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Initial Alighment
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Source & Target
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Deformation and Occlusion

missing data

overlapping regions
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No Explicit Prior Knowledge

no knowledge about

e full 3-D model
* correspondences

* regions of overlap
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Goal: Automatic Local Registration
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Ingredients for Non-Rigid Registration

partial overlap correspondence deformation
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Chicken & Egg Dilemma

correspondence

solve within a SQ

optimization problem
region of overlap deformation
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Embedded Deformation



Deformation Model

Embedded Deformation
[Sumner et al."07]

o efficiency

e generality
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Deformation Model

Embedded Deformation
[Sumner et al.‘07]

o efficiency

e generality

* natural deformation

* detail preservation
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Deformation Model

Embedded Deformation
[Sumner et al.‘07]

e efficiency

e generality

I3’ :\Jm

A/ Y/ NAY
PSRN
f : A SURTHNK
e natural deformation P AN _
AN AN
e detail preservation A NN A Ny NN

) A‘“S’)“ﬂ " “lf’"ﬂ
J’ %%%-'A‘mm PAVZAY a4

Eurographics 2010 Course — Geometric Registration for Deformable Shapes



Deformation Model

source

Eurographics 2010 Course — Geometric Registration for Deformable Shapes



Embedded Deformation

source
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Embedded Deformation
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Embedded Deformation

source

deformed
source
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Embedded Deformation

source X

deformed
source
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Embedded Deformation

source

deformed
source

T

Vi = Pyaffine(Vi) = Z wi(v;)[Ai(vj; — Xi) + Xi + by]

=1

X

+(1 —aja1)® + (1 —agaz)® + (1 - a3 a3)?)
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Embedded Deformation

source

deformed
source

T

Vi = Puffine(Vi) = Z wi(vji)[Ai(vj; — Xi) + xi + by

1=1

Eyigid = Z ((aj a2)* + (aj a3)? + (ay a3)?

X

+(1—afa;)® + (1 -azaz)® + (1 - ag a3)?)
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Global Optimal
Correspondence Optimization



Minimize Alignment Error

source

deformed
source
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Correspondences as Unknowns

™m
c(uy) Ege = Y v —c(@y)]3
i=1

; = (U;,0;) optimization variable

deformed
source
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Partial Data
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Confidence Weights
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Continuous Representation

hole region
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Continuous Representation
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Continuous Representation
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Depth-Scan Parameterization

(v

raw depth map depth scan weighted least squares

approximation
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Optimization

/ ) * . .
Etot = |%igidErigid T ®smoothEsmooth | Tt Ehit| H XcontEcont

e Minimize deformation energy

e Minimize alignment error

e Maximize regions of overlap
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Regularization Relaxation

Etot = OigidPrigid T %smoothfsmooth + it Bt + AconfEeont

@I‘ig’id = 1000 — 1 At = 0.1
Asmooth = 100 — 0.1 Aonf = 100 — 1
stiffness reduction confidence adaptation
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Results



Synthetic Model

Elephant (329 nodes, 21k vertices)

Source Target Initial Alignment
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Comparison to Ground-Truth

21K vertices 329 nodes

Registration Correspondence Error

min
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Real Scans

[20 K vertices 336 nodes

Source Target Initial Alignment
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Optimization

219 iterations 2min 19 s

Initial Alignment

Registration
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Energy Term Visualization

E smooth

Erigid
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Deformation

44 K vertices 798 nodes

Source Target

Initial Alignment
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Optimization

~
J
Initial Alignment Registration
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Comparison to Previous
Techniques on Non-Rigid ICP



Comparison with other N-ICP

[Pauly et al."05] [Pottmann et al.‘06]

our method

texturing
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Comparison with other N-ICP

[Pauly et al."05] [Pottmann et al.‘06]

our method
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Depth-Scan of a Draping Table Cloth

source target

LN

initial alignment
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Suitable for Isometric Deformations

N-ICP our method
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Robust De-Coupling



Robust Non-Rigid ICP

Non-Rigid |ICP

Sampling
4
| Closest Point “

v

Deformation
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Alignment Error Minimization
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Extension of [Li et al.’08]
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Optimization

Non-Linear Optimization

Etot = afitEfit + Yigid Lrigid T %smoothEsmooth

Too few nodes:
¢ inaccurate

Too many nodes:

e inefficient
¢ less robust

Extension of [Li et al. '08]
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Talk to you later!



