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Overview of this deliverable
This deliverable describes the conceptual development and prototyping process for a set of abstracted
sound artefacts developed for CLOSED. These objects were designed to reveal basic design components relevant for interactive sound design of everyday artifacts, and to support the evaluation of the
functional and aesthetic aspects of interactive sound products that is being conducted in collaboration
with the colleagues at Ircam (see deliverable 4.2). The artifacts were developed based on previous
research on the existing products in their contexts of use and basic design ideas, described in more
detail in Deliverable 3.1. The present deliverable describes refined design concepts, a number of different prototypes developed. Two of the more advanced design cases that have been developed through
several iterations, the Spinotron and the Ecotile, are also described, along with the prototyping process
that produced them. An indication is provided of developments to follow in subsequent stages of the
project.
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1 Design Research Methodology
An overarching goal of ZHdK research in CLOSED is to explore and to define new methods that
can support the process of creation of interactive sonic artefacts. Figure 1.1 provides something of
an overview of the design methodology that led to the creation of the artifacts described in this
deliverable. As described in Deliverable 3.1, the process involves an investigation of basic interactions
around artifacts salient to a particular context, and the abstraction of formal sound, action, and
structural primitives from that context, as a medium for subsequent compositional activities, in the
spirit of basic design. Although represented here as a logical sequence, many design research activities
have been happening concurrently. This process is constantly reshaping and it serves as an exploration
tool rather than as a proposition for a fixed sequence of methods.

Figure 1.1: Creation process using basic design and situated research methods.
The design methodology used in CLOSED project integrates basic design methods into the field
of interaction design. Several of the methods involved, such as reduction, abstraction and random
combination of design elements, were adapted for the setting of sonic interaction design, under study
in CLOSED. However, the pitfall of the basic design method is that it fails to account for the myriad
issues arising in different contexts of use. Thus, it can direct creators towards formal explorations
rather than the products based on the human needs. Therefore, the process was adapted to integrate
both basic and situated methods. A brief description follows.

1.1 Overview of Methodology for Experimental Abstract Objects
The initial research creation at ZHdK focused upon the creation of experimental artefacts, devoid of
specific functionality, designed to investigate the coupling between human movement with an object
and continuous sonic feedback. The work that was undertaken served to define ideas for artefacts that
afford simple manual interactions, such as squeezing, pushing or twisting, coupled to continuous sonic
feedback. However, their research was also grounded in the field research on the use of manual tools
conducted in the kitchen setting (See Deliverable 3.1). The methodology can be described as follows:
1. Background research on relevant interaction materials
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2. Documentation of interactions in an existing setting (kitchen)
3. Analysis and abstraction from everyday experiences (with manual tools)
4. Shaping and combination of found materials (sound and action)
5. Creation of new interactive artefacts (experimental)
6. Specification and conduction of experiments
Figure 1.2 shows how this process links situated experience to the interactive object. The link
between the two is the notion of interaction gestalt. In order to design the latter, the designer needs
to know what attributes or qualities to work with. The process proposed here provides a set of
practices that allow to define the design material by abstracting it from the context and the lived
experience. Among related work, that of Youn-Kyung Lim, Erik Stolterman, Heekyoung Jung and
Justin Donaldson is highly relevant. These authors specified several attributes of interaction gestalts
for interactive products through the analysis of existing examples of such products [4].

Figure 1.2: Design process for abstract artefacts.
Although, as stated, the goal was to create objects lacking any specific functionality, creation of
abstract artefacts was initiated through connection to everyday settings, including the domestic kitchen
environment. The goal was to identify and to tacitly engage with interactivity of an existing experience.
Researchers employed simple ways of exploring the situated interaction in order to establish their design
materials. However, the loop applied here to the experimental purposes can be extended to the design
of functional artefacts by placing and evaluating them in the context (See Section 5).
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2 Conceptual Development of Sonically Enhanced
Artefacts
2.1 Introduction
As described in earlier project literature, the abstract sound artifacts are designed to explore the
functional-aesthetics of physical, behavioural, and sonic properties in everyday objects without the
burden of familiarity that might overspecialize user responses. Moreover, each artifact represents
salient features abstracted from the everyday tangible sonic experiences researched in Task 3.1, retaining only the most basic features of their functionality. Deliverable 3.1, Chapter 3: Scenarios and
Concepts for Sonically Enhanced Products describes the issues taken into account in the conceptual
development of the artifacts. At their most basic level, the examples are composed of a physical
artifact, a basic mode of interaction (composed from one of the action primitives or primitives), a
sound design that expresses this action, and a task and context that unifies these characteristics in
a compelling way. Appropriate control mappings from physical artifacts to physically-based sound
simulation were also discussed in Deliverable 3.1.

Sketches of abstract sound artifacts
The previously developed design concepts, application scenarios and experimental tasks (documented on the webpage http://sound-scene-storm.wikispaces.com/ ) were used as a platform for discussion between partners. The consortium selected examples that are most suitable for integrating
of physically based sound models developed in WP2, for informing the predictive measurement tools
from WP5 and for conducting human reception experiments in WP4. This identification was the
initial step towards the development (design specification and fabrication) of the artifacts described
below.

2.2 Specifications for Selected Concepts
A set of design concepts for sonically augmented, abstracted sound artifacts described in deliverable
D3.1 were further developed. Each abstract object was conceptualized together with its abstract
scenarios of use and in relations to experiments to be conducted with it. The object was defined
through the description of the object’s form and affordance, the action or the way to handle the
object, the action primitives and the sounds involved, the way action and sound may affect each other,
technical details, experimental task and potential real world scenario. Two examples are provided here.
4

Twister

What is it?
caffetiera.

It is a vessel with two halves that screw shut into one another, forming a seal, as on a

How do you do it? You hold the upper and lower part together and start screwing until the desired
tightness is reached, as reflected in the sonic feedback.
What are relevant action primitives?
gether.

Screwing, twisting, tightening. Fitting matched parts to-

What is the sound? How does it relate to action? Rubber-squeaking sounds, friction sounds,
metallic sounds. The vessel furnishes assistive sound when being assembled. When the unit is closed
appropriately tightly, the sound disappears. In order to assist tightening without overtightening, an
additional tightness-linked feedback informs about this level of tightness, becoming urgent as the
tightness limit is approached, and fading or attaining a different character if that point is overshot.
Technical details? A force sensor with a layer of rubber could be used to measure the tightness. The
initial screwing could be measured using a pair of rate gyroscopes, one on each half, or perhaps using
an optical encoder matched between the two parts.
Experimental task? Subjects are presented a set of vessels to be assembled. They must be screwed
to identical amounts of tightness, by approximating a predetermined level of tightnes.
Real world scenario? Resembles a sonic assistant to help you find the correct level of tightness for
your caffettiera. The augmented caffettiera would make a lot of (helpful) noises when being put
together. This is critical, because if it’s too tight, you won’t be able to open it anymore after boiling
and if it’s too loose pressure is lost and your coffee will turn out bad. Therefore a short but continuous
feedback is supplied to inform you about the ”level of tightness”. It recalls a DJ finding the kick drum
on a record by moving the record back and forth.
The caffetiera example was discussed by CLOSED colleagues at a Venice project meeting of CLOSED.
The scenario was further developed in a doctoral seminar of the University of Verona, hosted in Venice
by Davide Rocchesso and Pietro Polotti [7].
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Spinotron

This concept was chosen by the consortium to become a subject of experiments on functionality and
aesthetics conducted at Ircam during 2008. The Spinotron utilizes associations of action and sound
that are both less familiar and more indirect. Although these elements may not seem to be related
from familiar experience, they can be ecologically coupled as in the case of the Spinotron:
What is it?
regular rate

A device that one pumps to energize or pressurize it. Piston must be compressed at

How do you do it?
back upward.

Apply periodic force, compressing piston on top of device down. Piston springs

What are relevant action primitives?

Plunging (like clearing a drain). Pumping. Pressing.

What is mental metaphor or control dynamics? Virtual rotating cylinder with particles on bottom
(circular) surface. Cylinder is driven to spin by plunging. Spins freely, with relatively low friction.
Alternative / additional: Vessel is pressurized. Safety valve regulates overpressurization (gas escaping). Virtual pressure supplied by pumping action of device
What is the sound? How does it relate to action? It is the sound of particles rotating in a cylinder:
Rolling sounds and impacts. Aerodynamic sounds associated to fast spinning could be added. Sound
communicates the state of system, its ”energy level” as embodied by spinning particles.
As an alternative, the sound of gas pressurization would communicates whether an excess of energy
is injected.
Technical details?
Experimental task?
and non-excessive.

Mechanical action is spring-loaded. Sensing of position or force.
Subjects maintain target ”energy” level over time. Energy should be constant

Real world scenario? Manual centrifuge dryer (salad or produce drying). Water sedimentation device, for purification in developing countries
In regions without ready access to electricity, such as during travel on remote hikes, or in developing
countries, such a mechanism could be used for clothes drying. In similar settings, it could be used
for water sedimentation (the separation of large particles from impure water), which is a preliminary
stage to purification.
Specifications for each design concept are documented on the following website:
http://sound-scene-storm.wikispaces.com . Several of these concepts for sonically augmented
artifact have been developed into working prototypes.
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3 Prototyping Development for Abstract Sound
Artifacts
ZHdK elaborated the technical and design specifications for each selected prototype by defining their
form and design affordances, mechanical systems and components, algorithm models for capturing
gesture, mappings from gesture to sound, sound models, sensing and actuating systems, capabilities
for embedding electronics and production methods.
The shape of the prototypes was designed, in most cases, with 3D modeling software and produced
via 3D printing processes. The sensing and actuating capabilities were designed to permit integration
of different sound models from WP2 and to achieve the accuracy for performance measurements to be
conducted in WP4.
Significant attention was devoted to the design of control mappings from data acquired about
user actions via sensors to sound synthesis parameters. The strategies employed were described in
Deliverable 3.1. Further efforts on the integration of specific gesture models in this mapping algorithms
are ongoing, using software gesture tracking tools developed by ZHdK personnel. Collaborations with
UNIVR/WP2 on synthesis models required for the prototypes is ongoing. Prototypes have been
delivered to WP4 for perceptual experiments as Deliverable 3.2, with further revision anticipated as
the experimental program proceeds.
SENSING
User Actions

Sensors

PROCESSING

DISPLAY

Microcontroller

Computer
Sound Design (Software)

Low-Rate
Actuators

Light,
Heat, ...

High-Rate
Actuators

Sound,
Touch, ...

Control Model
(Dynamics, Mapping)

Synthesis Model
(SDT-based)

Figure 3.1: Technical organization of the prototype artifacts.
Figure 3.1 shows the hardware and software components that comprise the developed artefacts.
These are grouped into sensing (sensors that are activated by action with the object), processing
(sensor data acquisition through a microcontroller, transmission to a computer, control mapping and
sound synthesis - via Cycling’74 Max/MSP) and display (actuators generating output media).
The elements composing this diagram vary for each specific prototype and are described below.
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Crush
The Crush is an empty vessel to be crushed, compressed to a (predetermined) smaller vertical height.
It is based on the action and sound elements which were studied in the analysis of the experience of
crushing a plastic water bottle. Crush is regularly compressed, via a force applied to its top surface
while the object rests against a solid (table or similar). The accompanying sound is generated by a
physical sound synthesis model of the crushing of a can or the compression of a granular medium,
such as gravel [2]. The model was extended to allow interactive control over the crushing activity, in a
manner similar to the EcoTile prototype (described in more detail below) [9]. The level of crushing is
also reflected in the light illuminating the interior of the artifact. The performative task designed for
this artifact is to compress the object vertically without exceeding some determined threshold, and
“breaking it”, in a sound/light sense.
Physical prototyping: ABS 3D printing (Dimension BST 768)
Sensing: Force Sensing Resistor
Processing: SDT Crumpling, Impact Models
Display:
• Sound of crushing
• RGB Light Feedback - high-intensity (3W) full color (RGB) LED module.
Status: Functional prototype

Figure 3.2: Crush prototypes: Interior, showing the structure, sensors and lights

Figure 3.3: The Crush prototype and interaction with it

Ambient Motion
In the Ambient Motion artifact, users are guided by sound in order to explore a space of color. The
object can be interpreted as a lamp whose light intensity and color can be adjusted by continuously
moving it. When a user’s gestures guide a virtual ball inside the lamp into rolling in one direction or
the other, the sound of the ball rolling inside the lamp is produced, and a coloured glow is elicited
from the artifact, reflecting the direction of rolling.
Physical prototyping: ABS 3D printing (Dimension)
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Sensing:
• Inertial (3-axis accelerometer)
Processing:
• SDT Rolling model
Display:
• Sound of two rolling balls
• RGB Light Feedback
Status: Functional prototype

Figure 3.4: The lower part of the lamp exposing electronics and the lamp in use.

Figure 3.5: The Ambient Motion lamp in use.

Twister
The Twister is an object with two halves that screw shut into one another, forming a seal (as on a
caffettiera). The vessel furnishes assistive sound when being assembled. The feedback informs about
the assembly and level of tightness. The shape affords a continuous twisting motion and the physical
tightening of the top is measured through a mechanism within the artefact. The increase in tightness
is expressed through sound of resonant squeaking. Its pitch increases and density of squeak-events
decreases as the tightness grows. The proposed experimental task was to screw the Twister to a
perfectly tightness that is communicated through sonic feedback.
Physical prototyping: ABS 3D printing (Dimension)
Sensing:
• Force Sensing Resistor
Processing:
• SDT Impact
• Friction Models
Display:
• Sound of two rolling balls
• RGB Light Feedback
Status: Mockup
9

Figure 3.6: Twister’s suggestive shape, produced using 3D rapid prototyping.

Figure 3.7: Exploration of forms through 3D modeling.

Sonic Vessel
Resembling a bottle or other receptacle, the Sonic Vessel augments the act of pouring. It is inspired by
the everyday action of pouring liquids (see also liquid pouring analysis in Deliverable 3.1). The Sonic
Vessel is filled with a dry granular material, and the filling is linked to the quantity of this material
that has entered the vessel. A physical sound synthesis model of liquid sounds is excited by the arrival
of material in the vessel, and modulated according to the level of material that has entered it.
Rather than affording interaction directly through the manipulation of primitives linked to pouring
(i.e. grasping, elevating, displacing, tilting), the artifact employs the intermediate concept of transportable medium to facilitate control. In addition to pouring water or granular materials such as
sand, this prototype can also be used to augment interaction with other media, such as controlling
the intensity of light or volume control (See Section 5).
Physical prototyping: Fused deposition 3D printing (Z-Corp)
Sensing:
• Force Sensing Resistor (Interlink FSR model 402) - measures the overall weight of the vessel,
and consequently the amount of material in it.
• Piezoelectric Vibration Transducer - coupled to the underside of the interior wall of the vessel
Processing: SDT Impact Model
Display:
• Integrated Acoustic Feedback - a small loudspeaker in integrated in a cavity beneath the
vessel.
• RGB Light Feedback
Status: Functional prototype

10

Figure 3.8: Sonic Vessel: the receptacle and the bottom part hosting speaker and sensing system.

Interactive Bottle
The interactive bottle was conceived as a simple bottle for pouring liquid or data, providing intuitive
ecological feedback about the pouring process through sound. The artifact has been designed for use
with impact-like and liquid-drop-like sounds.
An adaptive version was conceived in collaboration with the TU-Berlin group, aiming to demonstrate
the search of a control parameter space for adapting the parameters of a physical sound model based
on the preference of a designer and user. Sound in this case is synthesized from a controlled version of
the SDT liquid drop sound model, based on data acquired from a 3-axis accelerometer embedded in the
bottle. A user of the artifact performs a pouring action repeatedly, iteratively supplying evaluations
of the quality of the resulting sounds. These evaluations used by a least squares algorithm to calculate
the direction and amount of movement of the sound control parameters in the parameter space. After
each learning step, four new parameter values are generated, and tested by the user in the same way.
Physical prototyping:
• Plastic Mockup
• Fused deposition 3D printing (Z-Corp) - Several variations
Sensing: Intertial (3-axis accelerometer)
Processing:
• SDT Impact Model
• SDT Bubble Model
Display:
• Integrated Acoustic Feedback
Status: Functional prototype

Figure 3.9: Mockup of the interactive Wireless, battery-powered Adaptive Bottle and 3d printed
version with hidden electronics.
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Figure 3.10: Adaptive bottle prototype under demonstration at NIPS conference, Vancouver, December 2007.

Salter
Artifact for shaking color onto a surface, accompanied by sound.
Physical prototyping: Fused deposition 3D printing (Z-Corp)
Sensing:
• Inertial (3-axis accelerometer)
• Orientation (pointing) sensor (IR)
Sound:
• SDT impact model
• Stochastic process (“salt shaking”)
Status: Semi-functional prototype

Shaker prototype.
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4 Experimental Prototypes: Robust Design and
Functionality
The prototypes described above provide an initial prospective and are potential candidates for the
demonstration case of Task 3.4. Two of these artifacts were developed into final prototypes.

4.1 Spinotron
The conceptual design of the Spinotron was described in section 2.2, above. It is a device that one
rhythmically pumps to energize or pressurize it, via a piston that must be compressed at a regular
rate.
• Physical prototyping: Mechanical Components; Other materials
• Sensing: High resolution rotary encoder
• Sound: SDT Rolling, impact models; New Rolling and flywheel/ratchet synthesis model
• Status: Functional prototype

Figure 4.1: Spinotron prototypes, after several iterations of functional prototypes.
The artifact that has been developed consists of a form of cylindrical symmetry, and either convex or
concave profile. One interacts with it through a pumping action, with force applied to the top. A user
may depress the top half into the bottom half, compressing the object by up to twelve centimeters,
from where it returns to full extension once the force applied by the user is released. Two basic sound
designs have been pursued for the device. The first consists of several variations on a ball or balls
rolling inside of a spinning bowl. The second consists of slowly rotating ratchet mechanism. Both
are described in what follows. In experiments on functional sound assessment being conducted with
Ircam, users of the device are asked to maintain the respective system at a constant energy level, using
the auditory feedback provided by the device.

4.1.1 Prototype development: Physical prototyping and physical computing
Several prototypes of the Spinotron mechanism and electronics are shown in figure 4.2. These were
designed respectively under the constraints that they fit within the relevant form, as shown in figure
13

4.3.

Figure 4.2: Variations of the Spinotron prototype: core structure, mechanism, electronics.
The first prototype (figure 4.2, left) was assembled using surplus steel and linear guide components,
a 1000 count/rotation rotary encoder for sensing the position of the moving shaft, and an Atmel-AVR
based microcontroller board (manufacturer: Wiring). The spring return was provided by a small
length of shock (bungee) cord. Preliminary evaluations revealed this arrangement to be excessively
complicated, to possess a larger stroke of movement than required, and to produce excessive mechanical
noise.

Figure 4.3: Integration of mechanism, electronics, and outward embodiment.
Subsequent models employed a linear stage based on off-the-shelf pistons normally intended for
industrial pneumatic systems. These systems have the advantage of intrinsic damping due to the
passage of air. The level of damping has been tuned by obstructing the inlet ports of the cylinders in
a controlled manner. The same method can be used to mitigate the pneumatic noise produced by the
device. Sensing in these prototypes has been based respectively on inexpensive infrared range sensors
(Sharp model GP2D12) or somewhat more costly, but commensurately more precise, long-stroke linear
potentiometers (ETI Systems model LCP12S).
As with other recent CLOSED prototypes, the outward embodiments of the artifacts (figure 4.4
were designed in 3D software (Rhinoceros, by McNeel Inc.) and produced in ABS plastic using a 3D
printer (Dimension model 768 BST).

4.1.2 Metaphors for the Spinotron - Ball in a Rotating Bowl
One of the control metaphors designed for use with the Spinotron is based on the three-dimensional
physics of a virtual ball in a bowl (figure 4.5), which is coupled to a model for generation of sound
14

Figure 4.4: “Convex” and “concave” variations of the Spinotron embodiment.
from the ball movements. This dynamical model was selected to convey a clear mental model, due to
the familiar gestalt of a ball rolling in a bowl.

Figure 4.5: An illustration of the first control metaphor developed for the Spinotron, based on a ball
in a tilted bowl, which is set into rotation by the pumping of the Spinotron mechanism.
Rotation of the vessel is accomplished by a control mapping linking the downward velocity of the
pumping motion to a torque applied to the bowl. The ball rolling dynamics is obtained by numerical
integration of physical equations of motion governing rolling in a vessel of the given shape. The
Lagrangian function is:
1
1
L = mẋ2 + I α̇2 + mgh(x), constraint : x3 = h(x)
2
2

(4.1)

Here, x is the ball coordinate in three dimensions, m is the mass of the ball, α is the angular acceleration
of the ball’s rotation, I is its moment of inertia, g is the acceleration due to gravity, and h is a height
function for the shape of the bowl. For simple bowl shapes h(x), one obtains closed-form solutions to
the equation of motion directly. These describe the motion of the position of the center of mass of the
ball, and consequently its velocity. These values are utilized for the synthesis of the rolling sound, as
described below.
A user is able to control the system by pumping the Spinotron to generate rotation of the virtual
bowl. The velocity of the pumping motion is half-wave rectified, retaining the downward component
only, and this signal is scaled to provide the torque that generates rotation in the bowl, through another
set of numerically integrated equations. The rate of the bowl’s response is governed by the angular
momentum of the bowl. Other dynamical parameters such as the bowl shape and ball geometry govern
the resulting response of the system.
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Rolling Sounds in Spinotron
Two new rolling sound models have been developed for use with the Spinotron. While both models
utilize the low-level SDT impact model, the new higher-level rolling synthesis schemes were developed
in part to avoid numerical instability problems that afflict the past SDT rolling model, and to allow
more direct control over ball velocity.
In the first of these models, rolling sounds are produced by a bandwidth-enhanced modal synthesis
model driven by noise, as described in prior a publication by van den Doel and Pai [8]. The results
were judged to be too noisy to convey a clear mental image of a small ball rolling in a bowl. The
resulting sound tended to qualitatively resemble that of a large and extremely heavy cylinder rolling
on an irregular surface, such as a road.

Figure 4.6: Rolling as an elastic process composed of microscopic cascades of bounces.
A second synthesis model was developed based on the notion of cascades of bouncing impacts
between the ball and the irregular profile of the bowl wall, which is modeled as a stochastic process.
At each time interval dt an impact is generated with probability p(dt) and energy proportional to the
squared velocity v 2 of the ball. Following the usual physics of bouncing, a next bounce occurs after
a time interval given by ∆t ∝ v/g, (g is the acceleration due to gravity), and the process repeats
until some minimum bounce height is achieved. This model is similar to the conceptual rolling model
that underlies the current SDT model [6]. Unlike the existing SDT rolling model, each ball-bowl
impact results in a cascade of elastic bouncing events, leading to a small-scale bouncing gestalt. The
bouncing gestalt has been noted as potentially salient to rolling sound recognition in previous literature
[3]. Figure 4.6 provides a graphical illustration.

4.1.3 Metaphors for the Spinotron - Rotating Flywheel Model
The results of a pilot study, conducted with researchers at Ircam, indicated that the dynamical model
of a ball rolling in a bowl proved too complex for users to easily control. As a result, a simplified
control and synthesis model was developed. The metaphor is that the pumping generates rotation of
a wheel possessing rotational inertia. The control model is identical to the bowl-rotation component
of the Spinotron model described above. The sound of this wheel is based on a ratchet mechanism,
similar to that which is present in a socket wrench or bicycle wheel (figure 4.7). For each angular
increment of rotation, a tooth of the ratchet is encountered, leading to an impact sound between small
metal parts. This is reproduced using the SDT impact model, with some additional control variability.
The resulting model appears to provided a clearer mental model, and simplified control mechanism.

4.2 Floor tile for display of ecological information in walking: The
EcoTile
The EcoTile is an otherwise normal floor tile designed to provide the impression of walking on different
ground materials, such as gravel, carpet, or stone, through interactive sonic and tactile feedback. The
device uses affordable and commercially available acoustic and vibrotactile actuators and force sensors
to generate this impression.
• Structure: Plywood or aluminum extrusion
16

Figure 4.7: A simplified Spinotron synthesis model was designed based on the notion of a ratcheted
flywheel, whose rotation is driven by the pumping motion of the device.
• Tile surface: Polycarbonate
• Actuation: high dynamic range vibrotactile actuator rigidly attached to tile surface (acoustic
radiation of surface)
• Sensing: 4 x Force sensing resistors (per tile)
• Sound: SDT Crumple model; Others (see below)
• Status: Functional prototype

Figure 4.8: Two generations of prototypes for the EcoTile. The newest (right) was recently exhibited
in the demonstration track at the conference Eurohaptics 2008.
The idea is that it might one day be cost-effectively used in everyday environments to permit to
control the auditory and tactile appearance of otherwise neutral floor surfaces. The broad motivation
has been described in detail in prior publications of ZHdK researchers [10]. The artifact created for
CLOSED has been based on a model of walking on granular or aggregate surfaces, such as gravel,
sand, or snow (figure 4.9).

Figure 4.9: The EcoTile is based on the conceptually direct metaphor of walking on a granular surface,
such as gravel.
While walking sounds constitute an important subcategory of everyday sounds, there has been
limited work to date on their interactive synthesis and control. Notable exceptions include the work of
Cook on control of walking sounds for soundtrack design, and Nordahl’s study of the use of interactive
walking sounds to improve presence during ego-motion in VR settings [5] (work undertaken as part of
the IST-FET Presence II project BENOGO).
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The control software used in our work is described below, and in prior publications [10, 9]. It is
based on a lumped model of physical interactions between the foot and the ground surface. It was
motivated by the idea that a simplified signal delivered to a walking user, might successfully evoke
real-world materials provided certain of their features are preserved. The tiles explore the extent to
which pedestrians can be provided with the illusion that they are walking on materials such as gravel,
earth, or pavement, through the interactive variation of sound and touch generated via interaction
between the feet and surface of a floor tile.

4.2.1 Prototyping and Physical Design
Figure 4.8 shows two of the prototypes developed for the EcoTile. The initial model consisted of a
simple wood frame suspending a polycarbonate tile, with actuator attached. The design details are
otherwise similar to the two-by-two tile described below. The latter, second prototype extended the
first to multiple tiles. A modular aluminum frame was used for the second prototype shown, in part
to facilitate demonstration activities as part of project dissemination.

Figure 4.10: Left: An image of the an earlier tile prototype (2nd revision), showing the tile surface
(polycarbonate sheet), vibrotactile actuator, force-sensing resistors, structural frame, and associated
electronics. Right: Diagram of the same, including the PC running the floor material simulation.

4.2.2 Device Design and Methodology
The current device design (Figure 4.10) consists of an array of 12 × 12 × 0.5 inch polycarbonate tiles
affixed to dense foam supported by a structural frame. A powerful linear motor actuator (Clark
Synthesis model TST-Silver) is bolted via a steel plate to the underside of each tile. This actuator
has a frequency response that extends from about 10 Hz to 18 kHz. Force sensing resistors (Interlink
model 402) are encased in the layer of foam between the supporting structure and the tile surface. The
sensor signals are conditioned, then digitized by a microprocessor board (Atmel AVR ATmega128).
A serial data link transmits the data to a software simulation, described below, which is hosted by
a real-time computing environment (Cycling’74 Max/MSP). The simulation uses components from
the CLOSED SDT library. It generates independent audio signals for each tile. These signals are
used to drive each actuator, via a 100 W / channel, class-D audio amplifier. The system is controlled
in open-loop fashion. The input-output latency is less than 20 ms, which is adequate for aggregate
material simulations, but marginal for solids. The device produces vibrotactile stimuli, as well as
auditory stimuli that are respectively transmitted and radiated by the vibrating surface of each tile.
Auditory and haptic stimuli are generated continuously from the artifact in response to users’ footsteps. The current system uses a model of granular or aggregate materials, appropriate for simulating
the effect of walking on snow, gravel, sand and similar materials. The interactive synthesis is based
on prior work by Fontana et al. on crumping sound models, now part of the SDT library [2]. The
basic model has been modified to suit the nature of the walking sounds investigated here, as well
as the interactive control required. Its main features are a stochastic control process governing the
production of microscopic impacts, characterized by a mean rate N (t), a nonlinear impact model, and
a model for the dispersion of excitations in the medium. A high-level view of this process is shown in
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Figure 4.11: The synthesis model for walking sounds, which is divided into a stochastic control section,
modeling the distributions of granular impact events in time and energy, and a modal synthesis section,
modeling the attack and modal spectrum of the individual impact events.
Figure 4.11. A set of parameters governs the virtual material, including stiffness and the distribution
of resonant modes.
Identification of Ground Materials in Walking
A procedure and apparatus for measuring the acoustic and vibrational responses of real ground materials and for matching synthesis model parameters to those materials has been developed (Figure
4.12). It is described in detail in [10].

Figure 4.12: Prototype measurement apparatus for acquiring interactive response of real ground materials.
Analysis of the recordings so obtained is used to define a statistical distribution of resonant modes
for the SDT impact model that is used for the lowest level of synthesis (Figure 4.13). The static
modal synthesis implementation of the original granular walking sound model is replaced by a random
process sampling from the modal distributions that result from this analysis.

Figure 4.13: Walking sound analysis for modal parameter extraction.
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5 Next Steps: Toward Functional Artifacts
The next, and final, deliverable of WP3 concerns the creation of compelling demonstration cases for
sound design arising from the CLOSED process. The artifacts so produced will differ from those
created above primarily by virtue of the fact that they will be designed to suit explicit roles as
functional products. Their creation will involve integrating within the process described above both
the new dimension of functionality, and the accompanying requirement that the product fit within
its context or contexts of use. As a result of these additions, an expanded view of evaluation is
needed, which takes into account functional performance and more holistic measures of the experience
engendered by the device for those that use it. Much of this, of course, mirrors evaluative methods
that are used in other areas of design, although issues that are particularly salient to sonic interaction
design, as have been highlighted in CLOSED work to date, are notably relevant.
By contrast with the abstract artifacts described above, products that are situated in real-world
settings need to integrate aspects of those contexts in meaningful ways. The experience created by
such an artifact is shaped by both perception of formal elements as well as by meanings emerging from
users’ behavioral habits, use patterns, cultural backgrounds, social interactions, and other contextually
relevant issues. The former can be addressed through basic design methods, while the latter are
explored and designed for through situated research. As noted elsewhere, in order to perform situated
research, interaction designers often rely upon ethnographic data as an extrinsic input to design.
In this approach, contexts of application and potential users are seen to be the origin of a design
question. However, as noted in Deliverable 3.1, some researchers, including Dourish [1] have argued
that the real value in contextual research is to explain experiences rather than to provide design
guidelines. Therefore, such contextual elements can be seen as one dimension in the creative process
that constitutes design. The challenge is to integrate the relevant embedded, reflective, analytic, and
context-immersed research practices with other design methods. Part of the research toward D3.3 will
therefore be designed to meet these challenges.

5.1 Functional Artefacts: Concepts and Methods
Basic design methods can enhance ethnographic approaches by introducing more formal and structured
design practice. Thus, for the objects that are designed for and evaluated in everyday contexts, the
authors propose to close the design loop through evaluation in the context of relevance (See figure 5.1).
Such an evaluation is nothing new for interaction designers, but the loop proposed here incorporates
the basic strategies, including the analysis of materials and that of interaction gestalts.

Figure 5.1: Design process for functional artefacts.
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The functional artefacts will be created during the remaining project period and will be described
in deliverable 3.3. Exploratory projects in this direction are already under development. Products
being studied include sonically augmented drinking glasses and sonically enhanced toothbrushes. In
the latter, the design is based on the notion that sound is capable of raising awareness of one’s actions
as well as of making more enjoyable the experience of brushing the teeth. The sound may be designed
to reflect the appropriateness of brushing method or the cleanliness of the teeth. Alternatively, it may
be focused on establishing a particular mood – say, one of relaxation before bedtime. Initial prototypes
are in development (see figure 5.2).

Figure 5.2: Interactive toothbrushes – first prototype (3D printed model, with replaceable brush head
and accomodations for electronic components).
WP3 is also exploring functional designs based on socially interactive drinking glasses. The idea is
that such glasses might enable flows of sound and light between them when touched and manipulated
in a social setting, such as a dinner or a bar. Their sonic and luminous responses would be activated by
and continuously coupled to the actions that are performed with them, such as pouring. When more of
the glasses are in use, collective modifications of their interactive behavior would ensue, generating a
range of potential connections between the people using the glass and between the artifacts themselves.
Initial prototypes of such glasses have already been created (figure 5.3).

Figure 5.3: Interactive glasses - first functional artefacts.
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