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Two approaches for dense, marker-less performance capture:

+ Volumetric deformation of mesh: Performance Capture from
Sparse Multi-View Video
- De Aguiar, Edilson, Stoll, Carsten, Theobalt, Christian, Ahmed,
Naveed, Seidel, Hans-Peter and Thrun, Sebastian
- ACM Transactions on Graphics, 2008

- Combined skeleton and surface presentation: Motion Capture
Using Joint Skeleton Tracking and Surface Estimation

+ Juergen Gall, Carsten Stoll, Edilson de Aguiar, Christian Theobalt,
Bodo Rosenhahn, and Hans-Peter Seidel
- CVPR 2009.

Yeara Kozlov () Performance from Shape © June18th,2013 2/46



Previously on Computer Vision for Computer Graphics

Visual Hull H,

' Object O forms silhouctte
image S} on camera k at time 1,
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Your average motion capture suit. Source: New Line Cinema
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Marker Based Motion Capture

Source: http://kalyankrishna4886.wordpress.com/2010/11/17/motion-capture/
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Problem:

Goal: Capture shape, movement and textural appearance
simultaneously.
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- Representation - capture enough detail, but avoid
over-constraining and limit sensitivity to noise.

+ Algorithm - robust, recovers from errors, captures enough details
and creates plausible results.

- Parameter Space - many degrees of freedom.
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Performance Capture from Sparse Multi-View Video

+ De Aguiar, Edilson, Stoll, Carsten, Theobalt, Christian, Ahmed,
Naveed, Seidel, Hans-Peter and Thrun, Sebastian

- ACM Transactions on Graphics, 2008

Input
High resolution 3d scan: triangle mesh 7 with vertices V;

Multi-view camera input

Output

Location of each vertex at each frame V;(t)
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Lv=9§
L=GTDG
6 =GTDg

+ G Discrete gradient operator.

* g set of tetrahedron gradients

D diagonal matrix with tetrahedra volumes.
* v vertices

.

Source: Botsch, 2006
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Laplacian Deformation - Local Structures

Problem: Local structures do not transform correctly under linear
transformations.

Solution: Extract rotations for each tetrahedra, transform the original
tetrahedra to derive a new g.

Source: Botsch, 2006
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Toolkit - Plicker Line

Plucker line: L = (n,m)
Calculated for camera center (z1) and point on image plane (z2):

n, =I1 — I

m; =1 Xn

Source: Modelling Reality, MPIl, Summer 2012
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Algorithm
+ Construct initial coarse tetrahedra mesh from high resolution scan:
TA — ,Eet

 Register model to first pose in the sequence.
* For each frame:

@ Deform global pose using T.;
@ Transfer deformations to high res mesh: T;.; — Ta
@ Infer shape detail on 7x.
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Initialization — Surface to Volume Representation.
High resolution triangle mesh 7 with vertices V; defines a surface.

Build a lower resolution tetrahedra representation - 7 (v;) = > ¢;Ta,-
Ta — represent a volume.

DoF: 30 — 40k triangles — 5 — 6k tetrahedra.

Register model to the pose in the first frame by Iterative Closest Point.
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For each frame, generate silhouettes by background subtraction.

+ Find correspondences between consecutive frames using SIFT
features. Choose good correspondences by reprojecting (Plicker
line).

Solve Laplacian problem iteratively:

Lv=¢

- Constrains are factored into §.

+ Minimizes non-rigid reformations in mesh.
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Transfer Pose to High Resolution Surface Scan

Each triangle vertex is linearly interpolated from initial vertex weights:
VA = Ci‘/t(ftj

Multiple tetrahedra vertices in support region ensure smooth transfer of
pose.
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Recovering Surface Details

High frequency details cannot be recovered from the coarse
representation.

Build high resolution constrains from rim vertices and silhouette
projection.

Solve least squares Laplacian, which minimizes:

argmin{||Lv — 8||> + ||CV — ¢||*}

Laplacian silhouette
matrix constraints
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Performance Capture
from Sparse Multi-view Video

Edilson de Aguiar® Carsten Stoll' Christian Theobalt® Naveed Ahmed’
Hans-Peter Seidel' Sebastian Thrun®

' MPI Informatik
? Stanford University

(with audio)




4

Ny (14

' 3

Complex pose are reconstructed accurately.
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E

Clothes behave a single mesh, hands and feet are not captured
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Virlue) camell One input view

Folds (texture) does not match new topology.
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Laplacian deformation heavily penalizes folds and corners.
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+ Closed surface mesh model does not fully reflect the real world.

* No separation between different surfaces.

Proposals: Model clothing as more than one mesh, not necessarily
closed, or add a different energy measure.

* High resolution texture details are captured once.

Proposal: Capture surface scan in more than one pose, blend in
surface detail from closest poses.
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» The algorithm automatically captures spatio-temporal coherent
shape, motion and texture.

* Results are highly plausible.

- Novel use of skeleton-less volume deformation and surface
deformations.

+ Closed mesh model penalizes heavily derivations from volume
constancy and smoothness assumption.

- Cannot be used as a complete solution for performance
capture at industry standard.
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Motion Capture Using Joint Skeleton Tracking and Surface
Estimation

+ Juergen Gall, Carsten Stoll, Edilson de Aguiar, Christian Theobalt,
Bodo Rosenhahn, and Hans-Peter Seidel

- CVPR 2009.
Input
+ Video from eight cameras
- 3D surface mesh M
+ Skeleton joint locations 6

Output
- Skeleton motion. 6(t)
- Geometry with constant connectivity. M (t)
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Toolkit - Kinematic Chain Skeletons

Global Pose: x = (6y&o, ©) 36 DoF

N,

1Y = [T exp (0, 0)n,)) Vi
=0
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Vi = Z b5 j ; Vi
7" bone

) one
weight transformation
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(a) Mesh model (b) Segmented images () Estimated skeleton  (d) Deformed surface () Estimated surface (f) Estimated 3D Model

Algorithm
© Build initial model.
@ Skeleton based pose estimation - local optimization.
@ Local optimization error handing with global optimization.
@ Surface estimation using Laplacian surface deformation.
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Extract (V;, x;) 2D-3D constraints from contour and texture features.
Transform vertices:

nki

T,Vi = [ exp (% 0)em, (j)) Vi
j=0

Error term:

HH (T\V;) x n; —m; ,
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1. Local Optimization- Error Measurement

B0 = 3 NI xns —mil}

{i,ki=k}

Error is propagated through the kinematic chain.
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Project the pose to a smaller subspace by fixing parameters for
non-labelled bones.

P(x) > xeR™ m<d

Solve using a particle based global optimizer.

arg min{ Es(P~' (X)) +7 Er(X) }
X N — N —
silhouette prediction
consistency deviation

v =0.01
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2. Global Optimization - Error Terms

Projection:
E§(X) = grearsy 2 (5¢ (00 = So) + arsasy 2 (Se — ¢ (X))
area(s?) area(s.)

Prediction:
Er(X)=Ix-P®I3
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+ Decouple skeleton from mesh.

+ Constraints — correspondences between rim vertices and SIFT
features.

- 2D-2D constrained surface Laplacian deformation.

argmin{ﬂLv - 5|@+allcsizv - (Isil”gj}

TV
Laplacian silhouette
matrix constraints
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Results - Reduction in Global Optimization DoF

Skirtl [10]
Skirt2 [10]
HuEvall S4 [23]

Average dimensionality of global search space in percentage of full search
space.
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Results - Local Only vs. Local-Global Optimization
Error Measurements

-Locah’GIobaI Scheme

=
=
=
=
—
=]
=
5]
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Choosing threshold for labelling bones as error.

* No way to validate against a ground truth.

Recovers feet, hands, and head position accurately.

High freq details are not well recovered.
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Novel local-global optimization approach is an effective and
robust.

Accurately captures global pose including extremities.
Allows automatic tracking.

High frequency details are not well recovered.
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Left: Input image. Center: Output of first paper. Right: Output of second
paper
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S ETRHES

- Accurate, automatic, robust.

Require very little user input and no supervision.

Two-levels optimization strategy.

Laplacian deformation, high freq results are penalized in similar

ways.

Similar issues measuring accuracy.

Can only handle limited topology.
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Differences

- Optimization strategies.
- Coarse representation models.
- Pose accuracy vs. high freq detail.

* Novelty of model vs. of optimization strategy.
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+ Allow clothing to deform independently.
- Add different energy measures.

- Combine the best of both papers into one performance capture
pipeline.
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