3D Scanning & Motion Capture
Deformation and No#igid Surface Tracking
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Online 3D Reconstruction

Input Depth

Model Data

Depth Map Camera Pose Depth Map X

Preprocessing Estimation Fusion

Local Surface Reconstruction ‘
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lterative Closest Points (ICBEesland McKay 92]

A Assume closest points are corresponding
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frameO framel
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Volumetric Fusion: Surface Integration
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Bundle Fusion: Live Capture
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Bundle Fusion: Loop Closure
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Bundle Fusion: Reocalization
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BF: Results
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Dynamic Scenes

Input Depth and RGB
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Today: Deformation and Nemgid
Surface Tracking




Dynamic Scenes

Live Reconstruction

Depth Input
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Goal

A Non-rigid 3D Reconstruction
I Dynamic RGB sequence
I Nonrigidly track over time
I Accumulate data into shared model

A But not so easy

I Surface change or motion?
[ SGQa adl NI Sl aeéH
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Mesh Deformation

A In graphics: e.g., character animation
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Mesh Deformation

A Simple idea
I Just add handle to vertex and move it
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Mesh Deformation

A Simple idea
I Just add handle to vertex and move it
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Mesh Deformation

A Simple idea
I Just add handle to vertex and move it
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Mesh Deformation

A We also want adjacent vertices to move!
I Pick some points, drag them around
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Mesh Deformation

A We also want adjacent vertices to move!
I Pick some points, drag them around
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Mesh Deformation

A We also want adjacent vertices to move!
I Pick some points, drag them around
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Mesh Deformation

/ Picked correspondence
Target pos. of correspondence

Loop over all picked points by user

A !O (‘|‘|‘FII)) E G Somehow make neighbors move!

AMinimize_ O O
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Mesh Deformation

A How to choose @egularize?
A Computed with respect to base mesgh

A Intuitive and natural behavior
I Smooth global deformation
I Global changes should preserve local detall
I Should be zero in udeformed state (base mesh’,”

)
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Laplacian Surface Editing

A Enforce Smoothness on deformations

Ao (i) BB« |0 0) (© o)
Sum overgvertice;\ \/

Deformation difference

P

Sum over Zring (vertex fan)
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AsRIigidasPossible Deformation

A ARAP |dea:
I maximize local rigidity
I Local transformations almost rigid
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AsRIigidasPossible Deformation

A Discrete setting:

I Local cells (i.e., vertex fan
transformation

ould be transformed w/ rigid

ic

)
N

Each fan has local matrix
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AsRIigidasPossible Deformation

A For each vertex fan, measure deviation from rigidity
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AsRIigidasPossible Deformation
A For each vertex fan, measure deviation from rigidity

§| L3g
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AsRigidasPossible Deformation
A One rotation matrix per fan; sum up deviations from rigidity

Ao dhip BB. |0 o) Y@ o)
K ) ~_

Edge (i.e., cancels translation) Find best rotation matrix that maps
undeformed fan to deformed vertex fan
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AsRigidasPossible Deformation
A One rotation matrix per fan; sum up deviations from rigidity

Ao dhip BB. |0 o) Y@ )

Ao 1 B, [l 0

Y Is rotation matrix; e.g.,
parametrized by Euler angle:

B
LYAGAL 488K +q  Deformedmesh IS the target location
- § {’;\VJ o £
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AsRIigidasPossible Deformation

A Could weight: close neighbors should count more

ISR

3D Scanning & Motion Capture
Prof.Niel3ner [Sorkineet al. 08]



AsRIigidasPossible Deformation
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AsRIigidasPossible Deformation
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AsRIigidasPossible Deformation
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AsRIigidasPossible Deformation

A Given amesh a with € Vertices:

How many unknowns?

How many constraints?

3D Scanning & Motion Capture
Prof.Niel3ner [Sorkineet al. 08] -



AsRIigidasPossible Deformation

A Given amesh a with € Vertices:

How many unknowns?

ote ote
e —~—_

translations / offsets rotations

How many constraints?
otetu Ga Qtat @
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AsRIigidasPossible Deformation

A Given amesh a with € Vertices:

?
How many unknowns? Useiterative flip-flop optimization
ofs ofts A Assume vertices are fixed
T~ A solve for rotations
translations / offsets rotations A Assume rotations are fixed
How many constraints? A _solve for vertices

otet0 Oa Qtat @
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Embedded Deformatio

N

A Allow deviations from rotations: giveh N S

Ao dhp BB. (v
Ao B YD
AYED) (Wiw) (wion)

(win p @i

@

b) o (0 o)”

Gtd)
P Wtw p)

n i are columns of matri
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Embedded Deformation
A Allow deviations from rotations: giveh N S

Ao dip BB [0 ) b b))

Ao | B YO a soft-constraint for rotation

AYE®D) i (Qf&)) (G'oN't'cf)N) (&)'t'&)) 3
(wtw p) (wWtw p) Wtw p)
Wr i are columns of matrix
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Embedded Deformation

>
~ User
- edit

oo ol olTle o 1ol 1b

ensuresneighboringnodes
.— having similar transformations

ECOI‘] + Ere + EFO'[ ECOH+ Ere
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Embedded Deformation
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ARAP vs ED

A ARAP: harg@onstraints for rotations

I Forced rotation matrice$, 3 unknowns per local matrix (6 per vertex)
I Can be efficiently optimized with fhfpop (local SVDs / Procrustes)

A ED: softconstraints for rotations®y more DoFs
I l.e.,A 9 unknowns per local matrix (12 per vertex)
I Harder to optimize (actually a quartic problem)
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Summary: No#igid Regularizers

A Laplacian Mesh Deformation .

A AsRigidasPossible (ARAP)
A Embedded Deformation (ED

A Many others!
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Deformation Proxies
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Reqgularizersn Deformation Proxies
A Idea: deformation energy is computed on proxy

A Make it sparser!
I Fewer degrees of freedom for deformation + more geometric detalil
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Deformation Proxies: Cage

A Extend the concept of barycentric coordinates to shapes (e.qg.,
harmonic coordinates)

A Vertices are a linear combination with respect to cage

Cage coords.

Euclidean coords. /

0.4
) =04-co+04-c, +02-c,=(04
. \ J

i
Y 0.2
‘ Barycentric coords.
Co X €1
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Deformation Proxies: Cage

A Extend the concept of barycentric coordinates to shapes (e.qg.,
harmonic coordinates)

A Vertices are a linear combination with respect to cage
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Deformation Proxies: Cage
A Extend the concept of barycentric coordinates to shapes (e.qg.,
harmonic coordinates)

A Vertices are a linear combination with respect to cage

C2

Mesh should be tightly
enclosed in the cage.

It should also offer sufficiengt
flexibility to pose a model

Bad cage Good cage

3

3P
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Deformation Proxies: Cage

A Extend the concept of barycentric coordinates to shapes (e.qg.,
harmonic coordinates)

A Vertices are a linear combination with respect to cage
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Deformatlon PrOX|es Cage

Plsnep - PIXAR

1¢ RATATOUILLE )
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Deformation Proxies: Cage

A Once cage and weights are computed, mesh can be deformed
animating the cage vertices
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ARAP on 3D Grids
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ARAP on 3D Grids

GPU based ARAP Deformation using Volumetric Lattices

Michael Zollhofer, Ezgi Sert, Glinther Greiner and Jochen StGBmuth
Computer Graphics Group, University Erlangen-Nuremberg, Germany
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Deformation Proxies: Skeleton
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Deformation Proxies: Skeleton

A Basic idea:
I Embed skeleton in mesh
I Assign mesh vertices to bones
I Compute deformed mesh from bones
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Deformation Proxies: Skeleton

A Skeleton is typically created by hand and has hierarchical
arrangements &

Body
| I

r.upper arm

Vd

left shoulder e

left upper arm

r.lower arm

left lower arm

left hand
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Deformation Proxies: Skeleton

A Each vertex is linear combination of bone matrices
A Assign weights for each vertex for each matrix

U L 0 U

Linear Blend Skinning!
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Deformation Proxies: Skeleton
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Deformation Proxies: Skeleton
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ARAP on Skeletons

Pseudo-Skeleton based ARAP Mesh Deformation

M. Zollhofer, A. Vieweg, J. SiBmuth and G. Gretner
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Deformation Graphs (ED)

A Introduced with the EBpaper

Y=
>
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G Original
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Edit 2

Edit 1

Graphs (ED)

10N

Original
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Summary: Deformation Proxies

A Dimensionality reduction on deformations
f

A Directly on Mesh
A Cages

A Grids
A Skeletons (e.g., Linear Blend Skinninc
A Deformation Graphs
A Tetrahedral Mesh (full volume)
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Side Note: Deformation Transfer

W o A

A
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Side Note: Deformation Transfer
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Side Note: Deformation Transfer

(b)

(c) (d)
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Side Note: Deformation Transfer

RGB-Input

Transfer

(c) (d)
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Nonrigid Tracking

A We know how to deform a mesh
I Regularizers- Deformation proxies

I User picks handles to edit the mesh
A constraints for deformation

A Tracking / Fitting:
I Find these correspondences from data!
I E.g., Norrigid ICP
I E.g., Sparse Features (e.g., SIFT, SURF)
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Nonrigid ICP / Nosnigid Reqistration

A Like rigid ICP (which haD®F/ frame)
I Except we have many more degrees of freedom!

AFind correspondences
U closest points or projective correspondences

ASolve for deformation and vertices
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Nonrigid ICP / Nosnigid Reqistration

Elephant (329 nodes, 21k vertices)

Source
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Nonrigid ICP / No#igid Registration

Bending Arm (138 nodes, 37k vertices)

Source
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Nonrigid Tracking
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Nonrigid Tracking

Rigid Surface
Fusion

Template

Acquisition
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Nonrigid Tracking

Template Rigid Surface
Acquisition R=ten

. Non-rigid
Surface Trackir Deformation}
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Nonrigid Tracking: Objective

Data Terms Regularization
A )
|

I
C o Vs hmdtgu e Jdo affi me Ao gr gl

A I B

¢Chy' D1zalinbfeet al]: Deformables p— L_m
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Nonrigid Tracking: Objective

A Bllo "W

Loop only over valid

A (b B [(D "Y) ) té ] correspondences!

A'O B[O ) @& "V U6

Ao 12108BB.- 0 [[0 0) YO o)
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Nonrigid Tracking

Surface Deformation Surface Deformation Surface Deformation

L

Reconstruction
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Side Note: Active Stereo Depth Estimation

IR-Projector

Pattern T

Singldense

RGRBIR camera&

1) PatchMatch  2) Variationaldepth
stereo refinement

J,
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