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Non-Rigid Mesh-to-RGBD Registration
via Foundation Feature-Based Neural Descriptor Field
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Abstract: In this paper, we present a framework for non-rigid alignment between a canonical 3D
mesh of a non-rigid object and a single RGB-D image in a category-agnostic manner. Conventional
optimization-based methods typically rely solely on geometric features, making them highly sensitive
to ambiguities caused by occlusions and partial observations. To address these limitations, we
propose the Neural Descriptor Field (NDF), which leverages semantic and geometric representations
of pre-trained foundation models to construct a continuous 3D descriptor field via instance-specific
optimization. During registration, point-wise features extracted from the input RGB-D image are
compared with those from the NDF to establish robust correspondences, which are then used within
a scoring-based mechanism to estimate a deformation-tolerant coarse pose. This coarse alignment is
further refined through a test-time non-rigid optimization that minimizes features and geometric
inconsistencies. The proposed two-stage framework ensures accurate registration even under
substantial pose variations and shape deformations. To evaluate our approach under challenging
conditions not covered by existing benchmarks, we construct a new synthetic dataset with diverse
deformations and occlusions. We demonstrate that our method achieves superior accuracy and

robustness compared to state-of-the-art techniques.
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[Fig. 1] Overview of the proposed pipeline for NDF-based non-rigid registration. The pipeline consists of an onboarding stage for NDF
construction from rendered RGB-D views of 3D meshes, and a non-rigid registration stage that aligns RGB-D scenes to the canonical
mesh using coarse pose estimation and NDF-guided deformation
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[Table 1] Quantitative comparison of non-rigid registration
results under different coarse alignments.

Coarse pose EPE | AccS1t | AccRt | Outlier |
estimation (mm) (%) (%) (%)
Centroid 77.06 5.46 23.82 | 27.85
PCA 83.23 13.65 | 2997 | 3326
FoundationPose!'” | 2256 | 54.08 | 82.07 5.48
FreeZe!'! 1937 | 53.04 | 83.16 4.07
NDF(Ours) 1563 | 57.82 | 87.11 2.70

[Table 2] Quantitative comparison of non-rigid registration
results without correspondence loss

Non-rigid EPE| | AccS1t( | AccR t( | Outlier |
Registration (mm) %) %) (%)
NICP! 27.78 1323 | 6266 337
Nerfies!'® 58.58 1352 | 3572 18.82
NSFPF! 30.81 19.46 | 59.15 531
DPF? 36.93 1920 | 4897 6.28
NDPH 23.63 | 3971 73.13 420
OAReg® 2524 | 4676 | 69.58 5.16
NV]VD/E(ET) 1770 | 4971 | 83.94 | 3.00
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[Table 3] Quantitative comparison of non-rigid registration
results with correspondence loss. For all methods, point corres-
pondences were established using NDF feature descriptors for a
fair comparison.

Rf;’;;ﬁgﬂ EPE | (mm)| AccS 1 (%)| AccR 1 (%) Ouz‘l;;r l
NICP+corr | 24.11 3449 | 7466 | 485
DPF+corr 33.43 2312 | 5678 | 554
NDP-corr 20.58 47.41 7692 | 3.46
OARegtcorr | 1720 5542 | 8134 | 216
NDF(Ours) | 1563 5782 | 8111 | 270
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[Table 4] Quantitative evaluation of occlusion robustness at
each occlusion level.

EPE (mm)| Nerfies | NSFP | DPF | NDP |OAReg

20~30% | 77.45 | 32.05 | 46.33 | 29.60 | 33.72 | 13.40

30~40% | 86.08 | 49.02 | 63.26 | 4831 | 53.61 | 32.01

40~50% | 81.32 | 45.89 | 67.09 | 48.95 | 48.11 | 25.28
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[Fig. 2] Visual comparison of non-rigid registration results on the synthetic datasets. The figure shows qualitative results of various
methods including Nerfies, NSFP, DPF, NDP, OAReg, compared with the proposed NDF framework. Each row represents a different
scene, and color indicate the point-wise deformation error (blue = 0%, red = 10% of object diameter). While geometry-only methods
exhibit local distortions or mismatched regions, our NDF produces semantically consistent and geometrically accurate alignments
across all examples. In the coarse align column, the pink point cloud represents the reconstructed scene point cloud, and the green point
cloud represents the points sampled from the mesh surface. Each result visualizes the scene point cloud after being deformed to the mesh

shape by the corresponding method

[Table 5] Computational cost comparison of non-rigid registration
(peak GPU memory usage and runtime, excluding coarse aligment)

Nerfies |[NSFP| DPF | NDP |OAReg |NDF (Ours)

Mem.
(MB)
Time (s)| 4.87 | 0.21 | 2.42 0.45 6.04 3.62

306 | 27.1 | 262 | 233 239 5616.0
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[Table 6] Ablation Study on loss components

EPE | AccSt | AccRt | Outlier |
(mm) (%) (%) (%)
[Only Z;, ] 21.11 38.84 79.25 3.46
[Wlo Ly,,,] 17.09 49.84 84.65 2.66
[Chamfer Dist.] | 15.91 56.02 86.88 2.71
NDF (Ours) 15.63 57.82 87.11 2.70
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