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Abstract 

In this paper, a new interface is developed for audio mixing that aims to be more intuitive 

achieve desired results more quickly than mixers which use the channel-strip metaphor. 

The interface uses the stage metaphor [1] where each sound is represented by a tangible 

on a surface representing a stage. The spatial position of the tangibles map to the pan and 

volume controls of the sound. The tangibles use wireless Arduinos and provide additional 

effect controls using a control scheme that generalises well to different effects. The 

tangibles were tracked using a Diffuse Illumination table, which uses a computer vision 

based approach to object tracking. 

 

Abs. Fig 1 - Stage metaphor (left) and channel-strip metaphor (right) 

 

 

Abs. Fig 2 - The tangible blocks 

 

Abs. Fig 3 - The interface developed in 
this project 

 

A qualitative study was conducted, where all participants said they found the new 

hardware interface to be easier to learn and more intuitive than using a software interface 

(a commonly used digital audio workstation, Ableton Live 8). However, the software 

interface provided more effects and controls, which were more easily accessible. 

Participants also had trouble locating particular sounds on the hardware interface as their 

locations changed. 

The interface proved to have some advantages and maps well to how sound behaves in 

reality. However the main disadvantage was the lack of features and flexibility compared 

to digital audio workstations. In the future, such an interface should aim to further 

implement this functionality in order for it to be competitive. Additionally more novel 

approaches should be investigated to provide more intuitive ways to manipulate effects.  
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1 | Introduction 
Mixing is the process of manipulating multiple sounds to create a balanced mix of the 

sounds when played together. The process of mixing down music has not changed much 

in the last 50 years or so. Mixing a song initially took place at the recording stage, by 

physically positioning sound sources around a microphone in varying positions. As music 

technology developed, tracks were then mixed using a Mixing Desk, a device where the 

parameters of each sound’s channel could be manipulated manually after recording by the 

use of faders and knobs on channel strips. Mixing has now moved almost exclusively 

onto the computer where a digital audio workstation is used to process and manipulate 

each sound extensively to create a desired overall mix of a song, still often using a 

graphical version of the mixing desk. [2] 

Throughout the development of music technology, there has been less physicality when 

mixing audio. However, it has been shown that tangible interfaces can have many 

benefits over digital interfaces [3].  

The simplest way to increase physicality would be to re-introduce the mixing desk. 

However I believe that the mixing desk does not map intuitively to the spatial properties 

of sound. Making use of spatial positioning could provide a more intuitive approach to 

experimenting with potential mixes of a song quickly. Instead of changing values on a 

screen or by using physical faders and knobs, users could physically move tangible sound 

sources on a surface representing a stage. These tangibles could also provide further 

controls for effects. This concept has previously been referred to as the stage metaphor 

[1].  

 
FIGURE 1 - STAGE METAPHOR (LEFT) AND CHANNEL-STRIP METAPHOR (RIGHT) [1] 
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2 | Goals 
The overall goal of this project is to re-introduce physicality into mixing audio. I intend to 

do this by exploring how to make use of the stage metaphor in the design of a new 

interface. Such an interface could also prove particularly useful in live performance 

settings where changes to the mix need to be made quickly and effortlessly. This project 

aims to achieve the following: 

 Conduct research into the stage metaphor and interfaces that make use of it. 

 Analyse these existing interfaces to aid in the design of a new interface. 

 Design and implement a tangible interface that instantiates the stage metaphor. 

This interface aims to give users a more intuitive and tactile approach to mixing 

music where desired results can be achieved faster and with less effort from the 

user. 

 Evaluate the new interface through a qualitative study. This study will compare 

the interface to a commonly used software interface used for audio mixing. 
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3 | Background 
In this chapter I will be looking at the stage metaphor, interfaces that instantiate the stage 

metaphor, and other tangible interfaces that are of relevance to this project. 

Audio Processes 
Given the musical nature of this project, some audio mixing terminology needs to be 

explained: 

 Volume/Level -The most fundamental parameter in a mix is the volume of sound 

sources, determining how ‘loud’ the sound appears to sound. Naturally, as sound 

sources are further away from the listener they appear to decrease in volume. 

 Panning – Panning gives the listener a sense of the direction from where the 

sound source is originating by adjusting the left and right channels of a stereo 

audio signal. 

 Compression - Compression reduces the dynamic-range of a sound’s amplitude 

over time. For sounds that have a lot of movement in amplitude, this essentially 

normalises the volume of the signal. 

 Equalisation (EQ) - The equaliser allows the user to reduce or increase the 

amplitude of certain frequency ranges across the sound’s frequency spectrum. 

 Reverb - Reverb simulates the reflection and diffusion of sound waves in a room. 

A reverb effect gives the sound source a perceived sense of depth, and indicates 

to the user the type of environment the sound source is being played in.  

Tangible Bits 
Tangible Bits [3] proposes the idea of bridging the gap between bits and atoms. In other 

words, mapping the digital domain to the physical domain though the use of graspable 

objects and ambient media in a physical environment. We have interacted with the 

physical world all our lives and have developed rich senses and skills. A possible 

application of the paper’s findings would be creating a tangible interface for mixing 

audio, which takes advantage of human abilities in the physical domain. 

The Stage Metaphor 
David Gibson proposes the idea of the ‘virtual stage’ or stage metaphor in his book ‘The 

Art of Mixing’ [4]. It is a concept that describes how the spatial position of sounds can be 

mapped to mixer controls. He discusses how objects further away from the listener 

decrease in volume, and are panned based on their left to right position on the virtual 

stage. He also discusses how the height of the sound’s position can be used to describe 

the prominent frequencies in the sound. The Y-axis can then be thought of as the 

frequency response. 
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FIGURE 2 – THE VIRTUAL STAGE [4] 

 

FIGURE 3 – REVERB IN THE VIRTUAL STAGE [4] 

Figure 2 is a visualisation of how multiple sound sources can be placed in a virtual stage. 

The cymbals are placed at a great height due to their large high frequency content, and are 

panned varyingly from left to right. The distance of each sphere (sound source) from the 

front of the stage represents their volume level. Figure 3 shows how reverberation is not 

affected by panning since the effect covers the whole room. Though David Gibson’s 

stage metaphor is in this case applied to stereo sound, the same concepts can be applied to 

a surround sound or three-dimensional mix. 

Stage Metaphor Based Interfaces 
There is little research into mixing interfaces that use the stage metaphor. There are to the 

best of my knowledge, only two hardware interfaces that instantiate this metaphor. I will 

be analysing these interfaces, a multi-touch interface and an interface that makes use of 

smart tangibles. 

Multi-Touch Stage Mixing 

In ‘Multitouch Interface for Audio Mixing’ [5], J.Carrascal and S. Jordà implement a 

multi-touch mixer based on the stage metaphor. It allows for surround sound mixing and 

features a movable listening point. The results showed that users (with no experience in 

audio mixing, one individual with experience) created their intended mix in a time 

significantly shorter compared to a conventional mixing desk. 

 

FIGURE 4 – MULTI-TOUCH STAGE MIXER [5] 
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This interface however lacked detailed editing of effects. The paper concluded that in 

order for this interface to be competitive, the interface needed to match or extend the 

functionality of a conventional mixer. 

Tangible Mix Surface 

Steven Gelineck has done research into using the stage metaphor with both multi-touch 

and tangible interfaces. One interface that closely matches what I am trying to achieve is 

implemented in ‘Towards an Interface for Music Mixing based on Smart Tangibles and 

Multitouch’ [6]. This interface extends Gelineck’s previous multi-touch interface and 

uses tangible smart blocks on the multi-touch surface to control parameters. This 

technology is aimed at expert sound technicians and producers to aid them in producing a 

final mix in a studio setting. 

 

FIGURE 5 – TANGIBLE MIX SURFACE [6] 

The smart blocks use the CUI32Stem board
1
 which is used for the prototyping of 

hardware related to musical interfaces. The smart blocks detect how many fingers are 

touching the tangible using capacitive touch sensors. When the tangible is rotated, an 

effect is manipulated depending on the number of fingers in contact with it. 

In their paper they evaluated a variety of designs including using no tangibles, tangibles 

for each sound source, tangibles for each effect and a tangible for each hand. Overall, 

users found the interface more intuitive than a conventional mixing desk. 

Some of the major pitfalls of the design were the lack of flexibility and detailed editing 

that is provided in modern Digital Audio Workstations. Sounds were often difficult to 

locate due to clutter. There were difficulties in mapping the complexity of the digital 

domain into the physical domain which the researchers attempted to solve using smart 

tangible blocks. The interface also had no audio routing capabilities. 

It will be important to look at the flaws in this design as this project will mainly be aimed 

at extending and improving upon this interface in some way. 

Other Relevant Musical Interfaces 
Other interfaces related to music (but not necessarily audio mixing) can provide an 

interesting insight into relevant technology and different approaches that could be used 

when designing the new interface. 

                                                   

 

1
 D. Overholt, The CREATE USB Interface - where art meets electronics 
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reacTable 

The reacTable [7] is a TTI (table-top tangible interface [8]) that allows users to compose 

live music and manipulate sound. The reacTable takes a modular approach to 

composition and provides tangible blocks for the user to move on a table. 

 

FIGURE 6 – THE REACTABLE 

The surface works using computer vision as opposed to multi-touch capacitive 

technology. The undersides of the blocks have distinct patterns on them which are 

illuminated by infrared lighting and captured by a camera below the table. This technique 

is known as Diffuse Illumination. The image captured is interpreted by the reacTIVision 

framework [9] to track block position and rotation, which then broadcasts messages using 

the TUIO protocol
2
. This technology will be explained in greater detail further in the 

paper. 

 
FIGURE 7 – THE REACTABLE HARDWARE 

Tangible Bots 

Tangible Bots [10] is a TTI that uses motorized tangibles that reflect changes in the 

digital model by haptic feedback. This interface also uses Diffuse Illumination for object 

tracking. The tangibles on the surface can rotate themselves and move to different 

                                                   

 

2
 TUIO - http://www.tuio.org/ 
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locations across the surface. These tangibles can also track fine-grain rotation and 

translation caused by the user moving the tangible. 

 

FIGURE 8 - TANGIBLE BOTS [10] 

Overall, users found the motorized tangibles less taxing than non-motorized tangibles. A 

second study was conducted to evaluate the use of the tangibles in a musical arrangement 

and mixing scenario. The haptic feedback prevented the tangibles from being rotated over 

their minimum and maximum parameter values, which users said gave “the feel of a 

physical knob”. Two participants felt that the tangible bots were more complex to master 

than a traditional musical instrument, but allowed for a more complex and varied 

performance.  
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4 | Analysis 
In this chapter I will be analysing the stage metaphor further and the interfaces seen so 

far. 

Potential Drawbacks of the Stage Metaphor 
Though using the stage metaphor may have its advantages, there are many potential 

drawbacks that must be considered.  

Given the large number of parameters for each effect it can be difficult to perform 

detailed editing of certain parameters individually, unless the interface provides a way to 

do this. Every sound source will be physically movable, which can cause confusion when 

locating particular sounds. Compare this to a mixing desk, where each sound stays on a 

dedicated channel strip for the entirety of the session. 

When working on particularly large projects with a large number of sounds, 

overcrowding of sound sources on the physical surface can become an issue. Physical 

space on the interface is limited, as opposed to space on a computer monitor. Using 

tangible blocks means that no two blocks can occupy the same physical space, which can 

cause problems for the user when they wish to mix two sounds in the same place. 

Mixing desks use ‘send’ and ‘bus’ channels to route audio, allowing more flexibility in 

how the overall mix is processed. These techniques are commonly used in mixing but 

could be challenging to implement in a tangible way. 

Using/Improving Previous Designs 
The tangible mix surface [6] mentioned earlier could be improved upon by looking at 

how a 3
rd

 physical dimension (height) could be used.  

A modular approach to effects could be used to increase the flexibility offered by the 

interface, rather than limiting each sound source to the same finite set of effects. The 

number of controllable parameters is limited to the available screen space around the 

block.  

The tangible mix surface is also limited to a single multi-touch surface. Removing the 

need for a particular surface and instead focusing on just the tangible blocks (whose 

location can be tracked without a custom built surface) could increase the mobility of the 

interface.  

Equalisation in this interface is limited to high-pass and low-pass frequency filters. This 

may not suffice for mixing scenarios where more complex equalisation is needed. 

Parametric equalisation offers a greater degree of control over the frequency spectrum. 

For grouping sounds, stackable blocks could be used. Alternatively a separate screen 

could be used to define groups of sounds and match these groups to physical blocks. 

Looking at the Tangible Bots [10], a possible application of this technology in mixing 

would be for automating effect parameters. For example, the user could move a tangible 

across the surface, with its movement being recorded and saved. The tangible could then 

follow this recorded path as the song is played again.  
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This technology could also be used to support a large number of sounds in one song on 

one surface by splitting the sounds into groups, and allowing the user to cycle between 

these groups. Whenever a new group of sounds is loaded, the tangibles could move and 

rotate themselves to the loaded sounds’ rotations and positions. 
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5 | Design of a New Interface 
This chapter describes the design of the new interface. 

Tracking of Spatial Properties 
There must first be a method to track the spatial position of instruments. This method will 

need to: 

 Track objects larger than a point. 

 Track multiple objects simultaneously. 

 Be able to distinguish multiple objects from each other. 

 Compute the position and rotation of the objects on the surface. 

A capacitive touch screen will not be suitable as it cannot distinguish between different 

objects in contact with the surface. FTIR
3
 (Frustrated total internal reflection) is a form of 

tracking that provides only finger tracking and does not support object tracking.  

Diffuse Illumination provides both finger and object tracking, and can distinguish 

multiple objects from each other. A diffuse illumination table will require a diffusor 

surface, an infra-red camera, a projector, and infra-red illuminators. The details of how 

these are used are explained in the implementation chapter. The reacTIVision framework 

[9] seen in the reacTable can interpret the video captured by the table and send object 

spatial positions and rotations in real-time to a client application (in this case, the 

application responsible for sound generation). 

Manipulation of Individual Sounds 
The tangible objects that represent the sound sources will need to provide some additional 

controls to allow individual sounds to be manipulated. It is important that this object 

allows for detailed editing of the audio processes associated with the sound. This tangible 

also needs to be small enough to avoid clutter on the surface. 

Sound can be thought of as being ‘sculpted’, especially in a mixing scenario. This could 

be reflected in the design of the tangible object, perhaps by the use of a shape changing 

object. One potential use of this could be changing the frequency response of a sound by 

shaping a tangible that represents the sounds equaliser curve. This could be achieved 

using 8 potentiometers which each represent a band in the sound’s frequency range 

(similar to an 8 band graphic equaliser). 

                                                   

 

3 Frustrated total internal reflection: A demonstration and review – S.Zhu, A.W.Yu, D.Hawley and 

R.Roy 
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FIGURE 9 - EXAMPLE OF A SHAPE CHANGING CONTROL SCHEME 

This design however requires a large amount of physical space on the tangible, leaving 

little space for other controls. Furthermore it still does not offer the level of detailed 

editing seen in many parametric equalisers, where specific frequencies can be boosted or 

cut much more precisely. 

I have instead decided to use a control scheme that generalises well to all effects, rather 

than using separate controls for each effect. This will save considerable space on the 

tangible. Only one effect will be adjusted at a time. Three encoders with push button 

switches will adjust the active effect’s parameters. The active effect can be changed by 

pushing down the left or right encoder, cycling left or right through effects. There will 

need to be some visual feedback for the user to see what effect is active and what 

parameter they are changing. This can be shown with an OLED screen below the 

encoders. This control scheme offers a greater level of detailed editing than the interface 

developed in [6]. 

 

FIGURE 10 - A SKETCH OF THE TANGIBLE 

The effects and effect parameters I have chosen tend to be commonly used in mixing 

audio (reverb, compression and equalisation) however the generic control scheme can be 

easily extended to work on other effects and processes. The controllable parameters are 

mapped to the encoders (FX1, FX2, FX3) as follows: 

 For compression, FX1 controls threshold, FX2 controls ratio and FX3 controls 

attack. 

 For equalisation, FX1 controls frequency, FX2 controls amplitude and FX3 

controls bandwidth (Q). This controls a single band parametric equaliser. 

 For reverb, FX1 controls dry/wet signal ratio, FX2 controls reverberation time 

and FX3 controls high frequency dampening. 
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Another important feature to include will be mute and solo functionality. When solo is 

active on a sound, all other sounds are muted. Mute will be triggered by making use of 

the middle encoder’s button, and solo will be triggered by a capacitive touch strip along 

the top edge of the tangible. This allows the user to solo the tangible with one hand, while 

adjusting parameters with the other. 

Routing Audio 
In [6], routing audio was not possible. To offer some flexibility in how audio is routed a 

special type of tangible (the Send block) will be used, imitating the send functionality 

found on mixing desks. This block is identical to the other blocks except it is not a sound 

source in itself, but rather accepts audio input from other blocks. A new effect will be 

added to the other blocks which allows the user to send a proportion of that block’s 

output signal to the send block. With many send blocks this could allow for a very 

flexible audio routing system, but for this project only one could be made with the 

available funding. 

 

FIGURE 11 – THE SEND MENU 

In this example about 30% of the block’s signal is being sent to send block 1. 
 

An example of the use of this block is to have consistent reverberation throughout many 

sounds. The reverberation effect can be configured on the send block and other blocks 

can send some of their output signal to that send block to have reverberation applied. The 

result would be a collection of sounds that sound like they are being played in the same 

room. 

Sound Generation (Max 7) 
For sound generation I will be using Cycling 74’s Max 7

4
. It is used for digital signal 

processing (DSP) and provides good support for interaction with interfaces using serial, 

HID and MIDI protocols. It is predominantly a visual programming language and uses a 

modular system which allows the user to abstract audio devices from their lower level 

computations. Scripting in MSP (Max 7’s language) and JavaScript is also available when 

required. Max 7 will receive the TUIO messages from the reacTIVision framework and 

interpret them. 

Fig. 12 shows how all the system’s components will be connected to each other.  

                                                   

 

4
 Cycling 74’ - Max 7 - https://cycling74.com/products/max/ 

https://cycling74.com/products/max/
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FIGURE 12 - SYSTEM OVERVIEW 
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6 | Implementation 
This chapter explains in detail how the interface has been implemented. 

Diffuse Illumination Table 
Fig. 13 shows how the components in the Diffuse Illumination table are arranged. 

 

FIGURE 13 - THE DIFFUSE ILLUMINATION TABLE 

The table measures 90x90x60cm, a large enough size to support many blocks, but small 

enough for every part of the surface to be easily reachable. At the base of the interior of 

the table is a PS3 Eye camera which is directed towards the underside of the surface. The 

infra-red filter has been removed from the camera and replaced with a visible light filter 

(long pass >700nm). This ensures only infra-red lighting is captured by the camera so the 

video is not disrupted by environmental lighting from above the table’s surface. The 

camera is then fixed to a frame to bring the camera closer to the surface. 

The interior of the table is illuminated by 850nm infra-red LED lamps fixed on opposing 

table legs. This provides the infra-red illumination needed for the camera to capture the 

objects placed onto the surface. 

The surface uses clear Perspex Acrylic as a solid base. I experimented with several 

materials for the diffusor: Mylar, Vellum, frosted Perspex and frosted sheeting. The 

diffusor needed to allow enough light through for the tangible blocks to be clearly visible 

by the camera whilst diffusing light from any objects that are not in direct contact with 

the surface. The frosted sheeting produced the best results. 
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FIGURE 14 - THE DI TABLE (INTERIOR) 

As seen in Fig. 14 a projector and mirror were also setup inside the table to provide visual 

feedback on the surface, however due to time constraints these were not used in the final 

design. 

The camera is connected to a computer running the reacTIVision software which 

interprets the images captured and outputs the spatial position and rotation of the fiducials 

placed on the surface.  

   

FIGURE 15 - REACTIVISION SOURCE, EQUALISED AND TARGET IMAGES 

Frame equalisation was used to improve the tracking performance by only detecting 

differences in light. The gradient map and grid size were also adjusted to improve the 

target image (Fig. 15). ReacTIVision sends messages via UDP which use the TUIO 

protocol. This allows the messages to be received by Max 7. 
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Tangible Blocks 

 

FIGURE 16 - BLOCK SCHEMATIC 

The tangible block uses an Arduino Uno. I have used mechanical rotary encoders with 

integrated switch buttons. Digital pins 2-7 on the Arduino are connected to the A/B 

(DT/CLK) pins on the encoders. Digital pins 8-10 are connected to the switch pins (SW) 

on the encoders. An RGB SMD module is used where the blue pin (B) is connected to 

Arduino pin 11. A 9V battery and simple switch were also added to allow the device to be 

turned on and off easily.  

Arduino pins 12 and 13 were initially used as send and receive pins for the capacitive 

touch sensor, but this component was removed in the final design as the reading from the 

sensor fluctuated too greatly. Instead, the solo function was moved to the middle encoder 

button, taking the place of the mute function. The mute is now triggered by rotating the 

block away from the user, as will be explained later. 

For visual feedback a 1.3” OLED screen was used. There are two commonly used 

protocols for communicating with OLED screens, SPI and I2C. SPI offers faster drawing 

speeds in some cases, but uses more pins on the Arduino. I decided to use the I2C 

protocol instead to reduce the number of pins used. The block would need to 

communicate wirelessly so an XBee Series 2 module was used, connected to the Arduino 

via an XBee wireless shield. 
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A casing for the block was drawn in Adobe Illustrator and created using a laser cutter, 

shown below: 

 

FIGURE 17 – BLOCK CASING DESIGN 

 

FIGURE 18 – A COMPLETED BLOCK 

The Arduino Uno only offers 2 hardware interrupt pins, but 3 are needed to use 3 

encoders with interrupts. To work around this, I have used pin change interrupts. This 

detects a change in the pin and triggers the associated interrupt service routine, in this 

case a function which reads the encoder’s current position and stores it in a given 

variable.  

The parameters for each effect are stored globally so they can be saved and recovered as 

the active effect is switched. A global variable called ‘change’ is used to detect whenever 

there is a parameter change. If a change has been made, all of the block’s parameters are 

broadcast via serial communication. The parameters are sent in a particular order, 

separated by whitespace and ended with a newline: 

[BLOCK ID] [ReverbFx1] [ReverbFx2] [ReverbFx3] [CompressionFx1] 
[CompressionFx2] [CompressionFx3] [EqualiserFx1] [EqualiserFx2] 
[EqualiserFx3] [Send1] [Send2] [Send3] [MUTE] [SOLO] 
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Here is an example of a message that might be sent: 

2 64 54 40 32 55 10 10 34 45 66 78 45 0 3 

The BLOCK ID is different for each block and allows Max 7 to determine which block is 

sending the message. All effect and send parameters are in the range 0-127 much like 

MIDI messages. MUTE is either a 0 or 1. SOLO is set to either 0 or a number related to 

the block’s ID which will eventually control a signal switch (explained later). Whenever 

solo is active, pin 10 is set high to turn the SMD LED blue, giving further visual feedback 

to the user. 

Visual feedback needs to be drawn on the screen. For this I have used the u8glib library 

which supports the I2C protocol and provides basic drawing functions. The active effect 

is written at the top of the screen. I created appropriate visual representations for each 

effect. For the reverb effect, three knobs are drawn on screen showing the position of 

each encoder. For the compression effect, a compressor curve is drawn on screen along 

with the numerical values of the parameters. For the equaliser effect an equaliser curve is 

drawn, showing the user how they are affecting the frequency spectrum. This is drawn 

using a simple Gaussian distribution function where frequency is the mean, bandwidth is 

the standard deviation, and amplitude is the height. This curve is precomputed to improve 

drawing times. 

The code used to draw the visualisations can be found in the Appendix, item A. 

 

FIGURE 19 - REVERB MENU 

 

FIGURE 20 - COMPRESSOR 

MENU 

 

 

FIGURE 21 - EQUALISER MENU 

 

For the Arduino to communicate wirelessly, serial data has to be sent through the XBee 

module and received by another XBee module. Each Arduino has its own XBee module, 

and the computer running the interface software has an XBee module. There are two 

modes XBee can operate in, AT and API. I have used AT (transparent) mode, where data 

sent to the XBee is immediately sent to the destination address stored in XBee memory. 

This works well for simple networks where the destination address does not change often. 

In this case the destination address will always be the computer’s XBee module. 

Digi’s XCTU is software that allows XBee modules to be reconfigured. Using XCTU, the 

computer’s XBee module is setup as a coordinator, and the Arduino’s Xbees are setup as 

routers. The routers broadcast messages, and the coordinator receives these messages. In 

this project communication is one-way, but the XBee modules can be configured for two-

way communication in the future. The baud rate is set to 9600bps for both serial and 

wireless communication for reliable communication. The XBee module connected to the 

computer is visible as a serial port, which is how Max 7 receives the data. 
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Funding allowed for a total of 5 blocks to be made, enough for a proof of concept 

although many more blocks may be needed in a real world application. Some coloured 

stickers were placed on the blocks to help the user distinguish them from each other. 

 

 

FIGURE 22 - THE COMPLETED INTERFACE 

Sound Generation (Max 7) 
The key components of the Max 7 patch can be seen in Appendix – Item B. The patch is 

responsible for receiving input from the hardware and generating the sound. It must first 

receive input from both the blocks and the surface.  

TUIO 

The reacTIVision framework provides a Max 7 module which receives the TUIO 

messages sent from reacTIVision and converts them into Max/MSP messages, allowing 

the spatial position of each block to be used in Max 7. These x, y and rotational positions 

are sent to their respective Block modules (explained later). 

Serial Communication 

The Max 7 patch also contains a serial communication module which accepts messages 

from a serial communication channel (in this case the XBee module connected to the 

computer). These messages are parsed to obtain each parameter for the block that sent the 

message. The first parameter is the block’s ID which controls a one-to-many switch, 

routing the block’s parameters to the correct Block module in the Max 7 patch. A short 

delay (2ms) is used to allow the switch sufficient time to change before sending the rest 

of the parameters through. 

Block module 

The Block module is responsible for modifying the input signal of a block with respect to 

the block’s parameters. There is a Block module for each physical block on the surface. 
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The signal chain is shown in Fig. 23 where black arrows are audio signals, and blue 

arrows are control values. 

 

FIGURE 23 - BLOCK MODULE 

The input signal is passed through compression, equalisation and reverb effects in order. 

These are third party applications
5
 running through the VST (Virtual Studio Technology) 

interface. The parameters received from the Serial Communication module are routed to 

certain parameters in each effect.  

The Cartesian (X, Y) coordinates of the block (received from the TUIO module) are 

converted to polar coordinates (R, θ). R is now the volume of the block and θ is the pan 

of the block. Polar coordinates map well to volume and pan controls and give a much 

more realistic sonic representation of the block’s position relative to its spatial position. 

These new parameters are sent to the volume and pan faders in the signal chain. 

Before sending the audio signal out of the Block module, it passes through a signal 

switch, which mutes the signal according to the control value it is given (0 or 1). The 

rotation of the block (received from the TUIO module) is looked at here. If the rotation of 

the block is between 80 and 280 degrees (facing away from the user) then the block is 

                                                   

 

5 Plugins used: Compression – FabFilter Pro C, Equalisation – FabFilter Pro Q, Reverb – Variety 

of Sound epicVerb 
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muted. The last block parameter (the solo parameter) is sent directly to the Solo Router 

module. 

Solo Router module 

The audio signals outputted from each Block module are routed to the Solo Router 

module. This module is responsible for providing the solo functionality found on 

conventional audio mixing desks. When a sound is soloed, it means all other sounds are 

muted. This allows the user to only listen to a particular sound by triggering the solo 

button on the sound’s block. 

 

FIGURE 24 – SOLO ROUTER MODULE 

The module works using a many-to-one signal switch. The first input on the switch sends 

all of the Blocks’ signals through to the master output. The other inputs let through only a 

certain Block’s signal. The switch is controlled by each block’s solo parameter, which 

sets the switch to the correct input when received. Whenever the solo button is turned off, 

the Solo Router allows all audio signals through again. 

Transport/Loading 

Finally, audio files need to be loaded into the software for playback. The sfplay module 

allows a WAV file to be loaded into each Block module and played using a transport 

control. Each WAV file contains the audio of one instrument in the music being mixed. 
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7 | Evaluation 
The goal of mixing audio is generally to produce a balanced mix that is pleasing to listen 

to, however this is a subjective goal and can be difficult to quantify and measure. Such a 

goal would be best analysed with a qualitative evaluation. 

The goal of the study is to get the participants’ feedback when mixing music on two 

different interfaces: the hardware interface vs. a software interface. The bigger goal is to 

find improvements to the system. 

Participants 
8 participants will be recruited from our institution. Participants will be between the ages 

of 18 – 25. Participation in the study is voluntary. The participants will be asked to sign a 

consent form and will be free to withdraw at any time during the study without having to 

give a reason. 

Apparatus 
The experiment will be recorded using a camera for further analysis. In the hardware 

condition, the participants will perform the task on the system developed in this project. 

In the software condition, the participants will be assessed on a commonly used Digital 

Audio Workstation (DAW) on a computer, more specifically ‘Ableton Live 8’.  

Task 
The task consists of mixing a song. The participant will first be given a demonstration on 

how to use both interfaces. They will then be given 5 minutes to practice using the 

interface, familiarizing themselves with the controls. The experiment will then begin. The 

participant will be given a piece of music they have not heard before, and will then be 

asked to mix the music using the interface until they reach their desired mix. They will 

have a maximum of 10 minutes on each interface to achieve this goal and will mix a 

different song on each interface. 

Experimental design 
I will be using a within-group design. Participants will test both interface (hardware or 

software) with counterbalancing to avoid order effects. The songs will also be 

counterbalanced: 

Group Task 1 Task 2 

A Software / Song 1 Hardware / Song 2 

B Hardware / Song 2 Software / Song 1 

C Software / Song 2 Hardware / Song 1 

D Hardware / Song 1 Software / Song 2 

There will be 2 participants in each group. Each participant will perform one trial. At the 

end, all participants will be interviewed to gain insight on how the new interface 

performed and how it could be further improved. The experiment will take approximately 

30 minutes. 
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Results 
The interview responses and video recordings were both analysed. Common themes were 

found in the interview responses. 

All participants found the hardware interface easier to learn and use. They also mentioned 

it was far more enjoyable to use. Some participants said the software was overwhelming 

at times with too many unnecessary controls on screen. However other participants 

preferred having the controls of all effects visible at once in the software, rather than 

having to cycle through effect menus. One participant said the tactile feel of the encoder 

allowed them to adjust the parameters more accurately, in smaller increments. 

Almost all participants found they achieved their desired results most quickly with the 

hardware interface.  

There was no significant agreement between participants in how visually responsive each 

interface felt. Some participants said the need for visual feedback was reduced on the 

table, as the panning and volume was already visible by the block’s position on the 

surface. 

What participants preferred about the software interface was that all the controls were 

immediately accessible (no menus), each sound was easier to locate as and there were 

more controls for each effect. Visual indicators such as the EQ curve were greatly relied 

upon by some participants, who also said that these were better in the software. In terms 

of transport controls, you could see exactly what section of the song you were playing by 

looking at the audio channel’s waveform.  

The video recordings showed that participants only ever focused on one sound at a time, 

rather than thinking about the mix of sounds as a whole. Due to this, almost all the 

participants only used to solo function and never used the mute function (The mute 

function was only ever used once). The recordings show that only one hand was used at a 

time to manipulate one parameter at a time. Perhaps giving the user an incentive to make 

use of both hands could improve the interface. All participants explored using the send 

block and made some use of it in their final mix, especially for creating a global 

reverberation effect. From observation of the participants using the software, it was clear 

that almost all of them completely disregarded the volume and panning controls. 

In terms of improving the interface further, some participants agreed that larger screens or 

an additional display would allow for more controls and make the controls more 

immediately accessible. One participant suggested the use of holograms to display three 

dimensional visualizations for each effect. Another participant said that stackable blocks 

could be used for effects, which was also mentioned earlier in the project. 

The stage metaphor was found to be useful in controlling the spatial properties of sounds. 

Overall, the hardware appears to be much more intuitive, but lacks some of the features 

and aesthetics found in the commercial software.  
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8 | Future Work 
This interface has, to the best of my knowledge, been the first stage-metaphor based TTI 

to make use of send routing, and provides a better level of control over effect parameters 

than seen in similar interfaces (although this could still be further improved). 

Some form of automation needs to be implemented to allow parameters to be changed in 

a specific way over time. DAWs often allow the user to write in how the parameter will 

change in certain parts of the song. 

The tangibles could provide a more novel form of interaction in the future. Earlier it was 

mentioned that shape changing tangibles could be used that represent the sound’s sonic 

qualities. This could make the manipulation of specific effects even more intuitive. 

The participants’ reliance on visuals indicates that additional visual feedback would be 

useful, perhaps by visual feedback on the surface itself. 

The clutter problem still needs to be addressed. The number of usable sounds in a future 

interface should not be limited to the amount of physical space available, and the sounds 

should be more easily locatable by the use of instrument names or icons. 

The stage metaphor also does not have to be limited to a table-top interface. Future 

research could investigate the use of the stage metaphor in large spaces or how 3D spatial 

tracking could be used. 

It is clear that the stage metaphor has its advantages, but the main challenge now will be 

continuing to implement the features and flexibility offered by a DAW or mixing desk. 

Due to the complexity and flexibility of modern mixing technology, this could be a 

difficult task. In future work, many different approaches may need to be investigated in 

order to create a tangible mixing interface that is competitive with modern mixing desks 

and digital audio workstations. 
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Appendix 

A – Tangible Block Arduino Code (Drawing and Encoder functions) 
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B – Max 7 Patch 

VirtualStage (Main Patch) 
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Block 
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Serial Communication 

Based upon the serial communication tutorial provided with Max 7 
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Solo Router 

 


