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Context
The plethora of new technologies for sensing and capturing human movement offers exciting
possibilities for interaction with digital media. Yet, beyond purely functional gesture-based control,
designing expressive interactions that take into account the complexity of human movement
remains a major challenge. This project addresses movement modeling in contemporary dance. In
particular, we consider the design of interactive systems for augmented dance, where the dancer’s
movements are mapped to continuous sound or music feedback. Such an application requires both
computational features that describe some of the expressive aspects of movement, and tools that
allow to personalize the motion-sound mapping by example using machine learning. In previous
work, we have developed techniques for movement analysis1 and for real-time movement
recognition and mapping.2
In this project, we consider an extreme case of this scenario: augmented dance performance where
all interactions are created in real-time through live-coding.3 The goal is to allow for real-time
improvisation between a coder and a dancer. This situation involves capturing, annotating, analyzing
and mapping movement to sound on the fly. This internship will focus on developing new interfaces
for live-coding in augmented dance, that make use of interactive machine learning techniques. This
work will be conducted in collaboration with dancers. A collaboration with cognitive scientists on the
topic of movement observation and anticipation can also be considered.

Goals
The main goal of this internship is to design, implement and evaluate new interfaces for live-coding
movement interaction. While there exists some methods and technologies for rapid prototyping
using movement analysis and machine learning, current tools remain limited for the case of real-time
improvisation, that can be seen as “extreme prototyping”: all interactions are created in real-time
between the coder/designer and the performer.
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The student will first review related work on live-coding in music performance, expressive
movement analysis, and interactive machine learning for the design of interactive systems. Through
a collaboration with contemporary dancers, the student will then develop several prototypes of
interfaces for real-time movement interaction, addressing a number of complementary aspects of
the live-coding context:
●
●
●
●
●

How to anticipate and efficiently capture particular gestures of the performer?
How to interactively segment and annotate the performer’s movements?
How to build feature extraction on the fly to analyze expressive movement?
How to automatically discover features and patterns from the performer’s movement
(unsupervised learning)?
How to learn machine learning models of movement and sound relationship on the fly and
refine them along the performance (online learning)?

These interfaces will be developed within an open-source live-coding platform using web
technologies for movement analysis, gesture recognition and mapping (XMM4) and sound synthesis
(WebAudio API). Finally, the student will conduct a user study (design the protocol, conduct the
study, analyse the results) aiming to evaluate one or several of the proposed interfaces. The study
will compare new interfaces with existing tools in the context of live-coding (for example, through a
workshop with dancers). The student will be in charge of specifying the protocol, conducting the
study, and analyzing the results.
This project belongs to the emerging research field of Human-Centered Machine Learning.5 This
internship could be pursued as a doctorate with a broader scope on the topic of machine learning
for extreme prototyping and live-coding for movement interaction. According to the results obtained,
the internship may result in a publication in an international conference (ACM CHI, ACM TEI, NIME,
MOCO).

Overview of the work
The work will include the following steps:
1. State of the art on live-coding, movement modeling and interactive machine learning.
2. Design, implementation and pilot evaluations of various algorithms and interfaces for
movement capture, annotation and modeling in a live-coding context
3. User study evaluating one or several of the proposed interfaces: from the specification of the
protocol to the analysis of the results.

Student’s Profile
We are looking for a Master’s student with strong human-computer interaction / signal processing /
machine learning skills, as well as an interest in dance and performing arts. Programming proficiency
is required (preferably with JavaScript).

How to apply
Send a CV, cover letter, and recent grades records to: j ules.francoise@limsi.fr
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