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Abstract: The high rate of motorcycle theft was reportedly caused by the
negligence of the owner of the motorcycle itself, including forgetting to double
lock and leave the key on the motorcycle. This research offers a new approach to
prevent motorcycle theft by designing an automatic double lock system through
ignition keys, buzzer reminders for left keys, and coordinator points using GPS to
track the position of a motorcycle. Automatic dual locks are designed using a
solenoid that locks the front and rear disc brakes automatically when the ignition is
in the lock position. The buzzer is activated by using a crossbeam sensor consisting
of infrared and photodiode mounted on the ignition key slot and seat lock slot
which will sound when the user leaves the key in one of the key slots. The Ublox
Neo-6m GPS module is used to determine the coordinates of the motorcycle's
position if the motorcycle has been stolen. The test results show that the system can
work well. User satisfaction testing shows that respondents agree that the system
that has been designed has ease of use, is simple and very useful, seen from the
average score of usability factor 4.18, simplicity 4.32 and interactivity 4.38 from a
scale of 5.
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INTRODUCTION

The security system on a motorcycle can be categorized into two types, namely a passive security system and
an active security system . Passive safety systems are widely used by motorbike owners because they are
affordable and cheaper (Savino, Pierini, and Fitzharris 2019). The other system is an active security system,
which uses an alarm and all security systems that use electronic devices as a safety module (Ahfas et al. 2019;
Sathiyanarayanan, Mahendra, and Vasu 2018; Sihombing et al. 2020; Siregar et al. 2019). Along with the
development of motorcycle safety technology currently followed by the high level of crime of motorcycle theft,
the Central Statistics Agency noted that the theft of motor vehicles known as “curanmor” occupies the top place
of criminal activity today (BPS 2019).

This is also the case with Riau province, specifically the city of Pekanbaru, which was compiled from the
Pekanbaru Police Criminal Investigation Unit for the past 5 years. In 2018 there were 70 motorcycle theft cases
with various theft modes including 52 cases with the destruction of ignition key slots using “T” key, 8 cases
duplicated ignition key, and 10 cases left keys on the motorcycle. In 2019, 39 cases of theft were reported
including 30 cases of destruction of ignition key slots using "T" keys, 4 cases of duplicating keys, and 5 cases of
keys left behind. In 2016, there were 47 cases with theft mode including, 39 cases of destruction of ignition key
slots using "T" key, and 8 cases of key left behind. In 2020, there were 42 cases of theft mode including 38 cases
of destruction of ignition key slots using "T" key, 1 case of duplicating ignition key, and 3 cases of key left
behind, and in 2018, there were 32 cases of theft mode by damaging the slot ignition key using "T" key (Polresta
2018). According to Alan Arief, who holds the position of Barbintu at the Pekanbaru Police Criminal
Investigation Unit, said that "vehicle theft using the letter" T "key and the key left on the motorcycle only takes
no more than a minute. Based on data from the Central Statistics Agency and the Pekanbaru Police Criminal
Investigation Unit, we can see that the theft of motorcycle that occur every year by utilizing user negligence
(BPS 2019; Polresta 2018).

From the problems mentioned above, several researchers have conducted research to solve the problem of
motorcycle theft, by designing systems that are supported by various technologies, including designing smart
security system using internet of things (Lestari et al. 2021; Sathiyanarayanan et al. 2018) , motorcycle anti-theft
systems with alarm notification using GSM and GPS (Sihombing et al. 2020; Tombeng et al. 2021; Wirawan and
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Rahman 2019), security system with SMS Gateway (Saputra and Herlinawati 2017), anti-theft systems
motorbike with GPS tracker and Android (Apps 2019; Arta et al. 2021; Siregar et al. 2018), and fingerprint
motorcycle safety systems (Furgan et al. 2021).

Based on the data above, it is necessary to have a system that can prevent theft caused by user negligence.
The most important thing to be able to prevent motor vehicle theft is to always install a double lock and don't
leave the key in the key slot. These two problems are caused by the negligence of users who are usually in a
hurry and lazy to install a double lock, besides that some cases often forget to take the key from the lock slot of
the motorbike seat when finished inserting a helmet under the motorbike seat. This research proposes a new
approach in preventing motorcycle theft by designing an automatic double locking system when the ignition is
turned off and to avoid forgetting to take the ignition key, this study uses a crossbeam sensor placed in the key
slot, the buzzer will be active when the user leaves the key in the key slot. The design of this system is equipped
with a GPS module which is used to determine the coordinates of the position of the motorcycle so that the user
can know where the position of the motorcycle has been stolen.

METHOD

In general, the motorsycle theft prevention system has three features; first is double locking the motorcycle
automatically, second is ringing the buzzer automatically when the user leaves the key in the key slot and third is
determining the coordinates of the motorcycle when the motorcycle is stolen. These three features are illustrated
in the block diagram shown in Figure 1.

From Figure 1 it can be seen that the main controller in this system is an Arduino Uno microcontroller
(Ramadian and Marlinda 2021) . Two solenoids are used to double lock the front disc and the rear disc of the
motorcycle automatically when the ignition is in the lock position. Crossbeam sensor consisting of infrared and
photodiode is placed in the ignition slot and seat lock, if the sensor reads a key left in one of the slots which is
considered as a barrier between infrared and photodiode, the sensor will send a signal to the microcontroller to
activate the buzzer. SIM900 GSM module and Ublox NEO-6M GPS module are used to find the coordinates of
the motorcycle's position if the motorcycle has been stolen. A special code that has been set on the
microcontroller aims to activate the search for the coordinates of the position of the motorcycle through SMS
sent to the SIM900 module which is forwarded to the Ublox Neo-6m GPS module, then the message is returned
to the user in the form of a coordinate point link that can be opened through a smartphone in the form of a map.
Accu is used to provide power supply to the microcontroller through the DC to DC converter module so that the
motorcycle theft prevention system remains active.

n
Y
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Figure 1 System Design Block Diagram

The automatic double locking system in this study utilizes the ignition switch function of the ignition switch that
already exists on the motorcycle. As we know, motorcycle ignition switches consist of 3 conditions; lock, off
and on. The lock position is the position where the engine is off and the steering is locked. The off position is the
position where the engine is off and the steering is unlocked, and the on position is the position where the engine
is running.

Ignition switches that already exist on the motorcycle are given an additional function which is to turn on and off
the solenoid function that has been installed on the motorcycle wheel disc. The ignition circuit can be seen in
Figure 2 below,
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Figure 2 Schematic of the ignition circuit

In the crossbeam sensor design, infrared and photodiode are mounted on the ignition switch that has been
perforated on both sides so that later the motorcycle lock can be detected. The output of this crossbeam sensor is
a buzzer that will sound when the motorcycle lock is still attached for 3 seconds. This crossbeam sensor circuit
can be shown in Figure 3 below,

Accu 12v

crossbeam sensor

Modul Converter dc to dc

i

crossbeam sensor

, g LSRR Wiring
l | B

i

Buzzer

Relay

Arduino Uno

Figure 3 Schematic of a crossheam sensor circuit

The design of the circuit to find the coordinates of the motorcycle's position using the GSM SIM900 module as
an intermediary between the user and the Ublox Neo-6m GPS module. The GPS module which has an Rx pin is
connected to Tx on the microcontroller and the Tx pin on the GPS module is connected to Rx on the
microcontroller. In this design, both modules have the same Rx Tx pin. For this reason, Rx pin on the GSM
module is connected to pin 2 on the microcontroller and pin Tx on the GSM module is connected to pin 3 on the
microcontroller. The series of GSM SIM900 modules and GPS modules can be shown in Figure 4 below.

Wining |

Modul GPS Ublox Neo-6M

Accu 12v

Modul Converter dc to dc .
Modul GSM SIM300

Wiring

Arduine Uno

Figure 4 Schematic of GSM Module and GPS Module Circuit
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The overall scheme of the system is shown in Figure 5. After all, the components of the system hardware are
assembled, the next step is to test to find out whether the system is working as planned or not.
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Figure 5 Overall Hardware Designing Scheme

After all the components have been tested and worked well, they are installed on the motorcycle. The installation
on a motorcycle follows the scheme shown in Figure 6.

Solenoid
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Figure 6 Tool Installation Scheme

In the installation scheme above, the positive voltage (+) sourced from the battery passes through the fuse is
connected to the ignition switch to the relay which activates the two solenoids. The negative voltage (-) of the
battery is connected to the body of the motorcycle as grounding which will be connected to the GND relay and
GND dc converter. The output from the DC to DC converter will be connected to an automatic dual safety
device on the motorcycle.

An illustration of installing a motorcycle automatic double lock on the front wheel disc is shown in Figure 7. The
position of the solenoid is mounted parallel to the front disc.
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Frontdise hele

Figure 7 Illustration of Automatic Double Safety on Front Discs

To anticipate the solenoid not being able to enter the disc hole, the front disc is perforated with 4 curved sides
which can be seen in Figure 8. The disk disc will be turned into a 4 sided curved shape so that the solenoid does
not get stuck when it locks.

Figure 8 Illustration of Front Disc Holes

The installation of the solenoid on the back disc is shown in Figure 9. The position of the solenoid is
mounted parallel to the disk wheel disc that has a large hole so that no turning is needed.

Figure 9 Automatic Double Lock Illustration on Rear Discs
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The design of software in Arduino is divided into two parts, namely crossheam sensor programming and GPS
system programming. Crosheam sensor programming aims as an input that is used to activate the buzzer that can
inform the user that the key is still attached to the ignition switch and seat lock slot. The flow diagram of the
crossheam sensor programming is shown in the flow diagram of Figure 10.

Programming diagram of the crossbeam sensor starts with initialization, indicating the program is started and the
crossbeam sensor will read the input in the form of an ignition key as a barrier between infrared and photodiode.
When the ignition is off and is still attached to the ignition switch or seat lock slot, the microcontroller will count
for 3 seconds after 3 seconds then the microcontroller will send a signal to the buzzer so the buzzer sounds.

Figure 10 Flowchart Crossbeam sensor programming

Start
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Initialization
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Is There a

key?
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Microcontroller
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Programming on a GPS system is made with the aim that users can communicate with existing devices on a
motorcycle. Communication is carried out in the form of a short message sent by the user to the system, then the
system will respond to the message by giving a reply in the form of a coordinate point of the motorcycle's
position. Figure 11 shows a flowchart of GPS system programming.
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Figure 11 GPS System Programming Flowchart
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From Figure 11 it can be explained that the process begins with the device initialization that indicates the
program starts working and the GSM SIM900 module sends the message "GPS TRACKER ACTIVATED" to
this user meaning the GPS device on the motorcycle has received a signal. The user sends a "track™ message so
that the device on the motorcycle sends a coordinate link where the current position of the motorcycle is. If the
device does not respond to the requested message, the user must send a "reset" message in order for the device to
repeat the process from the beginning.

RESULT
The results of designing and installing a solenoid and crossbeam sensor are shown in Figure 12. The solenoid
is designed to lock the front and rear disc brakes so that the motor cannot be driven, the position of the solenoid
is aligned with the disc brake holes. The front discs need to be modified so that the solenoid can lock perfectly.
Crossbeam sensor is placed on the ignition switch and key slot to open the seat. This laying can be adjusted to
the model of the motorcycle used.

Solenoid

Figure 12 Position of Sensor and Solenoid crossheam

Figure 13 shown the result of the design of motorcycle front wheel discs and solenoid position. The disk was
perforated by turning into 4 curved sides with a hole diameter of 10 mm, a long curve of 7.6 mm and a spacing
of 60 mm each. This is done so that the disc disk is not easily broken and stable.

Figure 13 Results of Front Disc Design
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As for the rear disc, it doesn't need to be modified because of it already has large and many holes so the solenoid
position can lock perfectly.

Figure 14 Results of Rear Disc Design

Figure 15 shows the results of testing a double locking system automatically where the ignition switch is in the
on position, figure 15 (a), then the solenoid will pull the retaining disk towards the back, shown in Figure 15 (b)
and15 (c) the solenoid does not lock the disc so the motorcycle can be ridden.

Solenoid Position

Ignition key | |
Y

i ‘\‘ -

Ds hole

(b)
Figure 15 (a) Ignition switch on, (b) Front Disc, (c) Rear Disc

In Figure 16 shows the test results when the ignition switch is in the off position, then the solenoid will release
the front wheel and rear wheel disc brakes, so the motorcycle cannot be used for driving.
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Figure 16 (a) Ignition switch Off, (b) Front Disc, (c) Rear Disc

Crossbheam sensor is tested by inserting a motorcycle key on the ignition switch in the on the condition so the
buffer will not sound. Conversely, if the ignition in the key slot is still attached and the ignition switch is off then
the key is not taken 3 seconds then the buffer will sound. Likewise, with testing on the seat lock slot, the buffer
will sound if the key is not taken within 3 seconds.

Testing of the GSM module has been carried out by installing a jumper cable on the GSM module to the Arduino
Uno board. In the GSM module, there is a VCC pin which will be connected to the 5 volt voltage pin, TX TX is
connected to pin 7, RX pin is connected to pin 8, and the GND pin is connected to the GND pin on Arduino
Uno. When the system is first turned on, the GSM module will search for signals with a fast flashing blue LED.
The LED will blink slowly when the signal is registered. The first thing the GSM module does when it gets a
signal is to send a message 'GPS SYSTEM ACTIVATED' to the user's mobile number that has been registered.
This indicates that the GPS system is active.

To find out the coordinates of the motorcycle the user needs to send the message #track. The system will send a

google map link as shown in figure 17.
] © B .l coxim 1810

Thu, 14/12/2017

. GPS SYSTEM ACTIVATED
20:09

track
20:09

https://maps.google.com/
maps?
q=0.451465,101.354103
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Figure 17 Display message test results on the Mobile User
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Testing the Ublox 6m GPS module by installing a jumper cable to Arduino Uno where there are VCC, RX, TX,
GND pins. The VCC pin on the GPS module is connected to the 3.3-volt pin, the RX pin on the GPS module is
connected to the TX pin, the TX pin on the GPS module is connected to the RX pin, and the GND pin is
connected to the GND pin on Arduino Uno. The blue LED on the GPS module will blink every 1 second
indicating that a GPS signal has been found.

Figure 18 shows the GPS module test results displayed in the Arduino IDE serial monitor consisting of satellite
count, latitude, longitude, MPH speed, and altitude feet which will then be displayed in the Google Maps

application.
£9 COM3 (o |- e
|

Satellite Count : 15 it
Latitude : 0.451529

Longitude @ 101.354095

Speed MPH : 0.45

BRltitude Feet : 55.77

Link Google Maps : http://www.google.com/maps/place/0.45,101.35
Satellite Count : 15
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Link Google Maps @ http://wwWw.google.com/maps,/place/0.45,101.35
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Autoscroll iNo line ending i9600 baud - Clear output

Figure 18 Display of GPS Test Results on Serial Monitor

The SMS which contains the location coordinate link sent by the system is then opened with the Google Map
application on the smartphone. Figure 19 shows the results of testing the Google Maps application opened on a
smartphone.
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Figure 19 Test results Display application on google map
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The final part of this sub-section is testing user satisfaction surveys through questionnaires. The fifteen questions
in the questionnaire were designed in such a way as to measure the usability, simplicity and interactivity factors
of the motorcycle theft prevention system that had been developed. The questionnaire was designed by making a
rating scale from poor to very good on a scale of 1 to 5 according to the Likert scale. Before the questionnaire is
distributed to respondents, it is tested whether all the questions that have been developed are valid and reliable
by testing validity and reliability. Fifty respondents were selected using a random sampling method from UIN
SUSKA faculty of science and technology students who own a motorcycle with two front and rear disc brakes.
Respondents were asked to operate a system that had been developed then asked to answer the questionnaire.

Table 1 and Figure 21 shows the results of a user satisfaction survey which is shown respondents' assessment
scores on a motorcycle theft prevention system. Usability, simplicity, and interactivity factors are used to
measure user satisfaction in using a system that has been developed.

Tablel Average scores for each question

Question No Usability Simplicity Interactivity
1 4,31
2 4,78 4,78
3 4,31 4,31
4 3,78 3,98
5 3,99
6 4,06
7 4,27
8 4,46
9 4,72
10 3,91 3,95
11 4,21
12 44
13 4,74
14 4,21
15 4,34
Usability, Simplicity, and Interactivity
Factor
6
g’o 4 # o - =\ Usability
o
:>:J 2 ‘ Simplicity
0 Interactivity
123456 7 8 9101112131415

Figure 21 The average score for each question of the survey conducted

DISCUSSION
The results of this research show that the developed system is a new approach to preventing the theft of motor
vehicles caused by the negligence of users who constantly forget to leave the motor key and double lock the
vehicle. Furthermore, the test results show that this system is easy to use, simple and has a good level of security.
Overall, the developed system is sound, but there needs to be an addition of a cover feature on the front of the
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solenoid to prevent the solenoid knob from entering the disc hole in the event of an error, placing the barrier
sensor position more closed to avoid light interference from the outside so that the sensor reading is more
responsive and changes locking system without having to modify the disc.

CONCLUSION
A new approach to motorbike theft prevention systems based on Arduino Uno has been successfully
developed. The automatic dual locking system can ensure that the motor will always be double locked when it is
parked. The buzzer will activate after three seconds if there is still a key in one of the motorcycle's key slots. The
determination of location points can be activated if the motorcycle has been stolen. User satisfaction test results
show that the user is satisfied with the system that has been developed.
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