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Publishable summary

This document presents the second iteration of the SCENE Reference Architecture, building upon the foun-
dation established in D2.6. The SCENE project (Searchable multi-dimensional Data Lakes supporting Cognitive
Film Production & Distribution for the Promotion of the European Cultural Heritage) is designed to develop
an advanced platform that leverages Al-driven tools, multi-modal data lakes, and blockchain technologies to
enhance the entire filmmaking lifecycle—from pre-production to distribution.

The SCENE Reference Architecture serves as the blueprint for this platform, ensuring its modularity, scalabil-
ity, and adaptability to evolving technological trends. The first version of the architecture (D2.6) laid out the
core system structure, incorporating four key architectural viewpoints (Functional, Development, Infor-
mation and Deployment). This second iteration further refines these concepts, addressing technical feedback
and aligning with the latest functional and non-functional requirements identified through user feedback and
pilot implementations.

Key updates and enhancements in D2.7 include:

Refined Component Interactions: Improved data flow and interconnectivity across the Data Lake, Al-pow-
ered tools and Media Asset Management systems.

Advanced Al Integration: The architecture now incorporates cutting-edge Al models for audience trend pre-
diction, content recommendation and media enhancement.

Optimized Deployment Strategy: A distributed microservices approach ensures seamless integration, secu-
rity and interoperability between system components.

Enhanced Functional Viewpoint: The roles and dependencies of each module have been reassessed and
refined, ensuring that each tool is aligned with the overarching system objectives.

The SCENE Reference Architecture continues to evolve as a scalable, Al-powered framework designed to
streamline content creation, distribution, and audience engagement in the film industry. This document
marks a milestone in the project’s development, paving the way for further testing, integration, and real-
world validation of the platform’s capabilities.

The next steps involve finalizing the system implementation, conducting extensive validation and testing, and
ensuring that the architecture remains aligned with both technical advancements and stakeholder require-
ments. The SCENE project remains committed to driving innovation in digital media production and distribu-
tion, empowering creative professionals while preserving and promoting European cultural heritage.
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1 Introduction

1.1 Purpose, Context and Scope of the document

The purpose of this deliverable is to document the second round of the architectural design of the SCENE
project, based on the updated technologies and user needs. The focus of this deliverable remains on the
implementation of the architectural model, namely the 4+1 view model, defined in the first round of archi-
tectural design, extending it with the latest updates of the tools and components. Furthermore, a new map-
ping to the functional requirements, based on the updated user needs, is presented, along with the latest
scenarios for each component.

The scope of this document is to provide a comprehensive understanding of the project’s final architectural
framework, emphasizing on the updates made during the project’s second year. In the beginning, an over-
view of the design methodology is presented, along with the changes and advancements during the imple-
mentation of all developed components. Following, the latest concept of the overall architecture is displayed,
through the final version of its functional viewpoint, where an overview of the components’ functionalities
and interconnections can be comprehended. As the major architectural structures of each component has
already been described in details in the first round, the rest of the architectural viewpoints (development
and information) will be presented grouped by each component, in order to point out the updates imple-
mented to each one, during the second period of this task. Subsequently, the document transitions into the
depiction of the scenarios of the components, showcasing the ways each component will interact with the
environment and other cooperating components. Finally, this document briefly describes the final system
specifications of both the individual components and the entire system.

1.2 Relationship with other documents

The current deliverable is highly based on Deliverable D2.6, which showcases the system’s reference archi-
tecture, during the first round of the architectural design process. The majority of the core components of
the project have remained unchanged in their scope and functionality, but various details in their internal
structure and interconnections with other components have been further developed and extended. Moreo-
ver, the updated user requirements, defined in the corresponding second round of user-needs analysis in
Deliverable D2.3, are considered and re-mapped to the relevant components, thus ensuring the latest sce-
narios cover all use cases.

D5.1 — SCENE testing &
system integration.R1

1

D2.7 — SCENE Reference

Architecture.R1

1t

, |

D2.3 —End-user needs & D2.5-State-of the-art D2.6 - SCENE Reference

. analysis and specifications .
requirements.R2 of SCENE solutions Architecture.R1

Figure 1: Relationship with other deliverables
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On top of that, the hardware and software specifications of the system’s components from Deliverable D2.5
are collected and addressed in the corresponding section of this document. Finally, the upcoming Deliverable
D5.1, regarding the system’s integration, will utilize the architecture described in the current deliverable, in
order to define the optimal integration methodology and plan for the SCENE platform.

1.3 Addressing review comments
Considering the comments received by the reviewers, regarding the deliverable D2.6 of the first round of the

architectural design process, the updates applied to this document are meant to clear any potential ambigu-
ities or mistakes of the initial implementation.

e Special attention was brought to making the updated sequence diagrams in the scenarios section,
clarifying the scope of each one and defining the user roles used.

e Alegend of the symbols used to design the sequence diagrams is provided, in order to help the reader
of the document easily distinguish between them.

e A comprehensive description of the platform’s user interfaces is presented, as the front-end imple-
mentations of the components have been matured in this second round of architectural design. This
provides a better view of the way the end-users will be able to access and interact with the SCENE’s
platform and tools.

2 Architectural Design

This section presents the updated designs of the architecture defined within the second round of the refer-
ence architecture update.

2.1 Methodology Overview

As already described in the preceding deliverable D2.6, the SCENE architecture is designed, based on the 4+1
architectural viewpoints methodology. The 4 viewpoints of this methodology (i.e., Functional, Development,
Information and Deployment) act as placeholder that showcases how the entire system and its individual
components behave and interact with each other from different perspectives. Each viewpoint has a different
role in the architectural design process, but the collection of them provides a holistic understanding of the
system. Moreover, the scenarios included in this methodology provide a comprehensive way of understand-
ing and validating the chosen architecture, presenting use-case examples of the behaviour of each compo-
nent.

2.2 Design update

During the second phase of the architectural design process, all SCENE partners have worked in cooperation,
in order to form a complete functional framework for the project. With the finalization of the developing of
most of the components, their internal structure and outbound interconnections have been consolidated as
well. On top of that, the integration of all the components to a unified platform, accessible by the end-users,
assisted in the standardization of the requirements of the tools. Further information on the integration is
available in D5.1.

As the main structure of the architecture has already been defined in the first round, in Deliverable D2.6, the
second round focuses on updating and consolidating the decisions taken after to the updated requirements
collection and the initiation of the integration process. Firstly, the latest user requirements collected and
presented in Deliverable D2.3 have been taken into consideration, in order to modify or extend the function-
ality of any affected components. Secondly, a number of components have developed extra functionalities
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in the meantime, such as incorporating Al models to their pipelines or communicating with extra compo-
nents, due to the updated user requirements, which provide additional features to the end-users, or ex-
tended the already defined ones, in order to be more efficient in their performance. The finalization of the
front-end interfaces of the components establishes a more well-rounded perspective of the way each com-
ponent is designed to be used and behave inside the SCENE environment, while also providing a more com-
prehensive view of its integration with the rest of the components.

Taking all the above into consideration, the updates of each component are accumulated to form the final
reference architecture of the SCENE project. In the sections below, the refined diagrams of the viewpoints,
the unified system and use-case scenarios are presented.

3 SCENE Architecture

In the following sections, the updated figures and diagrams of the architectural viewpoints, along with a brief
description of the related process are presented.

Common front-end

Presentation
Layer

Single sign-on
Conversational || Search & Retrieval
agent Engine
PRE-PRODUCTION PRODUCTION $OST-PRODUCT|0m DISTRIBUTION
g AH?'“" Media preparation
B o= ::::’:::a Audience for distribution e
o g. ;c |.:t| Building T Systam
= outing
‘E- L] (AAPS) UWB-based Media =
% Tracking Asset k h
. Manager
Audio Lighting Blockchain Quality Distribution
Simulation | Simulation (NFTs) Assesment Engine
Ontology formulati
Blockchain Independent Storage %//:\\\:’m:&,\f\/‘\ﬁ\:ﬁ — —_—
| Knowledge Graph
le——
- :

© a—, On-Chain | Data Lake
- storage
(1] Ontology Converter
o8

EEEEEEEER

Figure 2: SCENE High-level architecture

3.1 High-level architecture

The high-level architectural viewpoint provides an overarching perspective on the entire system architecture,
offering stakeholders a bird’s-eye view of the system’s structure and functionality. It serves as a strategic
guide, outlining the system’s core components, their interactions and the overall design principles governing
their integration. This view abstracts away from detailed implementation specifics, focusing instead on con-
ceptual models and architectural patterns that underpin the system’s design.

As already described in deliverable D2.6, the conceptual architecture of SCENE consists of three distinct lay-
ers, interconnected via APIs and ontology-driven data structuring:

e Presentation layer: It serves as the interface between the user and the system, focusing on the visual

representation and interaction components. It provides a unified graphical environment, where the
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available graphical interfaces of the SCENE’s components can be accessed by the user, depending on
their role. . This layer features a common front-end (a unified web-based interface) that allows users
to access various SCENE functionalities based on their roles (filmmakers, producers, distributors,
etc.). The Single Sign-On (SSO) is responsible for authentication and access control across all SCENE
components.

e Application layer: It contains the core logic and functionality of the system, where the algorithmic

components are implemented to perform specific tasks and operations. All the components included
in this layer provide the features that the SCENE project offers to the users. These components con-
tain the frontend interfaces that can be accessed in the presentation layer, while also using complex
methods and techniques in their backend, like generative Al. The application layer in turn can be
decomposed to four filmmaking phases:

1. The pre-production phase contains tools that involve with preliminary procedures of the
filmmaking. Location-aware scouting, audience scouting and building, 3D reconstruction
tools and media simulation tools belong in this phase.

2. The production phase has mainly to do with actions happening during the scenes’ shooting,
like real-time actor tracking across the filming location.

3. The post-production phase contains tools supporting audio and lighting effects, visual edit-
ing, quality evaluation and media classification and categorization.

4. The distribution phase is responsible for the distribution and recommendation of the pro-
duced media to suitable audiences, enabling marketing and building audience engagement.

5. An extra “horizontal” phase streamlines the filmmaking process, enhancing efficiency and
collaboration across different stages of production. The Conversational agent and Search and
Retrieval Engine that get involved in multiple components across different filmmaking stages
belong in this phase.

e Datalayer: It manages the storage and retrieval of information, through the Data Lakes, which is able
to efficiently combine and store various types of media (images, videos, audio, metadata, etc.), en-
suring data integrity, security and accessibility across the system. On top of that, the implementation
of blockchain technologies enforce licensing agreements and content authentication, support tokeni-
zation of media and enhances the role of audience building. The blockchain includes a decentralized
storage for NFTs (IPFS) and On-Chain storage, enabling Smart contract execution for licensing. Lastly,
this layer is where the ontology formulation and semantic processing take place. The Knowledge
Graph Manager connects related entities (e.g., actors, scenes, locations), which are then converted
and aligned by standardizing the metadata formats across datasets. The real-time data retrieval is
enabled by the APIs connecting the Data Layer to the Application Layer.

This architecture aims to provide an integrated digital ecosystem of EU filmmakers, streamlining the entire
film production lifecycle, while addressing the SCENE project key objective 1 (KO#1).

3.2 Functional viewpoint

The Functional viewpoint is a crucial part of the 4+1 architectural approach, playing a key role in examining
how the system works. It derives from the decomposition of the high-level architecture and all following
viewpoints are partially based on it. Its main role is to present the functional and operational characteristics
of each component, through an overview of the flow of actions. Its primary emphasis lies in the static struc-
ture of the system, implying a comprehensive understanding of how the components synergistically collab-
orate, to give rise to high-level functionalities.
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In Figure 3, the latest interpretation of the functional viewpoint of the project is depicted. Each component
box has a different colour, based on the task it belongs to. The arrows show the interactions and communi-
cations between the different tools, through which the multiple functionalities of the entire system come
into play. It is apparent that all the components revolve around two important parts to the system: (a) the
SCENE platform and (b) the Data Lake, as they act as a means to either store and retrieve data or to access
the functionalities of the rest of the components.

This figure also presents additional information about each component, including details about the technol-
ogies used within each one of them, if a software has been implemented on them or not and if they include
a user interface. At this point it should be highlighted that all the components implemented will be accessible
to the corresponding end-users via the SCENE platform interface. This main interface will serve as a main
channel through which the end-users will be able to select the tool they want to use and then be transferred
to the selected tool’s interface. Additional information on this interface is available in D5.1.
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Figure 3: SCENE Functional viewpoint diagram

3.3 Deployment viewpoint

The deployment viewpoint represents a real-world snapshot of the system, depicting the way the compo-
nents are deployed and executed. It focuses on aspects of the system that are important, after it has been
fully integrated and tested. This viewpoint defines the physical environment in which the system is intended
to run.

As it is already described in the initial architectural design round (D2.6), the deployment of the SCENE system
is envisioned to be done in a distributed way. Each component is deployed as a containerized service, ensur-
ing the satisfaction of all its requirements, along with the isolation of its dependencies from other compo-
nents. The majority of the components are deployed on a host machine, provided by a related SCENE partner.
Thus, the corresponding partner is responsible for ensuring the host machine meets the required hardware
and software needs for the deployment, as well as the proper deployment and execution of the hosted ser-
vices. The communication between components is done with REST APIs, over either the internet or the local

Funded by
the European Union Page | 14




D2.7 - SCENE Reference Architecture.R2

network of their common host machine. The chosen deployment plan enables an effortless integration of
the different components, relieving the partners from complex technical implementations, while also main-
taining the reliability, scalability and sustainability of the entire system.

In Figure 4, the diagram of the deployment viewpoint is depicted. Each coloured square represents a different
host machine, hosted in the corresponding partner’s premises, containing the components that are planned
to be deployed into them. The arrows show the way the host machines communicate with each other, along
with the communication protocol designed for their API interfaces. The combination of these components
consist the complete SCENE platform.
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Figure 4: SCENE Deployment viewpoint diagram

In Figure 4, the Deployment viewpoint diagram is illustrated. The CERTH Server acts as the backbone of the
system, hosting several crucial components (Recommendation System, Ontology Formulation, Location
Scouting, Audience Building, Conversational Agent, Blockchain Technologies and Lighting Simulation Mod-
ule). The UPV Server hosts the Data Lake, which is crucial for the system’s data storage, interacting with
multiple components and acting as a central repository for metadata, simulation results, and audience in-
sights. The data is accessed safely across distributed components via HTTPS connections. The remaining serv-
ers host the components developed by their corresponding partners, namely AUTH hosting the Audio Simu-
lation module, DTT the 3D Reconstruction component, FOKUS the AAPS and Post-Production Effects tools,
while MOG the Media Asset Management and Distribution Engine components.

4 Component mapping to functional requirements

The architecture created for a system is highly related to the requirements captured both from technical
partners and from the end-users of a system. In SCENE’s case functional requirements have been collected
in two rounds presented in D2.2 and D2.3. The analysis of these functional requirements led to the update
of the functionalities of SCENE’s components and also SCENE’s architecture. Table 1 presents the mapping of
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the updated functional requirements to the related components of SCENE architecture. Details about the
implementation of these requirements are available in the deliverable of each tool.

Table 1: Mapping of functional requirements to components

Description

Related components

The system should have a database
. with locations and related infor-
FR1 Location database . . e Location Scouting
mation that could be easily ac-
cessed to its end users.
. Thg s.ystem should .support data | | Data Lake
Search functional- | holistic search, allowing the user to .
FR2 . . . e Ontology formulation
ity search information from several .
) e Conversational agent
fields.
. The system must provide Real-time
3D model interac- . ) . .
FR3 o and fast interaction with the 3D | ¢ 3D Reconstruction
model.
FR4 Allow the addition | Location information should be | ® Ontology formulation
of multiple tags tagged. e Location Scouting
Th icall -
Automatic e system must automatica 'y ex
tract metadata for the available . .
FR5 metadata extrac- . . . e Location Scouting
tion multimedia, aiming to optimize the
search process.
. The system must be able to provide
Personalised rec- : .
FR6 . recommendation s to the end-us- | ® Recommendation System
ommendations .
ers based on their preferences.
The system should provide lighting
Provide lighting simulation options based on pa- L . .
FR7 . . . o
simulation options | rameters as the hour of the day, hnitligs Sl e el
the weather, etc.
— .| The system must be capable of sup-
Associating Multi- 'y . P P .
L porting the association of stored | ® Media Asset Manager
FRS media with . > . . .
files with structured metadata in- | e Location Scouting
Metadata .
formation.
The system must be able to provide
FR9 Actors Tracking actors  positions  during the | ¢ UWB-based Tracking System
filmmaking phases.
34 VI for VVideo Produc- . e Media Asset Manager
ors create and manage video collec-
tions for efficient organization.
The system must have a form that
Location Manage- | allows the location managers to ) .
FR11 o
ment add, edit and delete information Location Scouting
about specific locations.
Interactive Light- i i
FR12 . . & The system must qffer |ntera.ct|ve e Lighting Simulation module
ing Adjustment controls, such as sliders and input
Funded by
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boxes, within the user interface for
users to adjust and modify the
lighting conditions of the given
scenes.

Holistic Film-mak-
ing Management
and storage

The system must include a mecha-
nism for storing information for the
whole film-making process.

e Data Lake

Licence templates
management for
End-users

The system must implement a func-
tionality for End-users to retrieve li-
cense templates and check availa-
bility for video purchase. Further-
more, it must allow the End-users
to store purchased licenses in the
system.

e Blockchain technologies

Video recommen-
dation to end-us-
ers

The system must provide a recom-
mendation system that will suggest
video to end-users based on their
demographics, viewing history and
user preferences.

e Conversational agent
e Recommendation System

Disseminate vid-
eos and campaigns
in social media
platforms

The system should be able to dis-
seminate campaigns for audience
engagement to the social media
platforms. The scope will be feed-
back collection as mentioned in the
requirements.

e Audience Building Tool

Data Visualization
for Insightful
Trend Interpreta-
tion

The system must include data visu-
alization tools to present trend in-
sights and audience behaviour in a
clear, understandable format, aid-
ing decision-makers in strategy de-
velopment and content planning.

e Al-based Audience Prefer-

ences Scouting tool

Real-Time Analysis
and Trend Report-

ing

The system must provide real-time
analysis of current viewing patterns
and generate reports on emerging
trends, helping strategists and con-
tent creators to stay updated with
audience preferences.

e Al-based Audience Prefer-

ences Scouting tool

Audience Segmen-
tation and Persona
Creation

The system must segment audi-
ences and create viewer personas
based on anonymized viewer infor-
mation, grouping viewers with sim-
ilar viewing behaviours and prefer-
ences for more accurate trend
analysis.

e Al-based Audience Prefer-

ences Scouting tool

Audience engage-
ment

The system must support the crea-
tion, organization, and modifica-

e Audience Building Tool

Funded by
the European Union

Page | 17



T
=W SCENE
SEDNMY

D2.7 - SCENE Reference Architecture.R2

tion (editing and deletion) of tar-
geted campaigns to engage specific
audiences.

Audience Feed-
back and Prefer-
ence Analysis

The platform must serve as a cen-
tral management system, primarily
focused on aggregating and analys-
ing audience feedback and prefer-
ences. This includes the capability
to collect data from social media
platforms, thereby enabling a com-
prehensive understanding of audi-
ence interactions and responses to
campaigns.

e Audience Building Tool

Multimedia assess-
ment

The platform must assess the qual-
ity of various media materials and
guantify their quality levels.

e Post production Effects &

Quality Metrics

Integrated Audi-
ence Data Analysis
and Visualization

The system must analyse collected
feedback and information, using
natural language processing for
metadata and statistical extraction,
and provide a visualization view for
the interpreted data.

e Audience Building Tool

Common User In-
terface

The system must provide a com-
mon cross-platform Ul where a
user could access all the collected
information.

e Conversational agent

e Media Asset Manager

e 3D Reconstruction

e Location Scouting

e Al-based Audience Prefer-

e Lighting Simulation module
e Audio Simulation module
e Post production Effects &

e Distribution Engine
e Recommendation System

ences Scouting tool

Quality Metrics

Audience User
Profile

The system must support the de-
velopment of personal collections
for storing the searched and se-
lected data resulted from the col-
lected data analysis.

e Location Scouting

Decentralised, se-
cure, and legally
binding licensing
agreements

The system must provide produc-
ers and consumers with a feature
to create decentralized, secure,
and legally-binding licensing agree-
ments.

e Blockchain technologies

Licensing agree-
ments terms cus-
tomisation

The system must allow producers
to specify and customize terms and
conditions within the agreements
via a Dashboard.

e Blockchain technologies
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Licensing agree-
ments actions

The system must provide produc-
ers and consumers a dashboard
that will allow to perform a set of
actions to their licensing agree-
ments, to preview them and to
view their current status.

e Blockchain technologies

Digital Signing of
Licensing agree-
ments

The system should integrate with a
mechanism that will allow the digi-
tal signing of Ricardian Contracts
for both producers and consumers.

e Blockchain technologies

Trend Prediction
through Content
and Interaction
Analysis

The system must analyse media
content and audience interaction
data to predict trends, ensuring
that these predictions are based on
both the content viewed and how
audiences engage with it.

e Al-based Audience Prefer-
ences Scouting tool

Adding acoustic
models

The system must allow users to
provide source files for the model-
ling of new locations.

e Audio Simulation module

Personalization of
audio sources

The system must allow the user to
upload their own audio files for the
audio simulation.

e Audio Simulation module

Audio scene con-
figuration

The system must allow the configu-
ration of the audio scene (type,
number of sources).

e Audio Simulation module

Intuitive User In-
terface for Lighting
Control

The system's user interface should
be user-friendly and intuitive, fea-
turing an easily navigable layout
with accessible controls for lighting
adjustments. Interactive elements
like buttons and sliders should pro-
vide immediate feedback to user
actions.

e Lighting Simulation module

Real-Time Feed-
back on Lighting
Changes

The system must utilize efficient
rendering techniques to provide
smooth, real-time feedback to us-
ers on changes made to the lighting
conditions.

e Lighting Simulation module

Distribution Plat-
form Matching for
Movies

The system must recommend suit-
able distribution platforms for
movies based on attributes and
platform analytics.

e Distribution Engine

Audience Profile
Visualization for
Film-makers

The system must provide visual
profiles of target audiences to as-
sist film-makers in decision-mak-

ing.

e Al-based Audience Prefer-
ences Scouting tool
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The system must collect and store
all information captured, e.g., im-
ages, videos, 3D scenes, visual ef- | ¢ Data Lake
fects, and allow its end users to ac-
cess this information and use them.

Resource manage-
ment

The system should provide the abil-
Information shar- | ity of sharing drafts of multimedia,
ing among differ- | or information among stakehold- | e Data Lake
ent stakeholders | ers, gather feedback, and imple-
ment revisions collaboratively.

This section demonstrates how the SCENE components effectively cover all functional requirements. Each
functional need is mapped to its related component, ensuring clear responsibility distribution. This approach
ensures that SCENE can meet the expectations of users and stakeholders, while maintaining an adaptable
architecture. In addition, it addresses project Risk 12, as stated in the Grant Agreement “Limited acceptance
by the end-users and relevant stakeholders”, which will be further elaborated in the relevant pilot evaluation
deliverable.

5 Component descriptions

In the following sections, the architectural viewpoints of the individual components are presented. These
include the development and information viewpoints, as well as the usage scenarios. The development view-
point, presented by component diagrams, depicts the internal structure and implementation of each soft-
ware component and acts as a blueprint of the development process. The information viewpoint, presented
by information-flow diagrams, offers a visualization of the way data is managed, exchanged and processed
between different components, subsystems and external interfaces. Finally, the scenarios present interac-
tions and sequences of events, demonstrating how users or external systems interact with the system. They
are illustrated with the use of sequence diagrams, which describe the responses of each object to the differ-
ent actions taken by users or other components. A brief description of the different symbols used in the
following sequence diagrams is presented in the figure below (Figure 5):

i Actor: The paricipants in the diagram, sending andfor receiving messages.

:Object Object: Instance of a class.

i Life lime: Represents the time that an object exisis.

|:| Action bar: Represents an action of an object, when invoked or triggered by a message.

M
EERAgT Message: Communication between different active objects.

c_—| Self call: A message from one method calling another method belonging to the same object.

loop Loop fragment: Represents a repetitive sequence.

Figure 5: Sequence diagram symbol description
The aforementioned architectural viewpoints are presented below per individual component, in order to
render a consolidated and clear view of how each component is structured, functions and interacts with
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external sources. The components are grouped together based on the layer they belong to in the project’s

high-level architecture, namely the Data, Application and Presentation Layers.

5.1 Data Layer

As already described, the Data Layer contains the components that are related to data management, storage
and retrieval. It mainly contains the core component to the system, Data Lake, along with the Ontology for-
mulation component, responsible for the system’s ontology implementation.

5.1.1 Data Lake

5.1.1.1 Development viewpoint
The Data Lake represents the main data layer of the SCENE platform and encompasses different sublayers,
namely (Figure 6):

The ingestion layer can retrieve all needed (input) data to the platform. As there might be heteroge-
neous sources, specific components (data agents) might be adapted to perform ETL (Extract, Trans-
form, Load) operations to normalize and structure the data. Input data might be from various data
sources (e.g., sensors, logs, etc.) and operational systems (CRMs, ERPs, Billing).

The storage layer is divided into three areas for Data Lakes, representing the most flexible and mod-
ular approach to handling all the data.

The analysis layer can perform (upon configuration) some filtering on the original data to assist in
further ML analytics. External ML models (NOT part of the Data Lake) might typically get filtered data
and generate productive data.

The discovery layer integrates all related data management and allows external users to request the
data through an API. The SCENE ontology might also be integrated here to handle semantic
metadata.

A user interface can provide basic access for management and configuration purposes. As a data
layer, users are mainly intended to be administrators or data scientists who perform configuration
tasks.

Apache Nifi, Minio, MongoDB
Node-RED l

\

Operational Tools

Nginx, Keycloak ——» Jupyter Notebook
Webvowl,
. MongoDB,
Trino SCENE-O,
Semantic API

Figure 6: Data Lake component diagram, including associated software tools

Updates from previous version:
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Conceptually, the component diagram does not change; however, how these components are mapped to
software tools has been described in deliverable D3.1. Key updates include:

e Enhanced Ingestion Layer: Incorporates Apache NiFi for high-performance data ingestion and Node-
RED for low-code integrations.

e Storage Layer Updates: Introduced MinlO for scalable object storage and MongoDB for metadata
management.

e Semantic Discovery Integration: Addition of WebVowl for ontology visualisation and Trino (also part
of the Analysis Layer) for distributed querying with semantic capabilities.

e Al/ML Integration Layer: Direct integration of Jupyter Notebooks for interactive analytics.

In terms of security and privacy specifications, it can be summarised as follows:
e GDPR Compliance is ensured through:

o Data anonymisation during ingestion, if needed.
0 Role-based access control (RBAC) with Keycloak, if needed.
o0 Secure APl endpoints with SSL/TLS.

e Data Governance is treated through:

0 Metadata management with Minio API, SCENE-O and MongoDB (if further needed) to ensure
traceability. Apache NiFi is also able to provide traceability for the ingestion layer.

o0 Automated data quality checks can be developed to avoid "data swamps." It is not automatic
but depends on the specific data source.

5.1.1.2 Information viewpoint
The diagram below (Figure 7) showcases the interaction between the tool's internal components and the
communication with external data sources.

Data Lake

Object storage:
Data source Data agent ———»
. —
@
- Administrative
‘ Analytics jobs 4—{ interface ‘

t |
y
ML Model & |’
SCENE Query engine ]17
component L

Figure 7: Data Lake information-flow diagram

Meatdata Management

Updates from previous version:

Conceptually, the information-flow diagram does not change; however, deliverable D3.1 clarifies better how
the different software modules treat the information:

e The data agent can be implemented through Apache Ni-Fi, node-RED, Operational tools and even
directly for binary objects (e.g., movies) where no transformation is required.
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e Metadata management can be implemented directly through the Minio API, expanding its potential
through the SCENE-O.

e There is a proxy administrative interface (web front-end), which further delegates the interface by
software tool when available.

e The Query engine can be realised in various ways, with and without semantics. It involves Minio API,
SCENE-O and Trino.

5.1.1.3 Scenarios
There are many different ways data can ingress and egress on/to the Data Lake. Below is one sequence dia-

gram that tries to encompass most of the functionalities provided by the different layers of the Data Lake

(Figure 8).

. N Semantic
Data Ingestion DL landing Analysis DL filtered External DL management
source agent agent ML model production (SCENE-0)

Extract

Load .
mappings 1

Extract

Filter &

clean Load

mappings 2

Discover
data

Request
data

ML
process X
Load Semantic

mappings 3

Discover
data

Consume
data

Figure 8: Data Lake main functionality sequence diagram

Different steps can be identified in the sequence according to the software modules:

1. Data Ingestion:

0 Trigger: Data agent initiates ingestion retrieving data from a data source.

0 Possible steps:
=  Apache NiFi processes structured and semi-structured data, performing ETL tasks.
= Node-RED handles low-code integrations and specific custom workflows.

0 Mapped Tools: Apache NiFi, Node-RED.

2. Data Storage:

0 Trigger: Processed data from the ingestion layer is directed to storage.
0 Possible steps:
= Raw data is stored in the Landing Area.
= ETL-refined data through an agent can be moved to the Filtered Area.
= Curated, business-ready data obtained by an external ML model is organized in the
Production Area.
= Metadata is stored and managed via SCENE-O and MinlO APIs.
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0 Mapped Tools: MinlO (object storage)

3. Semantic Enrichment:

0 Trigger: User or process requests semantic tagging.
0 Possible steps:

= SCENE-O applies ontology-driven tagging to metadata.
= Semantic concepts can be visualised using WebVowl.

0 Mapped Tools: SCENE-O, WebVowl.

4. Data Query and Discovery:

0 Trigger: User initiates a search or data query.
0 Possible steps:

= Trino executes distributed queries, integrating with SCENE-O for semantic searches.
= Results are served to users through APIs or Jupyter Notebooks for analytics.

0 Mapped Tools: Trino, SCENE-O, Jupyter Notebooks.

5. Data Analytics:

0 Trigger: Data scientist runs analysis or model training.
0 Steps:

= Datais accessed via Jupyter Notebooks.
= Machine learning models are trained on the processed datasets.

0 Mapped Tools: Jupyter Notebooks.

The roles related to the Data Lake are as follows, based on the contextual requirements in D2.1 and D2.6:

1. Administrator:

o}
o}
(0]

Responsible for configuring and maintaining the Data Lake components.

Manages access control, data governance policies, and system health.

Responsible for Data ingestion by setting up ingestion workflows using Apache NiFi and
Node-RED, allowing data flows from heterogeneous sources (e.g., CRM, sensors) into the
Landing Zone.

2. Data Scientist:

Uses the Data Lake for analytics and machine learning tasks.

Extracts data from various layers (raw, refined, curated) for analysis.

Responsible for the Semantic Layer Interaction using Jupyter Noteboks to train models and
the SCENE-O for semantic tagging and querying. Semantic metadata is used to enhance
search and analytics capabilities.

3. Content Manager:

0 Uploads multimedia content (i.e., images, videos, audio files, 3D models) and ensures proper
metadata tagging.
0 Collaborates with semantic tools for content organisation.
O Responsible for Data Transformation and Storage, but can also enrich content with metadata
linked with SCENE-O.
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0 In SCENE, it mainly refers to the different SCENE tools (its backend logic to handle data inter-
action with the data lake)

External User/End User:

Queries the Data Lake through APIs or semantic search.
Consumes curated data for decision-making or visualisation.
Responsible for Data Query and Discovery

O O O O

In SCENE, it mainly refers to the different end-users of the components, when invoking a
functionality on data in the Data Lake.

5.1.2 Ontology formulation

5.1.2.1 Development viewpoint

The ontology formulation tool developed under the task 3.2, provides a set of functionalities for the design
and use of the SCENE-O ontology. Specifically, the Ontology formulation tool includes main components that
allow the design and expansion of the existing ontologies, as described in D3.2, along with the use of the
SCENE-O ontology. It also promotes the openness and interoperability by utilizing the ontology alignment
tool that can accept arbitrary ontologies and automatically map them to the SCENE-O ontology. The main
components of this tool are the following (Figure 9):

Ontology conversion: This tool is responsible to enable the importation of ontologies from several
forms into the SCENE-O format prior to their alignment.

Ontology alignment: The ontology alignment tool, as the name suggests, is responsible to accept
arbitrary ontologies, either through the Ul and map its entities to the SCENE-O ontology either auto-
matically or manually. Detailed information on this is available in D3.2.

Ontology enhancement: This tool involves enriching an existing ontology by adding new instances or

facts derived from various data sources. This process typically entails linking diverse data elements
to the ontology's predefined classes and properties, thereby enhancing its comprehensiveness and
applicability.

Search and retrieval engine: The search and retrieval engine available in the conversational agent

and also in the SCENE platform, allows the end users to search information about movies, recom-
mendations and the data of the Audience Building tool. The search and retrieval engine, used within
the conversational agent and described in D4.1, in its initial step analyses the query posted by the
user by using a Large Language model (LLM), in order to identify the topic that the user searches, and
then the data are transferred to the semantic layer. This layer maps the information of the query
with the entities and relation of the ontology, in order to be used for the next step of the data re-
trieval from the Data Lake. To achieve this, a communication with the Data Lake manager is imple-
mented.

Data Lake Manager: The Data Lake Manager will be a set of APIs responsible to store and retrieve

information from the Data Lake.
User Interface (Ul): Finally, the user interface will be the medium that will allow an expert user of the

platform to use the aforementioned functionalities of the tool.
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Figure 9: Ontology formulation component diagram

At this point it should be mentioned that these tools form two pipelines of the ontology formulation tool, as
described in D3.2. The first pipeline includes the ontology conversion, ontology alignment and enhancement
tools whose aim is to be used for the design of the SCENE-O ontology. These tools will be made available to
the end users of the SCENE platform via its interface, allowing them to upload an ontology and convert it to
JSON-LD format, or enhance it based on the information included in SCENE-O, however no update of the
SCENE-O ontology will be made automatically.

The second pipeline includes the use of the SCENE-O ontology for the search and retrieval of information, a
functionality used within SCENE’s tools (e.g., Location scouting, Conversational agent, etc.). This pipeline in-
cludes an intent classification module, to identify the source of the information required, the search and
retrieval engine that includes the semantic layer of the ontology and the data retrieval methods, and the
services for data retrieval from the Data Lake. The semantic layer leverages the SCENE-O ontology in order
to map the information posted from the user into natural language, into the entities of the ontology and thus
entities stored on the Data Lake, and extract also their relations.

5.1.2.2 Information viewpoint

The diagram below (Figure 10) highlights the information flow in order to achieve the functionalities of the
ontology formulation and management tool.

Ontology alignment

. Automatic
«_, Ontology conversion alignment
Manual
alignment
2
3
© Ontology enhar t
=
[
o
=
B
Q
7]
e
Data Lake Manager
Search & retrieval engine Semantic annotation layer
Figure 10: Ontology formulation information-flow diagram
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As described in D3.2, the formulation of SCENE-O ontology used by SCENESs tools has been implemented using
the corresponding tools that include: ontology conversion, alignment and enhancement, while it is stored as
a file in the Data Lake. However, the ontology formulation tools will be made available through SCENE plat-
form for data analysts, allowing them to upload an ontology and convert it to JSON-LD format.

In addition, the ontology is leveraged by the search and retrieval engine developed within the conversational
agent, and made available through the SCENE user interface, through the use of the semantic annotation
layer that is responsible to map the information stored on the data lake and the user’s query, aiming to
enhance the relevancy of the retrieved search results.

5.1.2.3 Scenarios
Since the SCENE-O ontology has no functionality outside the scope of the Data Lake, the usage scenarios of
this component are covered through the one already described in section 5.1.1.3.

5.2 Application Layer

The Application Layer contains all the algorithmic components of the SCENE system that implement the core
functionalities, available to the end-users.

5.2.1 Conversational agent

5.2.1.1 Development viewpoint

The conversational agent is a component that will be used horizontally within SCENE architecture and plat-
form. It is related to the ontology formulation component, since it requires the semantic layer referenced
above and the recommendation system described below. The main components of this tool are the following:

e Intent classification: This tool is responsible for the analysis of the query posted by user, and its clas-

sification in one of the main intents that are supported (as described in D4.1). Based on the identified
event, the corresponding prompt is retrieved and used for the answer generation.
e Search and retrieval engine: The semantic search tool is the one described in the previous section,

responsible for the retrieval of the information from the Database/Lake that include the correspond-
ing information.
e Answer generation: This module is responsible for the generation of the final answer that will be

made available to the end users, leveraging the capabilities of Large Language models (LLMs). De-
tailed description on this task is available in D4.1.
e Database/Lake Manager: The Data Lake Manager will be a set of APIs responsible to store and re-

trieve information from the Data Lake.
e User Interface (Ul): Finally, the user interface will be the medium that will allow an expert user of the

platform to use the aforementioned functionalities of the tool.

Conversational agent
«component» &l
Database/Lake
! manager
«component»
] 4] Search & retrieval engine g]
D_) «component» «component» «component»
User Interface (U1) Intent classification «module» «modulex Answer generation
User Semantic layer Data retrieval
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Figure 11: Conversational agent component diagram

Conversational agent is retrieving information stored in the Databases of the corresponding tools (e.g., Au-
dience Building Tool, Location scouting) and also from the Data Lake. Upon each search, the information is
being retrieved from the corresponding source and then are introduced as input in the answer generation
component. This component leverages the power of Large Language models (LLMs) in order to generate an
answer, using the retrieved information, the query posted by the user via the user interface, and the custom-
made prompt designed for the answer preparation. Detailed information about this tool is available in D4.1.

5.2.1.2 Information viewpoint

The diagram below represents the flow of information within the conversational agent tool. All end-users
including those from the Location scouting tool, Audience building tool (e.g., producers, Location and service
providers, as well as filmmakers) can interact with the interface to retrieve information on topics of interest
including information about locations, movies and recommendations. The agent is available via both the
SCENE platform’s interface and the Location scouting tool.

~ End_Users
o]
f_‘ ol Database Manager Milvus
database
Audience <—-,_’
= Chat history I
2 Search results ’ Generated answer
(%]
£
Investors I [ History analysis — Ea Intent Search & | Answer
E User query classification retrieval engine generation
]
B @
oo |

Producer I

|

Generated answer

Figure 12: Conversational agent information-flow diagram

Users first engage with the User interface from where the agent is available, where a history analysis module
is used to identify if the information that the user searches for are already in the previous messages. If the
information is there, the answer is generated automatically via the answer generation component, however
in an opposite case the information is sent to the next step which is an intent classification component. This
component is responsible for the identification of the type of information that the user searches, and based
on the type (i.e., recommendations, locations, data from the audience building tool), it sends the user’s input
guery along with the information about the information type to the search and retrieval engine, described in
section 5.1.2. When the information from search is being retrieved, they are provided as input in the answer
generation component which with the use of a Large Language model (LLM) generates automatically an an-
swer that is send finally to the end user via the user interface of the agent.

5.2.1.3 Scenarios

The presented sequence diagram illustrates film makers interacting with the Conversational agent compo-
nent, by asking questions and the process of answer generation. The Chatbot module forwards the user
guestion to the Question Analyzer module, which is responsible for converting the question into a useful
embedding query for the Indexer module. The Indexer module executes the query in a vector database to
search for the most similar documents from the database. Subsequently, the Chatbot receives this infor-
mation and proceeds to the Answer Completion module, which generates the answer.
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Figure 13: Conversational agent main functionality sequence diagram

5.2.2 Maedia Asset Manager (MAM)

5.2.2.1 Development viewpoint
The Figure 14 shows the Media Asset Manager (MAM) and its integration with related services and data-
bases. The User Interface is shared with the Distribution Engine (T4.6), providing a single access point for
managing both systems. The Backend APl connects the Ul to core services, with the User Service handling
roles and permissions and Product Service managing film and collection catalogues.
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Figure 14: Media Asset Manager (MAM) component diagram
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The core of the MAM system consists of two components: the Media Asset Manager Admin and the Ingester.
The Media Asset Manager Admin oversees the creation and management of new video assets, handling
metadata, categorization, and other properties. Supporting this, the Ingester component processes media
operations such as transcoding, formatting, and validating the videos before storage. Completed media as-
sets are then stored in a Data Lake for later access.

Two separate databases support the system: the User Database, which stores user information, and the
MAM Database, which contains metadata and related media asset details. These databases are usually
hosted on third-party platforms to enhance disaster recovery and availability but can also be deployed locally
with the main components if needed. This structure ensures a clear division of responsibilities and efficient
handling of media assets, user roles, and permissions.

5.2.2.2 Information viewpoint
The Figure 15 illustrates the media asset management system’s information flow, highlighting its components

and services.
iﬁ—-{ User Interface Data Lake

A
User

Backend API

| |

User Service Product Service

|

Media Asset

Manager Admin Ingester

v

User | Blockchain Asset
Database 7 Network Database

Figure 15: MAM information-flow diagram

On the User Interface, users manage media content and access system features. The Ul integrates the Media
Asset Manager (MAM) and the Distribution Engine and connects to a shared Backend API. The Backend API
includes the User Service for managing roles and permissions and the Product Service for handling the
film/collections catalog.

The Media Asset Manager Admin oversees media assets, allowing administrators to create, edit, and organ-
ize content. Supporting this is the Ingester, which processes and converts media for storage. Processed assets
and metadata are stored in the Data Lake, a central repository.

User access to the Blockchain Network, which ensure data integrity, tracking ownership, and maintaining
secure, tamper-proof records for media content, this is managed by the IPR (Intellectual Property Rights)
Module.
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The diagrams below describe two of the main usage scenarios of the Media Asset Manager. The 1 illustrates
the process of searching for a given video in the SCENE repository and retrieving the most significant results.
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Figure 16: Media Asset Manager video search sequence diagram

The 2™ one represents the process of ingesting and registering finished video file in the Data Lake for later
usage. It is important to note that the video is stored with the associated metadata that is described using
the SCENE ontology and can be used for other scenarios such as video search or video recommendations.
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Figure 17: Media Asset Manager upload video files sequence diagram

5.2.3 3D Reconstruction

5.2.3.1 Development viewpoint
The diagram below depicts the relevant components of the 3D modeling module. Here, we have two main
components —a) Ul for 3D modeling and b) 3D Reconstruction.

The Ul for 3D Modeling component is responsible for taking input, in the form of images or point clouds,

from Data Lake and manual input, and then pass these data to the 3D Reconstruction component which is

responsible for the reconstruction of a 3D model uisng the provided data.
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The 3D Reconstruction of the captured data is achieved in two ways — by using NeRF and by using 3D Gauss-
ian Splatting. Each of these Model’s processing steps are also included in the diagram.

Finally, the interaction with the Lightning Simulation Module is also depicted in this diagram.
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<< component >> E
3D Reconstruction
Images }-@—{ Camera pose Depth Maps for Point cloud
B estimation using sfm each image Reconstruction
Images and Feature )
camera pose g_w
6 A

Ul for 3D Modeling @
Module _©> °—|
Nerf
Manual Input 3D reconstruction ( Model

3D Gaussian
of the scene T 3
Splatting Model

Datalake << component >>

Lightning Simulation Module

Figure 18: 3D Reconstruction component diagram

Updates from previous version:

The diagram now contains another 3D modelling and visualization process called 3D Gaussian Splatting (3D
GS). Previous diagram contained the NeRF approach of 3D modelling. In this diagram we have now incorpo-
rated the process of reconstructing, rendering, and visualizing 3D model using 3D GS.

In terms of security & privacy specifications, the processing of the captured data complies with the GDPR
principles.

5.2.3.2 Information viewpoint
The following diagram depicts the flow of information among different components/processes of the 3D
Reconstruction system.

When the user (a filmmaker or a location manager) requests the interactive Ul for 3D model, it acquires the
set of images from different viewpoints along with camera poses. From here 3D model can be generated by
using NeRF and 3D Gaussian Splatting (3D GS).

In case of NeRF, the NeRF model processes the input and generates camera rays using the camera calibration.
The output of the NeRF model contains mesh along with colour and density values, which can additionally
pass through the lighting condition networks of the Lighting Simulation module to render the images.

In case of 3D GS, the final point cloud is converted to 3D model from where the model with mesh and texture
can be passed to the Lighting Simulation module to render the images.
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Figure 19: 3D Reconstruction information-flow diagram
Updates from previous version:

The diagram now contains detailed flow of information of another 3D modeling and visualization process
called 3D Gaussian Splatting (3D GS). Previous diagram contained information flow for the NeRF approach
of 3D modelling. Here, we have now incorporated the depiction of information flow for the 3D GS.

5.2.3.3 Scenarios

The sequence diagram (in Figure 3) depicts the interaction and communication between different entities of
the 3D Reconstruction system over time.
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Figure 20: 3D Reconstruction main functionality sequence diagram
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The user (a filmmaker or a location manager) requests 3D reconstruction of a location of interest using an
interactive Ul which then initiates a series of processes such as retrieving relevant dataset from the data-
base, training NeRF or 3D Gaussian Splatting Model for a certain time to execute the 3D modeling, rendering
and visualization process.

Before finalizing a film location (in the pre-production stage), a filmmaker or a location manager can access
existing the 3D model of that location or generate new 3D model using the data stored in the database, and
try out different tools such the lightning simulation tool on the 3D model to test the suitability of that location
for a film. The user can also access a pre-trained model stored in the database and apply different effects
such as lightning conditions to test the model’s suitability.

In the Ul there are also other two options the user can request for the 3D model output: one is render view
and another one is lightning simulation. The interaction with the lightning simulation module is also inte-
grated in this diagram.

Updates from previous version:

The new and elaborated description, stated above, includes clear and detailed user role for the 3D Recon-
struction tool. Moreover, the diagram now contains the 3D modeling option using 3D Gaussian Splatting (3D
GS) along with previously mentioned method using NeRF.

5.2.4 Blockchain Technologies

5.2.4.1 Development viewpoint

The scope of the Blockchain system splits in two major functionalities. The first regards the IPR preservation
and the legally binding licensing agreements between producers and consumers in the Media Asset Manager.
The second exploits the construction & deployment of Non-Fungible Tokens (NFTs) allowing the producer to
issue tokens related to the production which will be trade-able for production crowdfunding purposes. The
main components of the system, along with their role, are presented below:

e HLF ID Management API: This service simplifies X.509 public key certificate management for Hy-

perledger Fabric (HLF) networks by abstracting complexities and focusing on integration ease and
security. It acts as an identity provider, generating and retrieving certificates during network initiali-
zation. It securely manages administrator credentials and allows registration and enrolment of digital
identities for various roles, such as producers and consumers. The service separates registration and
enrolment processes in HLF. It prevents duplicate certificate generation for registered entities.

e HLF Smart Contract API: The service provides APIs for interacting with smart contracts and managing

credentials. It uses a YAML network connection profile to define the target blockchain network and
a separate configuration file for HTTPS endpoints and smart contract details. It simplifies smart con-
tract interaction with external systems while handling credential operations and network configura-
tions.

e Metadata Storage: In the Blockchain system, IPFS is utilized as an external database to store Ricardian

Contracts files and media files and metadata for NFT creation from the Audience Building Tool. Ri-
cardian Contracts, which define the terms and conditions of smart contracts in a human-readable
format, are stored off-chain. Each Ricardian Contract is uploaded to the IPFS network, and its unique
IPFS hash is generated. Smart contracts reference these Ricardian Contracts using their correspond-
ing IPFS hash. NFTs, representing unique digital assets, are associated with various types of files and
metadata. The actual files (e.g., images, videos) associated with NFTs are uploaded to IPFS, and their
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IPFS hashes are recorded on the blockchain. Metadata describing NFT attributes (e.g., title, descrip-

tion, creator information) is also stored on IPFS, with the metadata IPFS hash linked to the NFT token
ID on the blockchain.
e Smart Contracts: The Smart Contracts component represents the core business logic deployed on

the blockchain platform, integrating both Ricardian Contract Chaincode and NFT Chaincode function-

alities. This unified system ensures automated contract execution, transparency, and enforceability

while managing the lifecycle of non-fungible tokens (NFTs).

(0]

Ricardian Contract Chaincode:This component represents a specialized type of smart con-

tract deployed on a blockchain platform. It combines machine-readable code with human-
readable contract terms, aligning with the principles of Ricardian contracts. This integration
enables automated execution of contract terms by the blockchain while providing transpar-
ency and legal clarity for human participants. Ricardian contract chaincode enhances the
technical functionality of smart contracts by ensuring they are both understandable and le-
gally compliant, particularly valuable in complex transactions requiring precision and en-
forceability.

NFT Chaincode: This component represents the business logic deployed on the blockchain
system, designed to manage the creation, ownership, and transfer of non-fungible tokens
(NFTs). This chaincode includes technical logic and rules that govern the unique properties
of NFTs, such as their metadata, ownership records, and transferability. It ensures the accu-
rate representation and enforcement of NFT ownership and attributes within the blockchain
network, providing a secure and transparent framework for users to interact with and trade
these digital assets.

Updates from previous version:

The design, functionality, and implementation details of this component remain consistent with the previous

development viewpoint, with no alterations or enhancements.
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Figure 21: Blockchain component diagram

5.2.4.2 Information viewpoint
The distinct functionalities of the Blockchain Technologies tool are presented in the following information
diagrams, to distinguish the use cases of Ricardian Contracts and NFTs respectively.
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Updates from previous version:

The Information Viewpoint retains its structure, data organization, and relationships as defined in the previ-
ous development viewpoint, with no modifications or refinements introduced.
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Figure 22: Ricardian Chaincode information-flow diagram

Non-Fungible Token

o
>

ID Credentials
HLF ID M, t API
S
< 5} NFT Data
" . ) and Metadata
o
Audience Building Tool g NFT Smart Contract = €————————3 HLF Network
5
@

4
HLF Smart Contract API 4—[

NFT Data
and Metadata
Minted NFT I

File Metadata Hash

File Data

Figure 23: NFT Chaincode information-flow diagram

5.2.4.3 Scenarios

The NFT sequence diagram demonstrates the pre-production process of generating NFTs for crowdfunding.
The main parties of this service are the producer of a movie and the consumer interested in it. The producer
creates an NFT (e.g., backstage photos or videos), through the Audience Building Tool. Any user interested in
the movie can buy this NFT, using Blockchain coins (fungible tokens) to support its production. The main
objective of this task is to raise the popularity of a movie enhanced by the widespread technology of the

Blockchain.

Updates from previous version:
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No changes were required, as the existing flow remains well-aligned with the intended requirements and
continues to function as expected.
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Figure 24: NFT creation sequence diagram

The presented sequence diagram illustrates the creation of a Ricardian Contract between the producer of a
movie and the consumer through the Media Asset Manager. This contract represents a human-readable
agreement that once agreed upon, get converted into a machine-readable contract signed by both parties
and stored in the blockchain. The main purpose of Ricardian contracts is to define the contractual relationship
between the parties and can be used outside a blockchain.

Updates from previous version:

In the updated solution, the Ricardian contract creation process is refined to include explicit steps for pro-
posing, accepting, or rejecting the contract on the blockchain. This introduces a more robust negotiation loop
than in the original flow. Additionally, the identity registration and license template creation are now handled
as separate, clearly defined processes, and the generation of the Ricardian contract hash is explicitly shown
before the contract is returned. These enhancements result in a clearer, more auditable sequence for man-
aging the entire lifecycle of the contract, strengthening traceability and trust.
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Figure 25: Ricardian Contract sequence diagram

5.2.5 Location Scouting Tool

5.2.5.1 Development viewpoint

The aim of the location scouting tool is to help filmmakers and location scouters to find the most suitable
location and services in the movie-making process. It allows users to search for locations that match their
specific requirements by using tags, or free-text queries. The tool also supports the registration of locations
and services, either by specialized providers or through searches for points of interest. Moreover, generative
Al technologies in natural language processing (NLP) are being leveraged to develop a chatbot that can ag-
gregate information from multiple sources and provide answers to user inquiries. Additionally, the chatbot’s
backend could be adapted for other applications, such as an Audience Building Tool and a Recommendation
System. As a result, efforts to integrate generative Al into various tools will be further expanded.

e User Interface (Ul): The Ul caters to location providers, service providers, and filmmakers. Providers
can upload images and details about locations and services, while filmmakers can explore points of
interest using specific queries or by interacting with the chatbot. This component serves as the bridge
between end users and the entire location scouting tool, facilitating data exchange.

e User Manager (UM): Responsible for user registration and login, the UM assigns roles and function-
alities based on user type. It allows users to create profiles containing personal details and curated
location collections. This component processes input from the Ul and forwards relevant data to the
knowledge hub for storage.

e Location Register (LR): The LR enables users to add location details and images to the database. User-
submitted images are enhanced with captions generated by the Image Captioning module, which
leverages deep learning. Additionally, an Automatic Image Captioning module further enriches im-
ages with descriptive annotations. All images, captions, and location-related information are stored
in the knowledge hub. Moreover, the LR can retrieve data from the web via the knowledge hub,
enabling automatic information collection for locations.

e Service Register (SR): This component enables service providers to share information about facilities
such as museums, restaurants, and other services, along with relevant images. It interacts with the
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Ul to receive input from users and transfers the collected data to the knowledge hub for storage in
the database.

Location Finder (LF): The LF component allows users to search for points of interest using various
qguery methods, including tags or free-text input. It retrieves relevant locations that match the user’s
criteria and presents them through the Ul. The LF gathers data via the knowledge hub, ensuring ac-
curate and up-to-date search results.

Chatbot: This component enables users to interact through natural language queries to obtain rele-
vant information. It converts free-text inputs into embedded queries, which are processed by the
Data Indexing (DI) component to retrieve relevant points of interest. The chatbot uses a large lan-
guage model (LLM) to understand user questions and generate responses based on the retrieved
data. Open-source LLMs will be customized to meet the project’s requirements.

Data Indexing (DI): The DI component indexes database documents, working in tandem with the
chatbot to process queries and generate responses. It transforms unstructured text into meaningful
segments, which are then vectorized and stored in a vector database. When the chatbot submits an
embedded query, the DI performs a similarity search, retrieving the top-K relevant vectors. These
document chunks are then passed to the chatbot for response generation.

Database Manager (DM): Responsible for managing database interactions, the DM component han-
dles the storage and retrieval of data related to users, locations, services, points of interest, and
metadata. It acts as the central data repository, providing necessary information to other compo-
nents for processing and utilization. Additionally, it collects input from users through various system
components and the web crawler.
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Updates from previous version:

The location register component has been updates. It includes the automatic Data Collection that is able to
gather information about a location through the web. The automatic image labelling has been removed. In
the location Finder module, the search by image component has been removed.

5.2.5.2 Information viewpoint

The diagram below represents the flow of information within the Location Scouting Tool. Location and service
providers, as well as filmmakers, interact with the interface to access various LS components. Users first
engage with the User Manager, which stores profile details and provides functionalities based on their role.
The Data Manager, responsible for data storage, connects to all components except the chatbot, which re-
trieves information through a vector database maintained by the indexer.

From the Ul, users can search for locations either via the Location Finder or by interacting with the chatbot,
depending on their query. Providers can register locations and services, including image data, through the
Location Register or Service Register components. The Web Crawler interacts exclusively with the Data Man-
ager, scanning existing database documents, performing searches based on the stored text, and updating or
adding new points of interest accordingly.
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Figure 27: Location Scouting tool information-flow diagram

The information viewpoint has been updated. The Automatic Data Collection submodule is shown to provide
the requested data, and the automatic image labelling module has been removed. Additionally, the search
by image submodule has been removed.
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5.2.5.3 Scenarios

The presented sequence diagram illustrates the process of a filmmaker retrieving desired locations using the
Location Finder (LF) component. The LF component conducts searches in the database using tag or text,
through different modules, enabling users to locate desired locations more efficiently.
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Figure 28: Location finder sequence diagram

The Location finder diagram has been updated to better reflect the current location search process.The pre-
sented sequence diagram illustrates the registration of locations along with images and information provided

by location providers.

Location Register

Location Register Automatic Data Image Captioning
% User Interface (Ul) (LR) Collection | module Database
User requests H H
to register a location H H
Ul responds with a form
User inserts Images and
details Images and details
LR reguests location information through the
Automatic Data Collection
Automatic Data Collection responds by providing
data related to the location
LR requests Image Captioning module to generate descriptions u:s\ images
Image Captioning module response with image captions
LR module requests data entry: Al-generated image caphur\.s and details
H Insert data
Successful data entry
LR notifies successful [ oo R
registration of the location
Ul displays the
registered location
S L

Figure 29: Location register sequence diagram
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The Location Register (LR) component uses the automatic data collection module in order to retrieve infor-
mation about the location through the web. Subsequently, the images are passed to the Image Captioning
module, which generates Al captions. Finally, all user input data, including images, details, and generated
meta-data from the LR modules, are saved to the database.

The Location Register sequence diagram has been updated. In the updated solution, the Automatic Data
Collection is being shown. This introduces a functionality that is helpful for the end user. The end user is not
required to manually add information about a location, the process is now automated, and returns factual
information through web crawling.

The diagram below illustrates the user login to service register tool and the registration of services details to
a location. Before the registration, the user must have service provider permissions to register services. Then
the user provides images and details to the Service Register component, which is responsible for saving in-
formation and data about a location to the database.

User Manager / Service register

User Manager Service Register Datab DB
% User Interface (Ul) (UM) (SR) atabase (DB)
User requests Login
Ul responds with a form
User enters credentials > Ul provides credentials UM requests validation of credentials

L

DB provides encrypted list of credentialsh

UM Provides access le UM Validates credentials L]
Ul requests user info hi

PR DB provides userinfo | el J

Personalized view

<
User requests
to register services for a location

Ul responds with a form

User inserts Images and details.

Ul provides images and details

"ﬂ Store service information's and images | Insert data

Ul displays the i i

registered location services Successful data entry

Figure 30: Service register sequence diagram

No changes were required, as the existing sequence remains well-aligned with the intended requirements
and continues to function as expected.

5.2.6 Al-based Audience Preferences Scouting Tool

5.2.6.1 Development viewpoint
The two-audience preference scouting tools are the Preference forecaster, used before production begins,
and the Sentiment Analysis Tool for use during post-production.

The Preference forecaster tool might be simple in its form, but with a unique and important role in the SCENE
platform. The objective of this tool is to predict trends based on audience viewing behaviour and the inter-
action with the presented content. It will allow the filmmakers and producers to test their ideas with the
audience to get insights about the preferences and engagement before the production. The components in
which the AAPS can be decomposed alongside with their role is presented below:
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. Al Model Trainer: The Al model trainer is the component responsible for generating the trend
prediction model by utilizing the preferences of viewers regarding the visual media presented,
based the interactions of the viewer with the media. It also integrates metadata information
about the content presented in the visual media.

o Natural Language Processing: The component will allow users, such as producers, to provide film
topics and concepts in natural language in order to query for trends and probable viewer prefer-
ences. Queries are parsed by this component and then submitted to the Al Preference Predictor.

o Al Preference Predictor: The component will take query of producer, as parsed by the Natural
Language Processing component and predict the trends and preferences concerning the scenar-
ios suggested by the producer and provide corresponding estimates of audience response.

o User Interface: The user interface for the AAPS will target producers and filmmakers. The pro-
ducers and filmmakers will be able to see the trend predictions for specific topics.

«component»

Preference Forecasting Tool

«component» gl

— A7
Al Preference \O
Predictor
«component» gl o «component» a] [ Manual
Data Natural Language A User Interface Input
Lake O—[]— Processing

«component» ﬂ

Model Trainer

Figure 31: Preference Forecasting Tool component diagram

The second tool, the Sentiment Analysis Tool allows the measurement of the reaction of individual audience
members to specific video content.

Its components are:

e Persona Assignment: This component will, based on stated viewer preferences, assign one of a fixed
set of personas to a viewer. Subsequently, only the generic persona will be used to classify and store
viewer reactions to the content. No other identifying information about a user will be stored, includ-
ing the initially stated preferences.

e Sentiment Tracker: This component tracks the facial reactions of a user during the watching of video
content. It classifies the emotions according to different emotions (such as happy, sad or scared) and
assigns a percentage to every emotion detected.

e Clustered Sentiments Calculator: This component will take the individual reactions of a viewer,
which, at that point, is still the individual reaction of a single user, albeit only identifiable by a per-
sona, and averages the reaction with other reactions of users of the same persona, resulting in view-
ing reactions clustered by personas and no longer matchable to individual viewer reactions.

e Sentiment Playback: The component will perform the playback of clustered viewing reactions to the
video content presented in synchronisation to the video.
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e Video Playback: This component is a simple video player for showing videos to audience members
and producers.

e Audience User Interface: The component presents the interface for audience members and performs
the preference queries for determining the persona corresponding closest to the user, the showing
of the video and the webcam based face tracking.

e Producer Interface: The component presents the interface for producers and allows the selection
and viewing of the sentiments of specific personas or all personas, synchronised with the video
presentation.

«component»
Sentiment Analysis Tool
«component» 2]
Sentiment
Playback
«component» gl
Data Producer | |
Lake «component» g} User Interface Producer
O_[ Video Player Oo—
«component» &l «component» 2]
Clustered Sentiments Sentiment Tracker Oo— g}
Calculator «component» []
Audience
ﬂ User Interface
«component» Audience
Persona O0— member
Assignment

Figure 32: Sentiment Analysis Tool component diagram

5.2.6.2 Information viewpoint
Audience Preference Scouting covers two tools, the Sentiment Analysis Tool and the Preference Forecaster.

Sentiment Analysis Tool

Video aligned
sentiments Clustered sentiments

44— Sentiment Playback <

Al model
User Interface Video
Clustered Sentiments _
Datalake
Calculator
Video
Content
Video Player
Sentiment tracker Persona Assignment
. Video | ?
I * I Audience reaction
i . Audience reaction

Producer or Audience
Director Member

Figure 33: Sentiment Analysis Tool information-flow diagram

Figure 33 depicts the information diagram for the Sentiment Analysis Tool. The producer or director can
provide video segments to selected viewers, based on the audience metadata from the Audience Building
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Tool. Based on clustering information derived from earlier audience preference data, new viewers or audi-
ences will be associated with target group personas. Viewer reactions regarding the video segment are then
are stored into the Data Lake.

The Preference Forecaster makes use of an Al model, the persona, the media info and the interaction of the
viewer with the media and predicts trends that are stored into the Data Lake. For the Preference Forecaster,
audience reactions to broadcast video are measured and their preferences are mapped to textual metadata
descriptions of the broadcast content. An Al model is then trained on preference-weighted descriptions, al-
lowing predictions of the audience reaction to videos covering specific topics.

Preference Forecasting Tool

Trend
prediction Al Preference Al model
——
Predictor

Trend I

e It e query Matural Language
Processing

Datalake

Al model trainer Al model

1

4
l |Viewi ng behaviour

TV Viewer

Producer

Figure 34: Preference Forecasting information-flow diagram

5.2.6.3 Scenarios
Figure 34 illustrates the internal steps required for the Al-based Audience Preferences Scouting tool in order
to achieve the trend prediction of the audience about a film topic.

N

_ Preference Prediction |
<

7N User Interface ‘ l Data Lake | l Natural Language Processing ‘ | Preference Predictor
Producer
| Film topic \_: | | |
; = i i i
| i Film tOpiC | ! I
] ) T ol ]
| | | | Parsed query N_L:
i i i T Eall
! ! < Request Al Model : !
| | | Provide Al Model | -
| | | ] Cal}
E E{ Preference Prediction E E

Producer User Interface ‘ ‘ Data Lake | ‘ Natural Language Processing ‘ | Preference Predictor

Figure 35: Preference Forecasting sequence diagram
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As, at the point of the query, the Al model has already been trained, the interaction in this scenario is com-
paratively simple.

The interaction for the sentiment analysis tour is more complex, as it involves two actors, the Director and
the Viewer and a more complex chain of interactions between the components of the tool.

In this scenario, the director of a movie provides a video clip for which reactions are wanted as a basis for
decisions on how to re-cut or re-score the video.

A viewer is asked for preferences about films, in order to match the person to a persona. Subsequently the
video, as selected by the director is shown. Using on webcam-based face tracking, a stream of emotional
sentiments in reaction to the video is captured and subsequently combined with previous sentiment streams
for this movie of viewers with the same persona.

The director can then replay the video and see how different kind of personas react to the video clip.

Director Viewer

I User Interface Dinactnr‘ l User Interface Viewerl l Data Lake ‘ lVideu Player] | Sentiment Trackerl ‘ Persona Assignment] | Clustered Sentiment Calculatnrl l Sentiment Playback

| Logs in

i Uploads Video |

| Uploads Video
| Provides URL _| i
—

| |_Provides preferences

| Provides preferencés

| Provides Persona

|_ Plays Video

' _ Shows Video

! Provides Facial Expression |

| Facial Expression

| Sentiment data

| Request exis't‘lng sentiments

| Sends existing sentiments

| Adds viewer sentiments

| _Store updated sentiment data

| Selects Persona

| Starts Video |

| Selects Persona

| Starts Video

| Syncs Playback

| Plays video

| Plays sentiments

' _ Shows video with synchronized sentiments |

Director Viewer User Interface Director ‘ l User Interface Viewer | ‘ Data Lake ‘ ‘ Video Player] | Sentiment Trackerl ‘ Persona Assignment J | Clustered Sentiment Calculator | ‘ Sentiment Playback

Figure 36: Sentiment Analysis sequence diagram

5.2.7 Audience Building Tool

5.2.7.1 Development viewpoint

The AB will host accounts for filmmakers, prospective audiences, and funding agencies. With the AB tool,
filmmakers can create and share campaigns and contests about the film on social media, enabling them to
understand audience interests, attract, and engage viewers. The AB provides a brief overview, analytics, and
key points of interest to filmmakers about the campaign and audience interactions, allowing them to manage
and further promote their campaigns. Additionally, audiences can participate during production and poten-
tially receive rewards through contests. Furthermore, the AB grants access to funding agencies, offering pub-
lic KPls for documentaries and enabling the monitoring of current rankings for producers and documentaries.
Finally, we should make a special mention to the Gamification Engine and generative Al. Efforts will be put
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to utilize the chatbot that will be developed for location scouting and use it in conjunction with other gener-
ative Al models specified for image and video generation. The idea is that the campaign manager can request
the creation of short promo videos or teasers tailored for specific target audience groups on demand.

e Campaign Manager (CM): The campaign manager is responsible for creating and managing cam-

paigns, including their presence on social media, organizing competitions, and overseeing fundings.
With the CM component, users can link campaigns to social media accounts and upload multimedia
content (i.e., images, videos, audio files) to all associated accounts.

e Social Media Manager (SMM): The SMM component empowers producers to monitor campaign ac-

tivity across multiple social media platforms. Additionally, this component enables the uploading of
multimedia content and synchronizes social media interactions with the campaign.
e Documentary Impact Analysis (DIA): The DIA component will gather campaign analytics and social

media activity to analyse and present them as Key Performance Indicators. It will track campaign and
user account data, presenting the analytics through visualizations. Utilizing a tool that analyses and
visualizes the campaign activity will assist producers in making better decisions.

e Gamification Engine: Through the Gamification Engine component, producers can create contests

and encourage audience engagement. During the contest, users will be rewarded based on audience
members’ interactions and activity on the film's social media accounts. This allows filmmakers to
track audience interactions with the campaign throughout the film's production process.

e Text Processing: The current component will process comments from social media, utilizing Language
Models to generate summaries and perform sentiment analysis. This tool will provide a better un-
derstanding of audience interactions with the campaign, enhancing overall engagement strategies.

e Chatbot: This component allows producers to inquire about campaign analytics or engagement strat-
egies. The chatbot, equipped with a Large Language Model, receives analytics and KPIs from the Doc-
umentary Impact Analysis component, as well as social media interactions and sentiment analysis
from the Data Manager. The chatbot will generate the desired answer based on that data.

Blockchain

Audience Building Tool

acomponents -
Database Manager

«components
Campaign Manager

«components -
User Interface (UI) © )

— 5

«components

. . «modulen
Engine

Data Storage /
Retrieval

| ABT
Database

n ccomponents

) Text Processing  * |
& . «components «modulex | «components
o Social Media Manager 22— | | y Impact
amodulen I Analysis
Sentiment Analysis

«components
Chatbot

Social Media | |

Figure 37: Audience Building Tool component diagram
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5.2.7.2 Information viewpoint

The diagram below illustrates the Audience Building information flow. Producers, investors, and audience
members interact with the User Interface (Ul) to access Audience Building Tool (ABT) components.

Social media interactions and sentiment alalysis

Create Campaigns/ Campaign analytics AB]]
Manage Social Media
v LD
End_Users Contests activity
(e} Campaign Manager Gamification Engine
O Daish
(e} Manage Campaign analytics contest
campaigns
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And
58 fundings Create NFTs
2 strategy
8
i l ,g Transfer NFTs Blockchain
o Campaign and social
Investors  «——> T=. media activity
8
& = Social media Interactions
ﬂ Text Processing
— C Documentary Impact
Producer «——> Soclal Media Analysis
Summary and Analysis
Sentiment analysis
Linking/ and KPIs
synchronization Activity
‘/' L \
- \‘\
\,Social Media § e
L S~
g, d —
4 Social media interactions
ytics, KPls and Question [ ‘ and sentiment alalysis

Generated answer

Figure 38: Audience Building Tool information-flow diagram

The Ul allows producers to access the Campaign Manager (CM) component, enabling them to create and
track campaigns across social media platforms via the Social Media Manager (SMM) component. SMM up-
loads campaign data, links various social media accounts to the campaign, and synchronizes audience inter-
actions with the campaign. Additionally, SMM receives summaries and sentiment analyses from the Text
Processing component, which analyses social media comments.

This information, along with user interactions, is then passed to CM. CM is connected to the Documentary
Impact Analysis component (DIA), which generates analytics and KPIs about the campaign. Users can access
these analytics views via the Ul. DIA also has access to the Gamification Engine and Database Manager (DM)
to analyse contests and engagement strategies. Additionally, Users can utilize the Chatbot component via
the Ul to inquire about campaign analytics. The Chatbot receives information from DM and DIA to generate
comprehensive reports. Furthermore, producers can create contests and foster audience engagement
through the Gamification Engine component.

5.2.7.3 Scenarios

The diagram below illustrates the process of creating movie campaigns by a producer and their integration
with social media. This involves the registration to the Audience Building Tool using the producer's social
media account. Prior to campaign creation, the Social Media (SM) manager implements social media linking,
and then the Campaign Manager creates the campaign. After the social media linking and campaign creation,
multimedia content is uploaded by the SM manager and then social media activity is synchronized with the
campaign.
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Figure 39: Account creation, campaign and synchronization of social media sequence diagram

The sequence diagram (Figure 40) illustrates the process of providing useful analytics and Key Points of In-
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Figure 40: Analytics and KPIs Monitoring sequence diagram
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Producers can request campaign analytics from the Documentary Impact Analysis (DIA) component, which
retrieves campaign data and social media activity from the database and presents visual analytics and KPls
to the user. Moreover, producers can interact with a chatbot by asking free-text questions. The chatbot anal-
yses these questions and executes queries to both the database for campaign data retrieval and to the DIA
for analytics and KPls. Utilizing this data, the chatbot completes its response by generating a final report
along with KPIs.

5.2.8 Lighting Simulation module

5.2.8.1 Development viewpoint

The scope and internal architecture of the Lighting Simulation module has been majorly refactored, during
the second round of architectural design. Initially, the component was designed to operate on a 3D recon-
structed model of a location, based on state-of-the-art novel view synthesis technologies, and apply relight-
ing on a selected rendered view of the location. However, with the significant steps of Al over the past years
and the emergence of generative Al, which produces high-quality results in a wide variety of domains, the
initial development choice has become deprecated. Moreover, the 3D reconstruction section of the compo-
nent overlaps on the existing 3D Reconstruction component of the project, which is already designed to op-
timize the reconstruction of a location, thus rendering it obsolete. Considering the above reasons, a new
design is chosen that reflects the latest popularity of generative Al techniques and provides more features to
the users.

Updates from previous version:

The main backbone of the new design is based on Stable Diffusion, a deep learning generative model, used
to generate detailed images, conditioned on text descriptions. Stable Diffusion is a latent diffusion model,
comprised by three main parts: a variational autoencoder (VAE), a U-Net model and an optional text encoder.
During the forward diffusion, the VAE encodes the image from pixel space to a latent space, capturing a more
semantic view of it, then noise is applied to the latent representation, the U-Net denoises it and finally the
VAE decodes converts the latent representation back into pixel space. The denoising process can be condi-
tioned on various modes, such a string of text, an image or a video, adding extra flexibility to the technique.
More technical details about the algorithmic aspects of the component will be described in its relevant de-
liverable D4.4.
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Figure 41: Lighting Simulation module component diagram
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5.2.8.2 Information viewpoint

An interactive Ul enables the user to control how the features of the Lighting Simulation module will be used.
The input can be either directly uploaded by the user, through the Ul, or chosen from the available media in
the Data Lake, that was produced and stored by another component, for example Location Scouting tool or
3D Reconstruction component. The user also provides a text prompt that describes the desired lighting con-
ditions and/or a reference image, from which the lighting conditions will be extrapolated to the input. A set
of configuration parameters can also be defined by the user, which are used to configure the model and have
a strong impact to the result’s quality. After all the required input to the component is provided, the back-
bone pipeline is executed, to modify the lighting conditions of the input and generate the output result. The
result is reviewed by the user, to determine if it satisfies the requirements, and can be stored to the Data
Lake, along with meta-data that describe how it was generated. This way, for each given input, a library of
results is created, which can help potential future users to accelerate the process of exploring already used
lighting conditions.
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Figure 42: Lighting Simulation module information-flow diagram

5.2.8.3 Scenarios

Figure 43 illustrates the main usage scenario of the Lighting Simulation module. The user (location scouter,
producer or director) accesses the Data Lake repository to retrieve any stored images about a given location.
Then, through the provided Ul, the user specifies the lighting conditions that are expected to be modified in
the input image. A number of configuration parameters of the underlying Al model, which affect the output
result, can also be set by the user. An iterative procedure then follows, where the backend component gen-
erates the re-lighted outputs until the user is satisfied with the visual result. During this iterative procedure,
the user can alter between different text prompt inputs and model configurations. Finally, the re-lighted
image can be either stored back to the Data Lake or locally downloaded by the user for further usage.
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Figure 43: Lighting Simulation module main functionality sequence diagram

5.2.9 Audio Simulation module

5.2.9.1 Development viewpoint

The Audio Simulation module is part of T4.4 (Lighting & Audio simulation modules). It is designed to help
filmmakers, producers and audio designers during the preproduction phase to check the on-site conditions
and be prepared for the shooting. The tool allows the users to make acoustics testing, without the need of
visiting the site first, before the real installation in the field. The audio simulation module consists of the
following main components:

e Location selection + Audio model selection: This component supports the Audio simulation Ul and is

the medium through which the user selects the location and audio model for which he/she wants to
simulate the audio.
e Spatial audio modeller: The spatial audio modeller is the core component of the audio simulation

module, since it is responsible for creating immersive sound environments that mimic real-life audio
experiences.
e Audio simulation Ul: The simulation Ul will be the interface for the user to perform an audio simula-

tion for a scene or a new position in a location, to reflect a change in the listener's perspective.
e Database: The database can be either a local one or accessed through the Data Lake. Both modes will
be supported by the audio simulation module.
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Audio simulation
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Spatial audio
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Figure 44: Audio Simulation module component diagram
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5.2.9.2 Information viewpoint

The information flow of the Audio Simulation module is displayed in the diagram below. Specifically, the
information flow forms a closed loop incorporating the user through the Ul, the simulation through the Spa-
tial audio modeller and the data through the database.
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Figure 45: Audio Simulation module information-flow diagram

Updates from previous version:

In the bottom figure, the workflow for uploading a new location is shown. A location provider uploads loca-
tion information and acoustic measurements to the data lake.

5.2.9.3 Scenarios

The presented sequence diagram illustrates film makers interacting with the Audio Simulation module.
Through the Ul, the film maker selects a location for which acoustic simulation is available, and, if there is
more than one, the preferred simulation model. The Ul communicates with the database and loads the re-
quired model. Within a loop, the user may request output for different positions of the sound source and the
receiver, as well as different numbers and types of sound sources. The Ul communicates with the database
to load sample audio files upon request, and with the audio model to produce a new output according to the
user input.
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Figure 46: Audio Simulation module main functionality sequence diagram

Updates from previous version:

For the extendibility of the Data Lake and the sustainability of the project, a Ul for automated submission of
the new location is provided. Location providers can follow a guided upload wizard to provide measurements
and information regarding a new room that will be available for audio simulation. The new location infor-
mation is automatically stored in a format that is accessible and readable by the audio simulation Ul.
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5.2.10 Post Production Effects & Quality metrics

5.2.10.1 Development viewpoint

In the context of Task 4.5, a set of tools will be implemented to enhance the post-production phase of the
filmmaking process. Concretely, the components that will be developed to serve a distinct and well-defined
objective are the following:

e Post-Production Effects Information Library: This component will be an information library, classify-

ing and categorizing available post-production effects over a wide range of vendors.

e Post-Production Tools: This component will contain a collection of post-production tools for video
and audio effects and filter to improve the aesthetic & artistic aspects of the content. Generative Al
techniques will be examined for generation of post-production effects based on the description, in

natural language, provided by the user. Finally, generative Al could be utilized to refine the applica-
tion of existing effects.

e Quality Metrics & KPls: This component will be responsible to compute quality metrics & KPIs both
for the audio and video media to quantify the quality level of each of the multimedia (3D model,
audio, video, image) retrieved from the Data Lake. Furthermore, this tool will quantify the quality of

the multimedia after applying post-production effects to ensure that the quality is retained after the
post-processing.

e Playout Tools: The playout component is a crucial component since it is the mean that will enable
interactive enrichment of newly producer and heritage digital visual media. This tool enables the
users involved in this process (digital artists, filmmakers, media professionals) to see the effects of
their modifications in real time, allowing for immediate feedback and iterative improvements.

e User Interface: The user interface will be the medium that will enable the users of this SCENE sub-
system to interact with the back-end components and where the visualization of the content will
take place.

«component»

Post-Production Effects & Quality Metrics

«compaonent» 2]
Post-Production Effects

C Information Library

«component»ﬂ
User Interface

«component» $:|
Post Produchon Tools .

), Datalake
«component»

Playout Tools

«component» Datazlake
Quallty Metrics & KPIs S

Figure 47: Post-Production Effects & Quality Metrics component diagram

5.2.10.2 Information viewpoint

The figure below is the information diagram for the Post-Production effects & Quality Metrics sub-system
and depicts what information is exchanged between the involved components and the flow of the infor-
mation. Specifically, the post-production effects information library sends the information about specific ef-
fects, which has been requested by the user, to the Ul to be displayed. Furthermore, the user can request
through the Ul to load a specific media and apply certain effects. The playout tool retrieves the media from
the Data Lake and applies the post-production effect selected and forwards the outcome to the Ul to be
displayed and stores the edited media back to the Data Lake as per user requests. Finally, the quality metrics
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& KPIs components computes various metrics & KPls for the raw media itself or the post-processed one and
sends the results to the Ul to inform the user while it stores the result on the SCENE-O ontology after the
post-processed media is stored to the Data Lake. The quantitative quality results will be stored to the SCENE-
O ontology to allow experts in this phase or others to have easy access on this information.

Post-Production Effects & Quality Metrics

Information for

= effects, plugins and vendors Post-Production Effects
5 Information Library
Select tool
% Post-Production Tools
. Request to load media
S —
n User Interface * A 4
g, Display Interactive Content Retrieve Media
Artist / < Playout Tools B E———— Datalake
Film Maker —_
Store Media
A
Metrics & KPIs
Metrics & KPls Embed metadata about effects
< Quality Metrics & KPls =
"~ Retrieve Media

Figure 48: Post-production Effects & Quality Metrics information-flow diagram

5.2.10.3 Scenarios

The sequence diagram below illustrates the supported functionalities of this tool. The specific scenario con-
cerns the filmmaker and the expert artists and showcases how the internals of the tools collaborate to
achieve the use-cases. Concretely, this use-case describes the interactive insertion of post-production effects
and the quality assessment of the media and effects.
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Figure 49: Post Production Effects & Quality Metrics main functionality sequence diagram
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5.2.11 UWB-based Tracking System

5.2.11.1 Development viewpoint

The UWB-based Tracking System will utilize UWB technology to monitor the position and movement of ac-
tors. The data generated by this tool can be leveraged across various stages, particularly during the produc-
tion phase. For example, position tracking can enhance the process by enabling the automatic activation or
deactivation of smart devices such as lights, microphones, or audio effects based on the actors’ positions.

The UWB-based tracking system is composed of three main components:

e UWB-based Devices: These could be of three types that are briefly presented as follows:
0 UWB Wearables used to localize the actors with a frequency up to 5 Hz (5 times per second

per wearable).

0 UWB Anchors are deployed in the area of interest in fixed positions and have known coordi-
nates. These devices interact with the wearables to perform ranging measurements (i.e., dis-
tances between wearables and anchors).

0 Gateways (GWs) are devices equipped with two interfaces: one based on the UWB radio,
which is used to collect ranging measurements from anchors, while the other one is based

on either Wi-Fi or Ethernet, which is used to forward the measurements to the Tracking
Manager component.

e Tracking Manager: It allows the configuration of the parameters of the tracking algorithm and exe-
cutes it to estimate the wearables’ positions. As shown in Figure 50, it interfaces with the Data Lake
and 3D reconstruction modules.

e Tracking User Interface: This module displays the actors’ positions within the area.

2]

<component>
UWB-based Tracking System

<component> E

Tracking User Interface

<module>
Tracking Plot

<component> fJ\
UWB-based Devices E (P
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—O— o }—
UWB Anchors GWs ol ——— _Or—  Data Lake module
module
f(l?‘\ Tracking Configurator —D<
3D reconstruction
<module> <module> \O)— module
UWB Tracking Algorithm
Wearables

Figure 50: UWB-based Tracking System component diagram

5.2.11.2 Information viewpoint

The diagram below shows the data flow within the UWB-based Tracking System. The UWB Wearables inter-
act with the Anchors according to a specific procedure with the final goal to perform ranging measurements.
After this procedure, the ranging measurements are available on the Anchors side. The Anchors send these
measurements to the GWs, which then forward them to the Tracking Manager for estimating the actors’
positions. The estimated positions along with identifiers and timestamp information are stored in a log file
and sent to Data Lake module. Additionally, the map and Anchors' position data can be retrieved from the
3D Reconstruction module.
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Figure 51: UWB-based Tracking System information-flow diagram

5.2.11.3 Scenarios

This sequence diagram presents an example of a simple UC. During the production phase, the actors' posi-
tions are tracked in real-time and sent to a module called the Light Manager. This module uses the position
data to apply light rules, such as adjusting brightness levels. Additionally, the most relevant data is recorded
in a log file, which is sent to and stored in the Data Lake module.
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Tracking System Light Manager @ Data Lake
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Figure 52: UWB-based Tracking System main functionality sequence diagram
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5.2.12 Distribution Engine

5.2.12.1 Development viewpoint

The Distribution Engine shares a User Interface and APl with the MAM from T3.3. This APl integrates with
the User Service to manage user roles and permissions, the License Service to handle film licenses, and the
Product Service to manage the user film catalogue.
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Figure 53: Distribution Engine component diagram
The Distribution Engine Reasoner accesses the Media Asset Manager Database to retrieve assets associated
with specific users or audiences. The User Database is used to store and retrieve user information, while the
Blockchain Network (IPR Module) is used by the User Service and License Service to store and manage li-
cense information and permissions.

The User Database and Blockchain Network are shown outside their main components to indicate that they
can be deployed on third-party hosting services for better availability and disaster recovery.

The Distributor Content Platform allows producers to organize and define how videos are presented to end
users. This platform works with the Distribution Engine to deliver curated content to the audience.

The User Interface connects directly to the Repackager, which, along with the DRM Provider, prepares en-
crypted video segments for playback. These components ensure secure content delivery to users while sup-
porting content management and access controls.

The Distribution Engine tool co-operates with the Media Asset Manager by sharing a common User Interface.
The interaction of the user with the corresponding databases, through the Backend APl component, can be
seen in the Information Flow Diagram. This diagram illustrates how the Distribution Engine manages the
movement and processing of data across its components.
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5.2.12.2 Information viewpoint
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Figure 54: Distribution Engine information-flow diagram
Users interact with the system via the User Interface, which communicates with the Backend API. The API
includes the User Service for managing user roles and permissions, the License Service for handling film li-
censes, and the Product Service for organizing the user’s film catalogue.

The Distribution Engine Reasoner accesses the Asset Database to retrieve media assets and coordinates
with the Distributor Content Platform to define how content is distributed and presented to end users. The
DRM Provider and Repackager work together to encrypt and prepare media files for secure playback, ensur-
ing content protection.

User information is stored in the User Database, while license and permission data are maintained on the
Blockchain Network. These external components enhance scalability and reliability by allowing third-party
hosting. The Data Lake collects and stores analytical data from various parts of the system to enable perfor-
mance monitoring and optimization.

This flow supports secure content distribution, organized, and user-focused content distribution, ensuring
compliance with licensing and digital rights.

5.2.12.3 Scenarios

The following diagrams describe two of the main usage scenarios of the Distribution Engine. The first scenario
illustrates the process of playing a given video that is stored in the SCENE ecosystem. In it, it is possible to
check the connections between the stored video and the one that is played in the end user devices, namely
the Digital Rights Management validation and the repackaging of the video in different resolutions for adap-
tive bitrate scenarios. The second diagram the creation of licenses by the film producers in order to restrict
the usage of the final videos. Therefore, in it we demonstrate the connections with the IPR module and how
the video can be protected from unauthorized usage.
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Figure 55: Distribution Engine play video sequence diagram
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Figure 56: Distribution Engine license creation sequence diagram

—_———— L

5.2.13 Recommendation System

5.2.13.1 Development viewpoint

The recommendation system consists of six main components. Namely, the Backend APls, Vector Generator,
Audience Recommender, Distribution Platform Recommender, Multimedia Recommender, and the User In-
terface. The objective of each component can be summarized as follows:

e Backend-APIs: This component consists of a set of modules each of which is responsible for the com-
munication with a specific tool within the SCENE architecture or external tools.
e Vector Generator: The vector generator component plays a central role in the recommendation sys-

tem, since it is responsible to transform multimedia and audience metadata into embeddings. The
embeddings merge the information of the raw data into vectors that serve as a mean for the recom-
mendation algorithms to “understand” the concept for which the recommendation is requested.

e Audience Recommender: This audience recommender component is responsible for suggesting the

filmmaker the target audience that a movie or documentary will interest more.
e Distribution Platform Recommender: The distribution platform recommender component generates

recommendations to the filmmaker based on relevant movies that are available on the distribution
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platforms. Such information will be retrieved by the implementation of web-crawlers that are re-
sponsible to retrieve information from distribution platforms that are widely used (e.g., Netflix) or
less known (e.g., Cinobo)

e Multimedia Recommender: The multimedia recommender will suggest movies and documentaries
to the end-user (audience) taking into account the preferences and the content of similar movies.
The information about the preferences of the audience will be provided by the Audience Building
tool and the audience clustering module through the Data Lake.

e User Interface: The user interface will be the mean for the filmmaker and the end-user to request
recommendations for one of the above-mentioned purposes.
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Figure 57: Recommendation System component diagram

5.2.13.2 Information viewpoint

The figure below is the information diagram of the recommendation system. This diagram demonstrates
what kind of information is exchanged between the various components and modules of the recommenda-
tion system itself and the external components as well. Specifically, the back-end APIs are responsible to
communicate either with the Audience Building Tool, the Data Lake that stores information about movies
and data collected from online web-crawlers about the available movies on the widely used distribution en-
gines (e.g., Netflix, Cinobo), or the Location scouting tool.

The system considers information regarding the film (e.g., genre, cast etc.), information from the Audience
Building tool (campaigns, past interest of audience for other films, demographics etc.) and viewing statistics
from third party distribution platforms. This information will be then processed by the Vector Generator
component, which will embed the information into vectors understandable from the recommendation algo-
rithms. These vectors will be also stored in the Data Lake for future reference and to avoid unnecessary
repeated computations. This information, alongside with the generated vectors will be fed into the recom-
mendation algorithms respectively and the output will be forwarded to the Ul to be visualized for the user.
Finally, the user (filmmaker or audience) can provide feedback about the recommendation. The feedback will
be then processed by the respective recommendation algorithm to improve and adapt accordingly.

Important note: The system will utilize information from the Location Scouting tool, such as information
about historical monuments, about the aesthetics of the various Points of Interest present in the film, etc.
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Furthermore, it will consume information about the cast, the script and genre of the film. This information
will be contained in the associated knowledge graph, constructed by the SCENE-O ontologies of the existing
films, which will be retrieved from the Data Lake. Therefore, the direct connection with the location scouting
tool has been omitted since the information will be retrieved through the Data Lake.

. gJ
Recommendation System
Audience Building 5 Audience Building 1 Audience Metadata
Tool T Tool API \
Audience Metadata ! +

> z = Audience Rtz 5 [Target Audience Recommendation

P Aud Clustering F=—————————3> | Rec fation
Clusters : &

Algorithm
Feedback
Embeddings (Audio, Script, Video)
Embeddings (Audio, Script, Video)
| v | v
3 Multimedia
Mult'lmed|a \ ‘ PlatiormProfile  Ipiceribiisi PIa!forrJn Platform Recommendation .

Datalake Datalake API Vector Generator Wﬁm Rec ion - SCENE Platform (Ul) =,
‘ i ( Analyzer Analytics& Trends Algorithm 7 n
| —| e e e

Embeddings PEA PP Feedback 7y Producer
Film Maker
Embeddings (Audio, Script, Vldeo, Audience) End User
& Feedback
Content [y
1 L User Model - Content Recommendation
Distiibution ‘ i Distribution platform statistics User g » Recommlendatlon
>  External API Algorithm
Platforms | ‘ +
|

Distribution platform statistics

Figure 58: Recommendation system information-flow diagram

5.2.13.3 Scenarios
The sequence diagram below represents the main functionality of the recommendation system.
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Figure 59: Recommendation System main functionality sequence diagram
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Specifically, this use case depicts the order and the steps that are executed to perform a recommendation
about the target audience that this film will be mostly suitable. The users of the specific use-case are either
the filmmaker or the producer. The user selects a movie through the Ul and asks from the recommendation
system to recommend which target audience will be the most suitable for the target film. The actions are
concentrated into two main sub sequences, the clustering of the audience and the vector generation. The
recommendation system consists of 3 different recommendation systems, but the sequence diagrams are
almost identical. Therefore, the sequence diagram for the most complex one is presented.

5.3 Presentation layer

The SCENE Platform interface in the presentation layer serves as the unified access point for all the tools and
services integrated within the ecosystem, ensuring a cohesive and user-friendly experience for professionals
across the filmmaking value chain. One of the primary objectives of this layer is to bridge the gap between
the various independently deployed system components by offering a common user interface (Ul) through a
web-based portal. While each tool may feature its own frontend tailored to specific functionalities, the SCENE
Platform consolidates these interfaces into a central hub. This unified portal allows users to seamlessly nav-
igate between tools without requiring separate logins or navigating multiple URLs. Through a single sign-on
(SSO) mechanism integrated with role-based access control (RBAC), users authenticate securely and gain ac-
cess to tools and features based on their specific roles, such as directors, producers, or post-production spe-
cialists. The portal is designed to be modular and extensible, enabling future tools or functionalities to be
integrated into the Ul without disrupting the overall user experience.

Additionally, the SCENE Platform incorporates advanced personalization features to enhance usability and
efficiency. User profiles store preferences, frequently accessed tools, and past activity, enabling the system
to tailor the interface and suggest relevant tools based on individual usage patterns. Furthermore, the Ul is
designed with responsiveness in mind, ensuring compatibility across desktops, tablets, and mobile devices,
empowering users to manage tasks on the go. Accessibility considerations are embedded into the design,
adhering to Web Content Accessibility Guidelines (WCAG), thereby accommodating users with diverse needs.
Collectively, the SCENE Platform acts as the gateway to the SCENE ecosystem, orchestrating access to its rich
array of tools, while fostering a fluid and personalized user journey.

6 Final System Specification

The final system definition provides a comprehensive architecture for a platform that supports multiple in-
terconnecting components and tools with diverse application scenarios. It is crucial for the system to be ro-
bust enough, ensuring that it meets the expected needs of the stakeholders and users, while also being able
to keep up with any future requirements of potential new features and components. Gathering the latest
requirements of each component, the final system specifications can be defined, covering the core perspec-
tives of the architecture.

6.1 Hardware & Software requirements

The SCENE system utilizes a modular and distributed deployment plan, in which each component is packaged,
containerized and deployed as an isolated service, in its own host environment. In this way, the partner,
responsible for the development of the component, also holds the responsibility to define and satisfy the
corresponding hardware requirements. Every collaborating partner of the project has built and operates an
independent host machine, where the services are deployed and executed. Furthermore, the containeriza-
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tion of services ensures the isolation of software requirements, avoiding dependency incompatibilities be-
tween components and enabling cross-platform compatibility across various operating systems and environ-
ments. The corresponding hardware and software requirements of each individual component are collected
and described in detail in Deliverable D2.5. They depict the need of usage of a wide variety of different op-
erating systems, data formats, Al frameworks, user interfaces, security protocols and hardware specifica-
tions, thus confirming the selection of the aforementioned deployment plan.

6.2 Perspectives

The system is designed with key architectural considerations to ensure security, scalability, performance and
maintainability. Security is enforced through robust authentication mechanisms, such as OAuth 2.0, ensuring
the access to the platform by only authorized users. Data protection is maintained through TLS encryption
for secure transmission, safeguarding sensitive information from breaches. Moreover, adherence to data
protection laws, such as GDPR, reinforces the platform’s commitment to protect user privacy and meet the
mandatory legal requirements. Interoperability within the system is achieved by adopting communication
protocols, such as REST APIs, between different components and third-party services. The usage of a modu-
lar, distributed, service-based architecture, based on containerization tools, like Docker, allows the system
to achieve high performance and scalability, as the deployment of each component is independent to the
rest of them. It also enhances the maintainability of the services, which are executed in an isolated environ-
ment, allowing independent updates and minimizing dependencies incompatibilities. All the above ensure
that the system remains secure, reliable and robust, meeting both technical and operational demands effi-
ciently.

7 Conclusion

This deliverable presents the second iteration of the SCENE Reference Architecture, building upon the foun-
dations set in D2.6. The refinements introduced in this version reflect both the evolving technical require-
ments of the project and feedback received from the initial implementation phase. The updated architecture
maintains the core principles outlined in the first iteration while enhancing interoperability, scalability, and
modularity across all components.

Moving forward to the next phases, the integration process will focus on finalizing the interconnection be-
tween the system’s components, validating system performance through testing, and ensuring compliance
with the latest security and interoperability standards. Any remaining challenges, including unforeseen con-
straints that arise during deployment, will be addressed in the relevant deliverables.

The progress made in this deliverable represents a significant step toward the realization of a fully functional,
robust, and adaptable platform for the SCENE ecosystem. Future refinements will continue to align the ar-
chitecture with the latest technological advancements and stakeholder requirements, ensuring the system
remains well-equipped to support cognitive film production and distribution in the European cultural herit-
age landscape.
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