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ABSTRACT
The modeling of biological data can be an inspirational
compositional driver for artists seeking to create data-rich
musical multi-media works. Working with the madBPM
(Musical and Auditory Display for Biological Predictive
Modeling) framework, composers and artists can quickly
map data from biological sources to structured sound and
musical process, as well as to visualization processes. The
madBPM project couples real-time audio synthesis and visual rendering with a highly flexible data-ingestion engine.
Each component of the madBPM system is modular, allowing for customization of audio, visual and data-based processing. This paper details the inner workings of madBPM.
1. INTRODUCTION
Data sonification is a rapidly evolving discipline that explores the use of data representing information from scientific processes, analytic models or real-time tracking as the
drivers for sound generating systems. The goal of many
sonification systems is the conveyance and perception of
specific information related to source data as realized using sound as the principal component: an auditory display.
In the same ways that computer-driven visualizations of
datasets create visual analogues to the complex relationships between variables and data abstractions, sonifications
represent data as audible constructs existing in time. For
situations involving real-time multi-modal monitoring of
continuous data streams, auditory displays working in conjunction with visual displays can provide additional attentional bandwidth for tasks ranging from the encoding of
avatar motion and action in virtual space [1, 2] to correcting athletes’ golf swings [3].
When sound is put to use as an expression of structured
data derived from a functional process, a significant transformational and translational component is necessary to
map parameters from this functional realm to parameters
of sound that have the potential to express and expose specific relationships of import within the data. As audible
sound itself is perceptually comprised of a great number
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bre to location in space, the organization of sounds and
the organization of the parameter mappings that are associated with sound become crucial when attempting to create
meaningful sonifications of complex data sets, themselves
representative of complex multivariate processes. Such
aesthetic and artistic exploration of data has great promise
in driving new research paradigms as has been seen in recent projects begun as artistic initiatives such as Stanford
University’s “Brain Stethoscope” — a portable device that
detects the onset of epileptic seizures through the real-time
rhythmic and harmonic musical sonification of pre- and
post-ictal neural activity [4].
In this light, musical sonification can be understood as
the application of organizational techniques commonly attributed to musical composition and performance towards
the grouping and structuring of sound generated from a
data source. Musical characteristics such as pitch, rhythm,
melody, harmony, timbre, tempo, spatialization, attack, decay and intensity can be mapped to raw parameters or calculated attributes of datasets, allowing for the creation of
sonic output that we hear as musical in nature while still capable of conveying a great deal of information. Taken one
step further, musical structures, such as the transformation
of organized or generated note material, or the application
of continuous changes to instrumental parameters responsible for shaping the arc of a musical phrase can also be
driven by analyzed data.
Application of musical structures and techniques in this
mapping process is experimental and compositional. Compositional process focuses at different levels of detail at different points in that process, ranging from low-level noteto-note attention to high-level structural attention. Similarly, sonification can range from mapping sound directly
on discrete data points parsed over time to sonification of
procedures in transformational algorithms. Bovermann et
al. [6] further distinguish between the sonification of algorithms by juxtaposing merely inputs and outputs versus
inputs, outputs, and all intra-algorithmic transformational
steps between. They also propose a distinction for operator based sonification, where scientific models are directly
embedded in sonic mapping functions.
The importance of these distinctions becomes particularly clear when comparing sonification of processed, structured data vs large sets of unstructured data. In the case
of unstructured data, there may not be an inherent model
with which to scaffold sonic or visual mappings and any
data traversal method becomes an even more significant

