Combinative Matching for Geometric Shape Assembly
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Geometric Shape Assembly? Learning to interlock parts: Combinative Matching
We propose Combinative Matching, explicity Learned Descriptor Analysis
( . \ modeling both identical surface shapes and Wl (left: correlation distribution, right: orientation visualization)
| Vision l__. opposite volume occupancy, enabling robust L j O 5, ,-’
= [~ . : Lo A e ’ o —
I Model combination of interlocking parts. A7 T > ion o | Pl e g g 5t Srh. ot —~ P
\_ __ __’ T R . J——"eet N APl T e . oS §og W & . Q %{’.,’\.j,?j G — @&,
1 i { _ “\:: ,,’/ \\\‘ ;,'/ \\\‘ y. \_1; J;"*?é{,“ j .‘:;. ;, ' /' :_.:, ;’t‘: :‘;‘ . v‘:f"'f‘*” s
Input Parts Assembly | |(/)  Lmgm Db - @nrl, L a0 £ ) EXNy iYL G e
. . ] ', > EC : ‘“"““---: ______ ’,' "\ ‘:' 2 ‘~\r\' | le ,-‘, ":. 7 : o ~ige -u’.‘::.,{}f‘:'i 4 i
Given a set of fractured parts, our goal is to predict the 6-DoF ':::::::::::::::::::(:z:j:):::::::::::::::::::::::::::::::::: N e %&W a2 N
pose in SE(3) for each part to restore the underlying object i - 1 nput ...~ Source Sﬁa;e Socrency | . .
' i P e ‘ Correlation Correlation Combined g low {XZ} i=1 {yi}izl Assembly
n n n I / \\\ !:' + “\\
Motivation and Overview ';. P+ By combining shape and occupancy information, the local Learned orientations capture complementarity
/\ L A 4 ambiguity and match confidence uncertainty are resolved. between parts without any explicit supervision.
Traditional shape matching methods rely on equative ) "7, SufaceShape 7 4 Volume Occupancy
matching strategy, which assumes that mating parts : i 10 | Matoing i) . | Maing ssimiary
’ . ' i (s8y—Ay) | Ba(Ba=sy) | TN Ablation Studies on Combinative Matchin
resemble each other at their surfaces. Lo=E log(l T Z e Z e ’“) | ) 9
i je&p (i) ke&, (i) i E N ’;' \' Occupancy Orientation | CRD| CD| RMSER)| RMSE(T)/| Equivariant  Shape Occupancy | CRD| CDJ] RMSER)] RMSE(T)]
! I / : —2 -3 o —2 : : : —2 —3 o _2
R : Qij = 7[8%’ — Aply, Bik = v[An — sil+ SI} ~ €08 (Fon:FQ ) L s S Assembly Afﬁn.lty owla 1 G0 ) (00 O S Embedding Marching Maching | (10 1) @9 O )
| | L2 dist X 042 031 14.88 431 X v/ v/ 074 053 38.74 11.88
cosine X 0.31 0.21 14.58 4.44 v X v 0.38 0.28 13.17 3.86
L2 dist v/ 038 030 13.29 3.81 / / X 035  0.25 14.01 424
“ cosine v/ 028  0.17 12.88 3.78 / v/ v/ 028  0.17 12.88 3.78
. (a) Ablation study on combinative matching. (b) Ablation study on model components.
GeoTransformer — N Feature Extraction & Orientation Alignment . (———————— | ma | Surface Shape Matching Learning complementary volume occupancy Incorporating joint shape and occupancy matching under
;8 | ~ N under orientation alignment is crucial for accurate = SO(3)-equivariance significantly enhances the assembly
[Registration] [Assembly] GersusI;c:n L’I‘;’th Q, Hi R geometric shape assembly. accuracy and robustness.
P —>§ | . : ’ | F /\. J " .
Often falls short in geometric shape assembly, where N Hypothesizer 7t o | pm— Improving SOTA for Geometric Shape Assembly
| : urface shape C pumal lranspor . . .
= parts are not merely visually similar, but are Bt Fy | Fiay -\ Matcher ) : i (top: pairwise assembly, bottom: multi-part assembly)
structu raIIy Complementary. shared ‘‘‘‘‘‘‘ e e
I— 2 am! . N (m ng | Method CRD| CD| RMSER)| RMSE()]
A~ . | | 7N — Lp (1072) (107%) ) (1072
. ¢ Orientati S = o
Then, what do we miss? \ - Q- | = iymothoser — ¢ Hi f‘J everyday = ..?w
. Wu et al. [44] 20.65  11.66 84.58 22.90
= Complementary properties: Surfaces must not only B2 FS F2 GeoTransformer [32] | 061 0.51 281 0 v
look alike but also fit by occupying opposite volumes. Loy Volume oecpncy R* t* Tigsaw [22] S48 134 %73 27
_________________________________________________________________________________________________ PMTR [14] 0.39 0.25 17.14 5.53 GeoTr Jigsaw PMTR Ours
] ] ] CMNet (Ours) 028  0.17 12.88 3.78
Main Contributions Step 1. Orientation Alignment Step 2. Combinative Matching Step 3. Transformation Estimation
r : _ * Encode rotation-equivariant  + Dual matching branches: « Combine shape / occupancy Method CRD| CD| RMSER)| RMSE(T)| PAceo? PAcp?
° . - - . . . -2 -3 0 -2 A b "
Comblnatlve. M?tChmg'_a new shape-matching methodo features (w/ VN-Layers) shape & occupancy matching correlations — Optimal Transport o aro ; O a0 o ™ J
logy to combine interlocking parts for shape assembly. « Predict per-point orientations + Learn to align both identical - Estimate SE(3) pose via wSVD e a1 1970 everysjzg e em
- Combinative Matching Network: a framework utilizing * Derive rotation-invariant surface shape and opposite * Further utilized as pairwise Jigsaw [24] 1413 11.82 4112 1174 5248 6026
combinative matching, achieving SoTA on Breaking Bad. embeddings via dot-product  volume occupancy matcher for multi-part assembly ovNetours) | 235 e S5 e 10 wuetal Jigsaw PMTR Ours GT




	Slide 1

