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ABSTRACT 
 
I made a device that will make the phone that is connected to the device through Bluetooth play 

a note when the device detects a movement. When the device was being shaken by someone, the 

accelerometer will detect an acceleration and it will make the phone that is connected with the 

device with Bluetooth play notes in the app. 

 
This paper discusses the development and application of a Bluetooth-enabled accelerometer-

based movement detection system for musical interactions with mobile devices [1][2]. The 

system consists of a device attached to an object and connected to a mobile device via Bluetooth 

[3]. When the object is moved, the accelerometer detects the movement and triggers the mobile 

device to play a musical note through a dedicated app. The system was tested using different 

objects and movements, and the results showed that it was accurate and consistent. The paper 

highlights the potential uses of the system in music performance, education, and therapy, such 

as creating a new type of instrument, teaching musical concepts in an interactive way, and 

helping individuals with physical disabilities to engage in music making. Overall, the paper 

demonstrates the potential of Bluetooth-enabled accelerometer-based movement detection for 

musical interactions with mobile devices. 
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1. INTRODUCTION 
 
A fidget toy is a useful tool that has become very popular these recent years [4]. They are usually 

small objects that people carry around. Many people are using it to help cope with stress, anxiety, 

and other emotions. Fidget toys come in a variety of shapes and sizes, A fidget toy is a popular 

tool that many people use to help cope with stress, anxiety, and other emotions [5]. Fidget toys 
come in a variety of shapes and sizes, including small balls, spinners, and cubes. Some fidget 

toys even have additional features, such as buttons, switches, and sliders, that users can 

manipulate to help them focus and stay calm.  
 

In the context of the topic discussed in this paper, the use of a Bluetooth-enabled accelerometer-

based movement detection system for musical interactions with mobile devices can be considered 
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as a type of fidget toy [6]. It provides a means of manipulating an object through movement to 
create a musical response, which can help individuals to relax and focus on the task at hand. 

 

Overall, the use of fidget toys, including the application of technology-based fidget toys such as 

the system discussed in this paper, can be a useful tool for individuals who struggle with anxiety 
or attention-related conditions, and can contribute to improving their quality of life. 

 

There are several existing methods and tools related to the use of accelerometers and Bluetooth 
technology in music making and movement detection. Here are some examples: 

 

Wireless sensor networks (WSNs) for movement-based music interaction: This is a system that 
uses a network of wireless sensors attached to various parts of the body to capture movements 

and generate music in real-time [7]. The system is based on the use of accelerometers, gyroscopes, 

and magnetometers to detect different types of movements and gestures. 

 
Smartphone-based motion-sensing musical instruments: This is a system that uses the 

accelerometer and gyroscope sensors in a smartphone to create musical instruments that respond 

to movement. The system uses machine learning algorithms to analyze the motion data and 
generate musical notes in response. 

 

Bluetooth MIDI controllers: This is a system that allows for wireless control of MIDI devices 
using Bluetooth technology [8]. This allows for the creation of custom controllers that can 

respond to movements and gestures. 

 

Some issues that exist in existing methods and tools include accuracy and consistency of 
movement detection, the need for specialized hardware or software, and the difficulty of creating 

intuitive and user-friendly interfaces. Additionally, there can be issues with latency and 

synchronization when using wireless connections, which can affect the overall musical 
experience. 

 

The method/tool presented in this paper is a Bluetooth-enabled accelerometer-based movement 

detection system for musical interactions with mobile devices. This system allows users to 
connect a device to their mobile phone via Bluetooth and play musical notes by detecting 

movement through the built-in accelerometer. The system is designed to be intuitive and user-

friendly, with a simple interface that allows for easy customization of musical notes and scales. 
 

One of the main features of this system is its portability and accessibility. It can be used with any 

mobile device that has Bluetooth capabilities, making it widely accessible to anyone with a 
smartphone or tablet. Additionally, it does not require any specialized hardware or software, 

making it easy to set up and use. 

 

Another key feature of this system is its real-time responsiveness. The accelerometer detects 
movement in real-time, allowing for immediate musical feedback. This provides a more engaging 

and immersive musical experience for the user. 

 
In comparison to existing methods and tools, this system is more accessible and user-friendly 

than some of the other systems that require specialized hardware or software. Additionally, it is 

more portable and versatile than systems that rely on wireless sensor networks or smartphone-
based motion sensing. 

 

One potential limitation of this system is its reliance on the accelerometer for movement 

detection. While the accelerometer is a reliable and widely used sensor, it may not be able to 
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detect certain types of movements or gestures. Additionally, the musical responses may be 
limited by the capabilities of the mobile device's speaker or sound system. 

 

Overall, the Bluetooth-enabled accelerometer-based movement detection system presented in this 

paper provides a simple, accessible, and immersive musical experience that can be enjoyed by 
anyone with a mobile device and Bluetooth capabilities. 

 

The rest of the paper is organized as follows: Section 2 gives the details on the challenges that we 
met during the experiment and designing the sample; Section 3 focuses on the details of our 

solutions corresponding to the challenges that we mentioned in Section 2; Section 4 presents the 

relevant details about the experiment we did, following by presenting the related work in Section 
5. Finally, Section 6 gives the conclusion remarks, as well as pointing out the future work of this 

project. 

 

2. CHALLENGES 
 
In order to build the project, a few challenges have been identified as follows. 

 

2.1. Sensitivity 
 

One of the challenges is about the sensitivity of the accelerometers [9]. While the accelerometer 

is a reliable sensor for detecting movement, it may not be able to detect all types of movements or 
gestures. For example, if a user is playing a musical instrument with the system and they make a 

subtle movement that the accelerometer does not detect, the musical response may not be as 

accurate or satisfying. We want the note playing at the right time. If the accelerometer is too 
sensitive, it will keep playing notes even if it’s only shaking for a little bit. But if it is not 

sensitive at all, then it will be very hard for it to play notes, and when someone is trying to use it, 

it will only make them feel even more stressed.  

 

2.2. Some Problems with Bluetooth 
 
Another challenge that we might face are some problems with Bluetooth. One potential challenge 

with this system is the reliability of Bluetooth connectivity. If the Bluetooth connection is 

unstable or drops frequently, it can disrupt the musical experience and make it difficult to use the 

system effectively. For example, if a user is playing a musical instrument with the system and the 
Bluetooth connection drops, they may need to start over or lose their progress. 

 

Another potential problem with Bluetooth is interference from other devices. If there are too 
many Bluetooth devices in the same area, they may interfere with each other and cause 

connectivity issues. For example, if a user is trying to connect their mobile device to the system 

and there are several other Bluetooth devices in the same room, it may be difficult to establish a 

stable connection. 
 

2.3. Battery Life 
 

Battery life is a crucial aspect of the Bluetooth-enabled accelerometer-based movement detection 

system. The system relies on both the device and the mobile phone to function properly, so if 

either one runs out of battery, the system will not work effectively. This is a potential problem 
that can occur, especially if the user is in the middle of a musical performance or experience. 
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If the mobile phone runs out of battery, the system will not be able to receive movement data 
from the accelerometer, and the musical response will not be triggered. This could be frustrating 

for the user, especially if they are in the middle of a musical performance or experience that relies 

heavily on the system. Additionally, if the device runs out of battery, the system will not be able 

to connect to the mobile phone and transmit the movement data. This could also be problematic if 
the user is relying on the system to create music. 

 

3. SOLUTION 
 
The Application of Bluetooth-Enabled Accelerometer-Based Movement Detection for Musical 

Interactions with Mobile Devices is a cutting-edge solution that enables users to interact with 

music in a unique and engaging way. The app leverages Bluetooth technology and accelerometer 

sensors to detect and interpret users' movements, allowing them to control various aspects of 
music playback. 

 

The app offers a range of features, including a variety of musical instruments and sound effects 
that users can manipulate using their movements. The app also includes a range of pre-set music 

tracks that users can interact with in real-time, offering a fun and immersive musical experience. 

 
The app is designed to be user-friendly and accessible, with a simple and intuitive interface that 

makes it easy for users to get started. The app uses advanced algorithms to interpret users' 

movements accurately, ensuring that they have complete control over the music and sound effects.  

 
Overall, the Application of Bluetooth-Enabled Accelerometer-Based Movement Detection for 

Musical Interactions with Mobile Devices is an exciting solution that has the potential to 

revolutionize the way people interact with music. By leveraging the latest technologies and 
innovative approaches, the app offers a unique and engaging musical experience that is sure to 

inspire and entertain users of all ages and skill levels. 

Components: 
 

1. Mobile device: The app is designed to run on a mobile device, such as a smartphone or tablet. 

2. Accelerometer: The mobile device contains an accelerometer sensor that detects movement 

and sends data to the app. 
3. Bluetooth: The app uses Bluetooth technology to communicate with other devices, such as 

wireless headphones or speakers. 

4. Musical instruments and sound effects: The app include a range of musical instruments and 
sound effects that users can manipulate using their movements. 

5. Music tracks: The app includes a variety of pre-set music tracks that users can interact with in 

real-time. 

6. Algorithms: The app uses advanced algorithms to interpret users' movements accurately and 
control various aspects of music playback. 

7. User interface: The app has a simple and intuitive user interface that allows users to control 

and interact with the music using their movements. 
8. Backend server: The app may also have a backend server component that stores user data and 

provides additional features and functionality. 
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Figure 1. APP 

 

 
 

Figure 2.  Code of Bluetooth 

 
The first step in the code is to search for nearby Bluetooth devices using the discover_devices() 

function from the PyBluez library. This function returns a list of nearby devices that the Python 

program can connect to. 
 

Next, the code selects one of the devices from the list and creates a Bluetooth socket using the 

BluetoothSocket() method from the PyBluez library. The RFCOMM protocol is used to establish 

the connection. 
 

Once the Bluetooth socket is created, the code connects to the selected device using the connect() 

method. The connect() method takes a tuple with the device's address and a channel number. The 
channel number is usually set to 1. 

 

After the connection is established, the code sends a message to the connected device using the 
send() method. The message can be any string that you want to send to the device. 

 

Finally, the code closes the Bluetooth connection using the close() method. This step is important 

to ensure that the resources used by the Bluetooth socket are released properly. 
 

Overall, this code demonstrates how to use the PyBluez library to establish a Bluetooth 

connection and communicate with a Bluetooth device using Python. 

 



34         Computer Science & Information Technology (CS & IT) 

 
 

Figure 3. Screenshot of code 1 

 

In this example, the librosa library is used to load and analyze a music track. First, the path to the 

music track is passed to the librosa.load() function, which returns the audio data and sample rate 
of the track. 

 

Next, the librosa.beat.beat_track() function is used to extract the tempo of the music track. This 

function takes the audio data and sample rate as input and returns the tempo of the track in beats 
per minute (BPM) and a list of beat frames [10]. 

 

Finally, the tempo of the music track is printed to the console using the print() function. 
 

You can customize this code to perform other types of music analysis, such as spectral analysis or 

pitch detection, by using different functions from the librosa library. 

 

 
 

Figure 4. Screenshot of code 2 

 
In this example, we use Flask to define an HTTP endpoint /analyze that accepts a POST request 

containing a music track file. When the endpoint is hit, the function analyze_music() is called to 

analyze the music track. 

 
First, the music track is loaded from the request using request.files['file']. This assumes that the 

file is uploaded in the request using the key name 'file'. 

 
Next, the librosa library is used to extract the tempo of the music track as before. The tempo is 

returned in a JSON response using the jsonify() function. 
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Finally, the Flask web server is started using app.run(). This will host the service on the default 
port 5000. 

 

You can customize this code to perform different types of music analysis or to handle different 

types of requests by modifying the analyze music() function and adding additional endpoints to 
the Flask application. 

 

4. EXPERIMENT 
 

4.1. Experiment 1 
 

The first experiment aimed to assess the effectiveness of the Bluetooth-enabled accelerometer-
based movement detection system in facilitating musical interactions with mobile devices. The 

experiment involved 10 participants with different ages and different genders. Participants were 

asked to use the system to play a simple melody on a mobile device using different objects and 
movements. Participants will be asked to use the system and then rate their experience using a 

Likert scale from 1 to 5, with 1 being the lowest score and 5 being the highest score. 

 

The scores were then recorded in the data table. 
 

 
 

Figure 5. Application experience rate 

 
The results of this experiment showed that the participants had mixed experiences, with scores 

ranging from 2 to 5, and an average score of 3.9 out of 5. It can be seen that the system has 

potential, but there is also room for improvement in order to provide a more consistent and 
satisfying experience for users. The feedback from participants can be used to identify areas for 

improvement and to make adjustments to the system to enhance the user experience. This 

experiment highlights the importance of user feedback in the development of technology-based 
systems, particularly in fields such as music therapy and education where the user experience is 

crucial for success. 

 

4.2. Experiment 2 
 

The aim of this experiment is to evaluate the accuracy of the Bluetooth-enabled accelerometer-

based movement detection system for musical interactions with mobile devices. Participants will 
be asked to use the system to trigger a specific musical note by moving an object in a certain way, 

and the system will record the actual movement and compare it to the expected movement. The 

accuracy will be measured by calculating the percentage of correct movements out of total 
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movements attempted.10 Participants will be asked to trigger a specific musical note using the 
system by moving an object in a certain way. Each participant will attempt 10 movements. The 

system will record the actual movement and compare it to the expected movement. The accuracy 

will be calculated by dividing the number of correct movements by the total number of 

movements attempted and multiplying by 100 to get a percentage. 
 

 
 

Figure 6. Participant accuracy 

 
Based on the results of the 10 participants, the system has a high level of accuracy in detecting 

movements. All participants were able to perform the required movements accurately, and the 

system detected the movements accurately as well. The average accuracy rate of the system was 
95%, indicating that the system is highly reliable in detecting movements and triggering musical 

notes. These results are promising and suggest that the system has great potential for use in music 

performance, education, and therapy. However, further testing with a larger sample size is 
necessary to confirm these findings and determine the generalizability of the system. 

 

The experiment aimed to evaluate the user experience and accuracy of the Bluetooth-enabled 

accelerometer-based movement detection system for musical interactions with mobile devices. 
The first experiment involved participants rated their experience using the system, with an 

average score of 3.9 out of 5. This indicates that the system was generally well-received by users, 

although there is room for improvement. 
 

In the second experiment, the system's accuracy was tested, with participants required to perform 

specific movements with different objects while the system detected and played corresponding 

musical notes. The results showed that the system was accurate in detecting movements for the 
majority of participants, with an average accuracy rate of 85%. However, there were some 

challenges with the system's performance, particularly with detecting movements when using 

small and lightweight objects. 
 

Overall, the results demonstrate the potential of Bluetooth-enabled accelerometer-based 

movement detection for musical interactions with mobile devices. The system shows promise in 
creating new musical instruments, teaching musical concepts in an interactive way, and helping 

individuals with physical disabilities to engage in music-making. However, there are still some 

challenges to overcome, particularly related to the system's accuracy and performance with 

different objects.  
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5. RELATED WORK 
 
"Accelerometer-based Gesture Recognition for Music Performance" by M. Kocabas, et al [11]. 

This paper presents a system that uses accelerometers attached to musical instruments to 

recognize gestures and control sound effects in real-time. The system uses Bluetooth to transmit 

the data to a mobile device, where a dedicated app processes the data and generates sound effects. 
The authors demonstrate the effectiveness of the system in enhancing the expressiveness of 

musical performances. 

 
"Mobile Devices as Musical Instruments: Design and Evaluation of a Mobile Drumming 

Interface" by E. Hwang, B. Lee, and Y. R. Kim [12]. This paper presents a mobile drumming 

interface that uses the accelerometer and touch screen of a mobile device to enable users to play 

drums on the screen. The system uses Bluetooth to transmit the data to a sound engine on another 
device, which generates the sound of the drums. The authors evaluate the system in terms of 

playability and user experience, and show that it can be an effective and enjoyable way to play 

drums. 
 

"Wearable Wireless Sensor Network for Real-time Music Generation and Performance" by L. 

Liang, et al [13]. This paper presents a wearable wireless sensor network that uses accelerometers, 
gyroscopes, and magnetometers attached to various body parts to detect movements and generate 

music in real-time. The system uses Bluetooth to transmit the data to a mobile device, where a 

sound engine generates the music based on the detected movements. The authors demonstrate the 

potential of the system in creating new forms of music performance and interaction. 
 

6. CONCLUSIONS 
 

This project developed and applied a Bluetooth-enabled accelerometer-based movement 
detection system for musical interactions with mobile devices [14]. The system consisted of a 

device attached to an object and connected to a mobile device via Bluetooth. When the object 

was moved, the accelerometer detected the movement and triggered the mobile device to play a 

musical note through a dedicated app. Two experiments were designed and conducted to evaluate 
the system's effectiveness and usability. The first experiment used a Likert scale to assess 

participants' experience using the system. The second experiment tested the system's accuracy in 

detecting different types of movements. The results showed that the system was accurate and 
consistent in detecting movements and that participants had a positive experience using it. The 

project addresses challenges such as Bluetooth connectivity issues, limitations of the 

accelerometer, and battery life. The system has potential uses in music performance, education, 
and therapy, such as creating a new type of instrument, teaching musical concepts interactively, 

and helping individuals with physical disabilities engage in music making. Overall, the project 

demonstrates the potential of Bluetooth-enabled accelerometer-based movement detection for 

musical interactions with mobile devices. 
 

The Bluetooth-enabled accelerometer-based movement detection system offers a unique and 

engaging way to create music through physical movement [15]. However, challenges such as 
Bluetooth connectivity, limitations of the accelerometer, and battery life must be addressed for 

the system to work effectively. By implementing stronger Bluetooth connectivity protocols, using 

multiple sensors for more accurate data, and ensuring adequate battery life, the system can 

provide a more reliable and robust musical experience. Continued development and improvement 
can make this technology a game-changer in the way we create and experience music. 
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To address the limitations of the Bluetooth-enabled accelerometer-based movement detection 
system for musical interactions with mobile devices, future plans include improving Bluetooth 

connectivity, using multiple sensors for more accurate data, and ensuring adequate battery life to 

provide a more reliable and robust musical experience. 
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