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ABSTRACT
The PebbleBox and the CrumbleBag are examples of a gran-
ular interaction paradigm, in which the manipulation of
physical grains of arbitrary material becomes the basis for
interacting with granular sound synthesis models. The sounds
made by the grains as they are manipulated are analysed,
and parameters such as grain rate, grain amplitude and
grain density are extracted. These parameters are then used
to control the granulation of arbitrary sound samples in real
time. In this way, a direct link is made between the hap-
tic sensation of interacting with grains and the control of
granular sounds.
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1. INTRODUCTION
Interaction with objects in the world around us is a richly

multisensory experience. Casting a pebble into a pond, we
both see the ripples resulting from the disturbance of the
water’s surface and hear the impact of the stone on the wa-
ter as a disturbance of the air. If we are close enough and the
stone is big enough, we might also get wet. Furthermore, the
interaction of stone and water makes certain information ex-
plicit - the size of the splash is correlated with both the size
of the stone and the force with which it was thrown, and the
sound it makes provides information about the depth of the
water. Thus the physical laws that govern the behaviour
of stones falling into water give rise to an event which is
perceived via many sensory channels which each encode, in
their different ways the complexity of the event. The per-
ceptual system therefore has a number of representations of
the event upon which to draw. In this paper, we suggest
that it is possible to build a methodology for sound control
upon commonalities between the behaviour of physical ob-
jects and that of sound objects which share many of their
physical properties. In particular, we focus on the technique
of granulation, presenting two instances of expressive instru-
ments for live control of granular synthesis.

Granular synthesis has long been an important and widely
used compositional technique in Computer Music. Its liter-
ature is too extensive to be sufficiently reviewed here —
we refer the reader to a recent comprehensive exposition by
Curtis Road [21].

Granular synthesis has also been used in live computer
music performance including novel interfaces for expressive

control of granulated sound. For example, in ”The Lobster
Quadrille” [24], Dan Trueman used his sensor-augmented
violin bow, (the RBow [25]), to play granular models. Ad-
ditionally a number of controllers related to granular syn-
thesis have been proposed. These include Timothy Opie’s
Fish [15, 16] Gadd and Fels’ MetaMUSE [7], Perry Cook’s
PhISM and FoleyMat controllers [2, 3] and the MIDI key-
board and laptop based Creatovox by Roads [21]. Cook also
proposed a granular approach to Gait synthesis [3] which is
also related to other footware controllers [18]. While all of
these controllers drive granular synthesis, and have some
haptic feel to them, they usually do not retain the haptic
component of the granular interaction itself. For example,
Cook’s PhISM shakers retain the form factor and weight of
an acoustic shaker, but the moving particles (pebbles or the
like) are removed and replaced by rigidly anchored electron-
ics. Hence the performer does not feel the particle inter-
action - they feel the coarse haptic experience but not the
fine detail. This also holds for Gadd and Fels’ MetaMUSE
[7] and the RBow [25]. In the case of the Opie and Road’s
controllers, the control gesture is abstracted from the inter-
action and neither level is captured directly.

Our interest here is in retaining the haptic features that
are relevant for the parametric control of the sound syn-
thesis algorithm. To the best of our knowledge, this goal
has not been explicitly stated elsewhere in the literature.
While musical devices that have implicit haptic components
have been explored elsewhere e.g. the Musical Playpen and
Musical Candy Bowl of Weinberg and coworkers [28, 27]
which employed spatially distributed accelerometers, these
were not used for tight musical coupling or control of event-
based granular synthesis.

2. DESIGN GOALS
The overarching goal of our work on haptic controllers for

computer-based musical instruments is to uncover instances
of

coupling, however loose, between the haptic and audi-
tory senses and to build on these couplings to develop new
paradigms for

instrument control. The examples presented here repre-
sent a sub-set of such controllers, those based on interac-
tions that are mediated by physical objects,the properties
they embody and the manipulation strategies they invoke.

For more details on experimental investigations into the
importance of haptic feedback for musical performance see
[14]).
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Figure 6: Thresholding of dropping pebbles (top)
and pebbles shuffled in one hand (bottom).

the events have impulsive onsets, hence the first gradient
should be expected to lead to a strongest maximum. This
amplitude is then used as an immediate measure of grain
strength. After a grain event is detected, the detection for
further granular events is postponed until a certain time has
expired (a so-called retriggering delay dr). The purpose is
to detect only events that lie in the temporal range of per-
ception (t > 0.05 − 0.1s or alternatively f < 10 − 20Hz).
The second purpose of this procedure is to avoid spurious re-
triggering by the decaying oscillation of the detected grain
, waiting until the grain has decayed below the detection
threshold. Hence the inherent signal assumptions are rapid
onset, decaying envelope events, where the decay is of the
order of the retriggering delay dr or faster. For this reason
this procedure would not be meaningful for the class of sus-
tained sounds which would be inherently less suited to the
type of temporal pattern that we are trying to extract. The
relationship of thresholding and retrigger delay to a grain
amplitude envelope can be seen in Figure 5. The final mea-
sure we employ is moving average zero-crossing count. Over
a short-time moving window, the number of zero crossings
are calculated. This value is used as a spectral measure. The
number of zero-crossing is bound from below by the lowest
present frequency in a signal [5] and has a correspondence
overall with the dominant spectral content of a signal (i.e.
the spectral centroid) [19, 17].

We found that despite these assumptions and the sim-
plicity of implementation of this procedure reliable grain
detection and believable control is achieved and hence more
advanced methods were not concerned. Figure 6 shows two
audio signals as detected, including the threshold. The first
signal shows pebbles being dropped into the PebbleBox and
the second displays a handful of pebbles being shuffled in
the player’s hand above the pebble box. As can be seen the
dropping are more distinctly temporally separated events,
whereas the shuffling creates a denser pattern. As can be
seen the impulsive assumption of the signal as well observed,
and grains are well-separated from background noise.

The real-time implementation is based on STK’s real-time
audio duplexing. We found an input and output buffer size

of 128 to work without clicks or missed buffers. This buffer
size, at 22050Hz corresponds to a basic delay of 11.6ms.
Typically grain estimation windows of 100 samples were
used leading to a total delay of around 16.1ms. Perfor-
mance measures are taken on a 1.6GHz Pentium 4 PC run-
ning Windows XP with 256 MB ram and a SoundMAX In-
tegrated Digital Audio device by Analog Devices.

5. EXAMPLES AND APPLICATIONS
To test the controller in a real application, the extracted

data needs to be mapped to sound generation mechanisms.
This is the mapping problem, which has seen both theoretical
and experimental advances [8; 9; 23, for example].

In principle the sensed data can be mapped arbitrarily.
Here we consider the application of our controller design
to two types of granular synthesis. The first is based on
recorded dictionaries of environmental sounds. The second
uses parametric physically informed models developed by
Perry Cook [1, 2, 3].

5.1 Recorded Environmental Sound Grains
We implemented a prototype grain dictionary based on

recordings of natural sounds. 30 grains were explored using
between one and 12 recordings of comparable events. More
recordings were used when similar interactions led to differ-
ent sonic experiences, as for example water splashing or the
buckling of a can, or where the detail of the interaction is
hard to control and hence leads to variation as in the case
of walking, or the shuffling of coins.

The grains are played back based on the granular param-
eters in the grainification process. The onset time triggers
a variable playback event with the playback amplitude de-
fined by the grain onset amplitude. The playback rate, as
a measure of the grains overall frequency, was varied with
the average zero crossing at the instance of onset. In the
absence of the last procedure, the sound is repetitive and
multiple entries in the dictionary of similar grain instances
are necessary. Three grains are found to be still too likely
to have consecutive instances of equal sound events, whereas
this was improved with 8 grains. In the presence of variable
frequency the monotonous appearance of the sound disap-
pears even for only one recorded grain. In the case of mul-
tiple grain recordings for one grain event in the dictionary,
a particular instance is chosen at random. The relationship
between recorded collision sounds and final sound using a
Hammer grain using the PebbleBox can be seen in Figure 7.

5.2 Physically Informed Parametric Models
In order to explore parametric models, we used Perry

Cook’s shaker based granular synthesis as implemented in
his STK software [3] (see the left button row in Figure 8).

Here the mapping of grain onset time and amplitude re-
lates to time and amount of energy infused into the physi-
cally inspired model. The zero-crossing average is mapped to
the center resonance frequency of the models. These models
have inherent stochastic variability. Also some do respond
more immediately to energy infusion than others. This does
affect the perception of playability, and in general a strong
correlation of energy infusion to granular events is desirable.
For details on the parametric model synthesis we refer the
reader to [1, 2, 3].


