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Executive summary 

This deliverable demonstrates the initial prototype implementation of the TRACTION project toolset, after 

eight months into the project. It is a demonstrator type deliverable and this report shows the evidences of 

the software release that has been implemented. This is the first iteration of this deliverable, presenting 

the initial features implemented based on the first requirements identified for opera production and 

viewing, immersive media support and social and community development though opera co-creation. 

These initial features are mainly related to the implementation of the backend of the toolset, which 

contains the necessary services and functions for the future development of the front-end (i.e. graphical 

interfaces).   Each iteration of this deliverable will include more components, starting with the collaborative 

front-end and initial media capturing functionality. The implementation of the technologies is part of the 

WP2 activities. 

This deliverable is divided into three main sections. 

Section 2 presents the main components of the toolset: the Media Vault, the Immersive Media 

Environment and the Performance Engine. Besides the description of these components, the architecture 

presenting the interaction and integration between the tools is also provided. 

Section 3 details the technologies that enable the implementation of the toolset, with an overview of how 

they are used in the context of the project. These technologies include libraries, platforms, frameworks 

and mechanisms that are used for the development of the toolset. 

Finally, Section 4 details the features of each component of the toolset. These features address the initial 

requirements identified in meetings, discussions and focus groups within the project. The Media Vault 

provides features for transcoding of video into different qualities, user authentication, content upload, 

automatic tagging and face recognition, mobility support, automatic translation of content, database 

functionality and tools for users’ communication. The Performance Engine contains tools for multi-screen 

video capabilities, delivery of real-time multimedia content, multimedia synchronization and content 

adaptation and sharing. The Immersive Environment is the component of the toolset that provides a player 

for immersive video, access to 3D experiences, accessible features such as subtitles and sign language 

support, and adaptation of the immersive content for different network conditions and video resolutions.   

This deliverable’s main contributions include: 

• A description of the architecture and the tools that compose the first iteration of the toolset; 

• The technologies employed in the development of the first iteration of the toolset; 

• The features implemented based on the initial requirements of the project. 

The next iterations of this deliverable will include the new features implemented based on the progress of 

the trials, user feedback, and further tests and workshops with communities, artists and audiences. 
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 Introduction 

1.1 Purpose of the deliverable 

This deliverable presents the overall architecture, the main components of the 

technological toolset of the TRACTION project, and the current features implemented after 

eight months into the project, as well as the enabling technologies used in the project. The 

features developed during the first eight months of the project are mainly related to the 

implementation of the backend of the toolset, which contains the necessary services and 

functions for the next iterations of development. This is the first iteration of the 

deliverable, which will evolve according to the progress of the trials, user feedback, 

additional tests and workshops with communities, artists and audiences. 

The main components of the project’s toolset include:  

• The Media Vault, which provides features for video transcoding, authentication, 

content upload, tagging and face recognition, mobile support, automatic 

translation, database and users’ communication; 

• The Performance Engine, containing tools for multi-screen capabilities, delivery of 

real-time content, synchronization and content adaptation and sharing; 

• The Immersive Environment, which provides a player for immersive video, access 

to 3D experiences, accessible features and adaptation of content. 

1.2 Intended audience 

The audience of this deliverable is anyone interested to learn more about the technologies 

that enable the achievement of the goals of the TRACTION project, including its aim of 

using Opera as a vehicle for facilitating social inclusion and the development of tools for 

artistic creation, community participation and immersive opera distribution. In particular, 

this deliverable focuses on the technological innovations of the project. 

1.3 Structure 

This deliverable is divided into three main sections. Section 2 presents the main 

components of the toolset. Section 3 details the technologies that enabled the 

implementation of the toolset, with an overview of how they are used in the context of 

the project. Finally, Section 4 details the features of each component of the toolset. These 

features address the initial requirements identified in meetings, discussions and focus 

groups within the project.  
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 Tools, Architecture and Integration 

The toolset of the TRACTION project is composed of three main tools: the Media Vault, the 

Immersive Media Environment and the Performance Engine. Each trial of the project (i.e. 

three operas developed by LICEU in Barcelona, INO in Ireland and SAMP in Portugal) will 

make use of the features of the tools according to their needs in co-creation, content 

distribution and communication among artists, audience, creators and communities 

involved.  

2.1 Media Vault 

The Media Vault is a web application to which users can upload media content such as 

videos, audio or images and share it with other people. Each piece of uploaded content 

can be commented on by other users in such a way as to foster conversation and 

collaboration. To enable conversation between people of different cultural and linguistic 

background as well as different physical abilities, the platform provides features for 

automatically translating content into different languages as well as the automatic 

generation of audio transcripts for audio and video files.  

While at its core, the Media Vault is a website in which users interact with on computers 

or mobile devices, it is comprised of a comprehensive set of services, each providing a 

distinct set of features which are orchestrated by the web application back end. Therefore, 

for instance when a user uploads a video or audio file, it is first stored in cloud storage. 

From here on out, it is analysed and picked up by a transcoding service, which takes the 

media item, and converts it to a different, common format to ensure compatibility with 

the greatest number of end user devices. In the case of video files, it is also scaled to 

different resolutions, giving the player on the client’s side the chance to adapt itself to 

different network conditions. 

After transcoding, another service tries to extract an audio transcript from the uploaded 

content and translates this into different languages. Additionally, for video files, a further 

service employs computer vision to extract visual features such as the presence of faces 

from the content. 

The application also provides tools for the management of the content and its metadata 

as well as for download/upload of immersive applications and assets and streaming of 360° 

and 2D video (HTTP and FTP). The architectural design of the Media Vault is presented in 

Figure 1. 
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Figure 1: Media Vault architecture. 

2.2 Performance Engine  

The Performance Engine is a communication infrastructure, deployed at the theatre or in 

the rehearsal rooms. It enriches the live performance by orchestrating the stage in real-

time the stage. It allows for remote participants to see the show and to directly contribute 

to it. This communication infrastructure does not only enrich the show but enables as well 

synchronous communication between actors and spectators as well. In the context of 

TRACTION, the performance engine provides multiple functionalities.  

On the one hand, it provides a frontend for end users who can remotely watch the opera 

performances. The multi-device functionalities of the performance engine allow users to 

decide what type of content is shown on which device (for example, the main stage on the 

smart TV and comments and secondary cameras on the phone). On the other hand, the 

Performance Engine can also be used as a production editor: through a timeline editor, 

producers can decide what content is available on the engine frontend at any time, they 

can show synchronized content from different streams and also let selected end users be 

part of the performance, allowing them to add streams at a specific time during the opera 

representation. These configurations can be edited before a performance (pre-scheduling) 

or during a performance (live edition). 

The performance engine is composed by five modules (which will be described in section 

3.2): the MultiDevice Server, the TimerServer, the Orkestra library, the Orkestra 

application and the Timeline editor, as illustrated in Figure 2, also presenting these 

modules’ features. 
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Figure 2: Performance Engine architecture. 

 

2.3 Immersive Media Environment 

The Immersive Media Environment is used for the presentation of opera content with 3D, 

360° and Virtual Reality technologies. Artists, professionals and community members can 

co-create content in a range of tools as seen in Figure 3. These co-creation tools are used 

for immersive audio processing (e.g. Facebook 360 Spatial Workstation), 360° video 

capturing (e.g. Go Pro Fusion, Insta 360 Pro) and 3D content creation (e.g. Unity, Google 

Blocks, Google Tiltbrush). 

Opera content can be created and presented with immersive technologies that capture 

the essence and simulate the experience of attending a live performance. The immersive 

environment of TRACTION provides a user-friendly interface and tools that work across 

multiple devices, so users can experience content on mobile phones, desktops, VR 

headsets and virtual reality domes. 

A web server hosts the immersive media player and videos, assets and immersive 

applications installed in devices are hosted in the Media Vault database. Other important 

features of the immersive environment include adapting the content for different devices, 

network capabilities and screen sizes, and present accessible features to users such as 

subtitles. 
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Figure 3: Immersive Media architecture. 

 

 

Overall, the tools of TRACTION are independent, but they make use of some services and 

storage capabilities of the Media Vault, which also hosts metadata, translations and 

transcriptions of videos, as illustrated in Figure 4. 

 

 

 

 

Figure 4: Overall architecture. 
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 Technologies Used in the Toolset 

The toolset of the TRACTION project is composed of three different tools, as mentioned in 

the previous sections. This section describes the current technologies employed in each 

tool of the toolset, which provide the necessary mechanisms for development of the 

features to be used in the project. 

3.1 Media Vault Technologies 

3.1.1 Docker Swarm 

As the Media Vault is comprised of a series of Docker1 containers, each fulfilling a distinct 

role, communicating with each other through a network interface, a tool is required to 

orchestrate these containers. For development on local machines, this is easily provided 

by Docker-Compose, which builds, launches and links all the containers on a local machine 

for development. 

For production and staging deployments, however, this is more complicated. While initially 

we considered deploying the Media Vault on AWS using Amazon Elastic Container Service2, 

we found that it was somewhat complicated, especially when dealing with data 

persistence across deployments. Docker itself supports a container orchestration system 

called Docker Swarm which offers functionality similar to the more complex Kubernetes, 

but is geared towards smaller deployments. In the end, we set up an Amazon EC2 virtual 

machine which is used to host the manager and worker nodes. The manager node monitors 

all worker nodes and is responsible for managing scaling and distribution of container 

services. This way, if need be, we can simply scale out the application by adding more EC2 

machines and adding them to the swarm. Moreover, Swarm has configuration options for 

restricting deployment of certain containers to certain hosts, making handling of data 

persistence for the database more convenient. 

3.1.2 Video.js 

Video.js3 is an open-source video player library which can be easily integrated into web 

applications. The reason this player was chosen is the fact that it can be fully adapted and 

styled to one’s needs through its extensive plugin library, and most importantly, provides 

support for MEPG-DASH4 through the use of a plugin. 

3.1.3 OpenCV 

OpenCV5 is an open source computer vision library, with support for several programming 

languages, including JavaScript and TypeScript for web browsers, which is the solution used 

in this project. The OpenCV library supports hundreds of functions such as medical 

imaging, security, user interface, automatic monitoring, object analysis and pattern 

 
1 https://www.docker.com/ 
2 https://aws.amazon.com/ecs/ 
3 https://videojs.com/ 
4 https://www.iso.org/standard/65274.html 
5 https://opencv.org/ 
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recognition with a machine learning module. In the context of the TRACTION project, the 

main features of OpenCV to be used are the automatic tagging and face recognition in the 

video player. A number of models are developed on top of the OpenCV libraries for face 

recognition. These models can use images as an input to accurately detect a specific 

person, gender, expression and age. 

3.1.4 Amazon Web Services 

A crucial part of the services that the media vault application relies on is provided as cloud 

services by AWS 6 . Centrally this is video transcoding through Amazon ETS (Elastic 

Transcoding Service). The primary reason for outsourcing this task is the fact that video 

transcoding is a very resource-intensive task, which needs to handle a multitude of 

different formats and resolutions. Relying on a cloud service provider with virtually 

unlimited compute capabilities and support for a wide variety of input and output formats 

enables us to focus on actual application business logic. 

Similarly, this is true for content transcription, which in the application is provided by 

Amazon Transcribe. Not only is transcription a resource intensive process, it also requires 

complex machine-learning models, which may not be available off-the-shelf in such a 

convenient package. 

Quick and straightforward translation services are also provided by Amazon through their 

AWS Translate service. Outsourcing translation to the cloud is another economical 

approach to solve a task which would otherwise require an disproportionate amount of 

work to implement ourselves. 

Apart from these core services for data and media processing, AWS also provides the 

infrastructure for running the web application as well as storage. This means that the 

application itself runs as a series of Docker containers inside of an AWS EC2 virtual machine 

orchestrated by Docker Swarm. All uploaded data assets are stored associated with a 

unique key inside AWS S3 (Simple Storage Service) and distribution and geographical edge 

caching are provided by Amazon CloudFront. 

Finally, Amazon SNS (Simple Notification Service) is used to provide asynchronous 

messaging between services. This allows the various parts of the system to operate 

independently from each other and solely communicate through this message bus. 

3.1.5 Database 

Although initially the project was set up to use a document-oriented database for 

structured data storage, as the project evolved the decision was taken to migrate it to a 

conventional relational database. The main reason behind this decision was the fact that 

for a relational database a fixed schema could be designed, closely mirroring the fact that 

the data that the application would have to deal with was largely relational. Moreover, 

most of the development team had a higher grade of familiarity with relational databases 

than with document-oriented ones. 

 

 
6 https://aws.amazon.com/ 
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3.1.6 JSON Web Tokens 

Apart from a conventional session-based authentication mechanism for the web frontend, 

the application also supports a JSON Web Token 7  based authentication mechanism, 

primarily supplied through the REST API. In this case, instead of opening a new session that 

is managed on the server, it simply creates a piece of data, signs it using a known secret 

and supplies this signed piece of data to the client which needs to save it. Then, upon 

requesting a resource which requires authentication, the client can simply return the 

signed data structure to the server, which in turn can easily verify its validity by checking 

the signature. This has the advantages that the sessions do not need to be managed by the 

server and the tokens can also potentially be ported to different services as long as they 

know the secret which was used to sign the token, making a verification of the validity 

between servers unnecessary. 

3.2 Performance Engine Technologies 

3.2.1 WebRTC 

WebRTC8,9 (web real-time communication) is an open source framework that provides an 

API for real time communication over web browsers and mobile applications. Since 2018 

WebRTC is standardized by both W3C and IETF. 

In the Performance Engine webRTC is used to handle audio and video streaming between 

different browsers. The way multimedia data is sent relies on using the high-level API calls 

of the standard, namely getUserMedia, RTCPeerConnection and RTCDataChannel. 

3.2.2 Janus 

Janus10 is an open source webRTC server which provides functionalities such as set up a 

WebRTC media communication with a browser, exchanging JSON messages with it, and 

relaying RTP/RTCP and messages between browsers and the server-side application logic 

they're attached to. 

The plugin-based architecture of Janus is used in the Performance Engine to ensure 

scalability and to simplify load balancing and orchestration. 

3.2.3 Timer Server 

The Timer Server is VICOM’s implementation of W3C timing object11,12. It is a service that 

provides low-delay synchronization between different web component and across several 

connections. The implementation is available on GitHub13 and is based on the Motion 

 
7 https://jwt.io/ 
8 https://webrtc.org/ 
9 https://developer.mozilla.org/en-US/docs/Glossary/WebRTC 
10 https://github.com/meetecho/janus-gateway 
11 https://www.w3.org/community/webtiming/ 
12 https://webtiming.github.io/timingsrc/ 
13 https://github.com/tv-
vicomtech/traction_RealTimePerformanceEngine/tree/master/MotionServer 
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library14. The service provides a delay of maximum 60 milliseconds, and it can be lowered, 

for multimedia components, to 25ms. 

3.2.4 MultiDevice Server 

The MultiDevice 15  server is a WebSocket server that grants support for multi-device 

applications. The server, which interfaces with the Orkestra library (section 3.2.5), is based 

on MESH16 , a software library developed at Vicomtech during the FP7 Mediascape 17 

project. The Multidevice server enables services that define multi-user and multi-device 

media-viewing experiences for end-users in a standard-based approach. 

3.2.5 Orkestra 

Orkestra18 is a library to support multi-device applications, its main function is to facilitate 

the development of this type of applications. To do this, it abstracts the communication 

complexities that arise when trying to develop multi-device applications, helping 

developers to focus on the application that they want to develop.  

Orkestra is made up of different mechanisms that facilitate modular development; under 

coupling, plugin-based system, modular injection and basic support for complex functions 

like component management, distribution and layout functions. 

User interface support is optional, this service is offered as one more layer to facilitate 

development, but its greatest virtue is abstracting the complexity of synchronized multi-

device application communications.  

It is compatible with numerous frameworks such as Angular, React, es6 and vanilla, and 

can cooperate from different frameworks. 

3.2.6 Timeline Editor 

The Timeline editor19,20 is a web application that provides timeline-based orchestration 

utilities. It is built on top of the technologies described in sections 3.2.3, 3.2.4 and 3.2.5. 

Every user connected to the webapp will be synchronized with the specified timeline. 

Figure 5 shows the frontend currently developed for the Timeline editor. It allows a master 

user to specify a timeline describing which multimedia content should be played for every 

connected client. Synchronization is defined at the frame or millisecond level, depending 

on the user requirements in terms of maximum delay allowed. 

 

 
14 http://www.motioncorporation.com/#main 
15https://github.com/tv-vicomtech/traction_RealTimePerformanceEngine/tree/master/server 
16 https://www.vicomtech.org/en/rdi-tangible/software-libraries 
17 https://cordis.europa.eu/project/id/610404 
18 https://github.com/tv-vicomtech/Orkestralib 
19 https://github.com/tv-
vicomtech/traction_RealTimePerformanceEngine/tree/master/orkestra-control 
20 Demo video: https://drive.google.com/file/d/12y2bG2aRPzpGX6YciIhcM9-ib_OCFp-
9/view?usp=sharing 
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Figure 5: The frontend of the timeline editor. 

The editor currently supports three user profiles: 

• Visualiser: With this profile, the display will be used to show the content sources 

scheduled or activated by the administrator. 

• Administrator: With this profile, this interface will decide what to be seen, where, 

and at which time. The adaptation rules can provide an automatic outcome, but 

then the administrator can manage and change everything, moving components 

from one device to another, changing the layout, interacting with the content, etc. 

• Operator: With this profile, an operator can be using a specific application, for 

instance the stream from its own webcam or a music streaming application, and 

the information being showed in the screen can be distributed in real-time as one 

content source more for the others. An example of operator could be an actor or 

a viewer sharing his camera stream during the show. 

3.3 Immersive Media Technologies 

3.3.1 Omnitone Ambisonics 

Omnitone21, which is used for spatial audio in the immersive platform of TRACTION, is an 

open-source JavaScript implementation for Ambisonics decoding. Web-based Virtual 

Reality applications can implement Omnitone to provide spatial audio capabilities, which 

means that the direction of the audio can be perceived by the user as he/she moves within 

the virtual environment. Omnitone also uses the Web Audio API22  and multi-channel 

Ambisonics files are streamed via the AudioBufferSourceNode interface. A rotation matrix 

monitors the user’s head position, based on user interactions or sensor data. Binaural 

rendering is handled by Convolver and GainNode interfaces, both native to Web Audio, 

with the use of head related transfer functions (HRTFs). 

 
21 https://googlechrome.github.io/omnitone/ 
22 https://www.w3.org/TR/webaudio/ 

https://www.w3.org/TR/webaudio/
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3.3.2 Three.js 

Three.js23 is a JavaScript 3D library with cross-browser compatibility that contains an API 

for the creation and display of animated 3D computer graphics in web browsers. Three.js 

makes use of the WebGL library, which processes graphics in browsers using devices’ 

Graphical Processing Unit (GPU). The Three.js library is used in the immersive player for 

the display of 360° videos, interface with functions for controlling video playback, and for 

accessibility features, such as subtitles. 

3.3.3 WebXR 

WebXR24 is an open specification for Augmented and Virtual Reality experiences in desktop 

and mobile web browsers, and VR headsets (e.g. Oculus Rift). It allows smartphones to be 

used as VR devices by inserting them into headsets such as the Google Cardboard25. The 

main goals of WebXR are to render content into two screens (one for each eye) and capture 

motion control from phones’ accelerometers and gyroscopes. Development in WebXR 

usually involves the use of frameworks such as A-Frame26, which allows developers to 

manipulate 3D assets and scenes with HTML. WebXR is used in the immersive platform for 

3D experiences that can be experienced in a wide range of devices.  

3.3.4 Unity 

Unity27 is a popular cross-platform game engine used in 2D, 3D and VR development. 

Applications developed in Unity can be installed in a wide range of devices, including 

desktops, smartphones and VR headsets. Unity is used for the development of applications 

that require more complexity in terms of design, user experience and graphical fidelity, 

therefore it is a useful technology for the implementation of certain immersive experiences 

in TRACTION.  

3.3.5 MPEG-DASH 

The Moving Picture Experts Group (MPEG) developed the Dynamic Adaptive Streaming 

over HTTP (MPEG DASH 28 ) based on previous standards, such as the Adaptive HTTP 

Streaming (AHS) and the 3GP-DASH. MPEG-DASH is a well-known adaptive bitrate 

streaming technique widely used on web browsers, with two main components: The Media 

Presentation and the Media Presentation Description (MPD). Media Presentation is a 

sequence of one or more segments, incorporating periods, adaptation sets, and 

representations, which break up the media from start to finish. The MPD is a document 

defined using the eXtensible Markup Language (XML), and it identifies the various content 

components and the location of all alternative segments, providing the relationship 

between them. The immersive player of TRACTION supports MPEG-DASH in order to adapt 

video quality across multiple devices and network requirements. 

 
23 https://threejs.org/ 
24 https://www.w3.org/TR/webxr/ 
25 https://arvr.google.com/cardboard/ 
26 https://aframe.io/ 
27 https://unity.com/ 
28 https://www.iso.org/standard/65274.html 
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 Description of the Toolset Functionality 

This section focuses on the initial features of the toolset, which make use of the 

technologies presented in the previous section. These features are mainly related to the 

implementation of the backend of the toolset, which contains the necessary services and 

functions for the future development of the front-end. Some features are also related to 

the first requirements identified for opera production and viewing, immersive media 

support and social and community development though opera co-creation. Other 

requirements are being gathered in WP4, and they will be reported in deliverables 2.3 and 

4.2 in December 2020. These requirements will be implemented in the intermediate 

version of the toolset, which will be reported in the next iteration of this deliverable. 

4.1 Media Vault Features 

4.1.1 Authentication 

The media vault includes a basic registration and authentication system. Users can create 

new accounts by supplying a username and a password. From the browser, users can then 

simply log in by supplying their chosen username and password and once authenticated 

are given full access to the functionality of the Media Vault, such as browsing media, 

uploading content and interacting with other users. 

  

Figure 6: Media Vault authentication screen. 

Logging in through the browser interface creates a persistent session on the server. The 

application offers a secondary way to authenticate, namely through the REST API. Similarly, 

the user supplies username and password via a POST request to the corresponding REST 

endpoint, but instead of a session being allocated on the server, the client receives a signed 

JSON data structure and to each subsequent request the client can simply attach this piece 

of data and the server can verify the client’s permissions simply by verifying the signature. 

This has the advantage that the authentication can be reused across different services 

without the servers having to verify the client’s identity by communicating with each other. 
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4.1.2 Content Upload 

Users can upload content through the web interface by dragging and dropping media files 

to the corresponding interface. 

 

Figure 7: Media Vault video upload. 

 

The browser then analyses the file and prepares it to be transferred to the server, which 

in turn forwards it to Amazon S3 for storage and initiates the processes for transcoding to 

DASH, extracting the transcript from the audio track and translating the extracted 

transcript into several other languages. A progress bar informs the user about the 

advancement of the upload and a notification will be displayed when finished.  
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Figure 8: Media Vault video upload. 

While this process is in progress, the video will be preliminarily listed as ‘processing’. After 

the transcoding process is complete, the interface will display the available resolutions, 

and the content’s length. At this point, the content is playable. It may be the case, however, 

that even though transcoding and conversion to DASH has finished, subtitles are not 

available yet. 

 

Figure 9: Media Vault transcoded video list. 
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Thus, clicking a video entry which has finished transcoding, brings up a video player which 

plays the selected video using a DASH stream, dynamically adapting streaming quality to 

current network conditions. Once the transcript has been generated and converted into a 

suitable subtitle format, it will become available in the subtitle menu of the video player. 

 

Figure 10: Media Vault video player. 

 

4.1.3 Automatic Tagging 

The automatic tagging features of the Media Vault are intended to be used for the 

recognition of artists, characteristics, objects or scenes in the media player, which can then 

be searched by users. A number of images of faces, for instance, can be inserted into the 

database of the Media Vault, so the algorithms for face recognition based on the OpenCV 

library (presented in section 3.1.3) can accurately detect a person’s face. 

Figure 11 and Figure 12 demonstrate examples of faces being detected in real-time during 

a video playback, using one of the algorithms for face detection. 
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Figure 11: An example of face recognition. 

 

 

Figure 12: An example of face recognition. 

4.1.4 Mobile Support 

During preliminary interviews, it became clear that support of mobile devices will be a 

crucial part of the project. The project tries to keep responsive design principles in mind 

when designing the user interface as well as making sure features to be implemented are 

widely supported and available on mobile platforms while trying to adhere to web 

standards and avoiding having to implement native applications. 



  
 

 
23 

 

Figure 13: Media Vault mobile recording. 

 

One core feature to be supported is the recording of video content from a mobile device 

using the browser. This is easily facilitated by modern web browsers. So, for instance, once 

the user clicks on the ‘Record’ button, the browser will try to access the device’s camera 

for video recording. If the user decides to record a video, it is stored to the user’s device 

and made available to the browser for preview. Clicking ‘Upload’ will then initiate the 

transfer of the file to the server, where it is then processed and made available to other 

users of the Media Vault. 

 

4.1.5 Automatic Translation 

For any piece of uploaded content for which a transcript could be extracted, it is possible 

to have this transcript translated into multiple languages, with Amazon’s Translate service 

that supports over 50 languages29. For this, at the moment, the application provides a basic 

interface in which the user selects the desired target language and with the click of a 

button, the application tries to translate the transcript into the target language and stores 

it in the database. For this, the source language is detected automatically. 

 
29 https://aws.amazon.com/translate/details/ 
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Figure 14: Media Vault translation service. 

After this, the new translation will become available in the subtitle menu of the video 

player and can be changed dynamically during playback. 

 

Figure 15: The frontend of the timeline editor. 
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In case the user wants to translate the transcript for a video into a language that is not 

supported by Amazon’s Translate service, the application offers the possibility to manually 

translate the transcript. For this purpose, the application renders a list of cues with their 

original cue texts and timestamps and the translation can be filled in manually. Then, after 

specifying the language the new transcript is in and saving it, it will become available in the 

video player for selection. 

 

 

Figure 16: Media Vault manual translation feature. 

4.1.6 Database 

All the content uploaded into the Media Vault, including videos, user comments or 

automatic tags, is stored in a PostgreSQL database. The database is used by the 

communication tool described in section 4.1.7 to let users add content to the media vault 

or interact with existing content. The current version of the database has been built using 
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a relational model and it has been implemented using PostgreSQL. The ORM library 

Sequelize30 is used to build the database in Node.js. 

Figure 17 shows the Entity-Relationship Diagram (ERD) of the Database. The database is 

responsible for storing the information related to the media uploaded to the Media Vault 

(In the Multimedia class), together with all the metadata extracted automatically or 

manually (in the Tag, Subtitles and Metadata classes). Furthermore, the database also 

stores users’ information (in the User class), their activity and privileges (in the Permissions 

and Preferences). Finally, the content is structured similarly to an online forum or social 

media, where users can start new threads of discussions, add new posts and reply to or 

reference existing ones. The classes describing such entities are Thread, Post and Topic. 

 

 

Figure 17: The Entity-Relationship Diagram of the database used in the Media Vault. 

 

 

The current version of the database is available in the Media Vault repository34. Each class 

is implemented in a separate file in the models directory35. The repository also includes the 

most recent description of the ERD and of the classes implemented36. 

 

 
30 https://sequelize.org/  
34 https://github.com/tv-vicomtech/traction_MediaVault/  
35 https://github.com/tv-vicomtech/traction_MediaVault/blob/database/models 
36 https://github.com/tv-vicomtech/traction_MediaVault/blob/database/models/db.md 
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4.1.7 Communication Tool 

The communication tool is the frontend that allows users to upload content through the 

Media Vault as well as check existing multimedia content and to add replies, tags and 

comments. 

The communication tool is still at an early stage of development and it has not been 

integrated with the database (section 4.1.6) or the multimedia content uploader (section 

4.1.2) yet. 

So far, we have created a few mock-ups that describe the different views of the user 

interface and the different options available to the user. Before starting the development 

of the frontend, the style and the layout will be validated with the stakeholders but ideally 

it will contain links to all relevant actions, as well as quick links to the most active users and 

the most useful tags. 

From within the communication tool, the users will be able to add comment in different 

ways (pure text, images, audio or video), add new tags and navigate from the current post 

to similar ones. A voting system based on “likes” or adding emojis will allow users to 

promote the most useful posts and to make them more visible. Users will be able to 

annotate videos in specific regions and time intervals. This is useful, for example, in case a 

user posts a video tutorial: users who watched the video can add annotations at specific 

moments to ask for clarifications or let other users know their own experience. 

The users will also be able upload new content to the media vault through the 

communication tool. The user will be able to choose the type of media to upload and he 

or she can provide different metadata in the form of tags, keywords of topics, as well as a 

short textual description of the post. After uploading the content, the users can preview it 

and choose different post-processing options, such as specific transcoding options or add 

existing subtitles. 

As mentioned before the development of the communication tool is still in an initial phase. 

Source material is available in the Media Vault repository37. 

4.1.8 Media Vault Next Steps 

A large part of the backend core features for the Media Vault has been completed or is 

currently underway. This includes media upload, media conversion, data management, 

deployment, unit testing and infrastructure. One major issue that is still pending and given 

that during the requirement gathering phase, it became clear that mobile support is an 

utmost priority, with a final decision pending on whether the Media Vault should be a 

responsive web application or a website primarily targeted at desktop environments with 

an accompanying native mobile application. This decision has to be carefully considered, 

factoring in development effort, availability or absence of features on certain platforms 

and practicality for end users. Naturally, the final decision will then also influence design 

and implementation of the actual user interface. 

 
37 https://github.com/tv-vicomtech/traction_MediaVault/tree/develop/views 
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While this issue and the user interface design are still pending, the ongoing 

implementation work for the Media Vault has been set up in such a way that the 

application can transparently plug into a web app frontend or a mobile application. This is 

achieved by designing the entire backend to be accessible as a RESTful API and having the 

business data layer not be intermixed with the view layer. Instead, the view layer requests 

business data asynchronously and renders it. This allows us to easily adapt to a responsive 

web application, a desktop website or a native mobile application. 

Finally, another pending issue specifically for the first trial run is the creation of a public 

deployment environment on a publicly accessible production server. This involves creating 

an entirely isolated environment with a separate copy of the database and storage 

locations which will not affect the current development environment and vice versa. 

Setting up this environment should also include a reassessment of hosting and compute 

costs to ascertain ourselves of the current situation, plan for the way forward and find 

potential cost cutting areas. 

4.2 Performance Engine Features 

4.2.1 Multi-Screen Capabilities 

The performance engine is built natively as a multiscreen application: This means that 

when more than one device is connected through a single session, the web components 

are distributed through all the devices connected, and the layout in each device can be 

selected by the user or chosen automatically among different layout options. 

 

Figure 18: An example of a multiscreen web application developed at Vicomtech. 

Supporting multi-screen provides the users the possibility to choose what content to watch 

and gives him control on the user experience, since users can watch more content than 

normally possible and prioritize what is more interesting for them. 

Figure 18: An example of a multiscreen web application developed at Vicomtech. 
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Figure 18 shows an example of this: the user is using the application on three different 

devices and the user can decide what to watch on each device and also specify the desired 

layout for every device. 

4.2.2 Real-Time Content Delivery 

Using a Janus server, the performance engine can deliver multimedia streams in real time 

to different users. With the flexibility provided by Orkestra (section 3.2.5) a content creator 

can use the Timeline editor (section 3.2.6) to define what content each user is going to 

watch38.  

 

Figure 19: An example of real time delivery through the performance engine. See the 
footnote for the link to the demo video. 

Figure 19 shows an example of what a client can see when connected to the performance 

engine. Based on the options defined in the timeline editor, one or more real time streams 

will be shown in the page according to the options selected. 

4.2.3 Multimedia Synchronization 

The Orkestra library provides multimedia synchronization39 capabilities that ensures that 

different users (or the same user on different device) can watch synchronized content with 

strict upper limit on the allowed delay. 

 
38 https://drive.google.com/file/d/1DuxcKhwrRwa-
LOR7cVkklZfRzizFQMmO/view?usp=sharing 
39 https://github.com/tv-vicomtech/orkestralib-examples 
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Figure 20: Two web clients playing synchronized content through the performance engine. 

An example of the synchronization capabilities of the performance engine is shown in 

Figure 20: in this case, two web browsers overlapped in the same screen are connected to 

a webapp which implements the performance engine. When the play command is issued 

server-side, the content shown on the clients’ is synchronized, and the users are 

guaranteed to watch the same content with a delay below 60ms. This is especially useful 

if users are watching the same content from different locations and they want to interact 

with each other and comment on what they are watching. 

4.2.4 Adaptation and Content Sharing 

The performance engine allows automatic (or manual, if the user prefers) adaptation of 

the content shown. This means that depending on the amount of web components that 

are shown to the user, the application can change the layout or rescale when necessary 

the multimedia content that is shown. Furthermore, different users can share the content 

they are watching or other streams (like webcam or screen recordings), allowing app 

admins or other selected users to experience the same video content and easily interact 

with each other40. 

 
40 Link to the video: 
https://drive.google.com/file/d/1ihjX0USHmVK8wiy4_gbo9X4RUBDHq4OJ/view?usp=sharing 
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Figure 21: An example of content sharing and adaptation. See the footnote 40 for a link to 
the demo video. 

Figure 21 shows an example of the content sharing capabilities, where an admin profile 

can see the YouTube video shown on a client device and also the screen where another 

user is developing code. Such content can then be sent from the administrator to other 

users connected to the application.  

4.2.5 Performance Engine Next Steps 

So far for the performance engine, a working implementation of both the frontend and the 

backend is available. The backend includes the libraries required for adaptation, 

synchronisation and multi-device usage, but it will have to be modified to fulfil TRACTION's 

requirements in terms of scalability and delay. 

The frontend development on the other end is still at the Minimum Viable Product stage, 

as not all requirements from the different trials have been gathered yet and therefore 

there are no final guidelines on its UX and UI. 

We expect to complete the development of both the frontend and the backend of the 

performance engine by mid 2021, when we will collect feedback and perform user tests in 

order to fix bugs and add or modify existing functionalities. 

4.3 Immersive Media Features 

4.3.1 Immersive Video Playback 

The immersive video player of TRACTION41,42 can execute regular 2D and 360° content. 

Users can navigate in immersive videos by dragging the point of view with a mouse, touch 

 
41Link to the player: 
http://ec2-3-122-159-178.eu-central-
1.compute.amazonaws.com:8080/traction_ImmersiveInstallation/ 
42 https://github.com/tv-vicomtech/traction_ImmersiveInstallation 
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screens or head movements in virtual reality headsets. This player is based on the ImAc 

player developed by the EU Horizon 2020 ImAc project43.  

Figure 22 presents a screenshot of the video selection list of the player. Figure 23 presents 

the footage of a 360° video being played.  

 

Figure 22: TRACTION Immersive Player video selection list. 

4.3.2 Accessibility 

The immersive player contains a number of tools for accessibility, including subtitling, 

(spatial) audio description, sign language interpreting, voice control and large menus for 

visually impaired people. These can be accessed through the main player menu as shown 

in Figure 23. The four icons [=] [>] [··] [o] represent text subtitles, sign language, audio 

subtitles and audio description, respectively.  

 

 
43 https://www.imac-project.eu/ 
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Figure 23: An example of a video playing on the TRACTION Immersive Player. 

 

4.3.3 3D Experiences 

The Immersive Media platform of the TRACTION project also supports interactive 3D 

experiences. Web-based 3D content can be based on the three.js, WebXR and A-Frame 

technologies, presented in sections 3.3.2 and 3.3.3. The main advantage of integrating 

these experiences into the player is to take advantage of the accessible features presented 

in section 1.1.1. Figure 24 and Figure 25 present examples of web-based 3D applications, 

which run on modern desktop and mobile browsers. 

Certain 3D applications are installed into devices, instead of being browser based, and they 

are built with graphical engines such as Unity (described in section 3.3.4). If creators decide 

to build this type of applications, they will be hosted on the Media Vault server, where 

users can download them. 
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Figure 24: An example of a web-based 3D experience. 

 

Figure 25: An example of a web-based 3D experience. 

 

4.3.4 Adaptation 

The immersive player of TRACTION employs the MPEG-DASH standard, which was 

introduced in section 3.3.5. This standard allows the playback of 360° videos at different 

quality levels according to network conditions and device type.  presents the footage of 

the same video in medium and high resolutions. One of the possibilities in relation to 

adaptation in the player of the project is to reduce quality in areas that the viewer is not 

likely to look at, while the main areas of the 360° video, such as the location of the singer, 

will suffer less or no degradation when network conditions are constrained. 
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Figure 26: The same video in medium and high resolutions. 

4.3.5 Immersive Media Environment Next Steps 

At the moment, the web-based immersive player contains the necessary libraries and 

features for 360° video playback, accessibility and multi-device usage. The next steps in 

development include a complete integration of 3D rendering features, which also make 

use of the existing accessible features.  

As the trials progress, the development of 3D content might also be done in Unity for 

installation in powerful devices and professional VR headsets. This will also require some 

effort in relation to development, but it depends on the artistic choices that the creators 

and art directors will follow. 

A fully working immersive environment is expected for mid 2021. The tools will be then 

tested and evaluated for improvements, additions and modifications of the features. 
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 Conclusion 

This deliverable presented the first iteration of the toolset of the TRACTION project, 

outlining the initial features and technologies employed in the three main components of 

the TRACTION toolset:  the Media Vault, the Immersive Media Environment and the 

Performance Engine. The next iterations of this deliverable will present additional features 

based on the new requirements identified as the project progresses.  

The initial toolset mainly focused on the backbone features of the toolset, such as defining 

data models, authentication process, libraries to be employed, initial mock-ups and basic 

user interfaces. The next steps for the toolset development include a new wave of 

requirements and features to be identified and deployed, and the continuation of the 

current development tasks, such as finalising the user interfaces of the communication 

tool, WebXR integration, Media Vault and Performance Engine. Deliverable D2.3, which is 

scheduled to be finalised in December 2020, will consolidate the technical requirements 

identified during the project’s first year, describe the overall system architecture and 

present a comprehensive definition of the communication and interaction between the 

different modules of the toolset, as development tasks continue progressing. 

The next iteration of this deliverable (D2.4) is going to present the intermediate prototype 

of the toolset, and is planned for April 2021. 

 


