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ABSTRACT | The lceCube Upgrade Camera System is a novel calibration system designed to calibrate the IceCube detector by measuring the optical properties of the Antarctic ice. The system comprises nearly 2,000

cameras and illumination LEDs, which are present on every D-Egg and mDOM —the newly designed optical modules for the lceCube Upgrade. These units, deployed across the IceCube Upgrade volume, will capture
transmission and reflection images that can be used to characterize the optical properties of both the refrozen ice within drill holes and the bulk ice between strings. Additionally, the images can aid in determining the
positions of the optical modules the cameras are mounted on. To maximize the system’s performance, various image analysis methodologies have been explored, ranging from classical maximum likelihood estimation to
Al-based approaches using neural networks. In this study, we present preliminary results on the performance of these methods based on images generated by a simulation tool developed specifically for this system.
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* In this study, three optical modules in string 88, 92, and 93 are tested with simulation images
generated by the CamSim.

» For all three DOMs, max density points are closer to the true position than the prior (drill L '3'0 4-0 — | e
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Conclusion & Outlook

» Performance of the lceCube Upgrade Camera System evaluated using CamSim « Current model serves as a prototype for a broader framework to infer multiple ice
simulation framework properties from single images

« Sub-meter accuracy achieved for geometry reconstruction using Bayesian inference on « Future work includes expanding simulations and models to include absorption length,
relative DOM angles extracted from images scattering function, and anisotropy.

» Transformer-based model OPTICUS is developed and accurately inferred bulk ice and « More realistic modeling will account for photon propagation through the full optical path

bubble column scattering lengths with sub-percent error (pressure vessel, optical gel, mount, and lens).



