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Symmetry- and Time-Warp-Aware Models for Surfboard Maneuver Detection Across
Conditions

Problem description:

The thesis investigates how explicit modeling of symmetries (e.g. frontside
vs. backside) and time-warp (different maneuver speeds, wave energies,
and surfer skill levels) can improve data-driven models for surfboard ma-
neuver detection and phase segmentation. Using IMU and pressure-pad
data from TRAX as a case study, the student will compare standard se-
quence models (e.g. TCN/RNN) with symmetry- and time-warp-aware
variants, and evaluate their ability to generalize across conditions via dedi-
cated train/test splits (e.g. train on frontside + small waves, test on backside + larger waves, or train
on slower turns and test on faster ones).

This thesis will be performed in collaboration with TRAX Technologies GmbH
https://traxsurf.com/

Tasks:

• Synchronisation and annotation of multi-modal surf data (board IMU and pressure pads), including
categorisation by wave size and execution speed,

• Systematic comparison of standard sequence models (e.g., TCN/RNN) against symmetry- and time-
warp-aware variants for manoeuvre detection,

• Evaluation of model generalisation using stress-test data splits (e.g., training on
frontside/slow/small-wave data and testing on backside/fast/large-wave scenarios),

• Critical analysis of how explicit structural modelling affects detection robustness and the accuracy
of performance quantification metrics.
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