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Fast Planar Shape Deformation using a Layered Mesh
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Abstract

We present a trade-off technique for fast but qualitative planar shape deformation using a layered mesh. We construct a layered
mesh that is embedding a planar input shape; the upper-layer is denoted as a control mesh and the other lower-layer as a shape
mesh that is defined by mean value coordinates relative to the control mesh. First, we try to preserve some shape properties
including user constraints for the control mesh by means of a known existing nonlinear least square optimization technique,
which produces deformed positions of the control mesh vertices. Then, we compute the deformed positions of the shape mesh
vertices indirectly from the deformed control mesh by means of simple coordinates computation. The control mesh consists
of a small number of vertices while the shape layer contains relatively a large number of vertices in order to embed the input
shape as tightly as possible. Since the time-consuming optimization technique is applied only to the control mesh, the overall
execution is extremely fast; however, the quality of deformation is sacrificed due to the sacrificed quality of the control mesh and
its relativity to the shape mesh. In order to change the deformation behavior and consequently to compensate the quality sacrifice,
we present a method to control the deformation stiffness by incorporating the orientation into the user constraints. According to
our experiments, the proposed technique produces a planar shape deformation fast enough for real-time applications on limited
embedded systems such as cell phones and tablet PCs.

9= FAHY, B oA A A5, WY Ao

Keywords: shape deformation, deformation energy optimization, deformation control

BE3d @ 2011,07.25 / AAY 2% 2011.08.26 / AABTAY : 2011.08.29
-43 -



1L A&

HZ AgA AR = lZ(UCC User Created Contents) % £-2]
A HT ol Be AR ES 252 93 o Ad v
oo e oo tﬂra}’\ Aut AR AER RpAlThe) A S
B2 O}H}E}(avatar)a wh t ZLA) (posture) & 713}
ek 22 2k AL A
F 7ol RF8lo of
] ot dulA o 2 A}
&& A% o) Bgen

g

; mln
N !-J
ri

rEL
0
»31@

rlo i rl
o
X ok
>
il
AL
ﬂJ

IE
%‘(motion)% b ‘_T'S]-%

)

oote o o=
| i el

N
rl o
N
N
=2,
>
ot
rlo
{3
X

o
*3
oX
o
N
2
Ir
oX
p
L
i
>

.,4
0

AL, 2, 317} o) &
EEEEER EL R
ﬂﬂ‘ﬂﬁWﬂiLQQ%

:£&$EH>OPOLN1H_&L1

er

A2 A Eo2 RSt oo Ao 80 EREEER
S HENEARAG AL FFHE YA S A S 2
ojtt. My o] A3 A= =24 FH W3 (surface deformation)
&7} ¥ 3(space deformation) 7] 0. & }Ro] B 2= g}
(4. T8 9 719 WH A EX ALY SAS HEE
FAIA 48 A o3 AR AL A3 F 7)ol H & g
S THeA ul AHY AHNE ALY 0 WY P
B EUN TS AL HYSn, WYy oy
B ARHeE Yo wd g wied Qe 29 A3 7y
S FaHA NPT P4 HY Fox & FAFHE FA
oo, F7WH 7PHE Aate] tddte] 8 St wa
3ol Ak

229 HAF AEE S8 Hopo] S A HHY AR} A
AR om Heeig)of Shl, AL AR SRl 5T A
= wE ¢ £5 8 A of shrh w3 3 xzrow
B4 A AHE 2ET 5 Yojok AR} R 2
Hol| A thFst B4 4A A& 5 gk o]#E 87
242 ME AEEE Bxo)7| dl o, 4 A3 A7
#9488 540 o2 ﬂ“ﬂ%ﬂﬂ%%%@mm

@ﬁﬂﬂ#ﬂ“%ﬂﬁi%é4ﬂﬁéﬁéﬁ%¢°s
W 5d S= FAN meAE YL AAT ) oy
A B BAR AN 28 S5 ol 249

Y & 4

HE AL FAE Bole g PP o 4EHE B
EE 0|77 A3t ‘—‘?‘Eﬂ gt

Ferd e 71ee] 29 9E 713 el A AHg-she ul4
s HA3e] AF AR 208 N2, MY A A5 F
o AHRHE P V5 M A WE £ &
HolWNE A Z4A EAL nad A0 525w
B Ay 7EE Aet A4 JEsE 23y 34

Aare)

e orfe

b

°|
oo

i o

&
2
£

ol Ao 40 AR A ow THH W4 E AT, A
82 9ol mebd B9 9Y 71PelA A B4 0
NUA HA8E o] g3t G4 WHBTH 0P AW
e ARE B2 WY AEe) T AW ATE A,
ﬂﬁﬁNAWTﬂﬁﬂai‘ﬂﬂ@%%Q@@23¥
wou)}

O

4

s e

63"“34“3-43 ‘?‘iﬁo HY FHEE 45
(trade-off) ¥k FH o 2 Age] FAE IA 4N 7A od
A L= E A golnh of& ¥ 7S W 1Y VHiE
2], Ay F4E Aofdtr] g3 s s 4A 24
A= WL A &
4

EY AP qNURAE g4 AL 540
3} (gradient field) 2.7 A o)l 22 HE
s, 6] AHEAE B o] R E f X FH(guidance field)
Zatil A A3 Y& AR S] AARAE B T
e A75
geo
o

o v

it

b

>mm§Jw

do i 1o & B oo AN B oMy BN (o (R

o

o U oy
i 3o,
)

D ooy o

ofl B

e o nz
i—".
o 2 5

o
- L
ﬁé‘«ﬂ IR

o
ox

i—";
o
to,

Rl
o
&
o
2
N Tl
X
o

LEHAQ'“A%Q%GX
et g H g3g o
Wyos W Wy %ﬂle@TﬂA}
Ho g Wy 475 AEs A A AR T+
BE3H7) oj g
Igarashi 51112 W] 9]l B 2] Alo]H & R A 31 2219
FAE AgA7IE BE S A w4 99 AE Ao
0.2 deste] AHER Yo whekA] o] FAZ| T AR R
AAZH A g2 A5 AL W, Wstst= 4A3P 9 27
W3S H 43k F A3 EAE AP R A EAZ WEsElo
et vy EAE Ay slete] s Aok FA A 2
Al(suboptimal)®] 235 4A Aok AFH < Z3lo) o
A0 e L7 st 2UR AR LD S HE A
NS Bo s A0 dEA Ytk Weng S22 &
Holl ghZ oAl HRET-S AL T B, o)A dAto] B F}
= Aol fFol 5t 9 Foll= 234 SE A G FHE, Y Hol =
B HFe} WAL dolE AR AR 91X Al =
A& 27135t v g Aok vdY Fa A5
43}ste] HH o 912

_,,
i_z“
il

T,

<

o
=
> RN
=

Ll

i}

_;

O

oL

i)
oo o 2

i

2]
YA

X
ﬁﬁ«

A =

e ECEEEEE e
%%}% YUE AN A2
o



By

oX ofo

to ot
Hp w2
NN

bt
ne
>,
D
o o
fru
]
ol
32 oo At of Ho

[ol
_|
o
r
2
o 1y

—

7}A1 32 @t} Schaefer 58] ¢]
(movmg least square method)— ]

ofy i
=)
N

2o
1A
v}
i}
rl

(N3
2
e
o 1 o
o>
£
Id

(e
_OJ
ﬁ
o
e
n:

2

OFO
o

:{o

}3;}7} ‘4%—«1 78 %] Xﬂ 5&%

2 8 A Zto] AAo|r}. o o=

(mean value coordinates)i= Y ¥hal ) 7 = 4 2} F (barycentric

coordinates)?] s}l = v}z )

ol g A4z 2T S gu A 39

S+ 2391 3 A(closed form)©. 7 T A% 11 2 Fr}ztae) 9 Ho

Ao M= ZxA7 Ak T} S48 92 o}

Zradof] thal A =4 A (locality) o] B o2 = & <

o} RiH ol 23} Z 3 (harmonic coordinates)=

el o £& Z4AE A Fele] 2L TRE A

ﬂﬂ‘jrﬂ% A A4S o 2R ST1). =
o) $7 MY B LR} RS HA

éﬂ%ﬂ@ﬂﬂ¢§§¢ﬁq%hﬁ

P
o,

i
I
SN E 2

to M o g

r
o to
oft T X Hd

o o
O>" rCI
otk O
o =
32

1o o
a
]

O

w
1—4

9499

2 EwolAE2atd 98 g4l et e 5 Aoz
+/35 Al o] W4 (control mesh) &} Atf & 0 7 We 220 A
L2 7449 34 o4 (shape mesh) & 24| = v 43 = 74 3}
ojm, B vl BE AFEY AN A Y AHS
of el B3k g AEste] 4rigoz w3
of w5l A cheFAQl HA W A4S A7) SHA 3
AR A2 AYF X & H 4387 9514 =) A
H A3 P L3 A vto 2 MEw Alof W4

RS e B vl BHe) FFY AEE HeEFow

BLé

s}

TR LAZ A T . @) Y
SEERSREEPEREEZE

2
!19

A Aol vl M, = (Vi, B9t 8
B M, = (V,, BB £33 242 & 748 ootk
Vet B(Vook BNy 27t Mu(M)el A3 2 HA F 5ol
Ve M8 fFAGsilhouette) S ©] R+ AFEY AT o
W& e A% Oy & vdh s R e wr*“
ol A oy, e AAsHe 0 Ao I R A O
dZet= A JE Qp, 2 7RG Al WS M9 f%
HH M g S I ES o143ty Y dale
FE =YHo2 7AE £ Yri(2,3] E =R 4L
gk AA 5] RHEFEE B2 o AH V.2 G4 ﬂﬂﬂ M,
£ A st Ao Uﬂ%‘% 4 UH%PJ K

o ARES AT 2

A, 9 019 Ao} o
~wﬂﬂﬂ4“3@€%ﬂmﬁ*
b‘ﬂ%]—nﬂﬁ xJzJ v; EVoﬂ .:Haﬂ/g
Aol W41 2l 47HE S 2 42
gxch o), §A W4 A v AH 4 .
o ek ol v, = 3, wi s 9 2ol BAE = WA o4 B
v BREGBE w27 2ol AR (9],

Hoox ml

y
)

4 4
ox
ol jﬂ,
= rE
ool
o>“

2 o
O

| lo
Lo
=
m[n

=
<
o

Wi, = e

28N
A — ta“(az 3/2)+tan(; 541/2)
ni T

s —vell ’

v Aol el 2k of ] g

Vij — it g1 —



HE = Al
MAY AR S AESel A4 A B A e
CF. ol ¥ ol 4 Weng 5] 94 W o]l A5 3 A8 -2
2ers)

27T (R ok A S AL Fa R 2] F2).

P, A o] g, A8 9 A Ao, 5V
¥ BN E R D R =3
AR A 2A0Z ARG FAF A

3]
Ao} wisl el AAE Veoll el o2 B4 A Y

2 9] 271 thek 4 x Vel — 0y, | +o] o} Weng 52 1] 417
# 4 A5 Al (nonlinear least squares problem)S 31 2 3}7] 9
A TR 2L WEA ek E YL g U

- k41 ky (2
i AV VR R, @

QW

Ve kA wh o 2 4
F1dA SR sty Qe e 9

Atk b(V.F e
ulc} A 4] of of gtk

VA = (AT AL ATH(VF).

33 FAWA A

B4 0 oV A 2 Ashe Alo) w4iel el AT e H o,
A3} 59 A 7-e B A9} 27]0) W E7] w2l Aol
o) AW 5o AF meA Bk 5 AR 27 6 A2
2% oA A A5 § w2l 2R9ch 2o 449 £
A AE B4 MR A4 BAL wheA FasA @
. ol@ A2 BA Ashe WA vl AR B R AES
wEgonA 93t

A
o] &-3}o] Ptk ol B3 A ZAE <]
AHo 7 HES S QTH[10].

AN AR
e BAelA

o o

LT

oo g
n

o

B
s
>
oo
>
N
N
2
oft

T

r

ﬂ

RS
=
2
B m

S
AV

el ok Ao v4 2
v; € Msol tiei A, &
Aol 30, wigui; = v & 2
A (39 FE Ce A8
¥

o oo

o g

o

E—%oﬁiﬁi
2 om e o

ooy 2

<
S
S

ST

B
WD
5

=

o

=
oo & oo
H o ro
kL o ot Sk
M

o
fru
=
é
2
>
30,
o
e 2
RON
Sv

g
g
m ook

o
o

O 2 oo Mo A o

o,
i
- =

M
o
Bl
Y
S

1%

5:
o

1% 3 & (weight matrix)
A g2 R FAY E

A W) A 2l

30 = g oo

0
o o

4

B HE 71el 7

ok
B

2

o 1k
o

avs

)

ol

o

I d
rir

» ok

Tt
[T

or

N

tN/ ot 1S
oft,
o g

o
2o
EVIRTTING-3
N *
ox N

4o Mo &

)
o

)
oo e 3
T
X nf

(E o flo
X
Ty
£
ai
o
N
N

o
bt
ot
of
oot & o
8]
T
v
o
ox

-0,
3 ©
ot o
ok
)

0:
g

§2

Iy

e

L
(RN
& 2

ol

o

oft

=2

[l o)

S

>

o

>

ol
NONE

=

)
o
g gt

2 48 [0 > Lo
3

=
o [

oo

N

i’;

o St
=

o 2

BN

™

lo

i

of.

>,

o

i)

2

- 46 -



Y3 P4 AF Aol () AHE@E
Ol%lxioi (b) A2} A ol 9] A3 =

Y4 HAte 53

)

SRR ES IOEEEE

A A9 /\}%Z]— Zﬂ?ﬂ% v;, (b) AR ALL2} Ao A 4,2 oA
mé‘é vy & AR Al 271 (0 A 2719 PR
AN vy, 8 violl ate] AAH W2 vk 8 A o] 5 3o
b‘:]/ﬂ-tﬂb‘ivq }\}_Q_;(} xﬂ ]_Z7~] o7 AL
S ¥ RN E Yang 53 2ol YA WY FAEE 2
AIEA ABAR Ao) 7} Ahsstr) A ALS A A AT
o B AT 2B BAES UL AT (29 30)
EES R B R P I o Ro: PYRESEY
AAS ol Aggown 59 ARl tal A AA Bl
Hel a2 22 4 9ok AR} A B A7yl hHNA 6,
W 3 A5 AA ol AFI FAE 0,8 BE 27y,
T AR 00 FABe] 09 AR AAE YA S}
(ZH4FR) 2 =Rl NS A AROR BE g,
o Allindex) & FZ Ao] F74813 A 9AF U F71a
o AT o2 Y AF 24 G4ste] 32704 7e
S A A3 S ag s AREE e Qth Yuld o7 A+ 73]
Aol qdole) Rl il by AT A H@

2l 7H(valence number)& 60] 27, c7} 2 7)of] A& H ALL 7}

AR FEe St o P Ao 27452 9 e 3
HHOZ 6 x co|th
4 28 A
2 =fdAx A¥g 938 PCQ4GHz quad core CPU,

2GBytes memory)$} EFE-#l PC(1GHz RISC CPU, 512MBytes
memory)# 7 ol A Ao} wl4i o]l sl Weng 52 4% 2=
3ol A 103] QrEA 7} E HH & A 23t Z A9 3
Rl Atel &3 P = 77k i £ AFR3 ] A A Arsk
T AA A o) AT HE5E SRS g

REL S L R R O P T

[

N,

o=
o=

B EH7] A% Al 28 59 & 194 AA S )
vl AR} e AlZE Bk Baek 204 Aol thF Ay
A 2 ZHrelative RMS errors) & H o] &rh 243 w4 & t
o YHEo) 278 el 29 %= Eo|W S A HL gl
o] A H o} IOBH ol A e} ATt =3 Alzbell A H A3} A 7bo|
A4 B vl F2 o2 90%olw FAF vl o) AR oA
BEHHEE 71]*}3}“ AL HA3 s ot JFH oz wh
2rh 24 % W4 § A }Zi—?—% /‘P*"L%} A %L F9-Rrh10
] o] A I ke 7 A A 9 A} a—]‘:ﬂ 20) ]"ﬂ'i
Z Vet B =R A A ¢}sl
el 717100 A AAIZE 430 7F
A - Bt

T =
PLT—LE

wn
Y

=
L

oA 2A1 5 HHE
A WA 9E o o8t
Aol Ml & & A
= Al W9 LEH
14 ]Xﬂ k:

°o]-&

A
fu

&)
Lo
&
i

fo}

mz& o
B o of B

Y

(t

o]

22

¢

o g

oz B

E &
h 2 3o

lo b

o B
L > T > 3
X g, fo |o

> ox o rlt
=
AN

o
24
nx
o=
o
o 24
>
2

%
r]r
0#‘-
rZ
o
N,

T ofl
flo iy
2

3

A

2 off
ro, ox
R oyl
Z
S
e
&
2
B
o
o2
ol
jin )
=2
1

i
2

0.

o
2}

bt

Moo rE ot
b o2 2 % ogh oo ok

£
o
£

i

o ¥ fol wx oSk to o N
I o e ¥ E W o of T

32 & jo 5
N Sofo r® o HuC

b

=
oo K
i) mln: rl,;‘
4 >
A

2 riu

>,

i)

2
e oL mlo

i

o,
o T oo

2
ok
L
rlo
>,
S
3

RS A u S = F RS RN T~ B (v 17
2
Y

2 g M

e

i

Ao

2

>

2

2 o
pu
lo

o
Tl
5N
ﬁ;
=
A
1o
oy
N

ba

=
tfo © >
M
flo
X

N
o %
i3}
)

2o

32

Be oy

> do (B X

=2,
=)
)
of
g
fijo
2
rlr
A0S
)
o
N
N
)
kg

2 6 Az) BA
o A& = Al

o] wo}
e =2 731}7]]

2=

A A7

=
b

l

[e3

o
N
ACH
o

=
ok
2,

44
oX
ok
o9
bl

A o

>

UE_EF_L,

L
frt
-
oX,
e
2o
x
2

oi‘io]

o

=
fo o
o o
m{oJLigﬂ

N

N

p

oX

©

i

o OF g (B 2
ok

o

M 2 2 o
~

o}‘l‘_&oﬂj},

of
o
1o
Ho
1

I8 o IR
ox
o
12
oZ
%
v
|
a4
(3

o
O 1 ol
=
£
o f
=
N2 o 4o & Ao

ooy ©

il

o Horlr
Riid
i)
E)
2

ool
o o ok o
[l
N
z |0
b o

B ogh pE

Hr e
W rx oo o X

=2
=
o
Y
{4
)

2ol o X
0.

X

o

)

[
oo 2
[N
ot ogh
o Hx
nzﬂ

éﬂ‘i
ok
ro, 32
oo
Z,
% w8 o
T o
T lo

ool do e wd o
f

e 2

[
e 2 @ oun do pd 1Y

-

oX,

o

14

)
N

)

oz
iz
z
o rir
fjo

2
>

BN

o

o o

(Ko oo
2 o

)
o
-

e oo

2 {yrfe do @ N o o oy m o)
-
N

9,

o o) 5}l

-47-



() (®) ®

@ & M

Q'
72 et

-48 -



54 \ W gE >3 &4 | 2.2
H@vcl \QVC \\ |Vs{ \GECQ ‘QEJ N, N, T, T.(POC) Tr(Tablet) \ - Epf €5 £
13 5b 71 53 440 71 227 702 248 699.13 0.16 31.57 1 0.021 0.071 0.041
a9 5¢ 142 298 0 142 1033 | 2946 880 62873.60 2.04 407.37 | 0.012 0.078 0.029
1% 5e 89 25 424 89 161 550 228 450.76 0.14 26.00 | 0.032 0.114 0.067
¥ sf 212 212 Q 212 845 { 2538 848 448291 1.61 27205 1 0.021 0.101 0.042
1.9 5h 62 32 355 62 155 498 188 283.72 0.09 19.62 | 0.028 0.153 0.068
I3 5§ 122 233 0 122 818 | 2396 760 26367.40 1.33 236.55 | 0.017 0.137 0.047
19 5k 37 27 420 37 115 358 128 83.63 0.05 10.28 | 0.058 0.221 0.121
1351 108 312 0 108 1041 | 2922 840 53857.00 1.93 370.84 | 0.044 0273 0.097
LY UEY 8 AT SN NE FE AY 3 A9 27)0l 1 1,3 T,= 242 AA ] Al ZHms)} 15 ¥hE 7
FRAZHmS). er €p, e 27 AR FE, ZA 9 714 Do, YR 7+ dolof et Ao A 2 XKrelative RMS errors).

[7

—

(8]

(10]

[1] T. Igarashi, T. Moscovich, and J. E Hughes, “As-rigid-as-
possible shape manipulation,” ACM Transactions on Graph-
ics, vol. 24, no. 3, pp. 11341141, 2005.

(11]
Y. Weng, W. Xu, Y. Wu, K. Zhou, and B. Guo, “2D shape

deformation using nonlinear least squares optimization,” The

Visual Computer, vol. 22, no. 9, pp. 653-660, 2006.
[12

[3] H. Guo, X. Fu, F. Chen, H. Yang, Y. Wang, and H. Li,
“As-rigid-as-possible shape deformation and interpolation,”
Journal of Visual Communication and Image Representation,

vol. 19, no. 4, pp. 245 - 255, 2008.

[4] D.Cohen-Or, “Space deformations, surface deformations and
the opportunities in-between,” Journal of Computer Science

and Technology, vol. 24, no. 1, pp. 2-5, 2009. [14]

[5] W.-W. Xu and K. Zhow, “Gradient domain mesh deforma-
tion: a survey,” Journal of Computer Science and Technology,
vol. 24, no. 1, pp. 6-18, 2009.

[6] O. Sorkine, D. Cohen-Or, Y. Lipman, M. Alexa, C. R&ssl,

and H.-P. Seidel, “Laplacian surface editing,” in Proceedings

-49 -

of the 2004 Eurographics/ACM SIGGRAPH Symposium on
Geometry Processing, 2004, pp. 175-184.

T. W. Sederberg and S. R. Parry, “Free-form deformation of
solid geometric models,” in SIGGRAPH '86: Proceedings of
the 13th annual conference on Computer graphics and inter-
active techniques, 1986, pp. 151-160.

S. Schaefer, T. McPhail, and J. Warren, “Image deformation
using moving least squares,” ACM Transactions on Graphics,
vol. 25, pp. 533-540, 2006.

M. S. Floater, “Mean value coordinates,” Computer Aided
Geometric Design, vol. 20, no. 1, pp. 19-27, 2003.

K. Hormann and M. S. Floater, “Mean value coordinates for
arbitrary planar polygons,” ACM Transactions on Graphics,

vol. 25, no. 4, pp. 14241441, 2006."

P. Joshi, M. Meyer, T. DeRose, B. Green, and T. Sanocki,
“Harmonic coordinates for character articulation,” ACM

Transactions on Graphics, vol. 26, no. 3, p. 71, 2007.

Y. Lipman, D. Levin, and D. Cohen-Or, “Green coordinates,”
ACM Transactions on Graphics, vol. 27, no. 3, pp. 1-10,
2008.

J. Manson and S. Schaefer, “Moving least squares coordi-
nates,” Computer Graphics Forum (Proceedings of the Sym-
posium on Geometry Processing), vol. 29, no. 5, pp. 1517-

1524, 2010.

W. Yang, J. Feng, and X. Jin, “Shape deformation with tun-
able stiffness,” The Visual Computers, vol. 24,n0. 7, pp. 495-
503, 2008.



(X REA 90>

534

£ 20054 olFestsL vjol sy wap

- 20074 olEejstaL wlcjofstzt AlAL

20079~ A o FoheaL AW EAI T
AR

Sl ¢ Ak, AR oleield

EPES

-19904 #3149 AAEs} It

- 19929 £Rgosta AFezst A4}

- 19974 ZRgosta AFE Tk uh}

- 2002~ 3] ofFeBL wlciojaka s

o} - AT e, WAL e
ol % W), AR, oA

-50-



