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Correspondence Problem Classification

How many meshes?
Two: Pairwise registration

Initial registration available?
Yes: Local optimization methods

Class of transformations?
Non-rigid deformations

Local Shape Matching: Non-Rigid Registration



Pair of Scans

Local Shape Matching:




Pair of Scans

source

Local Shape Matching:



Pair of Scans

target

source

Local Shape Matching:



Correspondences are lost

Local Shape Matching:



lost

Correspondences are

Local Shape Matching




lost

Correspondences are

Local Shape Matching




What are the regions of overlap?

Local Shape Matching:




What are the regions of overlap?

overlapping regions

Local Shape Matching:



What are the regions of overlap?

missing data

overlapping regions

Local Shape Matching:



What are the regions of overlap?

Local Shape Matching:




What are the regions of overlap?

Local Shape Matching:



Non-Rigid Registration

Local Shape Matching: Non-Rigid Registration



Non-Rigid Registration

Local Shape Matching:



Ingredients

Local Shape Matching: Non-Rigid Registration



Ingredients

sou rce/\/\

Local Shape Matching:



Ingredients

sou rce/\/\

AN
- N

Local Shape Matching:



Ingredients

source :
|
&

Local Shape Matching:



Ingredients

source ;
|
&

\ Y
detect .
overlap .

Local Shape Matching:



Ingredients

sou rcN
|

)
detect .
overlap N

Local Shape Matching:



Ingredients

source

~

detect - :
' correspond
overlap N

/

Local Shape Matching:



Ingredients

source

R i

detect —
correspond i
overlap N

)

Local Shape Matching:



Ingredients

source

N
{ detect } . {correspond
overlap

)

Local Shape Matching:



Ingredients

registration

target
detect |
{ — } ' {correspond} ' [ deform }

Local Shape Matching: 8




What's so difficult?




What's so difficult?




What's so difficult?

Local Shape Matching:



What's so difficult?

deformation

detect —
correspond deform
overlap
Wy

Local Shape Matching:




What's so difficult?

Local Shape Matching:



What's so difficult?

detect —
correspond deform
overlap
Wy

Local Shape Matching:




What's so difficult?

\ ambiguity

—~ W

Local Shape Matching:



What's so difficult?

Local Shape Matching:



What's so difficult?

N

/_f\ _/\/\ /ncompleteness
overlap
Y

Local Shape Matching:




What's so difficult?




What's so difficult?

N

o~ AV

N ;

{ detect ' {correspond '
overlap

/

Local Shape Matching:



What's so difficult?

"
/\,\/\

~

A

{ detect ' { correspond '
overlap

/ /

Local Shape Matching:



What's so difficult?

scattered
source

~

{ detect ' { correspond
overlap

/ /

Local Shape Matching:



What's so difficult?

"
/\,\/\

~

A

{ detect ' { correspond '
overlap

/ /

Local Shape Matching:



What's so difficult?

N

incomplete

correspondences

N 1 & ’
i | o |
overlap
/ / |

Local Shape Matching:



What's so difficult?

incomplete

correspondences

~

deform

{ detect ' . { —
overlap

/

/ |

Local Shape Matching:



Challenges

detect

correspond deform
overlap

Local Shape Matching: Non-Rigid Registration



Challenges

correspond

detect

deform
overlap

Local Shape Matching: Non-Rigid Registration



Observation

L correspond }
detect
[ — } E deform }

Local Shape Matching: Non-Rigid Registration



Observation

L correspond }
detect
[ — } E deform }

Local Shape Matching: Non-Rigid Registration



Observation

correspond }
helps

detect
[ — E deform

Local Shape Matching: Non-Rigid Registration



Observation

L correspond }

helps helps

detect
[ — } E deform }

Local Shape Matching: Non-Rigid Registration



Observation

L correspond }
detect
[ — } E deform }

Local Shape Matching: Non-Rigid Registration



Observation

correspond
detect
- e
overlap

Local Shape Matching:



Observation

correspond

detect
deform
overlap

global optimization via local refinement

Local Shape Matching:



Iterative Global Optimization

[ correspond }
detect
overlap

Local Shape Matching: Non-Rigid Registration



Iterative Global Optimization

[ correspond }
detect
overlap

Local Shape Matching: Non-Rigid Registration



Iterative Global Optimization

[ correspond }
detect
overlap

Local Shape Matching: Non-Rigid Registration



Iterative Global Optimization

[ correspond }
detect
overlap

Local Shape Matching: Non-Rigid Registration



Iterative Global Optimization

[closest point}
detect
overlap

Local Shape Matching: Non-Rigid Registration



Iterative Global Optimization




Iterative Global Optimization




Iterative Global Optimization

{closest point}
{ pruning }
[ deform }

Local Shape Matching: Non-Rigid Registration



Iterative Global Optimization

A

—

[ deform }

/ }

|
I

Local Shape Matching: Non-Rigid Registration



Iterative Global Optimization

[closest point}
E pruning }
[ deform }

Local Shape Matching: Non-Rigid Registration



Iterative Global Optimization

[closest point}
E pruning }
[ deform }

Local Shape Matching: Non-Rigid Registration



Iterative Global Optimization

[closest point}
E pruning }
global
optimization

Local Shape Matching: Non-Rigid Registration



Iterative Global Optimization

[closest point}
E pruning }
global
optimization

Local Shape Matching: Non-Rigid Registration



Iterative Global Optimization

[closest point}
E pruning }

global
optimization

converges!

Local Shape Matching: Non-Rigid Registration



Iterative Global Optimizatio

closest point}
pruning }

global
optimization

no
converges!

/ﬁ/ﬁf—\j

Local Shape Matching: Non-Rigid Registration



Iterative Global Optimization

[closest point}
E pruning }

global
optimization

no
converges!

Local Shape Matching: Non-Rigid Registration



Iterative Global Optimizatio

closest point}
pruning }

global
optimization

no
converges!

/ﬁ/ﬁf—\j

Local Shape Matching: Non-Rigid Registration



Iterative Global Optimization

[closest point}
E pruning }

global
optimization

@
relax
stiffness

Local Shape Matching: Non-Rigid Registration



Iterative Global Optimization

[closest point}
E pruning }

global
optimization

no
converges!

stiffness

Local Shape Matching: Non-Rigid Registration



Iterative Global Optimization

[closest point}
E pruning }

global
optimization

no
converges!

stiffness

Local Shape Matching: Non-Rigid Registration



Iterative Global Optimization

[closest point}
E pruning }

Robust
\ Non-Rigid ICP gobal }
optimization
| - .. yes
\ Nt _ relax
’) J \ stiffness

Local Shape Matching: Non-Rigid Registration



Iterative Global Optimization

Robust

Non-Rigid ICP

\\

J

N

—>{closest point

v

~
E pruning
/
global
optimization

converges!

yes

relax
stiffness

<

no

Local Shape Matching:



Deformation Model

Local Shape Matching:



Deformation Model

Embedded Deformation

Local Shape Matching:



Deformation Model

Embedded Deformation

incomplete scan

Local Shape Matching:



Deformation Model

Embedded Deformation

incomplete scan

Local Shape Matching:



Deformation Model

[ Embedded Deformation ]

incomplete scan

high-resolution

Local Shape Matching:



Deformation Model

Embedded Deformation

incomplete scan

high-resolution

Local Shape Matching:



Deformation Model

Embedded Deformation

incomplete scan

high-resolution

Local Shape Matching:



ion Model

Deformat

— (@ 2
C
0
= _C
o C o
= E ©
O o O
= 5
o) o)
[ S
o
(M)
o | Y,
2
e
s x -
= Y e,
LLI O 5
O 0O
o 9
€ £
S ©
\ y S _c

A& .

N
VA%

(ALY
ANV

%
A/

<N/
= \ y "m"m
RNV NN
A% LAV
\/

" T

- <3

A

-,
S

-
©)
=
(4°)
—
)
A
(@)
)
oc
2
A2
T
-
®)
Z
g
=
-
)
=
4°)
p=
)
Q.
©
-
Vg
©
9
@)
—




ion Model

Deformat

Embedded Deformation

deformation

graph

incomplete scan

A

high-resolution
unknown warp

VAVAY

N
/N

'éﬁm
NN/

AN

%
NPRKU

<]
AY

e Aw“ahaﬂ»)%.rwAw\w KN
&1)/4 VAN \

N

A

TN/ NN
SCRPLY
i A

%

-,
S

-
©)
=
(4°)
—
)
A
(@)
)
oc
2
A2
T
-
®)
Z
g
=
-
)
=
4°)
p=
)
Q.
O
-
Vg
©
9
@)
—




Deformation Model

9 [ Embedded Deformation ]
B 4 A
incomplete scan .
KA deformation
7750 raph
-' ;‘/2”‘*;,&3 high-resolution
DRI - »
LRl

74
i
/\

A
S

974\
/

unknown warp

ér‘
v A
<
p
g
\J
X

AN
S

K
x5
X

%%
N

<
N\

<

<I\]
=
/1N

AN
e

/1N
N/

incomplete match

D

Local Shape Matching: Non-Rigid Registration



ion Model

Deformat

Embedded Deformation

/)
\ ~.
AN

Al vo\.l.. 'y

A

% ¥
K

-
o
i

S ..Awuq AN
R
SN
AR\ N AV

INK

N A a
C
S O
(- ..nlu )
e, > ©
e * m—
S o5 g 2
E O o 0o
O O o __
Q Y O
o) T O
o 9
T O
A Y,
5
C -—
5 5§ £ @
(7p] — O m
g 2 > 9
© o c o
o O 3 o
5 £ £ 5
O o £ O
= c =) =
BER
A
ALK
NNy
A ATAT
RO

-
©)
=
(4°)
—
)
A
(@)
)
oc
2
Aol
T
-
®)
Z
g
k=
-
)
=
4°)
p=
)
Q.
O
-
Vg
©
9
@)
—




ion Model

Deformat

Embedded Deformation

deformation

graph

incomplete scan

o ~ o
VA AVAVAN I\
z N e\

2 .

;

high-resolution

#.w..; .Auw.wﬁ. T\
B S VA 4\

detail preservation
global consistency

\

s

-

Vi
N/
NN/

AL/

\/
A

A

N
/NN

|
A%

/|

SAVAV)

unknown warp
incomplete match

|/

<IN/IN
NRPXIK
ININPRY
LN
N/ NN

-
©)
=
(4°)
—
)
A
(@)
)
oc
2
Aol
T
-
®)
Z
g
k=
-
)
=
4°)
p=
)
Q.
O
-
Vg
©
9
@)
—




ion Model

Deformat

Embedded Deformation

...u-- “

~\
<]
"\
o
\J

oW
</

D\ 4 )
C
0 mv,
- ..nlu .
2 S
t © mmmm
O Im % m
€ © 8 5
O O 5 O
e
) o =
O 5 3
o O
o O
Yy @ y
5
n e
S o Q o
9 2 3 o
o m - %
5 & 2 £
S © £
. = = e
REER
: A“‘k’ &
COKDKORINE
X < m'lv %)
AN X
KENPRD

<]

Linear Blend Skinning

-
©)
=
(4°)
—
)
A
(@)
)
oc
2
Aol
T
-
®)
Z
g
k=
-
)
=
4°)
p=
)
Q.
O
-
Vg
©
9
@)
—




ion Model

Deformat

Embedded Deformation

-

0

T 5

€ O

O O

Q

R
S -
A 2
() =
0 o
o O
=S
S or
S c

c >
(@)
2 g
w.m
5 5
anC
-
o O
O 0O
Y
-
L
Q o
o £
> g
c 3
o
C E
S 0
Y
nC
>  .£

Linear Blend Skinning

-
©)
=
(4°)
—
)
A
(@)
)
oc
2
Aol
T
-
®)
Z
g
k=
-
)
=
4°)
p=
)
Q.
O
-
Vg
©
9
@)
—




ion Model

Deformat

Embedded Deformation

-

0

T 5

€ O

O O

Q

R
S -
A 2
() =
0 o
o O
=S
S or
S c

c >
(@)
2 g
w.m
5 5
anC
-
o O
O 0O
Y
-
L
Q o
o £
> g
c 3
o
C E
S 0
Y
nC
>  .£

Linear Blend Skinning

-
©)
=
(4°)
—
)
A
(@)
)
oc
2
Aol
T
-
®)
Z
g
k=
-
)
=
4°)
p=
)
Q.
O
-
Vg
©
9
@)
—




Deformation Model

Local Shape Matching:



Deformation Model

Local Shape Matching:



Deformation Model

Local Shape Matching:



Deformation Model

Local Shape Matching:



Deformation Model

Local Shape Matching:



ion Model

Deformat

>
_/

detail preservation
global consistency

y
\

% R R
ANE R
< / @g_x..ﬁ_ S
st Sidenii
s S
G S
D G ANRRR B 0

< VR e R

; ‘ﬁ&vxm! e2 g..ﬁ\..vn.. &mew gy

1 gy VAN TR AR A
S R Y s 2 e
WV R o

Ay AV B RN
~ AV A@Wrﬂﬂvam« s s

T v o
<P

-
©)
=
(4°)
—
)
A
(@)
)
oc
2
Aol
T
-
®)
Z
g
k=
-
)
=
4°)
p=
)
Q.
O
-
Vg
©
9
@)
—




ion Model

Deformat

>
_/

detail preservation
global consistency

y
\

% R R
ANE R
< / @g_x..ﬁ_ S
st Sidenii
s S
G S
D G ANRRR B 0

< VR e R

; ‘ﬁ&vxm! e2 g..ﬁ\..vn.. &mew gy

1 gy VAN TR AR A
S R Y s 2 e
WV R o

Ay AV B RN
~ AV A@Wrﬂﬂvam« s s

T v o
<P

-
©)
=
(4°)
—
)
A
(@)
)
oc
2
Aol
T
-
®)
Z
g
k=
-
)
=
4°)
p=
)
Q.
O
-
Vg
©
9
@)
—




ion Model

Deformat

[ Erigid ]

2N
_/

detail preservation
global consistency

y
\

BLLRRS

ol

-m.
ﬁb«mv % ST
AR A
.xﬁmm.wfmwﬁﬁm
SEERREN,, S
mmﬂﬁmlﬂ%f- SANRIT
A O SN S U NS
o e
NS

C
©)
-
O
—
o
A
(@)
)
oc
0
RS
o
C
®)
Z
g
£
i
O
)
4®)
=
)
Q.
qe)
i
V)
©
O
@)
—




ion Model

Deformat

[Erigid ] [Esmooth]

%mﬂwr RS
SIS IR R
R SRR SRR
K SAVa RO

2N
_/

detail preservation
global consistency

y
\

- um\, nAV \ﬁ .MW?.AW._

ol

Pio s
RN
@%nﬁ.@% 7T
r&“ £\ ?k@ﬁ%ﬁ?f -
||md.% e .@.WA‘N&.@&%W:
Eavave 7y

AN 3 _
SRR i

\Nb 4

N A T
SO e b o

VA oAﬁ%ﬂ»ﬂ»@\ %%Mﬁmkwr

C
©)
-
O
—
o
A
(@)
)
oc
0
RS
=
C
®)
Z
g
£
i
O
)
4®)
=
)
Q.
qe)
i
V)
©
O
@)
—




Non-Linear Energy Minimization
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Non-Linear Energy Minimization

Etot — (Eplane ] —I_apoint [ Epoint J +arigid ( Erigid ] _I_asmooth[Esmooth]

non-linear least squares minimization Jacobian is sparse
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that’s it!
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Synthetic Model

Elephant (329 nodes, 21k vertices)

Source
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Comparison to Ground-Truth

Comparison to Ground Truth

Registration Correspondence Error
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Comparison with other N-ICP

[Pauly et al."05] [Pottmann et al.’06]
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Digital Face Cloning (scan-to-scan)
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Digital Face Cloning
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Digital Face Cloning

data provided by Paramount Pictures and Aguru Images
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It's pretty robust

Caesar Data Set —Test with Michael Black
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It's pretty robust

custom scan

Caesar Data Set —Test with Michael Black
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It's pretty robust

Caesar Data Set —Test with Michael Black
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Application: Statistical Database

Caesar Data Set —Test with Michael Black
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Application: Statistical Database
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