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High-Resolution 3D Model
Acquisition Problem

E-

SIBGRAPI 2009



Usual Pairwise Surface
Registration

Scans

P

Registration Reconstruction

Single occurrences registration

Common resolution
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Low Resolution Scan

Detail
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Challenges: Mixed-Resolution
Registration
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Mixed-Resolution
Multiple-Occurrences
Registration
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Related Work

Symmetry Detection

Bokeloh et al., 2009

Super-resolution from multiple samples

Kil et al., 2006
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Related Work

Completion and Super-resolution by example

) Gal et al., 2007




Contributions

Mixed-Resolution Detail Registration
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Scenarios
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Steps
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Il.Local Feature Matching:
Spin Image Adaptation

lll.Detail Occurrences
|dentification
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Scaling U Wb

Model Resolution estimation
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Scaling

Model scaling

Two-step normal smoothing / vertex ﬁt['mg

Detail scaling .

Poisson Reconstruction
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Spin-image Descriptor

image width: 10 to 20
bin size: 2 x resolution
neighborhood size: iw x bs

Large neighborhoods!

Usual Matching
Rpg = ! (NZZ%C]@'—ZMZ%)
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Partial overlap! <— Cro=atant®(Rrq) - +—
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Spin-image Adaptation 3 " >
R — Usual :
. =~ image width: 10 to 20
bin size: 2 x resolution
neighborhood size: iw x bs
Adaptation

neighborhood size: ~ diag/4
bin size: 2 x resolution
image width: ns / bs

Adapted Matching
Rpq = : (szi%_zpiqu)

opoQ
Feature Selection

Detail: 10% highest curvature points
Model: According to detail features interval
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Detail Occurrences S :
ldentification S

Grouping

|m1 —mal| <0.5- diag

|dy — d2|| — [[m1 —mal| <€
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= Detail Occurrences
Identification

Validation

Vv Full Overlap Test
v Duplicate Filtering

M(Ty,Ts) = %le — pol| + %Héh — q2||
M(T1,T5) < %le —q1]
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Insertion
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Precise Alignment & Overlap Detection

ICP Algorithm Variation (Besl and McKay, 1992)

Overlap
Removal
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Overlap Regions Inserted Super-Resqution Details
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Accumulation
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Implementation details

Neighborhood searching: Kd-tree

Mean Curvature for meshes: Meyer et al., 2002
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Mean Curvature for point clouds: Pauly et al., 2002
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Results
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Synthetic Models
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Results

Synthetic Models
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Results

Real Models

Scanned from a Minolta VIVID 910 scanner

Scanned Example

__/ Reconstructed Super-Resolution Model




Results

Real Models

Scanned from a Minolta VIVD 910 scanner

Example from multiple samples

/ Reconstructed Super-Resolution Model




Results

Real Models

Example from mﬁltiple samples

Reconstructed Super-Resolution Model

/ Reconstructed Model with Geometric Textures
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Results

Real Models
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Altes Rathaus Hannover from the Institute of Cartography and
Geoinformatics of the Leibniz University of Hannover
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Timings

Model detail | low model  detail ref. total spin image  filtering  validation insertion  total
ocurr. points points points corresp.

% 10% x10% x 103 secs, SeCs. secs, secs, secs,

max planck 3 534 19.3 1104 2.7 1.9 1.7 1.4 6.2
textured cylinder 48 25.3 9.2 4423 1.5 0.9 0.9 14.0 15.5
s cylinder 48 25.3 9.2 4423 1.9 1.4 1.4 13.8 18.7
keyboard 86 88.1 11.6 1,237.8 28.9 154 84.3 39.2 128.7
+ flower keyboard 86 88.1 236 2,087.3 0.0 0.0 0.0 177.2 177.2
rathaus window #1 7 1,063 17 1,460 256.7 253 10.4 30.1 322.5
rathaus window #2 6 1,460 14 1.821 190.5 22.1 9.7 326 2549
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Limitations

Robustness

__/ Accuracy
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Future Work

*Advanced ICP Algorithms

*Non-Rigid Registration

SIBGRAPI 2009



Thank you for your attention!
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Fast Point Cloud Resolution
Estimation

2

Area x r? x n - u

Volume o r° o (\/ Area)g x (vn - ,u)g

vV olume
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v /n
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