Optimal Steps for Fast Diffeomorphic Shape Registration
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THE PROBLEM: REGISTER A SHAPE TO ANOTHER ONE OPTIMAL STEP
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The gap we address

ngt_ _> Reblstaiaencnal Raw deformation field Broken topology Normalized kernel
(but limited) (but slow) N Kii = s;5; k(zg,x) 1
| _— - ij = Si8; K(Ti,T;) 13,
v* =argmin A-v K~ v+ Z(Uz — ;) Li(v; — ug) s; — Sinkhorn normalization
UGRNXB =1

OUR APPROACH AND INTUITION : L; : the local metric of the data-attachment term
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_ One cheap linear solve per step
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Our Optimal Steps
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We replace one expensive geodesic optimization by a sequence of cheap, controlled L —- 1 if we didn't:
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diffeomorphic steps. deformation step < local sampling length triangles folding

RESULTS (public benchmarks)
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Lung250M-4B VerSe (757 test vertebrae) Method Chamfer HD95  Log-Jacobian Training Inference

(54 pairs of lung vascular trees) surface meshes - 10k points (mm) (mm) | Variance | Time|! Time)

point clouds - 40k points

VoxelMorph 239 +1.20 7.684+458 0.124+0.10 46 min 15.2 ms
Deformetrica 0.24 +0.12 0.74 +1.61 0.38+0.47 0s 435 s
Ours 0.22+0.08 0.64 +=0.40 0.16 =0.14 0s 1.05 s

Atlas (mean vertebrae) built on the VerSe dataset.

(57 vertebrae in 13 minutes

Source and Target  Registration and Target Source  Registration  Target on a single workstation.
Ours: 20 seconds per pair out-of-the-box

mean landmark error 3.08 mm
. (state of the art = 2 mm) y
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