Al ASSISTED CLOSE-RANGE PHOTOGRAMMETRIC
MEASUREMENT FOR ACCELERATOR ALIGNMENT

g / S. Zanetti', B. Yang, F. Barcet, D: Mergelkuhl
CERN, 1211 Geneva 23, Switzerland
'also at Politecnico di Milano, Milan, Italy

CERN
\

BACKGROUND & MOTIVATION

CERN has developed an automated photogrammetric system for radially aligning accelerator components through offset measurements against a stretched wire.
The current analytical pipeline meets the required precision, but its hand-crafted, geometry-specific rules are fragile: variations in illumination, contrast, target
appearance, or wire visibility cause missed or false detections, and each new target type requires dedicated development. Deep learning can learn robust
features directly from data and provide a single framework for detecting both targets and wires. This work assesses whether its integration improves detection
rate, reduces false detections and processing time, and maintains the required measurement precision.
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EVALUATION & RESULTS
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* Robustness: Wire detection on 644 images: correct-detection rate improved from Schneider 20-bit target T (x_int+8x, y_int+8y)
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* Aggregate offset precision across the nine measured wires: achieved sub-20 pm
precision, while the proposed pipeline contributed 155 observations to the final
adjustment, 6 more than the current pipeline, strengthening measurement
redundancy.
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* Processing time: the Al pipeline processed each image in 7 s compared with 15 s for

the current pipeline, a 53.3 % reduction in end-to-end processing time. Wire detection
& measurement

CONCLUSION

This study demonstrates the feasibility of integrating deep learning into a photogrammetric pipeline for accelerator alignment. Across 644 unseen images, wire-
detection failures fell by 72.7 % and target-centre errors remained below 0.02 px. Precision reached 18 um from 155 observations, compared with 19 pm from 149
for the current pipeline, improving redundancy in the final adjustment. Processing time dropped from 15 s to 7 s per image, with sub-3 s expected on upgraded
hardware. The proposed approach offers a credible path towards more robust, reliable, and efficient photogrammetric processing for accelerator alignment.
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