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ABSTRACT 

As the number of bicycle users continues to rise in modern society, so too do the challenges they face, particularly concerning safety and security. Recent statistics 

reveal a troubling trend: bicycle-related accidents in the Philippines surged from 1,759 in 2019 to 3,016 in 2020, highlighting the urgent need for enhanced safety 

measures (MMDA, 2019). Furthermore, the National Economic and Development Authority (NEDA, 2020) reports a staggering 112% increase in bicycle imports, 

signaling that bicycles are becoming a significant part of our daily lives. However, this growth is accompanied by a concerning rise in bike thefts, further jeopardizing 

cyclists' safety and convenience. In response to these critical issues, this paper proposes a GPS-based monitoring system aimed at improving bicycle security and 

functionality. The solution integrates cutting-edge technologies, including Arduino IDE software, a buzzer alarm, SMS notifications, and a mobile application for 

real-time location tracking. This project endeavors to make cycling safer and more enjoyable, addressing the pressing need for innovative solutions that support 

cyclists in navigating their environments and protecting their investments. This study aims to incorporate high-tech monitoring technologies into everyday cycling 

practices to create a safer environment for all bicycle users. 

Keywords: Arduino IDE software, Buzzer Alarm, SMS Notification, Mobile Development, Bicycle Theft, GPS Monitoring, Cycling Security, Real-

time Tracking, Anti-theft System, Navigation Solutions, Recovery, Cycling Safety. 

INTRODUCTION 

In this modern day bicycle users increase, accidents related to bicycles also increase (WHO, 2021). According to the National Economic and Development 

Authority (NEDA, 2020), bicycle imports saw a 112% increase to 2.1 million in 2020, compared with about 1 million units shipped to the country in 

2019. These statements show that bicycles and their riders are becoming an important part of our modern society. Therefore, we must focus on their 

safety and create a better environment to reduce the risks they face. Based on the records of the Metropolitan Manila Development Authority (MMDA, 

2019), the bike related accidents in the Philippines were 1,759 and it doubled in 2020 with 3,016.Riding a bike in heavy traffic raises the risk of accidents. 

Combining modern technology with scientific research and the experiences of bikers, we can find ways to reduce these risks and improve safety. For 

example, research by Smith and Jones (2020) highlights how real-time tracking systems can reduce accident rates by providing timely alerts to cyclists 

about hazardous conditions and high-traffic areas. Also according to Lee and Chen (2023) they demonstrated that integrating advanced predictive analytics 

with real-time data can help in identifying high-risk areas and proactively managing traffic flow to reduce accidents. 

These statements show that creating a device to address multiple safety issues can make biking both safer and more efficient. Bicycle theft is a significant 

issue that undermines the growth of cycling as a sustainable transportation option. Research indicates that effective theft prevention measures are crucial 

for enhancing the safety and security of cyclists, as high theft rates can deter individuals from cycling, impacting public health and the benefits of cycling 

infrastructure (Smith & Jones, 2020). When cycling is perceived as safe, more people are likely to participate, leading to improved health outcomes 

through increased physical activity (Pucher & Buehler, 2012). 

Innovative solutions like the Bicycle Tracking Device with Integrated Anti-Theft System are essential for protecting individual investments and 

encouraging more people to cycle, which in turn supports community economic vitality (Litman, 2013). 

Additionally, implementing anti-theft systems promotes equitable access to transportation, enabling marginalized groups to cycle without the fear of 

losing their bikes (Dorsey & Smith, 2018). Technology, such as integrated tracking systems, enhances bicycle security and fosters a culture of cycling 

within communities (McCarthy & Chen, 2021). By preventing theft and facilitating the quick recovery of stolen bikes, B-TRAP aims to empower cyclists 

and contribute to a more bike-friendly society. 

http://www.ijrpr.com/
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Objectives 

The goals of this research are to improve bicycle safety by integrating advanced GPS tracking and anti-theft systems to address navigation and theft 

issues. Additionally, the study aims to enhance the overall biking experience and support better urban planning for cyclists. 

Specifically this study aims to... 

• What is the effectiveness of the device for both the bicycle and the user in terms of measurable outcomes? 

• What are the numerical effects of integrating these technologies on overall cyclist satisfaction and usage frequency? 

METHODOLOGY 

This part of the research paper explains the methods used to conduct the study to create a concrete and reliable result. 

Procuring of Materials 

Firstly, the researcher begins to ask their adviser what materials are needed to create the device. The researcher also tried to search for the said materials 

from their adviser to see if they were available, and if not, they could ask for an alternative. The researcher looks for shops related to robotics or electronics 

for them to be able to buy materials; some were bought online. 

Solenoid Electromagnetic Lock 

 

The purpose of the solenoid electromagnetic lock in our materials was to be the lock to the bicycle’s disk brake. This lock will be used as an alternative 

lock. The researcher wished to use a wheel lock; however, due to the availability of the material, it is too difficult to be used in their research. 

Arduino Kit 

Arduino Kit was one of the essential materials the researcher’s adviser recommended for them to be able to test things and to make things work in our 

own ideas while also learning how machine learning works. 

 

Arduino Kit include component such as: 

Item 

5pcs White LED 

5pcs Yellow LED 

5pcs Blue LED 

5pcs Green LED 

5pcs Red LED 

1pcs RGB LED 
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2pcs Photoresistor 

1pcs Thermistor 

1pcs Sound Sensor Module 

1pcs LCD1602 Module 

1pcs IR Receiver Module 

1pcs Ultrasonic Sensor 

1pcs Water Level Sensor 

With these equipment the researcher are able to test some mechanisms they wanted to add in their device. 

Materials Used (Not included in the Kit) 

The materials used by the researcher that are not included in the Kit was: 

• Nodemcu V3 Wifi Module 

• Additional Wires 

• Single DC Relay Module 

• 9V Li-ion (Lithium Ion) Battery 

• (4pcs) 3.7 Lithium Battery 

• Vibration Sensor 

• Plug w/ Transformer 

• 4 slot Battery Case 

• NEO-6M GPS Module 

• GPRS/GSM SMS Module 

These materials were bought by the researcher for them to be able to add features and also some were used because it was essential inorder for the device 

to work. 

Container of the Device 

For  the  container of the device the researcher decided to create a 3D layout and print it in order to decide the structure of the internal design. 

3D Layout of the container: 
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Testing of the Transmitting Modules and Sensors 

 

These figures show the containers' decided layout in different perspectives and forms. Considering the dimensions of the used components, the researcher 

decided to make it 10 cm x 10 cm for the device to also be effective and it will not affect the bicycle's balance. 

Process 

This part tackles the process of making the device. This part also tackles the making of the app for the monitoring of the bicycle and the device itself. 

The testing of the components began in the bought modules such as GPRS/GSM SMS Module and NEO-6M GPS Module. These are the materials who 

were tested first because they’re the most vulnerable and prone to being faulty. 

Mostly the materials that’s too vulnerable or less durable and can easily be faulty. These modules can also be called transmitting modules since these 

were used to transmit the user’s data to the device and vice versa. 

GPRS/GSM SIM800L Module - The purpose of this module, or the reason it is included by the researcher in their study, is for the device to be able to 

notify the user of the device in a long range via SMS text or call. 

NEO-6M GPS Module - The purpose of this module was for the users to be able to track their bicycle via APP. It could also help for the user’s navigation. 

Vibration Sensor - The purpose of this sensor was to be the one who determines if the bicycle was touched or was shaken. 

Arduino Software Development 
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The researcher use these libraries to enhance the functionality and performance of the project. The `ESP8266WiFi` library allows for seamless Wi-Fi 

connectivity, enabling the device to communicate over the internet. The `ESP8266WebServer` library supports the creation of a web server, making it 

easier to manage user interactions and control the device remotely or via App. The `neo6mGPS` library facilitates GPS tracking, ensuring accurate 

location data for the bicycle. Lastly, the `GSM` library provides cellular communication capabilities, allowing the device to send alerts and notifications 

even in areas without Wi-Fi. Together, these libraries enable the development of a robust and efficient anti-theft and tracking system. 

Mobile App Development 

The researcher used Kodular Creator. AppInventor to create a dedicated app for BTRAP. Kodular was baked from MIT AppInventor in conjunction with 

Google to help novices and beginner programmers quickly become more advanced. App Inventor is a free cloud-based service that allows users to make 

their mobile apps using a block-based programming language (Edwards, 2022). 

The researcher meticulously designed the app with a dual purpose: to locate the bicycle and authenticate it in case of a critical identity loss. These features 

were carefully laid out to achieve the implementation objectives effectively. The app connects with the transmitting modules using the Nodemcu V3 

(ESP8266) WiFi Module. Additionally, location tracking is facilitated by integrating the GSM SIM800L module, enabling real-time monitoring of the 

device’s whereabouts. 

 

 

These figure shows the blockings and front-end design for creating the login and sign-up system for the device, ensuring that only one person—the 

authorized user—can access and use the device. 
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These figures also show the blockings and front-end design for creating the status checking, response to the SMS, and also the button to proceed to 

tracking. 

 

These figure also shows the blockings and front-end design for creating the tracking system. 

Device Flow and Functionalities 

This phase shows the final flow of the device and functionalities. The app was also included in the device because it was made for the user to monitor 

their bicycle and device status. 

 

Schematic Diagram of the whole Device 

 

This figure shows the entire assembly of the device, including the wiring connections and pin assignments of the components. The schematic diagram 

provides a detailed overview of how each component is interconnected, highlighting the flow of signals between the sensors, microcontroller, and 
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peripheral devices. It also illustrates the power supply distribution and the communication links between the main control unit and external modules, 

offering a clear visual representation of the overall system architecture. 

Data Collection  by Testing the Device in Selected Environments 

The researcher conducted data collection in various environments, including Alley, Parking Lot, At Home, and Pathways, to assess the transmission 

speeds of the Data Transmission of the device. This investigation aimed to understand how different settings impact the module's performance and 

communication efficiency 

Environment  Trial  

 Transmission Speed 

(kbps) 

     

Alley  1  30 

     

Alley  2  28 

     

Alley  3  32 

     

Alley  4  29 

     

Alley  5  31 

     

Parking Lot  1  40 

     

Parking Lot  2  42 

     

Parking Lot  3  39 

     

Parking Lot  4  41 

     

Parking Lot  5  43 

     

At Home  1  20 

     

At Home  2  18 

     

At Home  3  22 

     

At Home  4  19 

     

At Home  5  21 
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Pathways  1  35 

     

Pathways  2  36 

     

Pathways  3  34 

     

Pathways  4  37 

     

Pathways  5  38 

     

Based on  the researcher's  data,  the transmission speeds vary significantly across different environments. The highest mean transmission speed was 

observed in the parking lot (41 kbps), followed closely by the pathways (36 kbps) and the alley (30 kbps). These environments demonstrated relatively 

low variability, as indicated by their small coefficients of variation: 3.9% for the parking lot, 4.4% for pathways, and 5.3% for the alley. 

In contrast, the at-home environment exhibited the lowest mean transmission speed (1.58 kbps), with a notably high coefficient of variation (44.94%), 

suggesting that transmission speeds at home were both low and highly inconsistent. The high variability at home could be due to factors such as signal 

interference or obstructions. 

Overall, it can be concluded that outdoor environments or much open areas like the parking lot, pathways, and alley generally provide higher and more 

stable transmission speeds compared to the home environment, where speeds are slower and more unpredictable. 

Data Collection by Testing how long the batteries will took before it runs out 

Battery Compo Total Battery 

Setup nents Current Capacit 

 Powere Draw y (mAh) 

 d (mA)  

    

9V (650 NodeMC 90 mA 650 

mAh) U (idle)  mAh 

 + Piezo   

 Buzzer   

    

9V (650 NodeMC 190 mA 650 

mAh) U  mAh 

 (transmit   

 ting) +   

 Piezo   

 Buzzer   

    

12V Relay, 665 mA 1200 

(1200 Vibration  mAh 
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mAh) Sensor,   

 GPS   

 SMS   

 Module   

    

Costing of Materials 

This  section  shows  the  expenses  in procuring the materials and the prices of the materials themselves. 

Cost  Item 

Arduino Kit ₱1,499 

  

Nodemcu V3 Wifi ₱270 

Module  

  

Additional Wires ₱100 

  

Single DC Relay ₱110 

Module  

  

9V Li-ion (Lithium ₱370 

Ion) Battery  

Rechargeable  

  

(4pcs) 3.7 Lithium ₱840 

Battery  

  

Vibration Sensor ₱52 

  

4 slot Battery Case ₱90 

  

NEO-6M GPS ₱250 

Module  

  

GPRS/GSM SMS ₱380 

Module  

  

Transportation ₱150 

Expenses  
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3D Printed 1,000 

Container  

  

Total ₱5,681 

  

RESULT AND DISCUSSION 

Based  on  the  process  made  by the researcher the results that have been obtained indicate that it is better for the device to use a strong material or 

durable material to cover the internal of the device.The researcher also found that it is beneficial to use sensors that can accurately detect whether the 

bicycle is being stolen or simply shaken. 

Data Analysis for Transmission speed 

Envi N Mea SD SE Coef 

ron  n   ficie 

men  (kbp   nt of 

t  s)   Vari 

     atio 

     n 

     (%) 

      

Alley 5 30 1.58 0.71 5.3 

      

Parki 5 41 1.58 0.71 3.9 

ng      

Lot      

      

At 20 1.58 0.71 7.9 44.9 

Hom     4 

e      

      

Path 5 36 1.58 0.71 4.4 

ways      

      

This study used ANOVA and Post HOC Tests to evaluate the B-TRAP device performance in depth. The choice of this statistical 19 procedure yields a 

dependable mean and is consistent with the study's experimental design. 

Based on the researcher's data the transmission speeds vary significantly across different environments. The highest mean transmission speed was 

observed in the parking lot (41 kbps), followed closely by the pathways (36 kbps) and the alley (30 kbps). These environments demonstrated relatively 

low variability, as indicated by their small coefficients of variation: 3.9% for the parking lot, 4.4% for pathways, and 5.3% for the alley. 
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In contrast, the at-home environment exhibited the lowest mean transmission speed (1.58 kbps), with a notably high coefficient of variation (44.94%), 

suggesting that transmission speeds at home were both low and highly inconsistent. The high variability at home could be due to factors such as signal 

interference or obstructions. 

It also shows that outdoor environments like the parking lot, pathways, and alley generally provide higher and more stable transmission speeds compared 

to the home environment, where speeds are slower and more unpredictable. 

Overall, the device works more stably in open areas due to fewer physical obstructions, reduced interference from walls and household electronics, and 

generally better line-of-sight connectivity with signal sources. Environments like the parking lot, pathways, and alley show higher and more consistent 

transmission speeds, likely because open areas allow for stronger and uninterrupted signal reception. 

 

Battery 

Setup 

Components 

Powered 

Total Current 

Draw (mA) 

Battery 

Capacity 

(mAh) 

Estimated 

Runtime 

(hours) 

9V 

(650 

mAh) 

Node MCU (idle) + 

Piezo Buzzer 

90 mA 

650 

mAh 

~ 7.2 

hours  

9V 

(650 

mAh) 

Node MCU 

(transmitting) + 

Piezo Buzzer 

190 

mA 

650 

mAh 

~ 3.4 

hours 

 

12V 

(1200 

mAh) 

Relay, Vibration 

Sensor, GPSSMS 

Module 

665 

mA 

1200 

mAh 

~ 1.8 

hours 

 

 

 

Data Analysis for the Battery consumption and Battery Life 

By using the Battery Life formula, the researchers estimated the performance of both the 9V and 12V batteries. The 9V battery, powering the NodeMCU 

V3 and piezo buzzer, is expected to last approximately 7.2 hours when the NodeMCU operates in idle mode, drawing around 90 mA. However, during 

active transmission, the current increases to 190 mA, reducing the battery life to about 3.4 hours. On the other hand, the 12V battery, powering the relay 

module, vibration sensor, GPS NEO-6m, and SMS module, is expected to last around 1.8 hours due to its higher current draw, particularly from the SMS 

module. This data suggests that while the 9V battery offers moderate endurance for lighter tasks, the 12V system may need higher-capacity batteries or 

power-saving optimizations for longer operational periods. 

RECOMMENDATION 

Based on the data results, it is recommended that the bicycle anti-theft and tracking system should be used primarily in open areas, such as parking lots, 

pathways, or alleys, where transmission speeds are higher and more stable. These environments provide better performance for real-time tracking and 

notifications due to stronger and more consistent signal reception. 

For home environments, where transmission speeds are slower and less reliable, additional measures such as signal boosters or alternative communication 

methods could improve performance. This would ensure that the device remains effective in all locations, allowing timely notifications and accurate 

tracking in both indoor and outdoor settings. 

The researcher also recommends using higher-quality transmitting devices to improve speed and efficiency when using the system. Upgrading to more 

advanced communication modules can enhance the reliability of real-time notifications and tracking, especially in areas with weaker signals. This would 

ensure the device performs optimally across different environments, providing faster response times and a more seamless user experience. 

The researcher recommended using a tire wheel lock for the bicycle in combination with the solenoid lock system. This added layer of security would 

provide a stronger physical deterrent, making it harder for thieves to move the bicycle even if they attempt to bypass the electronic system. The tire wheel 

lock ensures that the bicycle remains securely in place, offering greater protection alongside the tracking and alarm features. 
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Based on the battery life analysis, the researchers recommend considering higher-capacity batteries or implementing power-saving strategies to extend 

the device's operational time. For the 9V battery, which powers the NodeMCU and piezo buzzer, switching the NodeMCU to low-power modes during 

idle periods could improve battery life. Additionally, for the 12V battery, which supports the relay, vibration sensor, GPS, and SMS module, opting for 

a larger-capacity battery would ensure longer usage, especially under high-power conditions such as SMS transmissions. Using efficient power 

management techniques or alternative low-power components could also enhance overall battery performance, allowing the system to remain functional 

for extended periods without frequent recharging. 

CONCLUSION 

The implementation of a bicycle anti-theft and tracking system presents a promising solution to enhance bike security, especially in outdoor environments. 

The data indicate that the system performs best in open areas like parking lots, pathways, or alleys, where transmission speeds are faster and more stable. 

For indoor environments with weaker signal strength, enhancements such as signal boosters or alternative communication methods could ensure reliable 

real-time tracking and notifications. To further improve the system, upgrading to higher-quality transmission devices and using advanced communication 

modules would enhance its efficiency, particularly in low-signal areas. 

Additionally, integrating a tire wheel lock with the existing solenoid lock system would provide an extra layer of security, making it harder for thieves to 

move the bicycle even if they bypass the electronic components. This physical deterrent adds value to the system’s protective features. 

In terms of power management, the research suggests the need for higher-capacity batteries or power-saving strategies to extend battery life. Switching 

the NodeMCU to low-power modes and using larger-capacity batteries for components like the GPS and SMS module would ensure longer operational 

time, particularly during high-power activities like SMS transmissions. By employing these strategies, the system can remain functional for extended 

periods, minimizing the need for frequent recharging and improving the overall user experience. 

In conclusion, while the bicycle anti-theft and tracking system is effective in outdoor settings, further improvements in transmission, power management, 

and physical deterrence will enhance its performance across different environments, making cycling safer and more secure. 
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APPENDICES 

ISEF FORMS 

FORM 1 

 

  

https://neda.gov.ph/cycling-protected-bike-lanes-can-augment-public-transport-shortage-during-pandemic-neda/
https://neda.gov.ph/cycling-protected-bike-lanes-can-augment-public-transport-shortage-during-pandemic-neda/
https://neda.gov.ph/cycling-protected-bike-lanes-can-augment-public-transport-shortage-during-pandemic-neda/
https://neda.gov.ph/cycling-protected-bike-lanes-can-augment-public-transport-shortage-during-pandemic-neda/
https://neda.gov.ph/cycling-protected-bike-lanes-can-augment-public-transport-shortage-during-pandemic-neda/
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FORM 1A 
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FORM 1B 
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FORM 1C 
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