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= XM 24 ATt (z)

o|2H4 0|0|X], SAZHAIAUES 0|83 & XHA| 24 Q17 S0| +HE

v’ CT-scan 7|8t &= XtM| 24: 2 3| S 2 (Joint Center of Rotation: J-CoR)2| & ot
S-S QB A3 fixed joint (Kasa, 1879), instantaneous joint (Cao et al., 2021)
v El— |

ol-J

ot et 7|8t & S, AhM| 24 A|AH=! (Lien, 2015; Zhang et al., 2003)
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= XM 24 AT 22)

o|R YA o|O|X|, SEEHAAHS 0|83 & XA 24 AE0| 3 E
v' CT-scan 7|82t & Xt 24: 2H 2|T S 4l (Joint Center of Rotation: J-CoR)2| & ul ot

- -
EME flet I, fixed

. joint (Kasa, 1879), instantaneous joint (Cao et al., 2021)
v’ Ci==0| &t 702t 7[8h &

= S&F KM 24 A A8 (Lien, 2015; Zhang et al., 2003)

—_— S

l.

Job

ZiHIEE Z1%8F & Xt 24 oAl

CT-scan 7|8t & XtAM| &AM 0o A 2%

Fixed joint CoR Instantaneous joint CoR Lien (2015) Zhang et al. (2003)

(Fowler et al., 2001) (Cao et al., 2021)
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Digital 3D Hand
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2|35l 3D scanning, digital hand model S0| &% S
v' 3D hand scan= 0| &%} palmar hand dimension &8 3 24X (Jung et al., 2019)

v' Digital hand model= 3D hand scan == video image0i| & 2 | real-time hand

tracking, 3D reconstruction, posture analysis 62 Tl & EMS 24T += U3

(Bray et al., 2004; Tzionas et al., 2016; Oikonomidis et al., 2011; Tkach et al.. 2016)

3D scanning 7|8t & §4 &4 Digital hand model2 7|8t & Xt =5 % 4
(Tzionas et al., 2016) (Oikonomidis et al., 2011)

(Jung et al., 2019

Widths (Tip to DTC/PTC)
o
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ions (1/3)

imitati

L

Q 28B4 O|O|X|= 0| 8¢t

(Voros et al., 2011)

F=| 2F Aot

v/ CT-scan A| | A X7 BEARMO| == 5[0 C

v MRI= =738 AlZH(12]: 30=)0

HE(Molet et al., 1997)
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Limitations (2/3)

QO 3D £ scan raw datac Ql7tS<HE 2M0| & EE 7] 2o 22X 2|0 A2%|=

LE0| 37| 20 & XM 24 A| 287}

v 3D scan raw data= =™ A|OICt mesh X, M7 4=, M H|Q Qo Mo 2 H|H
HOlH Ed2 XY (&Y 2/, 2020)

aC 0
0

0%

v OIN K= 54, g4 A XM 242 f/h 3D H0[E =X 2[(smoothing, hole filling,
HEE Y )0 24X B2 30| a4 E
aQ &2 1tx 3
v &=9o| §f 7l
Z=HiE 22
v 0| E =T,
A 700| =7+



Limitations (3/3)

0 Hand model?2| ds E7}0| 28 %|7| ¢ et true hand scan X X}A| data £ %Y
v Gold standard®! CT-scan2 E¢l| == & XM 71 =3
v CT-scanS Edl| & dataset = U XM EM TEH MK M

= 10,

QO Digital hand model ¥ algorithmS O| &% B2 Jc"5“‘"(%5'%) 7"% 4e
=

v Hand model % algorithms O| &% B2

—

O
SHOE o0 XAl 242 == HA 2+ &

v JIE APE JhAo 2 MAME synthetic dataS EB310] &= BE XN 24 M5 T}

—

ol7tsst 9|E(XH%), O|M| st HOfROo| ML Jts5A 0] T g

) = /| o O =/

Digital hand model G| A|
HAIZHFH & 2 Oikonomidis et al. (2011) 3AtE & A7 2 ZE: Romeroetal. (2017) &= AtA| 73 2 E: Bray et al. (2004)
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Objectives

Dynamic Hand Scan?2| X}A| 9! x|+ EA S 2|t
Deformable Hand Model 7j &

1) Deformable hand model 7%
2) B2H HXZH, & @42 0|83 dynamic hand scan 7| XHM| =
3) Deformable hand model registration

4) = XM, X+ =4
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= Deformable hand model 7} &

Hb
$1. Deformable hand model 7H'Z = Joint CoR, link, landmark 22 /4

» 2 H M textured landmark 7|8t =7| XA 24
S2. Dynamic hand scan®?| XfM| =7 = Stepwise regression 28 63 J-CoR &3
= XM EH

= Deformable hand model registration =&

S3. Deformable hand model registration « EM mesh 7|8 J-CoR /%] E X
A 4
- A58 g
S4. Digital hand scan®| XtA| & x|+ &4 = Z4O|, |, Y JHH X &4
- =AM 24
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S1. Deformable Hand Model (DHM) 7 &

Q Scalable, deformable, posable =& 2| digital hand model 7HZ (Jung et al., 2021)

O Deformable hand model2 E ™ mesh, && & |link X, X H SO 2 1A=

Hand surface & bone mesh
(Hand geometry)

Finger joint CoRs & link structure

(T %
iy 7
/ PIR
Estimated

Fixed CoR

sagittal view

(hand kinematics)

Centerline of Frame i

Posture 1
DiP

Rotation
angle (%)

/." T ect ¢ " Centerline of Frame j
& 7 Trajectory o

. o <" " landmark Instantaneous

joint CoR

Landmark
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Posture 2

Hand bonds & joint CoRs
# of link: 21, # of joints: 21
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= Vertex: 6,984
= Face: 13,964

Hand surface landmarks
# of landmarks: 75

Digit 3
Digit 2 Digit 4

W MCP point
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Deformable Hand Model (DHM)

Q Digital hand model2| XtAf| H2}0|| [ skin deformation 724 Of| A|

Neutral hand

Half grasping hand

Full grasping hand
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Hand Landmarks

ad = 837K &= &ZEHO0| hand anthropometry A& & X350 hand modeldi| &-& &
(Greiner, 1991; =7l, 2018; SizeKorea 2010; SizeKorea 2018)

4

Selected 83 hand landmarks

- Digit 3
Dlg;t 3 . . Digit 2 9 Digit 4
Digit 4 Digit 2 g o
13 /© 5 13
0 S Tip O O
Digit 5 " 29281(%5 oA ¢ o oa Digit 5
17 30, ‘5O 21 i O 17
o o© 004 DIP point 63 3 o
18 23 153128112(;24 7 b3 @) -
Q 322000 O Digit 1 67 O ,
#607, 6° O PIP point ; 64 70| .o/ DIP point
19.0 12 0 o O .
360% 60 3% 8 &7 MCP point 370 38 39 & 7% PIP point
20 20 39 Digit 1 o o 6? o 20
o 47 65 O 41
O 46 O & @ 77 71
M 45 & 2" b point®
o (24 O —083-70 poin Ogs MCP point 7‘?
DTC point O, 13 O < 20 o)
\2 % 0% 80 g © Pa2
. 0 4l i Head of the
MMC point O 48 49 o Digit'1 base 1st metacarpgl1 79
82 o 718° . Pso 8 5
. 52 79 e
Wrist crease o 62 : .
baseline 53 (00 g o O Os4 O Wrist point
556 57 5g 59 75
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Hand Dimensions: Summary

A A = >
a = Xl T :78 %I'% 12 &! % (US Army hand anthropometry research, Size Korea 2020 & =)

d Length 375, height 95, breadth 12F, circumference 95 hand dimension 173

Hand dimensions (Greiner, 1991)
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Area, Volume Analysis

AKX =2 0O o = =
0 £ F2 YRIFES I|F22 157 Y22 1%} X
= —~ AL = A | = =
QO 4 =% 90| Ot &5, =HYHO| 4t A ot JFe = 25 23
1570 S =4 307 9 - D2
(2T 5H) (HE =H)
D5 D5
distal
-
media\\ proxima
roximal B ! Dorsal side
/ hand
Palmar side
) hand
~~"Palmar hand - proximal
K Dofsal hand
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S2. Surface Landmark-based Posture Approximation

QO & HEHO ®E7|=l landmark positions 0| &3}0] 7| XtN| F=H
(colored texture, deep learning model= O|&3}0] Xt& EHX| b 7 &)
v Palm @9 joint CoR(D2-5 MCP joint, D1 CMC joint)2 palm fitting= Sl 2| X| £
v' PIP, DIP joint CoR % tip2 surface landmarkE& 0|3} |X| 24

Q &7t2F B Y XA fine fitting 328
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S3. Deformable Hand Model Registration: 7| &

Q Deformable hand model2 3THA| FE 2 2 3AHR & A7H0| 2 E
1) Scale 23 Sl &=HIE EY 7 = (Absolute Orientation Problem Solver (Horn, 1987))
2) 22N E XA EE: MCP joint (2-DoF) — PIP joint (1-DoF) — DIP joint (1-DoF)
3) Deformable hand model O Al "2 2 (ICP registration algorithm (Chen and Medioni, 1991))

Deformable hand model registration =X} 0f

Scale & palm fit MCP joint fit PIP joint fit DIP joint fit Fine registration
- -

(o

”ﬁ\

. : deformable hand model : 3D hand scan

«wiw

registration error (RMSE) = 0.2 mm
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Deformable Hand Model Registration 21}
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* . joint center of rotation (CoR) : deformable hand model : 3D hand scan
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S4-1. £ XM 24

Q Flexion/extension Zt= =41: 24 Clj & joint CoR1} 2/ joint CoOR= EZ&ot=
link vector AtO| Zt= &7
O Abduction/adduction, pronation/supination Zt= 24: 7| plane2 2 F A=
projected joint CoR ¥/ X| & 0| &35} link vector A0 1= 57
Flexion/extension Zt =4 0f Abduction/adduction, pronation/supination Zt= &4 0f

Vi (X3, Vi 2;)

Joint CoR - .
0 = arccos(v %/ 1. 11%1)
v (% 3 2))
—
Vb

Vi (Xp Yo Z1)

—=(0,1,0)

¥y

(0 v 20) - (%, 3], 2))

— =

Voo Jx = xD?+ (v — yD2+ (21 — z))2
= (xk!yk!Zk)_ (x]’yj!zj)

Vo o 0o — x)? + (v, — ¥)P+ (zk — z))2

B = arccos(v.+%/1%11%1)

- __' [y === = Ry by | 24 Mg T EEETErE sy m——




Finger Joint Angles

0 Flexion/extension 5™ 15%, abduction/adduction &2 5%, supination/pronation
ES = 7l HA
=058 4k 24
No. Digits Joint Angle No. Digits Joint Angle
! P Flexion / Extension 16 Abduction / Adduction
2 MCP Flexion / Extension
3 Digit 1 Abduction / Adduction 17 MCP Flexion / Extension
© cme Supination / Pronation 18 Digit 4 Supination / Pronation
5 Flexion / Extension
6 Abduction / Adduction 19 PIP Flexion / Extension
v McCP Flexion / Extension 20 DIP Flexion / Extension
8 Digit 2 Supination / Pronation
9 PIP Flexion / Extension 21 Abduction / Adduction
B DiP Flexion / Extension 22 MCP Flexion / Extension
11 Abduction / Adduction
12 MCP Flexion / Extension 23 Digit 5 Supination / Pronation
13 Digit 3 Supination / Pronation 24 PP Flexion / Extension
14 PIP Flexion / Extension
15 DIP Flexion / Extension 25 DIP Flexion / Extension
EgIntta - Ergonomic Design
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= XtM| &AM Z1} 0| A]: Straight Hand

O H 7|2 X}M|2] hand scan AN 244 4 1t

. Joint Digit 1
. * CMC Fx(+)/Ex(-) 3.8
#
# CMC Ab(+)/Ad(-) 42.4
#
" . . CMC Pr(+)/Sp(-) 4.1
" * MCP Fx(+)/Ex(-) 24.5
*
" IP Fx(+)[Ex(-) 25.5
" * *
¥ Joint Digit 2 Digit 3 Digit 4 Digit 5
* *
. MCP Fx(+)/Ex(-) 22.8 14.0 10.9 3.8
MCP Ab(+)/Ad(-) 12.4 0.0 13.5 29.5
- PIP Fx(+)/Ex(-) -16.4 -14.8 -16.7 -0.2
#* DIP Fx(+)/Ex(-) 1.5 -11.1 -11.9 -18.7
MCP Pr(+)/Sp(-) - - - -

sy Ergonomic Design
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a +%

= XM 24 2

2] X}M| 2] hand scan AFA| £

H A 74

—

=

1} 6| A|l: Bent Hand

at

Joint Digit 1
CMC Fx(+)/Ex(-) 18.7
CMC Ab(+)/Ad(-) 41.2
CMC Pr(+)/Sp(-) 211
MCP Fx(+)/Ex(-) 37.5
IP  Fx(+)Ex(-) 20.7

Joint Digit 2 Digit 3 Digit 4 Digit 5
MCP Fx(+)/Ex(-) 17.1 9.5 9.4 9.0
MCP Ab(+)/Ad(-) 18.2 0.0 16.2 42.8
PIP Fx(+)/Ex(-) 21.3 42 1 51.8 37.6
DIP Fx(+)/Ex(-) 2.7 -4.7 -2.9 -15.8
MCP Pr(+)/Sp(-) - - - -
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DU

U

d=

S4-2. £ K|+ &M

XM do|: =775 ALO| vector length (by vector norm function) 573

=t 20]: SEE AFO] [T A2 FF

v ™™ AO| E|THAE| B 2610 2| F(by shortest path detection algorithm) 7|8t &7
v 24 HH mesh 22 ™ M4 (by ISO cut function) %! edge length 53

HHM: 2M o BR|Q| 22 face HEL[ Tl

VO = 2)2 + (v — y)? + (2, — 2,)?

Vi(X1, Y15 2p)

-y Ergonomic Design
28 Technology Lab




Hand Dimensions (1/3)

d Length 37F, height 95, breadth 12F, circumference 95 hand dimension 173

No Dimensions T2 =M
1 digit 1 length length
2 digit 1 height length
3 digit 1 tip to wrist crease length length
4 digit 1 distal interphalangeal joint breadth breadth
5 digit 1 distal interphalangeal joint circumference Digit1 circumference
6 digit 1 link length length
7 digit 1 metacarpal link length length
8 digit 1 proximal phalanx link length length
9 digit 1 distal phalanx link length length
digit 2 length length
digit 2 height height
digit 2 tip to wrist crease length length
digit 2 proximal interphalangeal joint breadth breadth
digit 2 proximal interphalangeal joint circumference circumference
digit 2 distal interphalangeal joint breadth Digit2 breadth
digit 2 distal interphalangeal joint circumference circumference
digit 2 link length length
digit 2 metacarpal link length length
digit 2 distal phalanx link length length
digit 2 medial phalanx link length length
digit 2 proximal phalanx link length length
digit 3 length length
d!g!t 3 helght . Digit3 height
digit 3 tip to wrist crease length length
digit 3 proximal interphalangeal joint breadth breadth

-y Ergonomic Design
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Hand Dimensions (2/3)

d Length 37F, height 95, breadth 12F, circumference 95 hand dimension 173

No Dimensions T2 =M

26 digit 3 proximal interphalangeal joint circumference circumference

27 digit 3 distal interphalangeal joint breadth breadth

28 digit 3 distal interphalangeal joint circumference circumference

29 digit 3 link length Digit3 length

30 digit 3 metacarpal link length length

31 digit 3 distal phalanx link length length

32 digit 3 medial phalanx link length length

33 digit 3 proximal phalanx link length length

34 digit 4 length length

35 digit 4 height height

36 digit 4 tip to wrist crease length length

37 digit 4 proximal interphalangeal joint breadth breadth

38 digit 4 proximal interphalangeal joint circumference circumference

39 digit 4 distal interphalangeal joint breadth Digit4 breadth

40 digit 4 distal interphalangeal joint circumference circumference

41 digit 4 link length length

42 digit 4 metacarpal link length length

43 digit 4 distal phalanx link length length

44 digit 4 medial phalanx link length length

45 digit 4 proximal phalanx link length length

46 digit 5 length length

47 digit 5 height height
digit 5 tip to wrist crease length Digit5 length
digit 5 proximal interphalangeal joint breadth breadth
digit 5 proximal interphalangeal joint circumference circumference

D EHTajsa 1 E ic Desi
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Hand Dimensions (3/3)

d Length 37F, height 95, breadth 12F, circumference 95 hand dimension 173

No Dimensions T2 =M

51 digit 5 distal interphalangeal joint breadth breadth

52 digit 5 distal interphalangeal joint circumference circumference
53 digit 5 link length length

54 digit 5 metacarpal link length Digit5 length

55 digit 5 distal phalanx link length length

56 digit 5 medial phalanx link length length

57 digit 5 proximal phalanx link length length

58 hand length from digitizer length

59 hand length measured length

60 hand circumference circumference
61 palm length length

62 palm breadth breadth

63 hand breadth breadth

. Hand

64 wrist breadth breadth

65 wrist circumference circumference
69 crotch 1 height height

70 crotch 2 height height

71 crotch 3 height height

72 crotch 4 height height

-y Ergonomic Design
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A
| S

A H
x| 4 BA

I

1} of| A]: Straight Hand

O ™ 7|2 XtMQ| hand scan X|= 241 Z 1t
No Hand Dimensions PNES No Hand Dimensions pNES
1 | digit 1 length 54.0 26 | digit 3 proximal interphalangeal joint circumference 73.7
2 | digit 1 height 119.8 27 | digit 3 distal interphalangeal joint breadth 18.2
3 | digit 1 tip to wrist crease length 148.4 28 | digit 3 distal interphalangeal joint circumference 65.6
4 | digit 1 distal interphalangeal joint breadth 18.5 29 | digit 3 link length 106.9
5 | digit 1 distal interphalangeal joint circumference 78.8 30 | digit 3 metacarpal link length 87.9
6 | digit 1 link length 92.1 31 | digit 3 distal phalanx link length 24.6
7 | digit 1 metacarpal link length 824 32 | digit 3 medial phalanx link length 27.8
8 | digit 1 proximal phalanx link length 31.3 33 | digit 3 proximal phalanx link length 26.7
9 | digit 1 distal phalanx link length 29.4 34 | digit 4 length 72.8
10 | digit 2 length 70.9 35 | digit 4 height 170.1
11 | digit 2 height 179.6 36 | digit 4 tip to wrist crease length 180.0
12 | digit 2 tip to wrist crease length 186.3 37 | digit 4 proximal interphalangeal joint breadth 19.5
13 | digit 2 proximal interphalangeal joint breadth 20.7 38 | digit 4 proximal interphalangeal joint circumference 74.2
14 | digit 2 proximal interphalangeal joint circumference 85.3 39 | digit 4 distal interphalangeal joint breadth 15.0
15 | digit 2 distal interphalangeal joint breadth 17.8 40 | digit 4 distal interphalangeal joint circumference 60.2
16 | digit 2 distal interphalangeal joint circumference 63.0 41 | digit 4 link length 94.2
17 | digit 2 link length 90.1 42 | digit 4 metacarpal link length 87.5
18 | digit 2 metacarpal link length 96.4 43 | digit 4 distal phalanx link length 25.6
19 | digit 2 distal phalanx link length 23.0 44 | digit 4 medial phalanx link length 253
20 | digit 2 medial phalanx link length 245 45 | digit 4 proximal phalanx link length 23.2
21 | digit 2 proximal phalanx link length 23.4 46 | digit 5 length 55.9
22 | digit 3 length 79.8 47 | digit 5 height 137.4
23 | digit 3 height 182.6 48 | digit 5 tip to wrist crease length 150.6
24 | digit 3 tip to wrist crease length 193.4 49 | digit 5 proximal interphalangeal joint breadth 16.8
25 | digit 3 proximal interphalangeal joint breadth 19.9 50 | digit 5 proximal interphalangeal joint circumference 62.7

%, EEEallm

) M= s n
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I

= X|+= &M 41} 0| Al: Straight Hand

O M 7|2 X}M|Q| hand scan X|= 24 A}

No Hand Dimensions N

51 | digit 5 distal interphalangeal joint breadth 16.0 #

52 | digit 5 distal interphalangeal joint circumference 52.9 #*

53 | digit 5 link length 75.8 * *

54 | digit 5 metacarpal link length 77.4 -

55 | digit 5 distal phalanx link length 20.1 -

56 | digit 5 medial phalanx link length 21.4 * - *

57 | digit 5 proximal phalanx link length 14.7 *# &

58 | hand length from digitizer 186.8 #
59 | hand length measured 186.8 *

60 | hand circumference 231.6 * . "
61 | palm length 114.7 . - .

62 | palm breadth 85.1

63 | hand breadth 85.1 .

64 | wrist breadth 56.7

65 | wrist circumference 173.1 *

69 | crotch 1 height N/A

70 | crotch 2 height 183.0 *

71 | crotch 3 height N/A

72 | crotch 4 height 71.0

sy Ergonomic Design
Technology Lab




o
| I

K|+ &M Z1} 0 Al: Bent Hand

O ™ 7|2 XtMQ| hand scan X|= 241 Z 1t
No Hand Dimensions PNES No Hand Dimensions pNES
1 | digit 1 length 49.2 26 | digit 3 proximal interphalangeal joint circumference 74.7
2 | digit 1 height 105.8 27 | digit 3 distal interphalangeal joint breadth 17.2
3 | digit 1 tip to wrist crease length 140.5 28 | digit 3 distal interphalangeal joint circumference 66.5
4 | digit 1 distal interphalangeal joint breadth 14.0 29 | digit 3 link length 87.4
5 | digit 1 distal interphalangeal joint circumference 65.9 30 | digit 3 metacarpal link length 85.4
6 | digit 1 link length 84.4 31 | digit 3 distal phalanx link length 20.3
7 | digit 1 metacarpal link length 77.7 32 | digit 3 medial phalanx link length 24.4
8 | digit 1 proximal phalanx link length 31.7 33 | digit 3 proximal phalanx link length 20.3
9 | digit 1 distal phalanx link length 25.5 34 | digit 4 length 58.2
10 | digit 2 length 60.9 35 | digit 4 height 148.7
11 | digit 2 height 166.6 36 | digit 4 tip to wrist crease length 152.6
12 | digit 2 tip to wrist crease length 170.8 37 | digit 4 proximal interphalangeal joint breadth 18.0
13 | digit 2 proximal interphalangeal joint breadth 19.9 38 | digit 4 proximal interphalangeal joint circumference 69.1
14 | digit 2 proximal interphalangeal joint circumference 84.8 39 | digit 4 distal interphalangeal joint breadth 15.8
15 | digit 2 distal interphalangeal joint breadth 15.8 40 | digit 4 distal interphalangeal joint circumference 59.6
16 | digit 2 distal interphalangeal joint circumference 71.4 41 | digit 4 link length 74.2
17 | digit 2 link length 79.9 42 | digit 4 metacarpal link length 84.5
18 | digit 2 metacarpal link length 93.4 43 | digit 4 distal phalanx link length 23.4
19 | digit 2 distal phalanx link length 17.0 44 | digit 4 medial phalanx link length 21.2
20 | digit 2 medial phalanx link length 24.3 45 | digit 4 proximal phalanx link length 14.8
21 | digit 2 proximal phalanx link length 20.6 46 | digit 5 length 50.2
22 | digit 3 length 64.6 47 | digit 5 height 123.6
23 | digit 3 height 168.8 48 | digit 5 tip to wrist crease length 137.5
24 | digit 3 tip to wrist crease length 169.0 49 | digit 5 proximal interphalangeal joint breadth 13.1
25 | digit 3 proximal interphalangeal joint breadth 19.5 50 | digit 5 proximal interphalangeal joint circumference 60.2

%, EEEallm

) M= s n
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= X+ &M 41 o|Al: Bent Hand

Q H 7|2 XM Q| hand scan Xl 24 Z 1t

No Hand Dimensions N

51 | digit 5 distal interphalangeal joint breadth 12.8
52 | digit 5 distal interphalangeal joint circumference 52.8
53 | digit 5 link length 65.2
54 | digit 5 metacarpal link length 74.8
55 | digit 5 distal phalanx link length 21.0
56 | digit 5 medial phalanx link length 19.6
57 | digit 5 proximal phalanx link length 11.6
58 | hand length from digitizer 170.6
59 | hand length measured 170.6
60 | hand circumference 241.0
61 | palm length 1114
62 | palm breadth 91.2
63 | hand breadth 91.2
64 | wrist breadth 62.4
65 | wrist circumference 189.6
69 | crotch 1 height 0.0
70 | crotch 2 height 171.6
71 | crotch 3 height 0.0
72 | crotch 4 height 63.4

&
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Q = 9+

Discussion: &= XA A 2 72 S A5

= deformable hand model2 O|&5}0| ZHHSIA| 3D hand scan XA S
X+ 24 g = st

v CtYS 37|, XtM|2| hand scan®| & & k| = deformable hand model 7 &

v Deformable hand modelS hand scan0f M &sl= dHH M
v Hand scan® 2 M & 9l HSIEl hand modelS 0| 2%t 22 M0l XA, K| EA

Vi (X Yi 7))
P a4
17 \| c10 ! +c14
I I
- 6t 13I| 10;
20 16, c11® £ .

* ! int CoR - = —
cz%,\ cTA\ ‘: J ¢ c17 Joint Co 6 = a,I'CCOS(Vn'Vu/an |Vb|)
19\ Cll 401 A0 ; v; (% 3 2)

C3’\‘ 15 ‘\\ . | * ! 8;
18\\ * ) C‘IZ] lc“G T ci18 V_)
iy T ; i ’ Vi (X Vi Z1)
o J: i 7
: 3' 2 Fots — =(0,1,0
a4\ " 6/° ;=010
N/ _ (60y020) - (3,97, )
* c20 —_— =
B\ /1/ Voo VO = 2+ O - )P (2 - 2)2
@ cz; ¥ L G Vir zk) = (xj, i, 2J)
ooz Voo J(x = 22 + (v — ¥+ (zk — 2))2

0 = arccos(7+% /I 1w1)
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Discussion: Application (2/2)

2 Q10| A RIOHE & KA I K| EA QS MAIZH AR BN, AZHE S
7|t

HZ M7, digital hand model simulation0| S25}H 2= Ao
I.

v &2t 28 CoR =M U & Ml 24 %*t”o Z| &3 7|8t W (Zhang et al., 2003)01 H|BY
ALto| ZHEtStn w2 8 2 HA|ZH & XHA| 24 2 hand tracking 0| && 7=

v Chgot & XM el 28X 2l —.'?'_—’5.% X &3stof elztzet® 8 Sl alls HEF 240
FEHA & 7t

v duot &7tE 2 CoR 242 registration scale, posture adjustment 5= 7+35t=
7|8t7]& 2 digital hand modeling ® simulation &5 &4H0f 7|0

DHMS| XtA| HHAH




Limitations & Future Work

O = A+t &7t 2E CoR 242 B 37|29 digital hand model2| S8&
e EAEEE OiYot £0| 37| S BN EFZ X H digital hand
model2| 7HE 2 HME0f Cfot =7t AL EQR

Q CtSH XM S| && £ scan data(e.g., power grip, pinch grip ) =& %
KEMl, K== 24 1F olof Lot ds BT ER

=X
o
(o

1 XHA|
F XHAD)

BH XA

=5 FUzouta y Ergonomic Design
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Q&A

Thank You
for Your Attention!
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AT A L Y

S1. CT-scan 7|8t 3D hand dataset 7+

Hand CT-scan experimental design
3D hand scan dataset T+

(bone mesh, joint CoR, surface mesh)

. 143 2 H% MY
S2. #%E 3|H Z4(joint center of rotation) 37 4] 714

-
of¥

Stepwise regression 22 =™ A 7

= O o =
» 65 J-CoR & B4 =7

S3.

= Deformable hand model 7} &
Deformable hand model 7|8t X}A| 24 HitH

— o .
=5 gx=®S 0|8t & K|

- JCoR ZHAI Hg U & KA 24

A 7 =
&, BE e 5

» SRFE™MA|AHE g Deformable hand model
S4. Deformable hand model 7|2t XtA| A1 Hied @7t 8l HS » J-CoR FH @A} &7I2F 2™ 2t £H QXK}
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S1. 3D Hand Dataset T+

O 3X}R & 22 O|O|E| &= skeletal structure, joint CoR (fixed & instantaneous),
surface meshE Egts10] 1=E

S1. Skeletal structure 7+

\ 4

S2.  Joint CoR HIO|E| 7% <f
Estimated | ’ '::Trajectory of

Fixed CoR T - L landmark

S3. Surface mesh 7+

sy Ergonomic Design
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A =718 24 2| S (J-CoR)2 & X|==(link length), &= T & & (landmark
position), #H’ A Zt = (joint angle)2t =2 & B! MPE = E0|= A= BEE

(Lim, 2018; Zhang et al., 2003; Cao et al., 2021; Figueroa et al., 2016)

v Lim (2018)2 & X|==(&7t2fotC|Zol, &7t2tdo|, #2142 0| §) 75 F 0[8¢t J-CoR %A
XI—IAI(Rz— 0. 9); 7|.|I=Il-ol-

v’ Zhang et al. (2003)2 £50| £2t=l reflective markerE 0| 8310{ J-CoR ¥ A &8 & &
AME 245t 2 Het DE S HEE

v 7|& A7 Caoetal., 2021; Figueroa et al., 2016)= &=7}2l J-CoR {X|&= 2E X ZE F/d =

RN EHo= Q5 &= XpA|, eI & f{X|, =71=Hd o[t Z2 & X2

T 71 1

J
ro0
YBtg BHECD By

Hand e[ adiR|MSE Regression Equation of CoR Coordimate (X.Y,Z)
N 0
58 0] 993 | 1.7 [MCP_COR_X=326+182 N-0287FSL ~0.06 W - 00868 A
W 0
A [1X175]
N 0
H 0 . 107 a7 i 0o
10| 905 | 45 |MCP_COR ¥ =107- 474N+ 0681 EL- 0Q3HW-0217 &
a 0019
A 0 | w1 s _ - .
=0 581|201 |MCP_COR Z=441-0224 A- 0171 BSL
N 0 97.6 [3.11 |PIP COR X=-312+174N
N 0.002
FL 0
HL 0 93.6 | 3.6 |PIP_COR_Y=125+0213FL-590N+0787HL -0458 HW - 0445 A
HW 0.005
A 0
HL 9 742 | 04 |PIP_COR _Z=034-0.0437 H - 00764 FSL
ESL 0 N N - - N
N 0 s e e 0o
152 964 | 37 |DIP_cOR X =172+ 163N - 09 FID
N 0
L L0001 934 | 45 [DIP_COR Y =83-578 N+ 0206 L+ 07 HL-072 A
A 0
FSL 0.009 _ R N
L 89091 435 | 06 |DIP_COR 2= 105-0.0905 FSL-0.0061 EL
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S3. Deformable Hand Model (DHM) 7 &

Q Scalable, deformable, posable =& 2| digital hand model 7HZ (Jung et al., 2021)

O Deformable hand model0f| = &= &4 242 ?[et X2 (7571)0] Ho|&

CoR coordinations Hand bonds & joint CoRs Hand surface landmarks
pw—— # of link: 21, # of joints: 21 # of landmarks: 75
oordainaies
Digits | Joint X v 2 Digit 3
Tip 415| -610| 9816 cg’f 5 €13 Digit 2 Digit 4
i
oty 2P | 185|936 7681 T 14; 11i
1an
d PIP 0.45| -13.83| -52.38 174 ©10% .fc14
MCP 067| 29.17| -1023 06# 13l I
cl l\ 10,
Ti 2377| -4.15|-105.64 \
i 20 \ 16 | c11 £C15
DIP | 2206| -928| 8288 \ | t |
Digit 3 c2% o7 | J . c17
PIP | -2078| -16.39| 5517 \ | !
19 \ \ | 9 i |
MCP | -19.68| 2548| -663 \ 12, ! 8
03’: 15 | o | ' PIP point
Tip | -43.83| -455| -93.14 \ \ ¥ l & ;
DIP | -4238| -859| -70.29 b x c12t i %18
Digit 4 {
PIP | -40.14| -12.90| -43.96 7:
| :
MCP | -35.41| -1821| 0.80 ' 'y i (R
Tip | 68.04| -2.50| -65.44 4\ 3 /r 19
DIP | 6542| -6.25| -44.81 6,
Digit 5 5
PIP | -60.51| -10.26| -26.71 \ |
* c20
MCP | 5206| -12.32| 834 /
Tip 3147| -6.79| -4149 \\“pl/ :
P 3165| -11.61| -16.29 *
Digit 1 c227
12.17| 17.01
1670| 2818 o2 = Vertex: 6,984
= Face: 13,964 s
-17.32| 70.64 ’ Ergonomic Design
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Hand Template Registration & 24

QO 2129 landmark set2 £ template meshE target mesh0j fitting
> Surface mesh?| vertex 72} $|X|& L& E|A 5t HA=2E mesh HIO|E| 35 75

> Template2| vertex indexE &850 C}2| landmark set =& 7t

Target mesh
» o #of vertices=77,584 .~ _ #of vertices = 6,984

Template mesh

v

Fitting o Registration

\ 4
\ 4

# of vertices = 6,984
# of vertices = 58,294 # of vertices = 6,984
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Hand Template Registration =X}

0 Hand template registration 4&HA AXLZE TS E

S1. Template mesh £7| H3

\ 4

S2. Segment'E 37| =H

\ 4

S3. ZHENE XpM| EE

\ 4

S4. Template mesh OJA| HE
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S1. Template Mesh £7| 2=

Q LandmarkE 7|22 2 Absolute Orientation Problem Solver (Horn, 1987)=

=L |

22510 template model= scan targetdt AteE 37|, Wako 2 x7| HE +=H

AL
T

Input data Output data
ABSOR
Oflc =2 82+ &= « Rotation matrix R

-4 GlAl )
* ntemplate landmarks

* ntarget landmarks

 Translation matrix T
 Scale factor s
 Transform matrix M

Minimize
YillR*AC,D)+T — B(:,i)||?

x7| ¥y
g y
Py, EHZals o ﬁ Ergonomic Design
Technology Lab
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S2. Segment® 37| =H-

d Hand CT scan A& A| 5832

gt segment 20|

=
=
segment® 37| E scan datal2l FAISHES =

Q37| 28 A| CoRE Ytz A =t

Template
= A:03
B: 0.4
C:0.3

s, EUITIHLR
) sz B}

I El Landmarks J &

2720/ H|g 4 Hg w3

0|23} template model2]

o

[

Scan

= A:0.3
= B:0.5
= C:0.2
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S3. ZHEMNIE XM HFE

Q Template model2| XtA| BH2h2 21X 2o Xt = E 1250 H™-E 2ES2
=
o

EmE SHCE ZOf SE He| LM [ X2} W (quasi-Newton method)=

0| 83}0f 434

AL —
Hand Template 2&H| H& =X Hand Template 2t3 2| M3 714 0| A|
S L | D3 - Tip
A AR, 4
X % V] o S K
"L . e
; L“..‘ Lamafuen sl .
.';.o .“‘i““ 4 ;f . "‘ 3 s
T t\.‘% }‘P IL T K o D3-PIP
D YR Tolad SRRRd sty P o
@ DIP joint ‘5= R - i ek & £ 712t 8k (Sup./Pron.)
,; \1 | ol L (MCP = PIP vector)
%, e {2ok | 3 /K "_.l.
o gy e v et Sos T _“;5, >
@ PleOInt @Eé- N SRR L l.“ R
\ ke T? e 2 =0 D3 -MCP
AR [ A (Flex./Ext.)
® MCP joint ¥ Vo T o4t (finger_normal)  FHH 23k (Ab./Ad.)
& \ \1 I ‘;a(,__"" (finger_normalx} MCP-PIP vectord|
\ ‘ // 4%l vector)
\ |y ;
%, d
. | // .p”
] .
e e L
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Discussion: 3X}2l Hand Scan Dataset =

=T 5O AFN &V e 2E 9| SMHJ-CoR) BE, &2 HH HEH
HEIF ZotE HUSHCT-scan 7|8 3X2l hand scan dataset (n = 79) 7+&
3X}2 hand scan dataset= &e 7| MY 7= He Tt Q7HS st o| 4 7
= FHCo = ot CHYst digital hand model2| AHM| =8 ds E7t X H30
2 ZEH = UZ
Hand scan dataset 0| A| at7l&H x7| TCH Q17+ sHH o|4 7'
vl | ——— vertex

, # T i
\ A '. ke =X —
N S 7.

* \p / i
Co
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