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Mazyjy Saulés sistemos kiiny (asteroidy, komety) atkiirimas i§ praskriejimo misijy duomeny yra
blogai apibréztas atvirkstinis uzdavinys dél riboty stebéjimo kampy ir ekstremaliy apsSvietimo salygy.
Iprasti metodai nepajégia atskirti pavirSiaus bruozy nuo greitai kintanciy Seséliy, todél gaunami
fiziskai nesuderinti modeliai. Nors nuo 2021 m. spar€iai tobuléjant neuroninio atvaizdavimo
metodams atsirado pirmieji jy taikymai kosmoso tyrimuose, vis dar truksta visiskai diferencijuojamo,
fizika pagristo metodo netaisyklingy besisukanciy asteroidy interpretavimui.

Tyrimas siekia i§spresti §j neapibréztuma kuriant fizika pagrista atvirkstinio atvaizdavimo sistema,
integruojancig pavirSiaus formos modeliavima, Sviesos sklidimg ir Ses¢liy kritimg. Sistema gebés
atkurti ir interpretuoti i§ erdvélaiviy gautus besisukanciy asteroidy vaizdus. Metodologija sukurta
taip, kad bity pritaikoma negausiems vaizdy duomeny rinkiniams i§ ankstesniy asteroidy
praskriejimo misijy bei biisimos ESA Hera (2026 m.) asteroido tyrimo po smiigio misijos.

Projektas sujungia masininj mokymasi ir astrofizika, Sviesos sgveikos désnius jterpiant tiesiogiai |
neuroninio atvaizdavimo procesa. Pagrindinis indélis — Seséliy nuoseklumo prielaida, traktuojanti
dinaminius Se$élius kaip griezta geometrinj apribojimg. Tai leidzia kartu optimizuoti formos ir
medziagy savybes, uztikrinant fiziSkai pagrista ir interpretuojama atkiirima net esant kritiskai
negausiems stebéjimams.

Physics-based neural inverse rendering for asteroid surface reconstruction from sparse
observations

Reconstruction of small Solar System bodies (asteroids, comets) from fly-by missions is an ill-
posed inverse problem due to sparse observational angles and extreme illumination conditions.
Standard methods fail to disentangle surface features from shadows, leading to physically inconsistent
models. Since the rapid advancement of neural rendering techniques in 2021 for natural
environments, initial applications to space exploration have emerged; however, a fully differentiable
physics-based method for interpreting rotating, irregular asteroids is still lacking.

This research aims to resolve the ambiguity by developing a physics-informed inverse rendering
framework, integrating surface-shape modeling, light propagation, and shadow casting, capable of
reconstructing and interpreting images of rotating asteroids obtained from spacecraft. The
methodology is designed to be applicable to sparse imaging datasets from previous asteroid fly-by
missions and forthcoming ESA Hera (2026) asteroid post-impact survey.

To achieve this, the project will combine machine learning and astrophysics by embedding
physical light interaction laws directly into the neural rendering pipeline. A key contribution is the
introduction of a shadow consistency prior, which treats dynamic shadows as a strict geometric
constraint rather than noise. This enables the joint optimization of shape and material properties,
providing a physically grounded and interpretable reconstruction even when observational data is
critically sparse.



