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Abstract. An IoT-based bike transportation safety system aims to 

enhance the safety and security of rider by leveraging advanced Internet of 

Things (IoT) technologies. The system incorporates various sensors and devices 

that monitor critical aspects such as bike condition, rider health, and 

environmental factors. Key features include GPS tracking for real-time location 

monitoring, collision detection sensors that alert emergency contacts during 

accidents, and health monitoring through wearable devices that track vital 

signs.Additionally, the system includes a smart locking mechanism to prevent 

theft and a mobile application that provides users with real-time data and safety 

alerts. The collected data can be analyzed to improve safety features and offer 

personalized recommendations to riders. Overall, this IoT-based system not only 

helps prevent accidents but also promotes a safer and more secure cycling 

experience, ultimately contributing to the well-being of cyclists. 

Keywords: IoT, bike safety, GPS tracking, real-time alerts, theft detection, 

cloud computing, predictive maintenance. 

1. Introduction 

In Ghana, particularly in the Northern region, motorcycles are increasingly becoming 

the primary mode of transportation. Their affordability, ease of use, and ability to 

navigate rough terrain make them an attractive option. However, the growing 

popularity of motorcycles has also led to concerns about theft, accidents, and safety. To 

mitigate these issues, developing an effective motorcycle security system is essential. 

[1-3]. 

The Internet of Things (IoT) enables remote device control and real-time tracking.GPS 

tracking uses the Global Positioning System to monitor movement.This technology has 

numerous applications, including fleet management and asset tracking.It enhances 

efficiency, safety, and productivity in various industries.GPS tracking is used in 

emergency response systems, ensuring timely assistance.Its applications continue to 

expand, transforming the way we live and work. This framework can accurately 

discriminate between scope, ground speed, and journey path. Contributor at 
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TechTarget, [4]. There are a ton of new developments in tracking technology that are 

accessible. Various tracking methods are employed across industries.These include 

satellite tracking, GPS, smartphone triangulation, RFID, and internet tracking.These 

methods enhance security, efficiency, and productivity.Logistics and transportation 

companies use tracking for package delivery.Healthcare organizations track medical 

equipment and suppliesLaw enforcement agencies utilize tracking for surveillance 

and investigation. 

A comprehensive motorbike security system is being developed.The system uses an 

ESP 32 controller with a Tensilica Xtensa LX6 microprocessor.A Neo 6M GPS module 

provides location coordinates. 

The GSM module enables communication between the ESP 32 and the user's mobile 

device.Google Maps is used to visualize the location.The system sends alerts and 

location updates to the owner's mobile device.This ensures prompt action can be taken 

in case of theft or unauthorized movement. 

This research aims to create a full tracking system by designing a system with an ESP 

32 controller based on a microchip Tensilics Xtensa LX6, NEO 6GPS, and a relay. The 

location coordinates (Latitude and Longitude) will be obtained via the GPS component, 

and the user will be able to view the location on Google Maps thanks to the GSM 

module acting as a bridge between the ESP 32 microcontroller and their mobile phone.   

The locking mechanism is designed to be tamper-proof, preventing unauthorized access 

to the motorcycle's ignition system, while the tracking system provides real-time 

location updates to the owner's mobile device. [5-9].   

Motorcycle theft is rising, yet many riders are unaware of security options.Advanced 

security gadgets, such as GPS tracking devices and immobilizers, can help.These 

devices significantly reduce the risk of motorcycle theft and provide peace of 

mind.Riders can protect their vehicles and ride with confidence by installing these 

security measures.Most motorcycles sold in Ghanaian marketplaces rely on mechanical 

lock and alarm systems that can easily be broken. Making effective security equipment 

became a rarity. The problems are further compounded because of a lack of awareness 

[10,11].   

The primary issue is the high cost of the motorbike monitoring options now offered in 

Ghana, which prevents many motorcycle owners from using them. Due to the cost 

barrier, many Ghanaians cannot fully benefit from the benefits of safeguarding their 

motorbikes and other valuables, as tracking systems are not widely adopted [12,13].    

This research is significant because it has the future enhancements to the GPS-GSM 

security system could include integrating artificial intelligence, machine learning 

algorithms, and IoT sensors to provide real-time alerts, predictive analytics, and 

enhanced vehicle tracking capabilities.The particular challenges faced in the Ghanaian 

context. The security system will prove to be more reliable and accurate in terms of 

GPS position, power efficiency, serverless operation, and user-friendliness, even for 

non-techies. This will improve overall safety, asset management, and motorcycle 

security. 

2. LiteratureReview 
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The increasing need for efficient management in the interest of the public and private 

sectors has led to a rise in the use of vehicle global positioning systems. The cost of 

current global positioning systems for cars has limited their use and acceptability in 

non-industrial nations such as Ghana. 

Because of its many potential applications in enhancing fleet management and 

security, has been thoroughly considered and welcomed in Ghana and other nations. 

However, there is still a lack of research on the use of motorcycle tracking equipment 

in Ghana. As a result, there is a deficiency in the literature concerning the creation of 

effective motorcycle security initiatives. 

The literature review will comprehensively examine the technological advancements, 

methodologies, data analysis techniques, and framework implementations employed 

in GPS-based systems for automobiles and motorcycles in relevant studies. 

Additionally, the review will critically analyze the challenges faced and the 

limitations of existing vehicle GPS frameworks, identifying areas for improvement. 

GA Sekyere [15] designed a cost-effective vehicle tracking system using GPS and 

GSM technology, addressing the issues of vehicle theft and security. This system 

leverages widely available and affordable GPS and GSM technologies, making it 

accessible to individuals and businesses of all sizes and usage types. 

The project employs a website-based framework and a mobile application to notify 

consumers via email when a vehicle violates a designated geographic border. Users 

can also remotely track the movement of a targeted vehicle with this framework. 

However, more research is anticipated to improve the suitability of the global position 

frameworkfor the least expense vehicles developed by GA Sakyere in Ghana. 

The focus of Buyan, Samuel Ebenezer [16] was on using GPS, GSM, and a 

microcontroller in Ghana to track and operate a small vehicle through an Arduino-

based global positioning framework. 

The project's primary objective was to develop a robust global position framework at 

a low cost that can continually track the whereabouts of small vehicles. On the other 

hand, the technology was utilized to operate the micro vehicle's immobilizer and 

notify users in the event of theft. 

The project's main aim is to create a global positioning system that will allow intercity 

transportation organizations to track the activity of their bikes in real-time. The 

approach additionally attempts to tackle accident and armed robbery problem.   

The GPS module provides location and speed data to the microcontroller. The 

microcontroller manages the coordinates before sending them to the GSM module, 

which uses the GSM network to send the message (SMS). In addition, the 

microcontroller handles the bus emergency bush buttons, airbag alarms, and warming. 

Data regarding the position is shown on the microcontroller LCD screen.    

The system has many benefits for drivers, passengers, and intercity travel. It 

continuously sends data to an effective fleet management system for improved 

planning that considers route modifications. The system responds quickly to accidents 

and robbery incidents in case of emergency.   
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In general, the project plan uses GPS and GSM technologies to strengthen vehicle 

security systems between intercity transport organizations further. P. B. S. Fleischer 

and Atso Yao Nelson. 

However, Archie Pachica and colleagues developed a motorcycle tracking system to 

address the problem of motorcycle theft and recovery. When it is relocated without 

permission, the system can alert the owner. The creative system and computer-based 

intelligence enable a simple and quick recovery. Thanks to the system, the user could 

take a picture of the burglar and remotely turn the bike on or off from a distance. The 

system includes GPS, GSM, camera, and Arduino microcontroller modules. To 

facilitate quick and simple contact between the user and the system, a mobile 

application was created.   

3.Proposed Methodology 

ESP32 

Motor 

Relay 

MEMS Sensor 

Ultrasonic Sensor 

Red LED 

Green LED 

Buzzer 

Blynk IoT Server 

Blynk IoT App Ultrasonic Sensor 

Power supply 

Fig.1.Block diagram 

3.1 Working 

The working principle of an IoT-based bike transportation safety system involves 

several interconnected components that work together to ensure the safety and security 
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of cyclists. Here’s how it operates: 

1. ESP32 Microcontroller: 

• The ESP32 is a modified version,it act as the central processing unit. 

• It integrated with two modules WI-FI and Bluetooth. 

• ESP32 collects the data from sensors and that data show in Blynk app. 

2. GPS Module: 

• It is used to track the real-time location of bike continuously. 

• The GPS connected to the ESP32 microcontroller, it gives the longitude and 

latitude coordinates. Provides the exact location of the data. 

3. MEMS SENSOR: 

• The MEMS Sensors are small devices that combine with electrical and 

mechanical segments to sense physical conditions (or) Factors like motion, 

speed, temperature, angle and magnetic fields. 

• These MEMS sensor connected to the ESP32.It was detect accidents by 

tracking the angle of motorcycles. 

4. Ultrasonic sensors 
• A couple of ultrasonic sensors act as the motorbike eyes.Detects the 

surrounding objects. 

• These sensor is a device that measures the distance between object and riders 

by using ultrasonic sound waves. 

5. Relay 

• Relay function as switches; it can be employed to control the ignition 

process itself. 

• If we activate the relay the ignition on otherwise the ignition will off state 

only. 

6. Wifi module 
• In IoT networks, wifienables devices to exchange data with each other and 

with cloud servers. It acts as communication module,it transmit data from 

collected sensors on the bike. 

7. Blynk 
• Blynk is a popular IoT platform that simplifies the process of building and 

managing IoT projects. It provides a user-friendly interface and various 

tools that allow developers to create applications for controlling and 

monitoring IoT devices. 

3.2 ALGORITHM FOR THE ACCIDENT DETECTION AND ALERTING 

SYSTEM USING ESP32 MODULE AND VARIOUS SENSORS 

3.2.1 ALGORITHM FOR SOFTWARE 

https://www.researchgate.net/publication/323656081
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Step 1: Activation of the system,Start the system and initialize the ESP32 Module. 

Activate the MEMS Sensor,Ultrasonic Sensor,GPS module and communication 

module(GSM or Wifi).Set the threshold values for indication and MEMS Sensor 

reading to detect an accident. 

Step 2: Monitoring the dataMonitor the indication from the sensor for any abnormal 

readings. 

If readings are greater than set threshold proceed to the next step.Otherwise,keep 

monitoring. 

Step 3: Track the location through GPS 

Extract the current GPS co ordinates of the accident location from the GPS module. 

Step 4: Alerting System(or)Accident Detection 

The Readings are higher than threshold value,the vibrations are detected. 

Check the MEMS Sensor for proximity to the ground. 

If the bike is very close to the ground,confirm the accident. 

Step 5: Notification & Emergency Alert 

Generate an alert message containing accident details, including GPS coordinates. 

Send the alert message to registered emergency contacts using GSM, Wi-Fi, or IoT 

services. 

If the rider is conscious, provide an option to cancel the emergency alert using a push 

button. 

Step 6: Repeat or Reset 

If the alert is canceled, reset the system and resume monitoring. 

If no response is received, continue sending alerts at regular intervals until assistance 

arrives. 

4 Proposed works 
This system investigates the intricate functioning of a two-part accident detection and 

prevention mechanism focused on ensuring rider safety. It is made up of various 

electronic components that collaborate to fulfill its objectives. 

In the implementation of the project, a control system was first developed to control the 

bike from a distance. This idea is to allow users to control the motorcycle remotely. 

The system was later developed by integrating the GPS commands to form the 

motorcycle security system.The components are connected serially to communicate to 

form the system. The GPS receives location data from satellites and sends it to the 

microcontroller which processes the data. Then, the microcontroller sends the refined 

location information to the GSM receiver, which sends the requested information to the 

user's mobile phone. 

The system is programmed to send and receive data and respond to commands. This 

makes it easy for users to interact with the system, even though it is a system where 

people talk directly to the system. 
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5. Result 

Fig.2:AccidentDetectionSystem 

Fig 3:Real-TimeAccidentDetectionSystem 

Terminal output provides important information from an accident detection system 

based on the ESP32 that connects to a mobile device using a Wi-Fi module. The lines 

starting with "15:28:32 TL" indicate setup operations, while the data shown includes 

accelerometer readings that likely correspond to g-force measurements on the X, Y, 

and Z axes. The notification "@Accident Detected" suggests that an accident may have 

occurred at 15:28:32. Additionally, latitude and longitude are given as numerical 
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values, which allow for precise location tracking. 

Fig4:GPSLocation 

The GPS link is a valuable tool for emergency situations. When opened on a 

smartphone with internet access, it directly shows the location on Google Maps. This 

allows emergency responders to quickly and accurately identify the location, saving 

precious time. 

6. CONCLUSION AND RECOMMENDATIONS 

The security framework was designed and implemented using the Arduino components. 

The security framework allows users to monitor the location of their motorcycles 

constantly. The 5. main components to implement this security system are Arduino 

microcontroller Uno r3, Sim800L, Neo 6m GPS, and a relay. This research paper 

developed a motorcycle security system that can give the position of a motorcycle's 

location and allow a user to send 6. commands to turn the ignition ON and OFF and 

even LOCATE it. This user-friendly security framework allows a user to have complete 

control over the motorcycle. The system is straightforward to use and can be managed 

by users. This security system is affordable, will 7. help recover stolen motorcycles, 

and will go a long way in reducing motorcycle theft in our country. There is no 

technology without limitations. The GPS takes time to connect to the satellite and may 

vary due to weather conditions. The GSM device in the security system can only 

respond to messages when there is a network. In 8. places with a poor network, the 

system may not respond to commands as expected. The system will not respond to 
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commands in the event of a power cut-off. 

This research recommends that Artificial intelligence (AI) be added to predict when 

motorcycles may need maintenance or detect unusual activities and Investigate the 

ethical concerns of tracking systems. 
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