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Abstract

The number of cars is increasing every day, and there is a need to monitor each
of them digitally as well as remotely. It does not only collect the data, send them
remotely, save them in the database, and display the results through the website
or mobile apps, but also analyse the performance of the car, plan the maintenance
schedule, and evaluate the drivers’ behaviour. A car monitoring system has been
developed in this study. The development was divided into three main parts,
including an on-board hardware module, an android application (app), and web
servers as the user interface. The hardware was used for collecting the data from
the car and simultaneously sent it to the server. Then, the app was developed to
display the possible analysis results for the user. Finally, the webserver with
database system became a data center for data collection. The stored data consist
of GPS location and engine operating conditions, such as engine load, coolant
temperature, intake manifold pressure, revolution per minute, speed, forward
timing, intake air, and throttle position. However, the main focus of this work is
on the analysis of data transmission speed. The results show that more than 90%
of the total 611 testing records were transmitted with no delay or delay less than
10 s. Furthermore, for the car condition test, eight engine operating conditions
were summarized from two different cars, which each of them has 20 h of driving
test. It was found that each car had its own characteristics.

Keywords: Car monitoring, Data transmission speed, On board diagnostic, Position
tracking, Web communication.
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1. Introduction

In order to implement Industry 4.0, the existence of digital infrastructures becomes
the main supporting factor, in which the internet of things (IoT) is one of the
essential components. It refers to the whole connected network of physical devices,
including vehicles, electrical appliances, and other items. For example, sensors,
actuators, and their controls can be integrally connected. The existing internet
network can be used to collect and exchange the data.

As a transportation tool, a car is requested to be safer and more comfortable
fulfilling the demand and standards [1]. Nowadays, the preference for private vehicles
over public transportations, especially in developing countries for daily trips, is
increasing. Conducting supervision or monitoring is essential to maintain the car
performance and driving comfort [2]. However, recent technologies and methods still
cannot facilitate all of them. Therefore, it is necessary to implement a new technology
to improve and replace the existing technology and method with the adoption of 10T.

Battery electric vehicles (BEVs) [3] and existing advanced internal combustion
engine vehicles (ICEVSs), including both hybrid and plug-in hybrid, have become
technological breakthroughs in our transportation system, which requires supports from
many different aspects. Among them, the development of a car monitoring system is
also urgently required as it is potential to simultaneously optimize the engine efficiency,
durability, and also operational performance, especially during a long trip. Avdagic et
al. [4] has studied the possibility to monitor and control the fuel consumption using the
adaptive neuro-fuzzy inference system (ANFIS) [4], which can help the car owner in
maintaining its consumption efficiency. In addition, Rajendran and Smith [5] have
developed a monitoring app for the solar-powered unmanned aerial vehicle (SUAV).
Overall, a car monitoring system might be one of the critical research areas for all of
BEVs, and existing and advanced ICEVSs. This work deals with the effort to realize the
monitoring system through the developed system using wireless sensors based on an
on-board diagnostic (OBD) kit for the existing ICEVs [6]. In addition, it also tries to
effectively send the data regularly to a server through available digital infrastructure.
Finally, at the server, those data are processed and analysed. The communication
system becomes the basis for diagnosing the condition for both types of vehicles.

The system developed in this study is divided into three main parts. The first is the
on-board hardware module, which collects the data from the ICEV, such as a gasoline
car, and sends these values to the server. The second is an android application (app) that
has been developed as the user interface to facilitate an analysis of the results obtained
from the server and also as an auxiliary display, instead of using an Android-based
vehicle diagnostic app to directly display the data read by the OBD [7]. The third is a
web server with a database system that functions as storage for the data sent by the
hardware module. The first objective of this study is to measure the data transmission
speed. This can be done by using GPS tracking device and analysing the tracking speed
as in the previous study which was carried out using an iPhone [8]. Moreover, this study
also evaluates the possible application of these technologies and analyses the results
toward the implementation. Based on this configuration, the system can be categorized
as GPS and OBD integration (GOI) [9].

2.Material and Method

There are several steps before implementing the system, including hardware module
design and development, server configuration, and mobile application development.
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The hardware module design and development focus on how to read the diagnostic data
from the car. The next step is the development of the monitoring app, which provides
access to the server interactively. The designed application was temporarily provided
only for the Android smartphone. The final step is to design the server, which was
performed by configuring the web server and its database system.

2.1. Hardware module

The developed hardware module is based on an OBD. It is an automotive tool
commonly used by mechanics in order to diagnose the car engine. It could provide
the report of the car status digitally. In this study, the ELM327 OBD-II (ELM
Electronic Inc.), as shown in Fig. 1(a), was used to translate the OBD interface on the
most modern car vehicles. ELM327 is one of the families of OBD translators from
ELM Electronics Inc., while other variants only implement a part of the OBD
protocol. ELM327 has a low-level protocol and presents a simple interface that can
be called via universal asynchronous receiver/transmitter (UART), such a hand-held
diagnostic tool or computer program connected by USB, RS-232, Bluetooth, and Wi-
Fi. Some functions can be performed by the OBD-11 ELM327 scanner module, which
makes it possible to read diagnostic problem codes, both generic and factory-specific,
and display their meaning with more than 3,000 standard code definitions in the
database [10]. The OBD module can also erase the trouble code and turn off the
damage indicator light (DIL), better known as check engine light. It can also display
current sensor data, including engine rotation, calculated load value, coolant
temperature, fuel system status, vehicle speed, intake manifold pressure, inlet air
temperature, airflow rate, absolute throttle position, fuel pressure, etc. However, only
eight of these engine operating conditions are recorded in this study as evidence that
the concept can be developed further for advanced implementation.

A microcontroller is used for combining those available devices [11]. It is a
low-cost microcontroller system that already includes a low-power communication
module, such as an integrated Wi-Fi and dual-mode Bluetooth. A simple
microcontroller was developed using Arduino Mega 2560, as shown in Fig. 1(b),
with two batteries and a standard power plug available in the car. For the
communication module, a general packet radio service (GPRS) module of the
global system for mobile (GSM) SIM 800L, as shown in Fig. 1c, was installed to
make it possible for internet access through the 2G network infrastructure [12]. For
communication modules, Bluetooth HC-05 and GSM SIM 800L were adopted. The
HC-05 module is an easy-to-use Bluetooth serial port protocol (SPP) module,
designed for transparent wireless serial connection settings. The Bluetooth HC-05
module can be used in a master or slave configurations. This Bluetooth module is
fully compliant with Bluetooth V2.0 + enhanced data rate (EDR) 3 Mbps
modulation complete with 2.4 GHz radio transceiver and 2.4 GHz baseband. It uses
CSR Bluecore 04 - external single-chip Bluetooth system with CMOS technology
and adaptive frequency hopping (AFH) feature.

Arduino Mega 2560 controls the telecommunication module, which is SIM800L
GSM, for data transferring. This module is one of the most popular types of
GSMI/GPRS serial modules used for various remote control purposes. Currently, there
are several types of breakout boards available globally, however, the most available one
in Indonesian market is the mini version with a GSM type having micro SIM card. The
design of the developed loT-based car vehicle monitor system uses this 800L SIM.
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Furthermore, in this module, data collection and processing were also designed
locally in case there is a problem in the communication to the server. The integrated
hardware for this purpose was carried out by using the microSD card, as shown in
Fig. 1€. The card is possible for reading and writing (R/W) modes. The
microcontroller was able to read and write data on a microSD memory card. This
module can handle memory card operations such as creating, writing files, changing,
or deleting data in the form of files or folders. Working at a voltage of 5 VV with 80
mA current consumption, this module can be controlled using a microcontroller using
SPI communication lines with a microSD memory capacity up to 32 GB.
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Fig. 1. Hardware components used in the car monitoring system.

2.2. Android app

The purpose of the development of this Android-based mobile app is to provide an
extended interface of the web server. The data presented on the monitoring
interface were obtained based on the reading of the hardware module, which has
been discussed before. The app is able to show advanced analysis results from the
server rather than just real-time data monitoring of the engine operating conditions.
However, the developed app should not be limited with the purpose because there
are many features that are available in the Android smartphone. For example, there
is an assisted-global positioning system (A-GPS) in most phones. It could be used
for position tracking. Thus, this app was tried to focus on this capability as a
tracking device apart from the system function.

Overall, the usage of the system can be seen in Fig. 2. It is a use case diagram
that shows all functions of the system in this work [13]. It shows that the system
has at least two functions. The first is to record the engine diagnostic data by
activating the hardware module. The second is to track the car position by utilizing
the Android app. However, in this work, the app was utilized only for evaluating
the possible data transmission speed. Hence, the usage analysis will be included as
the further study.

The layout design of the application followed the existing research [14]. It was
added with a position tracking feature as an additional of common indicators, such as
the engine condition, tire pressure, and battery voltage. The software used to develop
the application is an Android Studio. This is an integrated development environment
(IDE), which has also become a trend, according to recommendations issued by
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Google [15]. The data direction, as shown in Fig. 3 was only one direction to the
server. Our communication method includes three different stages. The first stage is
communication from the hardware module with the microcontroller module. The
second one is transmission of all data from the app to the server, including the GPS
locations from the mobile device. Finally, the server will be the final stage to save
and analyse the data for the car conditions monitoring.

System

Server

Activate Monitoring Hardware Record Engine's Diagnostic Data
% ]

I Activate Android app Record Geospatial Location
User

Fig. 2. Use case diagram.
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Delay of Server Receiving Time

Car
Condition
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Fig. 3. Conceptual diagram of the whole developed system.

The location data can also be used for the calculation of data transmission speed.
This is conducted by finding out the interval time within each transmitted data.
These intervals can be calculated by having the difference between two records as
they are sequentially inserted into the database (DB). Thus, the calculation of the
interval can be presented in Eq. (1).

tinerval [n] = t[n] - t[n - 1] (1)

where t[n] is the time recorded when the n-th data was entered and t[n-1] is the
previous data. Hence, the time interval can be obtained. This interval value for nth-
data, tinenai[N], does not show directly the length of processing time for this HTTP
protocol. The time here is also affected by the logic of the Android app program,
which is waiting for the changes in geo-location data before sending it to the server.
This means that the acquired interval is not always the same. It really depends on the
road situation and the condition of the GPS signal, apart from the HT TP protocol time
through the GSM network infrastructure. A traffic jam on the road causes a longer
interval time compared with a situation where the car can run fast without any traffic.
The GPS signal itself depends on GSM infrastructure, such as how far the phone
position is located away from the antenna of the base transceiver station (BTS).
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2.3.Webserver

In the implementation of the loT-based car monitoring system, the server and
database subsystem function as the central hub for data storage, analysis and
distribution. Data from the on-board hardware module is received using HTTP
transmission and stored in the database. This information can be accessed by user
online using a web browser or smartphone application. An artificial intelligence
based on the analysis of these data can be used to get useful information such as
car usage patterns or car engine health conditions which can also be provided to the
user via the web browser or smartphone application. In this subsystem, the Poisson
distribution equation as shown in Eq. (2) can be used to find the occurrence
probability of data measurement delay time.

ta—4
PIX = 1] =28 )

t!
where P is the probability of t as delay time, A is the number of occurrences, and e
is the Euler number. This server also consists of a web server composed of a data
interface for the on-board hardware module from the user car, and a user interface
for both gadget-based display (mobile device) and PC browser owned by the user.
It is then could find a module with a computing capability for real-time intelligent
data analysis once the transmission speed is confirmed.

3. Results and Discussion

The results obtained could be observed in each of the following sub-sections.
They were the hardware module, web server, Android app, system testing result,
and its challenges.

3.1. Hardware module

The prototype of the car monitoring system was built based on a design which
has been proposed before, consisting of OBD-1l1 scanner module, which was
available on the market and an on-board controller board module. The on-board
controller board module could control the OBD-II module via a Bluetooth close
range wireless network to read data from sensors on the vehicle and send the
readings through the GSM/GPRS internet network provided by cellular
communication service providers. The sensors based on the car manufacture were
the percentage of engine load, coolant temperature, intake manifold pressure,
engine rotation, car speed, engine forward timing, air intake temperature, and
throttle position. The on-board controller board module was composed of a
battery and a battery control module as a power supply. Then, it also had an HC-
05 module as a Bluetooth communication module. Furthermore, SIM800L GSM
had been installed to provide internet communication via GSM/GPRS networks.
Finally, the Arduino Mega 2560 microcontroller module was used as the
controller of the overall system. The prototype, as shown in Fig. 4, was implanted
in the cars to record the necessary data.

3.2. Android app

The first appearance of the Android app is shown in Fig. 5. This app has an indicator
of connectivity status with the server. It also has an indicator and an activation
button for GPS tracking. Finally, it also has indicators from the web server, such as
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engine condition, tire pressure, and battery voltage. Once the tracking is activated,
the indicator color changes to green. The display is shown in Fig. 5(b). Besides the
indicator, a message will also pop up if there are any data locations added to the
server. The message is shown at the bottom part of the display. The version of this
app development is only limited to this function because the analysis part in the

server is only up to the running test.

T,

(a) OBD and (b) Hardware (c) Inside hardware
hardware. placement. box.

Fig. 4. Implementation of the car monitoring system installed in the car.
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Fig. 5. Car tracking system.

3.3. Webserver

In developing the server for data analysis, a web server was developed, including a
database, an interface that receives data from an on-board monitor and stores it in
a database, as well as an interface for a web browser to read data from a database
and display it in a graphical form that could be accessed by users. In order to store
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data sent by an on-board monitor, a web server was prepared with a PostgreSQL as
a database server. A user interface had been developed using a standard web
browser to facilitate data monitoring.

Overall, this system could also be used for position tracking, as shown in Fig.
6(b). It shows the recorded positions with a sequence of red position marks during
the driving test in Surabaya, Indonesia, on July 30, 2019. Here, in addition to
location data, inserted time was also stored in the database. By using that time, the
interval time could be calculated by using Eq. (1). That was by looking for the time
difference between the records. It was merely by subtracting the time of the existing
location data with the time of previous location data. The results from the overall
distribution of the traveling test could be seen in Table 1.

« > C 0N re | tracewebid/v

Check the location

Please choose the date which you want to track

{

(a) Search by date. - (b) Recorded positions.q

Fig. 6. Webserver display.

Table 1. Distribution of interval time.

Interval time Count Interval time Count Interval time Count
0:00:05 285 0:00:19 3 0:01:19 1
0:00:06 83 0:00:20 1 0:01:29 1
0:00:07 1 0:00:21 2 0:01:36 1
0:00:08 8 0:00:24 4 0:01:46 1
0:00:09 69 0:00:25 1 0:01:55 1
0:00:10 121 0:00:30 4 0:02:01 1
0:00:11 3 0:00:40 2 0:03:17 1
0:00:14 2 0:00:43 1 2:12:54 1
0:00:15 6 0:00:50 1
0:00:16 4 0:01:05 1
Sub Total 582 Sub total 20 Sub total 8

Total 610

Table 1 was made from 611 dots, which results in 610 of interval times. From
this table, it could be observed that the minimum and the most dominant interval
was 5 s, with the total data of 285 dots. This can be assumed to be the fastest time
in the process of recording the data in real-time. This can further be illustrated in
the situation of vehicles that are moving fast, and there is no problem with the GPS
signal. The second most common interval was 10 s, with the total number of 121
dots, less than half the first interval. This can be assumed to be a delay from the
recording system. Furthermore, the interval is followed by two other intervals of 6
and 9 s. With a difference of 1 s from the two mentioned intervals, this can be
assumed that the car was not in any traffic jams, but there is a gap about 5 s from
the previous time. The total number of data with intervals less than 10 s was 558
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dots, which is 91.48% of all data. Furthermore, the majority of the time interval is
in the range of less than 30 s with a total number of 597 dots, which is 97.87% from
the aggregated data with total variations. The rest is the interval time longer than
30 s, which has the total number of 13 dots, or only 2.13% of the whole data
number. This can be assumed that the car was in a traffic jam, and a new location
data was sent just after the position had been changed.

The described data statistic can be justified first with its histogram to see the
distribution of the delay time in Fig. 7(a). That distribution is a histogram representation
of Table 1. To measure the most probable delay time, Poisson probability density
function was calculated using Eq. (2) with A =1. The result was shown in Fig. 7(b).
From the distribution, it could be observed that the probability of the occurrence is from
the highest of five red-cross indicators, which were originated at x-axis values close to
zero, but with y-axis values of 0.037, 0.032, 0,022, 0,012, and 0.004.

Histogram Data

Total Occurance (times)

o 200 400 600
Time (s)

(a) Histogram distribution.

Poisson Probability Distribution
0.04

0.03

Probabilty (%)
5

.
0 2000 4000 6000 8000
Time (s)

(b) Probability density function.
Fig. 7. Time delay distribution.
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Once we know the range of delay time, it is possible to plan a real-time analysis at
the server. However, the first application that had been developed is only to help the
user on monitoring their car position. This could be used as an initial development for
the autonomous driving option where the position tracking has been successfully made.
It is left with the vehicle control, which should be developed in the future [16].
However, if only manual driving is needed, this application is considered sufficient, and
it has more possible features just for a simple car monitoring app. At least three
operating conditions of the car have been planned in the developed app.

The problem with recording data from this tracking system was only that the
time had not been recorded in detail. Hence, it has not been sure which one has
made the interval time vary. It was only based on the driver estimation on the
situations of the passing roads, such as the perceived congestion conditions in order
to justify the interval components. By those assumptions, the components of
interval time can be summarized in Eq. (3).

t 1= tGPS + tdelay + twaiting (3)

where teps is the time for acquiring GPS data from the BTS, teelay iS the time for delay
of sending the data, and twaiting iS the waiting time for changes in GPS location data.
Therefore, the overall difference in the data could be distributed. When the road was
not jammed, the changes of position can be acquired continuously. Then the first
dominant time of 5 s can be achieved as teps, and while teelay can be assumed in a
variation between 1 to 5 s, where the portion of data has reached more than 91%. The
remaining about 8% was the change in time from waiting time as there were a number
of positions where the road was rather busy, and there were some positions at a traffic
light waiting for the turns. Thus, the next challenge is how to ensure the time interval
component through a more detailed recording using the Android program.

inerval

3.4.Condition running test

The procedure of sending data to the server is described in Algorithm 1. It requires
hardware, which has been discussed previously in sub-section 2.1. They are ELM
327 OBD-Il Scanner, Arduino Mega 2560, Shield SIM800L for GSM/GPRS
communication, HC-05 for Bluetooth communication, and microSD card as an
internal data storage.

Algorithm 1. Sending Data to Server

Require: OBD-II, Arduino (Serial), SIM800L (GSM/GPRS Comm), HC-05 (Bluetooth Comm.),
SD card
procedureseNDDATA
serial < Initialize Serial Comm.
gsm « Initialize GSM Comm.
bluetooth < Initialize Bluetooth Comm.
while (serialANDgsmANDbluetooth) = 1 do
success «— Connecting_to_OBD-II
ifsuccess = 1 then
Request PID Data
Processing PID Response
Display LCD: OBD Data
Send Data to Server
else
Display LCD: Initialization Status Failed
end if
end while
end procedure
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Basically, the objective of this procedure is to ensure the initialization and
establishment of each communication module. Firstly, the communication between
the Arduino and its shields is established. The purpose of this step is to activate all
these serial, GSM, and Bluetooth shields. Secondly, after the shield is activated, the
communication with the OBD-I11 scanner is tried. Thirdly, if this communication is
successful, then, the PID data will be requested. It is required in order to get the
operating conditions from ODB data. That data will then be displayed in the LCD,
which is finally sent to the server. Otherwise, in a case that there is a failed
communication with the OBD scanner, a failure indication is shown in the LCD.

The obtained data are used for a condition running test. The test scheme was
designed using two different cars, in which each of them employs the same
developed hardware monitoring. Both cars were representing typical ICEV-type of
cars in Indonesia. The first is Honda Stream 2010 (with car ID: Car#01), and the
second is Toyota Rush 2017 (with car ID: Car#02).

The difference between Car#01 and Car#02 is in the initialization of the bus (BUS
INIT) between the OBD ELM327 and the Car ECU. BUS INIT on Car#01 was done
automatically when installing the unit, READER OBD ELM327, while on Car#02,
it was done manually by giving several AT COMMAND to initialize the BUS. Some
of these requests were ATZ, ATSPO, and ATEO. Based on the standard Hayes AT
command, the commands were ATZ for module reset, ATSPO for automatic protocol
detection, and ATEO for deactivating the echo-back mode of the module. After
initialization was completed, the machine would respond according to the requested
parameter ID (PID) request. Some more differences are the accepted data formats.
Examples of data obtained are shown in Table 2.

Table 2. Example of obtained data.
Honda Stream (Car#01) Toyota Rush (Car#02)

48 6B 0A 41 04 62 7E8 03 41 04 3A

48 6B 0A 41 05 80 7E80341057D

48 6B 0A 41 0B 26 7TE8 0341 0B 1E

48 6B 0A 410C 0B C5 7E8 0341 0B 32

48 6B 0A 41 0D 00 7TE8 04 41 0C OE A7

48 6B 0A 41 OE 90 7E8 03 410D 00

48 6B 0A 41 OF 5A 7E8 03 41 OE 92

48 6B 0A 411117 TE8 03 410F 74
7TE8 03411119

It could then be translated back into readable information using CAN 11-bit
standard. The standard data was divided into several parts. As shown in Table 3,
they were identifier, length of data, mode, parameter ID, and data.

The running test was conducted for about 5 months from July 2019 to November
2019 for more than 20 h of driving test. Car#01 recorded 63 data cycles with the data
listed in Table 4. The data was equal to approximately 1.5 h of nonstop driving test.
Meanwhile, Car#02 was able to record more than 545 data cycles with the reading
result described in Table 5. These data equal to approximately 6.5 h of nonstop
driving test. The car condition is slightly different compared to Car#01. Each
recorded operating condition consists of the min, max, and average values. A
comparison of this statistical data can then be summarized in the next part, challenge.
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Table 3. Data format.

Function

Translation

IDENTIFIER 7E8 means response message

LENGTH OF 03 is the length of data obtained, which means providing three

DATA data, such as 41 0D 00

MODE 41 is the service request mode 01 where 0 is replaced by 4
according to SAE J1979 OBD2, 01 means the latest data request

PID Parameter ID, e.g., OD is the parameter 1D for vehicle speed

DATA The data of obtained bytes in Hexa, e.g., 00, means 0 km/h. But

to get the original data in decimal form, several formulas have
been standardized to convert the data

Table 4. Statistical data of Car#01.

Operating Min Recorded Max Recorded A

conditions value time value time verage
Engineload (o) 0 22012019 gy OZOBOIS oo
AR ;R 11l
reomantd g, OV gy NS g
Ry O, U g
s 0 BT oM g
oard e gy A0V, s
airimake(c) 20 OO0 g, 020BE0L g
prodepsin o Awens g 0w

Table 5. Statistical data of Car#02.

Oper_a_ting Min Rec_orded Max Rec_orded Average
conditions value time value time g
Engineload o) 0 ZZA0Z0I8 T SUAOROIS g,
wmperature () %0 obason % omooas 2%
neonantod g, M gy 2000
O WO gy S g
S A
oardiing oy 20208, s o
Arinke (Q) 4o CHIOI9 . o420l o,
prodepsn o 2NN i, A o
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3.5. Limitations and constraints of the study

The use of a Bluetooth-based OBD-II scanner enabled straightforward and cheaper
systems because there is no need to develop unique hardware to access the data from
the car computer system, but only using a simple Bluetooth transmission module.
This allows a greater focus on the processing and analysis of data. The recorded
results can be viewed using an internet web browser on a map. The results of this
position tracking system were analysed by looking at the interval time distribution.

After successfully developed the prototype of the monitoring system, there were
at least two challenges that were found and had to be resolved toward the
implementation. The first is related to the challenge of how to perform data retrieval
continuously for a longer period. Although at this work, the on-board monitoring
system and web server had been able to operate, the data collection still had a risk
of data loss due to network infrastructure. It could also be seen from the proposed
time interval equation. There was time for delay and waiting due to the same data
connection problem. The second one was about how to analyse the data, and how
to make a proper conclusion after that.

The last issue for the development of analysis might depend on the car
manufacturer. The analysis would be from them as well as the maintenance service
which could be scheduled based on the analysis. It would be based on the real
engine condition rather than period of time or distance approach. Thus, the
development of the analysis could be from the expert who could make an
interpretation of the data. This kind of diagnostics could also be detected from the
abnormalities. It could then be developed also by utilizing artificial intelligence
(Al) to sense those operating conditions and additional operating conditions for
unmanned vehicles.

In this study, two different cars have been evaluated and been compared in the
effort to understand the possible different characteristics of each car. It was found that
there was a significant difference between them when applying the monitoring
system. Starting from the system initialization on how to activate the OBD device
until the processing stage on how to obtain the data, they might have different formats
from each other or using different AT commands. It implied from the test result that
different car engine had unique electronic data. Thus, this study also emphasized the
need for standardization of car monitoring design in the future.

4.Conclusion

An loT-based condition monitoring system that has been developed in this study had
shown the potential to support the development of long-distance vehicle condition
monitoring systems. The data that was successfully read by the OBD-II scanner was
quite a detail, including information about the car condition. It might be difficult to
obtain without accessing the internal sensors placed by the car manufacturer.

From the obtained results, it can be observed that there was a time for GPS
retrieval for 5s. By calculating the total of interval time group, it also can be
observed that the total was up to more than 91%, with a situation of the road were
not in any traffic jam. Thus, the change in delay time could also be estimated. The
value was around 1-5 s. The rest was the waiting time, which had a duration of
more than 10 s.
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From the system running test, a comparison of two different cars by using this
car monitoring system showed significant differences. This might indicate that
there was the uniqueness of each car. Future work will include the efforts to observe
the behaviour of each car individually for further data analysis, and also the
application of a machine learning technique to find out its characteristic, therefore,
the standardization for car monitoring can be clearly justified.
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Appendix A
Computer Programme

e Android app could be downloaded from Google Playstore at

https://play.google.com/store/apps/details?id=id.web.trace.carmonitor

e URL for accessing recorded tracking data could be accessed from

http://trace.web.id/v1/
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