
ABSTRACT

In the dynamic landscape of technological progression, the efficient exploration and
understanding of complex data types such as speech, video, and 3D point clouds are
becoming increasingly crucial. These data types, rich in information about the physical world
and human interactions, offer insights and stimulate innovations across diverse domains.
This thesis investigates methodologies in processing and leveraging these data forms,
carefully addressing challenges caused by their dependencies in time and space, and
pushing the boundaries of digital communication, immersive experiences, and artificial
intelligence. The research presented spans several key applications of these data
modalities.

Speech recognition through unsupervised learning approaches adapts to linguistic
variability without relying on annotated data. These methods aim to develop robust speech
representations that can handle the diversity of human languages and dialects, overcoming
the limitations of traditional supervised models. This work focuses on creating more
adaptable and universal speech representations that perform well even in low-resource
settings.

For video content, the development of models for generating and editing video
content is driven by the rise of social media and the need for more dynamic communication
methods. The research explores advanced techniques such as diffusion models to create
realistic and emotionally expressive video animations. This includes methods to synchronize
lip and jaw movements accurately with speech, enhancing the realism and engagement of
video-based interactions across various applications, from entertainment to
telecommunication.

The advancement of 3D point cloud processing for synthesis, continual learning, and
representation learning is critical in applications such as virtual reality, autonomous driving,
and robotic manipulation. This work presents innovative methods for generating 3D data,
handling the challenges of continual learning to prevent catastrophic forgetting, and
improving self-supervised learning techniques for more robust 3D object recognition and
manipulation. These advancements aim to create more immersive and interactive digital
environments, enhancing user experiences and operational efficiencies in numerous fields.

This work is based on seven research papers published in prestigious journals and
conferences during my doctoral studies, exploring innovations in self-supervised learning
techniques for speech [I, II], diffusion models for video synthesis [III] and editing [IV], and
new approaches in modeling 3D point clouds [V-VII].

The thesis is structured into two main parts: the first contextualizes the research
within the broader scientific landscape and summarizes key findings, and the second part
showcases the full text of the publications.


