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https://www.youtube.com/watch?v=DsoNab58QVA



https://www.youtube.com/watch?v=DsoNab58QVA
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Inverse Kinematics

s RinEEIDNUEZS A

DE. TNam/ICIEH
=S Ui

©

e IK CEFELZRBZIED,
FK "Cil5RZ2

s FKCIN—XZB4% L.
K CIBtSE & DEAl EEE
=)

https://www.youtube.com/watch?v=e1gnZ9rV kw



https://www.youtube.com/watch?v=e1qnZ9rV_kw

IK O—FfEX © Cyclic Coordinate Descent

s BRI Z—D I D|IRBICESE
- RimEEIZ2BRI0aDITD
- IBBHEE | KiwH'RA) © &——0O
step.1-1 step.1-2
CEENEE > BARE (5T ,\
> © e
« XINFELIFE step.2-1 step.2-2
« VIOEE (FRRFORNRISHIHY)
« ZHZIXRILF—Dmw/IME [Jacobson 12] o
- step.3-1 - step.3-2

https://mukai-lab.org/content/CcdParticlelnverseKinematics.pdf >



https://mukai-lab.org/content/CcdParticleInverseKinematics.pdf
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Fast Automatic Skinning Transformations

Alec Jacobson’

llya Baran?

Ladislav Kavan'

Jovan Popovi¢? '"ETH Zurich

Olga Sorkine! *Disney Research, Zurich

*Adobe Systems, Inc.

This video contains narration.

https://www.youtube.com/watch?v=PRcXy2Ljl9l

Fast Automatic Skinning Transformations [Jacobson SIGGRAPH12]


https://www.youtube.com/watch?v=PRcXy2LjI9I
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HEAVYWORKS STUDIO = QUALITY ANIMATIONS WITH OPTITRACK MOCAP SYSTEM

from Wikipedia https://www.youtube.com/watch?v=c6X64LhcUyQ 3



https://www.youtube.com/watch?v=c6X64LhcUyQ

v,
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.x |

(J Q

¥Cloas 7 - DefPrometaPropmect *

VL
\ .
B W
2
——
L~
-


https://www.youtube.com/watch?v=zXDuyMtzunA

Motion Capture from
Body-Mounted Cameras

(with audio)

Takaaki Shiratori , Hyun Soo Park , Leonid Sigal ,
Yaser Sheikh , Jessica K. Hodgins

* Disney Research, Pittsburgh + Camegle Mellon University

https://www.youtube.com/watch?v=xbl-NWMf{GPs
Motion Capture from Body-Mounted Cameras [Shiratori SIGGRAPH11]



https://www.youtube.com/watch?v=xbI-NWMfGPs
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Motion planning by P
arrot
FORCES BEBOP DRONE

Flycon: Environment-independent
Human Pose Estimation
with Aerial Vehicles

Tobias Nageli, Samuel Oberholzer, Silvan Pluss, Javier Alonso-Mora, Otmar Hilliges

ACM SIGGRAPH Asia’18

Eidgendssische Technische Hochschule Ziirich I U D Ift ‘r:f“’,‘t,, v of
Swiss Federal Institute of Technology Zurich e Technology

https.//www.youtube.com/watch?v=iSJY-vHDmMHQ
Flycon: real-time environment-independent multi-view human pose estimation with aerial vehicles [Nageli



https://www.youtube.com/watch?v=iSJY-vHDmHQ
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http://mocap.cs.cmu.edu/
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Motion Graphs [Kovar SIGGRAPHO02]
Motion Patches: Building Blocks for Virtual Environments Annotated with Motion Data [Lee SIGGRAPHO06]
https://graphics.cs.wisc.edu/Papers/2002/KGP02/mograph.pdf 13



https://graphics.cs.wisc.edu/Papers/2002/KGP02/mograph.pdf
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Flexible Muscle-Based Locomotion
- RBCEOZEBRS for Bipedal Creatures
EMEELERN CTED

SIGGRAPH ASIA 2013

s FINICEILT DIRIE
[ @WT % 5 Thomas Geijtenbeek

Michiel van de Panne
Frank van der Stappen

https://www.youtube.com/watch?v=pgaEE27nsQw

Flexible Muscle-Based Locomotion for Bipedal Creatures [Geijtenbeek et al. SIGGRAPH Asia 2013]


https://www.youtube.com/watch?v=pgaEE27nsQw

FRAT/\A AZKDN—ZXERK

Tangible and Modular Input Device

for Character Articulation

Alec Jacobson' 'ETH Zurich
Daniele Panozzo' °Georgialech Lorraine
Oliver Glauser’

Cédric Pradalier?

Otmar Hilliges'

Olga Sorkine-Hornung’

( ) This video contains narration

Tangible and Modular Input Device for Character Articulation [Jacobson SIGGRAPH14] https://www.youtube.com/watch?v=vBX47JamMNO
Rig Animation with a Tangible and Modular Input Device [Glauser SIGGRAPH16] 15



https://www.youtube.com/watch?v=vBX47JamMN0

T DDV DEFEICEAT DN FEY D

Keyframe animation BHRFvSIO5D Synthesis of Detailed Hand Manipulations
by ~ — s — N Using Contact Sampling
topology coordinates 152033
https://www.youtube.com/ utingye C.KarenLid
watch?v=1S 6wSKl nU Georgia Institute of Technology

Aggregate Dynamics
for Dense Crowd Simulation

Cost Functions

BIRYIaL—Y3Y

https://www.youtube.com/
watch?v=pgBSNAOsMDc

Submission 0042

Character motion synthesis by topology coordinates [Ho EG09]

Aggregate Dynamics for Dense Crowd Simulation [Narain SIGGRAPHAsia09]
Synthesis of Detailed Hand Manipulations Using Contact Sampling [Ye SIGGRAPH12]
Space-Time Planning with Parameterized Locomotion Controllers.[Levine TOG11]

MRz DD LEE

https://www.youtube.com/
watch?v=x8c27XYTLTo

Path planning

https://vimeo.com/33409868



https://www.youtube.com/watch?v=1S_6wSKI_nU
https://www.youtube.com/watch?v=pqBSNAOsMDc
https://www.youtube.com/watch?v=x8c27XYTLTo
https://vimeo.com/33409868
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https://www.youtube.com/watch?v=TACB6bX8SNO



https://www.youtube.com/watch?v=TACB6bX8SN0
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Spline Interface for

Intuitive Skinning Weight Editing

Seungbae Bang and Sung-Hee Lee

Korea Advanced Institute of Science and Technology (KAIST)

ACM Transactions on Graphics (TOG), 37(5):174, 2018

https://www.youtube.com/watch?v=mfEP8BIXTgQ

Spline Interface for Intuitive Skinning Weight Editing [Bang,Lee, TOG18]

24


https://www.youtube.com/watch?v=mfEP8BlXTgQ
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. | EBBOR—Y LT 15RO, ZNUHOIR—Y LT 0 ZEO.

« TN TIIBSDRRNS
C U CEIVE

—BES [ ||vw;| @A Z&RIME [Baran 07) =

« U— 7IZJ:’CJE1J;{B'JL@F< 2> B, 2R
fE™ (Aw;)"dA E&RIME [acobson 11] A
T%_V%Jﬁ’*’] 0<w; <1EBEA

« T 1-AJ:'@:>R§T@F’:§%E%’$< 2> SnB

o o Teddy/Pinocchio &
Automatic rigging and animation of 3d characters [Baran SIGGRAPHO07]
Bounded Biharmonic Weights for Real-Time Deformation [Jacobson SIGGRAPH11] 25
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https://www.youtube.com/watch?v=J90VETgWIDqg

RigNet: Neural Rigging for Articulated Characters [Xu SIGGRAPH20]


https://www.youtube.com/watch?v=J90VETgWIDg

ZWDESFE ¢ Linear Blend Skinning
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LBS MD’RPB : "candy wrapper” effect

RTIDM—2Y &R

HMEAFIREZ DD —/ LBS [CKDEH

s {AZ OGN ITHIAZIRICZSIR0N !
« 180EIEDEBEEIDE VD N — R &FiE
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. Dual Quaternion Skinning

FIHBRZIR

s PA1T 1)

e Quaternion (|

TUDMDEEEN) = 3D

LBS [CKDEF

O

PR 1A

» Dual quaternion (ZD® quaternion) = 3D I{RZA (

DQS [CKRDEFE

9r + T52))

29



Dual number & dual quaternion

 Dual number
e 2 =0&ENDBEBEIRBIEED dual BBfil ¢ ZE A (cf. BEEEN Q)

e Primal B & dual B OF0E LT dual number Z/EE -

_ g, as ER
e Dual &% : ad=ay+ea, =ay—ea;
 Dual quaternion
 Quaternion® ZDO D dual number THDLDTED
« — D@ quaternion ZE > TEITD q:=qo + £q;

» Dual H1& : 4=0qo+eéq; =qp— &q;
e Quaternion 1% : q"=(qo+€q.)" =qp + £q;

Geometric Skinning with Approximate Dual Quaternion Blending [Kavan TOGO08]



Dual number / quaternion D;EBEE#FE

* Dual number d@ = ay + €a, [CDUNT :
1 1 Qg e |

« WPE —=——= . i
a ag a?  SBOIBBESCHULVRAI 2 =07
- CERAINIE. BEICEHTED :
. IR - Jmele  EEING @RCEMCES
AY V4
« =R sin @ = sin a, + sag oS a, Sl EmrpEn

COSd = COS Ay — €A Sin a

» Dual quaternion = qq + €q. [CDUL\T -

e JI)LAA 16l = V34 = Ilqoll + g<(|l|(:1'q|‘i5> 4DRD P ILE LTOMiE
0
o T A1 — —q\*
2T 1 = §r

 Iq]l = 1 £718DBDZEI dual quaternion TS
* & lIqoll =112 (qp,qc) = 0

Geometric Skinning with Approximate Dual Quaternion Blending [Kavan TOGO08]




Dual quaternion [Z K Df{AZ A

- LITRE DN t = (b4, Ly, t,) Ty OERENDD q (BEfiIquaternion)T
DHDIRDE @Jﬁim‘]@’&ﬁ'@'é {7 dual quaternion :

€ SEE 3D UG EHED

4 =qo +5tdo BRI quatemion ERES

» 88{17 dual quaternion § ICKD. 3DEEZ V = (v, vy, v,) DRBHAZHEA :

G(1+eV)q* =1+ ev’
o v/ DVZSHRIS (D3 DEEE

Geometric Skinning with Approximate Dual Quaternion Blending [Kavan TOGO08]



Dual quaternion [Z K Df{AZ A

. q=%"‘§£‘lo

+ §(1+ DT = (9o +Ztqo) (1 +9) (qo + gfqo)*

————————————————————————————

_|_

Qo +5tq0) (1 + V) (qf + %(fqo)*)

____________________________

Il
-+l

_|_

90) (1 + &9) (a5 — > a;)

Il
-l

_|_
Nlm N & N m N|m

do

-+

qo +

(a0 +5ta0)
( QO) (1+ev) (QO > %t) 0
2
( QO) <QO +evqy + 5 th +Zé<0't)
= qoqo T Et%% T £qovqo + _oVqo t E%%t + —¥oqot ||q0||2: _____
=1+ E(t + qovqo) 3DEEFZ vV Zquaternion q, CO#: UIZHER

Geometric Skinning with Approximate Dual Quaternion Blending [Kavan TOGO08]
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“Screw motion” & U CORIAER

BREDSAT] | [0 UICE CETH)

SCIréw axis

« FEDMIINES) L. screw motion & U TC—ERICEIRTED

Geometric Skinning with Approximate Dual Quaternion Blending [Kavan TOGO08] 4



Screw motion c dual quaternion

{7 dual quaternion g (. I FRDFETRED :

. i
qzcosé +/S\Sln€ SCIrcw axis

) 2 7

*0=0y+¢0 6o, 0,  EEL

*§=50+¢5; 50,50 | BI3DAD L
=1 FI[EVANI7S

* 5, .- [OEREHSQ

* 0, : [OlEr=

» 0, . DIERERTORDEITIRENE

. s, . [O#RERDT ZBDEE,

S, = IXSpZm/ic g

Geometric Skinning with Approximate Dual Quaternion Blending [Kavan TOGO08]



— DORHAZ D HE

o iRMZFE 1 1IERRIE (nlerp)
nlerp(qy,qz, t) =

(1-t)q1+tq>
I(1-t)q1+tq2||

R L qE—qIaE U mAE
RIND. BFEDIE XY

e

+§; & G, NN non-dual 75 ¥
quaternion (D 4D RFED'E THNIS.
4, OWEEEFZ —q, &9

V\ g ==l
@ q, = 1 (identity)

A/ (-qq), 0<t<1
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Dual quaternion [CKDIARZRODOTIL VI~

_ owiq; twqy +
lwiq; + wyqy + - ||

blend({wy, q1), (W5, q3), ...)
» Quaternion [C K B0OlER & [EFk

« ADT =D LBS &EF—. FTEI R HEL)

s PERCGY T D= <IC
R

-
ﬁ\’ 197.4 FPS

Geometric Skinning with Approximate Dual Quaternion Blending [Kavan TOGO08] 3



DQS DR - "bulging” effect
CEIFOIEIC, BEEDNE LERE LIS SE&SBBEEH<
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upper arm elbow forearm °
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e 9o o 9o 0 6 O 0 o o o e o o o o wf N

7 2% 1) N 1= II
U vz U3 U1 Us W= 0.6 & Wo = 0.4 —w1=03 &Wy = 0.7

LBS DQS

Elasticity-Inspired Deformers for Character Articulation [Kavan SIGGRAPHAsia12]

Bulging-free dual quaternion skinning [Kim CASA14] 38



DQS DRadD52hk

111

—wi=04 &Wy=0.6
wy=0.6 &Wy =04

2RN

[Kavan12]

ZHi7Z bend & twist ICDEE L. RIRICHHE [Kavani12]

DQS TEINDUIZE. BEFERQICA T wY b [Kim14]

(a)

Elasticity-Inspired Deformers for Character Articulation [Kavan SIGGRAPHAsia12]

Bulging-free dual quaternion skinning [Kim CASA14] 9
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Implicit Skinning:

Real-Time Deformation with Contact Modeling

Siggraph 2013

Rodolphe Vaillant (1.2), Loic Barthe (1), Gaél Guennebaud (3), Marie-Paule Cani (),

Damien Rohmer s), Brian Wyvill (6), Olivier Gourmel (1), Mathias Paulin (1)

(1) IRIT - Université de Toulouse, (2) University of Victoria, (3) Inria Bordeaux,

(4) LJK - Grenoble Universités - Inria, (5) CPE Lyon - Inria, (6) University of Bath

This video contains narration

https://www.youtube.com/watch?v=RHySGIgEgyk
Implicit Skinning; Real-Time Skin Deformation with Contact Modeling [Vaillant SIGGRAPH13]



https://www.youtube.com/watch?v=RHySGIqEgyk

ATV VRN DERA VDT 1T —R

R T—=I, TV EVDME [Jacobson 11] BlendShape

Bounded Biharmonic Weights
for Real-Time Deformation

Alec Jacobson’

llya Baran?
Jovan POpOViC3 'New York University
Ol Sorkine'# ’Disney Research, Zurich
ga oSorkine ™ *Adobe Systems, Inc.
“ETH Zurich
This video contains narration
https://www.youtube.com/watch?v=P9fgm8vqgdB8 https://www.youtube.com/watch?v=Cg6gBXsOxGU

Bounded Biharmonic Weights for Real-Time Deformation [Jacobson SIGGRAPH11] 41


https://www.youtube.com/watch?v=P9fqm8vgdB8
https://www.youtube.com/watch?v=Cg6qBXs0xGU

R L

-

 http://en.wikipedia.org/wiki/Motion_capt

ure

e http://skinning.org/

* http://mukai-lab.org/category/library/legacy

« CG Gems JP 2012 Chapter 8 -1 >//\— R =
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http://en.wikipedia.org/wiki/Motion_capture
http://skinning.org/
http://mukai-lab.org/category/library/legacy

