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EXECUTIVE SUMMARY
This deliverable updates the user-centred design specifications defined in D2.2 to include guidelines for the
RAPID-API development, according to the requirements of research and SME partners, and end-users
beyond the consortium.
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1 INTRODUCTION
The main goal of Work Package 2 (WP2) is to create and continuously update Design Guidelines for the next
generation of Multimodal, Interactive and Expressive (MIX) technology. Tasks within WP2 seek to ensure
that needs of industrial and end-users are at the core of these design specifications, resulting from focus
group activities with core SME partners to end-users from targeted creative communities.
As described in the DoW, this deliverable further extends our initial design guidelines for rapid prototyping
(D2.2) with user-centred design (UCD) specifications for the RAPID-API, whose first version will be
presented in M21. Therefore, this document illustrates the progression of our product development cycle,
from prototyping to API development.
This deliverable has been collectively framed through two main UCD actions: the creation of Special Interest
Groups (SIG) within the consortium (whose topics responded to needs of SME partners) and the deployment
of candidate technologies for the RAPID-API in a creative industries context (Sonar Innovation Challenge,
Barcelona, from May 9th till June 17th, 2016). The SIGs were the chosen instrument to organize the internal
discussion by grouping consortium members according to their expertise. The Innovation challenge, on the
other hand, aimed at bringing RAPID-MIX technologies outside the consortium, to be used in a prototyping
process, similarly to our previous UCD actions in the Barcelona Music Hack Day (see D2.2).
This deliverable is structured as follows:

1. Presentation and rationale behind the SIGs. Report on the challenges, use cases, and suggested
guidelines by each group. List of desired features for the RAPID-API.
2. Feedback from target users within the creative industries. Presentation of the Sonar Innovation
Challenge, the role of RAPID-MIX, outcomes and insights from participants.
3. Conclusions and design recommendations for the first version of RAPID-API, including software,
hardware and middleware

1.1

Target Users of the RAPID-API

Previous user-centred design actions carried on by the RAPID-MIX consortium have focused on defining the
profile of target users for the RAPID-API (see Deliverable 2.2, Section 2.1.4). This document therefore
leverages on those findings and presents a number of API design recommendations considering the
following users:
•

Web developers

•

Mobile developers

•

Game developers

•

Creative Coders

•

Interaction designers

•

Data Analysts/Scientists

•

Hackers/makers

•

Researchers and students

•

Teachers
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•

Professional Audio Developers

•

Music creators

•

Composers

•

End-users targeted by relevant prototypes (as validators of the developed technologies)

1.2

Glossary
1. FE: feature extraction
2. ML: machine learning
3. IML: interactive machine learning
4. IDE: integrated development environment
5. PCA: Principal Component Analysis
6. HMM: Hidden Markov Models
7. DTW: Dynamic Time Warping
8. OSC: OpenSoundControl
9. CSV: Comma-Separated Values
10. BLE: Bluetooth Low Energy
11. RIoT: Real-time Internet of Things for Music
12. TCP/IP: Transmission Control Protocol/Internet Protocol
13. UART: Universal Asynchronous Receiver/Transmitter

2 Guidelines from Special Interest Groups
In keeping with the project’s User-Centered Design methodology (outlined in D2.1) as well as the Design
Guidelines for Prototyping (outlined in D2.2), a participatory design process was implemented in order to
establish the design guidelines of the RAPID-API, involving both types of stakeholders within the consortium
(Academic partners & SME partners). Through this process, stakeholders can jointly shape the development
of the RAPID-API according to their needs, expectations, and desired functionalities.
RAPID-MIX encompasses technologies from several different areas, identified in the Report on Candidate
Technologies deliverable (D4.1) as follows:
•

Interactive Machine Learning

•

Online repositories and collaborative communities

•

Sensors and hardware platforms

•

Real-time sound synthesis
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•

Feature extraction

•

Software development platforms

We adopted the above categories and formed Special Interest Groups (SIGs) within the consortium that
involve relevant stakeholders, in part influenced by the way IEEE and ACM standards are developed through
the use of working groups (see https://standards.ieee.org/develop/, http://oldwww.acm.org/tsc/). The initial
distribution of consortium members for each SIG was agreed upon during a plenary consortium meeting
(Barcelona 2-4 November 2015), and further consolidated in the following months.
Each SIG was tasked with establishing design guidelines for the components of the RAPID-API that
correspond to its category, following a methodology based on (a) regular telecommunication meetings and
(b) a structured discussion document, the base template for which was common across all SIGs. In the
following section, we report the outcomes of each SIG individually following the structure of the discussion
template. For each SIG, we describe (i) the challenges of API development in its relevant field, (ii) a series of
related works, (iii) a list of existing and future use cases within RAPID-MIX, (iv) the resulting design
guidelines, and finally (v) a list of candidate prototypes to be tested as demonstrators of the RAPID-API.

2.1

Interactive Machine Learning (IML)

2.1.1 Challenges
•

•
•
•
•
•
•

Wide range of use cases, including:
o High-level support beginners at computer programming and/or machine learning.
o Low-level support for developers who want to optimize a product, including products running
on lower-powered devices.
Complex and overlapping IML algorithms and approaches.
Need for useful feedback on the quality of the outcomes of IML training and ways to improve results.
(This relates to the Feature Extraction SIG).
Multiple programming environments and languages
Multiple prototyping environments (JUCE, Unity, Max, openFrameworks, Rhino, Processing, etc.)
Support for deployment in multiple modes (Desktop, mobile, web-based)
Dependencies to third-party libraries

2.1.2 Related Works
The landscape of existing solutions, frameworks and B2B products that relate to the machine learning
domain has been considered for the design of the RAPID-API. This survey may not be complete but includes
the most relevant pieces of machine learning technology such as:
• Cloud based machine learning Software-as-a-Service (SaaS) solutions
o IBM Watson - (http://www.ibm.com/watson/)
o Microsoft Azure Machine Learning Studio (https://studio.azureml.net)
o Google Tensor Flow - (https://www.tensorflow.org)
o Amazon ML - (https://aws.amazon.com/machine-learning/)
o BigLM - (https://bigml.com/developers)
o Alibaba Aliyun - (https://intl.aliyun.com/)
o OpenAI - (https://openai.com/blog/)
o H20 - (http://www.h2o.ai/)
• Startups with machine learning B2B products
o Crowdflower (https://www.crowdflower.com/)
o MetaMind - (https://www.metamind.io)
D2.3 DESIGN GUIDELINES FOR THE RAPID-API
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•

•

o Turi - (http://turi.com)
o MonkeyLearn - (http://www.monkeylearn.com)
o Focusmotion - (http://focusmotion.io)
o Algorithmia - (https://algorithmia.com)
Available frameworks
o Weka (Java) - (http://www.cs.waikato.ac.nz/ml/weka/)
o Torch.ch (Lua) - (http://torch.ch)
o scikit-learn (python) - (http://scikit-learn.org/stable/)
o mlpack C++- (www.mlpack.org/)
o Theano - (http://deeplearning.net/software/theano/)
o Keras - (http://keras.io)
o Mozi - (https://github.com/hycis/Mozi)
o Spark - (http://spark.apache.org/mllib/)
o R - (https://www.r-project.org/)
o Accord.NET (http://accord-framework.net/)
o Infer.NET (http://research.microsoft.com/en-us/um/cambridge/projects/infernet/)
o numl (http://numl.net)
o Caffe (http://caffe.berkeleyvision.org)
Domain specific - artistic (other than the ones of the consortium)
o GRT Gesture Recognition toolkit (C++) (http://www.nickgillian.com/wiki/pmwiki.php/GRT/GestureRecognitionToolkit)
o ML.lib (Max) - (http://artfab.art.cmu.edu/ml-lib/)
o EyesWeb - (http://www.infomus.org/eyesweb_ita.php)
o openFrameworks addons - e.g. Gene Kogan’s ofxLearn (based on dlib c++ library :
http://dlib.net/ml.html)

2.1.3 Use cases within RAPID-MIX
•

•

•

•

Orbe’s “Murmures Urbains” mobile-based participative experience
o will be presented in september 2016, using an improved version of the web-based
interactive machine learning prototype
Reactable’s self quantification native mobile app
o uses neural network models, previously created and transpiled to C++ by Wekinator to be
integrated as software components in the application.
ROLI/JUCE Machine Learning API
o Classes developed as part of a RAPID C++ API (below) will be incorporated into JUCE as a
third-party library.
AudioGaming: Blender & Gesture VR
o Blender uses Wekinator to train models that are exported and loaded directly into the app. In
the future, it may use the machine learning support that will be directly built into JUCE as
part of ROLI’s MIX Product.
o Gestural VR will focus on VR and gaming, and how natural gesture can enhance the
immersion, using gesture tracking and analysis.

2.1.4 Guidelines
The API tends to split into two specific components: training and evaluation. This is due to the nature of
machine learning, and the fact that training on large data sets can be potentially CPU intensive, and is also
informed by the challenges and use cases listed above. Moreover, many end users will simply want to
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consume the models as software components of their applications, while advanced users will want to be able
to combine and extend the features provided by the API.
We propose a software architecture that addresses these concerns by defining:

•

•

•

A JavaScript API, distributed as NodeJS modules, which:
o Provides an API in a widely adopted programming environment that is relatively easy for
beginning programmers
o Enables the development of desktop-based prototyping workflows
o Enables the development of mobile apps using server-side IML
A web platform built on top of the JavaScript API
o Should provides entry point for users who are not programmers
o Should connect easily to examples, documentation, and tutorial content, helping beginning
users discover IML
o Allows uploading and editing datasets from a GUI (see online repositories)
o Allows training of IML models
o Returns models in different forms (embeddable C++ / JS code, binary)
A C++ API for advanced users who want to go deeper in the training process that:
o Provides an API in a cross-platform programming environment that familiar to professional
software developers
o Follows JUCE development guidelines
o Should be as similar as possible to other RAPID-MIX code API
o Optimizable for embedded or low-power platforms

The following guidelines concern all parts of the machine learning API
• The documentation should be cohesive across the various implementation languages / API
components
• The chosen namespaces should also be cohesive across the API components
• The APIs should be highly modular
• API components should be licenced to include use in commercial products
• The following communication protocols should be supported
o OpenSoundControl
o WebSockets
• The namespaces used by the supported communication protocols should be normalized
• The models should be described by a standard JSON format that:
o Allows storing and sharing IML models or model sets
o Allows storing models in RepoVizz alongside the training data
o Contains metadata about training examples, data source, purpose, etc.
o Supports deserialization into software objects

2.2

Online repositories and collaborative communities

This Special Interest Group deals with web-based tools that allow online storage and visualization of large
collections of data, and web-based applications that take advantage of such data (as well as data captured
in real time) to create interactive experiences.
The main RAPID-MIX technologies that are currently covered by this SIG and its corresponding part of the
RAPID-API are RepoVizz, Freesound, and the CoSiMa framework.

D2.3 DESIGN GUIDELINES FOR THE RAPID-API
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2.2.1 Challenges
•

•
•
•

Defining the client and server components as well as their interfaces
o Unifying data storage formats for sound, motion, physiological sensors, and geolocation data
sets
o Formalizing client side data stream processing
Integrating multimodality (in terms of both input and output) and novel modes of interaction into
collaborative applications
Ensuring that the Interactive Machine Learning part of the RAPID-API is interoperable with data
produced from/exchanged by web applications
Defining a scheme for web-based feature extraction that is coherent with the ones defined in other
SIGs within the project (Interactive Machine Learning, Multimodal Feature Extraction)

2.2.2 Related Works
In terms of multimodal data stream formats:
• Data type registry (http://typeregistry.org)
• Sound Description Interchange Format (SDIF): http://sdif.sourceforge.net/
• Gesture Description Interchange Format (GDIF): http://www.idmil.org/projects/gdif
• Hierarchical Data Format (HDF5): https://www.hdfgroup.org/HDF5/
In terms of multimodal data stream processing:
• PiPo plugins (http://ismm.ircam.fr/pipo/)
• Odot multi-paradigm dynamic programming (http://github.com/CNMAT/CNMAT-odot)
• Vamp audio analysis plugins (http://www.vamp-plugins.org/)

2.2.3 Use cases within RAPID-MIX
•

•

•

•
•

Multimodal soundwalk
o Murmures Urbains tested with end-users in July 2015
o POP-UP FEST will be tested with end users in September 2016, using the Collective
Soundworks framework, the WavesJS library
o ORBE-MIX SaaS platform alpha version in progress, based on the Collective Soundworks
framework, the WavesJS library, the XMM library, and the Freesound API
Online repository with Interactive Machine Learning
o Currently deployed on the RepoVizz web client (https://github.com/chaosct/repovizzOSC)
o Used in conjunction with the “(Bio)Signals in Context” prototype
o Deployed for use in the Sonar Innovation Challenge
Open Biosignal Repository
o Version 1 deployment underway as part of deliverable D5.2 (using RepoVizz v1 API)
o Version 2 planning (along with RepoVizz v2 API)
Reactable Running (as a prototyping tool)
Applications and prototypes centered around the Web-based Interactive Machine Learning context

2.2.4 Guidelines
The main RAPID-API components covered by this Special Interest Group fall into two categories:
• Online data description, storage, and access
• Online data processing for collaborative applications

2.2.4.1 Online data description, storage, and access
Guidelines for the online description, storage, and access to multimodal data are largely based on the
existing architecture of UPF services RepoVizz and Freesound. The description of multimodal data in a
D2.3 DESIGN GUIDELINES FOR THE RAPID-API
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standardized manner that is interoperable with other RAPID-API components is relevant in several of our use
cases as described above. As part of the second iteration of RepoVizz, UPF is currently developing an online
service for the creation and description of multimodal data types based on the JSON format, similar to the
machine learning model description format proposed for the IML Special Interest Group. The deployment of
this service is aligned with the release of the first version of the RAPID-API planned for month 21 (D4.2).
Online access to multimodal data will, for the first version of the RAPID-API, follow the Representational
State Transfer (REST) protocol. Access to data will be handled by basic HTTP requests; demonstrators of
the API will be based on the existing RESTful API specifications for RepoVizz
(http://repovizz.upf.edu/repo/api-doc/index.html) and Freesound (https://www.freesound.org/docs/api/).
Further developments on real-time streaming access to data will be dependent on establishing limitations on
the lowest and highest possible frame rates for continuous data, as well as the limits of individual data
frames in terms of storage capacity. Such limitations will have to arise from technical tests and benchmarks
carried out on the relevant components of the RAPID-API through the Agile Prototyping (WP3), RAPID-API
development (WP4) and Evaluation (WP6) work packages.

2.2.4.2 Online data processing
Guidelines for the online data processing for collaborative applications are based on the design of the LFO
(Low Frequency Operators) API (see https://github.com/wavesjs/waves-lfo) that itself can be understood as
a Javascript version of the PiPo API (see http://ismm.ircam.fr/pipo/). The API has been designed to support
the implementation of reusable modules for the processing of afferent multimodal data streams. The notion
of afferent data streams here implies incoming data streams that are filtered and reduced (i.e. analysed) by
processing modules. The streams could, for example, consist of the following data:
• Audio input and audio descriptors
• Motion sensor data and motion descriptors
• Touch interaction
• Image descriptors
Operations on afferent streams typically include :
• Scaling and mapping
• Filtering and prediction
• Analysis and extraction
• Pattern recognition
• Timing and frame rate conversion
The API has to provide the possibility to connect multiple modules in series to successively apply different
operations to a data stream. Data streams should be processed synchronously and in real-time as they are
produced, or asynchronously by reading the data from files or buffers.
Apart from operators (i.e. modules with an input and an output), the API has to support the implementation of
source modules (i.e. output only) such as generators and modules accessing to input peripherals (i.e. audio,
visual, sensors, network communication, input), as well as sink modules (i.e. input only) such as recorders
and modules providing data to output peripherals (i.e. device control, network communication).
In most cases such afferent data streams can be represented by sequences of frames, with each frame
consisting of a scalar, a vector, or – more rarely – a two-dimensional matrix of floating-point values. Each
frame is associated to a relative time of an arbitrary reference (i.e. time-tagged) and the timing of some
streams can be described by a time offset (i.e. start time) and regular frame rate. While certain operations
such as scaling are not concerned with timing information, others such as recursive filters only apply to
streams of regular frame rates.
Since some modules need to initialise their state and allocate internal buffers depending on the
characteristics of their incoming data streams the API should respect the following constraints:
• Data streams are described by a set of meta attributes such as frame rate (0 if none) and frame size
which don't change during the stream processing.
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•

•

2.3

Before outputting the actual stream data, a source module has to announce the meta attributes of its
output stream so that modules connected to the output of the source module can initialise their state
and also announce the meta attributes of their output streams to further modules connected in
series.
The announcement and propagation of output stream attributes through a series of modules and the
processing of data frames are mutually exclusive processes that are initiated by a source module.

Sensors and hardware platforms

2.3.1 Challenges
•
•
•
•
•
•
•
•
•
•
•
•
•

Precision of the sampling rate timing (especially for research applications)
Real-time “feeling” when streaming data to a mobile phone or computer
Timestamping samples for sequence / data loss detection
Synchronous vs. asynchronous communication when streaming data
Multiplicity of communication channels for data streaming (e.g. WiFi, Bluetooth, BLE)
Unify data processing across embedded devices, computer, mobile and/or web applications
Limited processing power of embedded devices (extremely limited in many cases)
Differences in processing power across across embedded, computer and mobile devices
Identifying suitable communication protocol(s) to stream data from the sensors while preserving
performance
Battery life capable of coping with the processing and communication requirements
Obtaining maximum interoperability between operating systems (both desktop and mobile), software
platforms and programming languages in a transparent, user-friendly, way
Characterizing the performance that can be obtained for different device, firmware and protocol
configurations
Low-cost (accessible to Makers and Game designers)

2.3.2 Related Works
•
•
•
•
•
•
•

Arduino / Genuino (https://www.arduino.cc/)
RFDuino (http://www.rfduino.com/)
Beaglebone (http://beagleboard.org)
Raspberry Pi (https://www.raspberrypi.org/)
Adafruit Flora (https://www.adafruit.com/product/659)
Thalmic Labs Myo (https://www.myo.com/)
Libelium e-Health Sensors Platform (https://www.cookinghacks.com/documentation/tutorials/ehealth-biometric-sensor-platform-arduino-raspberry-pi-medical)

2.3.3 Use cases within RAPID-MIX
•

•

•

Embedded Programming for BITalino (r)evolution
o Provide a small form factor re-programmable block (Arduino-style via Energia) for BITalino
(r)evolution with enough computational power to perform feature extraction and send events
instead or in addition to raw data (e.g. muscle onset and duration, electrodermal response,
heart rate), with option to stream results or not.
UART/OSC Bridge for BITalino (r)evolution
o Provide a user-friendly way of interfacing and directly streaming BITalino (r)evolution data in
real time to OSC-compliant software (e.g. Max MSP, JUCE).
UART/WebSockets Bridge for BITalino (r)evolution
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o

•
•

•

•

•

•

Provide a user-friendly way of interfacing and directly streaming BITalino (r)evolution data in
real time directly to the cloud (e.g. RepoVizz) or browser-based applications using
WebSockets.
JavaScript API for BITalino (r)evolution
o Receive BITalino (r)evolution data coming from the device directly on the browser.
BITbox Biosignals Processing Toolbox
o Allow users to easily implement feature extraction routines on the embedded programming
module, on a mobile phone or on a standard computer.
HapticWave
o Enabling people to use combinations of senses in situations where people who have
different senses available to them interact with each other. Provide additional, multimodal
outputs beyond audio and video.
EAVI IoT PCB (Kurv)
o The IoT PCB is a multi-parametric wireless, palm mounted, low-profile wearable interface for
the control of a computer system or mobile device through a group of sensors. It has two
main components that can be used individually or together.
EAVI Electromyogram Board
o Replace the EMG sensors in use by the Goldsmiths EAVI group with a contemporary
solution that is also capable of ECG and EEG sensing.
IRCAM RIoT
o The RIoT is a WiFi interface with an integrated 9DoF Inertial Measurements Units

2.3.4 Guidelines
•

•

•

•

•

•

•

Definition of a RAPID-MIX middleware protocol for the communication between different types of
hardware and software platforms; examples include:
o OSC
o PiPo
Provide user-programmed data processing capabilities directly on the embedded systems in order to
improve battery life time, by including features such as:
o Arduino-style programming on embedded systems
o On-board feature extraction (in addition to data streaming)
o Adjustable parameters (e.g. sampling rate, acquired channels, etc.)
Create events or other signaling methods recognizable by the user for the detection of sampling rate
timing gaps or performance handicaps:
o Visual or acoustic indications (e.g. state LEDs or a buzzer)
o Debugging modes / information (activated as per user request)
In a first stage target only low/medium bandwidth data, in particular:
o Leave out video
o Focus on data that does not require very high sampling rates
Characterize the performance of each system concerning different device, firmware and protocol
configurations as a way of:
o Providing users with reference benchmark data
o Choosing the most suited configuration for a particular MIX prototype or product
Devise a set of “example” configurations pre-tested and know to work (e.g. filters, feature extractors,
etc.) enabling:
o Faster setup time for the users
o Increasing the confidence when using the tools
Evaluate multiple candidate communication protocol(s) in terms of their performance and
interoperability; hypothesis currently being considered include:
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o
o

2.4

OSC
WebSockets

Real-time sound synthesis

2.4.1 Challenges
The real-time sound synthesis elements of the RAPID-API are not core to the requirements of the first
version for two reasons:
1. The consortium already features technology with very well defined API models for real-time sound
synthesis. These APIs have existing user bases, and are already used in the industry for rapid
prototyping and product development. There also exists hundreds of competing sound synthesis
APIs for a variety of platforms. Most importantly, the webAudio API is well supported across all major
mobile devices, and fully satisfies the vast majority of developer requirements. As a result, including
a synthesis API in the next revision is not necessarily a major development priority.
2. The API is currently highly focussed on the development of an approach for higher priority areas
where a solid API is not currently widely available, such as Machine Learning. Once these parts of
the API are complete, it will provide better guidance regarding the kind of synthesis API required.
So, it is counter-productive, and potentially wasteful in terms of resources, to develop a separate synthesis
API until the core, less well understood components of the API are in place.
However, some challenges remain.
The central challenge for the RAPID-MIX real-time sound synthesis SIG is as follows. How much value can
RAPID-MIX actually provide in this context? It is clear that any of the available APIs and systems are
possibly sufficient for many uses, and to make these available within the format of the new API is possibly all
that is required.
Therefore it is useful to ask, what is missing in terms of real-time sound synthesis APIs that RAPID-MIX can
address? Where are the important gaps?
From discussion with various members of the SIG, and in particular with reference to the intended goals of
the RAPID-MIX products and the requirements of the RAPID-API, the following gaps are apparent.
1. JUCE is an excellent C++ framework for the audio industry. However, it does not have a fully
integrated synthesis API - although this is not necessarily a negative for many of its core users.
Creating such an API might be useful for some users, yet it requires compliance with the JUCE
frameworks C++ API guidance. This guidance is intended for audio industry professionals. This is
subtly different to the goals of the RAPID-API in that not all our users are audio professionals. The
extent to which this matters is the subject of debate.
2. There exists no known completely cross platform, real-time audio synthesis API that meets the
requirements of the RAPID-MIX project. For example, there are a variety of C, C++, Java, and
JavaScript APIs. However, there is not a single, professional level API that can operate across all
these platforms, and across a range of potential hardware including ARM processors, that includes
sufficiently advanced features such as spectral feature extraction and frequency domain convolution.
As these issues are a target priority for RAPID-API, it may be useful to explore how best to address
this.
3. There are few professional APIs that aim to simplify how to connect non-standard interaction and
synthesis in meaningful, expressive ways. It is hoped that the RAPID-API might do this well by
providing simple sound APIs targeted at a range of simple, gestural ‘instruments’.
4. There are some other elements that are apparent. These include how users might choose between
various existing synthesis APIs that sit underneath the RAPID-API for licensing purposes, and how
different APIs might target different users, including open-source, free APIs. These are not
specifically challenges but are definitely institutional priorities.
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2.4.2 Related Works
The known list of available audio synthesis APIs is very large, and potentially too large for a document of this
kind to be of use. However, given the above challenges, there are very few potential competitors and
candidates. FAUST offers a feature set that closely resembles the target requirements of the RAPID-API, as
indicated by the above 3 challenges.

2.4.3 Guidelines
The following guidelines relate specifically to the challenges indicated above.
The RAPID-API real-time synthesis API must be
1. Powerful: MUST be useful to professional level audio developers, including those in the music,
games and film industry. This means it should have features that allow for advanced synthesis
features including granular synthesis (which is used by a range of audio professionals for real-time
time stretching), spectral and potentially concatenative methods.
2. Cross platform: Code should be runnable on the broadest possible range of environments,
including ARM platforms (mobile / small form factor computers), desktops and web browsers. Code
should be efficient, and not compromised, and simple to port.
3. Simple: A range of simple, expressive methods should be available for developers whose
requirements are very immediate, including code for bespoke synthesisers, samplers, effects
processors etc. that has the need for the smallest amount of code possible. In addition these
methods should be easily parameterisable.
So, we require a powerful (having a range of professional features), cross-platform (C++, web with the same
syntax), efficient (runs on ARM processors and desktops), portable (doesn’t need to be run on a desktop in
order to function), framework that has a range of simple methods for non-professionals and rapidprototypers, and that complies with standards appropriate for inclusion in frameworks such as JUCE.

2.5

Feature extraction

2.5.1 Challenges
•

•
•
•
•
•
•
•
•

Broad range of potential features to be extracted, ranging from domain-specific (eg audio features,
biosensor features) to very basic processing (eg low pass filtering, noise reduction, threshold
detection)
Need for flexible pipeline where different processes can be applied in different configurations,
feeding into and out of the IML pipeline
Supporting both streaming and offline feature extraction approaches
Features could augment or replace incoming raw data on the way to an IML algorithm
Input could be raw data (sensor signals, audio, video, etc.) or OSC
Extract features early to make the best use of Network Bandwidth
Need to be able to reproduce a “FE to IML” pipeline from a prototyping phase all the way into
production and deployment on target devices
Feature extraction introduces additional timing issues (latency and jitter) when combined with raw
data or other FE streams
Handling timing (timestamps: generate, honor or ignore)

2.5.2 Related Works
•
•
•
•
•

Aquila DSP Library (http://aquila-dsp.org)
Liquid-dsp (http://liquidsdr.org)
SPUC (http://spuc.sourceforge.net)
NUMERIX (http://www.numerix-dsp.com/siglib.html)
CMSIS DSP lib (http://www.keil.com/pack/doc/CMSIS/DSP/html/index.html)
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•
•
•

DSPLib – An Open Source FFT Library for .NET 4 (http://analoghome.blogspot.com/2016/06/dsplibopen-source-fft-library-for-net-4.html)
Exocortex.DSP (http://www.exocortex.org/dsp/)
MotionMachine (http://www.numediart.org/tools/motionmachine/)

2.5.3 Use cases within RAPID-MIX
•
•
•
•

Essentia is for the time being essentially an online service tightly coupled to Freesound
Maximilian has classes allowing to extract various descriptors
WekiInputHelper provides basic processing of OSC streams
The PiPo plugins provides a set of features extraction, for both audio and motion data, online or
offline. It can be used with the IAE (Ircam Interactive Audio Engine) or any platform instantiating the
PiPo host. In Javascript, the waves-lfo (https://github.com/wavesjs/waves-lfo) provides a similar
feature extraction plugin architecture.

2.5.4 Guidelines
•
•
•

•

•
•

•

•

Pipeline for FE should allow for rapid prototyping and exploration (feature definition, extraction and
selection).
It is desirable to have an environment that integrates both the pipeline for FE and IML. Although it
has been demonstrated value for having independent components for these processes.
Users should be provided with meaningful visualizations and feedback that assist them in the
exploration of the different processing steps (raw signal analysis from different channels, postprocessing stage, ML classification and regression).
Pipeline should support a dual workflow with two different tracks targeting both the naive user and
the expert:
o The naive user track should support the user based on i) a wizard that makes a strong
proposition and constrains possibilities and ii) with pre-sets, i.e high-level constructs that
wrap features and chains (black-boxing) and that are grounded on very specific real use
cases, associated both to a specific data source or sensor, and high-level semantics, such
as well defined set of gestures for that sensor.
o The expert user track should provide great flexibility, assisting the user with a collection of
features spanning the most basic filters, low-level feature extractors through to higher level
feature extractors. The expert user should also be provided with a very flexible way that
allows him to structure, manipulate, configure and extend the features in chains.
Support to user decision should be provided through feature evaluation test beds, that enable feature
comparison i) over a data set and ii) against specific machine learning algorithms.
Pipeline should allow adoption and easy integration in end-user applications. The same integrated
development environment (IDE) that allows the user to explore and structure the pipeline, should be
able to export the pipeline, either as a configuration in a serializable format, or as code or a binary to
be integrated in the target applications or target development environments.
The state of the pipeline should be storable locally and remotely. The metadata for the pipelines
should be specified with adequate depth, including chain, features, all the way to feature parameters.
It might be desirable bundle several formats and cross-link with raw and processed data from data
and video repository to support pre-defined cases.
Proposed adoption of PiPo and LFO to as wrappers for stream processing algorithms
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3 FEEDBACK FROM TARGET USERS
In order to define API guidelines that also respond to the needs and expectations of end-users of the
RAPID-API (e.g. programmers, designers) beyond the consortium, we decided to complement
the outcomes of the abovementioned Special Interest Groups with public activities that directly engage actors
from the creative industries. The goal of these actions were:
• To introduce the future components of the RAPID-API to a poll of users that can be considered earlyadopters and end-users of the API (i.e. developers, creative coders, engineers, artists)
• Promote the use of RAPID-MIX technologies in a rapid prototyping process, directly tackling the 3
main use cases of RAPID-MIX: gaming, music and wellbeing.
• Gather insights from users’ experience with RAPID-MIX technologies in a hands-on, applied context.
The accomplishment of these goals required a venue that gathered participants with the same profile as the
RAPID-API early adopters, and that also promoted fast prototyping processes. Given these reasons, Sónar
Innovation Challenge (SIC) appeared as an excellent candidate for gathering end-user needs.

3.1.1 The Sonar Innovation Challenge
The Sónar Innovation Challenge (SIC), co-organized by the Music Technology Group (MTG), is an online &
onsite platform for the creative minds that want to be one step ahead and experiment with the future of
technology. It brings together innovative tech companies and creators, collaborating to solve challenges that
will lead to disruptive prototypes showcased in the Sonar+D Festival.
Sónar is an advanced music and new media art festival that has taken place in Barcelona for the last twenty
years. A pioneer in its format and content, it combines entertainment with art, divulging the latest trends in
advanced music and its interactions with other musical genres and artistic disciplines.
Sónar+D is the meeting point for professionals from the music and applied audiovisual and new media
creation industries. It pledges its commitment on the creative industries and connects the local with the
international initiative. A new pro-active concept encourages interaction and the inter-relation more than ever
in the unique context of the festival, proposing ideas debate, interchange of experiences, live
experimentation, training, exhibitions and demonstrations. Thanks to this collaboration, the companies and
creators participating in SIC take benefit of the great exposure of this festival (about 112.000 spectators,
1.352 companies and 921 journalists accredited from 732 media).
In this context, SIC aims to boost the impact of cutting edge technologies challenging creators with a wide
range of backgrounds (programmers, designers, artists) to solve the challenges motivated by the market
needs for innovation.
The work logic of SIC is structured around 4 main pillars:
The Challenges: SIC team together with the tech companies define open and appealing challenges for
creators, seeking to boost the impact and visibility of the featured technologies motivated by the market
needs for innovation. Challenges may not be exclusively technology driven, but also driven by content or
artistic motivation.
The Creators: creative coders, artists and designers sign up for the challenges through an open call. After a
selection process based on the profiles required by each challenge, they will have the opportunity to develop
their projects within a unique collaborative environment together with other creators and company mentors.
Each challenge counted with a dedicated group formed by up to 5 members.
The Process: selected groups started working remotely 45 days before Sónar+D started. During this period,
SIC organizers and company mentors provided information and food-for-thought to keep the groups up and
running. Finally, the groups had 3 working days in Barcelona to finalize the prototypes and present them in
Sónar+D.
The Outcome: Creators and companies showcased their prototypes inside Sónar+D, both in the main stage
of the festival and in a dedicated booth where from interact with Sónar+D attendees.
SIC is well-aligned with RAPID-MIX in terms of user profile, field of action, and dynamics of participation:
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•
•

•
•

The event attracts a diverse audience within the creative industries, including developers, designers,
engineers, researchers, musicians, creative coders, makers, among other technology enthusiast.
The event promotes direct collaboration between creative industries’ companies (e.g. music
technology, experience design, gaming) and the creative community through the creation of
multidisciplinary teams for each challenge, and the involvement of company mentors.
Participation is based on answering a challenge by creating and demonstrating a prototype of a
technology app/tool/interface.
Differently from a hackathon, where the working process normally last 24 hours, SIC starts with an
online phase where participants have the chance of learn about the technologies before meeting in
the festival, also with direct support of company mentors.

3.1.2 Structure & participants
The SIC was divided in an online and an onsite phase. During the online phase, from May 9th till June 14th
2016, teams worked to plan the best solution for the challenge in collaboration with company mentors, and
started building a prototype. From June 15th till June 17th 2016, teams and mentors met in Barcelona to
develop and finalize the prototype and present it to the Sónar+D audience.

FIGURE 1: structure of the Sonar Innovation Challenge
One hundred twenty creators applied for the SIC this year, and five teams of 5 participants each were
selected for participating in the event. Six members of the RAPID-MIX consortium acted as mentors for the
D2.3 DESIGN GUIDELINES FOR THE RAPID-API

Page 18 of 32

RAPID-MIX challenges. At the onsite phase, the consortium representatives were available in the venue for
providing assistance.

Figure 2: Sonar Innovation Challenge. Onsite phase at IronHack (Barcelona). Photo by Michael
Zbyszynski

Figure 3: Sonar Innovation Challenge. Onsite phase at IronHack (Barcelona). Photo by Giulia
Motteran
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3.2

RAPID-MIX actions within the SIC

RAPID-MIX sponsored and defined two Challenges of SIC, covering two different sets of technologies and
goals, aligned with the RAPID-MIX project. The RAPID-MIX challenge was centered in using gesture
recognition technology to create a novel gaming experience, or augment an existing one. The RAPID-MIX
and CoSiMa challenge, addressed the creation of a sonic experience for a crowd of people spontaneously
engaging together into a collaborative/collective performance, installation or soundwalk using their
smartphones.

3.2.1 Challenge 1: Expressive gaming through gesture interaction
The RAPID-MIX Challenge was created to cover and test the multiple technologies around gesture
recognition and mapping from the consortium. Traditionally, the partners of the consortium have applied (and
evaluated) their gesture mapping and gesture recognition technologies in the context of music performance
and creation, because is a very suitable subject regarding the needs of direct and expressive control, which
those technologies try to address.
For the Challenge, the consortium wanted to take advantage of the SIC to test those technologies (and their
interoperativity) in another context, one not traditionally familiar to the members of the consortium, but one
that could significantly leverage the capabilities of these tools. The selected context was gaming, as it can
greatly benefit from direct and expressive control, yet it has been traditionally tied to generic, not so
expressive, control devices; with few exceptions.
In the RAPID-MIX Challenge the focus was set on expressive, continuous control; forgetting about traditional
control paradigms in video games (e.g. mouse, keyboard or gamepad) and thinking how the possibility of
creating your own gestures (or a player-defined gesture vocabulary) could open the door to a next generation
of highly expressive game experiences.
Particularly, a set of recommendations was explicitly defined for the challengers:
• Gesture interaction that transcends simple, explicit “triggers”
• Going beyond traditional gaming experiences, including games that aren’t limited to screen-based
interaction
• Multimodality (especially at the output level)
• The outcome should be a playable prototype game
The RAPID-MIX technologies offered to the challengers were the ones related to gesture recognition and
mapping, and in a readiness level sufficiently high to be used in such projects. Online and on-site support
was offered by the RAPID-MIX mentors to help the challengers to understand and use these technologies.
Technologies offered to the challengers:

Technology

Provider

repoVizz

UPF

repoVizzOSC

UPF

Initial gesture recording examples (bitalino and MYO)

UPF

BITalino

PLUX

XMM (current and experimental API)

IRCAM
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XMM Max objects (part of the MuBu release)

IRCAM

XMM JS binding

IRCAM

XMM Unity binding

IRCAM

RIoT

IRCAM

Wekinator

GS

Maximillian

GS

3.2.2 Challenge 2: Collective smartphone experience
The RAPID-MIX/CoSiMa challenge has been proposed to explore collaborative application scenarios
involving co-located mobile-based interactions with a team of creators and to evaluate a set of services and
functionalities provided by the Collective Soundworks framework.
The challengers had to create a sonic experience for a crowd of people spontaneously engaging together
into a collaborative/collective performance, installation or soundwalk using their smartphones. They were
encouraged to explore the following aspects:
• Collective / collaborative interaction and agency
• Individual and collective interactive audiovisual rendering
• Interactive sound design / composition and game play

3.3

Outcomes

3.3.1 Challenge 1 Prototype
The challengers created a prototype of a virtual reality-based game, where a series of scenes invited the
1
player to interact with both virtual and real objects, and take actions involving certain gestures .
The experience, structured as a dream-like journey, was placed first in the internal world of the mind, where
the player could explore its own brain and interact with the neurons. It then moved into a second space, in
the sea, offering a more sensorial experience, where the player could interact with the water, and a boat to
cross to an island. A third chapter of the game was planned but never executed.
The tools used to build the prototype (chosen by the challengers) were the follow:
• Unity as the programming framework
• Oculus Rift for the VR headset
• Max for the sound
• RIoT as a movement sensor
• MYO as a movement sensor
• XMM Max objects for the gesture recognition and training
Some of the gestures provided a continuous interaction (for instance in the case of sound) and others were
discreet (such as the gesture of rowing). Some of the interaction was mediated by a sensor in the body
(MYO) but also through real objects that had a virtual representation, so the player could actually touch and
manipulate them. The movements of different parts of these objects were detected by embedded RIoT
sensors.

1

The presentation of the prototype at the Sonar+D stage is available at https://www.youtube.com/watch?v=LIcOJDlTVU
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Figure 4: Screenshot of the prototype VR view

Figure 5: A RIoT attached to an interactive/virtual object to sense actions from the player
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Figure 6: The RAPID-MIX prototype being showcased at Sonar+D (Barcelona). Photo by Giulia
Motteran

3.3.2 Challenge 2 Prototype
The outcome of the challenge has been the application Weather that supports a performance for a DJ and a
public participating through their smartphones. As usual in performances based on the Collective
Soundworks framework, participants connect their smartphones to the local CoSiMa Wi-Fi network and visit
the web page of the Weather application. Once connected to the application, the participants can play with
four gestures to switch between different weather states that are associated to different sound textures and
visualizations generated on their mobile devices: (1.) Touching the screen generates the bird chirps of a
sunny afternoon, (2.) swaying and tilting the device generates wind, (3.) shaking it softly generates a rain
sound and rain drops on the screen, and (4.) shaking it harder generates thunder sounds and lightning on
screen.
The sound generated by the participants creates a sound textures distributed over the audience. The current
weather states of all clients are collected on the server to generate a weather profile that controls visuals on
a public display and environmental sounds on the PA. In addition, the weather profile is interpreted by a DJ
playing live electronic music in dialog with the audience’s sound textures.

Figure 7: The RAPID-MIX / CoSiMa challengers working at Sonar+D (Barcelona).
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Figure XX: Presentation of the Weather application and performance at Sonar+D (Barcelona).

3.4

Insights from interviews

Following the UCD methodology defined in D2.1, we conducted structured interviews with the 10 creators
that participated in the RAPID-MIX challenges. The questionnaire used for gathering user insights from
participant focused on preference, compatibility with their creation ecosystem, advantages and limitation of
the RAPID-MIX technologies. The full questionnaire is available in Appendix 1.

3.4.1 User preference and compatibility
From the set of tools that RAPID-MIX made available during the SIC, the RIoT, the BITalino, and the XMM
were the preferred tools. The interviews have shown that the main reason for choosing these tools was their
compatibility with the participants’ current development frameworks, such as MAX/MSP and Unity. As the
goal of the team was to fast prototype an expressive gaming experience, the easiness of integration with
gaming frameworks such a Unity was a key concern for participants.
There was also a general agreement among participants about the maturity of the chosen tools, especially in
the case of the RioT. Five participants had the chance of using the RIoT and BITalino in previous events
(e.g. the Barcelona Music Hack Day 2015) and were able to report on the improvement of these tools, as
described in the following section.

3.4.2 Advantages of RAPID-MIX technologies
•

•

•
•

•

RepoVizz: although this tool was not used in the creation of the prototype for the Innovation
Challenge, all participants found interesting the concept of “collaborative repository” and declared to
be interested in using it in the future with their own recordings.
XMM: according to the participants XMM presented clear advantages compared to the gesture
classifier of commercial products such as the MYO. Concretely, participants appreciated the
possibility of classifying dynamic body gestures and not just static poses.
RIoT: easier to use compared to previous deployments (i.e. Barcelona Music Hack Day 2015) mainly
given its MAX/MSP objects, which speeds up setup and interfacing with other tools via OSC.
BITalino: easier to use compared to previous deployments (i.e. Barcelona Music Hack Day 2015)
mainly due to the OSC bridge for Wekinator and MAX/MSP. Participants with previous experience
with the BITalino also declared that the new board design improved the breakout of modules and the
connection of electrodes.
Wekinator: it was perceived as a user friendly to for gesture classification and recognition,
especially for designers with very few programming skills.

3.4.3 Limitations of the RAPID-MIX technologies
•

RepoVizz: it didn’t contain the gestures that were needed for the development of the prototype.
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•
•

•

XMM: although it presented advantages in terms of dynamic gesture classification, it wa also
perceived as more difficult to use compared to similar commercial solutions such as the MYO SDK.
BITalino: although the provided OSC bridge made possible to integrate BITalino with environments
such as Unity and MAX/MSP, three users agreed on the need of simplifying this bridging (e.g.
bypassing MAX/MSP). A possible solution would be a BITalino plug-in for Unity. All the participants
within the challenge 1 also recommended to add signal processing examples (specifically for EMG)
to facilitate fast prototyping for developers without experience in biosensing. Also, one participant
suggested to add an haptic feedback module.
Wekinator: regardless its ease of use for naive users, three participants spotted limitations for
expressive, continuous interaction. They claimed that the Wekinator was restricted to classifying
static gestures (i.e. poses), although the recognition of continuous gestures has been added to the
Wekinator in Winter 2016.

3.4.4 Insights from Mentors
The creators were able to able to build prototypes making use of the current RAPID-MIX technologies, which
is a good indicator that our core technology is mature enough for such prototyping activities. Considering
short deadlines, the technologies that allowed a quick start and fast development were the most valuable. In
particular a community website with pre-existing examples including code and data would be very helpful.
The creators use of Unity and the Unity Asset Store is a good example. RAPID-MIX technologies seem to
lack this type of advantage: all the examples are currently scattered in different website or environments.
Similarly, a good integration between RAPID-MIX technologies is currently missing (which is normal for the
current state of the project). For instance, it wasn't clear for the participants how to use repoVizz online
repository to test XMM gesture recognition. Documentation and examples regarding the interaction of
different RAPID-MIX technologies (or the RAPID-MIX API) would be of a huge help.
The Innovation Challenge seemed to fit to our requirements of user types. The fact that the team was
selected by the RAPID-MIX consortium was a key point in that regard.
Although the off-site hacking was thought to provide an excellent opportunity to understand the challenges
the users of the RAPID-MIX tools would face in an online collaboration setting (using repoVizz to share
sensory data was one of the collaboration patterns the mentors promoted), it proved difficult to engage the
participants into any real work before the on-site phase. Only online conceptual discussions were held. It
was then difficult to the mentors to extract useful information from this period.
The on-site activity provided the mentors an opportunity to observe the participants to use the RAPID-MIX
tools, and to extract meaningful information about what they expected versus what they got. Particularly, the
participants expected a more mature ecosystem of example code and documented interoperability. This
phase was actually valuable as a UCD activity, as the mentors could directly observe the participant’s
intentions and the problems they faced.
However, the fact that the participants concentrated all efforts in the on-site phase created a context, which
had a very deep impact on the participants’ needs and intentions. It feels unclear how their behavior would
translate into a real-life development effort, with a much more realistic pace, and with time to read the
documentation and experiment, something they didn't have the occasion to do.
The mentors are overall satisfied with the SIC as UCD activity, although some changes could be done to
engage the participants into working more in the off-site phase, or to extend the on-site one, to get more
valuable outcome in the context of a UCD activity.
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4 CONCLUSION
4.1

Interdependence of RAPID-API components

We have followed a bottom-up approach to establish design guidelines for the RAPID-API, by specializing
the discussions on different RAPID-MIX technologies and distributing them into distinct Special Interest
Groups composed of different stakeholders within the consortium. There are significant connections between
the different SIGs that we must keep track of in order to ensure that the different components of the RAPIDAPI are well integrated; a straightforward way of demonstrating these connections is by looking at the
association between SIGs and candidate prototypes, seen in the following table:
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REALTIME ADAPTIVE PROTOTYPING FOR
INDUSTRIAL
DESIGN
OF
MULTIMODAL
INTERACTIVE EXPRESSIVE TECHNOLOGY
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JUCE RAPIDMIX modules

X

BITbox

RIoT

X

EAVI
IoT
PCB

X

X

X

X

X

X

X

X

HapticWave

Candidate prototypes for API testing

Multimodal
Soundwalk

X

X

BITalino
(r)evolution

X

X

Open
Biosignal
Repository

X

X

X

X

X

X

X

Interactive
Machine Learning
Online
Repositories and
Collaborative
Communities
Sensors
and
Hardware
platforms
Real-time Sound
Synthesis

X

Codecircle/
MaxiLib.js

X

X

X

Multimodal
Feature
Extraction
Toolkit

X

X
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Candidate prototypes for API testing and their relations to the Special Interest Groups.
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Special Interest Group

REALTIME ADAPTIVE PROTOTYPING FOR
INDUSTRIAL
DESIGN
OF
MULTIMODAL
INTERACTIVE EXPRESSIVE TECHNOLOGY
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For the first version of the RAPID-API, a strong focus has been placed on Interactive Machine Learning as
one of the priorities within the consortium. The discussion carried out by the IML SIG along with the design
guidelines produced lead to identifying two main targets for development: (i) Web-based Interactive Machine
Learning based on an online infrastructure, as well as (ii) C++ libraries to be embedded in the JUCE
framework and other development frameworks/environments based on the C-family language, such as
OpenFrameworks, Cinder and Unity. For target (i), we can identify a significant connection between the IML
SIG and the Online repositories and collaborative communities SIG. Data “consumed” by Web-based IML
applications should be compatible with the repository infrastructure, while web-based IML functionalities
should be compatible with online collaborative platforms such as CoSiMa. For this to be possible, data
exchange and description formats (such as JSON schemas) as well as coding practices (in terms of
JavaScript resources and development guidelines) must be shared between SIGs.
Additionally, the various RAPID-MIX sensor and hardware platforms should ideally be easy to integrate with
both IML and online repositories/collaborative platform components of the RAPID-API. Special attention
must be placed on the protocols used to transmit data (such as OSC and WebSockets) and the middleware
components of the RAPID-API that will ensure their compatibility with other components (overseen by the
IML and Online repositories and collaborative communities SIGs).
Moreover, both targets (i) and (ii) have a strong connection with feature extraction. Within the RAPID-API we
can foresee feature extraction happening on multiple abstraction levels: a) simple low-level feature extraction
carried out on embedded hardware platforms, b) mid-level feature extraction carried out locally on a
computer, and c) high-level feature extraction carried out on web platforms. The adoption of existing feature
extraction architectures such as PiPo or LFO to enable a standard integration of feature extraction pipelines
across different platforms (embedded, local, on the web, on mobile devices) will therefore be an important
milestone for the RAPID-API.
Finally, given that target (i) will provide the frontend of the RAPID-API, the interaction design efforts should
consider the general HCI guidelines and design principles to provide the best user experience. For the
purpose that the RAPID-API aims to fulfil, it is particularly important to provide support for rich and
meaningful visualizations and feedback that assist users in the exploration of signals and of the outcomes of
the different processing steps. Also, great consideration should be taken in supporting differents types of
users that fit in a range of different levels of expertise. A good compromise should be sought between
flexibility, constraint and proposition. Strategies such as providing wizards, code examples and modules
must be carefully planned and implemented throughout the development of the API.
14. Transversal design guidelines
The above points demonstrate not only the interconnected nature of the different RAPID-API components,
but also the interconnected nature of the proposed design guidelines across the Special Interest Groups. By
combining the individual guidelines seen in Section 2.1 with the dependencies between RAPID-API
components, we can identify the following transversal guidelines:
•

•

Strong focus on Interactive Machine Learning. Interactive Machine Learning is, for the time
being, the central connecting point between several components (hardware, online platforms,
feature extraction). Focusing on IML for the first version of the RAPID-API will greatly accelerate the
integration of various RAPID-MIX technologies while aiming for impact in what is rapidly becoming
one of the most relevant technological fields.
Cross-devices and cross-platform capabilities. A common focus on both web platforms as well
as existing C++ development environments is evident throughout the outputs of the SIGs, while lowlevel embedded programming is also being considered for the hardware components of the RAPIDAPI. By adhering to the standards of existing development environments (Javascript/NodeJS, JUCE,
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OpenFrameworks, Cinder, etc.) as well as defining them when necessary we can ensure that our
technologies are usable on multiple platforms and devices.
• Modular and interconnected components. The sheer breadth and number of different
components to be integrated into the RAPID-API makes modularity a necessity, as it will otherwise
be difficult to ensure that these components are compatible with each other.
• User diversity at the core. Supporting both “naive” as well as experienced users is a high priority
that has arisen from several of the SIG discussions. It is therefore important to provide clean
documentation accompanied by code examples and intercompatible modules, in order to ensure that
inexperienced users will be able to prototype and explore with relative ease. At the same time, we
must also give professional and experienced users low-level access to RAPID-API components so
they can be robustly integrated into market-ready products.
We can also trace direct links between the designed recommendations emerged from the Special Interest
Groups within the consortium, and the insight for target users participating in our UCD actions. In this regard,
we identified 5 main crossing points:
•

•

•

•

•

Strong focus on Interactive Machine Learning: as pointed out by the SIGs, interviewed users
suggested that the RAPID-MIX is in an excellent position for delivering easy-to-use Interactive
Machine Learning tools to the creative community. This should be considered a core aspect of the
future RAPID-API.
Cross-devices and cross-platform capabilities: target users also put strong emphasis on the
need of having RAPID-MIX technologies built in a multi-platform API, supporting multiple devices
(desktop, embedded, mobile) and development environments that are the standard in the creative
community, such as openFrameworks, Unity, JUCE or web development. This recommendation is
also consistent with the UCD findings reported in D2.2, where participants emphasized the
importance of integrating RAPID-MIX technology in platforms they already know. People don’t
always want to learn a new language or workflow. In terms of platforms, participants pointed to
usability and versatility of JUCE.
Easy sensor integration: RAPID-MIX provides a number of sensing devices (e.g. BITalino, rIoT)
that were very well received by target users during our UCD actions. In order to take the most of
these (and other third party) hardware platforms, participants suggested that the future RAPID-API
should promote their seamless integration with Interactive Machine Learning Tools and repositories.
Mentors noted that this was a major deterrent into using already available but not integrated devices
in UCD actions. In this regard, and in line with the recommendations of SIGs, the use of
communication protocols such as OSC or Websockets will be instrumental.
User diversity at the core: our UCD actions have continuously revealed that the RAPID-API must
support variety of users in terms of roles, from researchers to developers, designers, “hackers” and
makers. Because of this range of users, we need to provide different expertise tracks into using the
API.Some users might want the “blackboxing” of tools such as machine learning to increase usability
e.g. pre-trained systems. As highlighted by the UCD actions mentors, some users might want things
to “just work” and will rely on pre-built examples (e.g. pre-defined gesture recognition). There will
also be expert users who will certainly want low level access and the ability to open, edit or extend
these black boxes.
A strong and active community: UCD actions mentors insights clearly pointed out the need of a
good community ecosystem, providing examples, documentation, and user assistance. Users took
mainly into account this condition when selecting the technologies in the UCD actions, as they felt
more confident by using part of an already working example or code snippet than reading and
understanding the technical documentation of a library, from scratch. Fast access to frequently
asked questions, historical support actions in specialized forums (such as StackOverflow) would
reduced the need of technical support from the mentors, and thus would allowed the participants to
be more autonomous and confident.
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The design guidelines that emerged from Special Interest Groups and UCD actions have to be interpreted as
recommendations and desired features for the RAPID-API, rather than low-level architecture and/or technical
implementations. These recommendations from target users and stakeholders will be further discussed
within the consortium to establish concrete specifications and priorities for the first version of the RAPID-API
(to be delivered in month 21). Thus, not all these recommendations will be implemented, or not at the same
pace.
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5 APPENDIX 1: Questionnaire for User Interviews
Sonar Innovation Challenge
Structured Interview for RAPID-MIX Challengers

a) General Questions
1. Could you briefly describe the prototype you have created during the SIC?
2. Which were the main motivations when defining the project together with your teammates?
3. Do you see yourself using RAPID-MIX technologies beyond the scope of the Sonar Innovation
Challenge, and if so, which ones?
b) Technology-specific questions
1. RepoVizz
a. Did you use RepoVizz to create your Prototype? If yes, what did you use it for? If not, why
did you decide to leave it out?
b. Within an interaction design context, what are the uses that you envision for a tool to create,
share and playback recordings of multimodal gesture data?
c. Are there any specific features or functionalities that you would like to see implemented in
RepoVizz?
d. What would you say are the main limitations of RepoVizz?
2. XMM/MuBu
a. Did you use XMM/MuBu to create your Prototype? If yes, what did you use it for? If not, why
did you decide to leave it out?
b. Are there any specific features or functionalities that you would like to see implemented in
XMM/MuBu?
c. What would you say are the main limitations of XMM/MuBu?
3. Wekinator
a. Did you use Wekinator to create your Prototype? If yes, what did you use it for? If not, why
did you decide to leave it out?
b. Are there any specific features or functionalities that you would like to see implemented in
Wekinator?
c. What would you say are the main limitations of Wekinator?
4. R-IoT
a. Did you use the R-IoT to create your Prototype? If yes, what did you use it for? If not, why
did you decide to leave it out?
b. Are there any specific features or functionalities that you would like to see implemented in
the R-IoT?
c. What would you say are the main limitations of R-IoT?
5. BITalino
a. Did you use BITalino to create your Prototype? If yes, what did you use it for? If not, why did
you decide to leave it out?
b. Are there any specific features or functionalities that you would like to see implemented in
BITalino?
c. What would you say are the main limitations of BITalino?
6. CoSiMa framework
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a. Did you use the CoSiMa framework to create your Prototype? If yes, what did you use it for?
If not, why did you decide to leave it out?
b. Are there any specific features or functionalities that you would like to see implemented in
CoSiMa framework?
c. What would you say are the main li mitations of CoSiMa framework?
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