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1. Introduction

In recent years, significant progress has been made in the mathematical modeling of virtual
worlds based on Artificial Intelligence through representation techniques using neural
models, enabling the development of new forms of digital media with direct applications
across virtually all sectors of society.

The relevant research topics encompass a broad spectrum of frontier problems related to
Machine Learning, Visual Simulation, Virtual and Augmented Reality, Image Processing and
Analysis, Animation, Human-Computer Interaction, and Media Interfaces, all of which are
essential for advancing the state of the art.

Ou work aims to investigate these representations in the context of creating Virtual Worlds
and Digital Twins, considering both fundamental and programmatic aspects, with results
expected to generate innovations in Expanded Reality, Interactive Systems, and Intelligent
Interfaces.

2. Objectives

The main objective is to study, develop, and consolidate computational world models aimed
at expanded reality applications in new media, contributing in strategic areas such as
Artificial Intelligence, Visual Computing, and Digital Interfaces.

World models are understood as formal and computational structures capable of
representing, simulating, and enabling interaction with real and virtual environments.
These models encompass three complementary dimensions:

e Language models: associated with cognition and symbolic representation;

e Physical models: related to geometry, visual simulation, and dynamic behavior;

« Societal models: focused on intelligent agents and interactive environments.

The integration of these models forms the basis for constructing intelligent digital
environments capable of supporting immersive and interactive experiences.

Expanded Reality (XR) is considered as a continuum ranging from the real world to entirely
imaginary environments, including Virtual Reality (VR), Augmented Reality (AR), and Mixed
Reality (MR).

New media are understood as emerging forms of communication and expression between
humans and machines mediated by advanced digital environments and interactive
technologies.



3. Research Lines

3.1 - Spectral Implicit Neural Networks:
Implicit Neural Representations (INRs) form the mathematical basis for representing virtual
worlds using AL

3.2 — Multi-scale Neural Models:
Multi-resolution neural architectures represent signals at multiple levels of detail.

3.3 — Generative Reconstruction of Objects with Implicit Surfaces:
Spectral neural representations models shape and appearance of 3D objects through
implicit functions.

3.4 — 3D Scene Reconstruction from Images:
Combining principles of vision, visualization, projective geometry, and machine learning
allows reconstructing 3D scenes from large-scale image data.

3.5 — Intelligent Agents in Virtual Worlds:
Al Story Worlds explore interactive and generative narratives through Al-driven immersive
environments.

4. Methodology

The adopted methodology is based on the integration of these multiple research topics that
are interconnected through a hierarchy of abstraction levels ranging from cognitive
mathematics and Al models to computational methods and media platforms. (See Figure. 1)
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Figure. 1: Levels of Abstraction



5. Scientific, Technological, and Innovation Relevance

We expect to produce significant scientific and technological impact through advances in
visual computing and media technologies.

Expected contributions include:

» stochastic sampling and spatial localization methods;

« generalized implicit neural representations;

e multi-resolution architectures;

* dynamic object representations;

* semantic segmentation integrated with 3D reconstruction;
* immersive neural panoramic visualization;

e Al-driven generative modeling for hidden scene synthesis;
e applications for VR/XR platforms.

6. Infrastructure and Team

This research uses the infrastructure of the VISGRAF Laboratory at IMPA, including high-
performance graphics workstations, immersive visualization theaters, multimedia
production facilities, and computational photography studios.

The team includes researchers and collaborators with extensive expertise in computer
graphics, Al, immersive media, imaging systems, and interactive technologies.

7. Scientific Dissemination Plan

Results will be disseminated through journal and conference publications, videos, artistic
installations, seminars, technical reports, social media channels, and IMPA/VISGRAF
communication platforms.
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