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Big Picture: Template Model 7|8 M| 44 7|=
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Big Picture: Registration 7| = 7l'&

Initial Scale Posture Non-rigid
Input data adjustment alignment registration
Landmark Size Posture
3D scan data coordination estimation estimation
(target) (Manual (Scale parameter (Joint angle
landmarking) calculation) estimation)
Scale model FEBIT Fine
Template Landmark ; articulation registration
model (Defined on trgﬁi?g.g::;i) ‘ (Apply skinning ‘ (Apply Non-rigid
template) method to temp.) registration)
S ti s Registration
uppo.r Ing detection of Machine learning & Deformation technique. teghn' o
technique landmark (Deep learning, CC algorithm, Implicit skinning) lque.

(CNN algorithm)

(Non-rigid ICP)

Source: Allen et al., 2003; Anguelov et al., 2005; Pishchulin et al., 2017
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Template Model = List

No. Year Author(s) Title Institute 2K
1 2012 | Ghosh et al. Frqm Deformations to Parts: Motion-based Segmentation of 3D Max Planck Institute (MPI) At
Objects
2 2014 |Loperetal. MoSh: Motion and Shape Capture from Sparse Markers Max Planck Institute (MPI) Ab
3 2014 | Tsoil Modeling the Huma-n Body in 3D: Data Registration and Human Max Planck Institute (MPI) At
Shape Representation
. Shape- and Pose-Invariant Correspondences using Probabilistic . A
4 2011 |Tsoil and Black Geodesic Surface Embedding Max Planck Institute (MPI) Al
5 2014 | Tsoil et al. Model-based Anthrop_ometry: Predicting Measurements from 3D Max Planck Institute (MPI) A
Human Scans in Multiple Poses
. . . . . Interactive Geometry Lab, A
6 2014 |Jacobson et al. Bounded Biharmonic Weights for Real-Time Deformation ETH IGL, Switzerland o
. . o Interactive Geometry Lab, Ab
7 2004 |O. Sorkine et al. Laplacian Surface Editing ETH IGL, Switzerland ol
8 - K. Takayama et al Sketch-Based Generation and Editing of Quad Meshes IR (EEOuCL Ll 2t
: : ETH IGL, Switzerland °
9 2014 |Jacobson et al. Bounded Biharmonic Weights for Real-Time Deformation IBV, Spain Ab
10 2015 |Reed et al. Statistical Prediction of Body Landmark Locations on Surface Scans |UMTRI, US =h
Animatable Human Body Model Reconstruction from 3D Scan Data |MIRA Lab, University of —~
11 2004 |Moccozet et al. . . =
using Templates Geneva, Switzerland
12 | 2011 |Yehetal. Template-Based 3D Model Fitting Using Dual-Domain Relaxation | hatonal Cheng-Kung =

University
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Template Registration =
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Author(s) Source / Institute
1 2017 |Pishchulin et al. Building statistical shape spaces for 3D human modeling Pattern Recognition / MPII A
2 2003 | Allen et al. The space of I_wuman body shapes - reconstruction and ACM '_I'ransact|c_>ns on Graphics / A
parameterization from range scans Washington University
3 2005 |Angulove et al. SCAPE: Shape Completion and Animation of People /:/Igll\/l_'ll;r;nsacnons ol (ErEpites A
4 2005 |Allen Learning body shape models from real-world data Ili)ﬂll:s)ls(_ar;astlon GiftiEehngem L | A
5 2014 |Rodola et al. Robust Region Detection via Consensus Segmentation of Com_puter Graphics Forum / TU A
Deformable Shapes Munich
. . . . . ACM Transactions on Graphics / A
6 2011 |Jacopson et al. Bounded Biharmonic Weights for Real-Time Deformation ETH Zurich IGL o
7 2008 |Lietal Global Correspondence Optimization for Non-Rigid Eurographics Symposium on A
' Registration of Depth Scans Geometry Processing / Hao Li e
Mvronenko and IEEE Transactions on Pattern
8 2010 y Point Set Registration: Coherent Point Drift Analysis and Machine Intelligence Ab
song / OHSU
Embodied Hands: Modeling and Capturing Hands and ACM Transactions on Graphic / A
9 | 2017 |Romeroetal Bodies Together MPI - PS =
10 2005 |Anguelov et al. The_CorrgIated Corrfas_pondence Algorithm for Unsupervised Advance_s in Neural Information A
Registration of Nonrigid Surfaces Processing Systems
11 2004 |Sumner and Popovic | Deformation Transfer for Triangle Meshes ACM Transactions on Graphic Ak
12 2014 |Bonarrigo et al. Deformable registration using patch-wise shape matching Graphical Models / Hao Li A




Human Body Template Model (HBTM)

O Template model2 ‘& 1t human surface mesh model2| =& A
O Bone, skin, landmark S & 1 HEH 24 @AH EMH HH Eot

Q Skin H boneZ trianglel| =2HM 2 T/d &l polygon mesh (vertex, node ZEg})

Polygon mesh 7+’d 84 Human surface mesh model 0f

Point-cloud vertex

Triangular or
tetragonal vertices

.

Polygon mesh
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Template Model 74’8 82 : Surface Mesh

O HHA 9] vertex U node: 3D registration 282 12t B = &
a 21X 7|EH-(landmark): 22802l OIX| X|= FHZ fIt 7| &8
High-resolution HBTM Low-resolution HBTM Landmark Of| A]
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Template Model A 2 : Skeleton & Joint (12)

O Skeleton U joint: Q14| Y& 3 XtAM|E 11242t skeleton link 24 -

IBV, Spain EDT Lab (POSTECH)
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Template Model 4 224 : Skeleton & Joint (2/2)

O Wt body & hand joint CoR & 2|(fixed & instantaneous joint CoR)
d Simplified body & hand link model 2| 7t

Accurate hand joint CoR Hand joint CoR M & 0

O Markercoordiqate Medium Male (S02)
@ Center of rotation by DIP marker 7-axis Unit: mm

— Fitted circle by DIP marker

10 | Global origin
(MCP)
(0,0, 0)

Y-axis

ertex: 54,589
-ace: 108,979



Template Model 7+/d 224 : Body Segment

O Body segmentation: AtAf| B3 A| M| £2{E HAH

Segmentation of body parts
(# segment = 16)

Segmentation of body parts
(# segment = 19)

IBV, Spain

Template: 7™

Perceiving Systems Lab, Germany

20199 =A|3S=Cl3]

Segmentation of body parts
(# segment = 15)

EDT Lab (POSTECH)
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Template Human Body Model (HBTM) 7H'%

Q " 37((50t%ile)2] 3D human model= 7} S50 test template model 7l &

Original image (CAESAR data) Template (test model)

* Hole filling
* Smoothing
* Symmetrizing
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HBTM Application: Template Matching (1/2)

U

HF XA|(standing posture)=2 =73 El 3D body scan0f| HBTM
Template matching 2 & 2

o Hi—

=82
7|Z& 3D scan A| 2/ =0| 0{2{2 HEAF 52
missing part®ll CiSt0] 7| = QlA| databaseS 0| 2%t HZ A 8%
Human Body Template Model2 0| 8%t H4 HZ 0
Template Target

Registered template Processed target
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Template Registration (IBV, Spain): Video

Posing of Template = Pre-processing of Body Scan = Fitting of Template to Body Scan

IBV

Luro
I t :':; ') *‘é

‘a";lu{ f

X Source: Euro fit project, IBV, Spain J
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Template Registration (Hao Li): Video

O =20 R A

&9 registration







HBTM Application: Posture Control

O 3D scan 7|& AtAl(standing, neutra)& =
Ctot XM 2 XN HAE 7tHs

Q 538 XMl(e.g., M= AHE XMl )22 H

7|& XtM| scan data EXN XM =X data EX XIM 2 3d data HSH
(CAESAR data, Size Korea 3D data)
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HBTM Application: Automatic Anthropometry

O HBTM &0l 7| E0 ‘G2l & landmarkOl 2|5t0] QX £2l2] Ha(e.g., TE,
HAE 5) & X|(e.g., 20|, 4L, 22| Z0| 5)5H

0 Template matching A| template model & 2| landmark, joint CoR,
skeleton2| ${X| = 2| HE |0 HAHE HBTM &2 landmarkE &5
As22 X, dd A XAl =4

Template Model2 0| &
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HBTM Application: Pressure Estimation
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O HE2| 2 data & UM 2 data library 8 XU ot 24 N &
(finite element human model) 7§ o H

ot 24 Ol B JHE o A Pressure estimation Of|A|

Head-Rest

Back-Rest

Seat Pan

Seat Base

Foot-Rest

Skeleton model by  Shell model by ) Assembled
AnyBody Tech. 2009 F. Summer, 2009 Car-seat model seated-human/car-seat
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HBTM Application: Product Design

O Template model2| X[ S! A& HEZ X E A 21Xl (design dimension)
= HE Do A Al

=
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DV1: Seatback width =-=-s-ssssseaeeeees BD1: 017} LH|
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Discussion (1/2)

= A= 29 ZAE S50 Human Body Template Model0f| CH 5O
ZAPSHD &84S metet

v oIN K= A HYO KtE 5 Jtsd

v CHYot XN 2 B 7ts

v OUH-HE 7t 2 A HE EE oS Vs

QlY| H 2| EMH2 112{3t Human Body Template Model2 7H&stH X =
A AN 288 E &8 /s

v Whole body template 2| face template, hand template 7{f'&

Hand template

Face template

Whole body template
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Discussion (2/2)

a 7HE =l deformable human body template model= 7|2t 2 £ 3D registration
7ls, XM HY 7|=S HE80510] CtFet ME AFEXIM oA 2] QI 4 25
X =4 07

Q Virtual fitting, FEM =41 7|= % parametric design 7|=2 M50 742l
QY| E/do| HtFE XM X F Ao A YHE 5

Phase 2: Q14| @M &M 7|= 7| Phase 3: XX AA|
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- N\ N\ (7 O\~ D1
Human Body I Template Posture 1L Pressure I
Template Model I Registration Change L Estimation I
Point cloud I Rough initial SKinning 11 FEM 54 ;
: | registration . 1! I
Triangle mesh I ¥ Deformation I : I

i |
Joint CoRs ' Scale adjustment Pose control 1l :
Skeleton & link # 8 »' \ J ’ Q y !
Landmarks . i Feature | I i Parametric N i
| Pose adjustment Extraction I I Design |
Body segments 1 B A X =5 | i . I
, | — ° '° I hel s |
Deformation I Fine fitting e L H= A7 ;
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