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Abstract 
 
This paper presents the possibility to transfer Musical Instrument Digital Interface messages over 

Bluetooth Low Energy. The main problem was to transmit the messages between two computers in 

less than 10 milliseconds. Anything above 10 milliseconds could be noticed as a delay by the person 

playing or listening to the music. A prototype was written which could transfer Musical Instrument 

Digital Interface messages over Bluetooth Low Energy between two Linux-computers together with a 

testing framework which was used to make measurements. The prototype was written in the language 

C++ with the BlueZ library. The time it took for one packet to travel back and forth from the comput-

ers was clocked to get an estimation of the time it took for a packet to travel from one computer to the 

other. The measured results showed that it was possible to reach the desired time of 10 milliseconds. 

The results can also be used when considering development of other kind of equipment and/or appli-

cations that implements the use of Bluetooth Low Energy. 
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Sammanfattning 
 
Denna rapport presenterar möjligheterna att överföra Musical Instrument Digital Interface 

meddelanden över Bluetooth Low Energy. Huvudproblemet var att överföra meddelandena mellan 

två datorer under en tid av 10 millisekunder. Allt över 10 milliskunder skulle kunna uppfattas som 

en fördröjning av den som spelade eller lystnade på musiken. En prototyp skapades som kunde 

överföra denna typ meddelanden över Bluetooth Low Energy mellan två Linux-datorer tillsammans 

med ett test-ramverk som kunde utföra prestandamätningar. Prototypen skrevs i språket C++ 

tillsammans med biblioteket BlueZ. Den tid det tog för ett paket att färdas fram och tillbaka mellan 

de båda datorerna klockades för att få en uppskattning på hur lång tid det tog för ett paket att färdas 

från en dator till en annan. De uppmätta resultaten visar att det är möjligt att uppnå den 

eftersträvade tiden på 10 millisekunder. Resultatet kan också användas då det övervägs att utveckla 

ett annat typ av program eller applikation som ska nyttja Bluetooth Low Energy. 

 
Nyckelord: Bluetooth Low Energy, Musical Instrument Digital Interface, MIDI, BlueZ   



 
 
 
 
 

 

 



 

 

Dictionary 

 

Central/Master A Bluetooth Low Energy role that support multiple connections and 

is the initiator for connections with Peripheral devices. Typically 

uses information served by Peripherals to accomplish a task. 

  

 

Connection event A point of synchronization between the master and slave. 

 

 

Connection interval Two Bluetooth Low Energy connection parameters, min- and max 

interval. They determines how often the Central will communicate 

with the Peripheral 

 

Packet The data that is sent with Bluetooth Low Energy between the Central 

and Peripheral. The size is either 3 or 9 bytes in this thesis. 

 

 

Peripheral/Slave A Bluetooth Low Energy role that is optimized for devices that sup-

port a single connection. Typically has information needed by other 

devices. 

 

Round-trip time The time it takes, in milliseconds, to send a packet from the Central 

to the Peripheral and back. 

 

  

Slave latency A Bluetooth Low Energy connection parameter that allows a slave to 

use a reduced number of connection events.  It defines the number 

of consecutive connection events that the slave device is not required 

to listen for master.  



 
 
 
 
 

 

 

 

Sequencer Either musical devices or software application which are used for ed-

iting, playing, and recording music by managing performance and 

note data in forms such as MIDI. 

 

Sound server Usually a running background process that handles the access and 

use of sound devices. 

 

 

Synthesizer Electronic musical instruments which are used for generating elec-

tric signals that convert to sound through instrument amplifiers, 

loudspeakers or headphones. 

 

Supervision timeout A Bluetooth Low Energy connection parameter that determines the 

timeout from the last data exchange until a connection is considered 

lost. The Central will reconnect to the Peripheral, if the timeout has 

passed.  

 

Transmission time The time it takes, in milliseconds, for the Central to send a packet to 

the Peripheral. 
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1 Introduction 

This chapter starts by describing the thesis problem along with possible solutions and other parties 

that could benefit from it. It then presents the desired goals, delimitations and a clarification about 

which parts that has been done specifically by the authors. The chapter ends with a description of 

the upcoming chapters. 

 

1.1 Background 
This thesis has been done by two KTH students in collaboration with the company MIND Music 

Labs. MIND Music Labs is a company in Stockholm that is developing a new kind of digital "smart 

guitar", called the Sensus guitar, and was interested in investigating solutions for transmitting Mu-

sical Instrument Digital Interface [1], MIDI, -messages over Bluetooth Low Energy [2] with a trans-

mission time of 10 ms.  

 

1.2 Problem 
The problem of the thesis was to investigate how well Bluetooth Low Energy was suited to transmit 

MIDI messages. The problem consisted in transmitting MIDI messages from two Linux devices over 

Bluetooth Low Energy. One device could have a controller attached, which could be a musical key-

board or the Sensus guitar, with messages coming from sensors integrated in the instrument. The 

other device could be a computer, connected to loud-speakers, where software for synthesizing au-

dio according to the messages received was running. A time that exceeded over 10 ms from the mo-

ment that a note was pressed/played on the guitar until the moment the note was played through 

the speakers was considered too high, since it could be noticed by the player according to the com-

pany. Therefore the transmission time, the time it took for the Central to send a packet to the Pe-

ripheral, had to be kept under 10 ms. Different parameters for the connection had to be analyzed to 

see which ones would result in as low transmission time as possible. Furthermore, the received 

MIDI messages would have to be analyzed to decide what type of message it contained before it was 

sent to the synthesizer for playback, or possibly printing it to the output interface. 

 

To be able to achieve the desired transmission times, the Bluetooth Low Energy connection parame-

ters, like connection interval, would have to be adjusted and the round-trip time for the packets sent 

would be measured. This way the transmission time could be decided for each setting of the param-

eters. To be able to create the program and test the MIDI-messages, the received MIDI messages 

would for example be analyzed by comparing it to known MIDI values. A sequencer would act as the 

instrument which would be connected to the program by using a sound server and a synthesizer 

would be used to convert the MIDI-messages into sound. 

 

1.3 Goals 
The main goal of the thesis was to implement the Bluetooth Low Energy and MIDI protocols in an 

embedded Linux environment. Furthermore, performance was to be evaluated by developing a test-

ing framework to assess the overall transmission time of the communication and a documentation 
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regarding the project was also to be written. The following objectives were decided at the beginning 

of the project: 

 A program which could send and receive MIDI messages over a Bluetooth Low Energy con-

nection between two Linux computers. 

 The MIDI messages should either be converted to the host computer MIDI sub-system, or 

alternatively, to a text-based interface. 

 A maximum transmission time of 10 ms. 

 A documentation regarding the system architecture and the choices behind the implemen-

tations details. 

 

Before starting with the programming and analysis, a pilot study was made about previous 

similar projects, the different libraries and tools that were to be used.   

 

To be able to determine if the developed program met the desired transmission time, a testing 

framework would be created. The framework would test the performance of the developed program, 

especially regarding connection-reliability and transmission time.  

 

1.4 Delimitations 
The delimitations that was made for this assignment was the following: 

 
 1. The program would only be developed for Linux. 

 2. C/C++ would be the only programming languages be used. 

 3. The MIDI and Bluetooth protocols would be the only protocols used. 

 4. Only MIDI note on, note off, program change and channel messages would need work. 

 5. The testing of the program would only be done within the Linux environment, using sequencer 

and synthesizer software applications instead of the actual “smart guitar”.  

 6. The time limit for the thesis would be 9 weeks. 

 7. The battery life for a Bluetooth Low Energy device would not be investigated. 

 

1.5 The authors’ contribution to the thesis 
The authors’ have contributed with a prototype written in C++ which can send MIDI-messages over 

Bluetooth Low energy, with a transmission time under 10ms, across two Linux-computers.  A test-

ing framework for the prototype has also been made which led to the possibility to measure the 

transmission time for different parameters for the Bluetooth Low Energy connection. An analysis 

has been made to see which settings that was best suited to achieve low transmission times. No 

measurements of how long the devices stay in sleep mode have been made. 

 

1.6 Overview 
The next chapter begins with a background of MIND Music Labs and then of the Bluetooth technol-

ogy and then goes on by describing the Musical Instruments Digital Interface. Furthermore, it in-

cludes a description of what a synthesizer, sequencer and sound server is. The last part of chapter 2 

discusses previous projects, the Apple Bluetooth Low Energy MIDI Specification and then ends with 

explanation of why to use the Bluetooth Low Energy technology to send MIDI messages. Chapter 3, 
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methods and results, starts with a pre-study presentation and goes on discussing different library, 

tools and program choices. Chapter 3.2 includes the models that has been used or developed for this 

thesis. In 3.3, the tools and experiments including testing and measurements are presented. The last 

part of chapter 3, presents the measurement results. Chapter 4 analyzes the different results pre-

sented in chapter 3. Also, different choices other than Bluetooth for communication are discussed. 

In the last part of this thesis, chapter 5, the conclusion of the overall measurements and analysis is 

discussed.   
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2 Theory and Background 

This chapter describes the necessary components to understand the thesis. Previous similar projects 

are presented. In part 2.3 the two different kinds of Bluetooth technologies along with their mutual 

core system, architecture, GATT [3], which stands for Generic Attribute Profile and specifies a data 

structure that is displayed to connected devices, and profiles are described. The 2.4 section presents 

the Musical Instrument Digital Interface, also known as MIDI. This part gives a short description of 

the MIDI hardware specification, and the different types of MIDI messages. This part also tells what 

synthesizers, sequencers and sound systems are used for. It also describes the Apple Bluetooth Low 

Energy MIDI Specification.  

2.1 About MIND MUSIC Labs 
MIND Music Labs was started in 2013 by Michele Benincaso, an Italian “Maestro from Cremona’s 

Antonio Stradivari Luthiery” School. Before he started the company he was producing guitars for 

world-famous guitar players. During a period of over two years together with his team, among them 

Prof. Carlo Fishione a mathematician, Luca Turchet, an expert in Electronic Music and Virtual Real-

ity and Stefano Zambon, an audio and embedded systems designer, they created Sensus which is the 

world’s first smart guitar. 

 

2.2 Previous projects 
Blidino [4] is a USB-MIDI to MIDI over Bluetooth Low Energy project developed for Arduino by 

Matt Siere. Blidino is written in C++ and based on the Apple Bluetooth Low Energy MIDI Specifica-

tion. Another project has been made by Felipe F. Tonello where he uses the BlueZ library to imple-

ment MIDI over Bluetooth Low Energy [5]. Both projects are open-source and the code is available 

at GitHub. 

 

In a paper where the authors evaluate the timelines in transmitting MIDI over Bluetooth ACL, the 

authors discuss the possibility to transmit MIDI wirelessly over Bluetooth [6]. The paper mentions 

that some persons can notice time differences of 4 ms in sounds, so the goal was to be able to trans-

mit the message under 4 ms which is 6 ms less than the maximum allowed transmission time in this 

thesis. This appeared to be possible when sending single note MIDI messages although trouble 

might appear when a chord, which often includes 3 notes, would be played. 

  

In a project where a guitar pick, a plastic thing that guitar players use to hit the strings with, was de-

veloped with a pressure sensor to be able to free the musician from having to 
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use a foot controller, Bluetooth and MIDI was used [7]. However they decided to later work with 

ZigBee instead of Bluetooth because the ZigBee unit was cheaper than the Bluetooth unit and more 

versatile, and conserved more power. To keep in mind is that Bluetooth Low Energy was not used in 

this project. 

 

2.3 Bluetooth 
Bluetooth is a wireless technology that was created in 1994 by the company Ericsson, with the pur-

pose to eliminate the need of serial cables. It uses the 2.4 GHz frequency and has been standardized 

by IEEE [8]. The first Bluetooth had a transmission rate of 720 kbps but since then many different 

versions of Bluetooth has been developed with better transmission rates. Bluetooth supports ad hoc 

which means that no pre-existing network infrastructure is required [9]. There are currently two 

types of Bluetooth. Bluetooth Basic Data/Enhanced Data Rate (BR/EDR), version 2.0/2.1, and Blue-

tooth Low Energy (LE), version 4.0/4.1/4.2. There also exists Dual-mode chipsets which use both 

above implementations. Furthermore, the Bluetooth Special Interest Group, SIG, is an association 

that publishes Bluetooth specifications, administers the qualification program and evangelizes the 

Bluetooth wireless technology [9]. 

  

2.3.1 Bluetooth core system 
The Bluetooth core system includes a radio frequency receiver, baseband and protocol stacks which 

allow devices to connect and transfer data [10]. The subsystem, also called the Bluetooth controller, 

consists of the lowest part of the system layer which includes the radio, link control and the link 

manager protocols. It uses an optional standard interface (the Host to Controller Interface, HCI) 

that enables communication both ways with the remainder of Bluetooth system known as the Blue-

tooth host. The Low Energy controller includes Low Energy Physical Layer, Link Layer and option-

ally HCI. 

  

2.3.2 Bluetooth architecture 
Bluetooth has a layered architecture which can be seen in figure 2.1. The Bluetooth architecture can 

be divided into two logical parts [9]: 

 

●       The Host – A logical entity that executes the upper layers of 

the Host Controller Interface (provides communication be-

tween the Host and Controller), which includes the protocol 

stack layers above the Host Interface Controller, the profiles 

and MMI applications. 

●       The Controller – A logical entity that executes the lower lay-

ers of the protocol stack, which includes Radio, Link Man-

ager and Baseband. 

 

2.3.3 The difference between protocols and profiles 
All devices that are consistent with the Bluetooth specification use the protocols. The protocols are 

the layers that implement the various packet formats, multiplexing, routing, encoding and decoding 

Figure 2.1 Bluetooth Low 
Energy application layers 
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which allow the data to be sent efficiently among peers. The profiles are “vertical slices” of function-

ality that cover basic functionality or specific use cases. Profiles define how protocols should be used 

to carry through certain goals. 

  

Two important profiles that are required by all devices are the Generic Access Profile (GAP) and Ge-

neric Attribute Profile. GAP covers the most basic usage model of lower-level radio protocols. The 

purpose of GAP is to define roles, procedures and modes that let devices broadcast data, discover 

other devices, manage and establish connections, and negotiate levels of security. GAP is the top-

most control layer of BLE. GATT is the profile that manages data exchange in BLE. It defines a basic 

data model and procedures which allow devices to read, write, discover and push data elements. It is 

the topmost data layer [11].   

 

2.3.4 Bluetooth Low Energy 
Bluetooth Low Energy, BLE, which is also known as Bluetooth LE, Bluetooth Smart and Bluetooth 

4.0+ is the power-efficient version of Bluetooth and is commonly used in applications such as 

healthcare devices, sports equipment, remote controls, wireless speakers, keyboards and such. Blue-

tooth Low Energy allows for short bursts of long range radio connections, which is fitting for appli-

cations that need long battery life and also do not need a continuous connection or streaming of 

data. After a connection has been established and the data has been sent it goes into sleep-mode un-

til the next time data needs to be transferred. This works very well because the connection time is 

very short and this is the reason for the low consumption of the battery. Transmitting over Blue-

tooth Low Energy including the initialization can be done within 3 ms of time. Bluetooth Low En-

ergy was designed to send small chunks of data with low latency and low power consumption [9]. 

The Bluetooth radio modulation rate is set by the specification to a constant 1 Mbps, though in real-

ity the limit is usually lowered notably by several factors which can include bidirectional traffic, pro-

tocol overhead, CPU and radio limitations, and software restrictions [11]. It supports 128 bit AES 

encryption and uses 40 radio frequency channels which have center frequencies 2402 + k * 2 MHz, 

where k=0,…,39. [12] 

  

2.3.4.1 Bluetooth Low Energy packet structure 
Figure 2.2 displays the Bluetooth Low Energy packet structure. 

 
Figure 2.2 Bluetooth Low Energy packet structure 

 

2.3.4.2 Bluetooth Low Energy Central and Peripheral 
A Central and a Peripheral part are two roles of a Bluetooth Low Energy connection. The Peripheral 

role includes data which is advertised to the surrounding environment, informing it of its existence. 

The advertisement can either be a periodic broadcast of data or for allowing incoming connections. 

A Central can scan the environment, to search for a Peripheral, and initiate a connection if found. 
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When a Central is initiating the connection with the Peripheral, it is considered the master while the 

Peripheral is the slave. One Central can be connected to multiple Peripheral, but not vice versa. 

 

In an active connection, the Central polls the data from the Peripheral, where the specified connec-

tion interval determines how frequently it polls. A lower transmission time is produced with shorter 

connection interval, although this leads to higher power consumption. A different way to achieve 

lower power consumption is by specifying the slave latency on the Peripheral. With this approach, 

the number of connection events to ignore can be specified. When using this approach the Periph-

eral does not respond to a connection event if it does not have anything to send [13]. 

  

2.4 Musical Instruments Digital Interface 
Musical Instrument Digital Interface, also known as MIDI, is a system that emerged in 1982. It fol-

lowed an agreement between developers and manufacturers of the electronic musical instruments. 

The goal of the agreement was to include mutual digital codes and set of hardware connectors. The 

MIDI 1.0 Specification was officially released in 1983 by the International MIDI Association. Fur-

thermore, the goal was to allow different brands of instruments to interface or connect to mutual 

functions. These functions could for example be; timing events, note events, pedal information and 

pitch bends, which on one instrument would have the same result as a another one that is connected 

to a MIDI cable. Even instruments with different brands would give the same result. Later on, when 

microcomputers were developed, which allowed instruments to be connected to a computer with a 

cable to an MIDI interface, computer programmers started writing editor/librarian software and 

MIDI sequencing [14]. 

  

2.4.1 MIDI hardware specification 
Instruments that are capable of using MIDI are outfitted with a receiver and a transmitter except for 

some Peripheral devices, for example signal processors that might only be equipped with either a 

transmitter or a receiver. The transmission rate for the interface is 31.25 KBaud asynchronous (se-

rial), where a byte have a duration of 320 microseconds and contains a start bit, eight data bits and 

a stop bit [14]. 

 

A MIDI cable connects instruments using three types of MIDI jacks; incoming messages are re-

ceived through the MIDI IN port, MIDI OUT is used to transfer keyboard activities to other comput-

ers or keyboards, and the MIDI THRU offers direct copy of data entering the MIDI IN port which 

offers the capability to “daisy chain” several devices and instruments together. The key advantage of 

MIDI is when several devices are connected together with a MIDI interface, which is used to match 

clock speeds between the listed rate between the MIDI devices and the computer [14]. 

  

2.4.2 MIDI messages 
MIDI is a language that is used to send real time data. “Real time” means that messages must be in-

terpreted at the exact moment they are sent, by a target software or hardware synthesizer. The mes-

sages include the data needed to playback the music, i.e. the MIDI language does only define the se-

quence of instructions needed to generate the sound in the target synthesizer [14]. This means that a 

song that is translated into a MIDI-file would occupy much less space than the actual music file con-

taining the song. For example; a MIDI file would occupy 1000 times less space than a wav music file 

sampled at 44.1 kHz [15]. 
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A midi message is transmitted as a time sequence, and consists of a STATUS byte which defines the 

type of message followed by at least one, depending on the type of message, DATA byte with numer-

ous parameters. The seventh bit in a STATUS byte is set to 1 while the DATA byte has it set to 0 [14]. 

  

The type of messages that can be defined are; Channel Voice, that controls instruments 16 voices, 

plays notes, sends data etc. Channel Mode, which is used to define the instruments responses to 

Voice messages that are sent through instruments basic channel. System Common and System Real-

time, which both are intended for all the networked devices and instruments. Though, System Real-

Time only includes a status byte and is used as a timing clock to synchronize all devices. The last 

type is the System Exclusive message. This was at first only used for manufacturer-specific codes, 

including editor/librarians, but now also includes MIDI Sample Dump Standard, MIDI Time Code 

and MIDI Machine Control. 

MIDI devices can receive MIDI messages on up to 16 MIDI channels. Devices respond to messages 

that are transmitted on the channel they are tuned to. Though, if a device is set to receive in OMNI 

mode, it will answer to messages coming from any channel number [14]. 

  

Channel voice messages are the most common types. They are used to tell whether a note should be 

turned on or off, amount of key pressure to use etc [14]. 

Table 2.1 shows a list of the most common types of MIDI messages and table 2.2 explains the letters 

in table 2.1. 

 

 
Table 2.1 Types of MIDI messages  

 
Table 2.2 Letter designations for figure 2.3   
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An example of a Note On message is shown in table 2.3 and a Note Off message is shown in table 

2.4. 

 
Table 2.3 MIDI Note On Message 

 

In the STATUS part of table 2.3, the first four bits (1001) means that this is a Note On command. 

The second part (0100) shows which channel this message is for with an offset by one (0000 = 

Channel 1, 1111 = Channel 16). Next, the first DATA Byte instructs which note (0011 1100), while the 

second DATA Byte instructs how loud the note in question should be played. This note will be 

played continuously, until a Note Off message (shown below) is received [14]. 

 
Table 2.4 MIDI Note Off Message 

 

In table 2.4 the same channel (0100) in the STATUS Byte part is set as well as the same note (0011 

1100) and loudness (0111 1111). The only difference is the four bits of the STATUS Byte, which is set 

to (1000), indicating a Note Off message. 

  

2.4.3 Synthesizer 
Synthesizers are electronic musical instruments. They are used for generating electric signals that 

convert to sound through instrument amplifiers, loudspeakers or headphones. A synthesizer can be 

used for imitating existing sound like pianos, flutes or for creating new non existing electronic tim-

bres.  It can be controlled with different types of instruments such as music sequencers, or be played 

with a musical instrument like a piano keyboard. 

  

2.4.4 Sequencer 
Sequencers can either be musical devices or software application. They are used for editing, playing, 

and recording music by managing performance and note data in forms such as MIDI. 

 

2.4.5 Sound server 
A Sound server is a commonly running background process that handles the access to and use of 

sound devices. In an operating system such Ubuntu (Linux based), the sound server mixes various 

data streams, which is normally done through hardware or software, and sends a single unified au-

dio to an output device. 

  

2.5 Apple Bluetooth Low Energy MIDI specification 
The Apple Bluetooth Low Energy MIDI [16] is a recent communication protocol.  Its purpose is to 

enable Bluetooth devices to transmit musical data with low latency and in a standardized way fol-

lowing the Musical Instrument Digital Interface (MIDI) protocol. The specification outlines a 

method for encoding and decoding MIDI messages over Bluetooth Low Energy connections. It is de-

fined for Apple computers running OS X Yosemite and newer, and Apple devices running iOS 8.0 
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and later. According to the specification the connection interval should be 15 ms or less, starting 

with 11.25 ms and increasing if the connection request is denied. It is also stated that the reason for 

this is that connection intervals higher than 15 ms are not suited for live audio playback situations, 

and that during this interval the accessory should support sending the max and min amount of 

packets because otherwise the MIDI min bandwidth requirements would not be met. The specifica-

tion also says that the devices should support Maximum Transmission Unit negotiation. Further-

more, it is mentioned that an accessory should advertise a GATT Service with the MIDI Service Uni-

versal Unique Identifier.   
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3 Methods and Results 

This chapter describes the different methods and tools that has been used during this project. Other 

possible solutions are also presented. In the end of this chapter the result is displayed in different 

charts.  

3.1 Methods and solutions 
The hypothesis was that Bluetooth Low Energy would meet the desired goal of the transmission 

time, which had been derived from the pilot-study. The methods used was an experimental method, 

where a prototype was written and implemented to be able to evaluate the hypothesis by using sta-

tistical methods. The solutions used in developing the prototype to verify the hypothesis, the possi-

bly to transmit MIDI over Bluetooth Low Energy with the desired transmission time, are described 

here. 

 

3.1.1 Choice of libraries, tools and programs 
In the beginning of the project a pilot-study was made where the different tools that could be used 

was researched together with previously made projects that reminded of this one. The information 

was found by using the search engines IEEE Xplore, ACM Digital library, Google scholar and 

Google. The pilot-study led to the decisions of which libraries and programs that would be used dur-

ing the project which are presented below. 

  

3.1.1.1 Operating system 
The OS, Operating System, had to be some version of Linux. Ubuntu 14.04 was chosen. The decision 

was based upon the ease of the installation, and also because both members had previous experi-

ence with it. 

  

3.1.1.2 Programming language 
C++ was chosen as the programming language because it was object oriented. Another reason for 

choosing C++ was because it was C based, which was required by MIND Music Labs. 

  

3.1.1.3 Bluetooth Library 
BlueZ version 5.39, which is an Open Source project and provides support for the core Bluetooth 

layers and protocols, was chosen as the Bluetooth library. This because it had been updated fre-

quently and was the official Bluetooth library for Linux [9]. 

 

3.1.1.4 MIDI Library 
ALSA standing for Advanced Linux Sound Architecture, provides audio and MIDI functionality to 

Linux. ALSAMidi was chosen as the MIDI library since it was included in Linux as well. 
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3.1.1.5 Sequencer, Synthesizer and Sound server 
The sequencer that was chosen was Virtual MIDI Piano Keyboard, the synthesizer was QSynth and 

the sound server was QjackCtl. A few different sequencers and synthesizers where tried out. QSynth 

and Virtual Piano MIDI Keyboard was the first two which produced a sound when connected in 

QJackCtl and were therefore chosen. 

  

3.1.1.6 Integrated development environment 
Eclipse was chosen as the IDE. The reason for this choice was that both members had a lot of experi-

ence using this IDE from previous courses. 

  

3.1.2 Other possible choices 
Other tools, libraries and programs that could have been used are presented below. 

 

3.1.2.1 Other Operating systems 
There are many different distributions of Linux that could have been used instead of Ubuntu. BlueZ 

is included in Linux since the Linux 2.6 kernel. 

 

3.1.2.2 Other programming languages 
Instead of using C++, C could have been used. In the beginning of the project the code was written 

in regular C but was later rewritten to C++ to make the code more readable. Though, C libraries are 

still used in some parts of the prototype. 

 

3.1.2.3 Other Bluetooth Libraries 
There were a few different Bluetooth-stacks for Linux to choose from. A few of them is shortly pre-

sented here together with the reasons for not choosing them. 

 

Axis had developed a Bluetooth driver for Linux, called OpenBT, which was implemented for the 

Bluetooth 1.1 specification and was last updated on October 21, 2001. In a paper written by four per-

sons from the University of Waterloo [17], the authors analyzed the architecture of the OpenBT 

stack. In their conclusion the following was written: 

”In addition, it should be noted that they appeared to implement a number of shortcuts and hacks, 

thus violating the strictly layered architecture of the core Bluetooth stack.” 

 

Another open source Bluetooth stack was Affix which had been developed by Nokia Research Cen-

ter. Affix support Bluetooth specification 1.1 and 1.2.  The stack was last updated on December 20, 

2005. 

 

Texas Instruments had developed a Bluetooth Low Energy stack that supported Bluetooth 4.1. Alt-

hough the stack was only royalty-free for customers using their devices. 

 

The reason for not choosing Axis OpenBT or Affix:s Bluetooth stack was because of the time of the 

last updates. They would not support Bluetooth Low Energy. 
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3.1.2.4 Other MIDI Libraries 
There were several different MIDI libraries for C/C++. One of which was the Improv library, where 

several C++ classes manages the logical flow of MIDI communication. These classes are used for 

controlling MIDI input/output, and also OS-specific I/O and timing. 

  

Another library was RtMidi, which contains C++ classes that offer an API for realtime MIDI in-

put/output with Linux, Windows and Macintosh OS X. Furthermore, with RtMidi, the messages are 

sent immediately, thus not providing any timing functionality. The input messages are timestamped 

with delta times in seconds, and MIDI data is delivered to users as raw bytes. 

 

The third library was PortMidi, which is a cross-platform library that supports real-time input and 

output of MIDI. When PortMidi is running on a Linux-machine it uses the ALSA-stack. 

 

3.1.3 Splitting up the goal 
The main goal of the project was carved up into smaller tasks that easier could be managed. These 

tasks where the following: 

 1. Setting up a raw socket communication between two Bluetooth Low Energy devices. 

 2. Creating a chat between the two devices to further develop the Bluetooth Low Energy part of the 

program. 

 3. Writing a simple MIDI application that listened to MIDI messages sent from a sequencer and 

converted MIDI messages from/to stdin and stdout. 

 4. Implementing a program that interfaced with Bluetooth MIDI devices and transformed the re-

ceived messages into system MIDI messages. 

 

3.2 Development of the prototype 
This part describes the development of the prototype and the choices behind it. 

 

3.2.1 Bluetooth Low Energy 
The Bluetooth Low Energy part of the prototype was programmed using sockets at the L2CAP layer. 

The reason for using L2CAP sockets was to avoid unnecessary overhead time which could have ap-

peared if using higher layer functions. A function called hci_le_conn_update which was included in 

the BlueZ library was used to update the Bluetooth Low Energy connection parameters to reach bet-

ter transmission times. The function allowed different parameters for min and max connection in-

terval, slave latency and supervision-timeout to be set. 

 

3.2.2 MIDI 
The MIDI part of the prototype used the Alsasound library to listen for MIDI messages on a MIDI-

in port and to send MIDI messages to a MIDI-out port. The MIDI messages that was received and 

sent was raw MIDI. Since not all MIDI messages consisted of 3 bytes a class had to be written which 

determined the size of the MIDI message from the first byte. Before the MIDI messages was sent to 

the MIDI-out port the size of the MIDI message was determined so the right amount of bytes was 

sent. 

 

3.2.3 Bluetooth Low Energy and MIDI combined 
The Bluetooth Low Energy part of the prototype combined with the MIDI prototype together with 

the tools mentioned in 3.3.2 made it possible to hit a note on one of the computers which then was 
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played on the other computer and vice versa. A graphical explanation of how the prototype worked 

can be seen figure 3.1. The content of the monitors was run in one thread each on both computer. 

  

 

Figure 3.1 Graphical explanation of the prototype 

 

3.2.4 Other possible ways 
Instead of using sockets to set up an L2CAP connection, D-bus could have been used. D-Bus works 

at a higher layer than L2CAP and can provide a more user friendly API. When using D-Bus a GATT-

profile has to be used. The downside is that more overhead time might emerge when using D-bus 

and many embedded systems do not have D-Bus installed. 

 

3.3 Tools and experiments 
This part describes how the sequencer, synthesizer and sound server worked and were connected to 

the prototype. How the testing and measuring was done is also presented. 

 

3.3.1 Testing 
By echoing the received message on the receiver back to the sender, the packet loss could be deter-

mined. If the packet arrived back and included the same data as it did when it was sent, the packet 

had been successfully sent and received without any damage. 

 

3.3.2 Tools 
On the computers the sequencer Virtual MIDI Piano Keyboard was connected to the written proto-

types MIDI in port using the sound server QJackCtl. Each time a note was pressed in the sequencer 

the prototype received it as a MIDI message and sent it over Bluetooth Low Energy to the other 

computer. The other computer received the message and sent it to the synthesizer Qsynth which 

played the note. The connection between the prototype and synthesizer was also made using QJack-

Ctl. See appendix A for more information about the tools. 

 

3.3.3 Measurements 
The measurements were made to see which settings for the connection parameters, explained in the 

dictionary and 3.4.2, would be required for achieving a transmission time of 10 ms when sending 3 

and 9 byte packets. The reason for sending 3 bytes was that the maximum size of a MIDI message in 
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the written prototype was 3 bytes. The reason for sending 9 bytes was because that was the maxi-

mum size of a message in Apples implementation of Bluetooth Low Energy MIDI specification. Fur-

thermore, increasing the battery life was never a priority because it never was in the interest of 

MIND Music Labs and therefore never taken to full consideration.   

 

Measurements were made by clocking the round trip time, RTT, for a message. The RTT was the 

time it took a packet to travel from a Central to Peripheral and back in a Bluetooth Low Energy com-

munication. Furthermore, the RTT was divided by two to get an approximation of the time it took 

for the message to reach the destination device. Acting as the Peripheral was an ASUS S200E laptop 

which included a Bluetooth 4.0 device. The laptop acting as a Central was a Lenovo G580 which also 

had a Bluetooth 4.0 device. A class was written which tested different connection parameter combi-

nations, explained in the dictionary and 3.4.2, with the connection update function mentioned in 

3.3.2.4 by using nested for-loops. A flow-chart of how the for loops worked can be seen in appendix 

B.  After analyzing a few measurements it became clear that the first packet sent after the connec-

tion had been updated had a higher RTT than the rest of the packets. Therefore the first packet was 

discarded from later measurements.  

 

The downside with this method of measuring was that only the Bluetooth Low Energy connection 

was measured, and not the processing and parsing of the MIDI messages, although it should be neg-

ligible in this context. Instead of measuring the RTT the clocks on the machines could have been 

synchronized. If the clocks would have been identical, the exact time for a message to travel to the 

end device could have been measured instead of the RTT.  

 

3.4 Results 
This part presents the result of the prototype and the measurements.  

 

3.4.1 MIDI over Bluetooth Low Energy prototype 
The result of the written prototype was an application which could be run on Linux computers and 

communicate back and forth. The notes pressed on one of the computer were played on the other 

computer and vice versa. It was also possible to change channels, change programs, use pitch bend 

and so on… 

 

3.4.1.1 Prototype structure 
The classes of the prototype were MIDIOverBLE, BleSender, BleReceiver, MIDIListener, 

MIDISpeaker and MIDITools. BleSender was used to connect to a Peripheral and to send messages. 

BleReceiver was used to listen for a connection from a Central and to receive messages. MIDILis-

tener listened on a MIDI in port for MIDI-messages. MIDISpeaker sent MIDI-messages to a MIDI 

out port. MIDITools was used to determine the payload of a message depending on the first byte. 

For example: A program change message only included two bytes while a note on and note off mes-

sage included 3 bytes. If a program change message was sent to a MIDI out port as 3 bytes, the syn-

thesizer listening on that port could not interpret the message. For a UML-scheme of the prototype 

see appendix B. 

 

The MIDIOverBLE class used the other mentioned classes and acted as the API of the prototype. 

There were two functions in MIDIOverBLE which were called by threads and which ran parallel to 

each other. One of the functions listened for MIDI-messages with the MIDIListener class and sent 

the received MIDI-messages over Bluetooth Low Energy using the BLESender class. The other func-

tion listened for Bluetooth Low Energy messages, using the BLEReceiver class, and sent the MIDI-
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payload from the received messages to a MIDI-out port using the class MIDISpeaker. For a flow-

chart of how the threads and functions worked see appendix B. 

 

3.4.1.2 Prototype usage 
The prototype could take a Bluetooth address as a parameter. If a Bluetooth-address was inserted, 

the prototype would act as the Central and connect to the given address. If no parameter was in-

serted, the prototype would act as the Peripheral and listen for a connection. The Central then up-

dated the connection, which was needed to be able to change the connection parameters to reach 

better transmission times. To be able to update the connection, the prototype had to be run as root. 

More information about the connection parameters is written in 3.4.2. For a user manual of the pro-

totype see appendix D. 

 

3.4.2 Test framework 
The test class measured the RTT, round trip time, for a message. The message was upon return 

compared with the one that was sent to make sure that the message had been successfully delivered. 

Each test was done with different parameters for the connection.  

 

The parameters which could be modified when updating the connection where the following: 

     --min=<interval>    Range: 0x0006 to 0x0C80 

     --max=<interval>   Range: 0x0006 to 0x0C80 

     --latency=<range> Slave latency. Range: 0x0000 to 0x03E8 

     --timeout=<time>    N * 10ms. Range: 0x000A to 0x0C80 

 

The connection parameters for a Bluetooth Low Energy connection are used for setting when a Cen-

tral and a Peripheral in a link transmit data. The connection interval can be set between min and 

max intervals to decide how often a Central can ask the Peripheral for data, in units of 1.25 ms. It 

must be set between 6 and 3200 (7.5 ms and 4 seconds). The slave latency can be set to a non-zero 

value to let the Peripheral have the choice to not answer when the Central asks for data, up to the 

slave latency number of times. However, the Peripheral can still send data if needed. This enables a 

Peripheral to stay sleeping for a longer time while it does not have data to send. The connection su-

pervision timeout determines the timeout from the last data exchange until a link is considered lost. 

A Central will not try to reconnect before the timeout has passed. 

 

The test class altered each variable to test every possible combination of the parameters. Each com-

bination was tested for X number of times, while X number of packets was sent with that combina-

tion, and then the result was printed to the screen. In the end of the test the best average RTT, the 

min RTT and the max RTT was printed to the screen together with the parameters which was used 

when achieving it. An example of a printout can be seen in appendix C. 

 

3.4.3 Measurements 
A collection of the most interesting measurements made are presented here in different charts. 

Measurements were made where each combination of the parameters were tested. As soon as the 

min- or max connection interval values exceeded 15, the average round trip time became too high. 

That is why the ranges of the min- and max connection intervals in the charts presented here are 

from 6 to 15. Where the connection interval value times 1.25 is the connection interval in millisec-

onds. In figure 3.2, 3.3, 3.4 and 3.5 the first packet was not discarded from the measurement. In the 

rest of the measurements the first packet was always discarded because of its higher RTT value. Fur-

thermore, some measurements were made inside KTH Haninge, where the 2.4 GHz frequency was 
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largely used, and therefore theoretically could have impacted on the result considering that Blue-

tooth Low Energy uses this frequency.  The rest of the measurements were made outdoors within an 

area that used the 2.4 GHz frequency much less if at all. 

 

The test needed to update the connection for each time new parameters needed to be tested which 

always resulted in this higher RTT value for that particular packet. Though, because the Central in 

the finished MIDI over Bluetooth prototype only updated the connection once directly after con-

necting to the Peripheral, the RTT value for that particular packet was considered to be negligible in 

the end. 

 

In figure 3.2 1ooo packets was sent for each combination. The figure show that a max connection in-

terval value between 6 and 11 is sufficient for achieving an average transmission time below 10 ms, 

although the maximum transmission time was still too high. Anything above 11, for the max connec-

tion interval value, resulted in a too high average transmission time. To be noted is that the min 

connection interval value is set to 6, the slave latency to 0 and that the first packet was included in 

the test. 

 

Figure 3.2 – Measurement of RTT with different max connection intervals 

Packets sent = 1000 

Size per packet = 3 bytes 

Sleep between packets = 0 

First packet included 

min connection interval = 6 * 
1.25 ms 

slave latency = 0 

timeout = 200 

Measured inside KTH Haninge 
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Figure 3.3 shows that when the max connection interval value was set to 15 and the min connection 

interval value was between 6 and 15, the desired transmission time 0f 10 ms was never reached. To 

keep in mind is that the first packet was included in the test. 

 

Figure 3.3 Measurement of the RTT of different min connection intervals 

Packets sent = 1000 

Size per packet = 3 bytes 

Sleep between packets = 0 

First packet included 

max connection interval = 15 * 
1.25 ms 

slave latency = 0 

timeout = 200 

Measured inside KTH Haninge 

 

 

In figure 3.4 the slave latency was tested for different values to see if the RTT was affected. Although 

to keep mind, is that the first packet was included in the test. 

 

 

Figure 3.4 Measurement of the RTT for different slave latencies 

Packets sent = 1000 

Size per packet = 3 bytes 

Sleep between packets = 0 

First packet included 

min connection interval = 6 ms 

max connection interval = 6 ms 

timeout = 200 

Measured inside KTH Haninge 
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Figure 3.5 shows the round-trip time of the first 10 packets sent after a connection update had been 

made. The transmission time for nine packets are below the desired 10 ms. The transmission time 

for the first packet is not. Multiple measurements were made where the first packets, sent after a 

connection update had been made, round-trip times were measured. Each time the first packet had 

a higher round-trip time than the average. 

 

 

Figure 3.5 Measurement of RTT for 10 packets 

Packets sent = 10 

Size per packet = 3 bytes 

Sleep between packets = 0 

First packet included 

min connection interval = 6 * 
1.25 ms 

max connection interval = 6 * 
1.25 ms 

slave latency = 0 

timeout = 200 

Measured inside KTH Haninge 

 

In figure 3.6 the same thing as in figure 3.2 is shown, with the difference that the first packet was 

excluded to see if the overall RTT values changed. When the max connection interval was set to 6 

the desired transmission time was never exceeded. 

 

 

Figure 3.6 Measurement of RTT with different max connection intervals 
without the first packet 

Packets sent = 1000 

Size per packet = 3 bytes 

Sleep between packets = 0 

First packet excluded 

min connection interval = 6 * 
1.25 ms 

slave latency = 0 

timeout = 200 

Measured inside KTH Haninge 
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In figure 3.7 the same thing was measured as in 3.3 but this time with the first packet excluded. 

 

Figure 3.7 Measurement of RTT with different min connection intervals 
without the first packet 

Packets sent = 1000 

Size per packet = 3 bytes 

Sleep between packets = 0 

First packet excluded 

max connection interval = 15 * 
1.25 ms 

slave latency = 0 

timeout = 200 

Measured inside KTH Haninge 

 

 

In figure 3.8 the same test as shown in figure 3.4 was done with the difference that the first packet 

was excluded this time to see if there was an overall difference in the RTT values. 

 

Figure 3.8 Measurement of RTT with different slave latencies without the 
first packet 

Packets sent = 1000 

Size per packet = 3 bytes 

Sleep between packets = 0 

First packet excluded 

min connection interval = 6 * 
1.25 ms 

max connection interval = 6 * 
1.25 ms 

timeout = 200 

Measured inside KTH Haninge 

 

  



 
 
 
 
 

  METHODS AND RESULTS | 23 
 

 

 

In figure 3.9 the packet size was changed to 9 bytes. The reason for changing it was to abide to the 

Apple Bluetooth Low Energy MIDI specification and see how it differed from only sending 3 bytes. 

Both the min and max connection intervals were changed to see which combinations would work 

best to achieve the desired transmission time of 10 ms. 

 

Figure 3.9 Measurement of RTT with different min and max connection intervals and a 
packet size of 9 bytes and without the first packet. 

Packets sent = 
1000 

Size per packet = 
9 bytes 

Sleep between 
packets = 0 

First packet ex-
cluded 

slave latency = 0 

timeout = 200 

Measured inside 
KTH Haninge 

 

In figure 3.10 a test was done with a sleep period of 100 ms between each packet. The reason for this 

test was to see if a sleep cycle between every packet would give a better RTT value. 

 

 

Figure 3.10 Measurement of RTT with different max connection intervals 
with sleep and without the first packet. 

Packets sent = 10 

Size per packet = 3 bytes 

Sleep between packets = 0.1 sec 

First packet excluded 

Min connection interval = 6 * 1.25 
ms 

slave latency = 0 

timeout = 200 

Measured inside KTH Haninge 
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In figure 3.11 a sleep of 50 ms was set between each packet to test if it affected the RTT and also 

while the Bluetooth Low Energy Peripheral could skip connection interval packets as much as the 

slave latency increased. 

 

 

Figure 3.11 Measurement of RTT with different slave latencies, sleep and 
without the first packet. 

Packets sent = 1000 

Size per packet = 9 bytes 

Sleep between packets = 50 ms 

First packet excluded 

min connection interval = 6 * 1.25 
ms 

max connection interval = 6 * 1.25 
ms 

timeout = 200 

Measured outside 

 

In figure 3.12 the same test as figure 3.11 was done, but without the sleep to see the difference be-

tween them. This time the packets would be continuously sent but the Bluetooth Low Energy device 

would still be able to skip the connection interval packets as much as the slave latency increased. 

 

Figure 3.12 Measurement of RTT with different slave latencies, sleep and 
without the first packet. 

Packets sent = 1000 

Size per packet = 9 bytes 

Sleep between packets = 0 

First packet excluded 

min connection interval = 6 * 1.25 
ms 

max connection interval = 6 * 1.25 
ms 

timeout = 200 

Measured outside 

 

In figure 3.13 the tests were done at different distances to get a view of how the RTT would vary at 

different ranges. 
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Figure 3.13 Measurement of RTT at different distances. 

Packets sent = 1000 
 
Size per packet = 9 bytes 
 
Sleep between packets = 0 
 
First packet excluded 
 
min connection interval = 6 * 

1.25 ms 
 
max connection interval = 6 * 

1.25 ms 
 
timeout = 10 

 

Measured outside 

 

3.4.4 Summary of the measured results 
When the max connection interval value was between 6 and 11 and the min connection interval 

value was set to 6, an average transmission time of 10 ms was achieved. This was also achievable by 

setting the max connection interval to 8 and the min connection interval between 6 and 8. To reach 

a maximum transmission time of 10 ms both min and max connection interval had to be set to 6. 

After a connection update had been done by the Central, the first packet always had a higher trans-

mission time than the rest of the packets. Therefore it was removed from later measurements. In the 

MIDI over Bluetooth prototype the connection was only updated once, and therefore only the first 

package sent from the prototype would have a higher transmission time which was considered neg-

ligible. When the slave latency was either 0 or 1, the desired transmission time was achieved. Any-

thing over 1 in slave latency, sometimes resulted in the maximum transmission time increasing over 

the desired goal of 10 ms but the average transmission time was still low. When sending packets 

with a sleep between them and increasing the slave latency, the maximum transmission time of 10 

ms was achieved except for one time. When testing the prototype at different distances the maxi-

mum transmission time increased together with the distance, but the average transmission time was 

still low. Furthermore, the transmission time for sending 3 bytes and 9 bytes was equivalent. 
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4 Analyses and Discussion 

This chapter starts with an analysis of the finished prototype, where several goals are compared to 

the result provided by the tests. Furthermore, different approaches for both Bluetooth and MIDI are 

presented. The next part, 4.2, analyzes how the produced results were acquired with other possible 

solutions. In part 4.3, the different results are compared to each other. The last part connects the 

thesis to a larger social, ethical and environmental context.  

 

4.1 Analysis of the prototype 
In this part the prototype is analyzed. The result is compared to the goals and different approaches 

from the chosen ones are discussed. 

 

4.1.1 Bluetooth communication 
The goal for the Bluetooth communication was: 

A maximum Bluetooth Low Energy MIDI transmission time of 10 ms. 

 

As can be seen in figure 3.6 in chapter 3.4.3 this was possible, by setting both min and max connec-

tion interval to 6 the maximum transmission time of 10 ms was never exceeded. As long as max con-

nection interval did not exceed the value 11 and min connection interval did not exceed the value 6, 

the average round-trip time was kept below 20 ms and therefore the average transmission time was 

kept below 10 ms. 

 

The reason these parameters work is because the Central will ping the Peripheral every connection 

interval, which can be set between 7.5 ms -4 seconds, and the Peripheral will respond to the ping. 

This will keep the connection alive and also wake the Peripheral from a sleep every time it receives a 

ping. The transmission time will decrease with a lower connection interval, because the Peripheral 

would not need to transition to awake state as often as it would as a higher connection interval, 

when sending a message. Also, because of the shorter sleep cycles the Peripheral would conserve 

less battery. In the finished prototype both the min- and max connection interval was set to 7.5 ms ( 

6 * 1.25 ms). The choice was based on the measurements in the figure 3.6, which shows that these 

values guarantees a transmission time of below 10 ms. In the Apple Bluetooth Low Energy MIDI 

Specification a connection interval of 11.5 ms – 15 ms is recommended, but when looking at the fig-

ure 3.9 the chart shows that as the min connection interval increases above 11.5 ms (9) while the 

max connection interval value is set to 12 (15 ms), the RTT values exceeds MIND Music Labs desired 

transmission time of 10 ms and was therefore never used. 

 

Another parameter is the slave latency, where the slave is also known as the Peripheral. By adjusting 

the slave latency between 0-499, a Peripheral can choose to not answer when the Central asks for 

data, up to the adjusted amount of times. This way the Peripheral can sleep longer and save battery 

life but still send messages when it needs to. The reason for setting this parameter to 0 in the proto-

type is not being able to predict how often a note will be played and therefore the safest bet was to 

respond to all received pings and keeping the Peripheral awake as often as possible. A third parame-

ter is the supervision timeout which is used for determining the timeout from the last data exchange 
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until a connection is lost. A Central will try to reconnect if the supervision timeout has passed. It can 

be set between 100 ms – 32 seconds. Reducing the supervision timeout is a good way to keep the 

connection alive if the distance between the two devices regularly changes. Though, in these meas-

urements the devices position were always fixed, the computers never moved around during the 

tests, and therefore the supervision timeout was always set to the same value. The figures, 3.3, 3.4, 

3.5 and 3.7, all use a slave latency of 0, a supervision timeout of 200. The figures after 3.5 all exclude 

the very first packet from the measurement. The reason for excluding the first packet is because it is 

negligible in the prototype. In the prototype, these setting are changed by simply making a connec-

tion update, with the desired connection parameters, directly after the connection is established. 

 

4.1.2 Different approaches from Bluetooth LE 
In this project the assignment was to use Bluetooth Low Energy, but there are a wide selection of 

possible wireless technologies that could have been used instead to transfer data. For example: NFC, 

Infrared, Zigbee, WiFi, GSM, 3G, UltraWideband and Bluetooth BR/EDR. Although a few of these 

can almost instantly be disregarded to be used in this case. NFC and Infrared does not cover ranges 

over a few meters. This would not be very handy if the guitar would be used on a stage where the 

guitar player wants to be able to walk around. 3G and GSM might be considered a bit overkill since 

the data has to travel through a radio tower before returning to the end device which probably is in 

the same room as the guitar. 

  

4.1.2.1 ZigBee 
ZigBee is a low-cost, low power consumption, two-way, wireless communication standard. There are 

currently three different versions of the ZigBee protocol called ZigBee 2004, ZigBee Pro and ZigBee 

Green Power [18]. ZigBee can transfer data up to 250 kbit/s [19]. ZigBee Green Power could be an 

alternative instead of Bluetooth Low Energy if low power consumption is needed. 

  

4.1.2.2 WiFi 
WiFi is an IEEE 802.11 Wireless LAN standard that uses radio frequencies for distances up to 300 

meters. It is commonly used by home and corporate users for data, voice and video traffic. WiFi of-

fers theoretical speeds up to 7 GB/s [20]. WiFi could be an alternative if higher transmission times 

are required but with an absence of low power consumption. 

  

4.1.2.3 Ultra Wideband 
Ultra Wideband, also known as UWB, is a wireless technology that has been used within radars. It 

allows a high data-rate, up to 480 Mbps, and covers a spectrum of 7.5 GHz, though regulations have 

been made [21]. Ultra Wideband could be an alternative if higher transmission times are required. 

 

4.1.2.4 Bluetooth BR/EDR 
Bluetooth ER/EDR sets up a short range continuous wireless connection, and is fitting for audio 

streaming [10]. Bluetooth BR allows synchronous and asynchronous connections up to 721.2 Kb/s. 

EHR allows data rates up to 2.1 Mb/s and high speed operation up to 54 Mb/s with the 802.11 AMP 

[12]. Bluetooth BR/EDR could be an alternative if higher transmission times are required but with 

an absence of low power consumption. 
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4.1.3 MIDI 
One of the goals for the prototype was: 

A Linux program that could send and receive MIDI messages over a Bluetooth Low Energy connec-

tion. The received messages should either be converted to the host computer MIDI sub-system, or 

alternatively, to a text-based interface. 

 

This goal was achieved. MIDI messages could be sent back and forth from the computers. When one 

of the computers received a Bluetooth message it was sent to a synthesizer which interpreted the 

message though code was not written to support system exclusive messages. This decision was made 

at a meeting with the supervisor at MIND Music Labs where it was decided that only note on, note 

off, program change and channel messages were needed to work. 

 

By sending and receiving raw midi, the data load was as small as possible. This small size, which in-

cludes both 3 and 9 bytes, was one of the reasons for being able to send MIDI messages over Blue-

tooth Low Energy in under 10 ms. The downside of using it was not being able to detect the type of 

incoming MIDI message, which also was the reason for creating the class MIDITools mentioned 

earlier in 3.4.1.  

 

Although, if a higher transmission rate was not an obstacle, the ALSAMidi C library 

snd_seq_event_t struct could have been used. With this struct, the need for detecting the incoming 

type of MIDI message before sending it to MIDI output would not been necessary. Besides the larger 

size of the struct compared to using raw midi, the reason for not using it was its complicated design. 

 

4.1.4 Different approaches from MIDI 
In a follow-up meeting at MIND Music Labs it became clear that the original idea was to implement 

the Apple Bluetooth Low Energy MIDI Specification. The decision to continue with raw midi and 

analyze that instead of implementing Apples protocol was made. But since measurements were 

made where the packet size was 9 bytes, the largest size of a packet in Apples implementation, con-

clusions regarding the transmission time for when using the Apple implementations could be 

drawn. 

 

If MIDI would be excluded from the project real audio is what would be left. This would lead to a 

bigger payload and Bluetooth Low Energy would not be the appropriate wireless technology to be 

used, since there would be a continuous flow of data. In that case Bluetooth BR/EDR or some other 

wireless technology would be more fitting. 

 

 

4.1.5 Possible improvements for the prototype 
At some points in writing the code a few less good solutions has been made to be able to bypass a 

few problems. For example: When updating a connection the function hci_le_conn_update expects 

a parameter which defines the handle of the connection. No success was reached when trying to 

fetch this parameter from within the prototype, which led to the value 32 being hardcoded. 32 was 

the value of the handle when the two computers used in this thesis was connected to each other. 

 

When the computer running the part of the prototype which listened for a connection the user had 

to manually enable Bluetooth Low Energy advertisement from the terminal, using the command 

"sudi hciconfig hci0 leadv" where hci0 was the designation for the Bluetooth Low Energy device of 

the computer in question. Instead this could have been done from within the prototype. The reasons 

for not solving these problems were lack of time and other problems being prioritized. 
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When the connection was lost between the computers the Central exited. The Peripheral, however, 

got stuck in a loop displaying an error message. The loop was a while loop which was run for as long 

as a boolean listen was set to true. When the error message was received the boolean was set to 

false, however the while loop continued. This was noticed the last day of the programming. So the 

problem was not further investigated. 

  

4.2 Analysis of the measurement method 
Because only the RTT was measured, the exact time to send the packets between the two laptops 

was never presented in the results. The RTT was divided in two to acquire the transmission time for 

the packets. A different solution which theoretically could solve this issue would be to synchronize 

the two laptop clocks with a Network Time Protocol server, and then include the time in every 

packet. When a packet would be sent, the current time would then be included and later when it ar-

rives it would be subtracted from the receivers current time. After subtraction the transmission time 

would be presented. The reason for not implementing this procedure was because it required a relia-

ble Internet connection, and that the slightest disconnection from the NTP server could result in 

producing the wrong result.      

 

4.3 Analysis of the measurements 
In this part, the figures 3.2-3.13 are analyzed to determine which connection parameters were best 

suited. 

 

4.3.1 The connection update affects the first packet 
An example of how the connection update affects the first upcoming packets RTT value, can be seen 

when comparing figure 3.2 with figure 3.6. These two figures use the exact same values, but the re-

sults are different when looking at the max RTT. Figure 3.2 which include the first packet has for ex-

ample a max RTT of 22 ms when min- and max connection interval values are set to 6 (7.5 ms), 

while figure 3.6 which excludes the first packet has a max RTT of 15 ms when the same connection 

intervals are set. The same thing is established when looking at figure 3.5 where only 10 packets 

were sent. There it is clearly seen that the first packet has a higher RTT value then the rest. Further-

more, when evaluating the RTT by looking at the slave latency, it can be concluded that even there 

the connection update has an impact. This can be seen by comparing figure 3.4 and 3.8. They both 

use the same values, but figure 3.8 have a lower all around max RTT. 

 

4.3.2 The 2.4GHz interference 
The high 2.4 GHz frequency usage inside KTH was also an impact on the measurements. An exam-

ple is when comparing figure 3.8 and 3.12. In 3.8 the measurements were made inside KTH Han-

inge, and the results show a larger all around RTT value than 3.12, where the measurements were 

made outside in an area with much less 2.4 GHz frequency disturbance. Also, in spite of the larger 

packets being sent in 3.12 it still produced lower RTT values. This is another proof that the 2.4 GHz 

interference inside the school had an impact on the measurement. 

 

4.3.3 Improving the battery lifetime 
To further increase the battery lifetime of the Peripheral, an attempt of improving the RTT values 

with higher slave latency setting were made. But this time with a 50 ms sleep between each packet, 

and therefore only sending 20 packets per seconds. In figure 3.11 such an attempt is made and the 
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results where promising, giving a slightly lower RTT value than 3.12 which used the same values but 

without a sleep. But to keep in mind is that this test is made outside with little 2.4 GHz interference 

and also that sometimes there could be a need of sending more than 20 note messages per second. 

Therefore this particular chart might not be the best example of common MIDI over Bluetooth Low 

Energy transmissions. But since the Bluetooth Low Energy system includes features designed to en-

able products that require lower current consumption compared to Bluetooth Basic Rate [12] the 

power consumption is lower than it would be if BR/EDR would have been used. 

 

4.3.4 Distance impacts the RTT 
In figure 3.13, the RTT for ranges between 0 - 100 meters was measured.  The average RTT was 

about 15 ms, which is considered more than acceptable for MIDI message transmission, though the 

max RTT could differ. There could have been several reasons for the high RTT, one of them being 

the distance itself. The longer the distance the packet would have to travel the more time it could 

have taken. Another reason could have been a failure to receive the packet at one or several at-

tempts. If the attempt to send the packet failed, the L2CAP protocol always tries to send it again un-

til the receiver acknowledges it [22]. This is probably what happened at 90 meters and therefore re-

sulted with a packet having an RTT of 150 ms.  

 

4.4 Social, financial, environmental and ethical context 
One environment-friendly aspect is the possibility to avoid cables between a guitar or piano key-

board and amplifier/computer. But the guitar will probably need a cable to charge its battery, alt-

hough this cable should not need to exceed the desired length of a possible cable between the guitar 

and the amplifier. By eliminating the need of cables between instruments the ease of the setup in the 

recording studios can be improved. 

 

The particular part of the prototype which has been written to handle the Bluetooth Low Energy 

communication could be implemented in other programs and applications. For example, it could be 

used in a chat or multiplayer game at close distances. This would be beneficial if there was a lack of 

WIFI or 3G in that area. Since there is no extra cost to use Bluetooth it would also be more economi-

cal for the users. Since the frequency 2.4 GHz is license free to operate on it should be possible to 

use all over the world.  



 
 
 
 
 

32 |  
 

 

 



 
 
 
 
 

   | 33 
 

 

 

 

 

5 Conclusions  

 

In this thesis the possibility to transfer MIDI-messages over Bluetooth Low Energy with transmis-

sion times under 10 ms has been examined. A prototype has been written, which could listen for 

MIDI-messages on a MIDI-in port and send the messages over Bluetooth Low Energy, together with 

a testing framework. The prototype could also send the MIDI-messages received over Bluetooth Low 

Energy to a MIDI-out port which could be connected to a synthesizer. Measurements have been 

made with different connection parameters for the min and max connection intervals and latency to 

reach the desired transmission time, and have been presented in this paper in different diagrams. 

 

The results of the thesis show that it is possible to achieve transmission times under 10 ms when 

sending MIDI-messages over Bluetooth Low Energy, except for the first packet sent which had a 

higher transmission time because of the connection update that had been made before it. To reach 

the desired transmission time the both the min and max connection interval should be set to the 

value 6. If only an average transmission time of 10 ms is acceptable the value of the max connection 

interval parameter should not exceed 11 and the min connection interval parameter should not ex-

ceed 6. However if max connection interval is set to 8, min connection interval can be set to either 6, 

7 or 8 and an average transmission time of 10 ms will still be achieved. Furthermore, because the 

analysis contribution is not delimited to only sending MIDI-messages, it could also be used when 

considering development of other kind of equipment and/or applications that implements the use of 

Bluetooth Low Energy. 

5.1 Future studies 
It would be interesting to get a clear view of how much battery-life that is drained for each setting of 

the connection parameters. Out of that, another conclusion could be drawn where the battery life-

time and transmission times are weighted together. In this project no experimentations has been 

made with the supervision timeout connection parameter. Such experiments could be interesting 

when trying to reconnect to a device that has disconnected due to not responding to a keep-alive 

ping. By lowering the supervision timeout, disconnections could theoretically be decreased. 
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Appendices 

 
Appendix A 

 

1 Virtual MIDI Piano Keyboard 

Virtual MIDI Piano Keyboard, see figure A.1, is a sequencer which generates MIDI messages when 

notes are pressed/released or changes occurs. It includes the possibilities to alter the velocity of the 

notes, change channels etc... 

 

Figure A.1 Picture of Virtual MIDI Piano Keyboard 

 

2 Qsynth 

Qsynth, see figure A.2, is a synthesizer which transforms MIDI into real sound. 

Figure A.2 Picture of the Qsynth 

 

  



 
 
 
 
 
 

 

 

3 QjackCtl 

QjackCtl, see figure A.3, is a sound server which makes it possible to connect devices to each other 

using MIDI in and MIDI out ports. It is possible to connect a sequencer directly to a synthesizer or, 

in our case, connect the sequencer and synthesizer to our prototype. 

 

Figure A.3 Picture of QjackCtl 
 

  



 
 
 

 

 

 

Appendix B 

 

1 UML-diagram of the prototype 

 



 
 
 
 
 
 

 

 

2 Flow chart of the threads 

 

 

  



 
 
 

 

 

 

2 Flow chart of the for loops 

 

  



 
 
 
 
 
 

 

 

  



 
 
 

 

 

 

Appendix C 

 

Running test with parameters: 

 min_interval:6 max_interval: 6 slave latency: 0 timeout: 10 Number of packets to send: 1000 

Result->  : Max_RTT:14.9443 : Min_RTT: 10.8851 : Average RTT: 12.8325 

 

Running test with parameters: 

min_interval:6 max_interval: 6 slave latency: 1 timeout: 10 Number of packets to send: 1000 

Result->  : Max_RTT:14.9388 : Min_RTT: 10.8846 : Average RTT: 12.9205 

 

Running test with parameters: 

min_interval:6 max_interval: 6 slave latency: 2 timeout: 10 Number of packets to send: 1000 

Result->  : Max_RTT:15.0045 : Min_RTT: 10.9402 : Average RTT: 12.9201 

 

Running test with parameters: 

min_interval:6 max_interval: 6 slave latency: 3 timeout: 10 Number of packets to send: 1000 

Result->  : Max_RTT:14.9445 : Min_RTT: 10.8592 : Average RTT: 12.9518 

 

Running test with parameters: 

min_interval:6 max_interval: 6 slave latency: 4 timeout: 10 Number of packets to send: 1000 

Result->  : Max_RTT:14.9432 : Min_RTT: 10.4364 : Average RTT: 12.8532 

 

Running test with parameters: 

min_interval:6 max_interval: 6 slave latency: 5 timeout: 10 Number of packets to send: 1000 

Result->  : Max_RTT:14.9703 : Min_RTT: 10.8246 : Average RTT: 12.9013 

 

Running test with parameters: 

min_interval:6 max_interval: 6 slave latency: 6 timeout: 10 Number of packets to send: 1000 

Result->  : Max_RTT:60.3009 : Min_RTT: 10.6286 : Average RTT: 12.9876 

 

Running test with parameters: 

min_interval:6 max_interval: 6 slave latency: 7 timeout: 10 Number of packets to send: 1000 

Result->  : Max_RTT:14.9437 : Min_RTT: 10.8425 : Average RTT: 12.9863 

 

Running test with parameters: 

min_interval:6 max_interval: 6 slave latency: 8 timeout: 10 Number of packets to send: 1000 

Result->  : Max_RTT:15.0672 : Min_RTT: 10.9109 : Average RTT: 12.9891 

 

Running test with parameters: 

min_interval:6 max_interval: 6 slave latency: 9 timeout: 10 Number of packets to send: 1000 

Result->  : Max_RTT:14.9417 : Min_RTT: 10.8941 : Average RTT: 13.034 

 

Running test with parameters: 

min_interval:6 max_interval: 6 slave latency: 10 timeout: 10 Number of packets to send: 1000 

Result->  : Max_RTT:14.9419 : Min_RTT: 10.9403 : Average RTT: 12.9397 

 

Tests completed 

Best Results: 

 



 
 
 
 
 
 

 

 

Best average RTT was: 12.8325 

With the following parameters: 

min_interval: 6 

max_interval: 6 

slave latency: 0 

 

Best minimum RTT was: 10.4364 

With the following parameters: 

min_interval: 6 

max_interval: 6 

slave latency: 4 

 

Best maximum RTT was: 14.9388 

With the following parameters: 

min_interval: 6 

max_interval: 6 

slave latency: 1 

  



 
 
 

 

 

 

Appendix D 

 

User Manual 

This user manual is for using the prototype with Ubuntu 14.04. 

Step 1 Installation libraries, dependencies and tools 

Download latest version of BlueZ (5.39 was used for this theses). 

 

Install BlueZ:  

./configure  --prefix=/usr \ 

--sysconfdir=/etc \ 

--localstatedir=/var \ 

--enable-library \ 

--disable-systemd && 

make 

 

As root: make install && ln –svf ../libexec/Bluetooth/bluetoothd /usr/bin 

The main configuration file as root: install –v –dm755 /etc/bluetooth && 

install –v –m644 /src/main.conf /etc/bluetooth/main.conf  

If desired install the API documentation as root:  

install –v –dm755 /usr/share/doc/bluez-5.39 && 

install –v -m644 /doc/*.txt /usr/share/doc/bluez-5.39  

Install BlueZ dependencies: “sudo apt-get install -y libusb-dev libdbus-1-dev libglib2.0-dev libudev-

dev libical-dev libreadline-dev” 

Install Eclipse: “sudo apt-get install eclipse” 

Install ALSA: “sudo apt-get install libasound2” 

Install qsynth: “sudo apt-get install qsynth” 

Install qjackctl: “sudo apt-get install qjackctl”  

Install vmpk: “sudo apt-get install vmpk” 

 

Step 2 Setting up Qsynth 

Start Qsynth and go to Setup. Now go to Audio and find Audio Driver and change it alsa. Also 

change Sample Format to float, Sample Rate to 48000 and Buffer Size to 128. Now go to Soundfonts 

and choose Open. Find and open FluidR3_GM.sf2. Press OK to save changes in Setup.  

 

Step 3 Setting up Qjackctl 

Start Qjackctl and go to Setup. Under Setting change the Sample Rate to 48000. Press OK to save 

changes Setup. 

 

Step 4 Compiling in Eclipse Platform version 3.8.1 

Open the MIDIoverBLE project in Eclipse 

Go to Project > Properties  



 
 
 
 
 
 

 

 

In Properties go to C/C++ Build and choose Settings. In Settings go to GCC C++ Compiler and 

choose Miscellaneous. In Other flags add -std=c++11 and choose Apply. Now go to GCC C++ Linker 

and choose Libraries and add the two libraries; bluetooth and asound.  
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