Z.ero-Shot RGB-D Point Cloud Registration with Pre-trained Large Vision Model
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Background and Motivations Methodology

» Traditional methods: Integrate color cues into ICP optimization; Coupled-Image Input Mode

» Our ZeroMatch consists of three core components:
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» Deep methods: Deeply fuse semantic and geometric features; f
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> We propose ZeroMatch, a zero-shot RGB-D registration method driven by Sl =y capturing global contextual information; [
Iarge vision model (I.e., Stable DIfoSlOn); Coupldeie — Py e Local & g|oba| feature fusion and matching for

» Image-level consistency attention (/-CA)

Geometric Descriptor

» Motivation: Leverage powerful zero-shot image representations from
Stable Diffusion, achieved through extensive pre-training on large-scale
data, to enhance point-cloud geometric descriptors.

pose estimate.

» Prompt-to-image consistency attention (P-CA)
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zero M a tc h Table 1. Comparison of the methods on rotation, translation, and Chamfer distance on ScanNet [8] benchmark dataset.
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. : : . : A E A E A E A
Handcrafted Geometric Descriptor + Zero-shot Stable-Diffusion Descriptor | ceuracy 1 rror| ccuracy rror| ceuracy 1 rror|
g Methods Train Set 5 10 45 Mean Med. 5 10 25 Mean Med. 1 5 10 Mean Med.
ICP [4] ; 317 556 99.6 104 88 7.5 194 746 224 200 84 247 405 329 14.1
= 5. SIFT [34] ; 552 757 892 186 43 177 445 798 265 112 381 70.6 783 426 1.7 |22
,‘?ﬁ g | , E[ “I SuperPoint [12] ; 655 869 966 89 36 212 517 880 161 97 457 81.1 882 192 12 S
“ / e (i FCGF [6] 3DMatch 702 87.7 962 95 33 275 583 829 236 83 520 780 837 244 09
- DGR [7] 3DMatch 81.1 893 948 9.4 1.8 545 762 887 187 45 705 855 890 137 0.4
3D MV Reg [19] 3DMatch 87.7 932 970 60 12 690 831 91.8 117 29 789 892 918 102 0.2 ' ' . _
REGTR [52] 3DMatch 860 939 986 44 1.6 614 803 914 144 38 809 909 936 135 02 Table 4. Ablation studies about coupled-image input mode and
. . GeoTransformer [40] 3DMatch 94.0 96.8 98.1 43 1.0 792 920 96.7 82 25 884 958 969 58 0.1 coupled consistency attention on ScanlLoNet dataset [&].
C O n t r| b u t| O n S PEAL [53] 3DMatch 944 96.8 984 3.9 09 805 928 970 73 24 89.1 96.0 97.1 6.0 0.1 N
UR&R (RGB-D)[15] 3DMatch 87.6 93.1 983 98 3.1 692 840 938 95 28 797 913 940 93 02 ccuracy T Error,
UR&R [15] 3DMatch 87.6 937 983 98 38 675 838 946 95 30 917 946 946 65 02 Chamfer (mm) 1 5 10 Mean Med.
_ _ : : BYOC [14] 3DMatch 66.5 85.2 97.8 7.4 33 30.7 576 889 16.0 82 541 828 89.5 9.5 0.9 ZeroMatch w/ Single 665 816 846 60.1 0.4
> We develop d novel Zero ShOt RG B D 3D reQIStratlon frameWOrk’ Ze romatCh’ LLT [50] 3DMatch 934 96.5 98.2 2.5 0.8 769 90.2 096.7 5.5 22 864 951 958 4.6 0.1 ZeroMatch w/ Cougpled* 67.5 820 847 58.6 0.4 =
: : : : PointMBF [27] 3DMatch 94.6 970 987 30 0.8 81.0 920 971 62 21 913 966 974 49 0.1 : s s :
leveraging the powerful zero-shot representations of Stable Diffusion to NeRF-UR [54] 3DMatch 972 99.0 997 1.6 09 842 958 987 39 22 932 983 988 27 0.1 ZeroMatch w/oP-CA  66.1 813 842 602 05 SHre- LS A tive comparioonsTon e oNGE catheet 10N
. . . ZeroMatch w/o I-CA 674 81.5 843 61.3 04
enhance handcrafted aeometric descriptors for robust matchina: UR&R [15] ScanNet 927 958 985 34 08 772 896 961 73 23 860 946 9.1 59 0.1 : : :
9 P g, UR&R (RGB-D)[15] ScanNet 941 97.0 99.1 26 08 784 91.1 973 59 23 873 956 972 50 0.1 ZeroMatch* 67.5 82.0 847 586 04  Tables. Ablation studies about feature fusion on ScanL.oNet [8].
: : BYOC [14] ScanNet 86.5 952 99.1 3.8 17 564 806 963 87 43 781 939 964 56 03 ZeroMatch (o = 0.6) 67.1 812 840 595 04 Accuracy 1 Error)
» To enhance cross-view SD feature COnSIStenCy, we pPropose a novel cou pled- LLT [50] ScanNet 955 976 99.1 25 08 804 922 976 55 22 889 964 976 46 0.1 ZeroMatch (o = 0.7) 671 814 842 602 04 Chamfer (mm) 1 5 10 Mean Med.
IMmage In put mode to replace the orlglnal smgle-l mage mode, enabli ng Inter- NeRFE-UR [54] ScanNet 97.8 992 99.8 14 0.8 869 963 989 3.6 20 943 985 9.0 26 0.1 ZeroMatch (o = 0.9) 673 818 848 566 04 ZeroMatch w/ SD 630 796 827 6.1 05
. . . . : ] , , , , , , , , , , ] , , , , — 1 , _ , , . ZeroMatch w/ Geo + SD* 675 82.0 847 586 0.4

feature alignment.




