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e RGB-D Sensors

size/cost
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INntroduction
e Registration * Applications
e 3D Geometry * Rigid Scanning
e 2D Images * Non-rigid Modeling
o Combined 2D / 3D » Realtime Face Tracking
Conclusions
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e RGB-D Sensors

OpenVIiL.

http://www.openni.org

http://www.openni.org/openni-programmers-gquide
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il Registration - Examples

e Scan to scan
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s Registration - Examples

e Scan to scan

Newcombe, Izadi, Hilliges, Molyneaux, Kim, Davison, Kohli, Shotton, Hodges, Fitzgibbon:
KinectFusion: Real-Time Dense Surface Mapping and Tracking, [ISMAR 2011

Dynamic 2D/3D Registration For the Kinect 9 Sofien Bouaziz  Andrea Tagliasacchi  Mark Pauly



i Registration - Examples

e Parameterized template to scan
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e Pairwise Registration

* Align a source model X onto a target model Y
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i Pairwise Registration

* Align a source model X onto a target model Y

 find a transformation T'(X’) that brings X" into alignment with )/
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il Pairwise Registration

* Align a source model X onto a target model Y

» find a transformation T'(X’) that brings A" into alignment with J/

* [wO main questions:
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il Pairwise Registration

* Align a source model X onto a target model Y

» find a transformation T'(X’) that brings A" into alignment with J/

* [wO main questions:

« How do we measure the quality of the alignment?

* \What transformations are allowed / good?
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e Pairwise Registration

e |SSues
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i Pairwise Registration

Partial matching
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i Pairwise Registration

e |SSues

an )

e R g Ly
missing data

Partial matching

Ambiguity
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e Pairwise Registration

e |SSues

missing data

llumination changes
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* Registration
o 3D Geometry

o 2D Images

e Combined 2D / 3D
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m Registration

* Registration as energy minimization

source
v
arg min Fre. (1T, X, ))
T
\ / }arge’[

transformation
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\ . :
e Registration
* Registration as energy minimization

arg min Fre. (1T, X,))
T

Ereg(Ta X, y) — Ematch (T7 X? y)

/

Alignment Error

How do we measure the
quality of the alignment?
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e Registration
* Registration as energy minimization

arg min Fre. (1T, X,))
T

Ereg (T7 X? y) — Ematch (T7 X? y) Eprior (T)

/ \

Alignment Error Transformation Error
How do we measure the What transformations
quality of the alignment? are allowed / good?
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i Registration

» Alignment Error Eree = Emateh + Eprior

Ematch (T7 X? y)
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m Registration

» Alignment Error Eree = Emateh + Eprior

Ermaen (T, X, V) = /X PUT). V)

distance function
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» Alignment Error Eree = Emateh + Eprior
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i Registration

» Alignment Error Eree = Emateh + Eprior

Ermaen (T, X, V) = /X PTx). V)

distance function

X
I(X)

N

Y
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il Registration

Ereg — Ematch _|_{EpriorJ
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Ereg — Ematch T Eprior
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Ereg — Ematch _|_ Eprior SOource

d

» Registration as energy minimization argmin Ey .. (7T, X, ))
T

\ / Erg et

transformation
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Ereg — Ematch _|_ Eprior SOource
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» Registration as energy minimization argmin Ey .. (7T, X, ))
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Registration

Ereg — Ematch - Eprior

source
» Registration as energy minimization argmin Ey .. (7T, X, ))
T '\
e typically non-linear
ypIsaly \ | target
 common solution: linearize, iterate transtormation
4 ) Ereg
Input Zy =T (X)
|:{>
(X, D)
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e Registration
3D Geometry

o 2D Images

e Combined 2D / 3D
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b 3D Registration

SOUrce

target
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b 3D Registration

SOUrce

transformed source

target
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b 3D Registration

SOUrce

transformed source

target
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ik 3D Registration - Matching

Ereg — {EmatchJ_F Eprior

Buct(2) = | (2. 9)dz
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ik 3D Registration - Matching

Ereg — [E'match]+ Eprior

Buct(2) = | (2. 9)dz
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Buct(2) = | (2. 9)dz
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ik 3D Registration - Matching

Ereg — [E’match]+ Eprior

Buct(2) = | (2. 9)dz

v

T

_ 2

discretized matching cost based Ermaten(Z) = Z w;||z; — Py (2i)]|5
on point correspondences 1=1
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it 3D Registration - Matching

Ermaten(Z2) = Y wil|z; — Py(2:)|]3
1=1
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it 3D Registration - Matching

Ermaten(Z2) = Y wil|z; — Py(2:)|]3
1=1

/

transformed
point on source
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it 3D Registration - Matching

corresponding
point on target

/

Ermaten(Z2) = Y wil|z; — Py(2:)|]3
1=1

/

transformed
point on source
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it 3D Registration - Matching

correspondence corresponding
weight point on target

no\ / .
Ematch(Z) — E wzHZz — Py(zi)HQ
1—=1

/

transformed
point on source
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i 3D Registration - Example

* |terative Closest Point (ICP) Algorithm

Dynamic 2D/3D Registration For the Kinect 33 Sofien Bouaziz  Andrea Tagliasacchi  Mark Pauly



i 3D Registration - Example

* |terative Closest Point (ICP) Algorithm

e Step 1: find correspondences
using closest points for fixed
transformation
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i 3D Registration - Example

* |terative Closest Point (ICP) Algorithm
o Step 1: find correspondences o Step 2: find best rigid

using closest points for fixed <: :> transformation for fixed
transformation correspondences

— efficient data structures | — closed form solution
lterate untll

convergence

DEMO
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i 3D Registration - Example

* |terative Closest Point (ICP) Algorithm

e (approximate) closest points— (more) efficient data structures
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e weight accounts for importance (area measure) and confidence
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s 3D Registration - Example

terative Closest Point (ICP) Algorithm
e (approximate) closest points— (more) efficient data structures
e weight accounts for importance (area measure) and confidence

* heuristics to prune or down-weigh bad correspondences
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i 3D Registration - Example

* |terative Closest Point (ICP) Algorithm

Ermaten(Z) = Y wil|z; — Py(z)|3
1=1
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Ermaten(Z) = Y wil|z; — Py(z)|3
1=1

e Side Remark: Error norm
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s 3D Registration - Example

terative Closest Point (ICP) Algorithm

Ermaten(Z) = Y wil|z; — Py(z)|3
=1

e Side Remark: Error norm

e sqguared Euclidean distance Is sensitive to outliers

* robust norms reduce this sensitivity

Bouaziz, Tagliasacchi, Pauly: Sparse Iterative Closest Point, SGP 2073
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o 3D Registration - Prior

Ereg — Ematch Eprior

articulated

elastic
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i 3D Registration - Prior

e (Global Rigidity Ereg — Ematch [Eprior]

R, t

SOurce

Dynamic 2D/3D Registration For the Kinect 37 Sofien Bouaziz  Andrea Tagliasacchi  Mark Pauly



e 3D Registration - Prior

e (Global Rigidity Ereg — Ematch {Eprior]

R.t
y e

SOurce

Dynamic 2D/3D Registration For the Kinect 37 Sofien Bouaziz  Andrea Tagliasacchi  Mark Pauly



i 3D Registration - Prior

e Local Rigidity  Ereg = Ematch + Eprior
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il 3D Registration - Prior

* Local Rigidity Ereg = Fmatch [Eprior]

e

SOUrce

transformed source
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il 3D Registration - Prior

* Local Rigidity Ereg = Fmatch (Epriorj

SOuUrce

v transformed source
(4
Eprior(27 RZ|ZL:1) — Z Z ||(Zj o Zi) o Ri(Xj o X’L)Hg
1=1 ]EN@
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e 3D Registration - Prior

* Local Rigidity Ereg = Fmatch {Eprior]

SOUrce

V7 transformed source

n

Eprior(27 Rz|?:1) — Z Z ||(Zj o Zi) o Ri(Xj o X’L)H%

i=1 jEN;
JEN; Sorkine, Alexa: As-Rigid-As-Possible

Surface Modeling, SGP 2007
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o 3D Registration - Prior

* Local Rigidity Ereg = Fmatch {Eprior]

—

SOUrce

transformed source

DEMO
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e 3D Registration - Prior

e Local Rigidity  Ereg = Ematch + Eprior

Sumner, Schmid, Pauly:
Embedded Deformation for Shape Manipulation
ACM SIGGRAPH 2007

Bouaziz, Deuss, Schwartzburg, Weise, Pauly:
Shape-Up: Shaping Discrete Geometry With Projection
SGP 2012
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i 3D Registration - Prior

* Linear Model Ereg — Fmatch Eprior
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o 3D Registration - Prior

* Linear Model Ereg — Pmatch {Eprior]

2 5 »
P3 P4
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e 3D Registration - Prior

* Linear Model Ereg — Pmatch (Eprior]

%:‘ t:‘ P g:‘ s = Pd +m
P1 P2 P4
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il 3D Registration - Prior

* Linear Model Ereg — Pmatch {Eprior]

) s = Pd +m

N\

mean shape
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i 3D Registration - Prior

* Linear Model Ereg — Pmatch {Eprior]

:\ tp\ t :\ gs\ S — Pd —|— mn
/ AN
P2 P3 P4

DasIS mean shape
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s 3D Registration - Prior

* Linear Model Ereg — Pmatch {EpriorJ

\) \\ \)
P2 P3

coefficients

/

2 s = Pd 4+ m

/ N\

DasIS mean shape
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e 3D Registration - Prior

* Linear Model Ereg — Pmatch (Epriorj

coefficients

/

) s = Pd+m

/ N\

DasIS mean shape
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s 3D Registration - Prior

* Linear Model Ereg — Pmatch {EpriorJ
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s 3D Registration - Prior

* Linear Model Ereg — Fmatch {EpriorJ

' "' - \\ \\ \\ \\

EpI‘lOI‘ Z d Z HZZ Pzd T mZ)H%

s = Pd 4+ m

Blanz, Vetter: A Morphable Model
' for the Synthesis of 3D Faces
ACM SIGGRAPH 1999
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il 3D Registration - Prior

* Linear Model Ereg — Fmatch {EpriorJ

adad - b1
Blanz, Vetter: A Morphable Model Weise, Bouaziz, Li, Pauly: Realtime s;::i;';:;;.\‘i‘;d.l Ankmn P
s

for the Synthesis of 3D Faces Performance-based Facial Animation
ACM SIGGRAPH 1999 ACM SIGGRAPH 2011

R —><TracbngAlgomhm)—> | il i .

Blendshape Weights
2D/3D Data Temporal Coherence «—— R gh
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ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNIE

e Registration
o 3D Geometry

« 2D Images

e Combined 2D / 3D
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bl 2D Registration

Targt
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2D Registration
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2D Registration
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2D Registration
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e 2D Registration - Matching

- L -
A
'
= @
Ll
.F‘ -
™ |

Ereg — {EmatChJ Eprior

&

— @
."I

0—0;

Ematch(Z) — Z ||I(XZ) T J(ZZ)H%

/N

color value at color value at
X ; of image 1 Z; of image J
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il 2D Registration - Prior

e | ucas-Kanade

e (Constant displacement field

K

[
[

= 4
O—0—0
R |
1 N

.
I F

%
O—0—0:=0—0— 070

R
O—0 00

,
o—0—0— 0
el Je

°
i
°

Lucas, Kanade: An lterative Image Registration Technique with an Application to Stereo Vision, [JCAl 1981
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i 2D Registration - Prior

* Lucas-Kanade
Ereg — Ema,tch - Eprior

e (Constant displacement field

Epior(Z) =) Y (25 —%;) — (2 — xi)|I3

St~

t 7]~
) t | A~

Lucas, Kanade: An lterative Image Registration Technique with an Application to Stereo Vision, [JCAl 1981
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e 2D Registration - Prior

* Lucas-Kanade
Ereg — Ema,tch - Eprior

e (Constant displacement field

Epior(Z) =) Y (25 —%;) — (2 — xi)|I3

r |2 —— |20 7-Fl+ N 2 A+ 02+ 2 A 12 242~

\

Lucas, Kanade: An lterative Image Registration Technique with an Application to Stereo Vision, [JCAl 1981
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il 2D Registration - Prior

e Horn-Schunck

e Smooth displacement field

R |

) "

gmﬁﬁ \
"

.

.
I ;

%
O—0—0:=0—0— 070

oo
I
o—0—0—0

Eprior (Z) —

Horn, Schunk: “Determining Optical Flow”, Artificial Intelligence Journal 1981
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i 2D Registration - Prior

* Horn-Schunck
Ereg — Ema,tch - Eprior

e Smooth displacement field

1
Eprior ZH _Xz |N| Z(Z _X])HQ

jeN;

Horn, Schunk: “Determining Optical Flow”, Artificial Intelligence Journal 1981
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e 2D Registration - Prior

* Horn-Schunck
Ereg — Ema,tch - Eprior

e Smooth displacement field

1
Eprior ZH _Xz |N| Z(Z _X])HQ

jeN;
SN
L2 — || 18+ A+ttt 1+ 7) ]
T |

Horn, Schunk: “Determining Optical Flow”, Artificial Intelligence Journal 1981
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ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNIE

e Registration
o 3D Geometry

o 2D Images

e Combined 2D/ 3D
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e 2D/3D Registration
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e 2D/3D Registration
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Weise, Bouaziz, Li, Pauly: Realtime Expreonblodel  Animaion P
Performance-based Facial Animation, R (m:mmm;m)+
ACM SIGGRAPH 2011 3 -+ liLLL

3 W s
Temporal Coherence ‘ﬂlhape eight
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b 2D/3D - Matching

Ereg — Ematch - Eprior

T T
Frmaten(Z) = w1 Yy ||lzi — Py(zs)[|5 + w2 Y || T(xi) — I(£(24))]]3
1=1 1=1

Dynamic 2D/3D Registration For the Kinect 56 Sofien Bouaziz  Andrea Tagliasacchi  Mark Pauly



b 2D/3D - Matching

Ereg — {EmatchJ_F Eprior

2 J(f(z;)) orojection of the 3D vertex
‘ N the 2D Image

Ematcn(Z) = wy Z |zi — Py(z)|2 + wo Z [T(x;) — I(£(z))l3
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i 2D/3D - Matching

Ematcn(Z) = wy Z |zi — Py(z)|2 + wo Z [T(x;) — I(E(2)) 3

| - - 11’
Orthographic projection f(Z@) — |4,z 4y
11
Z; Z;
Perspective projection f(Zz') — fZ,L. Z fzi Zy
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ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNIE

* Applications
* Rigid Scanning
* Non-rigid Modeling

e Realtime Face Tracking
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e Rigid Scanning

* Popular Kinect application

W, IMmFusion

{4 KSCAN3D
Artec Group

3D Scanning Technologies

I A )\

72 PROFLCTOR
| SKANECT
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e Rigid Scanning
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i Rigid Scanning
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- Rigid Scanning

Dynamic 2D/3D Registration For the Kinect 60 Sofien Bouaziz  Andrea Tagliasacchi  Mark Pauly



—— Rigid Scannin
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il Rigid Scanning
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- Rigid Scanning
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il Rigid Scanning - Pipeline

—
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e Rigid Scanning - Pipeline

Calibration matrix

?

K

lDepth map
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il Rigid Scanning - Pipeline

- Calibration matrix
T K

Depth map

Smoothing
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e Rigid Scanning - Pipeline

Calibration matrix

K

?

Depth map

Smoothing
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i Rigid Scanning - Pipeline

Calibration matrix

K

?

Depth map

- e
I\/Iesh&NormaIs At By
Smoothing "
- Y,

Alignment &
Accumulation
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il Rigid Scanning - Pipeline

Calibration matrix

?

K

Depth map

Alignment &
Accumulation
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il Rigid Scanning - Optimization

arg min wy Z |z; — Py(z:)|3 + ws Z |z; — (Rx; + t)]|3
Z,R,t
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il Rigid Scanning - Optimization

arg min wy Z |z; — Py(zz)n2 + ws Z |z; — (Rx; + t)]|3
Z,R,t

matching term
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il Rigid Scanning - Optimization

arg min wy Z |z; — Py(zz)n2 + ws Z |2; — (Rx; +t)]I5
Z,R,t

matching term rigid prior
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il Rigid Scanning - Optimization

arg min wy Z |z; — Py(zz)n2 + ws Z 2; — Rx; +t)]I5
Z,R,t

matching term rigid prior
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il Rigid Scanning - Optimization

arg min wy Z |z; — Py(z:)|3 + ws Z |z; — (Rx; + t)]|3
Z,R,t i

vn

argmmwlz |2, = Py(z) |5 + w2 ) _[l277 — (R(R'x; +t7) + 1[5
7Zt+1 Rt i—1 .

Dynamic 2D/3D Registration For the Kinect 63 Sofien Bouaziz  Andrea Tagliasacchi  Mark Pauly



il Rigid Scanning - Optimization

arg min wy Z |z; — Py(z:)|3 + ws Z |z; — (Rx; + t)]|3
Z,R,t i

v T
argmmwlz |2i" = Py(zg)[l5 + w2 ) [lz;"" — (R(R'x; +t") +1)]]3

Zt+1 Rt i—1 /

use previous estimate
= closest point
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il Rigid Scanning - Optimization

arg min wy Z |z; — Py(z:)|3 + ws Z |z; — (Rx; + t)]|3
Z,R,t i

v T
argmmwlz |2i" — Py(zg)[l3 + w2 ) [lz;"" — (R(R'x; +t") +t)]]3

Zt+1 R.¢ i—1 / i=1 /

use previous estimate linearize rotation matrix
= closest point R+l _ RR!

tit — Rtt + ¢t
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il Rigid Scanning - Optimization

Rotation matrix linearization

sin(f) ~ 6 cos(6) ~ 1

L=
R~R= Y 1 — >
—0 1
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il Rigid Scanning - Optimization

|z;"" — Py(z;)|5

(/
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il Rigid Scanning - Optimization

|z;"" — Py(z;)|5

(/

JZi ,fo
Eni
Py (z;) 8% Py (z;)
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il Rigid Scanning - Optimization

|z;"" — Py(z;)|5 (n; (2, — Py(z)))"

[/ [ 1

t t
oZi o Zi
-
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il Rigid Scanning - Optimization

arg min wy Z |z; — Py(z:)|3 + ws Z |z; — (Rx; + t)]|3
Z,R,t i

vn

argmmwlz |2, = Py(z) |5 + w2 ) _[l277 — (R(R'x; +t7) + 1[5
7Zt+1 Rt i—1 .
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il Rigid Scanning - Optimization

arg min wy Z |z; — Py(z:)|3 + ws Z |z; — (Rx; + t)]|3
Z,R,t i

T v T
argminwy ) (nf (27! — Py(a}))? +w ) _[l2i™ -
1—=1

Zt+17f{7£ ’L:].

~

R'x; +t) +t)|[5
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E  Rigid Scanning - Accumulation
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E  Rigid Scanning - Accumulation

 Reduce the number of points
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E  Rigid Scanning - Accumulation

 Reduce the number of points

e Reduce noise
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E  Rigid Scanning - Accumulation

 Reduce the number of points

e Reduce noise

Volume

Newcombe, Izadi, Hilliges, Molyneaux, Kim,
Davison, Kohli, Shotton, Hodges, Fitzgiblbon:
KinectFusion: Real-Time Dense Surface Mapping and Tracking,
ISMAR 2011
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"E  Rigid Scanning - Accumulation

Volumetric accumulation

KinectFusion: Real-Time Dense Surface Mapping and Tracking, ISMAR 2011
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T Rigid Scanning - Accumulation

Volumetric accumulation

DEMO

KinectFusion: Real-Time Dense Surface Mapping and Tracking, ISMAR 2011
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E  Rigid Scanning - Accumulation

 Reduce the number of points

e Reduce noise

Volume

Newcombe, Izadi, Hilliges, Molyneaux, Kim,
Davison, Kohli, Shotton, Hodges, Fitzgiblbon:
KinectFusion: Real-Time Dense Surface Mapping and Tracking,
ISMAR 2011
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SRLEPFURE

ECOLE POLYTECH
FEDERALE DE LAU

NIQUE
SANNE

Rigid Scanning - Accumulation

 Reduce the number of points

Reduce noise

Volume

KinectFusion: Real-Time Dense Surface Mapping and Tracking,

Newcombe, Izadi, Hilliges, Molyneaux, Kim,
Davison, Kohli, Shotton, Hodges, Fitzgiblbon:

ISMAR 2011

Surface

F J

e @
0

Weise, Wismer, Leibe, Van Gool:
In-hand Scanning with Online Loop Closure,
3DIM 2009
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"E  Rigid Scanning - Accumulation

Surface accumulation

i

In-hand Scanning with Online Loop Closure, 3DIM 2009
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"= Rigid Scanning - Accumulation

Surface accumulation

Surfel update o ”

r
i

In-hand Scanning with Online Loop Closure, 3DIM 2009

L
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E  Rigid Scanning - Accumulation

Surface accumulation

Surfel update o " i

Surfel addition

'/

r

4
1‘4

-

In-hand Scanning with Online Loop Closure, 3DIM 2009
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= Rigid Scanning - Accumulation

Surface accumulation

Surfel update o AN

Surfel addition

Surfel removal

In-hand Scanning with Online Loop Closure, 3DIM 2009
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¥ Rigid Scanning - Accumulation

Surface accumulation

Surfel update p Y

Surfel addition

Surfel removal

- -

b T 4 DEMO

In-hand Scanning with Online Loop Closure, 3DIM 2009

Dynamic 2D/3D Registration For the Kinect 70 Sofien Bouaziz  Andrea Tagliasacchi  Mark Pauly



ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNIE

* Applications
* Rigid Scanning
* Non-rigid Modeling

e Realtime Face Tracking
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il Non-Rigia Modeling

Shape Model
Fitting

Accumulated Scans 3D Mesh
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Al Non-Rigid Modeling

argmin wy Y ||z = Py(z)[3 + w2 Y |z — Rxi + )5 +ws ), D, (2 —2i) = Railxj —xi) 3+ wa ) [|zi — (Pd +my);
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Al Non-Rigid Modeling

argmin wy Y[z = Py(z)|5+ w2 Y 2 — Rxi + )5 +ws ), D, (2 —2i) = Rilxj —xi)[3 +wa ) [|zi — (Pd +my);
1=1

A

matching term
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Al Non-Rigid Modeling

argmin - wy ¥ 2 — Py(z) |3+ w2 Y lze — (Rx; + )3 +ws Y Y (7 —2i) = Ri(xj —xi)[5 +wa Y |lzs — (Pd +my)|[3
Z,Rili_ Rt d iy i=1 i=1 jEN; i=1
A A
matching term rigid prior
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Al Non-Rigid Modeling

arg min wlzuzz Py<zz>uz+wzz\|z@ (Rx; +t)]3 +w3L >z —2i) = Rilx; — xi)|[5 1+ wa Y [lzi — (Pid + my)[3
Z,R,; | Rt ,d i—1 i—=1 1=1 jEN 1=1
A A
matching term rigid prior non-rigid prior
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Al Non-Rigid Modeling

argmin  w; Z |z; — Py(z:)||3 +wzz |z; — (Rx; + t)]|3 +w3L > Iz —zi) = Rilx; —xi) |5+ wa Y Iz — (Pid + my)|J3
ZRiL, Rtd D =1 =1 jEN, -
A A A
matching term rigid prior non-rigid prior inear model
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Al Non-Rigid Modeling

argmin wy Y [|z; — Py(z:)]|3 Hwa Y [z — (Rx; + t)[5 +ws ), Y (2 —2i) — Ri(x; —x:)l[3 Hwa ) |lzi — (Pid + my)|3

 How to set the weights for the different energies®
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. Non-Rigid Modeling

argmin wy Y [|z; — Py(z:)]|3 Hwa Y [z — (Rx; + t)[5 +ws ), Y (2 —2i) — Ri(x; —x:)l[3 Hwa ) |lzi — (Pid + my)|3

 How to set the weights for the different energies®

Li, Adams, Guibas, Pauly: Li, Sumner, Pauly:
Robust Single-View Geometry Global Correspondence Optimization for
and Motion Reconstruction, Non-Rigid Registration of Depth Scans, ——_—
ACM SIGGRAPH Asia 2009 SGP 2008 50 Gak B L s
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. Non-Rigid Modeling

argmin wy Y [|z; — Py(z:)]|3 Hwa Y [z — (Rx; + t)[5 +ws ), Y (2 —2i) — Ri(x; —x:)l[3 Hwa ) |lzi — (Pid + my)|3

 How to set the weights for the different energies®

4 )
DEMO
\_ /
Li, Adams, Guibas, Pauly: Li, Sumner, Pauly:
Robust Single-View Geometry Global Correspondence Optimization for
and Motion Reconstruction, Non-Rigid Registration of Depth Scans, ——_—
ACM SIGGRAPH Asia 2009 SGP 2008 50 Gak B L s
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ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNIE

* Applications
* Rigid Scanning
* Non-rigid Modeling

* Realtime Face Tracking
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il Face Iracking

e Blendshape model
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e Face Iracking

e Blendshape model

happy smile
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il Face Iracking

e Blendshape model

happy smile neutral
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il Face Iracking

* Blendshape model

happy smile neutral open squint smile
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. Face Iracking

* Blendshape model

happy smile neutral open squint smile
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il Face Iracking
e Blendshape model

. : \ ; —I_O.5 . _I_O.7 .

happy smile neutral open squint smile

e=Bd-+Db
g

novel expression
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il Face Iracking

e Blendshape model

\! —I_O.5 . _I_O.7 .

happy smile neutral open squint smile

neutral

/
e=Bd-+Db

e

novel expression
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e Face Iracking

e Blendshape model

happy smile neutral open squint smile

basi\s‘ neutral
/
e=Bd-+Db
~ \

novel expression coefficients
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i Face Tracking

n n n

argminwy ) ||z — Py(2i)|3 + w2 Y [1(x;) = I(E(2:)[I5 + w3 ) _ 120 — (R(Bid + by) + t)]J3
1 1=1 1=1

Z.dR.t
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i Face Tracking

angd%iil wi Yy (lzi = Py(za)3 + w2 > L(x;) — I(£(z))[15 + w3 Y [|zs — (R(Bid + b;) + t)[3
s B i=1 i=1 i=1
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i Face Tracking

n n n

ATg Iin wy > 1z = Py(zo)ll3 + w2 > [I(x:) = I(E(20)]3+ ws Y _ [lz: — (R(Bid + b;) + t)|13
s B 1
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i Face Tracking

n n n

arg min w, > lzi — Py(z)]|3 + w2 Y |11(xs) — I(£(z:)) |13 + ws > (|2 — (R(Byd + b;) + t)[|3
o Ly Ly 1 1=1 1=1
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. Face Iracking

n T n

argminwy ) ||z — Py(2i)|3 + w2 Y [1(x;) = I(E(2:)[I5 + w3 ) _ 120 — (R(Bid + by) + t)]J3
1 1=1 1=1

Z.dR.t

DEMO
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ECOLE POLYTECHNIQUE V V I W
FEDERALE DE LAUSANNE

Introduction
e Registration o Applications
o 3D Geometry * Rigid Scanning
e 2D Images * Non-rigid Modeling
 Combined 2D / 3D » Realtime Face Tracking
Conclusions
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ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

* Registration as energy minimization
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ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNIE

* Registration as energy minimization

e general framework for integrating image and geometry registration

Dynamic 2D/3D Registration For the Kinect 79 Sofien Bouaziz  Andrea Tagliasacchi  Mark Pauly



ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNIE

* Registration as energy minimization

e general framework for integrating image and geometry registration

 matching cost and priors need to be adapted to input data
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ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNIE

* Registration as energy minimization
e general framework for integrating image and geometry registration
 matching cost and priors need to be adapted to input data

e fundamental challenge: correspondences
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ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNIE

* Registration as energy minimization
e general framework for integrating image and geometry registration
 matching cost and priors need to be adapted to input data

e fundamental challenge: correspondences

Li, Sumner, Pauly: Global Correspondence
Optimization for Non-Rigid Registration
of Depth Scans, SGP 2008
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ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

* Registration as energy minimization
e general framework for integrating image and geometry registration
 matching cost and priors need to be adapted to input data

e fundamental challenge: correspondences

Upper Body (336 nodes, 120k vertices)

| '// ' ‘. .;'
Li, Sumner, Pauly: Global Correspondence | /) b5

sl
Optimization for Non-Rigid Registration A )
of Depth Scans, SGP 2008 Source larget Initial Ali/\qnmcnt
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ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNI

* Registration as energy minimization
e general framework for integrating image and geometry registration
 matching cost and priors need to be adapted to input data

e fundamental challenge: correspondences

alignment error

correspondence weights

Li, Sumner, Pauly: Global Correspondence
Optimization for Non-Rigid Registration
of Depth Scans, SGP 2008 i I 12
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FCO]F POLYTECHNIQUE : ; | I I I l I I l al y
FEDERALE DE LAUSANNE

* Registration as energy minimization
e general framework for integrating image and geometry registration
 matching cost and priors need to be adapted to input data

e fundamental challenge: correspondences

. Optimization
alignment error

correspondence weights

Li, Sumner, Pauly: Global Correspondence —
Optimization for Non-Rigid Registration
of Depth Scans, SGP 2008 i R 12

Initial Alignment Registralian
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ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNIE

* Registration as energy minimization
e general framework for integrating image and geometry registration
 matching cost and priors need to be adapted to input data
e fundamental challenge: correspondences

e can the priors be learned?
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ECOLE POLYTECHNIQUE I I l I I l I
FEDERALE DE LAUSANNE S u a y

* Registration as energy minimization
e general framework for integrating image and geometry registration
 matching cost and priors need to be adapted to input data
e fundamental challenge: correspondences

e can the priors be learned?

Bouaziz, Wang, Pauly: Online Modeling For Realtime Facial Animation, SIGGRAPH 2013
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ECOLE POLYTECHNIQUE O C I O
FEDERALE DE LAUSANNE

[Newcombe et al, 2011]

[Oikonomidis et al, 2012]
[Wel et al, 2012]
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