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Abstract 
This paper explores new paradigms of computer-based live 
performance brought about by an intelligent combination 
of hardware and software.  By developing a human 
computer interface that has strong visual and tactile 
feedback as well as robust software that exploits the 
strengths of each individual system component, we provide 
a versatile platform for computer-based music performance 
and production. 
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1. Introduction 
The LUMI is a new hardware/software performance 
interface optimized for live musical expression (see Figure 
1).  It combines an intuitive, high-performance hardware 
design with unique software for advanced manipulation of 
real-time audio and control data.  The LUMI provides the 
performer with multi-dimensional control via a 10.4” touch 
screen and 32 pressure sensitive buttons.  In addition, a 
design framework has been setup to include eight knobs, a 
short-range infrared proximity sensor, cross-fader and 
pressure-sensitivity on the touch screen. 

2. Prior Works 
Although the combination of components of our interface 
is original, its individual parts have appeared in prior 
interfaces. The Lemur is a multi-touch music interface 
made by JazzMutant, a French company that has recently 
been renamed Stantum. The Lemur however, lacks haptic 
feedback, and is difficult to be used for tapping drums and 
playing virtual instruments.  

Monome is a square button matrix, with an open-source 
alternative called Arduinome that was referred to for code 
examples and circuit diagrams.  Monome and Arduinome 
provide neither velocity nor pressure sensitivity, and as 
such, we argue that they are less suitable for triggering 
instruments. Akai’s APC40, announced after the 
completion of the LUMI at this year's NAMM Convention, 

is similar to the Monome and Arduinome with no velocity 
sensitivity.  However, it integrates closely with Ableton 
Live, something that the LUMI design foresaw as a key 
aspect of live performance DAW compatibility.   

The M-Audio Trigger Finger and Akai MPD are 
examples of drum-pad MIDI controllers with velocity and 
after-touch, but no LEDs beneath the pads, and thus no 
visual feedback. The Korg PadKontrol is an example of a 
drum-pad MIDI controller with velocity and visual 
feedback, but no after-touch. 

After seeing a seminar by Adrian Freed at Stanford 
University, LUMI decided to adopt his method of 
achieving pressure sensitivity, as published in a paper in 
NIME 2008 [1].  The actual circuitry and firmware code to 
obtain pressure data on the LUMI's thirty-two buttons, 
however, was realized on our own, as his code and 
circuitry was not released to the public.  By developing our 
own firmware, modifying Arduinome’s serial to OSC 
interface and utilizing Adrian Freed's method of deriving 
pressure sensitivity, it was possible to rapidly prototype the 
interface in the short span of a month.  As a result, more 
attention could be given to the actual software that 
integrates the touch-screen with the buttons. 

 

 
Figure 1. The Original LUMI Prototype 
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3. Design 
The design consists of a carefully laid out hardware 
interface brought to life by custom software that makes use 
of the hardware’s best assets. 

3.1 Hardware Specification 
The LUMI hardware design consists of a 10.4” pressure-
sensitive touch screen, 32 pressure-sensitive buttons 
(providing velocity and polyphonic after-touch), 8 knobs, a 
cross-fader and a short-range infrared proximity sensor.  
Pressure sensitivity pervades the LUMI design, adding an 
important layer of expressiveness that is not currently 
found on the majority of commercially produced music 
controllers. This hardware profile provides expressive 
control over a multitude of musical parameters. 

3.2 Software Specification 
Our software is written in C/C++, utilizing libraries such 
as, RtAudio, OpenGL, libsndfile, OSCPack and FFTW.  It 
has been designed for maximum extensibility and cross-
platform support.  Our current software has three main 
sections: a general-purpose virtual control surface, a touch-
screen sampler/waveform manipulator and an intelligent 
melodic instrument. 

The virtual control surface consists of XY pads, 
buttons, knobs and sliders. These virtual control objects 
can be used to construct customized user interfaces tailored 
to the needs of specific applications.  These objects are 
able to send MIDI or OSC messages to any live DAW 
(such as Ableton Live) or DJ software (such as Serato 
Scratchlive). 

The second section of our software package is a 
sampler entitled "Wave Cut," which allows the user to 
manipulate sound buffers in real-time (see Figure 2).  
Sound buffers may be obtained through microphone input 
or by dragging and dropping audio files directly into the 
program.  The user is then able to physically “chop” a 
waveform into subsections using the touch-screen.  These 
subsections can be assigned to the 32 buttons for 
immediate playback.  The user can drag and drop 
subsections onto a 16x6 step sequencer, allowing users to 
quickly and intuitively take snippets from recordings and 
step sequence them, synchronized to a DAW via MIDI or 
OSC. 

Finally, a melodic instrument allows the user to map 
and remap the button matrix to tonal scales.  The user can 
change keys and key qualities (such as modes) on the fly.  
Networked communication via OSC facilitates a 
collaborative musical environment in which notes played 
by one user can be transmitted through a network 
connection to another user.  Notes are displayed on the 
receiving user's button matrix via lighting the 
corresponding note within the current scale mapping, even 
if the two users’ mappings are different. 

 
Figure 2.  Wave Cut 

4. Implementation 

4.1 Hardware/Software Implementation 

4.1.1 Stability 
Stability of both the hardware and software is of the utmost 
concern when constructing a system used for live 
performance.    The LUMI software is built using a low 
level C/C++ framework, which allows for solid memory 
management and a stable operating environment. 

4.1.2 Scalable Button Matrix 
The 32-button matrix on the LUMI is fully scalable by way 
of a virtual button matrix of arbitrary size.  This allows the 
user to scroll across the screen to view and utilize a larger 
button matrix.  As the user scrolls, the physical buttons are 
dynamically remapped to the corresponding virtual 
buttons. 

4.1.3 Screen Pressure  
Pressure sensitive touch-screens can add a third dimension 
to touch-screen interaction.  With pressure, one can create 
a virtual XYZ pad to navigate and control three parameters 
with one gesture.   

There are several methods to obtain screen pressure. 
One way is to use a force sensing resistor and spring 
membrane, such as neoprene, underneath the touch-screen. 
The space between the touch-screen overlay and LCD can 
be used to hold a thin frame made of resistive fabric, two 
parallel wire strips, copper sheet, neoprene and a dielectric.  
A voltage divider can be created using this frame, allowing 
one to measure downward pressure through the resistance 
change in the fabric.  The neoprene can be patched in small 
holes punched throughout the frame to avoid pre-loading 
by the weight of the touch-screen overlay. 

The second method checks for jitter in the touch-
screen's X/Y readings. The higher the jitter, the less force 
is applied to the membrane.  This can be accomplished by 
reading serial data from the touch-screen overlay. 



Finally, Jorn Loviscach describes a method using four-
wire resistive touch-screen overlays.  These overlays 
employ two layers.  By connecting the wires of one layer 
to high potential, and the other to low potential, the 
resistance between them decreases with increasing 
pressure. From this, pressure can be derived [2]. 

4.2 User Feedback 

4.2.1 Tactile Feedback 
Tactile and haptic feedback in music instruments have 
been shown to improve performance [3].  For this reason, 
the LUMI relies on physical sensors for important user 
interactions rather than only virtual touch-screen controls.  
The buttons, knobs and faders provide tangible surfaces for 
interacting with sound.  The pressure sensitivity of the 
LUMI controls has been calibrated to provide a wide range 
of expressive control. 

4.2.2 Visual Feedback 
The touch-screen provides visual feedback to the user.  It 
can be useful when controlling button mappings, tonal 
parameters and synthesis parameters.  Textual labels can 
be displayed on the touch-screen for explicit 
communication of data to the user.  Other information can 
be communicated with color, such as in the virtual XY 
pads, upon which a gradient represents the current location 
of the pad.  With both LEDs in each button and a touch-
screen, many visual cues and symbolic representations can 
be displayed to the user to show what he or she is 

controlling. 

4.3 Third Party Compatibility 
LUMI software uses the MIDI and OSC protocols for 
communication with other applications.  MIDI time 
synchronization is available with the LUMI acting as both 
slave and master.  OSC is also supported for 
communication with applications such as Pd, Max/MSP, 
Reaktor, and ChucK.  With OSC, our hardware can be 
made compatible with other button matrix software, such 
as the large number of open source programs developed 
for Monome.  These programs however, were not designed 
to respond to the pressure and velocity information output 
by the LUMI, and for compatibility, LUMI must be put in 
a mode to output at full velocity, with the buttons only 
providing on/off data. 

4.4 Flexible Sound Generation 
The LUMI is host to a variety of software-based sound 
generators.  Included in the LUMI software package is a 
native granular synthesis engine that can generate 
granulated waveform data from synthesized waveforms or 
microphone input.  While additional synthesis engines will 
be added in future software releases, the LUMI can act as a 
controller for any third party application that accepts MIDI 
or OSC input.     

5. Live Performance Factors 
Prior to recorded music, performance was conducted in 
real-time through acoustic instruments.  Early computer 

Figure 3. LUMI Data Flow Diagram 



music composers produced their music via large 
mainframe systems, often taking weeks of programming 
and computation to achieve results, a practice that was far 
from real-time [4].  With technological advancements, 
computing power has increased, allowing audio buffer-
sizes and latency to be reduced to what can be perceived as 
real-time.   

Today, computer music can be performed using a wide 
range of methods, from triggering sounds in real-time to 
manipulating, tempo matching and transitioning pre-
recorded, off-line material.  While some performers prefer 
to play their pre-recorded pieces, or “DJ” them, others 
combine this style or aspects of it with a more traditional 
real-time performance aesthetic. 

5.1 Minimal Essential System 
In designing the LUMI, the minimal essential system for 
both the real-time music performance model and DJ-based 
model was analyzed.  We believe that performers need to 
have facilities for triggering prepared loops/phrases, 
manipulating time, controlling effects, triggering drums 
and rhythmic elements, as well as playing melodic lines.   

The LUMI addresses the minimal essential system by 
providing hardware and software to perform these 
necessary tasks in an intuitive and expressive way.  
Editing, selecting, sequencing and triggering prepared 
elements works well on the touch-screen, as the visual 
feedback can provide the performer with textual cues.  The 
button matrix on the other hand, is suitable to be used as a 
drum-pad or keyboard due to its tactile feedback. 

5.2 Portability 
Consideration of size and portability of live performance 
equipment was taken into account in the LUMI design.  
The decision to forego the frustrated total internal 
reflection method for multi-touch [5], and to minimize the 
size of the button matrix to 8X4 allows the LUMI to 
maintain a small form factor.  The touch screen allows the 
LUMI to transcend the size constraints of the button 
matrix, allowing for an arbitrarily sized, software-based 
virtual button matrix that can be scrolled and remapped to 
the physical buttons.  In this way, users can realize large 
64X64 Monome-like applications while maintaining a 
form factor conducive to travel on tour. 

5.3 Compatibility 
Today’s computer musician is faced with countless 
software options.  Often, he/she enters the controller 
marketplace with a set of software they do not wish to give 
up.  Over the last few years, Ableton Live has emerged as 
the predominant DAW for live computer music 
performance.  The LUMI focuses on integration with 
Ableton Live, using the Ableton Live API to connect the 
LUMI and Ableton through OSC.  Names of "clips," or 
patterns of loops or phrases can be named, shown on the 
touch-screen, and triggered. 

The recent announcement of products such as Akai’s 
APC40 shows the foresight of the LUMI design and the 
superiority of having graphical and text-based visual cues 
compared to only the multi-color LEDs of the APC40.  In 
a live performance setting, this eliminates the necessity of 
looking at one’s computer screen, thus ensuring the 
audience that the performer is really performing, not 
merely checking his or her email. 

6. Final Words 
The LUMI has been developed to address issues facing 
today’s performing computer musician.  During the course 
of the paper, the minimal essential system for live 
performance was discussed along with current trends in the 
music controller market.  A combination of hardware and 
software was integrated through an understanding of 
today’s music performance needs, resulting in a unique 
and versatile controller: the LUMI. 
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