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Motivation

‘Facial-expression’ data obtained from motion capture:

Applications

Segmentation on the mesh sequence provides a solution to the above

applications.
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Compression.
Shape query.

Motion recognition.
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Final_GL.mov
Media File (video/quicktime)
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Related works
Temporal segmentation / Spatial segmentation

Spectral clustering Region growing Learning
@ [Sattler et al.]’05 @ [Lee et al.]'06 @ [Kalogerakis et al.]'10
@ [Kalafatlar et al.]'10 @ Per-frame based @ [Benhabiles et al.]'11
@ Entire sequence @ Ground-truth sets
@ Not dynamic mesh
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Related works
Temporal segmentation / Spatial segmentation

Spectral clustering Region growing Learning
@ [Sattler et al.]’05 @ [Lee et al.]'06 @ [Kalogerakis et al.]'10
@ [Kalafatlar et al.]'10 @ Per-frame based @ [Benhabiles et al.]'11
@ Entire sequence @ Ground-truth sets
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Objectives

@ Temporal segmentation of mesh sequence.
@ Spatial segmentation within each temporal segment.

@ High-level representation of mesh sequence.
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Tempo-spatial segmentation of mesh sequence

Temporal |::> Spatial |:> Tempo-spatial
segmentation segmentation cluster graph

Overview of our approach.

Prc-pmccssingw [ >

Temporal segmentation

@ Maximizing within-segment frame affinities.

Spatial segmentation
@ Deformation based.

Tempo-spatial cluster graph
@ Devising a high-level representation of mesh sequence.
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Pre-processing

Pre-processing

Temporal

Spatial Tempo-spatial
segmentatinnw :> segmentation L_—:>
5 :
@ Input data

‘rest shape’

@ Geodesic distance:

- B
o Deformation feature descriptor: Triangle-based strain
» Triangle pair

] .
) & ¢

» Averaging 9-pair of vertex-distance
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Pre-processing
. N
— Temporal :> Spatial :> T -spatial
m ’—,V/ a0 @
~_ | o N

@ Input data

@ Deformation feature descriptor: Triangle-based strain

Triangle-based strain approximated by using linear gage rosettes.[Seo et. al]'12
@ Geodesic distance:

» Triangle pair
» Averaging 9-pair of vertex-distance
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Frame affinity

- ’—> L e

segmentation

W I::> seglslre:t::iion
Frame affinity A¢(p,q), p,g=1,..., M

Tempo-spatial
cluster graph

sP = (sP,...,sh)T, s% = (s].
A¢(p, q) = exp(—0.56?
eM:Number of frames,

o N:Number of triangles,

osl.P:The strain of the i-th triangle in the p-th frame.
Guoliang LUO (GLUOQunistra.fr)

Tempo-spatial Segmentation of Mesh Sequence



Frame affinity

- ’—> L e

segmentation

W I::> seglslre:t::iion :
Frame affinity A¢(p,q), p,g=1,..., M

Tempo-spatial
cluster graph

sP = (s

s fr Al |f“I

eM:Number of frames,

seers) T, 89 = (57, sh)T

Af(p; q) = exp(—0.567 || sP —s9 |2 )

o N:Number of triangles,

osl.P:The strain of the i-th triangle in the p-th frame.
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Frame affinity

-

e S
Frame affinity A¢(p,q), p,g=1

Spatial

segmentation

, M:

:> Tempo-spatial
cluster graph

ST AR IfM
P

= (va

SN)T Sq - (S]c_’, .
Af(p, q) = exp(—0.507 || sP — Sq H2 )

eM:Number of frames

o N:Number of triangles
7

su) "

esP:The strain of the i-th triangle in the p-th frame
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Average frame affinity

- ’—> L e

segmentation

|::> Spatial :> Tempo-spatial
segmentation cluster graph
N - I

Average frame affinity As(p, ) within subsequence [p,q]:

L I & &
Seni1 sy Ar(nm)
AS(P, q) = (q_zl_;_l).(g_p)/g P <q.
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Average frame-affinity matrix

Tyt l :D Spatial =

segmentation segmentation ke

Apg)

r

An example of As(p, q) in an average frame-affinity matrix.
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Temporal segmentation
Pre-processing ‘4“\/\ ‘ Temporal |:r‘\> Spatial ) 4'\\/ Tempo-spatial
V" | segmentation 4 segmentation — cluster graph

Algorithm 1: TempSeg(Ip A1, 1)
Init: Iz=[], =1, =M, A,
1 L=I-I,+1
for /=L to 1 do
o° for p=1to L-I+1 do
Acaun(P)=A(p,p+I-1)
end for
07 [Asman plmmax(Ag g,)
if As»max>p0 then
06 Iy= I3 p]
q=p+I-1;
0s TempSeg(I,As1ip-1)
TempSeg(IpAy,q+1,1,)
Break
end if
end for
Return: I

100 200 300 400 500 600 700 800 900 1000

(g) Average frame-affinity matrix.
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Temporal segmentation
Pre-processing ‘4“\/\ ‘ Temporal |:r‘\> Spatial ) 4'\\/ Tempo-spatial
V" | segmentation 4 segmentation — cluster graph

Algorithm 1: TempSeg(Ip A1, 1)
Init: Iz=[], =1, =M, A,
1 L=I-I,+1
for /=L to 1 do
o° for p=1to L-I+1 do
Acaun(P)=A(p,p+I-1)
end for
07 [Asman plmmax(Ag g,)
if As»max>p0 then
06 Iy= I3 p]
q=p+I-1;
0s TempSeg(I,As1ip-1)
TempSeg(IpAy,q+1,1,)
Break
end if
end for
Return: I

100 200 300 400 500 600 700 800 900 1000

(i) Average frame-affinity matrix.
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Temporal segmentation

=
Pre-processing | [ >

Spatial

Temporal I:‘f\>
segmentation / segmentation

100 200 300 400 500 600 700 800

900 1000

(k) Average frame-affinity matrix.
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4'\\/ Tempo-spatial
L cluster graph

Algorithm 1: TempSeg(Ip A, L, 1;)

Init: Iz=[], I,=1, =M, A,
L=I-I,+1
for =L to 1 do
for p=1to L-I+1 do
Acan(P)=A(p,p+I1-1)
end for
[Asman plmmax(Ag g,)
if Aqma>po then
Ig= I p]
g=p+I-1;
TempSeg(Is A, I1,p-1)
TempSeg(IpAs,q+1,1,)
Break
end if
end for
Return: /
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Temporal segmentation
Pre-processing ‘4“\/\ ‘ Temporal |:r‘\> Spatial ) 4'\\/ Tempo-spatial
V" | segmentation 4 segmentation — cluster graph

Algorithm 1: TempSeg(Ip A1, 1)
Init: Iz=[], =1, =M, A,
1 L=I-I,+1
for /=L to 1 do
o° for p=1to L-I+1 do
Acaun(P)=A(p,p+I-1)
end for
07 [Asman plmmax(Ag g,)
if As»max>p0 then
06 Iy= I3 p]
q=p+I-1;
0s TempSeg(I,As1ip-1)
TempSeg(IpAy,q+1,1,)
Break
end if
end for
Return: I

100 200 300 400 500 600 700 800 900 1000

(m) Average frame-affinity matrix.
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Initial segmentation

‘:> Spaml |::> Tempo-spatial
L segmentation cluster graph

Correlation clustering ([Bagon et. al]'11) Algorithm 2: Adaptive-label ICM
Tnit: /=1, i=1,... n, L=1, A,
.. repeat
Z A, iy=a for i=1 to n do

for /=1 to Ldo

i n
A=) AG)
j=1
end for
if VA; < 0 then
L=L+1

Ii=L
- —— else
Triangle affinities (A s o =max(A)
.. 1=l
VI,_/:].,...,N, end if
linearly end for

. . ., GKF .. a7
dIStG(I,_]) — A/t(l,_]) lescals At( 7J) until L is unchanged
’ return /;, i=1,...,n
where A,(i,j) € [0 1] and A¢(i,j) € [-1 1].

v
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Initial segmentation

‘:> Spaml |::> Tempo-spatial
L segmentation cluster graph

Correlation clustering ([Bagon et. al]'11)

N N
DA ) Al
= =1

2\

Triangle affinities

Vi, j=1,...,N,
linearly

. . GKF  .r,. .
d’StG(’aJ) — At(’:./) rescale At( 7./)
where A(i,j) € [0 1] and A:(i,j) € [-1 1].

Algorithm 2: Adaptive-label ICM

Init: /=1, i=1,..,n,L=1, A,
repeat
for i=1 to ndo
for /=1 to Ldo

A= Ay
j=1

end for
if VA; < 0 then
L=L+1
I=L
else
[Armax bnax]J=max(A;)
[i=lar
end if
end for
until L is unchanged
return /;, i=1,...,n

v
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Initial segmentation

‘:> Spaml |::> Tempo-spatial
L segmentation cluster graph

Correlation clustering ([Bagon et. al]'11) Algorithm 2: Adaptive-label ICM
Tnit: /=1, i=1,... n, L=1, A,
repeat
ZA((:;)I A<OZA((u)1 <0 for i1 to1do

for /=1 to Ldo

n
Q‘ A=) AG)
j=1
end for

if VA; < 0 then

L=L+1

Ii=L

. . T else
Triangle affinities (A s o =max(A)
1=l
Viaj:17"~1N7 end if
linearly end for

. . ., GKF .. a7
dIStG(I,_]) — A/t(l,_]) lescals At( 7J) until L is unchanged
’ return /;, i=1,...,n
where A,(i,j) € [0 1] and A¢(i,j) € [-1 1].

v
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Initial segmentation

‘:> Spaml |::> Tempo-spatial
L segmentation cluster graph

Correlation clustering ([Bagon et. al]'11) Algorithm 2: Adaptive-label ICM
Tnit: /=1, i=1,... n, L=1, A,
ZA‘(l")'l‘A > ZA‘(”)'I re%::t‘:l tondo

for /=1 to Ldo

A= Ay
j=1

end for
if VA; < 0 then

L=L+1

Ii=L

. . T else
Triangle affinities (A s o =max(A)
1=l
Viaj:17"~1N7 end if
linearly end for

. . ., GKF .. a7
dIStG(I,_]) — A/t(l,_]) lescals At( 7J) until L is unchanged
’ return /;, i=1,...,n
where A,(i,j) € [0 1] and A¢(i,j) € [-1 1].

v
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Initial segmentation

‘:> Spaml |::> Tempo-spatial
L segmentation cluster graph

Correlatlon c|uster|ng ([Bagon et. aI] 11) Algorithm 2: Adaptive-label ICM
N N Init: /=1, i=1,..,n,L=1, 4,
ij i repeat
IZ]A((!, Dy=a > ;At(;, Py=s e i1 (o ndo

for /=1 to Ldo

A= Ay
j=1

end for
if VA; < 0 then

L=L+1

Ii=L

. . T else
Triangle affinities (A s o =max(A)
1=l
Viaj:17"~1N7 end if
linearly end for

. . ., GKF .. a7
dIStG(I,_]) — A/t(l,_]) lescals At( 7J) until L is unchanged
’ return /;, i=1,...,n
where A,(i,j) € [0 1] and A¢(i,j) € [-1 1].

v
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Deformation-based merging

‘:> Spatial |::> Tempo-spatial
segmenmtlon cluster graph

Initial segmentation
correlation binary
clustering Iabelmg
E—

Deformation-based merging

Average deformation of spatial cluster L, in the k-th temporal segment,
deform(c) — Zrelewndizte 1,

Q¢
Threshold,
ZPE[Pk’qk] |s|

ps(k) = w - deformk = w - S
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Post-processing

*: > |:> Spatial |:"> Tempo-spatial
segmentation cluster graph
-

m %ﬂ

R

Spatial segmentation on the 10-th temporal segment of 'Facial-expression’ animation.
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Tempo-spatial cluster graph

= a8 &
TSCG
@ Graph representation
@ Relaxed correspondence
@ Transfer ratio

| B
y N
Qe
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Tempo-spatial cluster graph of the ‘Facial-expression’ animation.
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Tempo-spatial cluster graph

= =

TSCG
o Graph representation

@ Relaxed correspondence
@ Transfer ratio

4 F |
(S \\/ 4
\\ 874 4
.'o ..~
@ [}
[ 4 4

Tempo-spatial cluster graph of the ‘Facial-expression’ animation.
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Tempo-spatial cluster graph

= =
TSCG
@ Graph representation
@ Relaxed correspondence
@ Transfer ratio
4\ F (
0} { S N\ -~
L\ 87 \ /{ .
L] ° . .. [ ]
) [ ]
L 4 L ]
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Tempo-spatial cluster graph of the ‘Facial-expression’ animation.
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Tempo-spatial cluster graph

= =
TSCG
@ Graph representation
@ Relaxed correspondence
o Transfer ratio
o) b /
m (s \ 4
Y & /
¢ * ® Q. ?
@ ]
®

@
075,
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Tempo-spatial cluster graph of the ‘Facial-expression’ animation.
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Tempo-spatial cluster graph

- =
TSCG
o Graph representation
@ Relaxed correspondence
@ Transfer ratio
o) F
0 { \ e N\ -
Y \ y
o
@)
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Tempo-spatial cluster graph

- -
cluster graph

TSCG

o Graph representation

@ Relaxed correspondence

@ Transfer ratio

»
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o
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Results

Timing
Time| size Pre- Temporal Spatial
(sec) | # # processing | segmentation | segmentation
Data triangles | frames
Facial 286 1098 | 7.68 347.15 065
€xpressions
Galloping horse | 8420 48 572.44 0.26 218.89
Walking woman| 8590 279 656.82 11.14 228.64

Segmentation timings of animations.
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Results

Tempo-spatial segmentation

eyebrow

rest shape i anger neutral neutral fear neutral sadness neutral
RH-LH
rest shape RF LF RF-LH RELF
®
1 |:>
rest shape swing dance wzmg swing lum 2 tumn_3 tum_4 stance

RS AR AE

(a) ‘Facial-expression’ animation, (b) ‘Gallop-horse’ animation (RF: right fore, LF: left fore, RH:
right hint, LH: left hint.), (c) ‘Walking-woman’ animation.

The complete results

v
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Final_GL.mov
Media File (video/quicktime)


Conclusions

@ We have introduced a method for temporal segmentation of mesh
sequence.

@ We develop geometric segmentation of mesh sequence.
@ We devise an abstract representation of mesh sequence.

@ Our segmentation results faithfully reflect the movements in the given
mesh sequence.
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Future works

Improving of the relaxed correspondence algorithm.

Comparison with other segmentation works.

o
o
o Consistent segmentation.
@ Shape query.

o

Compression of animations.
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Discussions

Evaluation of d,

)

) 6s=0.1 (p) 8s=0.15 (q) 8s=0.2 (r) 6s=0.3

MMM

(s) w=0.3 (t) w=05 (u) w=0.7 (v) w=0.9

Evaluation of w

v
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