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Abstract: This paper presents a microcontroller-based Motorcycle Theft Prevention and Recovery
Security System integrating GSM and GPS technologies. The system detects unauthorized vibration and
ignition activity using sensor-based monitoring and embedded logic control. Upon detecting theft
conditions, SMS alerts are transmitted to the registered owner while real-time geographic coordinates
are obtained using GPS. A relay-based immobilization mechanism enables remote engine shutdown.
Experimental results show fast detection response (2—5 seconds), SMS delivery within 5—15 seconds, and
location accuracy of 3-8 meters. The proposed system is compact, cost-effective, and suitable for real-
world deployment.
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L. INTRODUCTION
Motorcycle theft is a growing issue in urban and semi-urban regions due to high vehicle demand and resale value.
Traditional mechanical locks and standalone alarms lack tracking and remote monitoring capabilities. Modern
embedded systems combined with wireless communication technologies enable intelligent vehicle security solutions.
This work proposes an integrated GSM and GPS-based security system that provides real-time monitoring, alert
notification, and remote immobilization.

II. BACKGROUND OF THE STUDY
Existing security systems mainly depend on mechanical locks or standalone alarms, which lack real-time
communication and tracking features. Embedded systems combined with GSM and GPS technologies provide
advanced security capabilities. However, many existing solutions are expensive or not optimized for motorcycles.
Therefore, an affordable and compact integrated system is required to enhance theft detection and recovery.

III. METHODOLOGY
A. System Architecture
The system architecture represents the structural and functional framework of the proposed security system. The
motorcycle’s 12V battery serves as the primary power source. Since electronic components require regulated low
voltage, a voltage regulator circuit is implemented to convert 12V DC into stable 5V DC. This ensures consistent
performance even during engine start-up or voltage fluctuations.
The microcontroller acts as the central processing unit of the system. It continuously receives input signals from the
vibration sensor and ignition detection circuit. Based on programmed logic, the microcontroller analyses these inputs to
determine whether the condition represents normal operation or a potential theft attempt. If abnormal activity is
detected, the microcontroller communicates with the GSM module to send an alert message and simultaneously
requests real-time location data from the GPS module. The relay module is connected to the ignition system and
controlled by the microcontroller to enable or disable engine operation. This architecture ensures synchronized
interaction between all modules, forming a compact and reliable theft prevention system.
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Fig. 1. Block Diagram of Proposed Motorcycle Theft Prevention and Recovery Security System
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B. Alarm System Initiation

The alarm system initiation begins when the sensing subsystem detects abnormal conditions. The vibration sensor
continuously monitors physical disturbances on the motorcycle frame. If the vibration exceeds a predefined threshold
value, a digital signal is transmitted to the microcontroller. Similarly, the ignition monitoring circuit detects
unauthorized engine activation by sensing voltage presence in the ignition line when the system is in armed mode.
Upon receiving these signals, the microcontroller executes a verification routine to avoid false triggering. The
embedded software evaluates parameters such as vibration duration, frequency of movement, and ignition state. If these
parameters satisfy the programmed theft criteria, the system transitions into alert mode. In this mode, the GSM module
is activated using AT commands through UART communication. The module connects to the cellular network and
sends an SMS notification to the registered owner. At the same time, the GPS module begins acquiring satellite signals
to determine the current geographic coordinates of the motorcycle. This multi-stage process ensures quick response and
reliable alert generation.
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Fig. 2. Alarm System Initiation and SMS Communication Process

C. Theft Attempt Detection Mechanism
The system is designed to handle multiple theft scenarios, including ignition wire tampering, forced handle lock
breaking, and unauthorized vehicle movement. When such activities occur, the vibration sensor detects sudden or
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continuous abnormal movement. Additionally, if ignition wires are bypassed, voltage changes are detected by the
ignition monitoring circuit.

The microcontroller processes these signals using predefined logical conditions stored in firmware. For example, if
ignition voltage is detected while the system is armed and no authorized command is received, it is treated as a theft
attempt. Similarly, prolonged vibration without proper authentication triggers the alarm system. Once confirmed, alert
transmission and location tracking are initiated immediately. This layered detection strategy reduces false positives and
improves detection accuracy.
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Fig. 3. Theft Attempt Detection and Response Mechanism

D. Context Interaction Model

The system interacts with external entities including the motorcycle owner, the cellular network infrastructure, and GPS
satellites. The GSM module acts as an interface between the microcontroller and the cellular network, enabling SMS-
based communication. Through this network, theft alerts and remote commands are exchanged.

The GPS module communicates with orbiting satellites to determine precise geographic coordinates using triangulation
techniques. The motorcycle owner receives alert notifications on a mobile device and can send predefined commands
such as engine shutdown or restart. This interaction model ensures continuous communication between the physical
vehicle and remote monitoring system.
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Fig. 4. Context Diagram of Motorcycle Security System
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From a user perspective, the primary actor of the system is the motorcycle owner, while the secondary actor is an
unauthorized user. The owner can arm the system, receive theft notifications, monitor GPS location, and remotely
disable the engine using SMS commands. The unauthorized user unknowingly triggers the sensing mechanism during
theft attempts. The system automatically responds by sending alerts and enabling tracking features. This functional
structure ensures both preventive and reactive security measures.
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Fig. 5. Use Case Diagram of Motorcycle Theft Prevention System

The system operation follows a structured logical sequence. Initially, hardware components are initialized, including
GSM network registration and GPS configuration. After initialization, the microcontroller enters a continuous
monitoring loop where sensor inputs are analysed in real time.
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Fig. 6. Operational Flowchart of the Proposed Security System
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If no abnormal activity is detected, the system remains in monitoring mode. When theft conditions are satisfied, the
system transitions into alert mode. SMS transmission is executed, GPS coordinates are retrieved and included in the
alert message, and the system waits for a remote command from the owner. If a valid immobilization command is
received from the authorized number, the relay control routine is executed to disconnect the ignition circuit. This
systematic flow ensures real-time monitoring and rapid response.

G. Hardware Installation Methodology

Proper hardware installation is essential for reliability and tamper resistance. The microcontroller board and GSM
module are installed inside concealed compartments such as beneath the seat or internal panels. The GPS antenna is
positioned where maximum sky exposure is available to ensure strong satellite signal reception.

The vibration sensor is mounted firmly on the motorcycle chassis to accurately detect movement. The relay module is
connected in series with the ignition wire to allow controlled engine disconnection. All wiring is insulated and secured
to withstand mechanical vibration, temperature variation, and environmental conditions. This installation methodology
ensures long-term durability and stable performance.
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Fig. 7. Hardware Installation of the Security System

H. Circuit Design Methodology

The circuit diagram defines electrical connections among all components. A regulated power supply provides stable
voltage to each module. The GSM and GPS modules are connected to the microcontroller through UART serial
communication pins. The vibration sensor is connected to a digital interrupt pin to allow immediate event detection.

Regulated
Power Supply
GSM Tx/Rx
Or | Module
o— (UART) )—_WT ” I ) Ignition
! Relay Coil LIN
€ Relay Driver Circuit l
Microcntroller w Engi
b q Rela nine
c R ‘ y=_> Immobilization
Vibration ge— ats )WL T
Sensor  D-INT| Module R -
(UART) T Ignition | Line (OUT)

LCircuit Design: Safe, Reliable & Minimal Noise Interefence I

Fig. 8. Circuit Diagram of GSM and GPS Integrated Security System
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Since the microcontroller cannot directly drive the relay coil, a transistor driver circuit is implemented. A flyback diode
is connected across the relay coil to protect against voltage spikes during switching. The ignition line passes through
the relay contacts, enabling engine immobilization when required. The overall circuit design ensures safe operation,
minimal noise interference, and reliable system performance.

IV.IMPLEMENTATION
The components are integrated on a compact PCB. The system is installed in a concealed location. Insulation and
vibration-resistant mounting ensure durability and reliability.

V. HARDWARE MODULES
A. Microcontroller
Central processing unit controlling all modules.

B. GSM Module
Handles SMS communication using AT commands.

C. GPS Module
Provides latitude and longitude from NMEA data strings.

D. Relay Module
Controls ignition circuit using transistor driver.

E. Power Supply Unit
Converts 12V to regulated 5V with filtering capacitors.

VI. SOFTWARE MODULE

The software is developed in Embedded C and includes:

e Initialization routine

e  Sensor monitoring loop

e Theft detection algorithm

e  GSM communication handler

e  GPS data extraction module

e Command verification logic
Interrupt-based programming ensures fast response to theft events.

VII. RESULTS AND DISCUSSION
A. Theft Detection Performance
Detection within 2—5 seconds.

B. GSM Communication Results
SMS delivered within 515 seconds.

C. GPS Tracking Accuracy
Accuracy: 3-8 meters (open sky).
Satellite lock delay: 10—30 seconds in semi-covered areas.
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D. Relay and Engine Immobilization
Immediate immobilization after authorized command.

E. Power Consumption Analysis
Low power consumption suitable for continuous operation.

VIII. CONCLUSION
The proposed Motorcycle Theft Prevention and Recovery Security System provides an efficient and reliable solution
for enhancing motorcycle security. By integrating GSM and GPS technologies with a microcontroller-based control
system, real-time monitoring, instant alerts, and remote engine immobilization are achieved. Experimental results
confirm fast response time, accurate tracking, and stable communication performance. The system is suitable for
practical deployment and can significantly improve vehicle recovery rates.

IX. FUTURE SCOPE
Future improvements include mobile application integration, cloud-based tracking, geofencing alerts, biometric
authentication, and IoT-based centralized monitoring. These enhancements will further improve intelligence, security,
and commercial viability.
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