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CMU Graphics Lab Motion Capture
Database

http://mocap.cs.cmu.edu/

e Human Interaction
two subjects

e Interaction with Environment
playground, uneven terrain, ...

e |Locomotion
running, walking, ...

e Physical Activities & Sports
basketball, dance, ...

e Situations & Scenarios
common behaviors and expressions, pantomime, ...
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http://mocap.cs.cmu.edu/
http://mocap.cs.cmu.edu/motcat.php?maincat=1
http://mocap.cs.cmu.edu/search.php?maincat=1&subcat=1
http://mocap.cs.cmu.edu/motcat.php?maincat=2
http://mocap.cs.cmu.edu/search.php?maincat=2&subcat=1
http://mocap.cs.cmu.edu/search.php?maincat=2&subcat=2
http://mocap.cs.cmu.edu/motcat.php?maincat=3
http://mocap.cs.cmu.edu/search.php?maincat=3&subcat=1
http://mocap.cs.cmu.edu/search.php?maincat=3&subcat=2
http://mocap.cs.cmu.edu/motcat.php?maincat=4
http://mocap.cs.cmu.edu/search.php?maincat=4&subcat=1
http://mocap.cs.cmu.edu/search.php?maincat=4&subcat=2
http://mocap.cs.cmu.edu/motcat.php?maincat=5
http://mocap.cs.cmu.edu/search.php?maincat=5&subcat=1
http://mocap.cs.cmu.edu/search.php?maincat=5&subcat=2

CMU Graphics Lab Motion Capture
Database

RRRRRRRR

R g, Gt

e How is this data captured?
We have a Vicon motion capture system consisting of 12 infrared MX-40 cameras,
each of which is capable of recording at 120 Hz with images of 4 megapixel
resolution. Motions are captured in a working volume of approximately 3m x 8m.
The capture subject wears 41 markers and a stylish black garment.

o IEIfHIESIEE ZFET,: ASF/AMC, BVH garbage in, garbage out!
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ST NS v R

Xiaoyu Pan, Bowen Zheng, Xinwei Jiang, Guanglong Xu, Xianli Gu, Jinxiang Li, Qilong Kou, He Wang, Tianjia Shao, Kun
Zhou, Xiaogang Jin, “A Locality-Based Neural Solver for Optical Motion Capture”, Proc. Siggraph Asia 2023, 2023.
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RoMo: —EERSF il EHliEtR IS EER

tH5SEnHN -

IREEEIR ik EIRE
. N N »a... ™ B A\

Xiaoyu Pan, Bowen Zheng, Xinwei Jiang, Zijiao Zeng, Qilong Kou, He Wang, Xiaogang Jin, “RoMo: A Robust Neural 3
Solver for Full-body Unlabeled Motion Capture”, Proc. Siggraph Asia 2024.



RoMo: —EERSF il EHliEtR IS EER
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mill) —MEENESIHERIFCINEESR, TE2) —WESHENSRIEEEF I EEHE
ZIEZERADRE, FAEENENZEER, W fFEEEE, 2EE=sFBEERXTUEEATF
et ESMoCapRz=, B, BEPERIASNENEIRINEE




RoMo: A Robust Solver for Full-body
Unlabeled Optical Motion Capture

Submission ID: 497




HEMoCap#iiREE

o AMASS: http://https://amass.is.tue.mpg.de/ (& E I FF)

w3 : Naureen Mahmood, Nima Ghorbani, Nikolaus F. Troje, Gerard Pons-Moll, Michael J. Black: AMASS:
Archive of Motion Capture As Surface Shapes. ICCV 2019: 5441-5450

e Ubisoft La Forge Animation Dataset (""LAFAN1"):

https://github.com/ubisoft/ubisoft-laforge-animation-dataset

w3 : Fé&ix G. Harvey, Mike Yurick, Derek Nowrouzezahrai, Christopher J. Pal: Robust motion in-betweening.
ACM Trans. Graph. 39(4): 60 (2020)

https://motion-annotation.humanoids.kit.edu/dataset/
https://babel.is.tue.mpg.de/

https://www.mixamo.com/#/
https://www.ilanxmason.com/100style/
https://google.github.io/aistplusplus dataset/factsfigures.htmi
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http://https/amass.is.tue.mpg.de/
https://github.com/ubisoft/ubisoft-laforge-animation-dataset
https://motion-annotation.humanoids.kit.edu/dataset/
https://babel.is.tue.mpg.de/
https://www.mixamo.com/#/
https://www.ianxmason.com/100style/
https://google.github.io/aistplusplus_dataset/factsfigures.html

W) XL Motion Captureziiiz?

o HzL(Off-line)
s BRI, BEIEEIFEHITUGE
n ENIEDIEUERE
o MHIFEHE
o XNEaEFEHITRS (Blend)
o fE%%(on the fly{&X
o £%(On-line) (FRIEFIE)
» ETERNSIHN R EEREIKSEIRE

12




IEE B3R ZRRIL I

o 1IZH)EE4IEFEENEF.(Motion warping)

. EENEURIEEM
s {EEDIIREY 2 AP LAY RE A SR

o b, F

RO

S BRAVZIR G

» BEEEHEERNEM (with the same structure)

o IEEJEUERISH

= BRI RS FRIKRIEEFS




IEE)EIERE S IE

o EE=E24ME o IBIETNEKZHEES
- %ﬁ;w* < HE % E S R ST o {RIEIEIK
o (RITERS: ETEAEENER) = IR
o BINERY: R o(IET) o SIEIEIK
o ERHIRIE/ B/ " FURAYEE

° _'ﬁ'_ftﬁ _5 S5 8 4 ==
. ERESHGLY, wEREReE | e Ao s T, AR

ST . BT AT
s PIERLYER (KRR, Hemihn)?
» EEIRIERE?

piiy
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2R (BEIRTALEERINE

o R I ZRIE IR, B SR E

R B T IR E I DURCI

i)

%L)l%

Michael Gleicher,
“Retargetting motion to

new characters ”,
SIGGRAPH '98

B b R LB

BERE, R ERIRFNE,;
Er— 1N SRIIE R eI ez alFiAizs), FeatlimEIR G ;

HTHNEEIRI B RGE— N ETZS (space- tlme) EZ M2 RAYUILIRIRR



IZE)EER

o m(t) =my(t) +d(t)
s M) : REIEEN: m(t) : EERNED]
s d(t) : I NEEIZERVIER
o NMRAZEBEERFRIGENZED), WHIrREeSHEBY
Bz EANEEERSKMY,
o BEEEMRMER I HZIRBIMIRE:
= FRENETIM(L), HRERE(M(D) O C
o () : HIRITE, ¢ B NaiveEEmiEs [CLKL/)
o 0 € {£>=}

o BR/AMUERREREL: g(m) = [ (m(®)-m,(t) 2= [d(t)?

[RIRISE]




£9Rf5l-=: Footskate

o Footskate (}Ti) : BE—FZE
SRENAESINS;
o Penetrations (8EF) : E—f&

EEIRENAFESTIR;




o EXZUR

o}\_\L

JEFTHIR!

[

IZEIEER
o IAFHBIRES (EILE)

SRMNA

o FAFZRIMELIRILALIA)RR

SN



IEEsE %M A F— 1 FRIA e

o TEMIZHIRIZIRFM
o XITFTEMzZE), KEELIRIUIIAR
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1Z5]ike S (Motion Blending)

. IEFRERE S ELERNNIE—ID
s LR E2HRE
m(t) = a my(t) + (1-a) my(t)

XE— M MmAYE(E

®ameanim'com

Blend Speed



=SB (Motion Transition)

o ERERSEIRNERER/MIBTIFER

DO - R
~

o WREHNEHEIEN, WIREZ

o MERZFMEERIT, NIECHEME




1=ailidE(Motion In Between, )

Xiangjun Tang, He Wang, Bo Hu, Xu Gong, Ruifan Yi, Qilong Kou, Xiaogang Jin, “Real-time Controllable Motion Transition for Characters”,
ACM Transactions on Graphics (Proc. Siggraph 2022), 2022, 41(4): Article 137.
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Creating Gollum




it& 1 A{B(Computer Puppetry)

Hyun Joon Shin, Jehee Lee, Sung Yong Shin, and Michael Gleicher. 2001. Computer
puppetry: An importance-based approach. ACM Trans. Graph. 20, 2 (April 2001), 67-94.
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ABERISEIE]

o ABEENERIN FHHUE

Ixk (Iphone XB#IZ&REE)
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3DRJEFABEIEES(MORPHABLE 3D FACES)

‘.QT. a

o = : -b-»/’ e :
Original Initialization

iE,
.

- - . W 2o
/ / .
Reconstruction Texture Extraction .

of Shape & Texture & Facial Expression Cast Shadow New lllumination ‘Rotation

SSTaN—

Seminal (E200;%1AY) Graphics Papers: Volker Blanz, Thomas Vetter: A Morphable Model
for the Synthesis of 3D Faces. SIGGRAPH 1999: 187-194 (Google Citation: 6849)
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3D Face Dataset

|_aser scans of 100 male and 100 female adults
~70K vertices

RGB texture, 8 bit per channel

Normalized orientation and position in space

Pre-computed correspondences between all models (using a variant of
optic flow)

— —;
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Morphable 3D face model

e All models represented as (vertex number is fixed)
= Vvector of spatial coordinates
S=(X, Y02 X, Yy, 2y, XY, Z, ) € R

m vectors of textures

T=(R,G,,B,R,,G,,B,,--,R,,G,,B,) eR™

7 ' n'=n

e A new model can be generated as

m m

Smod = Zm:aisi’ Tmod :ibiTi’ Zai :Z i =1
i=1 i=1

=1 =1

e Can work, but we’ll use another parameterization
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PCA for model parameterization

e Compute average shape s and texture T , and differences

AS, =S. S,

e Compute PCA over the differences (HRVEFEE

AT, =T,-T

mEXT 3D Af

GEVENFE

EIRY, EERISREIAD TR A RS S1aR)

e New model representation:

=S+

model —

S

m-1

> as;,

=1

. m-1
Tmodel =T+ Z biti
i=1

where s.,t. are eigenvectors of covariance matrices (in descending order

according to their eigenvalues)



Matching a morphable model to a single image

3D Datab
@ N a‘a; Morphable

™ Face Model

.
Face |
Analyzer

¥

2D Input 3D Output
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Morphable 3D human model

»

- '
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E 3
i
- i

, / - " !
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.-

=
R“ i
gl

~
- e -
=

LS (8

-20 kg -40kg -20kg  original +20 kg +40 kg 20 kg
-20 cm +20 cm
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SMPL: A skinned multi-person linear body model

SMPL is like a PDF format for 3D bodies. It is a realistic
3D model of the human body that is based on blend
skinning and blend shapes that is learned from
thousands of 3D body scans.

It is fully portable, works with many existing game engines and is useful
for computer vision. This site provides resources to learn about SMPL,
including example FBX files with animated SMPL models, and code for |
using SMPL in Python, Maya and Unity. The Python code shows how to
use SMPL in computer vision problems. Maya and Unity scripts help set
up the model for animation in these 3D environments. We provide
regular updates with new features such as dynamic blend shapes,
animated mocap sequences, and model improvements.

Seminal (82IiF1hY) Graphics Papers: Matthew Loper, Naureen Mahmood, Javier Romero,
Gerard Pons-Moll, Michael J. Black, SMPL: a skinned multi-person linear model. ACM Trans. Graph.
34(6): 248:1-248:16 (2015) (Google citations: 3674) https://ps.is.mpg.de/code/smpl
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https://ps.is.mpg.de/code/smpl

AEFRIBEIE
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o NEEERIB

XITF

R TAE,

AEFRBUE
SECEIAIHL

HARTRASE TFEWetals, AERBNSSICERETHKE

R SRIEBIRYZ

"#{E" ——James Cameron, [Cinefex]

TR (IRX) BFEETRES, WetaZyMEE: T —SFAIRTIEING RSk
GRIESHUTIEHIT T RERNZIE, LUXBIRRERAYER" —

TTHIAR

—Joe Letteri, [Cinefex]




ABERIBHNSEHIR

e We can capture the facial movements by using optical trackers, or simply
tracking the features of the face

e But the geometry of the virtual actor is different from the actor — how to
control the virtual actor

e Expression Cloning (FE{&EIE)

41



AR IEESR

Source model Target model

= Dense surface
~%F Deform correspondences

Motion capture data

or any animation
mechanism Cloned
expressions
Vertex I P

displacements

Motion transfer

of 3‘1. o .A-.'uj :,, =) e
' ’e}d i) "n oo :
3 7KLy
%‘iﬂw “s S fa Tt 1
E&Z"""f’ﬁ X o b2

%2?:55?;’{3; R

Source animation Target anrmatron




ABEERIETEE

A FEATURE-BASED APPROACH TO
| -! N A /‘ F N 'y .‘ _‘f . ' */. r / _.‘l / e\ AN N ;',, _;“

FACIAL EXPRESSION CLONING

Noh, Jun-yong, and Ulrich Neumann. "Expression cloning." In Siggprah 2001, pp. 277-288. 2001.



Face2Face
Real-time Face Capture and Reenactment of RGB Videos

Face2Face: Real-time Face Capture
and Reenactment of RGB Videos

Justus Thies!, Michael Zollh(:iferz,
Marc Stammir--zgerl, Christian Theobalt?,

Thies, Justus, Michael Zollhofer,
Marc Stamminger, Christian

Matthias Niefiner’ Theobalt, and Matthias NieRner.
"Face2face: Real-time face
| !University of Erlangen-Nuremberg capture and reenactment of rgb
2Max-Pla;’nck—Insti’tute for Informatics videos." In Proceedings of the
“Stanford University IEEE conference on computer
CVPR 2016 (Oral) vision and pattern recognition,

pp. 2387-2395. 2016.
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Fake Obama created using Al video tool
- BBC News




The Digital Emily Project:

—ERESLRA B R EE]

e Paul Debevec, University of Southern California
http://ict.debevec.org/~debevec/

O & & N, @
v Fotedr )fll‘.

.....

o HBFESL(photo-real?)
s ARERINBE LIEEEE, FELHAKRSHEEMAARD L
n TEESEIHEMNAE
s ZiFE 5 (digital doubles): ERFTEEEHE
 BAANFR: EEERENERSE
o EHSLREARGENE v ]



http://ict.debevec.org/~debevec/
http://innovations.coe.berkeley.edu/vol4-issue7-sept10/debevec
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Facial Rigging

o FEERIERTIEDRA:
= TURAIZAN
= ESCAYERIN
o (RIS, EERRIE(RIE
» B3LHYEE]
o IEWESE, BEREERED AR
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HEPEHERIBRFAFACS

NN/
AN

Facial Action Coding System

Paul Ekmanig4

1ZERGERHNRIT IR
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C

BB RIS RGEFACS
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HEPEHERIBRFAFACS
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TiEm: Emily
O’Brien

(R LZPRIEE
(The Young and
the Restless))
FRJana Hawkes

HIMEE

Light Stage 5, USC
ICT

156 white LED
light sources
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Diffuse (low-res) geometry
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Diffuse texture




Hybrid normals
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FEHIL IR (Teeth)




g (Character Construction)

. B AN SR SRR — MR AR

o PbARIERIIRIR:
o PIIGIEEIFTEGRE
o FHHITES
o EROTIRIXR
o YR ESRIIRIAII




g (Character Construction)

o IHERIERRIS NI EEN, TIE
SRR Rt 2 R —EE.

.+ BUTBEXS SRS TR,
(Re-mesh)LAGEET4E, EFMNBLCE—
LV T =5,

. RETEE Y iZ P RISERNE N EES
BT > AR R R, MRS
Blend ShapeSO - = 4000 polys done in

o CHMEEIRIIS S IEEBE LIRS R My

XKRZ., HEAET @SSRS EIE AN -
L ESEIRE, Re-mesh/SRIRERISISE— Mg

|rn||
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fAtfdiE——Blend Shapest2BIRIt35E

o WMITNITFHERINRISERELSE/Blend Shapes?

= Mater Mesh5i3faiREISBRANRE
s H(EEIRE M AEER ST RIF TENEME L

» REENRHEEMESENTAREERBEN RIIXRKER

Master Mesh Uncorresponded High-Res Scans




fAtfdiE——Blend Shapest2BIRIt35E

¢ LZ\E:EQ\EE;IE@QE@HB@ Master Mesh Uncorresponded High-Res Scans
» REURGAF AT REARIM,
REN=RAK,

s FRFIRRAE X HIERE;

» TRFR(EEEIRE Z AN
XTI MR ZAE S R

Irregular Edges Mesh Artefacts
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fAtfdiE——Blend Shapest2BIRIt35E

o HEERESBEA—HHIBE

Master Mesh Uncorresponded High-Res Scans

n ERI N AYERIEXIE;

; R -}w B
. 35*5@5§ﬁﬂ$¥{§[§\, ﬁﬁ*ﬂ}ﬁ - U ﬁ
s, i l— . I

s RIS, IRBXIE, FAEXi;
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fAtfdiE——Blend Shapest2BIRIt35E

o BITTE EminF"J:uEﬁaEE’JT:T SRR IRIX AN A)ER !

:I-I

Texture Based
Markers

ﬁTFMTAE s




fAtfdiE——Blend Shapest2BIRIt35E

SXiEBETFT AR

Manual Mesh
Cleanup




fAtfdiE——Blend Shapest2BIRIt35E

o HREEITET, Master Mesh
RN TREN
BRI K ZR

HIFRERXT M R ER

» AEEBI— 1 BEHFARY
Ybry e AVL LN IV =S
ET=H#TEE +AM
— B4 + 2 DRSS
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HF Blend ShapeshiziiE
o RFLZSRBHIFAR

Blend Shapes

o IEXLEARNARGEShapelFAFRIEE

(a) (b) (c) (d) (e)




HF Blend ShapeshiziiE

o RIEGEEIXEBlend Shapesski82IHTERIZEIE

Ej: C1+ Cz +C3+ +CF—

A




o DJETEREEHIIEE LA—ER (S , TIARNETF

FACE IK :@

e S;;: Blend Shapeskf&HISEIT TR
o S : RERANERIEITTRR (— Blend Shape*%n V=0,

S; = C;S;1 + C;S;p+... +CpSipi = 1,...1; z ¢ =1




FACE IK :?

o HAIBRENURLNR (HNEIDES]) |, FEFIRRIBMEP,

F F
chsl,f =Pl,l — 1,...,L, ;iEPsz =1

f=1
o SXHE/N3EENEREIC,
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FimDtr(Performance Analysis)

o ERRNERAIRER, KK
T BV RS R T

o IRERAGEPIFAE

o BABREISEIEL

T

o BEMERIMT
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FimE D tr(Performance Analysis)
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Calibration-Based Animation
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image metrics a

RACEATHRAE RFEENEE ((REXE)

(_

'he Curious Case of Benjamin Button)
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UnrealfJ=ERH & "Siren"gE%XK T !




UnrealfJ=ERH & "Siren"gE%XK T !




UnrealfJEHfE"Siren"HEREIFEXT !

0 SWGHJJ.UB&E&EE’J@%’E%?F/, BAREZREEHE, ME—MKEFERE

0. §I7J(l|:|

o GDCIt7: _/\Ekﬁﬁﬁﬁf\* (REERAlexa Lee) EIVZRMEL, b
HIRIE. oifE. B8, SR FE e XKER ERNEEF AZSESiren,




UnrealfY=ERIH & "Siren"gEWX T |




SERIEF A SireniE22 i NG

e https://gameinstitute.qg.com/course/detail/10130
o X—EENANNRIBEESIGGRAPH 2016/YRealtime liveIATsE

TEI’J,ﬁ%Zij, Hellblade, EpicEELLINEME FRealtime live X3Z,
X RITE S - gﬁ/—?—%E’J SEIURE , PME R RIExX

—%é‘*%’iﬁ%fi EREMHF AL EHIS RIS,

PHOTOREAL BUST AND SENUA

ll

SEATEFEASiren SR AEBW

NEXT studio present
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https://gameinstitute.qq.com/course/detail/10130

[UNREAL.METAHUMAN |

https://www.unrealengine.com/en-US/metahuman






[NVIDIA] Aubio2race

https://www.nvidia.com/en-us/omniverse/apps/audio2face/



[PORTRAIT3D] (EESFIE R =T GANSIS RS A 5]
SNSHRE=4H{R (SIGGRAPH 2024)

“A boy, solo, male focus, black eyes, pink hair,
wide shot, day, teen”

Yigian Wu, Hao Xu, Xiangjun Tang, Xien Chen, Siyu Tang, Zhebin Zhang, Chen Li, Xiaogang Jin, “Portrait3D: Text-
Guided High-Quality 3D Portrait Generation Using Pyramid Representation and GANs Prior”, ACM Transactions on
Graphics (Proc. Siggraph 2024), 2024, 43(4): Article 45. 36



o Motion Capturez¥:

=4 ME

e,

o NEERBEIE

e The Digital Emily Project
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The End



