MOSIV: Multi-Object System Identification from Videos
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Multi-object system identification from videos:

jointly recovering simulation-ready object continuums

and object-specific physical parameters from videos,
such that a simulator can replay observed motions
and predict future behaviors.

Motivation: Prior methods are largely designed for

single-object settings, making them inadequate for
contact-rich multi-object interactions and accurate
physical calibration.

Solution: Object-aware dynamic reconstruction +
Gaussian-to-continuum lifting + differentiable MPM
with object-wise supervision

Result: MOSIV achieves strong performance in both
observable-state reconstruction and long-horizon
future-state simulation, while also supporting
physically plausible novel interactions
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Object-aware dynamic reconstruction: Reconstruct 4D
Gaussians from multi-view videos with object masks.

Gaussian-to-continuum lifting: reconstructed object is
converted into a simulation-ready particle continuum

Phys Parameter Optimization: optimize per-object
physical params. through differentiable MPM simulation.
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& OPGS (Linetal,2025) 2763 2701 2446 2624 2680 24.89 2684 2979 2359 2472 25.93
% OPGSw/Orncle (Linetal, 2025) | 2537 2462 2326 2381 2598 2336|2506 2586 2253 2452| 2439
£ MOSIV (Ours) 3089 3029 2657 3221 2907 29.88|27.96 3616 3516 2687 | 3051
& OPGS (Linetal, 2025) 0968 0966 0.892 0971 0945 0951|0951 0980 0953 0931 | 0.945
2 OPGS w/Oracle (Linetal, 2025) | 0.952 0941 0877 0949 0938 0933 [0948 0955 0.9 0931 | 0930
2 MOSIV (Ours) 0983 0982 0.945 0.986 0973 0977 |0.970 0992 0987 0971 | 0977
, OPGS (Linetal,2025) 1110 3931 2797 2692 1016 8165|2382 1030 7281 1385 1179
8 OPGS w/Oracle (Linctal, 2025) | 3324 8198 4609 9128 1733 43.18 | 1035 77.54 4382 301 | 4350
MOSIV (Ours) 1095 0358 2022 0.183 0839 0593|4876 0.129 0166 2301 | 1256
— OPGS (Linetal, 2025) 0085 0.078 0.135 0069 0085 0092[0.134 0052 0105 0.104| 0.095
S OPGS w/Oracle (Linetal, 2025) | 0.157 0227 0.188 0243 0.112 0186 |0.113 0228 0.199 0063 | 0.168
H MOSIV (Ours) 0.043 0.041 0.069 0.028 0047 0.052|0.064 0012 0033 0.103 | 0.049

MOSIV Orignal ~ MOSIV Novel ~ MOSIV Orignal ~ MOSIV_ Novel ~ MOSIV Orignal  MOSIV_Novel

MOSIV achieves state-of-the-art observable and
future-state simulation, with strong visual fidelity and
physically plausible novel interactions



