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Abstract 

 
MIMICS is an acronym for Multitouch Interface as a MIDI Control Suite. 

Multitouch interfaces are well known for their softer learning curve compared with classical computer graphic 

interfaces. Therefore, its application in music interfaces may solve some of the actual limitations of hardware-

based and software-based devices.  

The multitouch solution is based on an optical effect called Frustrated Total Internal Reflection which is forced 

by using infrared light sources. This effect allows finger tracking using computer vision engines.  

In the thesis we describe a low-cost and affordable Hardware/Software solution for MIDI-based devices control 

from a functional multitouch environment. The MIMICS is presented to the user as a rear projected 30 inches 

screen containing a graphical interface adapted for multitouch. Implementation of several ‘ready-to-play’ 

applications is demonstrated that emulate classical and new MIDI control devices. The report also contains an 

evaluation of the results demonstrating that MIMICS is suitable for life-oriented music performances as well as 

for recording studio works. 
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Techno-musical prelude 

 

Technology is understood as a way to expand the art boundaries. This is what this project is 

all about. 

 

Since the beginning of our time, the human being has defined itself as a cultural being. Arts 

and science are two of our most developed skills. The aim for knowledge and the need for 

express our deepest emotions have grown together all along the human path. 

 

In the 6
th

 century BC Pythagoras elaborated a theory call Harmony of the spheres. Thus the 

planets and stars moved according to mathematical equations, which corresponded to musical 

notes and thus produced a symphony. 

 

Later, in the 18
th

 century Johann Sebastian Bach wrote his Fugues for the well-tempered 

keyboard, a collection of preludes and fugues for an instrument not even invented. A 

keyboard with very concrete geometrical proportions which should be able to produce the 

sounds he had inside his mind. 

 

Both, Pythagoras and Bach believed that artists and scientists must coexist and cooperate for 

their mutual benefit.  

Other people think the same way. I am one of those.   

 

Furthermore, science as Life itself is just funnier if you add some Rock ‘n’ roll… 

 

 

 

 

 

  



 

Chapter 1  

 

Introduction  

 
 
This paper guides the reader through the whole  design and construction process of MIMICS, from 

the initial brainstorming until the discussion results and future work proposals.  

 

MIMICS is an acronym for Multitouch Interface as a MIDI Control Suite. It provides a low cost 

hardware and software solution for music production oriented for live performances as well as for 

studio work. The whole system is considered a Natural User interface. It is user friendly and has very 

intuitive learning curve. 

MIMICS allows full control of any MIDI-based device. 

 

The hardware consist of a 30 inches screen hold by a structure at 1 m from the floor in his center and 

with a 45º angle respect to the user who is supposed to be stand up in front of it for playing it. 

The screen has multitouch capabilities allowing user interaction using his fingers.  Several musical 

widgets are represented in a graphical interface. Those widgets can communicate to a MIDI host and 

control it.  

 

The complete hardware setup which provides the multitouch interface consists is described in the 

HARDWARE chapter. 

 

Different software is used in MIMICS. Some of the programs are intended to be for user interaction 

while others run as secondary processes. 

Due to the wide scope of the project, a lot of 3
rd

 party software has been used “as-is”. 

In all these cases the used software is available to the public and labeled as open source. The original 

developers will be mentioned when it proceed. 

 

 

The aim of this project is to demonstrate that a cheap, functional and flexible multitouch interface for 

music applications is possible. 

 

As an example, by music applications we can consider the ones that follow: 

 

• Real-time instrument playing 

• Real-time audio mixing 

• Classic audio controls (PLAY, PAUSE, STOP, REC…)  

The concept of a multitouch device applied to music isn’t new, but it hasn’t been deeply explored yet. 

 



 

As an example, the JazzMutant LEMUR
1
 provides similar capabilities as MIMICS but with some 

disadvantages: 

 

• Its code is copyrighted and can’t be modified (or even improved) by the user.   

• Its commercial price is 15 times the total costs spent in MIMICS prototype. 

• Its dimensions make it portable at expense of the touchable surface size.  

 

  

                                                 
1
 http://www.jazzmutant.com/lemur_overview.php 



 

1.1 The MIDI protocol 
 

At this point may be necessary to clarify the concept of MIDI protocol which will appear constantly 

during this thesis.  

A quick definition can be the one who follows: 

 

MIDI (Musical Instrument Digital Interface)is an industry-standard protocol defined in 1982 

that enables electronic musical instruments such as keyboard controllers, computers, and 

other electronic equipment to communicate, control, and synchronize with each other. 

 

MIDI allows computers, synthesizers, MIDI controllers, sound cards, samplers and drum machines to 

control one another, and to exchange system data. MIDI does not transmit an audio signal or media 

— it transmits event messages such as the pitch and intensity of musical notes to play, control signals 

for parameters such as volume, vibrato and panning, cues, and clock signals to set the tempo. As an 

electronic protocol, it is notable for its widespread adoption throughout the music industry. 

 

All MIDI compatible controllers, musical instruments, and MIDI-compatible software follow the 

same MIDI 1.0 specification, and thus interpret any given MIDI message the same way, and so can 

communicate with and understand each other. For example, if a note is played on a MIDI controller, 

it will sound at the right pitch on any MIDI instrument whose MIDI In connector is connected to the 

controller's MIDI Out connector. 

When a musical performance is played on a MIDI instrument (or controller) it transmits MIDI 

channel messages from its MIDI Out connector. A typical MIDI channel message sequence 

corresponding to a key being struck and released on a keyboard is: 

1. The user presses the middle C key with a specific velocity (which is usually translated into 

the volume of the. The instrument sends one Note-On message. 

2. The user releases the middle C key, again with the possibility of velocity of release 

controlling some parameters. The instrument sends one Note-Off message. 

 

What MIMICS provides is an emulation of several MIDI controllers adapting the interfaces to a 

multitouch screen-based environment. This way the limitations of the physical hardware disappear 

without losing the “physical touch” experience.  

Any existing hardware can be emulated the same way as completely new ones can be implemented. 

 

 

  



 

Chapter 2  
 

Physical principles in multitouch and 

hardware assembly process 
 
In this chapter the physical principles which allow the multitouch input in MIMICS will be described 

as well as the assembly process of the prototyped hardware. 

The reader may notice that the prototype design has been conditioned and compromised by the 

available resources during the construction process. In these cases it will be remarked and an 

alternative solution will be proposed.  

 

 

2.1  Hardware parts 
 

 
 The complete hardware setup which provides the multitouch interface consists of: 

 

• Screen  

o Acrylic glass 

o IR light source 

o Rear projection layer 

 

• Camera 

• Projector 

• Structure 

• Computer
2
 

 

 
     

 

 

 

 

 

 

 

 

 

 

 

Fig 2.1.1: Hardware parts scheme 

                                                 
2
 In this chapter only the hardware aspects of the computer will be described. 



 

 

2.2  The screen  

 
The user interface is presented as a 30 inches screen disposed at a certain angle within the vertical 

line. The user is supposed to stand up in front of it and interact with the graphic interface using his 

fingers. 

The screen surface is made of acrylic glass regarding to its optical and mechanical characteristics. 

The acrylic sheet is 8 mm thick providing mechanical stability.  

 

As it has been said, the finger event detection is based on the Frustrated Internal Total Reflection of 

light or FTIR.  

The FTIR effect is forced by using LEDs as an infrared light source. The light source will be placed 

all over the boundary of an acrylic sheet. 

Since the user must be able to see the graphical interface provided by a projector, a projection layer 

must be placed over the acrylic layer in order to avoid the projected images pass through the acrylic 

screen. 

 

2.2.1 The FTIR effect 
 

Total internal reflection is an optical phenomenon that occurs when a ray of light strikes a medium 

boundary at an angle larger than a particular critical angle with respect to the normal to the surface. If 

the refractive index is lower on the other side of the boundary, no light can pass through and all of the 

light is reflected. The critical angle is the angle of incidence above which the total internal reflection 

occurs. 

TIR allows light transport with very low loses on a high transparent medium. The acrylic sheet 
3
used 

in the setup has 92% transparency factor.  

 

 
 

Figure 2.2.1.1: The larger the ray angle to the normal, the smaller is the refraction (the light fraction 

trespassing from n1 to n2). At a critical value of this angle (θ2), total internal reflection occurs 

                                                 
3 PLEXIGLAS® XT (allround), sheet, Clear 0A000 GT 

 



 

Critical angle 

 

The critical angle is the angle of incidence above which total internal reflection occurs. The angle of 

incidence is measured with respect to the normal at the refractive boundary. The critical angle θc is 

given by: 

�� = arcsin 
��
�

� 

Where n2 is the refractive index of the less optically dense medium, and n1 is the refractive index of 

the more optically dense medium. 

If light is traveling through acrylic glass (with a refraction index of 1.492) into air (with a refraction 

index of 1), the critical angle would be: 

�� = arcsin 
 1
1.492� = 42.09º 

If the fraction 
��
��

 is greater than 1, then the arcsine is not defined. In these cases TIR does not occur.  

     

Figure 2.2.1.2: TIR in a block of PMMA (methyl methacrylate) 

Frustrated Total Internal Reflection (FTIR) 

 

A side effect of TIR is the propagation of an evanescent wave (figure 2.3) across the boundary 

surface. Essentially, even though the entire incident wave is reflected back into the originating 

medium, there is some penetration into the second medium at the boundary. 

 

 

 

 

 

   
 

Figure 2.2.1.3: Evanescent wave 

 

If a third medium with a higher refractive index than the second medium is placed within less than 

several wavelengths distance from the interface between the first medium and the second medium, the 

evanescent wave will pass energy across the second into the third medium. 



 

A transparent, low refractive index material (acrylic) is sandwiched between two prisms of another 

material. This allows the beam to "tunnel" through from one prism to the next in a process very 

similar to quantum tunneling. 

Hence, to have multitouch capabilities in the screen, this third higher refractive medium will be the 

user finger. 

 

 

 

Figure 2.2.1.4: How light is scattered in FTIR using a finger as a third refractive medium. 

 

 

Therefore, the event ‘finger down’ has been physically identified as a ray of scattered light glowing 

through the glass surface. This ray can be captured by a camera.  

 

 

2.2.2 The infrared light source 

 
Despite the FTIR effect can be forced by any external light source, the reader may be wondering why 

the screen uses infrared light. This is answered by taking a quick look of the infrared optical 

properties. 

 

The infrared light has a wavelength between 700 and 3000 nm, which is greater than the visible light 

wavelength. Therefore, by using infrared light the user will not see anything else but the projected 

images. This way, the light in the RGB
4
 spectrum coming from the projector (which can be 

understood as caption noise) is filtered by construction. 

 

The IR LEDs must be placed all over the acrylic sheet edge. The greater the number of LEDs, more 

light will be transferred due to the FTIR effect. Using brighter LEDs will also mean more light 

transference.  

The LEDs
5
 used in the prototype have the following characteristics: 

 

At forward current IF=100 mA (frequency=50 Hz) 

                                                 
4
 The RGB color model is an additive color model in which red, green, and blue light are added together in various ways to reproduce a 

broad array of colors. 

 
5
 Marubeni SMT850 

 



 

 

Total radiated power: 40 mW 

Radiant intensity:  20  mW/sr  

Peak wavelength: 850 nm   

Viewing half angle
6
: 55 º 

 

The prototype has been tested using 60 LEDs distributed in two faced edges of the screen.  

This amount must be taken as a minimum in a similar setup according to experimentation. 

 

IR LED stripes 

 

An IR LED stripe is nothing but a set of IR LEDs preassembled into a flexible plastic stripe. 

Regarding the LED amount required as well as the edge surface dimensions, the stripes became a 

good light source choice. 

 

It has been said that the light incidence angle must be smaller than a certain critical angle. The LEDs 

position in the setup must optimize the light transference according to the LEDs viewing half angle.   

If the LED viewing half angle is greater than the critical angle for TIR, the maximum energy will be 

transferred into the acrylic. Hence the FTIR will improve. 

 

 

 

Figure 2.2.2.1: The LEDs half viewing angle (55º) is greater than the critical angle (42.09º) 

allowing maximum light transference.  

 

 

If the LED stripes are attached all along the acrylic edge, the relative position of all LEDs will be the 

same hence, the light distribution in the touchable surface is equal avoiding ‘blind-spots’.  

 

The reader may notice that discrete soldering all the LEDs will require extreme precision in order to 

achieve the same goal.  

 

                                                 
6
 Viewing half angle is the off-axis angle where the LED's radiant intensity is half the intensity at direct on-axis view. Two times this angle 

is the LEDs  full viewing angle 

LED 

ACRYLIC EDGE 

42,09º 



Acrylic sheet treatment 

It is known that the light transference through the acrylic sheet has low energy losses thanks to its 

properties. However, light losses may occur 

If the acrylic sheet edges are not properly polished, its light transference factor will be lower 

one in the surface. A polishing treatment can improve this first step in light transmission.

The optimum polishing process for acrylic uses a 

turns shiny. 

Sadly, a gas torch was not available during the construction of the prototype and 

method was used: A 3-stage polish

This second method does not bring as good results as using a gas torch but certainly improves the 

light transference as can be seen in Fig. 2.

 

 

Fig  2.2.2.2: FTIR effect before and after polishing the acrylic. Before edge polish

close to the upper edge where the LEDs are placed. After polish, the effect occurs all over the surface. 

The polishing process uses three

Stage 1: Dry polishing with type P

Stage 2: Dry polishing with type P320 sandpaper.

Stage 3: Wet
9
 polishing with type P600 sandpaper

 

                                                
7
 MAPP gas is a mixture of methylacetylene, 

8
 The higher the type number, the smaller are the abrasive particles in the paper so the polish will be finer.

9
 Maintaining the acrylic surface wet using water

 

It is known that the light transference through the acrylic sheet has low energy losses thanks to its 

properties. However, light losses may occur before the light enters the acrylic. 

If the acrylic sheet edges are not properly polished, its light transference factor will be lower 

in the surface. A polishing treatment can improve this first step in light transmission.

s for acrylic uses a MAPP
7
 gas torch. With a single flame pass the edge 

Sadly, a gas torch was not available during the construction of the prototype and 

stage polishing process using sandpaper. 

method does not bring as good results as using a gas torch but certainly improves the 

as can be seen in Fig. 2.2.2.2 

: FTIR effect before and after polishing the acrylic. Before edge polishing, the FTIR is weak and occurs on

close to the upper edge where the LEDs are placed. After polish, the effect occurs all over the surface. 

 

three different sandpapers in three 3 stages: 

type P150
8
 sandpaper. 

with type P320 sandpaper. 

polishing with type P600 sandpaper 

Fig 2.2.2.3: Three-stage edge polishing  

         
cetylene, propadiene and propane gasses with high flame temperature. 

the type number, the smaller are the abrasive particles in the paper so the polish will be finer. 

wet using water. 

It is known that the light transference through the acrylic sheet has low energy losses thanks to its 

If the acrylic sheet edges are not properly polished, its light transference factor will be lower than the 

in the surface. A polishing treatment can improve this first step in light transmission.   

gas torch. With a single flame pass the edge 

Sadly, a gas torch was not available during the construction of the prototype and an alternative 

method does not bring as good results as using a gas torch but certainly improves the 

 

the FTIR is weak and occurs only 

close to the upper edge where the LEDs are placed. After polish, the effect occurs all over the surface.  

 



 

2.2.3 The rear projection layer 

 
The user must be able to see the graphical interface in order to interact with it. A projected image will 

provide image from a computer VGA output. 

However, as the acrylic sheet transparency is about 90%, the light will pass trough. Hence, a 

projection layer must be placed between the projector source and the user. 

 

Despite there are some commercial solutions
10

, their prices are in conflict with the low-cost nature of 

the project. 

 

The proposed solution uses a high quality polyester paper sheet. It is commonly used by architects in 

sketches and can be found in technical paper shops. This kind of paper has enough opacity to capture 

the light from the projector.  

 

However the paper sheet allows rear projection, another problem appears.  

By definition, anything placed between the acrylic sheet and the user finger reduces the FTIR effect. 

In order to solve this inconvenience an additional material has been placed between the paper sheet 

and the acrylic. This extra layer must ‘amplify’ the finger touch as well as preserve the optical 

properties of the acrylic.  

 

Silicon’s refractive index
11

 is close to the acrylic’s one in a 2% margin, hence the FTIR effect still is 

going to occur if a silicone layer is placed on top of the acrylic sheet. 

 

In order to spread the silicon over the polyester paper may be necessary to prepare a mix with some 

thinner. This way silicon’s fluency increases and the layer thickness will be the same all over the 

surface. According to experimentation, a 10:1 mix
12

 (silicon:thinner) is enough for this purpose. 

It is also interesting to use a ‘painter roller’ for spreading the mix in order to add some texture to the 

silicon layer. This texture will suppose small bubbles trapped into the silicone. When the finger 

touches the surface, the bubbles will transmit the fingerprint till the acrylic as is shown in the figure. 

 

 

 

 
 

 

Fig 2.2.3.1: The fingerprint is transmitted through the silicon layer till the acrylic 

                                                 
10 Gerriets rear projection screens. 

 http://www.gerriets.com/en/products/screens/index.php 

 
11 Silicone refractive index is 1.518 regarding to silicon and oil refractive index standards  

 http:/ /www.dcglass.com/htm/p-ri-oil.htm 

 
12 This proportion may be different depending on the silicon and thinner used 

Silicon layer 

Polyester paper 

Finger touch 

Acrylic  



 

2.3 The Camera  

 
Since the event finger down is defined by an infrared light ray scattered form the surface, a camera is 

needed in order to capture the image for further processing. 

The scattered light can be understood as a light blob on the finger position. 

 

The camera choice must take into account some design criteria described next.  

 

A video capture discretizes a movement into as much ‘pictures’ per second as its frame rate. 

Depending on the size of the screen or the finger dragging speed, the camera speed can turn critical. 

A standard frame rate in video cameras is 25 fps. 

 

Let’s picture a scenario which gives an idea of the camera frame rate needed: 

 

Consider a four single-note melody played on a piano keyboard. Each note will sound during tk 

seconds while the finger is over it.  

 

 
 

Fig. 2.3.1: A 4-note melody over a piano keyboard  

 

Let’s define a function called ‘A key is being pressed’ fk ,  as: 

 

�� = 1, ∀ �� 

            �� = 0, ��ℎ !"#$   
 

This function will be different depending on the user behavior. Let’s consider a general case. 

 

 
 

Fig. 2.3.2: A general case of a four note melody.  

t1 t2 t3 t4 



 

A time interval ∆�& must be defined as the maximum time between the user touches a key and the 

camera detects the touch. Let’s call it caption latency. Hence, the frame rate will be directly related 

with the camera’s frame rate. 

 

 

Fig. 2.3.3: How the camera’s frame rate is related with the playing accuracy.  

 

Hence, the minimum frame rate in order to detect all the notes will be: 

�!'( !'� = 1
∆�&

 

By the other hand, the lower limit for ∆�&  in order to detect all the ‘note’ events will be directly 

related with the interpreter’s finger speed.  

 

The time interval between a key is played and a systems produces a sound is known as sound latency. 

Therefore, the caption latency or ∆�& will be one of its summands. It is interesting to reduce as much 

as possible the sound latency in order to provide a realistic playing experience. 

Upper limit for sound latency is set
13

 at 30 ms. 

A fast melody can have 10 notes per second. If we consider equal time for each note,  ∆�&  must be  

100 ms at the most in order to detect all the notes.  

                                                 
13

 Mäki-Patola, T. Hämäläinen, P.  

Latency Tolerance for Gesture Controlled Continuous Sound Instrument without Tactile Feedback. 
Proc. International Computer Music Conference (ICMC 2004), 1-6 Nov 2004, Miami, USA 

∆�& 



 

However, this value will produce a high caption and sound latencies, hence it is not acceptable. 

Assuming that the sound latency is determined only by the caption latency, ∆�&  must be equal to 30 

ms. 

Therefore, the required frame rate will be: 

 

�!'( !'� = 1
0.03 ≅ 34 �+$ 

 

This value must be taken just as an approximation, however it can be noticed that a common 25 fps 

camera isn’t enough for finger detection. 

 

 

 

2.3.1 Camera choice 
 

Obviously, the chosen camera must also be able to capture frames within the infrared spectrum. 

The commercial camera solutions with this characteristics cost over 1000-1500 SEK. 

In the aim of reducing the total costs of the project two alternative solutions are offered. 

 

The actual needs in the videogame industry have brought to us very interesting hardware. 

 

The Wii Remote (or Wiimote) is nothing but a high-speed infrared camera used as a controller for the 

Nintendo Wii gamming station. It uses Bluetooth to communicate with the console and transmit the 

coordinates of infrared points. 

 

 
 

Fig 2.3.1.1: The Nintendo wiimote 

 

Despite the Nintendo wiimote camera accomplish the requirements for the project, it cannot be used 

independently. The images are processed internally and the coordinates of the infrared points are sent 

trough Bluetooth. Furthermore, only four points can be detected at the same time.  

Due to the inherent light losses of the setup it is mandatory to have control of the captured images in 

order to define which detections are fingers and which ones are just light losses. 

 

Therefore, the wiimote is not enough for our purposes. However, interesting multitouch applications 

are still possible as is described in the appendix.  

 

By the other hand, in 2007 Sony released the PS3Eye: A high speed webcam for gamming 

applications. 



 

Webcams are commonly used as bilateral video communication where the camera frame rate isn’t 

critical. However, the PS3Eye can record images at a frame rate up to 120 fps. 

 

 

 
Fig 2.3.1.2 The Sony PS3Eye 

 

Despite its high frame rate, the PS3Eye mounts an infrared blocking filter.  

An optical filter is a camera accessory which can be mounted in front of the camera lens.  

A filter can selectively transmit light with certain properties (often, a particular range of 

wavelengths), while blocking the remainder.  

 

 

          
Fig 2.3.1.3: PS3Eye’s sensor response and IR blocking filter 

 

 

Taking a look to the sensor response it became clear that the PS3Eye has not been designed for 

infrared applications. The sensor IR sensibility (at 850 nm) is just about the 50% of its maximum 

value around 650 nm tough it is high enough according some tests made. 

 

In order to use this camera the IR filter must be replaced by an IR band pass filter which will 

eliminate those wavelengths out of the infrared spectrum.  

The spectrum response of the IR band pass filter is represented in the following figure.  

Sensitivity  

IR blocking filter 



 

 

 
Fig 2.3.1.4: IR band pass filter response

14
 

 

 

 

Filter replacement 

 

The filter replacement process can be done following these steps. 

 

1. First of all, we must dismount the webcam until the IR blocking filter could be seen. 

 

  

 

 

 

 

                                                 
14

 The chart has been provided by the filter supplier. 

http://myworld.ebay.com/omegabob2/ 

 



 

 
 

2. As the IR filter in the PS3Eye isn’t designed to be removed, it may require some “brute 

force”. A circular movement around the filter with a blade will cause it fall eventually. 

 
 

3. Once the IR Filter has been removed, the IR BP Filter must be attached. The cavity around 

the filter has an 11.5mm diameter. The maximum width for the filter is 4.5 mm. Otherwise it 

will make contact with the sensor. Any IR BP Filter between these margins will fit properly. 

A little bit of glue will fix the filter. 

We must take special care during all the process to avoid damaging neither the sensor nor the 

lens. 

 

IR FILTER 

IR FILTER 

IR BP FILTER 



 

After the filters have been exchanged, the working area is defined by over posing the sensor and filter 

responses. 

 

Fig 2.3.1.4: Working area after filter replacement. 

 

This way, the Sony PS3Eye has become a low-cost infrared camera with high frame rate which can 

be used as a finger tracker for multitouch purposes.  

Upper limit for the frame rate 

Digital cameras are based on image sensors. An image sensor is a device that converts an optical 

image to an electric signal. Two common sensors are the CCD and the CMOS, the one which is 

mounted in the PS3Eye. 

Image sensors contain an array of photodiodes which provide a voltage difference at their outputs that 

can be digitalized (commonly with an 8-bit resolution). This voltage difference is determined by the 

amount of photons which are captured by the photodiodes.  

The performance of a digital sensor is determined by several factors as the sensor size, the sensor 

signal to noise ratio and the exposure time among others. 

 

In photography, exposure is the total amount of light allowed to fall on the photographic medium 

(photographic film or image sensor) during the process of taking a photograph. 

As a video is nothing but a group pictures taken during a certain period of time, the exposure 

definition can be extended for the webcam captured video. 

The exposure time (te) will be the duration in seconds of light reaching the image sensor. Thus, it can 

be found as: 

 

Sensitivity  



 

�, = 1
�!'( !'�  

 

Hence, the higher the frame rate, the lower the amount of light reaching the sensor.  

As the total power radiated by the table and the characteristics of the sensor can be considered 

constants, it is reasonable to define an upper frame rate limit for which the exposure time is not long 

enough. 

 

Taking a look to the sensor’s data sheet, the output voltage values as well as the sensor’s sensitivity 

can be found. 

 

Output voltage LOW: VOL  =   1 V 

Output voltage HIGH: VOH   =  3 V 

Intrinsic noise of the sensor is  = 0.03% (VOH  -  VOL) = 60mV 

 

 

 

 
*Sensitivity at 850 nm: S       ≈  1V/lx·s 

 

 
*NOTE: The sensitivity of the camera is expressed in Volts(V) per lux(lx) second(s) in the data sheet. The lux is a unit refereed to the 

human eye used in radiometry. This unit has not much sense if we are talking about digital sensors but other data has not been offered by 

the manufacturer. However, some calculations have to be made!  

The peak of the luminosity function is at 555 nm; the eye's visual system is more sensitive to light of this wavelength than any other. For 

monochromatic light of this wavelength, the irradiance needed to make one lux is minimum, at 1.464 mW/m2. That is, 683 lux per W/m2  at 

this wavelength. Other wavelengths of visible light produce fewer lumens per watt. The luminosity function falls to zero for wavelengths 

outside the visible spectrum. 

The sensor’s sensitivity value will be corrected using the unit equivalence at 555 nm. 

This assumption compromises the result and has to be understood just as an approximation.  

 

 

The values between VOL and VOH will determine the image. However, it can be established that values 

bellow 60mV (fixed noise) will be considered as 0. 

Hence, the upper limit for the frame rate will be the one for which the sensor’s output is over 60mV. 

 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

V/lx·s 



 

In order to calculate a numeric value for the frame rate’s upper limit it is need to estimate how much 

power is irradiated from the table due to the light. The problem can be simplified if the light blob is 

considered as well as a Lambertian
15

 surface and its radiant intensity is approximated by a fraction of 

the one radiated by a single LED (consider a 0,5 correction factor).  

 

Let’s picture a scenario in which the camera is oriented perpendicular to the table surface at r = 50 

cm. 

 

The LED’s radiant intensity (I) is 20 mW/sr. Then the radiant intensity of the light blob is 

approximated by 10 mW/sr 

 

Assuming that the camera receives perpendicular light rays, the irradiance (E) received will be: 

 

- ≅ .
!� 

 

Since the camera is placed at 0.5 m from the table surface, then: 

 

- ≅ .
0.5� = 40 (0 (�1  

Using the conversion relation, 

 

1 0 (�1 ≅ 683 45 

Then, 

 

- = 40 · 1078 · 683 = 27.32 45 
 

Since the light has to pass through the lens before arriving to the sensor, some of this irradiance is 

lost, depending on the light-gathering ability of the lens. These losses are defined by the f-number
16

 of 

the camera. The amount of light transmitted to the sensor decreases with the f-number squared. 

The f-number for the PS3Eye is 2.1, then the corrected irradiance E’ will be: 

 

 

-: = -
�� =  6.2 45 

    

 

Then the maximum frame rate can be found as: 

 

6.2;45< · 1 = >
45 · $? · 1

�!'( !'� ;$< > 0.06;>< 
 

�!'( !'� < 103 �+$ 

 

It may seem that the frame rate upper limit is too low. However, this result makes perfect sense 

according to the experimental data get from testing. 
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 In a Lambertian surface the luminance is isotropic. 
16

 The f-number is an optical system which expresses the diameter of the entrance pupil in terms of the focal length of the lens. Sometimes 

it is called focal ratio, f-ratio, f-stop  or relative aperture. 



 

It has been proved in the lab that, with zero camera gain and frames rates higher than 100,  the blob 

brightness is not enough to be captured by the camera. 

 

In order to be able to work at the frame rates required by a music application, an amplifier must be 

added to the caption chain. This setup uses a software-based amplifier as it is described in the next 

chapter.   

 

Since the captured video has to be post-processed, the blob recognition will be also conditioned by 

the used software. Thus, the limitations on the frame rate have to be taken as approximations which 

give us an idea of the required video camera for this project. In any case, it has been proved that the 

PS3Eye is suitable for video caption in MIMICS. 

 

    

The dragging problem 

 

The limits for the frame rate have been approximated assuming single ‘touches’ over the table, when 

the blob is brighter. However, actions as finger dragging can compromise these results. 

While a finger is being dragged over the table the contact surface is significantly lower than the 

contact surface in a single touch event. Thus, the amount of scattered light will be lower as well. 

After testing, the optimum work-point which compensates radiant intensity and caption latency has 

been established around 60 fps. 

 

 

The camera resolution 

 

The resolution in a video camera indicates how many pixels contain each frame. The higher the 

resolution, the sharper and defined the captured video will be. 

However, as it has been said, the function of the camera is to capture light blobs. These blobs can be 

assimilated to circles with an area around 1 cm
2
. Therefore, the resolution of the camera should not be 

a critical factor due to its typical value high enough in commercial devices. 

The PS3Eye can work at resolutions up to 640x480 pixels. However, 320x240 has proved enough for 

blob tracking. 

Furthermore, higher resolutions will reduce the maximum frame rate available as well as will affect to 

the computers performance. 

 

 

 

2.4 The projector  
 

The graphic interface in MIMICS is provided by a projector plugged in a computer. 

The images are rear-projected placing the projector behind the table. 

There are some considerations regarding to the projector characteristics which will be described next. 

 

Projector’s technical data 

 

The projector must be able to provide a proper graphic interface. Depending on the design criteria, 

not all projectors are suitable for this project. 

The optimum projector will have, at least, the properties listed in the following table: 



 

 

Characteristic Value Observations 

Technology DLP DLP over LCD. DLP’s are smaller; they have higher 

contrast rates and less pixilation. LCD projectors have 

better color performance but it isn’t critical for the project. 

Aspect ratio 16:9 Elements such  piano keyboards or mixers are wider than 

higher so, they will fit the best in a widescreen.  

Resolution 1280x720 The higher the resolution is the best the quality of the 

projected image.  

Brightness  5000 lm The brightness of the projector will allow using the device 

in lighted environments. 

Throw ratio 1:1 * 

 

 

 

 

*Projector’s throw ratio 

 

In order to provide non-distorted images, the projector throw-axis must be perpendicular to the 

projection surface. 

 

 

 
Fig. 2.4.1: The projector must be oriented perpendicularly to the projection surface 

 

The distance between the projector and the surface Lp ,  will determinate the projected area  Ap.  

By the other hand, Ap is defined by the screen width and height. Let’s call them wp and hp . 

The relationship between wp and Lp  is known as throw ratio. 

 

As the most of projectors are designed for be used in a room, the throw ratio is rarely a problem. 

However, as in this project is interesting to have a compact setup, it became a critical factor which 

can determinate the geometry of the whole system. 

 

Lp Ap 



 

Despite the throw ratio is an important aspect, there are some solution which will allow adapt its 

value. One of them is the use of mirrors. 

 
It is important to have in consideration that some light losses are inherent by using mirrors.  

The use of a frontal
17

 mirror is recommended if mounting mirrors is mandatory. 

In order to use mirrors the projector brightness value must be high enough so the light losses become 

assumable.  

 

 

Projector used 

 

The projected used for this project has been a TOSHIBA TDP T8. 

Its technical data is compared with the optimum values from the previous table. 

 

Characteristic Optimum Value TOSHIBA TDP T8 

Technology DLP DLP 

Aspect ratio 16:9 4:3 

Resolution 1280x720 1024x768 

Brightness  5000 lm 1700 lm 

Throw ratio 1:1 2:1 

 

Despite its characteristics are far from the desired values, no other projectors were available during 

the construction process. 

However the project can be adapted, several design aspects have been compromised and imposed by 

the projector. Furthermore, its low brightness value discards the use of mirrors. 

A decision was taken: The size of the screen will be as big as the projected image can be by placing 

the projector as far as possible from the surface. 

In the same way, the screen angle will be the one which permits the perpendicularity of the projector. 
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 A frontal mirror has its reflecting material on top of a support surface. By the contrary, common mirrors have its reflecting material 

behind a transparent glass-like sheet which will introduce more light losses. 

Fig. 2.4.2:  The use of mirrors can solve problems attached to a low throw ratio 



 

2.5 The structure 

 
In order to design a proper structure which will contain all the hardware the following criteria has 

been followed: 

 

• As compact as posible 

o A single mirror reflection permits placing the projector under the screen. 

 

• Mobile projector and mirror supports 

 

• All the hardware parts must be solidarity to the structure in order to prevent loosing the 

calibration due to movement. 

 

• The user will be stand up in front of it 

o Proper height (lower side of the screen at 850 mm from the floor) 

o Comfort angle (22.5º) 

o Screen dimensions: 800x450 mm in a widescreen setup. With this dimensions it will 

be able to contain a standard 49-keys piano keyboard at 1:1 scale 

 
The following scheme shows a structure proposal. 

 

 

 

Fig 2.4.3: The proposed structure 

 

 

Once again, the means for build such structure were not available during the construction process. 

Therefore, a commercial solution was used for the prototype: The Millenium RW-2001. 

 

The Millenium RW-2001 is a steel structure with a 30 inches frame. The frame has 3:4 ratio and three 

possible angular positions. It has four wheels which allow movement and it is fully dismountable. 

 

Mirror 
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Projector 
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Before proceed with the hardware assembly some modifications have been made to the structure: 

 

• The screen has been turned in order to have a 4:3 ratio 

• The comfort angle has been fixed at 45º. This value is imposed by the projector 

characteristics as it has been commented in previous points. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.4.4 The Millenium RW-2001 

 

 

 

All the other hardware parts will be sized in order to fit in this structure. 

 

 

 

 

2.6 The computer  

 
In order to interconnect all the hardware a computer is needed. It must have, at least: 

 

• Video card 

• 1 VGA output 

• 1 USB 2.0 input 

• Sound card 

• Processor
18

: Core2Duo 1.4 MHz 

• RAM Memory
19

: 4GB 
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 This are the values of  the testing computer. Further testing is needed in order to define minimum values for the processor speed and 

the amount of RAM Memory. 



 

Chapter 3  
 

Software in MIMICS. Programming 

with multitouch input and MIDI data 
 
 

 

The aim of this project is to show the possibilities of multitouch environments in music applications.  

The final goal of the software would be providing a high level graphical programming interface, user-

friendly and easily editable without previous programming skills.  

However, this is not a computer science project but an engineering one. In the same way, the one who 

writes is not a programmer but an electronic engineer with some programming skills. Therefore, the 

applications developed for this project should be considered as pre-designed demo environment 

waiting for someone who implements the highest level of the software.  

 
Having said that, let’s do some fun programming! 

 
The ‘finger down’ has been physically defined as a ray of scattered light. A digital camera will 

capture a video which will cover the whole table surface in order to ‘see’ every possible touch. This 

video will be sent at real-time to a computer through the USB port. 

 

In order to define the ‘finger down’ event and to introduce it in a programming environment, different 

software is needed. The following figures indicate which ones and their function 

 

 

SOFTWARE FUNCTION Source 
Programming 

language 

CCV 1.3 
Captures the blobs and sends their 

coordinates codified as OSC messages 

through the local IP address. PORT 3333  
Open source C++ 

MIMICS GI 

Receives the blob coordinates from local 

port 3333, draws the graphical interface and 

sends OSC messages through local port 

9000. 

Implemented 
Python 2.6 

 

MIMICS 

TRANSLATOR 

Receives data from local port 9000, decodes 

the OSC messages into MIDI data and 

sends it through MIDI ports. 
Implemented GlovePIE 0.43 

CUBASE SX
20

 

(MIDI HOST) 

Receives the MIDI data from the MIDI 

ports. The music applications can be 

controlled. 
Steinberg … 

 

Fig 3.1 Resume table of the software used in MIMICS 
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 Cubase SX is just one of the commercial software available which admits MIDI input. Other software can replace it without 

compromising the functionality. 



 

3.1 Community Core Vision (C

Community Core Vision
21 is an 

machine sensing. It takes a video input stream and 

building multitouch applications

devices as well as connect to various TUIO/OSC/XML enabled applications.

  

CCV is developed and maintained by the 
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 http://ccv.nuigroup.com/ 
22

 http://nuigroup.com/forums 

 

 

 
Fig. 3.2: Software flux diagram 

ommunity Core Vision (CCV)  
 

is an open source/cross-platform solution for computer vision

It takes a video input stream and outputs tracking data that are used in 

building multitouch applications. CCV can interface with various web cameras and video 

devices as well as connect to various TUIO/OSC/XML enabled applications.

CCV is developed and maintained by the NUI Group Community
22

. 

Fig. 3.1.1: CCV Screenshot 
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computer vision and 

outputs tracking data that are used in 

. CCV can interface with various web cameras and video 

devices as well as connect to various TUIO/OSC/XML enabled applications. 

 



 

CCV grabs a video source and processes it applying a filter chain in order to isolate the blobs. These 

filters are described next. 

 

Image Threshold: Adjusts the level of acceptable tracked pixels. The higher the option is, the bigger 

the blobs have to be converted in tracked blobs. 

 

Movement: Adjust the level of acceptable distance (in pixels) before a movement of a blob is 

detected. The higher the option is, the more the fingers have to move to register a blob movement. 

 

Background subtract: Captures the current source image frame and uses it as the static background 

image to be subtracted from the current active frame. 

 

Smooth: Smoothes the image and filters out noise from the image. It creates an approximating 

function that attempts to capture important patterns in the data, while leaving out noise or other fine-

scale structures/rapid phenomena. 

 

Highpass blur: Removes the blurry parts of the image due to the projection surface transparency 

factor and leaves the sharper brighter parts.  

 

 

Highpass noise: Filters out the noise from the image after applying Highpass blur. 

Amplifier: Once all the filters have been applied, it amplifies the resulting image in order to improve 

low brightness setups or high frame rates.  

 

 

When the finger inputs have been isolated, CCV sends the blob data through the port 3333 of the 

computer’s local IP (127.0.0.1) using the TUIO Protocol. 

 

 

 

The TUIO Protocol
23

 

 

TUIO (Tangible User Interface Objects) is an open framework that defines a common protocol and 

API for tangible multitouch surfaces. The TUIO protocol allows the transmission of an abstract 

description of interactive surfaces, including touch events and tangible object states. This protocol 

encodes control data from a tracker and sends it to any client application that is capable of decoding 

the protocol. 

 

The TUIO protocol is encoded using the Open Sound Control format (OSC), which provides an 

efficient binary encoding method for the transmission of arbitrary controller data. Therefore the TUIO 

messages can be basically transmitted through any channel that is supported by an actual OSC 

implementation. The default transport method for the TUIO protocol is the encapsulation of the 

binary OSC bundle data within UDP packets sent to the default TUIO port number 3333. 

The TUIO protocol defines two main classes of messages: SET messages and ALIVE messages. SET 

messages are used to communicate information about an object's state such as position, orientation, 

and other recognized states. ALIVE messages indicate the current set of objects present on the surface 

using a list of unique Session IDs.  
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 http://www.tuio.org 



 

In addition to SET and ALIVE messages, FSEQ messages are defined to uniquely tag each update 

step with a unique frame sequence ID. An optional SOURCE message identifies the TUIO source in 

order to allow source multiplexing on the client side. To summarize:  

• Object attributes are sent after each state change using a SET message 

• The client deduces object addition and removal from SET and ALIVE messages 

• On object removal an updated ALIVE message is sent 

• FSEQ messages associate a unique frame id with a bundle of SET and ALIVE m 

 

A finger blob codified as an OSC message looks like this: 

 
  /tuio/2Dcur source application@address 

  /tuio/2Dcur alive s_id0 ... s_idN 

  /tuio/2Dcur set s_id x_pos y_pos x_vel y_vel m_accel 

  /tuio/2Dcur fseq f_id 

 

The blob profile carries the basic information about untagged generic objects (blobs). The message 

format describes the inner ellipse of an oriented bounding box, with its center point, the angle of the 

major axis, the two dimensions as well as the blob area. Therefore this compact format carries 

information about the approximate elliptical blob enclosure, but also allows the reconstruction of the 

oriented bounding box. The blob area is normalized in pixels/width·height, providing quick access to 

the overall blob size. The blob dimensions are the normalized values after performing an inverse 

rotation by -angle. 

 
Fig. 3.1.2: Blob definition in TUIO protocol 

 

Calibration 

 

CCV provides a calibration tool which allows adapting the table’s physical dimensions and blob 

positions to camera coordinates in pixels. 

A whole new chapter could be dedicated only for calibration improvement. However, CCV takes in 

consideration some simplifications to the problem in order to avoid ‘fancy’ image processing classical 

calibration methods as the chessboard
24

 method. 
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 Several images of a chessboard being held at various orientations provide enough information to completely solve for the locations of 

those images in global coordinates (relative to the camera) and the camera intrinsics. 

 



 

Classical methods are designed to map every possible scenario. As all the cameras have intrinsic 

distortion coefficients which can turn critical depending on the captured image, calibration provides 

functions in order to correct the captured image. 

 

 
 

Fig. 3.1.3 Distortion is a deviation from rectilinear projection. Barrel distortion bends the church due 

to camera intrinsic distortion values. 

 

 

Let’s make a list of the scenario properties on a multitouch table setup. 

 

• The camera is oriented perpendicular to the table surface. 

• The camera is placed at 0.5-1 m from the surface. 

• The touchable surface is not big enough to require optical corrections (i.e: zoom). 

• The blobs shape is not critical. 

• The graphical interface objects have been designed taking in consideration a fingerprint size 

with a security margin relaxing the blob coordinates precision required.  

Furthermore, several methods which undistort every frame are usually ‘performance killers’, slowing 

down other computer processes. 

 

For all these reasons, the calibration method offered in CCV is suitable for this project. Let’s see how 

it works. 

  

The CCV code creates at startup a map (point grid) which covers the entire touch screen.  

The user has to touch all the points in a certain order. The touches coordinates are saved in a XML 

form and the screen is triangulated between the calibration points to get small triangles for 

interpolation. 

Every detected blob in this map will have some displacement value which comes from an 

interpolation of three points from the calibration grid. 

The blobs coordinates are remapped with the displacement value to their pixel position. 

The greater the number of control points in the grid, the less will be the interpolation error. 

It has been proved that with a 6x5 grid the calibration accuracy is enough for the MIMICS setup. 

 



 

 
 

Fig. 3.1.4 Calibration tool in CCV 

 

 

 

 

3.2 MIMICS GI  

 
 

MIMICS GI (MIMICS Graphical Interface) provides a music-oriented graphical interface responsive 

to multitouch events. It has been developed using Python 2.6
25

 with an extensive use of the PyMT
26

 

framework. 

 

PyMT is a Python’s open source library for developing multi-touch applications. It is cross platform 

(Linux/OSX/Win) and released under the terms of the GNU LGPL.  

It comes with native support for many multi-touch input devices, a library of multi-touch aware 

widgets as well as hardware accelerated OpenGL drawing.  

PyMT offers pre-designed basic objects as buttons or sliders. Its open source nature allows modifying 

these basic objects in order to create new ones. 

The ‘touches’ themselves are treated as objects by PyMT. 

 

MIMICS GI is presented as a desktop which contains five buttons that activate five different demo 

applications for MIDI control. The applications will pop-up in an inner window on top of the desktop 

if their button is pressed.  

Each one of these applications can be called separately or coexist with the others in the desktop. In 

the same way, some of them are editable in second depth level which permits further configuration 

options.   
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 http://www.python.org/ 
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 http://pymt.txzone.net/ 



 

These are the five demos and their functions: 

 

• Breakable Keyboard: Used as a common 5-octave piano keyboard, sends the played notes to 

the MIDI host. The second depth level makes possible disassemble the piano in octaves
27

 and 

move, rotate o scale them. 

 

• Drums: Presents a compact graphical drum set (Kick, snare, hi hat, tom and crash). Each 

element sends the MIDI signal which controls a drum set in the MIDI host. On the second 

depth level, each element can be moved, escalated and rotated.  

 

• Polytheremin: Allows controlling a 2-dimensional polyphonic instrument which takes the x 

and y coordinates of three simultaneous blobs and converts it to MIDI notes.   

 

• Mixer: Allows independent control of volume, panorama and mute for four audio tracks and a 

master track. On the second configuration level each channel can be moved, rotated or scaled. 

 

• Transport bar: Offers classic audio controls as play, stop, rec, pause, etc.  

 

 
 

 

 

Fig. 3.2.1: MIMICS GI screenshot with actives transport bar, keyboard and drum set. 
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 A piano octave contains twelve keys from C to B (seven white keys and five black keys)  



 

3.2.1 Breakable keyboard 

 
The breakable keyboard is one of the most useful applications in MIMICS.  

As the most of the midi software is able to receive notes as an input, several audio devices can be 

controlled with the keyboard. 

By the other hand, the application shows what is multitouch capable to regarding music applications. 

For example, the user is able to configure its own keyboards in the screen. The classical octaves order 

as well as their geometry becomes just another configuration option. 

 

By using Python as the programming language, the class-based code structures make descending 

design really intuitive. 

For the breakable keyboard, three sub-objects have been created: the piano key object, the octave 

object and finally the keyboard object. In the highest level several keyboards can be called 

 

 

 

 

 

 
 

Fig. 3.2.1.1 Descendent design in the breakable keyboard 

 

 

 

 

 

The piano key object 

 

The key object has been adapted from an existing button class. However, some modifications where 

required in order to simulate a real piano key. 

 

 

• The key has concrete size relations. Those are 1:5 for the white keys and 1:6 for the black 

keys (width:length). All dimensions will be relative to a white key width (ww).  

 

• The message ‘note on’ must be sent only if the finger is over the key. If the the user drags out 

his finger, the message should change to ‘note-off’ 

 

• If the user drags his finger over the key object, the event must be detected. 

 

• In order to simulate the playing intensity in a real piano, the volume of the note will be 

corrected with the blob size. It is a fact that the blob increases its area with the finger 

pressure. This volume value is called velocity in MIDI applications. 

Piano key

Based on a 

button class

Octave

Formed by 

12 keys

Keyboard

Formed by n 

octaves

Application

m keyboards in 

the screen



 

 
 

 
 

Fig 3.2.1.2 Relative dimensions for piano keys 

 

The input values in order to call a key object are: 

 

• Label: ‘name of the note’ (str) 

 

When a key is pressed, an OSC message is sent through the local port. The messages name’s indicates 

the note and the message value defines the MIDI message behavior. 

The MIDI protocol uses 7-bit words and defines the event ‘note on’ if the MIDI message equals 127. 

In the same way, the event ‘note off’ has the 0 value. 

 

Let’s see the pseudo-code: 

 
If Key_is_pressed() then 

 

Send_osc_message( name: label, value: 127) 

 

Else  

 

 Send_osc_message( name: label, value:0)  

 

End if 

 

 

The function Key_is_pressed() will return true if the ‘touch’ object collides with the key object.    
 

 

 

The octave object 

 

The octave object has been created by superimposing three object layers. 

The first one contains seven white keys next to each other. 

The second one contains two black keys at a relative distance of 2/3 of a white key. 

The third one contains three black keys at a relative distance of 1/2 of a white key. 

Then, the three layers have to be put together at a relative position. 

 

 

 

 

ww 

5 ww 

½ ww 

3 ww 



 

 

 

 
 

 

 

 

Fig. 3.2.1.3 Octave object’s relative geometry 

 

The octave object must be understood as a set of key objects with their own functionality. In order to 

send the right OSC messages each note in the octave must be uniquely labeled. 

 

The octave object adds a music note property to each note known as octave which is defined by an 

integer
28

. However each octave object has the same twelve notes, each one of them has an intrinsic 

sound frequency. The relative frequency between notes is constant but the higher the octave is, the 

higher the frequency will be. This way, a C5 will have twice the frequency of a C4. 

Hence, each octave object must have a property which sets the notes octave. 

 

The input values in order to call an octave object are: 

 

• Octave: ‘octave number’ (int) 

Several ‘multitouch’ actions can transform the octave object. However, they will be usable only if the 

fingers are over a concrete zone defined as MT action zone. In the octave object it is a rectangle 

placed over the notes. 

 

 
 

Fig. 3.2.1.4 MT action zone in an octave object 
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 The music notes are identified as “name of the note” + “octave number”. This way we can have a C4 or a C7 

2/3 ww 1/2 ww 

2/3 ww 

(3+3/4) ww  

MT action zone 



 

The multitouch transformations available for the octave object are described next: 

 

Position: Dragging a finger over the MT action zone will drag the object as well preserving 

their relative position. 

 

Rotation: Fixing one finger over the MT action zone and dragging another finger around it a 

certain angle will rotate the object around the fixed finger this same angle. 

 

Escalation: Fixing one finger over the MT action zone and dragging another finger in a 

constant direction will scale the object proportionally to the distance between the fingers. 

 

 

 
 

The keyboard object 

 

Analogously to the octave object, a keyboard object is formed by several octave objects placed 

together in increasing octave order.   

 

The input values in order to call a keyboard object are: 

 

• Octaves: ‘number of octaves’ (int) 

 

Several keyboard objects can be used at the same time providing new configurations thanks to 

multitouch transformations applied to their octaves. 

 
 

Fig 3.2.1.5: Several keyboard objects with multitouch transformations and different number of octaves. 

 

 



 

3.2.2 Drums 
 

Analogously to the keyboard, the drums object has been implemented at two levels.  

A drum patch object has been implemented based on the piano key object with some modifications. 

 

• A real drum patch has not sustain. It means that a drum hit has a defined duration so, it does 

not matters if a finger stays over the object, the message ‘hit off’ will be sent 100 ms after a 

‘hit on’ message. 

• It is interesting to have a visual representation of the drum patch in order to know which real 

drum patch is simulating. 

• It is also interesting to have ‘double patches’ in order to simulate the drummer sticks in the 

interface. This way, two fingers can attack two different patches with the same sound 

increasing the playing speed.  

Since a MIDI-based drum set understands a drum patch as a note, the OSC messages will have the 

same format as the ones in the piano key object. However, the message name has to be different.  

 
The input values in order to call a drum patch object are: 

 

• label: ‘name of the drum patch’ (str) 

• doublepatch: (bool) default is set to false. 

 
Analogously to the octave object, multitouch transformations can be applied to every patch. 

 

The pseudo-code for the drum patch object is shown next: 

 
If patch_is_pressed() then 

 

Initial_time = Get_time() 

 

 While Get_time()- Initial_time < 100 do 

 

  Send_osc_message( name: label, value: 127) 

 

 End while 

 

 Send_osc_message( name: label, value:0)  

 

Else  

 Send_osc_message( name: label, value:0)  

 

End if 

 

 

The function patch_is_pressed() will return true if the ‘touch’ object collides with the drum patch 

object.    

 

 
The whole drum set is nothing but a set of different drum patches.  

The demo application allows choosing which patches will be shown in the screen. This can be done 

when the drum set object is called. 

 



 

The input values in order to call a drum set object are: 

 

• kick:  (bool) default is set to true 

• snare: (bool) default is set to true 

• hihat:  (bool) default is set to true 

• tom1:  (bool) default is set to true 

• tom2:  (bool) default is set to true 

• crash:  (bool) default is set to true 

 

 

 

Fig. 3.2.2.1: The drum set application with several drum patches 

3.2.3 Polytheremin 

 
The polytheremin object is an instrument controller specially designed for multitouch applications. It 

simulates a polyphonic theremin
29

 based on a touch tracer object. 

Since the finger tracking is the main function of any multitouch system, the coordinates of the touches 

can be converted to MIDI signals.  

By correcting the coordinate values it is possible to define MIDI notes for each finger position. The x- 

coordinate will modify the frequency of the sound while the y-coordinate will modify its volume. 

Since each touch is uniquely identified by definition of TUIO protocol, this identifier can be used for 

differentiate melodic lines creating a polyphonic instrument.    

 

Let’s see its pseudo-code: 

 
If touch_occurs then 

  

 ID = touch_id() 

 x_mod = correct(touch.x) 

 y_mod = correct(touch.y) 

 send_osc_message (name: ID, value 1: x_mod, value 2: y_mod) 

 

End if 
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 The theremin is an analog instrument which allows controlling the frequency and volume of the sound by approaching the hands to an 

antenna. The sound frequency and volume can be increased or decreased continuously.   



 

 
 

Fig. 3.2.3.1: The polytheremin with three different melodic lines. 

 

3.2.4 Mixer 

 
The mixer application allows independent channel control for several audio tracks. The default 

configuration in the demo shows three audio channels and a master channel. 

Each one of the channels permits volume, panorama and mute control. 

The mixer object contains several channel objects, which is formed by the control objects. 

 

Let’s have a look to the channel object and its functions. 

 

 
 

Fig. 3.2.4.1: The channel object and its components 

Panner 

Volume 

Mute 



 

Volume 

 

It Is based on a slider object. It allows controlling the volume of an audio track. Its MIDI values are 

defined between 0 and 127, where 127 means maximum volume. The volume is initialized to 100. 

When a touch collides with the bar its value changes (the function value_changes()actualizes 

the new value slider_value()) and an OSC message is sent. 

 

Let’s see its pseudo-code: 

 
On event value_changes()  

  

 Send_osc_message( name: label, value: slider_value()) 

 

 

 

 

Panner 

 

The panner object will control the panorama of a sound track. The panner spreads the sound signal 

into a new stereo sound field; its value can be set between 0 (left) and 127 (right) being initialized at 

63 (center).  The functionality of the panner object is  defined analogously to the volume object. 

 

 

 

Mute 

 

The mute object is based on a commutable button object. It allows to commutate the audio track 

volume between the MIDI value 0 (silence) and the one indicated by the volume object. 

 

Let’s see its pseudo-code: 

 

 

 
On press_mute()  

 

 If previous_state() == pressed then 

  

  Send_osc_message( name: label, value: 127) 

  
If previous_state() == released then 

  

  Send_osc_message( name: label, value: 0) 

 

 
 

 

These three objects are arranged together in a channel object allowing full track control. 

The mixer object has as an input the number of channels of the mixer. Additionally, a master channel 

will be attached allowing global control of all the audio tracks at the same time. 

 

The input values in order to call a mixer object are: 

 

• number_of_channels: (int) 



 

 

 
 

Fig. 3.2.4.2: A mixer object with four track channels and a master channel. 

 

 

 

3.2.5 Transport bar 

 
The transport bar object shows classical audio controls such as play, stop or record among others. 

Its main function is to allow the user navigating around the MIDI HOST environment. 

 

 

 
 

Fig. 3.2.5.1: The transport bar object 

 

 

The implemented functions are described next. 

 

UNDO: Undoes the last action. It is equivalent to a CNTRL+Z action. 

BACK: Returns the MIDI HOST’s global time marker
30

 to the zero position.  

LOOP: Creates a time loop between two time markers. 

STOP: Stops the MIDI HOST playback. 

PLAY: Starts the MIDI HOST playback. 

REC: Starts recording the MIDI input of the selected track. 

CLICK: Starts or stops the metronome application of the MIDI HOST 

UP/DOWN: Increases or decreases an auxiliary integer value. This auxiliary value can control several       

MIDI functions. In this demo, it permits to change the midi output (or MIDI instrument). 
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 A time marker indicates the relative position in seconds in an audio session. 



 

All these functions are implemented based on button objects. 

 

 

The control bar object allows live performances using MIMICS.  

For example, a drum line can be recorded during a time interval. This drum line can be looped for an 

indefinite period using the LOOP function. Without stopping the playback a new instrument can be 

loaded and played over the drum base. This operation can be repeated as many times as desired with 

all the instruments available. 

Combined with the real-time mixer, the MIMICS GI offers great control over almost every 

conceivable music piece.  

  



 

3.3 MIMICS TRANSLATOR 

 
The MIMICS TRANSLATOR function is to translae the OSC messages received from MIMICS GI 

to MIDI messages and send they to the MIDI HOST. 

Despite it can be considered as a redundant program, no good alternatives have been found for MIDI 

communication in a Python environment. Further investigations will eliminate the need of an external 

translator program. 

 

MIMICS TRANSLATOR has been developed using GlovePIE
31

. 

GlovePIE is an open source programming language which allows high level programming using  the 

data inputs and outputs of the computer. In extension, it permits redirecting information between 

devices. 

Since GlovePIE can receive OSC messages and send MIDI messages, the communication between 

MIMICS GI and the MIDI HOST is possible. 

 

A typical translation function which receives OSC messages from local port 9000 and sends MIDI 

data trough MIDI port 1 looks like this: 

 

 
Osc2.ListenPort = 9000 

Osc2.Listening = true 

 

midi1.Control108 = Osc2.PLAY 

 

Where ‘Control108’ is referring to an 8-bit word which is used as a MIDI control value modified by 

the value of the received OSC variable named ‘PLAY’.  

 

Depending on the received OSC message, different data will be sent. If a ‘note message’ has to be 

sent, the code would be like this: 

 
midi1.c4=Osc2.c4 

 

Since c4 is the standard control word for a ‘do’ in the fourth octave as well as the name of the 

received OSC message. 

 

 

3.4 MIDI HOST 

 
MIDI HOST is referring to any device or program capable of receiving MIDI data.  

Since MIMICS has been implemented as music software-oriented, the offered demo applications 

show their potential in this kind of MIDI HOSTs. However, a hardware based on MIDI protocol can 

be controlled as well. 

 

For the testing process the chosen MIDI HOST has been Steinberg’s CUBASE
32

 SX. 
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 http://glovepie.org/ 
32

 http://www.steinberg.net/en/products/cubase/start.html 



 

Cubase SX is a proprietary software developed by Steinberg for music recording, arranging and 

editing. It can receive MIDI inputs as well as redirect the MIDI outputs to several instrument 

simulators known as VST’s. 

Since any MIDI compatible software can be used in MIMICS, no further explanations of CUBASE 

are required. 

  



 

Chapter 4 
 

Budget 

 
The low-cost nature of the project was mentioned several times throughout the project.  

It is important to understand that the top performance of any device is conditioned by the 

performance of its components.  

Nevertheless, the MIMICS prototype its functional as is, despite its components. 

The hardware prices are listed below: 

 

COMPONENT PRICE 

(SEK) 

PRICE 

(EUR) 

Screen Structure 490 52 

Acrylic glass 235 25 

IR LED stripes 565 60 

Projection layer 47 5 

Camera PS3Eye 301 32 

IR-Pass filter 95 10 

Projector 5650 600 

TOTAL 7375 784 

  

The reader may notice that the budget would be drastically lower if a projector is already available. 

Comparing the budget with s commercial options can give an idea of the project possibilities: 

 

Despite that the hardware-related costs are known, the software-related ones might be harder to 

estimate. Since the software of the project is based entirely on open source tools for development, the 

only countable factor would be the amount of time spent in software programming.  

The MIMICS software has been developed by one person in 300 hours within 3 months, which equals 

to 25 hours per week.  
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Chapter 5  

Conclusions  

 
During this thesis it has been proved that a low cost multitouch environment is suitable as a MIDI 

control device. 

Music is a strict discipline which does not understand about interfaces. A music piece requires a close 

relationship between melody and time; otherwise music cannot be expressed at all. 

The simple fact that a song can be created using MIMICS is in itself a success. But, as a song is worth 

a thousand words, a demonstration of MIMICS live capabilities can be seen at: 

 

http://www.youtube.com/watch?v=n76SfrSoi4w 

 

However, any device has limitations by definition, and MIMICS is not an exception. 

The virtual piano will never offer the same playing experience as a real piano as well as any 

virtualization will. MIMICS is just something else, a new proposal for music creation with their 

advantages and disadvantages. 

 

Every single part (software or hardware) can, and has to, be improved. However, the scope of this 

project reaches just until proving that such a device is possible and functional enough. Some future 

work proposals are commented in the next chapter. 

  



 

Chapter 6  

Future work 

 
Since the project has been conceived as low-cost, some of the proposed improvements will 

compromise its budget. It depends on future developers to find new ways to expand MIMICS 

functionality without losing the cheaper point of view. 

 

Some future work ideas are described below: 

 

Camera 

 

The camera requirements have been deeply discussed. The optimum caption device will reduce the 

global sound latency as much as possible. Reaching values around 10 ms will be considered a great 

success. 

The main improvement in this aspect would be using an IR-ready infrared camera. Without the need 

of modifications, the results should be considerably better. 

 

Projection screen 

 

Since the projection screen used in this project is based on paper, its reliability of the material is 

questionable. Other base materials should be also tested 

The silicon layer applied to the screen physically amplifies the FTIR effect. However, the optimum 

composition of the mix as well as the optimum thickness of the layer have to be found by further 

testing.  

 

Structure 

 

MIMICS prototype is mounted over a pre-existing structure. However, the whole assembly should be 

restated over an optimum structure. This structure should be able to contain all the hardware setup in 

order to avoid calibration issues due to movement. 

 

Projector 

 

The projector used in the setup was the only available at the moment. Other projectors with shorter 

throw range may allow more compact setups and optimum size screens. 

 

IR LED’s 

 

Despite the used LED’s are suitable for this setup, an optimum amount of radiant intensity should be 

found in order to relax the camera requirements. The amount of LED’s as well as their intrinsic 

properties will determine their total power. 

 

 

 

 

 



 

Software 

 

The whole software package can be highly improved. Here they are some ideas which can be 

implemented: 

 

• A visual programming environment for device creation and configuration.   

• A bidirectional communication channel which allows receiving data from the MIDI HOST. 

• More and better instrument controllers. 

• Add more expression MIDI functions such as aftertouch
33

. 

• Implement direct communication between MIMICS GI and the MIDI HOST. 

• Develop a new finger tracker with better performance than CCV. 

 

GENERAL 

 
General ideas to explore might be: 

 

• Since the TUIO protocol allows communication through UDP, a remote setup should be 

tested using remote IP’s. 

• To control MIDI-based hardware should be tested. This hardware does not need to be music-

related exclusively. 
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 The MIDI signal responds to the force with which a key is held down after the initial impact 



 

Appendix A:  

The Wiimote as a finger tracker 

 
The Wiimote is the controller device designed for the Nintendo Wii videogame system. It allows 

controlling the games behavior combining different technologies which provide a Natural User 

Interface. 

The Wiimote is suitable for multitouch applications since the control methods used in games are 

similar to the IR tracking method described in this report. 

The Wiimote technologies applicable to this project can be differentiated as: Device positioning and 

wireless communication. These technologies are described next. 

 

 

Device positioning 

 

The greatest innovation of the Nintendo Wii was considering the user body as a game interface. By 

positioning the Wiimote in the space, the user can be also ’mapped’ into the game universe. 

The Wiimote can be positioned using two combined references; one absolute and another relative to 

the device. The method used to define an absolute reference is based on IR light detection. 

The IR light source is fixed in the space (usually on the top of the TV). By the other hand, the 

Wiimote mounts an IR camera in order to detect the light source. 

  

IR light source 

TV 

Wiimote 

IR camera 

Fig. 1: The Wiimote detects the position of the fixed IR light source. 

 



Wireless communication 

 

The coordinates of the IR points are

Since the Wiimote is identified as a Bluetooth device, it is possible

order to decode the captured coordinates.

 

 

Application as a finger tracker

 
By replacing the infrared camera with the Wiimote in the MIMICS setup, its functionality shall 

remain the same. The IR webcam as well as the tracking software would be replaced by the Wiimote 

and a software for decoding the data arrays received through Blueto

The decoder may be implemented using GlovePIE.

Since GlovePIE can receive generic data inputs and the 

‘hacked’, the coordinates of the points can be re

 

 

Limitations 

 
However the Wiimote provides interesting features, it has some limitations which don’t make it 

suitable for music applications. These are described next.

By construction, the Wiimote can capture only four IR points. 

supposed to allow finger interaction, the desirable finger detections should be, at least, ten in order to 

cover all the fingers of both hands.

A possible solution to this problem might be using a

However, the received coordinates would be relative to each Wiimote reference and some serious 

programming should be done in order to indentify which Wiimote detects each finger. This is not 

however the main problem found testing with the Wiimote.

Since a maximum number of dete

needed. The Wiimote is a closed commercial device and this information is not provided

algorithm can be modified. The problem about it is the light losses inherent to the FTIR se

is no way to identify if a new detection is a finger or caption noise without having access to the 

device internal design. 

 

Fig. 2: The caption noise cannot be filtered externally without understanding the ‘insides’ of the Wiimote
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The coordinates of the IR points are encoded and sent to the Wii station using the Bluetooth protocol.

Since the Wiimote is identified as a Bluetooth device, it is possible
34

 to connect it to a computer in 

order to decode the captured coordinates. 

Application as a finger tracker 

replacing the infrared camera with the Wiimote in the MIMICS setup, its functionality shall 

remain the same. The IR webcam as well as the tracking software would be replaced by the Wiimote 

and a software for decoding the data arrays received through Bluetooth. 

The decoder may be implemented using GlovePIE. 

Since GlovePIE can receive generic data inputs and the Wiimote protocol
35

 has been partially 

‘hacked’, the coordinates of the points can be re-coded as OSC messages and sent to MIMICS GI.

However the Wiimote provides interesting features, it has some limitations which don’t make it 

tions. These are described next. 

By construction, the Wiimote can capture only four IR points. Since a multitouch interface is 

to allow finger interaction, the desirable finger detections should be, at least, ten in order to 

cover all the fingers of both hands. 

o this problem might be using a multiple Wiimote array for finger detection

coordinates would be relative to each Wiimote reference and some serious 

programming should be done in order to indentify which Wiimote detects each finger. This is not 

however the main problem found testing with the Wiimote. 

Since a maximum number of detections exists, an algorithm for discarding overflow detections

needed. The Wiimote is a closed commercial device and this information is not provided

modified. The problem about it is the light losses inherent to the FTIR se

is no way to identify if a new detection is a finger or caption noise without having access to the 

 
 

Fig. 2: The caption noise cannot be filtered externally without understanding the ‘insides’ of the Wiimote
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is no way to identify if a new detection is a finger or caption noise without having access to the 
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For these reasons has been determined that the Wiimote is not suitable for multitouch applications 

based on a FTIR setup. 

 

 

Alternative setup 
 
Despite that this project uses FTIR for finger detection, other setups should be able to have the 

Wiimote as a tracker device. 

As an example, a setup based on a direct projection has been tested during this project. 

 

 

 
Fig. 3: Direct projection setup using the Wiimote, 

 

This setup is based on a portable IR light source. Since no other light is present the light losses are not 

a problem anymore. 

The Wiimote will detect single points (up to four at the same time) which can be used for calibration. 

Mapping the projected surface, the coordinates of the points can be translated to OSC messages and 

introduced to the processing software. 
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Wiimote 


