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Registration Method of the Human Template Model
for Learning of the Korean Anthropometric Size and Shape
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3D 2N A Scan 8 7}
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3D Scan Data =& StA|H

0 3D /A Y4t datas scan A| L& £2/2| missing0| ZM3I0 Het S| ER
O 3D scan datac= & §|0|E{X| 2} raw datat= H|HH H|0|E{Q] E =
> Mesh & o MM M o= Aol MM XtAM| XtO|0f oot Hek

HIEY HOIHE =/ 50| Oz, 2de == 58 289

=
= 3D scan datal| X 2|, {|0|E F+Z=2}= 2/l template modelO| Z-& &
3D body scan data 3! scan missing 0fl: CAESAR data 3D scan?2| H'dH X £/ of

# of vertices: 8195 # of vertices: 9295
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Deformable Human Template Model

Q37| =3, XM Het A 5™ HFH0| & Z =l deformable digital human template=
CIASE 3D scan raw datalf] 2| QN A 5™ U 2M0 26t &HE8E

A7 HE= XM 7HE &[0 28 F0|0,

O

template registration algorithm & &8 7|=2| 37= HstH Y

rTY

_—

(@]
O Human template model2 CH sl

Template model2 0| 8% & EZ 0f 37| 2H Body Template Model 71 o

Segmentation of body parts
(# segment = 16) (# segment = 19) (# segment = 15)

Template: 177
IBV, Spain PSL, Germany EDT, POSTECH
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3XI2! human template model H & "t 7|t

1. Deformable Human Template Model 7H%

2. Template Registration Process 3 &

3. Registration Algorithm 7}

4. Template (Body, Hand) E& Z 1}
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Big Picture: Template Model 7|8t M| 44 7|=

Phase 1 Phase 2 Phase 3 Phase 4
Template XM HA, BHHA Template =X A
Model 7H'& 7= 7 dE 7= 71 7= 7R
e @ N 2 -: -
Hand Template Posture : Template ! Design Value
Model Change ! Registration : Optimization
. . I
Point cloud Posable model : Rough initial I M gz A
) I registration :
Triangle mesh Link Model : ¥ I A ZA Y
. 1 i
Joint CoRs Pose control I | | Correspondence | |} OlH| X|5= X8
Skeleton & link h 4 ‘ ¥ »
4 ) ( .
Landmarks Surface ' | | Scale adjustment | |1 Customized
Deformation i ¥ : Product Design
Body segments . : [ ol grxsy
Skinning (DQS) 1| | Pose adjustment | |} K|~ 2= st
Deformation — : [ oo
characteristics Skinning i ) 2 I J—
weight ] Fine fitting ! RN
| J| 1] | (Non-rigid ICP) | |1 = %o ==
\ . J ' J : .
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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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S1. Deformable Human Template Model 72

S2. Template Model Registration Process 3 &

S3. Template Registration Algorithm 7H|'&

S4. Body, Hand Template Registration

Body, Hand template model
Link structure, segmentation
Dual Quaternion based skinning

Initial registration
Size adjustment
Posture fitting

Vogel's method based
correspondence pair generation
Registration order (medial to lateral)

Application to 3D hand, body scan data
Registration performance analysis
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S1. Deformable Human Template Model 7H{ &

Hand, body mesh (medium) &5

|

Mesh editing & vertex reduction

\

y

Joint CoR (Center of Rotation) &

|

Link 244 5! bone structure 8 &

\

y

Weight calculation

\

y

Landmark 4¢!

\

y

Mesh separation (segmentation)

Size Korea 2010 medium size male0i| 3| &=
2 81 MMl scan & EX |

Vertex reduction: target vertex 15,000 ~ 20,000
T| == mesh reduction =

MEl A4(Lim, 2018) 1S 0| 23510 CoR =&
(Delonge Kasa Method 2&, fixed CoR =&)
Link model t4/ 2! skeletal structure &-&

Weight: hand mesh &/ 2| vertex2| &9l S22 =
CoRERE HZ[E 7|Ht2 2 ALt
Blender S/IWE O|&0}0{ A4t

<: 5971 landmark
HFE}: 167l landmark
M- 497l landmark

r2 Tk rk

Hand: 177l region segmentation
Body: 157l region segmentation
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HTM 742 Surface Model
0 g

o

o 3 7[(50t%ile)2| 3D hand scan= 7} 5t human template model 7HE

Original CT-Scan (Medium size)

Hand Template G| A|
Vertex: 521,495
Face: 1,039,164

Vertex: 19,755
Face: 39,408

edited

* Hole filling

- amss
. Smoothlng “{}iﬁ("éﬁk
* Symmetrizing ) y ;
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HTM 72 Joint Center of Rotation

O H W3t body & hand joint CoR & 2|(fixed joint CoR)
O Simplified body & hand link model M 2| 7t&

Accurate hand joint CoR Hand joint CoR H& 0f

©  Marker coordinate 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

oy U3tz
oY welzezsm 12

ce: 108,979 E':ﬂ"




HTM 72 Joint Center of Rotation =% 2 (Lim et al. 2018)

O Delong-Kasa & & -&: landmark trajectoryES 0|85} fixed joint CoR &&
O CoR estimation steps
= S1. 107}X]| natural grasping XtA|2| bone surface data®lA] &< X| & 2| landmark A7

= S2. bone surface & 2| landmark trajectory0i| least square error= Z|2-2}5t= circle fitting
2! center of rotation =&

Least square error criterion:

BT Min z(Ri — R)?
y =1
.
g * Where R;= (x; — A)? + (y; — B)?

. TrajeCtory of (x;, y;) = Marker locations

Estimated
Fixed CoR T Sl landmark (4, B) = Calculated joint CoR
k R = Radius of the fitted circle over the trajectory
of marker motion

sagittal view Landmark

KASA. (1976). A Circle Fitting Procedure and Its Error Analysis. IEEE TRANSACTIONS ON INSTRUMENTATION AND MEASUREMENT, 8-14.
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Hand Joint CoR &% Z 1}

HTM 7|2 Joint CoR & 9! Link Model A4

Coordinates

Digits Joint
Y Y

Tip -4.15 -6.1 -98.16
DIP -1.85 -9.36 -76.81

Digit 2
PIP 0.45 -13.83 -52.38
MCP 0.67 -29.17 -10.23
Tip -23.77 -4.15 -105.64
DIP -22.06 -9.28 -82.88

Digit 3
PIP -20.78 -16.39 -55.17
MCP -19.68 -25.48 -6.63
Tip -43.83 -4.55 -93.14
DIP -42.38 -8.59 -70.29

Digit 4
PIP -40.14 -12.9 -43.96
MCP -35.41 -18.21 0.8
Tip -68.04 -2.59 -65.44
DIP -65.42 -6.25 -44.81

Digit 5
PIP -60.51 -10.26 -26.71
MCP -52.06 -12.32 8.34
Tip 31.47 -6.79 -41.49
IP 31.65 -11.61 -16.29

Digit 1
MCP 29.43 -12.17 17.01
CMC 12.24 -16.7 48.18
-20.47 -17.32 70.64

R R

CoR 7| %2} hand link ‘4d (digits 1~5)

Vertex: 19,755
Face: 39,408

BB R BN R e B N R
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HTM 7 Skinning Weight Calculation (1/3)

O 2E 3™ S0 Cf st ™ (vertex)2| skinning weight (range: 0 ~ 1) &4t
d Skinning weight= 2t82| 2|71 A| Z} HOo| = HYyo| AgdHOo = HOo
ol et B2 SMX[ 2| HtiH el AHE|(delta, 5)& 112450} A|4HE
» 0 <0: if the point projection is before the segment
» 0<¢ <I:if the point projection is inside the segment

» o0 > I:if the point projection is after the segment

| (vi —Jjng) - (Gnp — jna) After the segment ov; 0-value = 1.52 -

i 112 jn ,
H]nb JNa H ............................................ «v; o-value = (.52
Between the segment

e v;.0-value = -1.51

Before the segment

jna Inner product jn,
e jn,is influent joint

o jnb 1S ChildjOint ijna
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HTM 7H&: Skinning Weight Calculation (2/3)

 Skinning weight can be calculated with the delta value(6)
1) Delta ratio (Li et al., 2018)

1, Skiz E If &y is greater than the threshold(e), skinning weight(wy;) is 1

Wki = Oi

—Zq Su. Ski< € If 5 is smaller than the threshold(e), which means close enough to the joint,
j=i

wyi is the ratio of 6y to the & of all adjacent bones

Case 2: §;; <€

Jnp

2) Distribution function (Flores and Sanchez, 2015)

v Skinning weight(wy;) is calculated with the Gaussian distribution function f ()

_ 2
f() = ae—% a=13,¢=0.25

a: maximum value of f(§)
c¢: constant, controlling inflection point
y Ergonomic Design
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HTM 7H&: Skinning Weight Calculation (3/3)

a 227l joint2 vertex i O o MO A E2FHZ joint-vertex A 2| E 0| 2510 Xts A4t

vertex  J1 J2 J3 J4 J5 J6 J7 J8 J9 J10 J11 J12 J13 J14 J15 J16 J17 J18 J19 J20 J21 J22

1| 0.000 0.000 0.144 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.821 |
2 0.000 0.000 0.202 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 'o;l-: 1 0.770
3 0.000 0.000 0.098 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.864
4 0.000 0.000 0.170 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.786
5 0.000 0.000 0.233 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.732
6 0.000 0.000 0.305 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.667
7 0.000 0.000 0.101 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.865
8 0.000 0.000 0.141 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.831
9 0.000 0.000 0.070 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.890
10 0.000 0.000 0.131 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.831
11 0.000 0.000 0.201 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.780
12 0.000 0.000 0.200 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.777
13 0.000 0.000 0.221 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.735
14 0.000 0.000 0.292 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.684
15 0.000 0.000 0.303 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.652
16 0.000 0.000 0.108 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.869
17 0.000 0.000 0.106 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.874
18 0.000 0.000 0.146 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.834
19 0.000 0.000 0.104 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.869
20 0.000 0.000 0.145 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.832
21 0.000 0.000 0.076 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.892
22 0.000 0.000 0.058 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.908
23 0.000 0.000 0.079 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.894
24 0.000 0.000 0.281 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.699
25 0.000 0.000 0.197 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.786
26 0.000 0.000 0.277 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.707
27 0.000 0.000 0.148 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.817
28 0.000 0.000 0.205 0.000 0.000 0.034 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.732
6984 0.000 0.000 0.000 0.000 0.000 0.007 0.000 0.000 0.981 0.000 0.000 0.009 0.000 0.000 0.000 0.003

g joint1, 5,9, 13,17, 212 motionO| AL} tip $IX| \ Ergonomic Design
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HTM 7H%&: Surface Deformation (DQS)

O MEXN HH HY HHE Ol | inear Blend Skinning (LBS)A| volume loss, candy
wrapper problem= = 2t2F Dual Quaternion Skinning (DQS)= H 2%l
0 DQS WHo| 3|™ HE2 quaternion == 0| 2310 HAHE
» Dual quaternions (q) consist of a scalar part (w), a vector part (x, y, z), & quaternion units
(i, J; k)

—QqQ=w+ix+jy+kz

Comparison of DQS & LBS Hand Deformation with DQS on MATLAB
with Different Influence Weights

1 E ic Desi
¢ sl 2sin) TachnologyLab




Surface Deformation (DQS): Hand Template

0 Hand template model2| EH HE M-8 0f Al

Hand Template XIM| 1 A| Surface Deformation -& 0f

foy TU3hea ]
'1". E ic Desi
VoY) sroizoizatn i oo




Surface Deformation (DQS): Body Template

O Body template model2| ™ HY X-E 0f Al

7|2 XtMI2] Template HSH El XIM|2] Template Surface Deformation H &

!
?'r :I’.
,*-*JI‘\. R
-‘r .‘\ ] :
a”; i .‘-‘l- ; -{f
b | i ; 1
/\ 2
13 J 1 J . f/ \T
* ’ - ! [
| Lo
| £ 14
: i i
| 1 E
! i i !
| i : !
; E -5 :
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HTM 72 Hand Landmark Oj| A|

a~
—

A 580 &= &5/EHH

757 hand landmark
Digit 4 | Digit 3 | Digit 2

Q

metacarpal

base

21

22|09 =8 landmark 757 M8

No. Name No. Name
1 | The tip of digit 1 21 | Digit 2 distal interphalangeal joint - radial
2 | Digit 1 interphalangeal joint 22 | Digit 2 distal interphalangeal joint - ulnar
3 |Head of the first metacarpal 23 | Digit 2 proximal interphalangeal joint — radial
4 | The base of digit 1 24 | Digit 2 proximal interphalangeal joint - ulnar
5 | The tip of digit 2 25 | Digit 3 distal interphalangeal joint — radial
6 | Digit 2 mid-point of third crease 26 | Digit 3 distal interphalangeal joint — ulnar
7 | Digit 2 mid-point of second crease | 27 | Digit 3 proximal interphalangeal joint — radial
8 | Digit 2 mid-point of first crease 28 | Digit 3 proximal interphalangeal joint — ulnar
9 | The tip of digit 3 29 |Digit 4 distal interphalangeal joint — radial
10 | Digit 3 mid-point of third crease 30 |Digit 4 distal interphalangeal joint — ulnar
11 | Digit 3 mid-point of second crease | 31 | Digit 4 proximal interphalangeal joint — radial
12 | Digit 3 mid-point of first crease 32 | Digit 4 proximal interphalangeal joint — ulnar
13 | The tip of digit 4 33 | Digit 5 distal interphalangeal joint — radial
14 | Digit 4 mid-point of third crease 34 | Digit 5 distal interphalangeal joint — ulnar
15 | Digit 4 mid-point of second crease | 35 | Digit 5 proximal interphalangeal joint — radial
16 | Digit 4 mid-point of first crease 36 | Digit 5 proximal interphalangeal joint — ulnar
17 | The tip of digit 5 37 | Palm breadth — radial edge
18 | Digit 5 mid-point of third crease 38 |Crotch 2
19 | Digit 5 mid-point of second crease | 39 |Crotch 3
20 | Digit 5 mid-point of first crease 40 |Crotch 4




HTM 7'&: Segmentation
QO 21K 22 jointE TMOE 15~177| YO ZE mesh 28 =3

Hand mesh separation 0| Human Template Segmentation G| A|

Hand template (17 segments) Body template (15 segments)

G

Fn, EHRAisin E ic Desi
VoY Molzoi2stnl 22 TachnologyLab




Segmentation Process

a 7|& AT (Flores & Sanchez, 2015)2| segmentation algorithm= £ 250 hand 2 body

template model segmentation =&
P 9 TS Modified Algorithm

Previous Algorithm
(Flores and Sanchez, 2015)

Bone hierarchy define

Delta calculation

A 4

v

Delta calculation

Data cut with angle between
vertex normal, projection
vector

v

v

Data cut with angle between
vertex normal, projection
vector

Assign vertex using min-
distance among the segment

v

Assign vertex using min-
distance among the segment

\ 4

Assign missing points using
orthogonal projection
distance

sy Ergonomic Design
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Hand Template Model 7H& Z 1}

CoR coordination

Coordinates
Digits | Joint
X Y z
Tip -4.15 -6.10| -98.16
DIP -1.85 -9.36| -76.81
Digit 2
PIP 0.45| -13.83| -52.38
MCP 0.67| -29.17| -10.23
Tip -23.77 -4.15 | -105.64
DIP -22.06 -9.28 | -82.88
Digit 3
PIP -20.78| -16.39| -55.17
MCP -19.68| -25.48 -6.63
Tip -43.83 -4.55| -93.14
DIP -42.38 -8.59| -70.29
Digit 4
PIP -40.14| -12.90| -43.96
MCP -35.41| -18.21 0.80
Tip -68.04 -2.59| -65.44
DIP -65.42 -6.25| -44.81
Digit 5
PIP -60.51| -10.26| -26.71
MCP -52.06 | -12.32 8.34
Tip 31.47 -6.79| -41.49
IP 31.65| -11.61| -16.29
Digit 1
MCP 29.43| -1217| 17.01
CMC 12.24| -16.70| 48.18
Wrist -20.47| -17.32| 70.64
%, ERBIHED

ERERE

Hand region segmentation Hand bond & joint CoR

# of segments: 17 # of link: 21, # of joints: 21
,’;013
11
+>c14
10/
+¢15
II . c17
9 |
i 8!
lc’fﬁ }iﬂ c18
/ :'
e
*
/’ c19
/
c20
1

= Vertex: 19,755
= Face: 39,408

» Ergonomic Design
24 Technology Lab




Full-Body Template Model 7% Z 1}

CoR coordination

Joint CoR X y z

1

© 0 N O O B~ WO DN

16
17

0.00 145.76  960.00
89.16 14576  867.95
9430 166.14  459.33

105.52  194.22 72.72
160.46 27.46 8.21
-89.16  145.76  867.95
-94.30 166.14  459.33

-105.52  194.22 72.72

-160.46 27.46 8.21
0.00 190.88 1210.39
0.00 190.88 1348.84
0.00 165.33 1450.00
0.00 125.33 1600.00

173.64  190.88 1348.84
26794 15112 1153.05
386.15 102.17  913.10
423.73 59.44  813.39

-173.64  190.88 1348.84

-264.16  152.93 1141.86

-386.51 119.19  898.69

-423.73 59.44  813.39

Full-body region segmentation
# of segments: 15

Full-body skeletal Structure
# of link: 17, # of joints: 19

13
S5.

j12

113\ .lj14

o 1
sts| S 0 [st2
]
197

i 118 _e15

s16 S‘: S13
J
. i 16
2049 S2 - S1 |
S17, T el si
j21 7
s9  S6
i7 j3
—_——— —
S10 | S7
i8 ja
s1i¥— &3
1 ® 1 P 1 1 ]
j9 i5
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S2. Human Template Registration & X}

= |nput landmark 7| gt
S1. Initial Registration 37| drsk =A™

=  Absolute Orientation
l Problem Solver &£

.+ BYO| g 8L

(torso, paim)2| & =3

l 8

S2. Main Body (Torso, Palm) Registration

, : o = AP ZHEO|A St - |
S3. Articulated Body Segment Registration in |
order (medial — distal, central — lateral) =O = OIX| M & 2% §E

: Hand template
M : Target scan

= Non-rigid (deformable) & &
s HESI0 £ O|M FE

£ zuzsiduz .
VY MBS S8 26 d Ergonomic Design




Template Registration M| & 2 X} 0| A|: Hand Template

Initial Rough Registration

Size & Scale Adjustment Rotation & Translation Transformation Matrix 444 s =
= QOverall hand size |- Angle, position, direction |- Angle, position, direction et of
» Palm, finger length e adjustment g adjustment e &=

adjustment
Palm Registration
Filtering Palm Vertices Generate Correspondence Calculate Transform Matrix Apply Transform
= Select palm points | = Based on normals, find | = Find each transformation | = Apply transform
= Calculate vertex normals e nearest correspondence " matrix to minimize distance e matrix to palm
using angle similarity between pairs (iteration:10) vertex & CoRs
Finger Root Registration > Finger Segment Registration
Register bone, Generate Filtering Finger Calculate Constraint Apply Transform
segment information Transform Matrix Root Vertices Transform Matrix = Apply transform
» Setregistrationorder | [ = Setinitial | " Select palm | = Calculate transformation R matrix to palm
= Set segment, vertex, - transform matrix points - matrix for finger root - vertex & CoRs
CoR information for 18 joints = Calculate vertex = Vertices are bind to CoR = Apply DQS for
normals during rotation skin deformation
Fine Registration (non-rigid ICP) )
1
Register target & Parameter Set non-rigid ICP i Transformation of CoR
template vertices, face » Set registration registration i | = Calculate transformation
= Set target vertices, R parameters = [teration: 30 1 matrix before & after
g » = g a — a
face info. * Register vertices ! vertex transformation
» Set hand template 1| = Apply CoR
vertices, face info. H transformation
1
1

sy Ergonomic Design
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Hand Template Registration: Video
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S2-1. 7| ™ (112

O ¢ == lJandmarkE 7|8H2 = Absolute Orientation Problem Solver (Horn, 1987)=
2H-8 3510 template model2 scan targetlt FAISH 37|, Weko 2 X7| EH +H

=
» Objective: Register 2 surfaces to obtain a global rotation and translation relationship
of precise body motion

> Method: Minimize the sum of the distances between the 2 surfaces

Absolute Orientation Problem Solver /3 0| A|

Input data Output data

¢ Rotation matrix R A

3 x N matrix e Translation matrix T

e N columns that each refers to 3 source
point’s coordinates R : estimated rotation matrix .
(= scanned data landmarks)

T : estimated translation matrix
¢ N columns that each refers to 3 target s - estimated scale factor
point’s coordinates

M : homogenous coordinate

(= template) transform matrix Q
By resolving following problem... [s*R, T, [O0,...,0,1]]
YillR=AG, )+ T —BC,)|I?

gy, TEEIMYD i
3 Ergonomic Design
W ﬂg%ﬂggﬂ_ﬂ. Technology Lab




S2-1. X7| ™ 212

O Y=HE landmarkE 7|8t2 = Absolute Orientation Problem Solver (Horn, 1987)=
2h2510] template modelS scan targetat S AL 37| Wakoz X7| HE =4

Before Registration Landmarks Input Initial Registration

B : Human template
[ : Target scan

Body
Template

Hand
Template

Ergonomic Design
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S2-2. Segment® 37| =H

O 2 Ol E2|0f MU= OIHE =S 0| 2810] template model2| segmentE 37| E

=| Ol K| &
scan datall SASIES =
x

Q35| Landmarks &

£Z4ojH| g Hy HE Hel
Template Scan

= A:0.3 » = A:0.3
= B:04 = B:0.5
= C:03 » C:0.2

NE e L 3
5y cerg e & oy




S2-3. Correspondence Pair 44

0 x7| §EEl template X scan data E2E AO| 2| correspondence pair 444
0 Correspondence pair= vertex normal 2&F9| SAtSH H = (Zt e X0| < 30°), ™ ALO|

H2|-E 12{5} 0| Vogel’s method(Transportation problem solver)E -850 4 /d

Pair 4 ZA1t of: v, -P,, V,-P,, V,-P;, V,-P,,  Objective Function = min.(overall cost)

Template vertices (size = n)
Supply
V, V, Vi, V,
P, 221 251 3.1 444 1
P, 4475 1.2 3P 122 1
Scan
points P 2.2 219 89 261 1
(size = m)
1
P, 516 252 331 T 2.2 1
Demand 1 1 1 1 1 Overall
cost
FHBostm :
i e




S2-4. =XH &S ME E E: Hand Template

0 ‘44 &l correspondence pairl| A 2|& 0| Z[27} &| == template model2| XA
Hotgt B Sl =Xt HE

QO Template model2| XIA| BH2t2 QM| 2HO| Xt F =& ne2{ot0] A= #HES2|
M

S THLE ZOf SZ Hel WO M Z[& 2} 2 (quasi-Newton method)=

o T oo
| A = -~ 5
Hand Template &K H& =X Hand Template 2t3 2| M= 14 0| A|
Y.
_-‘: -.ii- .-.,..i'.... DS-Tlp
47} ¥
e IL “"'__.. ......+- ‘.
SR 2%
(X panprmE e T
B = E‘. 4 5% S
R R ; | PR D3 -PIP
- e | S iRt o
DIP joint & : X« \ o3 5! ¥ o f 2
® joint 5= st Ve s et =71=f & (Sup./Pron.)
A “‘ i |
o ‘1‘ ~lceiny (MCP > PIP vector)
o mgag e :\ R ] &
@ PIP joint & \ e f l 3 Byt Iy
N Lo o
Z‘K | / i i i3 (Flex./Ext.) 5
@ MCP joint B& i \ o 1hoe (finger_normal) Y H 3 (Ab./Ad.)
5 \ \". I ::4"...-". (finger_normal2} MCP-PIP vectord|
“ \ \ ‘ / X9l vector)
“ .-.. Jl| »
%o | -
* \ 4 "‘*
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22 M E

S2-4, =X}H

0 Body template model2| &KX S

arm, tibia &2 & 3 =

= Body Template

MEL2 (1) torso, (2) upper arm, femur, (3) lower

0 Hand template model= (1) palm, (2) finger root (MCP joint), (3) finger segments

(PIP, DIP joint) =2 &2 &l =l

Body Template 2+ K| H&E =X

@ Torso &

Arars
(Horizontal Flex./Ext.)
(j11 — j10, z-axis)

(;'11 14 (shoulder)
&9 wy
A dhst (Forward Flex./Ext.)

[e) (j14 - j11, x-axis)
(Ab./Ad.) 944
(cross of
X, z-axis, y-axis)

@ A9l #H
(upper arm,
femur) 828 .6

@ otel BH
(lower arm, :
tibia) @&

O i15 (elbow)

(i15 - j14 axis)
o j16 (wrist)

Body Template 2t 2| F = 7149 0] Al

j14 (shoulder)

0wy
(Flex./Ext.)

i15 (elbow) (cross of j14-15, j16-15)

SH W
(Ulnar/Radial dev.)
(cross of j14-15, j16-15)

j16 (wrist)
o wy /K/
(Flex./Ext.) o ups
(cross of ulnar/radial axis, j16-15) ",:’

up./Pro.)
16-j15)
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S2-5. O/ M| & (non-rigid ICP Registration)

Q XtM| 7t H E =l template model2 non-rigid ICP M & BH#-Z 0|23} scan datad
OlM 32 &

Non-rigid Iterative Closest Point (ICP) registration ICP registration Z 1} 0f A|

: Hand template
M : Target scan

Iteration 1
Iteration 2
Iteration 3

Scan Hand

fp U3 !
&Y sz Tetmnaioay Lab"




S3. Template Registration Algorithm

Data Import
Step 1. il Step 2. l Step 3. il
Main Body Registration Articulated Body Registration Fine Fitting
Template re-scale Filtering Segment Body Non-rigid ICP
(Main Body) T Registration
- S t Bod I
egment Body re-scale
Register Main Body g T y Update Surface Vertex
v
. Generate )
Update Joint CoR Correspondence pair Update Joint CoR
v
Constrained Register

segment based on CoR

]
Update Joint CoR

!

Skin Deformation (DQS)

Iteration for
all body segment
b4l g ]
i "




S4. Template Registration Z1}: Performance

O E & El template modeldt scan data AFO| H2|= 0.6 ~ 0.9 mm (RMS) & L=

: Body template : Hand template
M : Target scan B : Target scan

Scan Hand

Body Template Registration Z21}: 0.89 mm Hand Template Registration Z21}t: 0.63 mm (RMS)
M A7t 39.4 sec. M3 A7t 22.5 sec.
=5 =e3ndeta ] Ergonomic Design
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Discussion (1/3)

Q ot 0l QM Wi SHE2 2T template model registration B 7
template model2| 17 7= QX A4 7|H ot& HE 7ts
CHE 2 ot @l OIN| 4 data &g = ot=0Ql QN Ho 22 24

Vertex: 19,755
Face: 39,408

. ".-;.1! FHEaeln
WY seiggsstn

Ergonomic Design
Technology Lab




Discussion (2/3)

0 Cf2| oh=Ql H 4, & scan datalll &StH HE & 7|=9 5Kl £k,
d=tr) /i X 45 28

0 2 A0 ME ME N 82| Xl5= =™ A 7| Y& landmark(20~307H)E &2,
ZZ CNN, RNN &2 Al techniques X &5} 0| automatic detection & R

Body tenfpla;eQil LHE

_*_7' Iandma rks ql AI (¢) Candidate landmark points (d) Final landmark points g
Automatic landmark detection Gi| A| Body landmark identification Gj|A]
e (Mehryar et al. 2010) (Braganca et al. 2008)
7 '-t?!_ EDEIHRY R ] E ic Desi
VoY stelzicizata) d Technology Lab-




Discussion (3/3)

fo

0 Fine fitting Tt74| O| = CoR HZH0| CHSE F=7} 7|= 7 &
> Template vertices®} joint COR2| 2tA 0 7|gtoh =7 R 7 e

1. Machine Learning: surface points % CoR && = H2HEl surface points2 CoR &8

——

2. Coherent Point Drift (CPD): surface points@ Y2tz =2 HESIH CoR Het
3. Bounded Biharmonic Weights (BBW): CoR2 control points £ registration X -&
4. Linear Regression: template &f2| §8E & ME5l0 CoRs FHot= A /i

Machine Learning
(Supervised) CPD registration BBW registration Regression method

S1. Computing weights for a mesh
given a skeleton

S2. Animating a linear blend skinning
deformation

CPD registration:
Shape registration;
All data points move coherently

Fn, EHRICRELR 1E ic Desi
WY iz 2t} Technology Lab




Q&A

33 A ZAEUT ©

—
—
x{(

Az st AT CHe| S HAA X X2 AFY (NRF-2018R1A2A2A05023299) 1}
SAXA Lo O[S H=HTH AFEXFHO|AMH|A 7|8EE /A2 (RO004840, 2020)2]
= o} +=AHE|R LY.
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HTM 7l|'&: Hand Landmark (2/3)

No. Name

41 | Palm breadth — ulnar edge

42 | Proximal transverse palm crease - ulnar

43 | Digit 2 distal transverse crease (DTC)

44 | Digit 3 distal transverse crease (DTC)

45 | Digit 4 distal transverse crease (DTC)

46 |Digit 5 proximal transverse crease (PTC)

47 | Proximal transverse palm crease - radial
48 |Digit 2 mid-metacarpal (MMC)

(
49 | Digit 3 mid-metacarpal (MMC)
(
(

Bd of the

DTC pdint ¢ iz ol 51 |Digit 5 mid-metacarpal (MMC)

base 52 |Base of the first metacarpal

50 |[Digit 4 mid-metacarpal (MMC)

53 |Ulnar edge of the distal wrist crease

54 |Radial edge of the distal wrist crease

55 |Digit 1 distal wrist crease

56 |Digit 5 distal wrist crease

57 |Digit 4 distal wrist crease

58 |Digit 3 distal wrist crease

59 |Digit 2 distal wrist crease

ﬂﬂﬁggﬁlﬂ} 42 {7 Technology Lab -




HTM 7l|'&: Hand Landmark (3/3)

O &8 229 =12 landmark 167§ M4

= EusdR
VLY dzg3ss

43

No. Name

60 |[Digit 1 distal phalangeal joint - dorsal

61 |Digit 1 proximal phalangeal joint — dorsal
62 |Digit 1 metacarpal joint - dorsal

63 |Digit 2 distal phalangeal joint — dorsal

64 |Digit 2 proximal phalangeal joint — dorsal
65 |Digit 2 metacarpal joint — dorsal

66 |Digit 3 distal phalangeal joint — dorsal

67 |Digit 3 proximal phalangeal joint — dorsal
68 |Digit 3 metacarpal joint — dorsal

69 |[Digit 4 distal phalangeal joint — dorsal

70 |Digit 4 proximal phalangeal joint — dorsal
71 |Digit 4 metacarpal joint — dorsal

72 | Digit 5 distal phalangeal joint — dorsal

73 |Digit 5 proximal phalangeal joint — dorsal
74 | Digit 5 metacarpal joint — dorsal

75 | Wrist (origin)

e,

Ergonomic Design
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rot
I
>

z
I

Template Registration =

A} site: www.scopus.com

Mo
r0|'

D_L

M= title, abstract, keyword

a
Q £
O 844 20k keyword

> && Keyword: 3D scan, 3D Human, Body scanning, 3D human body, 3D hand

> Template model £t8: Meshed human model, mesh animation, template model, body

segment, skeleton estimation, linear blend skinning, skinning mesh

A\

M A g B Title-abs-key((S S Keyword) AND (M2 0F Keyword))
> AM A TITLE-ABS-KEY(("3D scan" or "3D Human" or "Body scanning" or "3D human
body" or "3D body scan® or “3D hand”) and ("meshed human model" or "mesh animation”

or "template model" or template or "skeleton animation" or "linear blend skinning" or

"skinning mesh" or skinning))

R 44 ) Technotogy Lab



http://www.scopus.com/

Template Registration 2 Z4 A1 Zq}

74 AH

2

Title-abs-keyS 0| &350 A4
Rt EB| Z4 AH Fo 2O0FE ZM Xotet 7
S1. KewNords =2 O|_|' journal paper o= (0ll: computer graphics, ergonomics) S 'j

S2. Title screening= &% 1At M H :"{:_..::.}-y : = 36

&
S3. Abstract screening= =9+ 2X M H 33 A
S4. RO M2t 25 review Tt =2 My F 117 13 7

sy Ergonomic Design
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Template Registration Paper List

Author(s)

Institute

1 2012 | Ghosh et al. Fro_m Deformations to Parts: Motion-based Segmentation of 3D Max Planck Institute (MPI) A
Objects
2 2014 |Loper et al. MoSh: Motion and Shape Capture from Sparse Markers Max Planck Institute (MPI) A
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 . Al
4 2011 |Tsoil and Black Geodesic Surface Embedding Max Planck Institute (MPI) Al
5 2014 | Tsoil et al. Model-based Anthroppmetry: 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 A
. . o Interactive Geometry Lab, A
7 2004 |O. Sorkine et al. Laplacian Surface Editing ETH IGL, Switzerland A
8 - K. Takayama et al Sketch-Based Generation and Editing of Quad Meshes IR EERuCL LEle) At
' ' 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 Ab
Embodied Hands: Modeling and Capturing Hands and Bodies ACM Transactions on Ab
1| 2017 |Romero etal Together Graphic / MPI - PS =
Animatable Human Body Model Reconstruction from 3D Scan Data |MIRA Lab, University of ~
12 2004 |Moccozet et al. . . =
using Templates Geneva, Switzerland
13 2011 |Yehetal. Template-Based 3D Model Fitting Using Dual-Domain Relaxation Nafuona_l Cremgn g =
University
3 ]

oY) venmezsn
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HTM Application: Template Registration (1/3)

0 EZ XA (standing posture)Z =X =l 3D body scan0fl Template ModelS & &

0 Template registration &2 7|Z 3D scan A| 2 50| 0] 2 e H 59| missing
partOf| CH3L0| 7| = QIX| databaseE 0| 8%t HZ Al 8%

Human Body Template Model2 0| 8%t H4 HZ 0

Template Target Registered template Processed target

TYUTIIG

sign
‘ Tech rlulﬂml' Lab




HTM Application: Template Registration (2/3)

O Template2| vertex i2f target scan2| vertex j2| mapping %! transform &X||

O Mapping A| CC algorithm &-& | transform A| affine transformation =&

Template Target scan

Transformation

.0
.Q
.

Calculation of

Finding . Appling affine
. scale, rotation, .
correspondence Segmentation ) transformation
. translation .
(CC algorithm) matrix

(face normal)

= Data term (vertex coordination)
= Smoothness term (similar affine transformation to vertex which belongs to the same face
= Landmark term (distance among the landmarks of Template & Target scan

sy Ergonomic Design
48 Technology Lab




Template Registration (IBV, Spain): Video

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

X Source: Euro fit project, IBV, Spain







Template Registration (Hao Li): Video

Q =[Z20f 7HE &
registration ‘d

-—J Ergonomic Design
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HTM Application: Posture Control & 0| (implicit Skinning)

0 =& XtM|2| hand templatedl implicit skinning B M 23510 XfH AR 2 HEHO
HMEE &M =&

A B 3 D E F G H [ J K L M N o P Q R

1 [Bo1 le02 803 B04 805 806 807 B08 B09 810 811 812 813 B14 815 816 B17 818

2 0 0 0 010843 0.890894 0 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0084782 0914681 0 0 0 0 [} 0 0 0 0 0 0 0 0
4 0 0 0 0196993 0.801702 0 0 0 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0722384 0.269977 0 0 [} 3 [} 0 0 0 0 0 0 0 0
6 0 0057907 0731907 0.176847 0 0008072 0 0 0 4 0 0 0 0 0 0 0 0
7 0 0 0211347 0787342 0 0 0 0 0 [} [ [ 0 0 0 0 0
8 0 0 0 0823375 0.165023 0 0 0 0 0 4 0 0 [ 0 0 0 0
9 0 0880217 0.070066 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0
10 0 082639 0 0 0 0095995 0 0 0016578 0 0 0 0 0 0 0 0 0
1 0 0864012 0 0 0 0032736 0 0 0016931 0 0 0019149 0 0 0 0 0 0
12 0 0841049 0 0 0 0 0 0 0 0 0 0033861 0 0 009145 0 0 0
13 0 0 0 0 0 0 040074 0.594672 0 0 0 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0807075 0.179067 0 0 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0887548 0.107986 0 0 0 0 0 0 0 0 0 0 0
16 0 0 0 0 0 0807793 0.186725 0 [} [} 0 0 0 0 0 0 0
17 0 0 0 0 0 0 0 0 0618889 0378106 0 0 0 0 0 0 0 0
18 0 0 0 0 0 0 0 0 0 0146477 0852736 0 0 0 0 0 0 0
19 0 0500819 0 0 0 0339226 0 0 0142091 0 0 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0 0 0 0 0105464 0878444 0 0 0 0 0
21 [ 0 0 0 0 0 0 0 0 0 0 095064 0041161 [ 0 0 0 0
22 0 0009079 0 0 0 0 0 0 0 0 0 0894658 0 0 0039807 0 0 0
23 0 0 0 0 0 0 0 0 0 0 0 0321645 0673262 0 0 0 0 0

# Blender script to export the sKil
import bpy

vertices = hw data. obje::t!["l\and"] data vertices
'group_names = [g.name for g in bpy.data. ob:leezts{“hana‘] vertex_groups|
bones_count = len(group names)

ning weights in csv.

file = qpen( ‘zc weights 1.csv", "w")
[} for name in group_names])
file.write{str + "\n")

for v in vertioe_s.




HTM Application: Automatic Anthropometry

Q HTM &0l 7| =0 2|l landmarkO0f| 2|50 Q1M £2|2] H(e.g., =&, HE 5)
X X|(e.g., 20|, 4 x, S Z0| 5)FF

0 Template matching A| template model & 2| landmark, joint CoR, skeleton2]
X = e FE |0 HHE HBTM &2 landmarkE 853510 X522 K|,
o U X 24

Template ModelS 0| &8¢t QX X| 57

sy Ergonomic Design
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HTM Application: Pressure Estimation

X1I% f% X LA REM[ 2 A 2l HTMI K Z2te] B 772l 2d5 18

a 11|E°| =/ data & & 22| 24 data library =% 3 8%t @4 & 2 (finite

element human hand model) 7§ o H

et 24 21N 22 (Hand Model) 7H'E Of| Al Pressure estimation 0f| A|

James et al. (2012) Harih and Tada (2016) Harih et al. (2017)

-y Ergonomic Design
Technology Lab




HTM Application: Product Design

0 Template model2| X|+= U 4 HEHE HE EAH 2 XH(design dimension) 2}
HSSHH AFERLL| QK| 27| & S S84 AN 2EHCR

a8 st

¢t
0z
=2
M
p L
b
ogt
|

AN A 7| X5 MNF 24 24 A HE of

Handle f:urvature Handle length

(1) M= 24 =8 BH=(variable) ‘32|

Handle width

Middle phalanges |

(2) Template model2| 914 H==(variable) & 2]

Proximal phalanges |

Distal

phalanges /@ Metacarpals

| Middle phalanges |

| P i ol | 7 K|
\_/ w3} \ 4 s}
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