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This paper introduces S3braidset, a braid—knot-based
image dataset, and explores its use in infrared (IR)
thermal image analysis for monitoring heat exchanger
conditions. Using 21 braid configurations, we
generated 1,500 augmented images per class with
geometric transformations and Canny edge-based
preprocessing, and trained a CNN to classify the
patterns. Motivated by the visual similarity between
fluid-flow structures and braided forms, we apply the
dataset to detect stagnation zones and flow
irregularities in fluid-related equipment. Experiments
on segmented heat-exchanger IR images show that
S3braidset can identify topological anomalies,
providing a quantitative and interpretable basis for
thermal diagnostics. The dataset is promising for
integration into condition-based maintenance (CBM)
systems to improve the accuracy and explainability of
thermal anomaly detection.
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Development of a Braid-Knot-Based Image Dataset
and Its Applications to Heat Exchanger Condition
Monitoring
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Fig. 1. Diagrams for $1S, $2$in B,
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Fig. 2. Examples in the $11S braid class
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