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a real-time compact U-Net for mining imagery

Summary:

The size and distribution of ore particles on conveyor belts critically affect grinding processes in
mining, influencing product quality, throughput, power consumption, and safety. Crushing and sieving
are slow and have traditionally been controlled manually. Computer vision offers a real-time, non-
invasive alternative via image segmentation to continuously assess and monitor the production
process, providing evidence of the results achieved.

While fully supervised deep learning requires large, costly pixel-level annotations, unsupervised
methods fall short of the accuracy achieved by fully supervised methods on fine-grained tasks under
variable backgrounds, such as dust and lighting. We propose a hybrid approach that minimizes
manual annotations by leveraging vision transformers and self-supervised learning, and incorporates
preprocessing for contrast enhancement and overfitting mitigation. The goal of this Master's Thesis is
to integrate the existing framework and distill the resulting model into a compact U-Net for real-time
operation at the mining site.

Objectives include:

e Integrate and test preprocessing pipelines to handle mining imagery.

e Integrate and evaluate a WSIS framework that employs vision transformers for dense predictions
with minimal high-quality annotations.

e Apply knowledge distillation to deploy an efficient U-Net model.

e Evaluate accuracy, speed, and robustness on real conveyor belt imagery for industrial viability.

Activities to develop:

Review the state-of-the-art in WSIS, vision transformers, and distillation for segmentation.
Review and explore the existing datasets.
Implement image preprocessing (contrast enhancement, noise reduction, normalization).
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Train vision transformer models with self-supervised pretraining and weak supervision on
annotated datasets.

Perform knowledge distillation to the U-Net and fine-tune to avoid overfitting.

6. Validate on mining datasets: metrics (loU), real-time performance, comparison to baselines.
7. Develop ademo prototype for conveyor belt integration and ablation studies.
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