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Processing the high-speed video

Goal All measurements come from the droplet trajectories delivered by the
Adapt a vision transformer model with temporal memory to track every || system. Since the 15,000 frames of a video do not fit in GPU memory, it is
droplet in high-speed videography of GMAW and quantify detachment processed in overlapping windows stitched in the overlap, keeping one

frequency, droplet radius, volume, and acceleration. identity per droplet.
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overlapping windows - 2 GPUs stitch tracks in the overlap
BaCkg rO u n d Fig. 5: Overlapping windows keep one identity per droplet.

. . -] d,, . _d; )
e, wnaes oo el vty s > W || Foh, Sk, e proied o ghes en [
! _ , _ Molten | equivalent radius and the volume is the sphere of ey =1n(Vem
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indicate the object, and from a single prompt the memory tracks that droplet S m—— N T | ol .~ |
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segmentation and prompts, and Phase 2 adds a refiner that corrects the o [[vogs sy 4
droplet masks. The droplet loU (intersection over union, 1 is perfect overlap) , A s
rises from 0.761 with box prompts to 0.862 with the full chain (Table 1). The measured volume deviates 46 % .™ o
Spatial Embedding from the wire-fed reference (Fig. 6), a =™ -
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Fig. 3: The two adaptations, Phase 1 (segmentation and prompts) and Phase 2 (refiner). Base - Above 200 A two average droplet sizes coexist (Fig. 9), which explains the
architecture adapted from Xiong et al. (2024). rise of the mean radius in Fig. 8
loU - Volume scales with the cube of the radius, so a 1 to 2 px contour error
Stage Bl il strongly affects it, especially for small droplets
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Phase 2: refiner 0.862 0.737 occlusions and overlap

Table 1: Semantic loU on the held-out test set. *Earlier protocol, scored per droplet with manual boxes
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Segmentation and tracking system

The system runs segment, seed and track, then validates each trajectory
(Fig. 4), with memory attention carrying each identity across frames.

- Adroplet loU of 0.862 and a frequency error below 4 % per video (1.25 %
on average) demonstrate reliable automated frequency measurements

- 25 to 30 minutes per video on two RTX A4500 GPUs make fully
automated analysis practical
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input frames 5-class segmentation @ kept @ added @ removed Future work
Slagesineacino M adne - Improve droplet contour definition using laser backlighting
- - - Estimate plasma drag force after reducing volume uncertainty, which
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