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Abstract 
Members of the RAPID-MIX project are building a toolkit that includes a software API for interactive 
machine learning (IML),digital signal processing (DSP), sensor hardware, and cloud-based 
repositories for storing and visualizing audio, visual, and multimodal data. This API provides a 
comprehensive set of software components for rapid prototyping and integration of new sensor 
technologies into products, prototypes and performances.  

We aim to investigate how developers employ and appropriate this toolkit so we can improve it 
based on their feedback. We intend to kickstart the online community around this toolkit with 
eNTERFACE participants as power users and core members, and to integrate their projects as 
demonstrators for the toolkit. Participants will explore and use the RAPID-MIX toolkit for their 
creative projects and learn workflows for using embodied interaction with sensors. 

   

1 EAVI – Embodied AudioVisual Interaction group, Goldsmiths University of London, Computing 
2 MTG/UPF – Music Technology Group, Universitat Pompeu Fabra  
3 IRCAM – Institut de Recherche et Coordination Acoustique/Musique 

 



 

Objectives 
 

Our proposal is aligned with the tradition of eNTERFACE workshops and with many of the listed 

topics such as Innovative Musical Interfaces, Multimodal Interaction, Signal Analysis and Synthesis, 

Gestural Interfaces and Wearable Technology. The main goal of this eNTERFACE’17 workshop is for 

participants to explore and use the Beta version of the RAPID-MIX API, and to learn rapid 

prototyping and integration workflows for using embodied interaction with sensors. eNTERFACE 

2017 falls at an ideal time in the RAPID-MIX API lifecycle: the RAPID-MIX API is already mature 

enough to be useful to participants creating new types of embodied interactions, but feedback and 

contributions from participants are needed to shape the final API, documentation, and user 

community. We are focusing on the following objectives: 

 

Objective 1: Investigate how participants employ the RAPID-MIX API so we can improve it based on 

their feedback. 

 

Our workshop structure employs a hybrid Agile UX approach based on design sprints (Knapp, 

Zeratsky & Kowitz 2016) and participant diary studies (Flaherty, 2016). Participants will attend a 

series of workshops where they will be introduced to specific RAPID-MIX API concepts and 

technologies. The workshops will be followed up by short sprints, in which individuals or teams 

create prototypes of new multimodal, interactive interfaces using those technologies. These 

prototypes will use devices and equipment such as Kinect, Leap Motion, Vicon MoCap, MYOs, 

BITalinos or any other devices brought by the participants themselves. During the sprints, 

participants will be asked to keep a short log of what went well, what questions they had, and what 

did not go well. Each sprint will end with a whole-group meeting discussing people’s design 

experiences.  

We will seek eNTERFACE participants who represent different types of potential users of the API 

(e.g., musical instrument builders, interaction designers, creators of embodied games and interactive 

art, researchers studying human movement or biosignals, etc.). Participants’ logs and discussions 

will help us understand how the different components of our API (e.g., training data structures, 

developer-facing libraries for feature extraction algorithms, interactive machine learning and 

audiovisual synthesis algorithms, high-level interfaces, etc.) are used and appropriated by the 

participants for the creation of their prototypes. We will also use this information to assess the 

“developer-friendliness” of the RAPID-MIX API design according to attributes such as simplicity, 

consistency, memorability, documentation quality, learning resources, etc. This knowledge will help 

us to refine the RAPID-MIX API.  

 

Objective 2: Kickstart the RAPID-MIX API online community with participants’ contributions 

 

We are interested in kickstarting the online community around our toolkit, with eNTERFACE 

participants as power users and core community members. We will integrate the creative projects 

created during participant sprints as demonstrators in the new RAPID-MIX API online community 

repository.  Participants’ discussion and logs will help us to improve the existing RAPID-MIX API 

documentation and tutorials, and we will furthermore invite participants to share their own tutorials 

(e.g., video walkthroughs showing how they made a particular prototype).  

 

 

 

 

 

   

 



 

Background  
 
Over the past few decades, there has been an increasing confluence of research in multimodal 
interaction, sensors, electronics, signal processing, machine learning, and user-centric and rapid 
prototyping design methodologies for software development. Similarly, there is an increasing level of 
user involvement in innovative activities (e.g., customization, end-user development for new 
products) (Flowers et al. 2010). This confluence has great potential for fostering innovation in 
domains such as the creative industries; it may help to close the gap between research outcomes 
and creative products, lead to academic research with more impact and to higher business growth 
rates for innovative firms.  

However, there may be many technical impediments when attempting to create meaningful and 
effective multimodal interactions. For instance, sensor data acquisition can generate a sizeable 
amount of complex data that is difficult to understand; applying signal processing and machine 
learning algorithms can be cumbersome; and the selection of the best set of features is usually 
difficult and highly specific to a given design problem (Fiebrink et al. 2011). Furthermore, most of the 
tools that enable the application of machine learning techniques with sensors are designed for 
experts and are therefore difficult for other users to employ (Hartmann et al. 2007).  

Members of the RAPID-MIX consortium have been addressing these problems with research in 
the design and evaluation of embodied human-computer interfaces for creative and music 
technology. Members of the consortium have created a variety of tools for machine learning, gestural 
control, signal processing, and multimodal signal analysis (e.g., Wekinator, XMM, RepoVizz, 
Maximilian; see Technical Description below). Previous research with some of these technologies has 
shown that interactive machine learning (IML), for instance, can be an intuitive and efficient way of 
programming intended system behaviours, can facilitate rapid prototyping and iterative refinement in 
new systems design, and can be used by people without programming or machine learning expertise 
(Fiebrink, Cook, and Trueman 2011; Fiebrink et al. 2010; Fiebrink 2011, Katan, Grierson, and Fiebrink 
2015). 

We are integrating this portfolio of different technologies for multimodal and expressive interaction 
into a single toolkit. This toolkit, called the RAPID-MIX API, includes support for IML, DSP, for storing 
and visualizing audio and multimodal data in cloud-based repositories. In order to make this toolkit 
as useful, usable, and accessible as possible, we are applying User-Centred Design (UCD) methods 
to engage with developers using the API. This enables us to learn about their experiences and to use 
this knowledge to inform the toolkit design and successive improvements (Bernardo et al. in press).  

We are adopting a hybrid Agile UX approach based on design sprints (Knapp, Zeratsky & Kowitz 
2016) and participant diary studies (Flaherty, 2016), to leverage on the extended workshop format of 
eNTERFACE. This approach will be mutually beneficial both to the participants—who will learn how 
to use the toolkit in creative projects—and for us to learn about their experiences.  The planned 
eNTERFACE activities will also enable us to kickstart the community around our toolkit and model it 
after other creative communities and toolkits (e.g., Processing , openFrameworks , Cinder ).   4 5 6

 
 
 
 
 
 
 

4 http://processing.org/ 
5 http://openframeworks.cc 
6 https://libcinder.org 

 



 

Technical Description 
 
The RAPID-MIX API is a toolkit for developers working in the creative industries as well as for 
academic researchers, hackers, and makers. It is a free, open-source and cross-platform toolkit and 
one of the main outputs of the RAPID-MIX project. The RAPID-MIX API is multi-target and 
cross-platform: it provides C++ and JavaScript components that can support a wide range of 
applications for mobile, Web and standalone desktop applications. It integrates with creative 
platforms such as openFrameworks (C++), Unity (C#, JS), and CodeCircle (JS). The functionalities 
made available by the RAPID-MIX API result from integrating some of the RAPID-MIX background 
technologies:  

● Wekinator (Fiebrink, Cook, and Trueman 2011): a general-purpose, standalone application for 
applying interactive machine learning. It provides a high-level interface to supervised learning 
algorithms and their parameters, and it enables users to rapidly create and edit datasets, 
train and run models in real time. Wekinator has been used in the Kadenze MOOC “Machine 
Learning for Musicians and Artists” (Fiebrink, 2016) with thousands  of students all over the 
world. 

● XMM (Françoise, Schnell, and Bevilacqua 2013): libraries for using Hierarchical Hidden 
Markov Models for classification and regression to model gesture and sound parameters, 
and for creating mappings between gesture and sound in interactive music systems. 

● Gesture Variation Follower (Caramiaux et al. 2015): a library for real-time gesture recognition 
and analysis that employs a template-based method using Sequential Monte Carlo 
inference. 

● RepoVizz (Mayor et al. 2013) is a cloud service for collaborative data-driven research 
projects on performance and body motion, supporting structural formatting, remote storage, 
browsing, exchange, annotation, and visualization of synchronous multimodal and 
time-aligned data. 

● Maximilian (Grierson and Kiefer 2011) is a C++/Javascript (Maxi.js) library, designed to ease 
the use of a wide array of audio features by providing a user-friendly syntax and program 
structure. It provides audio features such as standard waveforms, envelopes, sample 
playback, resonant filters, and delay lines, equal power stereo, quadraphonic and 8-channel 
ambisonic support. There’s also granular synthesis with time stretching, FFTs and feature 
extraction for music information retrieval. 

 
 
Figure 1 depicts a generic pipeline with some functionalities provided by the RAPID-MIX API. 
 
 

 
 
 

Figure 1. Pipeline of RAPID-MIX API 
 

 



 

For this eNTERFACE project, we are looking for participants to employ the RAPID-MIX API in their 

creative projects, integrating sensing technologies, DSP, IML for embodied interaction and 

audiovisual synthesis. It is helpful to think of RAPID-MIX-style projects as combining sensor inputs 

and media outputs with an intermediate layer of software logic, often including machine learning. 

Machine learning may be used as a tool for a developer to refine a particular interaction, or it may be 

exposed to end users to allow them to customize their own individual interactions. Possible input 

devices and environments include: 

● Arduino 

● Audio-Video/Webcam (Computer vision, openCV) 

● Bitalino (biosignals) 

● Game controllers (e.g., Joysticks, GameTrak, WiiMote, etc.) 

● Leap Motion 

● Microsoft Kinect 

● Mobile device sensors (iOS or Android) 

● Any other hardware or custom software written in openFrameworks/C++, Processing, Java, 

JavaScript, Max/MSP, PureData, or a number of other environments. 

 

Collaborators and members of the RAPID-MIX consortium have used these inputs to control and 

generate a variety of live output processes, including: 

● Ableton Live (audio) 

● ChucK (audio) 

● IFTTT (“if this then that,” IoT) 

● Max/MSP (audio, video) 

● MIDI 

● openFrameworks (C++, animation) 

● PureData (PD) (audio) 

● Processing (animation + audio) 

● Unity (game engine) 

 

We are structuring our design sprint approach using work packages (WPs) where introductory 

workshops are included in two-to-five-day design sprints, which conclude with core community 

development and content production.  

 

WP1 - Induction on a RAPID-MIX subset 
Our work schedule will involve presentations on specific RAPID-MIX technologies alternating with 

prototyping sprints to allow participants to gain practical experience with elements of the toolkit. 

Participants will have the chance to learn about the different aspects of the RAPID-MIX API, 

modules, functionalities and associated workflows. We are proposing to divide the induction material 

by the according to subsets of the RAPID-MIX API (see Work plan and Implementation schedule 

section), which will be delivered by different members of the team. 

 
WP2 - Design sprints with rapid prototyping and code documentation 

After induction, participants will work either individually or in teams to identify design challenges for 

their projects, which should be shaped by their expertise and interests. Nevertheless, participants 

are expected to have background in creative coding and multimedia, so they can focus on applying 

DSP and ML using the core parts of the RAPID-MIX API. One design challenge should be identified 

for each sprint; participants will define intrinsic goals, carry out research for motivating extrinsic 

goals, so that the prototype in not exclusively technology-driven, but also driven by content, artistic 

motivation or potential market needs. They will ideate solutions that integrate the RAPID-MIX API 

and will engage in rapid prototyping with direct support of the mentoring team. This should lead to 

the creation of a demonstrator of an application, tool or interface. 

 



 

 

WP3 - Core community development 
These short sprints will feed into a growing body of online discussion and documentation on the 

RAPID-MIX API website. An important part of this workshop is the exploration of possibilities of the 

design space that this toolkit provides, and the documentation of that exploration for future 

developers. Participants should use the forums to place questions, comments and suggestions as 

they go through the sprints.   

 
WP4 - Content development and production 

The final sprint will be longer, allowing participants to develop a more complete project (potentially 

integrating their work on the previous sprints) and fully document their design and its outcomes.  

 

Facilities and Equipment  
Participants should bring their own laptops. They will work with their own devices or those made 

available by the host institution and project leaders; these devices include Kinects, LeapMotion, 

Vicon MoCap, MYOs, and BITalinos. We would also require access to the video recording and editing 

facilities for filming and editing the video tutorials and participant content.   

 

Software  
Participants should make their own provisions for any paid development software (e.g., iOS profiles 

for mobile development) and development tools (e.g., XCode, OpenFrameworks, Unity, etc).   

 

Staff 
We kindly request the assistance of a camera operator and video editor for the production of the 

video tutorials and documentation of the participants projects. Volunteer UCP/EA Sound and Image 

students would be welcome to participate. 

 

Project management 
Francisco Bernardo will stay on site for the whole workshop and will manage the execution of the 

project and sprints. The rest of the team will deliver the workshops and participate on specific sprints 

as mentors; they will be on site at least for the duration of the sprint. 

 
 
 
 
 
 
 
 
 
 

 



 

Work plan and implementation schedule  
 
Our work plan and schedule proposal considers the milestones associated with specific subsets of 

the RAPID-MIX API. In first two weeks of eNTERFACE, the following subsets will be delivered: 

● RMX1 - Sensor input, biosensors, training data 

● RMX2 - Audio/Visual Feature Extraction 

● RMX3 - Machine Learning I: Classification and Regression  

● RMX4 - Machine Learning II: Temporal-based and gesture recognition 

● RMX5 - Multimodal data repositories and collaborative sound databases 

 

Each of these first five sprints will be structured with the four work packages WP1 (Induction) WP2 

(Design sprint) WP3 (Community development) and WP4 (Content development and production). In 

the third week, participants will have an extended sprint to work on their projects. The last week will 

be dedicated to polish participants’ demonstrators, documentation and videos, to prepare the 

reporting of the UX evaluation and general outcomes of the project, and dissemination tasks.   

 

 
 

Figure 2. Scheduling of the project 
 
 
 

 
 
 
 

 



 

Benefits of the research  
 
Participants will gain practical experience with elements of the toolkit and with general concepts in 
ML, DSP and sensor-based interaction. Specifically, we will be delivering the following: 

● a set of projects that integrate hardware and RAPID-MIX software components. 
 
● a UX evaluation of the toolkit and outcomes of the workshop. 

 
● a community repository for the toolkit populated with demonstrators and tutorials. 

 
● a forum populated with interactions between participants, and participant diaries 

documenting their exploration and rationale for their prototyping processes.  
 
● a public presentation with the outcomes of the project. 

 
● a report for scientific dissemination written in the subsequent months to the workshop 

conclusion in the format of CITAR Journal Proceedings.  
 
 
   

 



 

Team profile 
 
Project leaders:  

Francisco Bernardo (Sprint master; software design, end-user innovation, creative industries) 

Michael Zbyszynski (Mentor; software design, computer music software, project management) 

Rebecca Fiebrink (Mentor; machine learning, software design, HCI) 

Mick Grierson (Mentor; signal processing for audiovisuals, software design, innovation)
 

 

Team proposed by leader: 

Sebastian Mealla (Mentor), Panos Papiotis (Mentor), Carles Julia (Mentor), Frederic Bevilacqua 

(Mentor), Joseph Larralde (Mentor)  

 

Other researchers that we are looking for:  

We are looking for a multidisciplinary team that mixes researchers with expertise in visual/UI 

design, interactive sound design, HCI/UX and software development. Participants will be expected 

to arrive with a strong background in creative coding and interactive media. As described above, this 

workshop will need intermediate software development skills (C++ and Javascript, for real-time, 

standalone, mobile and web applications).   
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