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Abstract— Students who can’t afford vehicles or have to 
stay away from their hometown to seek education may 
sometimes encounter the problem of traveling to places 
where public transport services are not available. 
Bicycling is an alternative means of transport for short-
distance movement. It is important to make the rental 
bicycle usable and available to the person in need at the 
appropriate time and place. Inevitably, providing the 
college with a steady supply of rental bicycles becomes a 
major concern. Rental bicycles are popular in many 
urban areas to help people expand their mobility. Public 
bicycle rental systems have become popular in recent 
years. Considering this, many universities and colleges 
provide bicycle-rental pilot programs for faculty, staff, 
and students. The expanded program provides people on 
campus with quick, accessible transportation with added 
features like a tracking device, SOS distress signal button, 
and gesture-controlled taillight indicator. This paper 
presents a prototype model of a smart bicycle-sharing 
system. The proposed system incorporates an Android 
Application which lets you book a bicycle; the provided 
bicycles have taillights that indicate the direction of the 
turn using the motion of the rider’s hand. Bicycles consist 
of a tracker which sends notifications to the admin’s 
smartphone of their current location and an SOS button 
that will send an alert to the admin when pressed. 

Keywords — RFID, MPU6050, A9G board, Arduino 
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1. INTRODUCTION 

Rental bicycles are popular in many urban 
areas to help people expand their mobility. Making the 
rental bicycle usable and available to the public at the 
appropriate time and place is important [1][2]. This 
Project consists of four modules, Android Application, a 
Locking Mechanism, a tracker, and a Taillight indicator. 

In this JAVA-based Android application, 
students and staff can rent a bicycle from the college 
campus by creating their accounts on the Application. 
Users can register and log in using their Username and 
password, book bicycles, check current ride duration, 
update their profile, and check their history. In the 
android part, the front end involves XML, and the back 
end involves Android Java and Firebase. The IDE used is 
Android Studio [3]. 

The bicycle parking system with a digitally 
controllable locking mechanism, compatible with the 
system requested by the provider, such as RFID cards, 
tags, etc [11]. The proposed system incorporates an 
RFID card reader which scans the user card and checks 
for a valid user. Our innovative bicycle parking system, 
well thought-out from all aspects, enables the user to 
safely lock the bicycle in seconds without having to 
carry any lock. The ingenious locking mechanism locks 
the bicycle’s front wheel [12]. 

The tracker has an Ai Thinker A9G GSM/GPRS 
Development Board which has a SIM slot in it. The 
admin can send predefined text messages (e.g., “SEND 
LOCATION”) on the phone number of the inserted SIM 
and then the tracker will send back a message with its 
GPS coordinates and Google map link along with it. The 
tracker comes with an SOS button which the rider can 
use if he/she is lost or not feeling safe with the 
surrounding. When the rider presses the button, the 
tracker will send an alert message and also call on the 
admin’s phone [15]. 

The Gesture-controlled taillight indicator 
consists of 2 key components, the gesture-control glove 
to be worn by the user and an indicator unit (8x8 LED 
matrix) to be mounted below the seat of the bicycle. The 
2 devices wirelessly communicate with each other to 
achieve the desired output. The Arduino Nano board 
initializes the gyroscope (MPU6050 module) that 
collects data and sends raw values to Arduino. The 
Arduino code uses a tiny machine learning model with 
gesture recognition: each hand movement is analysed 
and recognized (hand tilted to the left, right, front, etc.).  

Then this signal is sent with the help of the NRF24L01 
2.4GHz Wireless Transceiver Module to another 
NRF24L01 Module connected to Arduino Uno which 
shows the output with an 8x8 LED matrix. According to 
the signal received by the Arduino Uno, some patterns 
light up on the LED matrix, so that other road users can 
see what the cyclist is going to do (will take right or left 
turn) [19][20]. 

 

 

 

https://www.techiesms.com/product/ai-thinker-a9g-gsm-gprsgps-bds-development-board/
https://www.techiesms.com/product/ai-thinker-a9g-gsm-gprsgps-bds-development-board/
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2. RELATED WORK 

 Literature survey of the existing system  

A sustainable transportation system is currently 
necessary since car CO2 emissions contribute to the 
greenhouse effect [7][8]. These polluting vehicles are 
being utilized more frequently and for far shorter 
distances on college campuses right now. The purpose 
of this study is to design a reliable and affordable 
bicycle-sharing system for a college campus-based 
bicycle-sharing system [3][4]. Different conditions and 
scenarios make it difficult for the algorithm to run in the 
real environment due to the following reasons: using a 
real-time clock instead of the internal timer of the 
Arduino that will not reset in case there is a power 
failure and using GPS to track bicycle location. [1]. The 
bicycle industries lack efficient management 
techniques, such as production management, theft 
prevention, and sale certification, so these industries 
are looking to RFID to address their issues. An antenna 
to receive the data and an identification code encoded in 
a chip make up most of the non-contact automated 
identification technology known as RFID. The bicycle 
industry now favours installing RFID. The problem of 
insufficient power supply will be solved by integrating 
solar panels [13][14]. In locations like university towns, 
where bicycles are one of the quickest and most 
economical methods for students to get around, bicycle 
theft is a major issue. For instance, Gottingen reports 
1,200 bicycle thefts annually, while Germany reported 
more than 300,000 thefts in 2014. The paper offers a 
battery-saving architecture that may be used to locate 
both stolen and lost bicycles [17]. This architecture uses 
opportunistic communication with collection nodes 
positioned in busy areas to track the locations of stolen 
bicycles. Although lowering power consumption when 
bicycles are under the radar, the program is also 
intended to protect owners of bicycles that have not 
been reported as stolen from losing their privacy [18]. 
The location estimates errors will still be higher than 
those of a pure GPS solution and users privacy is not 
preserved as bikes are in a state where they can always 
be tracked [3]. 

Our approach is to provide a Bicycle Sharing System 
which will allow students to easily book a bicycle for 
themselves also in consideration of the safety of the 
rider and the bicycle each bicycle will be provided with 
a tracking device with an SOS button installed in it used 
by rider whenever they are feeling uncomfortable with 
their surroundings. With one push of the button, they 
can make send an alert message sending their location 
directly to the Admin [10]. The provided bicycle also 
comes with a gesture-operated indicator light which is 
easy to use and helpful for the rider to give indications 
before taking any turn [19][20]. 

3. METHODOLOGY 

 Flowchart 

 

Fig. 2 Flowchart of transmitting terminal 

Fig.2 shows the working of the gesture-controlled 
glove used for transmitting the signals for every hand 
movement made by the rider. The gesture control glove 
controls the indicator light on the back of the bicycle. The 
glove has an MPU6050 module on it which acts as a 
gyroscope, it gives the reading of the X, Y, and Z axis in 
which direction the user rotates his/her hand. The 
Arduino Nano gets those readings and transmits the 
information using the NRF24L01 transmitting end to the 
NRF24L01 receiving end [19]. 

 

Fig. 3 Flowchart of receiving terminal. 
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Fig.3 shows the working of receiving end of the 
NRF24L01. The NRF24L01 receiving ends get data and 
pass it to Arduino Uno which reads the data and gives an 
output signal to the 8x8 LED matrix. If Arduino Uno 
receives left-direction data, the 8x8 LED matrix will 
indicate the rider is going to turn left showing a left-
scrolling arrow and vice versa. When the rider applies 
the break the LED matrix glows all the LEDs indicating 
the rider is decelerating [20].  

4. Proposed System 

Software: The Android Application was built on 
Android Studio; the frontend is made using XML and the 
backend is based on JAVA and Firebase database. The 
user will need to Register first and then Log in to the 
system using a Username and Password. When required 
they can change their old Password to a new one. They 
can Add or Update their details on the Profile page. The 
user can select “Booking” from the Dashboard and view 
all the available Bikes for Ride. The rider can see bike 
details in the bike description system. Once the Rider 
selects “Start Ride” the chronometer is initiated and will 
stop only after selecting the “End Ride” option. After 
clicking the “End Ride” option the user can see the total 
duration of his ride and must pay accordingly. The user 
can view his/her previous rides in the History Tab. 

Hardware: Hardware consists of 3 main components: - 

1. Locking Mechanism 

2. Tracker 

3. Taillight Indicator 

1. Locking Mechanism: - Fig shows Mifare MFRC522 
RFID card reader. The RFID reader is a network-
connected gadget that can be carried about or fixed to a 
surface. It sends signals that turn on the tag using radio 
waves. After being turned on, the tag returns a wave to 
the antenna, where it is converted into information. It 
reads RFID cards and verifies whether the user is valid. 
The lock can be opened only by a valid key [11][12]. 

 

Fig. RFID Tag 

2. Tracker: - This is a multi-purpose tracker, which 
gives its current location with a Google map link 

attached to it. The system includes Ai Thinker A9G 
Development Board: it has a built-in GSM/GPRS, GPS, 
and a battery circuit in it and to provide commands to 
this board we are using ESP32 based board which will 
be powered by a 3.7v battery, and a switch button which 
acts as an SOS button whereby just pressing and holding 
on the button can alert the admin and share your current 
location via SMS. By sending one SMS you will get the 
Google Maps link with its current location in it [17] [18]. 

 

Fig. Components of Tracker 

3. Taillight Indicator: - The system consists of 2 key 
components, the gesture control glove to be worn by the 
user and an indicator unit to be mounted below the seat 
of the bicycle. The 2 devices wirelessly communicate 
with each other with the NRF24L01 transceiver module 
to achieve the desired output.  

The Glove unit consists of a gyro sensor 
(MPU6050) and NRF24L01 transmitter which is 
controlled by an Arduino Nano. The glove unit is 
powered by a 9v battery.  

 

Fig. MPU6050 

The glove controller receives tilt commands 
from the MPU6050 module. The MPU6050 is an internal 
3-axis accelerometer and 3-axis gyroscope Micro-
Electro-Mechanical Systems (MEMS) device. This makes 
it easier for us to measure a system's or object's 
acceleration, velocity, orientation, displacement, and 
many other motion-related properties. When the user 
tilts their hand in any direction the MPU6050 sends raw 
values to the Arduino Nano. These raw values are 
processed by the Arduino Nano. Arduino Nano reads 

https://www.techiesms.com/product/ai-thinker-a9g-gsm-gprsgps-bds-development-board/
https://www.techiesms.com/product/ai-thinker-a9g-gsm-gprsgps-bds-development-board/
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these raw values and separates these values in different 
ranges(+X/-X axis, +Y/-Y axis, and +Z/-Z axis) [19]. 

 

Fig. NRF24L01 transceiver module 

 The Arduino Nano then transmits the values to 
receiving end with the help of the NRF24l01 transceiver 
module. It uses the 2.4 GHz band and it can operate with 
baud rates from 250 kbps up to 2 Mbps. If used in open 
space and with a lower baud rate its range can reach up 
to 100 meters [20].  

The indicator is a battery-powered unit 
integrated with an Arduino Uno, 8x8 LED matrix, and 
NRF24L01 receiver. When the NRF24L01 receiver 
receives the data, it sends that data to Arduino Uno. 
Arduino Uno then reads the data and  

checks which direction (+X/-X axis, +Y/-Y axis, or +Z/-Z 
axis) command is received and then shows the output 
with the help of the 8x8 LED matrix. The LED matrix 
glows differently for every hand movement. If it is a 
‘direction’ command, the LEDs will glow and shows 
left/right scrolling arrows. and if it is a ‘braking' 
command, it glows all the LEDs together indicating the 
rider is decelerating. Thus, the system provides an easy 
and comfortable bicycle indicator system [20]. 

Calculations: 

                      
                

               
 

                      
      

   
 

                                       

                                      

                              

                               
                

               
 

                               
      

     
 

                                                

                                               

                                     

5. RESULTS  
 

Fig .6 Dashboard       

Fig.6 is the Dashboard of the Android 
Application. It shows the following sections: Booking, 
Profile, Current Ride, and History which will take them 
to the respective tabs. e.g.  

 

Fig .7 Profile Page  

Fig.7 shows the profile details of the user. Here 
user can edit and update his information as he wants. 
The user simply has to replace the information shown in 
the Edit tabs and after changing the information in the 
tabs as they please, they have to press the ‘UPDATE’ 
button on the bottom of the screen. Once the ‘UPDATE’ 
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button is pressed the data gets updated on the firebase 
database, if the user leaves without pressing the 
‘UPDATE’ button data will not change. 

 
Fig .8 Booking Page   

Fig. shows the Booking page of the application. 
The user can choose any bicycle from the list of bicycles. 
Once the user books a bicycle the chronometer in the 
application will get started. The chronometer counts the 
duration of the ride of the bicycle. The chronometer 
stops only when the user presses the “End ride” button 
in the application.  

 

Fig .10 History 

Fig.10 shows the History tab of the Android 
application. It shows the list of previously booked rides 
separated by Dates. It also includes the ID number of the 
bicycle used, the time of the booking, and the total 
duration of the ride recorded in the Firebase database. 

 

Fig. Gesture control transmitter 

On the Transmitting end, the MPU6050 module 
gives raw values of X, Y, and Z directions. The Arduino 
Nano gets these raw values and calculates the proper 
angle of the direction rider is moving his/her hand. Each 
direction(Left, Right, and front) has been given different 
values as output, so when the rider moves his/her hand 
the Arduino Nano will send a signal (set for that 
direction) with the help of the NRF24L01 module (which 
works as both transmitter and receiver). The system gets 
powered by a 9v battery which in the transmitting end 
lasts for 15 days 

 

Fig.12 Gesture control receiver 

On the Receiving end, the NRF24L01 module 
receives the signal from the transmitting end of the glove 
and passes it to Arduino Uno. Arduino Uno reads the 
signal and recognizes the hand movement. The Arduino 
Uno then gives the 8x8 LED matrix commands to show 
the desired output.  

When the rider moves their wrist in the right direction 
the Led matrix will show a right scrolling arrow on the 
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LED matrix and vice versa. When the rider moves their 
wrist in the front direction ( while applying brakes ) all 
the LEDs on the LED matrix will glow and alert the 
vehicles behind the rider that the rider is decelarating. 
The system gets powered by a 9v battery which in the 
transmitting end lasts for 5 days 

 

Fig.13 GPS Tracker 

This is a multi-purpose tracker, it can also act as an SOS 
button whereby just pressing and holding on the button 
you can share your current location via SMS, and it can 
make a call to that SOS number it has one more feature 
in it using which you can get the current location of this 
A9G board by just sending an SMS. By sending one SMS 
you will get the Google Maps link with its current 
location in it. 

6. CONCLUSION 

In this paper, we created Smart Bicycle renting 
system. The user can book a  bicycle from the Android 
Application made on Android Studio using Java 
programming language and Firebase Database. The user 
must first book a bicycle from the application, after 
booking a counter will start which records the duration 
of the ride. Once the counter is started the user must take 
the RFID card which is the key to open the RFID lock. The 
Smart Bicycle comes with a tracker and a gesture-control 
glove. The tracker gives its location to the admin’s phone 
when a specific command is sent through SMS to the 
tracker. The tracker also has an SOS button which when 
pressed sends an alert to the admin via phone call. The 
gesture control glove is used to control the indicator light 
on the back of the bicycle. The glove has an MPU6050 
module on it which acts as a gyroscope, it gives the 
reading of the X, Y, and Z axis in which the user rotates 
his/her hand. The Arduino gets those readings and 
shows the light indication accordingly. 

In future work, we can incorporate a safe online 
transaction gateway for payment. Further, we can 
develop a system to generate virtual RFID keys which 
will reduce the time, resources, and human interference 
[22]. 
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