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Figure 1: Several still frames of our character from Figure 9 in a new animation sequence.
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3. Linear Blend Skining
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Figure 2: Common problems with linear blend skinning: the bent arm on the left
demonstrates shrinkage around bent joints such as the elbow and knee while the twisted
wrist on the right demonstrates the “candy-wrapper” collapse effect. These artifacts are
caused by blending dissimilar transformations.
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4. Extending Linear Blend Skinning

¢ Linear Blend Skinning 292 <7138 3>3 Zo] ¥

Figure 3: Top Row: Three examples of a twisting box driven by a nonlinear de-

former. Middle Row: Solved linear blend skin using one joint. Bottom Row: Our

result with just one additional joint that half interpolates the twist rotation.
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Figure 4. Top Row: Original examples of a twisting wrist. Middle Row: Linear
blend skin approximation. Bottom Row: Our result using one additional joint.
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Original Linear Blend _ Our Method

Figure 5. Linear blend skinning alone is incapable of capturing correct creasing
around elbows. At the left is an example of a bent elbow. In the middle is the linear
blend skin approximation. notice the interpenetration. In contrast, our method avoids
the interpenetration.
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Figure 6: Our method adds extra joints to characters to help better approximate
deformations. Here J4 through J7 are automatically added upstream joints that scale
depending on the angle 8. As 8 decreases, J4 scales up in the direction v1 which is
orthogonal to the bone connecting /1 and J2. Meanwhile, /3 scales up in the direction
12, orthogonal to both the bone and v1. J6 and J7 operate similarly, but scale down as
8 increases rather than up. Downstream joints are very similarexcept that these joints
are positioned on the bone from J2 to Jf3.

8 -8 - Media-Lab, Son Hong-Jung




Building Efficient, Accurate Character Skins from Examples

& 9= 4719 upstream FSUEE ALE3S
O 1% 270 Scale Up H a1, o]d A-&3l= &S Scale Down ¥

o olel# zAEEe] 2 HUHES Driversh ¥ 2, EE A4& ddett 4wE 7w
oz HAAE
o Wl Driver7} A€ o2 A olvhe, Z1EE A4 wel Driversh 1 A45E o

Aot W59 S YEhdl= 9EH7E 224
¢ Scale Up H+ XS E9 3] Scale #HEH s=
( by b2 | ])
[by [ [ba]

b, b, : Driver £ E9] ZI=5 #|7] $13+ Bone Vectors

ko bl b2Akel o] Zho] 0= we] Xt scale factor

| &

¢ Scale Down¥ = 799l Scale 32t B 7} @A -10] H
® k32 Al oA Aded s AR 529 oAM= 8o F A
O AHES MEL ZJEEY ojudt Scaling®= B + oz & e JHS

O Ex) Aol AbA 8ol ofye} 22 FalAl= RQEV sy —» JMSAE 1/42 HA
5. Fitting the Skinning Model

& 919 HABE mR F
¢ Fitting 49 4=
O AqAEE @A A E
O BAR WA= 2AYE FZ27t vbgel ok WY

719 RS A 2 9rE7] 913 Fitting Z2 A4 53

¢ Linear Blend Skinning AlAt — <Equation 1>
O o3 A7)y maS Halsl=d, 2 Mitto] mgl Ay
O oAES MY e BE XRIEE] Add FHUolE ZHdE
O Al wetd, 2 AAHuin, 43 v A= 2RJAEY Set¥d, GF VheAoHw,), =l E =9
AA AA(VYE 488 + Ydrh= A

O EE o] ARES dAER & Eolu AT o= AeE wEruA F

5.1 Finding Influence Sets

o AT AT SH A= ol
O ooz g AL TtEA AN ZRAA A AALHA ook 3
O Aol gle 2RJAESLS Adzd 7FA7F 0] 2 A
O e o) Rl AAlR dojubA] & — -2l9] WMEY o] Exhaustivedtd] &7] o

9 -9 - Media-Lab, Son Hong-Jung




Building Efficient, Accurate Character Skins from Examples

o AR B we A GFS VAW, 27 wE R AR o =Y
o 8% SEdolse oA Awd 47 YHoEw A4

o WA el Gut £ A AL Fejel 3

o Hzo 2AIA, AT A AL FANA 2AT
- [Lewis — 2000], [Wang - 20021, [Sloan - 2001]
O o] AL 7 RRJE e vA= X 9E "Painting"F O =M G

O Feo AaEE Aror ofHd ¥ e Folay dudss A eRs 24

o MYE 274 A= e
O Ex) shukeld 99 He aid) shug
o YRR AYHNM 2NES T50] ey 2AESY oaf Y 2 JFE @
O U 99 EAESL Fol Aol Wk S Rigid 7 wrkm = (
= O

—L
S5 AR wiEol) ol ¥RJAESL o] kel b e weol ]
L

st i=!
o AHol RE dAEe] RE ZAEEH Avh} RigiddhA MIHEAE 24, /M Rigid
A WEHE 2AESS 9T Ao AL

b oAl A, dAle] =24 ATvlelE AT

M. : edm oA HA 2AEQ} A7E I Yo]E =9
V, : A edA oA Global %

O BE dAlEelMel 27 FAUYo]lE ¥AHAEL Point CloudE AT K28 7> #3%)

\’N///’“’A

Compactness of Local Coordinate Point Clouds

UpparAm Lowar Am

-

\

’Q"

N —

Figure 7: Top: A set of three examples of a deforming arm mesh with a bulging
bicep. A particular point on the arm mesh is highlighted in each example. Bottom
Left: Each example rotated and aligned so that the upper arm bones coincide. The
highlighted points form a cloud in the local coordinate frame of the upper arm. Even
though the bicep bulges significantly, this cloud is compact. Lower Right A similar
point cloud but relative to the forearm. This cloud is far less compact than the former,
making the forearm a poorer choice for an influence.
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Top: Examples of a muscular arm fiexing. Middle: Linear blend skin

approximation. Note the lack of bicep bulge. Bottom: Results using our method.

Original
Linear Blend Skin
Our Method

Figure &:
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Building Efficient, Accurate Character Skins from Examples

6.1 Applications
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