][31]. In its application, WSNs are
spread over areas intended to collect data through their
sensor nodes.

3. ANDROID AS AN IOT-BASED AIR
QUALITY MONITORING APPLICATION

10T has been implemented in many application
such as [32-34] in The implementation of android
applications in air quality monitoring systems based on
the Internet of Things has been carried out in several
previous studies, such as in [35] research, which
implementing loT-based android applications as a
means of air quality monitoring for smart cities. In this
research, MQ-2 sensor has been used to detect Carbon
Monoxide (CO), Liquefied Petroleum Gas (LPG) and
Smoke. DHT11 sensor have been used to measure
Temperature and Humidity levels of the surrounding.
Also, to measure the PPM levels of PM 2.5 and PM 10
particulate matters, SDS021 sensor has been interfaced
with the Raspberry Pi.

Meanwhile, the research journal [23] designed an
android application to monitor the quality of agricultural
land online. The application is equipped with a database
recap system that can call databases on internet servers.
Sensor devices that are integrated with the Android
application will be able to monitor rice fields so that
farmers can see the quality of soil and water through the
Android application. The application is equipped with a
database recap system that can call databases on an
internet server. Sensor devices that are integrated with
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the Android application will be able to monitor rice
fields, so that farmers can see the quality of soil and
water through the Android application.

4. RESEARCH METHODOLOGY

The steps of this research are hardware and
software design and the final steps are system
integration and system testing. Design of the air quality
detection system hardware using WSN technology is a
tool that is described in the following block diagram:

Figure. 1 Hardware Schematic Diagram
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Figure. 2 Sensor Node Schematic Diagram

In Fig. 1, a design for an air quality detection
system using three sensor nodes. Each sensor node
consists of several supporting tools as shown in Fig. 2.
The devices used are the Raspberry Pl 3 model B
microprocessor equipped with a TGS2442 sensor as a
CO measuring sensor, MG811 sensor as a CO2
measuring sensor, TGS2611 sensor as a measuring
sensor Hydro-carbon levels, the GP2Y1010AUOF
sensor as a particulate dust gauge, the Neo6m GPS
sensor as a sensor for mapping maps and the DHT11
sensor as a temperature and humidity sensor. Also, the
ADC module or Analog to Digital Converter, namely
ADS1115, is a converter of sensor reading values so
that the Raspberry PI can process it as well as an 12C
communication module.

After the sensor nodes send the environmental air
quality detection results to the central server, the data
will be processed and displayed in the android
application. The goal is that it can be accessed quickly
and easily to obtain information on certain
environmental conditions without limited access. The
diagram of the air quality detection system software
using the Wireless Sensor Network is shown in Fig. 3.
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Figure. 3. Block Diagram Software Systems

Based on the block diagram in Fig. 3, an Android
application designed using the Android Studio IDE software.
IDE Android Studio is software that is used for developing
android applications that are integrated with XML, Java, and
Kotlin. In this research using XML and java languages.

The application design that will be made as a reference
for application development can be seen as figure below,
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Figure. 4. Display Application Design (a) Dashboard (b)
Menu per Node (c) Real Time (d) History (e) Graph

In the Android application display, the dashboard
page is shown in Fig. 4 (a) which contains 3 button
nodes and one map to map the sensor nodes. When the
node button clicked, the node menu will appear as
shown in Fig. 4 (b). On the node menu page, there are 3
options, namely real-time data, history and graphics.
The real-time data page is shown in Fig. 4 (c) which
shows the current condition of the air quality level
detection results. The history page is shown in Fig. 5
(d), this page shows the air quality level data recorded
by the sensor node then the graph page is shown in Fig.
4 (e) which will display the air quality level reading data
in the form of a line graph.

5. RESULT AND DISCUSSION

5.1 Air Quality Detection System Hardware
Design

Hardware design applied to a white box which
has been successfully made based on the design sketch
of the tool. In Fig. 5 (a) shows the display on the
hardware of the air quality detection system with
Raspberry pi 3 as a location to process data read by the
sensor. The sensors placed on the lid of the box to read
the air quality levels around it.

NODI L lENODE 2

@ (b)
Figure. 5 Hardware (a) Component Inside (b) Display
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In Fig. 5 (b) above, there are three sensor nodes
used, namely node 1, node 2 and node 3. The sensors
are placed on the cover of each sensor node to detect the
level of air quality around it and provide map
coordinates. The sensors used are the DHT11 sensor
which functions as a sensor for measuring temperature
and humidity, the MG811 sensor functions as a sensor
for measuring CO2 gas levels, the GP2Y1010AUOF
sensor is used as a sensor for measuring PM10 or dust
levels, the TGS2442 sensor functions to measure CO
levels, the TGS2611 sensor functions for measuring HC
levels, and the GPS module NEO6M is used to get map
coordinates.

5.2 Air Quality Detection System Software
Design

The software has been successfully created based
on block diagrams and display sketch designs that have
been made. The software obtained is an application to
detect air quality in the parking environment that has
been integrated with a smartphone made using the
Android Studio IDE software. The android application
for measuring air quality levels is named "Air Detection
Environment (ADeV) Application™.

Fig. 6 (a) shows the main menu on the ADeV
application display which consists of button node 1,
node 2, and node 3. The main menu also displays maps
for the current location of the 3 sensor nodes used. In
Fig. 6 (b) below is a display if one of the button nodes is
clicked (in this case a sample of node 1 is taken). In this
display, 3 menus are generated, namely the real-time
data, history, and graphics buttons.

(a) (b)
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Figure. 6 Display Layout (a) Main Menu (b) Node Menu (c)
Real Time Data (d) History

Fig. 6 (c) will display the layout when the Real-
Time Data button clicked. The layout called real-time
data because this menu only displays the latest data on
air quality levels read by the sensors in real-time. Data
will continue to change as long as each sensor node
device continues to read data for a certain time and
remains connected to the internet network.

Fig. 6 (d) above show the display when History
button clicked and it will present all air quality data and
map coordinates read by the sensor nodes.

| i
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Figure. 7. Line Chart Layout Display

In Fig. 7 above, the graph will display air quality
data according to the node, the selected time range, and
the parameters you want to display. After that, when the
generate button clicked, a line graph will appear
according to the time range and selected parameters.
This will make it easier for people to see the
development of air quality levels at a certain time.

6. TESTING OF ADEV APPLICATIONS
6.1. ADeV Applications Test Using 1SO 25010
Standards

The final process of application design is testing
the application. In this research, testing used the 1SO
25010 standard.

1) Functional Suitability Test
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Functional suitability testing aims to check
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Table 4 Summary Test of The Operating System and Device

whether all the features of the designed application can Types
be operated or not. Table 2 is the functional suitability \o Device Setup Eiiliio-rigr- Teardown | o
test data. Suite e Suite
uite
. o 1 Xiaomi Redmi 4A 1 1 1 3
Table 2. Functional Suitability Test Data (7.1.2)
N Evaluator Score 2 Samsung J2 Pro (7.1.1) 1 1 1 3
0 Feature 112]3]4]5 Asts (9.0) 1 1 1 3
1 | Main Layout Displayed 1]1(1]1]1 5 4 | Xiaomi redmi 3S 1 1 1 3
2 | Real TimeDataDisplayed | 1 [ 1] 1] 1] 1 5 (6.0.1)
3 | History Layout Displayed [ 1| 1] 1[1]1 5 5 | Oppo A37(5.1.1) 0 0 0 0
4 | Graph Layout Displayed 1[1]1]1]1 5 6 (57"”(;‘)5””9 galaxy J3 pro 1 1 1 3
5 | Function Button 1]1]1|1(1 5 . i
6 | Function Bar 11111 5 7 (5;'(1;)5“”9 J5 Prime 1 1 1 3
Total 6/6|/6]6]6 30 S ey 5 5 3 5T

Eligibility Percentage (%)

Percentage of the calculated data obtained is
100%, so it can be concluded that all ADeV features are
100% can be used properly. Based on this percentage,
the statement "Very Appropriate” obtained in the
functional suitability parameter.

2) Compatibility Test
The aspect of compatibility consists of co-
existence, testing co-run applications, testing on various
operating systems, and testing different types of devices.

Tabel 3 Co-Existence Testing Data

No Application Success | Failed
1 ADeV Facebook 1 0
2 ADeV Google Chrome 1 0
3 ADeV Instagram 1 0
4 ADeV Maps 1 0
5 ADeV Youtube 1 0
6 ADeV Gojek 1 0
Total 6 0

Table 3 shows the ADeV application test data
that is run simultaneously with 6 different applications
on the same smartphone. Based on testing, the following
percentage data were obtained as below.

Eligibility Percentage (%) =

== x100%
=100%

The percentage result obtained 100%, so it can
be concluded that the ADeV application from the Co-
Existence side is “Very Appropriate”.

Table 4 shows the ADeV test data that is run on
different operating systems and smartphones. Testing
includes suite setup or installation, build-in explorer or
running processes, and teardown suite or uninstall
applications.

Eligibility Percentage (%)

The calculation data obtained 85%, so ADeV
matches the compatibility test with the predicate "Very
Appropriate”.

3) Portability Test

Portability test carried out by operating ADeV on
Android mobile devices that have different operating
systems and screen sizes. Based on Table 5, it can be
seen that the results of the ADeV application portability
test show that there are "Success" and "Failed". In this
case, the dominant criterion is "Success" which means
that every function contained in the application can run
well when the application is run on multiple operating
systems and varying screen resolutions.

Table 5 Portability Test Data

No Rated Aspect Result
A Operating System

1 | Lollipop Failed
2 Marshmallow Success
3 | Nougat Success
4 | Oreo Success
5 | Pie Success
B Screen Resolution

1 MDPI : WXGA (1280 x 800 piksel) Success
2 | HDPI: WVGA (480 x 800 piksel) Success
3 LDPI : WSVGA (1024x600 piksel) Success

4) Performance Efficiency Test

Performance efficiency testing is carried out by
calculating the average response time of the ADeV
application for launching. In this test, it was carried out
3 times with three different types of smartphones and
different specifications.

The first test, the Android smartphone used has 2
GB RAM specifications; 1.4GHz Cortex-A53 quad-core
CPU; and Android OS 7.1.1 (Nougat). In the second test
the Android smartphone used had 1.5 GB RAM
specifications; Qualcomm Snapdragon 425 CPU; and
Android OS 6.0.1 (Marshmallow). In the third test, the
Android smartphone used had 6 GB RAM
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specifications; Snapdragon 636 CPU; Android OS 9.0
(Pie).

Table 6 Test Result Performance Efficiency

Response Time (s)

No Category Testl | Test2 | Test3
1 | Splash Screen (launch time) 4.85 4.99 4.26
2 | Main Menu Displayed 2.39 2.35 2.20
3 | Node Menu Displayed 0.8 1.11 0.50
4 R_eaI-Tlme Data Layout 1.69 1.82 156

Displayed
5 | History Layout Displayed 3.88 4.76 1.19
6 | Graph Layout Displayed 4.73 5.22 3.53
Total 18,34 | 20,27 | 13,24
Average 3,06 3,39 2,21

From the test, it is concluded that the type of
processor and RAM affects the performance value of an
application. Tests on the third test obtained faster results
when compared to the first and second tests. This is
because test 3 uses the highest processor and RAM.

6.2.ADeV Applications Test in Detecting Air
Quality Levels

This test carried out to test the results of the
ADeV application design in detecting air quality.
Testing is done by integrating the ADeV application
with only one sensor node to get the air quality level
detection results.

* \4

-0 5574 ppm

02 239144 ppm §
LA

IC 316,47 ppm
ust 8,40 pg/'m3

\C ;310,16 ppm
Just :8,12 pg/m3

(b)
Figure. 8 Real Time Display on 21%t July, 2020 at (a) 10.10
AM and (b) 10.16 AM
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(@) (b)
Figure. 9 History Display on 21% July, 2020 at (a) 10.23 AM -
10.20 AM (b) 10.18 AM - 10.14 AM
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Figure. 10. CO Levels Graph
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Figure. 11. CO2 Levels Graph
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Figure. 12. HC Levels Graph
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Figure. 13. Dust Levels Graph
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Figure. 14. Temperature Levels Graph
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Figure. 15. Humidity Levels Graph

Based on the Real-Time data in Figure 8, the
ADeV application has good performance because it can
transmit information without time-lapse or real-time. In
this figure, there is a circle of yellow and red. The
yellow circle indicates that the air quality at that time is
Moderate, while the red circle indicates that the air
quality at that time is Hazardous. The location in the
form of latitude and longitude appears according to the
location of the device that is displayed on maps.

In Fig. 9, displays the sensor reading history,
time recording occurred, and the location of the sensor
node. This display has good performance because it can
display historical data in the webserver database. Fig.
10-15 are the results of sensor readings in graphic form
at a certain time unit. This graph also has good
performance because it can display sensor readings in
the database in the form of a line diagram.

7. ADeV APPLICATION PERFORMANCE
ANALYSIS

Designing the hardware sensor node, this research
uses a Raspberry Pl 3 microprocessor to give
commands, process all inputs and manage all outputs,
air quality sensors as input and GPS and 12C sensors as
supporting modules. The TGS2442 sensor used as a CO
sensor, the 2611 sensor as an HC sensor, the MG811
sensor as a CO2 sensor, the GP2Y1010AUOF sensor as
a dust particulate sensor, and the DHT11 sensor as a
temperature and humidity sensor.

The ADeV application designed to provide several
features, namely providing air quality information. Air
quality information that can be accessed includes real-
time conditions, history and graphs of gas levels at
certain times. Real-Time used to see the latest air quality
conditions, history features and graphics so that
previous data can be view and access.

The quality of the ADeV application gets “very
decent” functional suitability testing results because all
ADeV features operate smoothly. The compatibility test
was “very feasible” because ADeV can operate in
conjunction with other applications. Meanwhile, the
portability aspect of the application is declared
"feasible" because the application can run on various
screen sizes of a device and can be operated on several
types of devices and versions of Android with a
minimum Android Marshmallow and a maximum of
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Pie. For performance efficiency test results, the ADeV
application has a fast response in displaying the layout
and retrieving data stored on the database server.

The data displayed by Android is the result of the
integration of sensor nodes that send data wirelessly to
the server then the data is stored into the database. Then
android reads data on the server using the HTTP
protocol so that it can access data to be displayed on the
user's Android device. Due to this system is based on
loT, an adequate internet connection is required to
obtain accurate and real-time data.

8. CONCLUSION

The ADeV application as an Android-based air
quality detection system application has a good ability
to detect air quality in the form of real-time display of
air quality data, time and location, history, and graphics.
Based on the ISO 25010 standard, the air quality
detection system using the ADeV application has high
compatibility and good efficiency in almost all Android
operating systems and its use is more flexible than using
a computer or laptop.
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