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Summary of Doctoral Thesis

Name in full: Victor SKOBOV

Title: Sign Language Movement Access and Representation for Linguists and Machines

The thesis explores the intersection of linguistics and data science, focusing
on the representation and processing of movement in sign language video
corpora.

Traditional textual annotation methods in linguistics and computational
approaches do not allow for direct access to the captured movement. Linguistic
movement notation systems like HamNoSys or SignWriting prove challenging
to learn and annotate. Another limiting factor of their use in processing and
feature extraction is the lack of adherence to the triangle inequality.
Processing raw high-dimensional frames may lead to the curse of
dimensionality. Computer science methods process high-dimensional video
data using pre-trained models or pose estimation methods like MediaPipe or
OpenPose. Pose estimations provide two-dimensional body key points'
estimations on the given frames that are dependent on the camera's position
toward the body, which limits the use of the extracted features to the given
dataset or camera setting.

The lack of normalized low-dimensional access to the captured movement
presents challenges for sign language processing in both fields. The study
reviews related work, highlighting the need for a dataset-independent approach.
It defines movement representation requirements to address linguistic and data
science issues and proposes an appropriate solution. This thesis proposes
clearly defined and explainable solutions to overcome these challenges and
experimentally demonstrates their benefits.

The first contribution introduces a novel three-dimensional normalization
method for MediaPipe's pose estimation, addressing the limitations of two-
dimensional projection in capturing a three-dimensional body pose. The method
uses the human body proportions to recalculate the third coordinate and rotate
the scaled body towards the camera. Lastly, it calculates the directional angles
for each joint for movement representation as a series of signals. This
normalization method proves effective in enhancing the potential application
of resulting models beyond specific camera settings, thus broadening the utility
of the collected movement data and allowing feature extraction beyond the
captured video corpus. In addition to the technical improvements, the thesis
puts forth a human-readable representation of the normalized movement data,



potentially enabling linguists to read the captured movement with the naked
eye. That also enables the level of data anonymization and reduces storage
requirements.

The methods were proposed to encourage linguistic analysis, demonstrated
through an examination of Japanese Sign Language (JSL) sociolinguistic
features. The experiments reveal how unique personal movement patterns can
be leveraged to identify individual signers, raising concerns about potential
threats to anonymity. Notably, the experiments reveal the absence of distinct
movement patterns related to signer gender across all data subsets, highlighting
consistency across deaf schools, age groups, and prefectures. This finding
contrasts with spoken Japanese, where grammatical differences based on gender
exist. The classification experiments demonstrate the flaws of projected two-
dimensional estimations for sign language processing against the proposed
normalization method. The proposed method outperforms basic two-
dimensional normalization on a diverse JSL dataset, showcasing its efficacy
for machine learning approaches. Results demonstrate the effectiveness of the
proposed methods in sociolinguistic feature learning.

To prove the utility of the proposed normalization and representation methods
for deep learning approaches, they were tested against the basic normalization
in the open sign language recognition benchmark - Word Level American Sign
Language. The proposed normalization and encoding demonstrate the ease of
preprocessing and dimensionality reduction for dataset samples, making sign
language data compatible with speech-oriented conformer models. This
combination outperforms other approaches, including multimodal methods,
with around a 10% increase in performance compared to basic normalization
and three-dimensional coordinates representations.

In conclusion, this thesis offers a comprehensive solution to the technical
challenges of sign language processing and movement representation. It
emphasizes the collaboration between linguistics and data science, addressing
both fields' unique perspectives and requirements. The proposed methods
enhance the performance of machine learning models and provide linguists with
accessible and processible sign language representations, fostering mutual
benefits and paving the way for future advances in both domains.
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