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Abstract  

A Laser Music System has been created, that combines a laser and light sensor 

system with an infrared distance sensing system that detects the position of a user’s 

hand when it intersects one or more of the individual laser beam. The laser beams, 

which are made visible by a small amount of smoke in a dark room, provide visual 

guidance to the user to reduce the difficulty of using a non-contact instrument as 

well as enhancing an appealing optical effect for the user. The system uses a number 

of Sharp distance sensors to map the position of the user’s hand to a variable like 

pitch. The user should move their hand to different heights to achieve a desired 

pitch. The laser beam should be broken to trigger the desired note. 

Keywords: laser system, electronic instrument, microcontroller, IR range sensors, 

laser diodes, photocells, detector circuit, MIDI, triangulation  
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Chapter 1 

 

1 Introduction  

In this introduction, we explain the idea of our thesis: the laser music system. First, 

the background is given to inform the reader about the history of the first electronic 

instruments using lasers and about different non-contact electronic instruments. 

Then, we describe the operations of our system, the requirement specifications and 

the goals of our thesis. Finally, we discuss the outline of our thesis.   

1.1 Background 

Musicians and inventors have been determined to apply new concepts and ideas 

into improving musical instruments or creating whole new ways of controlling and 

producing musical sounds. Since the age of classic acoustic instruments, such as 

stringed and percussion instruments of the modern orchestra, have been around for 

centuries, thus the original idea and design of these instruments have not changed 

only minor improvements have been made. Electronic music, on the other hand, has 

no such heritage. As this type of music has only existed for under a century, 

electronic instruments haven’t had the time to settle. Technology is developing so 

fast that new sound synthesis methods and functionality replace old method of only 

a few before. The design of appropriate and optimal interfaces is therefore 

continuing to evolve, always driven by new methods of producing sounds that 

enable expression and control [1].  

1.2 Non-Contact Sensor Instruments 

The first ever non-contact musical instrument was named the theremin, developed 

in the early 1920's by the Russian physicist and inventor Leon Theremin [2]. This 

invention revolutionised the use of electronics in the world of musical instrument 

design. The Theremin was a worldwide sensation in the 20's and 30's from which 
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several widely known performers developed, the most famous being Clara 

Rockmore [3].   

In modern times, companies are adding free gesture components to 

electronic instruments. The company Roland [4] which produces a wide range of 

electronic instruments have incorporated the Sharp IR range sensor into a number 

of their synthesizers (V-synth) [5]. They refer to this feature as the D beam 

controller [6]. The D Beam controller is used by simply waving one’s hand over it. It 

can be used to apply many different effects, depending on the function that is 

assigned to it. It is also possible to create effects in which the sound changes 

instantaneously, in a way that is not possible by operating a knob or fader. 

1.2.1 Principal of Operation  

Theremin 

The operation of the Theremin is that of the beat frequency oscillator. The frequency 

of one oscillator can be varied by the capacity change caused in a coupled circuit by 

the movement of the hand to or from a pitch control rod. Plus an additional 

oscillator delivers radio frequency current to heating a filament, arranged so as to 

control the volume of output. This control being due to the movement of the hand in 

relation to the volume control loop [7]. The pitch is generated by two heterodyning 

LC oscillators. Because of their free-running frequencies (in the range 100 kHz - 1 

MHz) they are adjusted to be close to one another, their detected sounds are in the 

audio band. One of these oscillators is isolated, providing a stable reference. The 

other oscillator is attached to a sensor plate; when a player moves their hand close 

to this plate, their body capacitance adds to the attached oscillator, in turn altering 

its frequency and producing a change in pitch in the detected heterodyned audio. 

Another sensor plate similarly changes the frequency of another oscillator; however 

a filter circuit causes the amplitude of this oscillator to similarly vary with 

frequency.  

The Theremin is played with two hands, by moving freely through the air 

above these plates; one controlling volume and the other controlling pitch [1]. In 
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figure 1-1 the inventor of the Theremin can be seen playing the electronic 

instrument. 

 

Figure 1-1: Leon Theremin Playing the First Theremin Instrument (Source: theremin.info)  

 

Roland D Beam 

There are two independent infrared sensors named "BEAM-L" and "BEAM-R" on the 

D Beam controller panel. The control value is changed by waving one’s hand up and 

down within the operating range over the sensors. The BEAM-L sensor can be seen 

in the figure 1-2. Note actual beams are not visible, shown for clarity. 

 

 

1.3 Electronic harp  

The Laser harp is an electronic musical instrument. This instrument consists of a 

number of laser beams representing strings of a real harp.  To produce musical 

Figure 1-2: D Beam feature on Roland Synthesizer (source: roland.com) 



 

4 

notes a laser beam is blocked just like a string is plucked on a harp.  See section 1.3.1 

for an overview of the system. 

The original laser harp was believed to be invented by Geoffrey Rose in 

1975/6 and he coined the name laser harp [8], but there is little to no information of 

his invention online. Bernard Szajner created and patented the laser harp in 

1981[9].  Bernard Szajner had been working in the field of visuals for “events” and 

“trade shows” for 30 years.  He had been using lasers to provide a visualization of 

music, and then he had the idea to reverse the process and wondered if it was 

possible to generate music from laser light.  As in his work with lasers, he had used 

“diffraction gratings” to split the beam into many beams, he realised that these 

separated beams were like a luminous keyboard and that there should be a way to 

trigger notes while touching these beams. This was the start of the laser harp.  

 The laser harp was invented by Bernard Szajner, and was popularized by 

Jean Michel Jarre who is an electronic music producer [10]. It was first used on his 

China music tour and has since been a high profile feature at almost all his concerts 

since 1981.   

1.3.1 System Overview 

The laser music system contains unique and graceful non-contact properties of a 

new-age musical instrument, while providing a perceivable structure to the user. 

The playing area is defined by an array of visual light beams representing one 

octave.  This octave is realized by a set of twelve individual lasers arranged so that 

their beams are parallel, and made visible to the human eye, by dispersing a small 

amount of smoke around the instrument. The laser beams in addition to functioning 

like physical switches also accompany the distance sensors as a guideline to the user 

for the location of different pitch levels.  Twelve distance sensors are placed next to 

each laser diode. These sensors constantly track the position of the users hand and 

relate it to a pitch level. In figure 1-3 the overview of the system can be seen, where 

the user places their hand on a laser beam to trigger the sound of a note. While 

moving their hand along the beam different pitch levels can be achieved. 
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Figure 1-3: Overview of System 

 

1.3.2 Principal of Operation  

The system is broken up into different modules. Each module has an important 

function which needs to work efficiently to pass on information to the next module, 

in order for the system to operate completely. The Laser modules provide the light 

source to the Photocells. If this direct line of sight (LOS) path is broken, it will trigger 

the change from low to High (note off to on). This process acts like pushing a 

physical switch.  

 The detector circuits read the variable analogue value from the photocells, 

and using a comparator and voltage divider circuit convert this process from 

analogue to digital. This is an important process as the output from the detector 

circuits are connected to the digital pins on the microcontroller.  

A distance sensor continuously tracks the height of the users hand to change 

the pitch of the note at different positions. The distance sensors output a voltage 

Laser and Infrared array 
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level. This value is inputted into the analogue pins on the microcontroller. A detailed 

description of how the distance sensors work will be explained in Chapter 2.   

The last module of this system is the microcontroller. This is a fundamental 

element which carries out all the main processing and calculations. It has a number 

of tasks: 

 Read digital values from detector circuits. 

 Read analog values from distance sensors.  

 Program MIDI values to each individual channels (laser beams). 

 Process analog voltage values from distance sensors and convert to 

centimetres and in-turn to a pitch level. 

 

Refer to chapter 2 for a full description of the code implemented. A block diagram of 

the system Modules can be viewed in Figure 1-4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-4: Block diagram of system modules 
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1.4 Problems 

When designing a project it is important to plan in a systematic way. Before any 

implemented methods are applied we first need to have a requirement specification. 

This specification will determine the operation of the system: what the system is 

supposed to do and how the system is supposed to be. In the following section the 

functional and the non-function requirements are specified.  

1.4.1 Requirement Specification 

Functional Requirements: 

Below are the requirements of how the system should be:  

 The system should be able to be played fast 40Hz.  

 When producing musical notes there should be minimal delay from when a 

laser is interrupted to the note being produced.  

 The system needs to be compatible to MIDI interfaces to produce sounds. 

 Sensor should be used to vary the pitch of the note. 

 Sensors which can operate without cross-interference from other sensors.  

 Visual guide for non-contact sensors. 

Non-functional Requirements: 

The system is supposed to have certain qualities and overall design considerations, 

which can be applied to the project. Below are the non-functional requirements: 

Frame Form Factor:  A sturdy frame which is suitable for housing all the 

components, with a pleasing aesthetic look.  

Light Source:  A direct visible beam of light which will not interfere with other 

channels. 

Light Sensor:  Light sensors which are capable of working effectively without 

interference from ambient light sources.  
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Distance Sensors:  Sensors which can be used to constantly track the position of 

user's hand. 

Cost of Entire System:  The main factor of keeping the cost of the system to a 

minimum was choosing the best method for the light source.  As we wanted to use 

12 beams to represent one full octave, we looked at several different methods to 

accomplish this.   

1.5 Goal of Thesis 

The aim of this thesis project is to build a fully functional system which will work in 

an efficient way that meets the requirements of an electronic instrument. There are 

several goals which need to be achieved in order to complete this project. The first is 

to be able to trigger a change in voltage output by blocking a laser beam. This 

motion of blocking a laser beam will act as a switch. The output from this system 

will be the switch which triggers the musical notes.  

The next goal is to add more functionality to the system. On most musical 

instruments there are many different sounds which can be produced. To add more 

functionality to the system, another type of sensor with variable output is needed. 

This sensor will need to be capable of constantly tracking an object. This will give 

the system much more features, with which the sound can be produced in many 

different ways depending on the position of the object, for example producing 

different tones. We will also need to write efficient code for the microcontroller in 

order to have a responsive system with minimal delay. 

1.6 Thesis Outline 

This report is structured as follows: 

Chapter 2 describes the design methods to fulfil the requirement specifications.  

Chapter 3 contains the results of the implemented methods. 

Chapter 4 is a discussion of the results compared to expected results. 

Chapter 5 concludes the thesis and describes possible future adaptions. 
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Chapter 2 

 

2 Method 

2.1 Fast Switching Sensing 

A photocell has been chosen to solve the problem of having a fast switching sensor; 

this allows us to have a minimal delay when a user is breaking a laser beam to 

trigger a musical note. A Photocell detector circuit that can perceive when an object 

is breaking a beam, it is designed by using photocells which are sensors that allow 

us to detect light. Photocells are fundamentally a resistor, and the resistive value of 

this resistor changes depending on the amount of light shining onto the face. A 

photocell's resistance changes as the face is exposed to more light. When it’s dark, 

the sensor acts as a large resistor, as the light level increases, the resistance drops.  

Additionally, they are low cost, easy to get in many sizes and are suitable for 

a wide-range of applications. For these reasons and based on the principle of the 

photocell’s operation, they have been used as the light sensors to developed the 

detector circuit.  

2.2 Visualization  

A visual guide is necessary when operating this system. It enables the user to 

perceive the playing area and where to trigger the notes. Lasers were the practical 

choice for this project. The lasers also provide the light source for photocells which 

enable the system to have fast switching speeds. To create individual direct beams 

of light, a laser is suitable because the light is collimated; this also reduces the 

chances of interference with other channels.  

The first idea was to use a high powered laser with either a scanner system or 

a diffraction grating to split a single beam into multiple beams.  This method proved 

to be too costly as a high powered laser and scanner system are expensive, not to 

mention dangerous to work with.  We decided to use 12 individual low powered 



 

12 

laser diodes.  This was the best method as the laser diodes are quite cheap and are 

relativity safe to work with. These laser diodes have a maximum output of 5mw. In 

accordance with Swedish Radiation Safety Authority (SRSA) 5mw lasers are in class 

3R category [11], which is safe to work with. A permit is required with use of higher 

powered lasers and protection in needed for safety precautions [12]. 

2.3 Sensing and Controlling Pitch 

To add more functionality to this instrument, additional sensors are needed. The 

objective is to track the position of the users’ hand, along the laser beam to be able 

to change variable parameters (in this case the pitch of the note). There are a 

number of different options to solve this problem. Three methods were researched, 

the first was to use commercially available distance sensors either using infrared 

light or ultrasonic. The second method was to use a camera with object tracking 

software. 

 An ultrasonic sensor works by transmitting a pulse and distance-to-object is 

determined by measuring the time taken for the echo to return [13]. Its operating 

range is typically within a 2 cm to 3 m range, and has a wide beam which means it 

can easily detect objects. An infrared sensor works in a similar way. It emits a pulse 

of infrared light and distance-to-object is determined by the angle of the reflected 

beam. The operating range of these infrared sensors depends on which model is 

purchased; usually around 10 cm to 150 cm. Theses sensors have a thin beam which 

is perfect to getting high precision readings. The operation of the infrared sensors is 

discussed further in the principal of operation section. 

The final method we looked at was to use a camera with intelligent object tracking 

software. After various researches this method proved to be the most difficult, and is 

a thesis project in itself. It is also a less practical method, due to the fact that we are 

using a framed design the camera would need to be mounted off the frame in 

another position to fit the whole frame in the viewing area.  

The method we decided to implement was between the ultrasonic and 

infrared sensors. We looked at the characteristics of each one to realize which would 

be most suitable for our application. One concern of the infrared sensor is the 
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narrowness of the IR beam. A thin beam causes detecting an object as invisible when 

it is not indicated implicitly at the object. On the other hand, the ultrasonic sensor 

has a wide beam which can easily detect objects. A common issue with both sensors 

is cross interference. This means that the pulse emitted by one sensor can 

potentially be read by another sensor and therefore give inaccurate readings [14].  

The design of our system requires the sensors to be placed at a distance of 10 

cm apart. The infrared sensors proved to be the most practical choice as the cross 

interference from the ultrasonic sensors would be a major issue. Also the 

narrowness of the IR beam will work to our advantage as the light from the laser 

provides a visual reference of where to place the object.  

2.3.1 Principal of Operation  

The Sharp GP2Y0A02YK0F IR Range Sensor that was used in this project is a very 

powerful sensor if used correctly. It is extremely efficient and is reasonably easy to 

implement, very economic, good range (20cm – 150cm), and has low power 

consumption. 

The Sharp IR Range sensors work by the process known as triangulation. A 

pulse of infrared light (approximate wavelength range of 850nm) is emitted from 

the sensor and then if an object is in range the pulse of light is reflected back. When 

the light returns it comes back at an angle that is dependent on the distance of the 

reflecting object. Triangulation works by detecting this reflected beam angle, by 

knowing the angle, distance can then be calculated. This class of triangulation is 

called active because they project a known light pattern onto the environment. The 

reflection of the known pattern is captured by a receiver and, together with the 

known geometric values; the system can use simple triangulation to establish range 

measurements [16]. 
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The IR range sensors have a specific sensibility lens that transmits the reflected light 

onto an enclosed linear charge-coupled device (CCD) array with respect to the 

triangulation angle. The CCD array then decides the angle and triggers the sensor to 

conclude a corresponding analog value to be received by our microcontroller.  

The Sharp IR Range Sensor circuitry also includes an oscillation circuit which 

applies a modulated frequency to the emitted IR beam. This ranging method is 

almost immune to interference from ambient light, and offers indifference to the 

color of the object being detected. In figure 3-3 a block diagram of the IR range 

sensor circuitry can be viewed [17]. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-2: Block Diagram of IR Range Sensor Circuitry 

angle angle 

Point of 
Reflection 

Figure 2-1: Triangulation  
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The main problem or advantage of the Sharp IR range sensors is that the beam 

width is very thin.  For this reason to detect an object, the sensor must point directly 

at that object. This sensor is perfect for our application as they will be placed beside 

the lasers which will give a visual reference where to place one’s hand. Also with a 

thin beam width it reduces the chances of interfering with other channels (IR 

Sensors). One main issue the Sharp IR Range sensors have is when an object comes 

into view so close the sensor cannot get a precise reading.  

The output of the Sharp IR sensor is non-linear based on the distance being 

measured. That means that even if the distance increases linearly the analog output 

increases or decreases non-linearly. The graph represented in Figure 3-4 is a typical 

output from these range sensors [17].  There are two main points in this graph to 

investigate.  The first one being that the output of the range sensors within the 

stated range (20cm – 150 cm) is not linear but rather proportional to 1/x (refer to 

formula at end of text).The second thing to notice is that once you fall below the 

stated range distance (less than 20cm), the output goes down quickly and begins to 

look like a longer range reading.  

Formula:    
 

 
 

 

Figure 2-3: IR Sensor Output: Voltage versus Distance to Object  
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2.4 Frame Form Factor 

The design of the frame is not the main focus of this project. Its main purpose is to 

provide a stable platform while operating the instrument. The decided option was to 

build a frame which could be simply constructed allowing us more time to focus on 

other areas. Instead of constructing a frame in a square shape, a frame with more 

irregular angles would present a more pleasing aesthetic look. The design we chose 

represents the basic shape of the harp instrument. Wood was chosen for the frame 

material as it is easy to work with and cheap in price. The design can be viewed in 

figure 2-4.  

 

Figure 2-4: Overview of Frame Form Factor 

 

2.5 Construction of Electronics 

Two detector circuit boards were designed and manufactured. The purpose of these 

detector boards is to read the light level of the photocells and determine when a 

laser beam is broken. The detector boards output a digital signal and change 

depending on when a laser beam is broken. The operation of the detector board is 

discussed further in the results section. The manufacture process is explained in the 

following section. 
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2.5.1 Manufacture Process  

Preparation: The PCB (printed circuit board) board is designed using the program 

OrCAD Cadence [18]. Once the PCB artwork is completed, the design is printed out 

on transparent paper. A new PCB board is cut to the required shape of the artwork. 

The protective PCV backing is removed from the coating side of the PCB. Thick glass 

is placed below and on top of the PCB and artwork. The copper side of the board is 

exposed to UV light for approximately five minutes. After exposure and removing 

the transparent paper, a faded shade of the artwork will be imprinted on the PCB.  

Developing: A Sodium hydroxide (NaOH) solution is used to remove the remaining 

resist (coating), which was not exposed to UV light. The board is placed in a plastic 

tray where the solution is poured into. Several minutes later the tracks and pads are 

made visible. After developing, the board is rinsed with cold water. 

Etching: This step removes the unwanted copper. A solution of Ferric chloride and 

hot water (30°C - 50°C) is poured over the board in another plastic tray. The tray or 

board is rocked gently in order to keep the liquid moving. This speeds up the etching 

process. Once etching is finished the board is rinsed and checked for any remaining 

copper residue.  

Remove Etch Resist Coating: The board is rinsed with water and soap. Then by 

rubbing the board with a cloth and ethanol the etch resist will be removed, and with 

a final rinse the board is finished and reading for drilling. 

Soldering and Component Placement: Once the board has been drilled it is ready 

for soldering. Each pad where a component pin is placed, is brushed with flux (this 

removes oxides from the copper pads), then finally all the components are placed 

and soldered. Once all components are soldered the board is ready for testing. 

2.6 Microcontroller 

The Arduino Mega 2560 has been chosen as our microcontroller for a number of 

reasons: 
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 The Arduino platform is an open-source project, the software/hardware is 

extremely accessible and very adaptable. 

 It is flexible, offers a variety of digital and analogue inputs/outputs, SPI and 

serial interface and digital and PWM outputs 

 It is easy to change and update program, connects to computer via USB and 

communicates using standard serial protocol. 

 It is an inexpensive microcontroller and software is freely available.  

 Arduino has a large online community, a lot of references, example source 

code and libraries to refer to.  

2.6.1 Hardware 

The Arduino board is where the code you write is executed. The board can only 

control and respond to electricity, so specific components are attached to it to 

enable it to interact with the real world. These components can be sensors, which 

convert some aspect of the physical world to electricity so that the board can sense 

it. Examples of sensors include switches, accelerometers, and infrared distance 

sensors. There are a variety of official boards that you can use with Arduino 

software and a wide range of Arduino-compatible boards produced by members of 

the community. The most popular boards contain a USB connector that is used to 

provide power and connectivity for uploading your software onto the board [19]. 

For this project we have chosen to use the Arduino Mega 2560 [20] board as it has 

the right amount of digital and analogue inputs needed. 

2.6.2 Software 

Programs, called sketches, are created on a computer using the Arduino integrated 

development environment (IDE). The IDE enables you to write and edit code and 

convert this code into instructions that Arduino hardware understands. It is 

programmed using its own language called Arduino programming Language 

(similar to C programming language) [21]. The IDE also transfers those instructions 

to the Arduino board.  
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2.7 MIDI Interface 

The laser music system is a controller and needs a MIDI interface to produce the 

musical notes. The MIDI interface can be any instrument with a MIDI input. For 

example, a common instrument which has a MIDI input is a keyboard or a 

synthesizer. A particular sound can be selected on the keyboard/synthesizer and by 

connecting our laser music system we are able to trigger the sounds from our 

system through the MIDI interface. In our case we did not have one of these 

instruments so we were able to connect the MIDI to a computer and by running 

software for a virtual synthesizer we are able to produce sounds through software.  

A large range of virtual synthesizer software is available freely on the internet [22] 
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Chapter 3 

 

3 Results 

After taking into account the requirement specifications and the methods used, the 

following results were obtained. 

3.1 Laser System 

The laser system consists of 12 individual red laser modules (part number: OFL6 

[p]) of visible wavelength (650nm), with a power output of 5mw. The lasers provide 

the light source for each photocell, which acts like switches when the beams are 

blocked. Since this is a non-contact instrument they also provide a visual guide to 

the user, of where they should place their hands to play the instrument. 

Photocells  

The photocells combined with the detector circuits complete the laser system. The 

photocells detect when an object is blocking the light. When the light is absent the 

photocells resistance increases which causes a voltage change on the inputs to the 

comparator on the detector board. This causes the comparator to change from a low 

to high output.  

The response of the photocells is fast, the lag time is negligible. The detector 

circuit works by using a comparator that compares two input voltages. One voltage 

is called the reference voltage (Vref) and the other is called the input voltage (Vin). 

When Vin rises above or falls below Vref the output changes polarity (LOW to 

HIGH). Vin changes due to the light or absence of light falling on the photocell. A 

diagram of the comparator circuit can be viewed in figure 3-1. The resulting output 

(con3 in the diagram) is digital. 
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Figure 3-1: Diagram of Detector Circuit 

 

3.2 Arduino 

The outputs of the sensors and the MIDI jack are connected to the Arduino Mega 

2560 in the following way: 

 The outputs from the 12 IR range sensors are connected to the Analog pins 

A0 to A11 consecutively. They are programed to be analog inputs. 

 The outputs from the detector circuits are connected to the Digital pins 2 to 

13 consecutively. They are programed to be digital inputs. 

 The MIDI jack has three connections: 

·    Digital pin 1 connected to MIDI jack pin 5 

·    MIDI jack pin 2 connected to ground 

·    MIDI jack pin 4 connected to +5V through 220-ohm resistor 
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 In Figure 3-5 the Arduino Mega 2560 can be seen from the front view. 

Figure 3-2: Front view of the Arduino Mega 2560 (Source: http://arduino.cc/) 

 

3.3 Overview of Source Code 

3.3.1 Main function  

An Arduino program has been written to operate and control the Laser Music 

System functions. The program starts with initialization of the variables. Main 

variables are beamarray, sensorarray, notes, and statearray. These arrays govern the 

behavior of each of the twelve laser beams. In details these variables can be 

explained by the following: 

 The beamarray keeps the value of the digital pins from the Arduino to 

recognise when interrupts of the laser beams occur. 

 The sensorarray keeps the value of the analogue pins from the Arduino to 

read sensor values to adjust the Pitch of the note (pitchbend value in code). 

 The notes array is a MIDI note array which keeps the specific notes that will 

play for each beam. 

 The statearray keeps the state of 12 beams and starts with a high value. 
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3.3.2 Program Operation 

The program flowchart can be viewed in the figures 3-3 to 3-5 to give a visual guide 

of the program operations and help understand the functions. After the declaration 

of the variables the main program starts and loops through the twelve beams and 

tries to find one that is different to how it was before. To accomplish this process, 

firstly the digitalread function of the program is invoked one by one for all members 

of the beamarray and a value is received by using this function. This value is 

compared with the corresponding value of statearray and if there is a change in the 

state of the beam. The next step is to check statearray for the beam we recognized 

changing, to decide a note on operation or a note off operation.  

The statearray value for the beam is checked and if the result is high it now 

indicates it is low and a change has been recognized, so we  invoke the playNOTE 

function that sends MIDI signals to any MIDI device  for the  note on operation. 

Otherwise, if the result of checking statearray is low it now indicates it is high and 

the beam is not broken so we invoke the playNOTE function for the note off 

operation. After these operations are finished the program executes the same 

functions for the next beam. 

After these situations we have recognized the changing of the beam state but 

when no change of the beam state has occurred, the program executes another 

scenario. In this situation there are two possible events: either none of beams are 

broken or one that was broken at a previous loop is still broken. To distinguish 

these cases, statearray is checked and if the result is low it indicates that one beam 

broken at a previous loop is still broken. Then, calculate_pitch function is invoked 

which adjusts the pitchbend value by reading the analog inputs. Before this invoke 

has occurred the function delay is done by using a counter to make three empty 

loops for the update rate of the infrared sensors Otherwise when the statearray is 

checked and if it is high it indicates the beam is not broken the program will 

perform no functions. This program runs the operations in an infinite loop for each 

beam by respectively.  
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Figure 3-3: Program Flow Chart: Initialization of Variables 

 

Figure 3-4: Program Flow Chart: Distinguish Beam State  
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Figure 3-5: Program Flow Chart: Adjustment of Pitch if Beam is Still Broken, then 
check next beam 

 

3.3.3 MIDI Note Play 

MIDI messages commence with one status byte and 1 or 2 data bytes follow the 

status byte. The numbers of data bytes are depending on the command [23]. 

EXAMPLE MIDI SIGNAL:  (144-36-100) 

Here, “144” is the status byte and tells the computer software that interprets the 

MIDI signals, which task to perform. The meaning of this status byte is “note on” 

operation. 

As for the second byte, in situation it tells the computer software which note is going 

to play. Meaning of this second byte that is 36 as a number is middle C note. 

The last byte is used to decide the velocity for the note that is going to play (that is 

how powerful the note was struck = 100) 
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EXAMPLE MIDI SIGNAL: 128-36 

Here, “128” is the status byte and tells the computer software that interprets the 

MIDI signals, which task to perform. Meaning of this status byte is “note off” 

operation. 

It monitor by the note (data byte = 36) and since "note off" signal doesn’t need a 

velocity value because it's just OFF operation. Because of that there will be no third 

byte in this situation. The other point is that sometimes instead of sending “note off” 

message, “note on with zero velocity" is sent.  
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Chapter 4 

 

4 Disscusion 

As a result we accomplished what we had planned to do and at the end of our thesis 

we had our instrument ready to play, although we wanted to implement more 

functionality and features to the system. While we were planning our thesis we 

thought of adding extra switches to change the octave scale or extra lasers to 

perform these tasks we tried to implement this feature but because  of  the problems 

with the green  lasers  we ran out of time. We tried to add two switches but we had 

too many programming problems and we didn’t have the time to debug them. 

Another thing we could have used was a camera, to map the positions of the user’s 

hands but we preferred to use sensors due to less complemented programming.  

Also we thought about the frame design for our Laser Music System but because of 

the difficulty of getting materials the easiest frame was chosen.  Finally, the original 

lasers we wanted to use were powerful lasers which would of given a clear visible 

guide to the user but since the use of higher powered lasers are not allowed in 

Sweden (more than 5mw) we cancelled this idea. We have made a lot of changes to 

our thesis and have had a lot of problems during our work, but at the end we had a 

well working laser music system which achieved good results compared to our 

expected results. 

4.1 Difficulties  

The biggest issue throughout the project were with the laser diodes. The original 

laser diodes were 5mw green laser diodes with attached driver boards. The overall 

build qualities of these lasers were poor. During testing the lasers seemed to work 

as expected. Each individual laser is supplied by a 3V DC power supply, and draws a 

typical current of 250mA.  
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The problems started occurring when the laser power lines were connected 

and when they were powered on for a few minutes. After a few minutes the output 

began to drop and finally disappear.  This was due to the temperature of the laser 

increasing. This temperature increase caused the reduction of the laser output. 

 A number of methods were used to try and solve this problem, but none 

were successful. A current limiter circuit was built to reduce the current to the diode 

by 20% - 30%. After a number of minutes the same problem occurred. Another 

method of keeping the lasers cool using freeze spray and a fan proved unsuccessful 

as the power output drops if the lasers are too cold. The concluded problem was 

that the lasers were faulty. There cheap price tag matched their poor manufacture 

quality. The only solution was to buy new laser diodes which were stable. Spending 

more money to buy stable laser is worth it in the end. 
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Chapter 5 

 

5 Conclusion  

In this project, the design and implementation of a new kind of electronic musical 

device was explored. From the results, it is evident that this kind of device is both 

practical and relatively inexpensive to construct and operate. We successfully 

implemented the requirements we set out to achieve. The result is a hybrid non-

contact electronic musical instrument. The fundamentals of this system are formed, 

but the overall design, precision and effectiveness can be improved. With further 

adaptions and improved methods, the possibilities of this device are endless. It 

opens up a whole new area to the electronic musical industry.  

  



 

34 

  



 

35 

 

References  

 
[1] Joseph A. Paradiso(1997). Electronic Music Interfaces: New Ways to Play, pp18-

30.  IEEE Spectrum.  ISSN 0018-9235 

 

[2] Glinsky, Albert (2000). Theremin: Ether Music and Espionage, pp16 - 40. [Book] 

ISBN 0-252-02582-2. 

 

[3] Clara Rockmore (1911-1998). Computer Musical journal, pp14. IEEE Spectrum. 

ISSN: 01489267 

 

[4] Roland. Electronic Musical Instruments Company. [Online] Available from:  

http://www.roland.com   

 

[5]  Synthesizers which incorporate IR range sensors. [Online] Available from:  

http://www.roland.com/V-Synth/  

 

[6]D Beam Controller. [Online] Available from:   

http://www.roland.com/products/en/exp/D_BEAM.html  

 

[7] RCA Theremin circuit diagram. [Online] Available from: 

http://www.pavekmuseum.org/theremin/theop.html 

 

[8] Original Laser harp (2010).  [Online] Available from: 

http://www.stephenhobley.com 

http://www.roland.com/
http://www.roland.com/V-Synth/
http://www.roland.com/products/en/exp/D_BEAM.html
http://www.pavekmuseum.org/theremin/theop.html
http://www.stephenhobley.com/


 

36 

[9] Laser Harp Patent (1981). Patent Office of Paris.  Document original: FR 

2502823.  

 

[10] Jean Michel Jarre. Laserharp (1981). [Online] Available from:  

http://www.jeanmicheljarre.com  

 

 [11] Swedish Radiation Safety Authority. [Online] Available from:  

http://www.stralsakerhetsmyndigheten.se  

 

[12] Swedish Radiation Safety Authority.  Application for permit of lasers[Online] 

Available from:  

http://www.stralsakerhetsmyndigheten.se/Yrkesverksam/Laser/Ansok-om-

tillstand/ 

 

[13] Subhas Chandra mukhopadhy and Yueh-Min Huang (1999). Sensors - 

Advancements in Modeling, Design Issues, Fabrication and Practical Applications. 

[Book] ISSN 978-3-540-69030-9. 

 

[14] J.C.Drury (2004). Ultrasonic Flaw Detection for Technicians 3rd Edition. 

 

[15] Sharp GP2Y0A02YK0F Distance Measuring Sensor Unit. [Online] Available 

from: http://www.digikey.com. Part Number 425-2062-ND. 

 

[16] Roland Siegwart, Illah R. Nourbakhsh, Davide Scaramuzza (2011). Autonomous 

Mobile Robots 2nd edition. [Book] ISSN 978-0-262-01535-6. 

 

http://www.jeanmicheljarre.com/
http://www.stralsakerhetsmyndigheten.se/
http://www.stralsakerhetsmyndigheten.se/Yrkesverksam/Laser/Ansok-om-tillstand/
http://www.stralsakerhetsmyndigheten.se/Yrkesverksam/Laser/Ansok-om-tillstand/
http://www.digikey.com/


 

37 

[17] Sharp GP2Y0A02YK0F Distance Measuring Sensor Unit.  DataSheet 

 

[18] OrCAD cadience. [Online] Available from:   

http://www.cadence.com/us/pages/default.aspx 

 

[19] Michael Margolis (2011). Arduino Cookbook, 2nd Edition. [Book] ISSN 978-1-

4493-1387-6 

 

[20] Arduino Mega 2560 board. [Online] Available from:   

http://arduino.cc/it/Main/ArduinoBoardMega2560 

 

[21] Arduino Microcontroller and Platform. [Online] Available from:  

http://www.arduino.cc/   

 

[22] Virtual synthesizer Software. [Online] Available from: 

http://www.synthtopia.com/content/2008/03/10/native-instruments-kore-

player-free-virtual-instrument 

 

[23] Paul D. Lehrman and Tim Tully (1995). MIDI for the Professional, 2nd edition. 

ISSN  978-0711923270 

 

[24] MIDI utility Software (1997). MIDI-OX. [Online] Available from: 

http://www.midiox.com/  

  

http://www.cadence.com/us/pages/default.aspx
http://arduino.cc/it/Main/ArduinoBoardMega2560
http://www.arduino.cc/
http://www.synthtopia.com/content/2008/03/10/native-instruments-kore-player-free-virtual-instrument
http://www.synthtopia.com/content/2008/03/10/native-instruments-kore-player-free-virtual-instrument
http://www.midiox.com/


 

38 

  



 

1 

 

Appendix  

 

A  List of Components 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Quantity Description 

1 Arduino Mega 2560 Microcontroller 

2 Copper boards 

12 LM741 OP AMPS 

12 100K Potentiometers  

12 5mm Red LED 

12 1MΩ Resistor 

12 68KΩ Resistor 

12 3.9KΩ Resistor 

12 1.5KΩ Resistor 

1 220Ω 

12 Sharp IR Range Sensors 

12 5mw 650nm Red Laser Diodes 

12 Photocell 100KΩ 

1 5-pin DIN connector 

1 MIDI – USB Interface 

2 Power supplies (3V, 5V) 

60 Pin headers (24 x female, 36 x male) 



 

2 

 

 

B Design 

B.1 Detector Board 

Two circuit boards were designed and manufactured for the detector modules.  A 

schematic diagram of the detector boards and the component layouts can be found 

in Figures B2-1to B2-3   

 

 

   

Figure B2-1: Detector Board Schematic 
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Figure B2-2: Printed Circuit board layout 
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Figure B2-3: 3D overview of detector circuit 

 

C Programming Code 

 

// Variables to adjust program flow and send MIDI signal 
///////////////////////////////////////////////////////////////////////// 

#define BEAMCOUNT 12         //Laser Music System have  12 beams   

#define NOTEON 0x90 // MIDI command to Note on operatation  (Note On , Channel 
0) 

#define CONTROL  0xb0 // Channel-0 control message 

#define PITCHBEND     0xe0 // Channel-0 Pitch bend  

#define ROOT_NOTE 60   // Laser Music System's Root note 
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#define LOOP_DELAY 10   // delay for each loop 

///////////////////////////////////////////////////////////////////////// 

// DATA ARRAYS 

// These arrays  manage that how  each of the 12 laser beams will acts 

// We access these arrays by using  <array>[i] 

///////////////////////////////////////////////////////////////////////// 

byte beamarray[BEAMCOUNT]         = {2,3,4,5,6,7,8,9,10,11,12,13}; // to recognize 
for laser beam breaks. Digital inputs 

byte sensorarray[BEAMCOUNT]       = {0,1,2,3,4,5,6,7,8,9,10,11}; // to read for 
sensor value. Analog inputs 

byte notes[BEAMCOUNT]             = {58,59,60,61,62,63,64,65,66,67,68,69}; // MIDI 
note array - these are the notes that will play for each beam 

byte statearray[BEAMCOUNT]        = 
{HIGH,HIGH,HIGH,HIGH,HIGH,HIGH,HIGH,HIGH,HIGH,HIGH,HIGH,HIGH}; // all 
beams state is starting with high 

 

#define SCALE 100.0    // maximum range for sensor.  

byte lowerBits; // PB value we will get from  LSB 

byte upperBits; // PB value we will ger from  MSB 

int counter = 0; // Counter to delay for sensor 

///////////////////////////////////////////////////////////////////////// 

// The calculate_pitch function takes the value from the sensor and the MIDI 
controller is calculated value from it. 

///////////////////////////////////////////////////////////////////////// 

void calculate_pitch(byte i) 

{ 

  // read a value from sensor on pin i 
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  float Y =  read_sensor(i); 

   

  if (Y > SCALE) 

    Y = SCALE; 

     

  // 0 - 16383 is the full 14 bit pitchbend range 

  int _converted = (int)(Y/SCALE * 16383.0); 

 

  // split  14 bit value to LSB and MSB bytes 

  lowerBits = (byte)(_converted & 0x7F); 

  _converted >>= 7; 

  upperBits = (byte)(_converted & 0x7F); 

 

  // send message to play 

  playNOTE(PITCHBEND, lowerBits, upperBits);    

} 

///////////////////////////////////////////////////////////////////////// 

// Reads analog value from the sensor 

///////////////////////////////////////////////////////////////////////// 

float read_sensor(byte pin)  

{ 

  int tmp; 

  tmp = analogRead(pin); 

    if (tmp < 3) 
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      return -1.0; // invalid value 

    return (6787.0 /((float)tmp - 3.0)) - 4.0; 

}  

 

void playNOTE(char cmd, char data1, char data2)  

{ 

  Serial.print(cmd); 

  Serial.print(data1); 

  Serial.print(data2); 

} 

///////////////////////////////////////////////////////////////////////// 

// SETUP FUNCTION 

///////////////////////////////////////////////////////////////////////// 

void setup()  

{ 

  // Set MIDI baud rate: 

  Serial.begin(31250); 

  pinMode(22, OUTPUT);      // sets the digital pin as output 

} 

///////////////////////////////////////////////////////////////////////// 

// MAIN LOOP 

///////////////////////////////////////////////////////////////////////// 

void loop()  

{ 



 

8 

 

  // checks  12 beams and find one that it's state has been changed  

  // if state is is LOW, play note , HIGH then note off... 

  for (int i= 0; i < BEAMCOUNT; i++) 

  { 

    // try to find state changing 

    if (digitalRead(beamarray[i]) != statearray[i]) 

    { 

      if (statearray[i] == HIGH) 

      { 

        // NOTE_ON 

 

        playNOTE(NOTEON, notes[i], 127); 

      } 

      else 

      { 

        // NOTE OFF 

 

        // play the MIDI note 

        playNOTE(NOTEON, notes[i], 0); //note off because of 0 velocity 

      } 

     // change beam's state 

     statearray[i] = !statearray[i]; 

    } 

    else if (statearray[i]  == LOW) 



 

9 

 

    { 

      // 30ms  (3xLOOP_DELAY) according to update date of sensor. 

      // If it is LOW analog pin is read and  a pitchbend message is sended out. 

      if (counter == 3) 

      { 

        calculate_pitch(sensorarray[i]); 

        counter = 0; 

      } 

      counter++; 

    } 

  } 

 delay(LOOP_DELAY); 

} 
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Operating Instructions 

The following list below is the steps required by the user to set up and operate the 

laser Music System: 

 Set up the System: 

 Power on the device with the specified voltages (3V & 5V). 

 Connect the MIDI-USB cable input to the Laser music system and the 

USB/Output MIDI connection to the PC/Synthesizer.  

 If using a PC open a suitable music program which accepts MIDI 

controller inputs or a program to read the status of MIDI signals 

(MIDI- OX) [24]. 

Operation of the Laser Music System: 

 Break the laser beams with one’s hand to trigger the MIDI signals. 

When the laser beam is broken the MIDI note is ON, when no laser 

beams are broken no MIDI signals are sent. 

 In order to change the pitch of the MIDI note sent, one’s hand must 

move to different heights along the laser beam. 
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