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A Method for the Estimation of Finger Joint Center of Rotation
Using Dorsal Hand Surface Landmarks

: Multiple Regression
o)  Landmark set ( Linear regression "\ ( equation
> Surroundmg Dorsa\
| t (land k set)

. e 1. Registered surrounding set et Ly +oap L4,
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Q Digital hand model= hand link, surface meshZ & &[0 & Al
O DHMS| & Z2O0f: o|std It &= ZE oL o] M, PIN=FH, ¢l7tsst C|XtEl

Clinical assessment Hand animation Hand anthropometry Ergonomic design

“u aRRD
- Before surgery / %%

-ﬁ.‘: \ il ]69211730 o1
an
“'Aft 1 16803 £4.36
" elssurge b | @i
f . Index finger Lengih ; ARy 0655
; s D 72751350
Medius finger length ; asiilsT 0846
‘ - 68.01 £ 388
- i Ring finger length ": & Dﬁi X7y 0.246
I D 53634398
Litdle finger length i GREENET 0.54
D 97.05%5.09
Palm length ; EITTERTS 0854
) b 76,01 %369
Hand breadth with thumb [ Eiiast 068
D 52084316
Hand  breadth with wrist ; TS 015
D 26.29+2.15
Hand thickness. 1 26145127 0.14
. D 17773290
Hand 1 177624 +2.1 094

D: Direct measurement method, I: Indirect measurement method
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Hand Link Model =

Hand link model2 & XM & L eist=0
ZH0| ™Ho|z|o{of gt

£712 B 3| H 4

SO Hf

o X L=
= Tgol't olzlél-Ig

Surface-based hand joint COR estimation
(Zhang et al., 2003)

oMe

FE|

\\

. b
30 20 10 0 10 20 30 40 50 60 70
X-coordinate (mm)

Y-coordinate (mm)

— T

.:‘ri“'-:’_ INDUSTRIAL AND MANAGEMENT
.y =%/ ENGINEERING, POSTECH

e
oo, YEsH &7t B 8|
2 & EH | 7| o] ZXy

Skeleton-based hand joint COR estimation

(Yong Feng et al., 2015)
B /

C

Femoral Long Axis

Geometric
Center Axis

ibial Medial-
Lateral Axis

]

Tibial Long Axis

(Yamaguchi et al,, 2008)  (Stillfried et al,, 2010)

Lateral Medial
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Q =28 7|9 SH
> HESH YEo = oHHstA 54 7IsotLt SE0| HAED XE|of B2 =30| 24 E
> E71E 28 o[ S 8 2ol EE =7
Q i 7|4
» MRIL} CT-scan €2 =5 YYo=z | dAXe 2, HIo|e +=H 3 AM2| H|E0| =3
> & S0 Cisl et frame CHol M 2F =78 (XHM| 2 scan == H|Th)
Type i 7|9k CoR Fd HH 7|4t CoR F%
Data type Medical images data (MRI/CT) Surface motion data
Techniques -+ Reuleaux, bone curvature, PCA « Circle fitting, optimization
- OOJE =% &0
. x| A 20 <
Strengths | iooR ;Talgl Ml <l - HE
- oHHd
- s - Static meshO| M CoR &8 &7}
Limitations + %WAls =& 9E re=rle

. G0l X2| A7t o AMR SEE
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AT 2

3XR & AP mHil ol RFXE =2 0|25t

L

Z7l2to| A 3| XM S A (Joint CoR) =™

ot

1. 3%E & Y HIo|E 5

2. Surface landmarks 7| &t joint CoR & 2 & 7%

0

ol

3. Surface landmarks 7|8l joint CoR &8 2 H7 5 A
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A7 A

S1. 3X13 58 & "4 Oo|H #5

A 4
S2. £ HMH Landmark 7|8 CoR = D& 7|
A 4
S3.CoRFH o M= H™7}
i INDUSTRIAL AND MANAGEMENT 7

¥ ENGINEERING, POSTECH

Deformable hand model
Vertices and Faces
Accurate joint CoR
Hand Link model

Dorsal Landmark Set
Surrounding Landmark Set
Multiple linear regression model

Surrounding vs. Dorsal Set
Performance evaluation
(Previous vs. Present study)
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$1. 3% g £ & HI0|H

O 2 A7 A A+2El 3D hand model2 vertex, face, surface mesh, center of
rotation (CoR), skeletal structure= - &
> Vertex: model EHEZ O|R2= H
> Face: 37l == 472 vertexE 0|2 EHO| XA T
> Surface mesh: face?} 2t X Tl model2| EH &4

Surface mesh

Hand model

i
Vertex «— | l.l

CoR / 2N e

|
o i e o
Skeletal N i friita

structure \\‘ //

wlf -t
|8
|

e R
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3K £ I HIO|E 1= XL

O =2 Ao 3Kt & &M O|O|E = skeletal structure, joint CoR (fixed &
instantaneous), surface mesh& L& sl0| 1= E

[ S1. Skeletal structure 1+ ]

\ 4

DIP e
[ S2.  Joint CoR H|O|E| % ] C ’
Estimated .~ Trajectory of

Fixed CoR Ao ‘_ landmark

\ 4

[ S3. Surface mesh 1= ]

{58 INDUSTRIAL AND MANAGEMENT 9 | B concrdiDasken
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3XE &= A O|O0|E| i1=: Skeletal Structure (1/2)

O CT scan O[O|EH M2| ZZ = (MITK; Nolden et al., 2013)= AFESI0 i & ==

Q Posture 1(H XtM|)2Q| i 3 AHS template bone2 2 AFRS0 LIHX| XA O A2

S1 i SIAF X=
1. Masking: I|& &2 XA

2. Segmentation of skeleton: tf &4 ==

\ 4

S2. Template bone 44

Subtraction tool: & tf AtO|o| H= EFO| &4 XA

A

S3. Template bone reqistration

1. Pre-alignment: pick-3-point rigid registration

2. Fine-alignment: fine registration
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3XE &= A O|0|E| i=: Fixed Joint CoR (1/2)

Q D-K method& &850 =% El fixed joint CoR H|O|E{2| consistency?} 7t%& =&

= reference fixed joint CORE 1+

PCA Reuleaux Bone curvature Delonge-Kasa (D-K)
Centerlin? of Frame
D%P A oD”;B T .
. ‘0“" Ol \lne, PIP ‘1 / \ |
i angle (°) E—‘\ Equally s
PIP DIP o spaced P ]
pIp Centerlin of Fram rame j 3 "._.'“'/ ,-': Ian%marks eﬂn Y
nstantaneous \‘ stimate ¢ / y ajectory of
i ety ot e con © L Tt
Mean distance 0.95 0.92 0.77
Consistency T
l-'/: j |X j | . .
Mean distance, mm = Mean distance Consistency

Cx

N = the number of postures used for joint CoR estimation
X; = the estimated joint CoR for posture i
C,? = the number of all possible combinations of two estimated joint CoRs chosen from N

#=5 INDUSTRIAL AND MANAGEMENT b e
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3K &= A O|0|E| i£=: Fixed Joint CoR (2/2)

r|r
g
fot
o
ny
mjo
|.|-|

Q Posture 1 (P1)0| M LIHX| XM 2 @ X E #H 2o} 235} posture

1~10 (P1 ~ P10)0{| A{ 2] fixed joint CoR G| O|E{ T3

Posture1 .
digit2 -DIP "

# DIP2_P1
Posture 4 .
digit2 - DIP

DIP2_P4
=T x DIP2_P1

3 INDUSTRIAL AND MANAGEMENT ) Ergonomic Design
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3XI2l & S A 0|0|E| 3+=: Instantaneous Joint CoR

O M3 A (Lim et al. 2018)2| Instantaneous CoR =74 2 & PCA method (Figueroa et
al., 2016)S Z-&75}0] = E instantaneous CoR | 0| E 2| consistency’/| 7t =&

= reference instantaneous joint CoRE 13

Figueroa et al.’s method Reauleaux’s method

Centerline of Frame

D:j P Posture 2

Centerline Rotation

angle (°)

- Centerline of Frame CoR|
J

Instantaneous

joint CoR

Consistency T
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3XI2l & e A 0|0|E| 3£=: Surface Mesh

O CT scan H|0|E{ H2| =212 MITK; Nolden et al., 2013)= AF2SI0{ A1 E2 1} HH

B2 2 22|30 surface mesh 1+

e b
H"J"-'é

INDUSTRIAL AND MANAGEMENT . SR
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Surface Mesh H|O|E{ EM

-

O MeshOC} vertex2| 7§47t CtE 1 vertex 2| X| 2] Y2t 0| IS
=

0 Template registration2 S5l vertex2| 7|2t XIS LY2EA & = AS

# of vertices = 77,092 # of vertices = 55,890 # of vertices = 80,744
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Hand Template Registration 24

QO 2129 landmark set2 £ template meshE target mesh0j fitting

> Surface mesh2| vertex 7|12t X & L&z A St HA2LE mesh HIO|E 7+ 7t

-

> Template2| vertex indexE &350 Ct2| landmark set =& 7=

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 registration2 4&HA X2 ZI28 &

S1. Template mesh £7| H3

\ 4

S2. Segment® 37| =H

\ 4

[ S3. EENIE XM HE

\ 4

S4. Template mesh OJA| HE

=3 INDUSTRIAL AND MANAGEMENT
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S1. Template Mesh £7| &

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 -
otz ME9| 57t =& « Rotation matrix R

T8 Gl A| :
* ntemplate landmarks * Translation matrix T
» Scale factor s

* ntarget landmarks
 Transform matrix M

Minimize
YillR*AC,D)+T — B(:,i)||?

x| 82
s )
{5 INDUSTRIAL ANE ... wore.. . Repae cendobiaalon
. 18 Technology Lab
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S2. Segment® 37| =H

Q Hand CT scan 2 & A| 83t segment Z0|E 0|25} template model 2|
segment® 37| E scan data2t FAISHES =

o
Q37| 28 A| CoRE Ytz A =t

I El Landmarks J &

£ZO| H|E Hy HE Het

[

Template Scan
- A:03 » - A:03
= B:04 = B:0.5
= C:03 = C:0.2
INDUSTRIAL AND MANAGEMENT - A e
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S3. ZHEMNIE XM HFE

Q Template model2| X}A|

EmS SHE Ao & "ol oA =Xt S

O] 8ot A E

Hand Template 2&N| H& =A

® DIP joint & i X« o7 i‘
" o 5 1 1
y |

::.. '.\T """" 11 # ! 1 ‘-_

L. seny \ [PPSO AR

®@ PIP joint "d& s %f -,
1

—
5 .
b emerpr *
W gt gestt - ot
Sl SR-pl g ol et
. . .
whs- . L

@ MCP joint ¥ % \ \

o INDUSTRIAL Anuw mammsEmEN |
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Het2 QN 222 Xt&

Hand Template 22

EE a5ot0] 28 H#ES

— - =

10

B (quasi-Newton method)=

H= 48 oAl

D3 - Tip

o D3-PIP

£ 712t 8k (Sup./Pron.)
(MCP - PIP vector)

=of gyt D3 -MCP

- OO

(Flex./Ext.)
(finger_normal) 7 Hisk (Ab./Ad.)
(finger_normal2} MCP-PIP vector0|
]9l vector)
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S4. Template Mesh O] A H&

Q XM 7 H E &l template model2 non-rigid ICP M & HHH S 0|-83}0] scan datad|

OjM g2 E

Non-rigid Iterative Closest Point (ICP) registration ICP registration Z1} 0| A|

: Hand template
P : Target scan

Iteration 1
Iteration 2 &
Iteration 3

Scan Hand
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TSE 3K 23 £ HA H0|E

O Template registrations &0 Z|EX 2l 3Xt# & do HO|H 5
> ™AAS}El surface mesh

> XIM|'H joint CoR
THE Y & Y

—_ o

&} surface mesh & fixed joint CoR example

. £
: %‘* : ? ,ﬁ?ﬁ;
e * i Ve ﬁ 4'
; ik 3/ A 4 *
=y A0 A 7t
" ; : proaa L f > g %
* ¥ . 4 i ]
* A if g Funieay -
- - o canv oV
| : y 1 . i £
% o i ¥ \i ax £ ¢ d‘ i %?a ik e 4
= £ . Y . :
7 S » EH AR\
;“" 3 * - £'3
i *
i
2
i

%

# of vertices = 6,984 # of vertices = 6,984

# of vertices = 6,984
5, INDUSTRIAL AND MANAGEMENT
% ENGINEERING, POSTECH 22
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S2. Surface Landmarks 7|8t CoR =70 m&! 7§

At 0|0 E{2| CoR $I%| HHEE true CoRE 7}H3L0] surface
O 2 CoRe| HX|& F¥ol= 2= /Y

Q Digit 2(ZXl) ~ digit 5(2 X|)2| DIP, PIP, MCP 2= (% 12712| CoR %)

SEEE RTINS
ut

landmarks S 7|

Joint CoR Surface landmark example Input-output pair example

A fer
AE
c2. .7 " ¢g €10
& }c3 c6 4(:1,_1
SRR c12

COR(output)

£ o

sy,
L . A

':,-{ - .':;.

INDUSTRIAL AND MANAGEMENT d CNe 00V
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CoRFdE HEA L 7R

O Landmark set2} landmarking 21 = CtE A S 37}X] input landmark set 8 &
O d & &l input (landmark set)2} output (CoR location)= &85} 0 joint CoR =7

regression 2.2 7H &

Multiple Regression

o Landmark set R /" Linear regression o equation )

Surrounding Dorsal

Input (landmark set)

PIP2, =ay, + a; L1, +
ot ayx L4y, + app* L4,

1. Registered surrounding set

- j 2. Registered dorsal set PIP2y, = by + by * L1, +
w.t+ by *L4, + b, xL4
H HEEH 11 y 12 z
/ Landmarking S'a AN 3. Manual dorsal set
PIP2, = cy +c; *L1, +

Registration

ot €y * L4y +cqpx L4,

Output (joint CoR location)

‘ 1. Fixed CoRs
4"—"\ 2. Instantaneous CoRs
\ % \_ J
=5 INDUSTRIAL AND MANAGEMENT - Ergonomic Design
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Landmark Set &l

©
T
12
|0

Z hand landmark= £2| i ;1= 9 & FE0 7|85t Ho| =
T (Grenier, 1991)0| A d 2| =l hand Iandmarkg o2 & -_rL 0| A joint
X

%
CoR 2 Il 2&2E + = hand landmark set (447l1)0| &

No. Name

1 Stylion (origin)

2 Ulnar edge of the distal wrist crease

3 Radial edge of the distal wrist crease

4 The base of digit 1

5 Crotch 1

6 Palm breadth — radial edge

7 The base of digit 2

44 Termination of the distal transverse crease

Grenier (1991)

\ INDUSTRIAL AND MANAGEMENT . SR
% ENGINEERING, POSTECH 25 Technology Lab




Landmark Set 1: Surrounding Landmark Set

Q Surrounding landmark set: CoR =H &51Z WOl landmark 471

MCP surrounding landmark set

adi

2)
’ p (L1

INDUSTRIAL AND MANAGEMENT d Ergonomic Design
{-t-% ENGINEERING, POSTECH 26 Technology Lab




Landmark Set 2: Dorsal Landmark Set

QO Dorsal landmark set; =5 HO| landmark 47}, £7}=H 2 S 2USIAH M

DIP dorsal landmark set PIP dorsal landmark set MCP dorsal landmark set

Digit2 - DIP Digit2 - PIP Tip (L1) Digit2 - MCP

INDUSTRIAL AND MANAGEMENT d Ergonomic Design
2% ENGINEERING, POSTECH 27 Technology Lab




Landmarking Method: Manual Landmarking

O Surface mesh 2H0|| landmarkS manualotA| &l 6= diH

Q Surrounding set & & Al Y& meshO|A| =H}SF M| landmark & 0| &7t

Manual landmarking example Manual landmarking0| 2758t 2%

=3 INDUSTRIAL AND MANAGEMENT 3 Ergonomi Design
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Landmarking Method: Registration Landmarking

QO Template registrationO| 2t= E meshO0f| A| template landmark2| vertex index&
=0fl landmark $I1X| =&
O LandmarkE 218 & SHX| Q0L &| 2 2 manual landmarkingOf| H| sl A|ZF TH
A

[
O Surface meshOf 217 4 + 2= #I1X|0| = landmarking 7S

2583 6129
4352
—p Template mesh

137 B M
H ‘

— Target mesh

1”

Registration

f , INDUSTRIAL AND MANAGEMENT ) Srconoric bedion
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Joint CoR & 2 &: Multiple Linear Regression

O Dependent variable: Joint CoR2| #|X| ZtH(x or y or z)
QO Independent variable: SHE CoR =™ 2 2%t 47l landmarks?| x, y, z ZtH (12

variables)

Fixed joint CoR &% multiple linear regression model example (PIP2)
PIP2y, =Dby + by * L1y + by * L1, + by* L1, + -+ byg* L4y + by * L4, + by, * L4,

PIP2, =cy + ¢y * L1y + c;* L1y, + c3* L1, + -+ cg* L4y + ¢y x L4y, + cp* L4,

=3 INDUSTRIAL AND MANAGEMENT b e
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Joint CoR = m &l A= gl "W}

0 79702 H|O|EH-E 4712] set (20, 20, 20, 19)2 £ LI+0{ cross validation

Q =™ &l CoR1 true CoR12| mean distance (MD)E 7| &2 2 model2| d5 H7}

. Randomized & ¥4} data \
i k= DN e ST - DY I xt4 o xt2 o xt7 o| | Xt2 o g@xto n X8 o| X2

Pos7 Pos?2 Pos5 Pos4 Pos5 Pos6 Pos1 Pos3 Pos9

Cross validation

n=20 n=20 n=20 n=19
1st Training Training Training Test
2nd Training Training Test Training
3rd Training Test Training Training
4th Test Training Training Training
e g 31 e




H™H 7|8t Fixed CoR =8 & Md= H|w 7}

Q & A (Limetal. 2018)0 A surface marker motion2 &-873}0 fixed CoR 7
AL oY Mall AL A =2 CT 7|8 CoR H|O|HE true CoRZE &E %t

siet M3l A= CT 7|8 CoR =7 gt1t surface marker motion 7|8t CoR =841 9|
Xt(mean distance)& =&

Q = AF0AM K 2het =8 Y LA} Bl F7}

.

>
>

S

Joint Center of Rotation using 2 Markers (PIP & DIP)

TP motion for DIP motion for PIP PIP motion for
DIP estimation estimation MCP estimation

INDUSTRIAL AND MANAGEMENT

Ergonomic Design
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M3l AL (Lim et al., 2018)2] Fixed CoR =™ HX}
d Motion cameras &-875}0{ surface marker motion Li|O|H 215

Q 3| =2 HEY surface marker trajectoryE ¢t HH A9| trajectory 2 HEt
J

Q M= H0|HE 7|H2 2 circle fitting methodS X 83}0] fixed CoR =&

Bone Surface Data Motion Capture Data / B .

+ PIP joint CoR using CT scan

Z Surface marker data
(0,0,0) Y DIP ver at * PIP joint CoR using mation
.0, marker a data
PIP marker / Initial posture

: RN T ik
: .
DIP marker DIP marker surface
| Sestion trajectory

Least square error criterion:

N
Min Z(Ri — R)?
i=1

DIP marker at full &
flexion posture

* Where R;= (x; — A)* + (y; — B)?

(x;, y;) = Marker locations
(4, B) = Calculated joint CoR
53 INDUSTRIAL AND MANAGEMENT R = Radius of the fitted circle over the trajectory

u“r .
W.2Y ENGINEERING, POSTECH 33 of marker motion




Multiple Linear Regression == Z 1} 0| A|

Manual dorsal landmark set 7|2t fixed joint CoR 784 0f|A|

CoRxoryorz =c+ a;*xL1, + aZ*Lly + a;*xL1, +--+ a;o*x L4, + all*L4y + ay, * L4,

c aj a as ay as as ar as as ap apng ap Adr
052 020 -0.08 -0.02 055 009 -002 029 00l 000 -0.08 -003 002  0.99
DIP 046 -001 003 -0.10 -006 08 003 011 015 000 -0.04 000 007  0.99
661 037 002 013 -049 015 058 0.17 000 025 -001 -0.16 005  0.99
085 -0.05 -0.02 -008 015 001 016 081 -0.02 -0.12 004 002 003 099
Index
PIP 003 000 -007 -002 -003 012 -0.12 004 092 007 -002 003 008  0.99
finger
-1.51 007 -004 003 -0.13 009 -0.04 006 003 091 -003 -0.08 0.10 099
395  -0.06 -0.03 -004 022 008 013 -0.12 003 -0.14 085 007 003 099
MCP 341 003 -002 005 -0.12 -003 -0.11 009 006 -009 -003 09  0.15  0.99
6.05 0.14 -0.10 005 -037 024 -0.18 016 -003 032 005 -0.11 081 099
INDUSTRIAL AND MANAGEMENT Y Sconsviii Dailen
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Multiple Linear Regression & Z1}: Summary

rz
r
|0

surroundinglt dorsal2 MD ZHO|AM SAHHo 2 {2o|ot Xjo| 21 S
MD & HO0|| M manualO| registered 2C} 23.1% H = §2|5tA =2
MD SHOA & A7t M3 H(Lim et al., 2018) Lt 52.4% =

Al ZFA| LEEfLE 7| A 7H0f Blol = 45 2

O O O
Rl
[ re
R b B 1
|0 |0
fu Huo Hu

10
10
(o]

True CoR (blue)2} Regression model2 6l =4 El CoR (red)

Posture 2 example Posture 4 example

=3 INDUSTRIAL AND MANAGEMENT b e
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Fixed CoR MD H|1': Surrounding vs. Dorsal Set

O MBS O 2 surroundingdt dorsal2 MD S HO| A EAXMS 2 {o|¢ch XI0] 1S

> MAH 1271 CoR &™: surrounding ~ 2.4mm < dorsal ~ 2.6mm
> Digit 3-DIP, digit 5-PIP 0| A| 2|2t X}0|: surrounding ~ 2.3mm < dorsal ~ 3.0mm
MD H|1: registered surrounding set vs. registered dorsal set * p<.05
: Registered surrounding set *% p < .01
: Registered dorsal set I SF
**
EH2: mm)
*
35 3.1
28 ,_Js 29 28
3.0 Ve 26 % g 2.7206 g ‘}25 25{‘ 2a 2.6
231 pa 2.3 2.3
2.5 ‘} 2.2 2.2 2.2 ‘}22 22‘} ~} 22 ‘I‘ _1_ ‘}
R f i
2.0 -
1.5
1.0
0.5
0.0

DIP2 PIP2 MCP2 DIP3 PIP3 MCP3 DIP4 PIP4 MCP4 DIP5 PIP5 MCP5

=3 INDUSTRIAL AND MANAGEMENT b e
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Fixed CoR MD H|

ul: Registered vs. Manual Set

aQ ME™Y o 2 MD &M Al manualO| registered 2. C} 23.1% 72|5HA| =2
> X 1270 CoR £ ™: manual = 2.0mm < registered ~ 2.6mm
> 87l2] CoRUIA 2|t X}O|: manual ~ 1.8mm < registered ~ 2.6mm
MD H|1: registered dorsal set vs. manual dorsal set x p<.05
: Registered dorsal set *% p<.01
: Manual dorsal set I SE
2l mm) * %k
Tl mm *% % - ,—|
35 zls_l 2|8_| lil sk |_| 3.1
S ** : ** ) [ ] 2.8 2.7
*} [ ] ‘} 2 + 2|2_| —I— 24 2.5 23 ~} 2.6
25 22 i 21 2 2.2 ‘} % 21 1
T ﬂ} i 2.0 —I'_I_ 1.9 18
2.0 i L 15 — 1.6 hd :
15 -I— — i
1.0 -
0.5
0.0 I T
DIP2 PIP2 MCP2 DIP3 PIP3 MCP3 DIP4 PIP4 MCP4 DIP5 PIP5 MCP5
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Fixed CoR MD H|1: = & < (manual dorsal set) vs. Lim et al. (2018)

O d#HHo= MD SHOM = H7F U2l A 20 52.4% 7F2|5HA| &
> ™M 1270 CoR &H: & ¥ 2 2.0mm < Lim et al., (2018) ~ 4.2mm
> 9702] CoRO|A Fo|st XI0]: & A+ ~ 2.0mm < Lim et al., (2018) ~ 4.5mm

MD H|1l: manual dorsal set vs. 213l A (Lim et al., 2018) *x p<.05

: Manual dorsal set ** p < .01

H: M3 A3 (Lim et al., 2018)

(EH?1: mm) *
9.0 - | |
7.9
8.0 -
*
60 1 | | 5.4 *% | | |i| *%
48
5.0 - 4.6 N * | | i | | 47
3.9 : 3.9
4.0 - | | | | 35
2.8
3.0 - 26 54 2.5 27
2.1 2.2 2.1
1.9 2.0 1.9 1.8
2.0 1.4 1.5 1.6 :
0-0 T T T T T T T T T T T
DIP2 PIP2 MCP2 DIP3 PIP3 MCP3 DIP4 PIP4 MCP4 DIP5 PIP5 MCP5
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Mol AL (Lim et al. 2018) CHH| Fixed CoR = 2 X}: DIP

O Manual dorsal set 7| =2 2 MD = HO0|| Al 24.8% ~ 58.4% ZtA

: Registered surrounding set
: Registered dorsal set
: Manual dorsal set
W % & (Lim et al, 2018)  Fixed joint CoR (DIP) & 2 MD H|:
= AT vs. Ml A (Lim et al. 2018)

(SH2: mm)
5.0 7 46
a5 B ) 42
40 4 584% ¢~ K T o 39
3.5 4 53.2% 52.7%
3.0 - 2.8 24.8% 2.8 2.8 2.8
________ e o 2.5
25 _ 2.4 24
. 2.2 2.1 .
20 - 19 || - ¥_, === i 2.0 1.9
1.5 -
1.0
0.5 -
0.0 T T T 1
DIP2 DIP3 DIP4 DIP5
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Ml AL (Lim et al. 2018) Cl{H| Fixed CoR = 24}: PIP
O Manual dorsal set 7| =2 2 MD ™0 A 35.5% ~ 60.4% ZF4A

: Registered surrounding set
: Registered dorsal set
Manual dorsal set

W: M 9T (Lim et al, 2018)  Fixed joint CoR (PIP) 324 2'# MD H|i:
= AT vs. M A (Lim et al. 2018)

(St mm)

4.5

4.0 - 3.9

35 60.4% N Y -

2.9
3.0 - (o)
44.3% 2.6 35.5% 2.5 2.5 2.4

25 2.4 e S I .

. 22 2.2 2.2
2.0 16 1.8
1.4 1.5 ¥ Ll | il ek I Al

157 | ______|[ TTTTTITTOITTTT

1.0 -

0.5 -

0.0 T T T 1
PIP2 PIP3 PIP4 PIP5
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Mol AL (Lim et al. 2018) CHH| Fixed CoR =8 2 X}: MCP

O Manual dorsal set 7| =22 MD = HO0|| Al 43.3% ~ 73.1% &

: Registered surrounding set
: Registered dorsal set
Manual dorsal set

W: M 9T (Lim et al, 2018)  Fixed joint CoR (MCP) £ 2& MD H|:
= AT vs. MAH A (Lim et al. 2018)

(St mm)

9.0 -

801 oo

7.0 - 73.1%
6.0 - 5.4

I - 4.8 4.7
>0 56.3% |0 g B . T R -
4.0 - 54.5% l 43.3%
3.0 _ _2_?___2_'?_ 24 27 26 ' e 23 & .3 26 2.7

2.0 -

1.0

0-0 T T T 1
MCP2 MCP3 MCP4 MCP5
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Discussion 1: 3XI&l ¢t = & 0|o|H 1=

0

>

Q Hand CT scans &%+ 107FX] XpM|2] 3XHE = F & HIO|E 5

> 99 x 10 posture = 907H2| = A4 H|O|E 7=
> b HALS J|HIO 2 XM CoR A £

Distal bone Relative movement
< / of distal bone
) Alignment of proximal

#)  Pposture 10 Pone surfaces
Posture 1 #4 s

Custom-made
hand fixing device
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Discussion 2: & @4 §|0|E| M2}

O Hand template registration= 28350 dd2tE = A 0|y #5
> Vertex I+ SL3l

> Index0] [IH2 vertex 9| X|2] Yzt SkAF

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

Template mesh

v

Fitting “™  Registration

\ 4
\ 4

# of vertices = 6,984
# of vertices = 58,294 # of vertices = 6,984

=5 INDUSTRIAL AND MANAGEMENT
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Discussion 3: 282l Joint CoR 7 HItH 7|t

Q Surface landmarksS 7|22 Z regressions 2%t {22 CoR & 22 X| ot
=<
T

> CT scan O|O|E| €0| surface scan H|O|EHE =t

00
ot
L
O
o

A
fujo

H| 81t WAKd ¢/ U

» 7|Z& CTscan H|O|E 7|8 CoR =7 20| H|O|Ef == A|ZF50% ~81% U

CT scan H|O|E{ 7|8t CoR E& 1Md = A9 CoR = 20| M E L3t Input data

Surface mesh

Landmark
o
. 9| Fe
\;;(:
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Discussion 4 : CoR =™ ™zt SkAH

—_—

MZ2 CoR FH 1 K|t

> Motion capture data 7|2t CoR &7 0| H|s H|O|E =& A7t Y, Ho|Hd

O Surface landmarksE 7|8t2 £ regression= &%l

> Me ATL(Lim et al. 2018)2] fixed joint CoR =73 & 0f H|s) F=H 2k |

Fixed CoR =7 2 MD H|i:
= A vs, M3 HA(Lim et al., 2018)

: Registered surrounding set
: Registered dorsal set
: Manual dorsal set

m:7E a4

(EFS]: mm) MCP4
9.00 79
8.00 —gr———=mmmmmmmmm————————————— -
7.00
6.00 73.1% 42
5.00
4.00
3.00 2.1 2.2 23

2.00
1.00
0.00
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Application (1/3)

o OO

QO Landmark set0] (& =8 40| {2|0|ot XtO|
L

landmark set= ME5}10] joint CoR =0 28

=

-

O Dorsal set2 surrounding set0f| H|5{f C|O[E{ X2 A|ZFO] H 1 #£=H}E

=
landmark 40| 022 A0 &8 7=

ol

Surrounding set Dorsal set

da 8 %

2.4mm 2.6mm
Landmark 7} 45 16
(Y10 71E)
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Application (2/3)

Q2 AF0AM 7HE =l joint CoOR = REH 2 =™ ds1t 2 284S 185t
Z 0| et 5 7FX] landmarking 28 (registration, manual)2 2 8= = UZ
Registration
4 FH 2% 2.6mm 2.0mm
A FEN 1) J
1 47 iy




Application (3/3)

O 2 A0 A= fixed CoR1} instantaneous CoR & BEI0| 7jE Mo 2 J{& | 0f
S

o|lzg F7t &2 M +5, ofLimiold, ASH HEF LA
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Limitation & Future Work

U Limitation
> MN|CtEl COR = 2|7 2ol H2Hd2 =0|7| fldl O 22 datasetO| 22

5 H|E0| 2

N

> Manual landmarking A| human error/| 2digt o= QO { A

O Future work

> B0t dataset= 22 50| artificial neural network(ANN)E 7|8t 2 L} H St joint
CoR #lX| =8 & 7l

> 3D scan data®| 7|5tstd £

> Multiple linear regression 0|2|2| CtFot S| 7|H S &%t joint CoR 78 2 712

jo
fo
0o
rot
Q

utomatic landmarking 7|54 7H'%
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Q&A

—
. -"/
4
—
—

A FHA ZAAIEUY. ©

2 A3 o= I THNRF-2018R1C1B5047805, 2020R1F1A1050076)2| K| A= BHOt =l & A& LI LT,
edt.postech.ac.kr
~ niceterran36(@postech.ac.kr _
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Instantaneous CoR MD H|1l: Surrounding vs. Dorsal Set

Q FMEX O 2 surroundingd} dorsal2 MD SHO|M EAEHo 2 S|t X}0] gl

> MAH 1271 CoR &™: surrounding ~ 2.8mm < dorsal ~ 3.0mm
> Digit 3-DIP, digit 5-PIP 0| Al 2|2t X}0|: surrounding =~ 2.3mm < dorsal ~ 2.9mm
MD H|1: registered surrounding set vs. registered dorsal set * p<.05
: Registered surrounding set *% p < .01
: Registered dorsal set I SF
(EHL: mm)
7.0 -
53 5.4
6.0 -
5.0 1 ‘}%
*
*
4.0 -
3! 2.8 3:1—2 I_zls >3 2.9 ,_3|'°
3.0 - 2'6{_ 2423 —I— 22_1_ 2'72,4 2424 2.32.4 £ 2.42%6 2’6—1— 2_3‘1‘
2.0 |
1.0 -
0.0 T T T T T T T T T T T
DIP2 PIP2 MCP2 DIP3 PIP3 McP3 DIP4 PIP4 MCP4 DIP5 PIP5 MCP5
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Instantaneous CoR MD H|1l: Registered vs. Manual Set

Q MEt™ o 2 MD MO0 A manualO| registered 2Ct 22.7% +2IoHA| &S
> X 1270 CoR & ™: manual = 2.3mm < registered ~ 3.0mm

> 87l2] CoRUIAM 2|t X}O|: manual = 1.9mm < registered = 2.7mm

MD H|1!: registered dorsal set vs. manual dorsal set * p<.05
: Registered dorsal set ¥ p <01
: Manual dorsal set I SE
(EHL: mm)
7.0 1

6.0 -
5.0 - %%
* *% *% **

*%
4.0 3,1_| *k is ,_| ,ﬁ] *% 3,1_I ,_| ,_|
7 [ ] 27 28 T 2.9 ii?

E 2.
3.0 2.3 23 I — 2.4 2.4 2.4 6 23 BR
2.1 2.1 2.0 :

17 1.9 - 1.9 1.8
2.0 - 15 .
- ﬂ ﬂ H H ﬂ ﬂ
0.0 I T T I T T I T T T

DIP2 PIP2 MCP2 DIP3 PIP3 MCP3 DIP4 PIP4 MCP4 DIP5 PIP5 MCP5

Hﬁ‘% INDUSTRIAL AND MANAGEMENT . JEE e R
W2 ENGINEERING, POSTECH 52 Technology Lab




Registered Surrounding Set MD H|1:
Fixed CoR vs. Instantaneous CoR

Q MBI O 2 fixed CoR & 2 &1t instantaneous CoR & ZEH2 MD ZHO0 A
SHHES R Folot Xlo| ¢S
> FXH| 127 CoR =H: fixed ~ 2.4mm < instantaneous ~ 2.8mm

> Digit 5-MCP 0f| Al 72|28t X}0[: fixed ~ 2.3mm < instantaneous ~ 5.3mm

* p<.05
. Fixed CoR MD H|i: fixed CoR vs. instantaneous CoR #% p < .01
: Instantaneous CoR (register surrounding set)
| st
(SH?l: mm)
*%
7.0 l_l
5.3
6.0
5.0 ‘}
*
4.0 |_| 5932
2.8 -
i 2.6 27 27 + .
3.0 2.4 2224 23 2222 2.4 24 2223 5224 2,526 2423 23
2.0
1.0 -
0.0 T T T T T T T T T T T
DIP2 PIP2 MCP2 DIP3 PIP3 MCP3 DIP4 PIP4 MCP4 DIP5 PIP5 MCP5
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Registered Dorsal Set MD H|i:
Fixed CoR vs. Instantaneous CoR

Q ©EPH 2 2 fixed CoR 8 221 instantaneous CoR & Z &2 MD ZHO|M
SHHES R folst 10| 812
> FXH| 127 CoR =H: fixed ~ 2.6mm < instantaneous ~ 3.0mm

> Digit 5-MCP Of| Al F-2|8t X}0[: fixed ~ 2.6mm < instantaneous ~ 5.4mm

* p<.05
- Fixed CoR MD H|1: fixed CoR vs. instantaneous CoR x% p < .01
: Instantaneous CoR (register dorsal set)
| st
EHS:
(EF%1: mm) *%
7.0 - ]
5.4
6.0 -
5.0 - lﬁ] * {‘
e 3.2 |_3I1 3.1
3.1 : :
2.8 2.82.8 2.82.9 3.0
3.0 - 2223 26[E] 5224 2824 2424 25 23%5 26
2.0 -
1.0 -
0-0 T T T T T T T
DIP2 PIP2 MCP2 DIP3 PIP3 MCP3 DIP4 PIP4 MCP4 DIP5 PIP5 MCP5

=3 INDUSTRIAL AND MANAGEMENT . SR
% ENGINEERING, POSTECH 54 Technology Lab




Manual Dorsal Set MD H| !
Fixed CoR vs. Instantaneous CoR

O MHUI™ O 2 fixed CoR =X E':*'I'_f instantaneous CoR =& R EH .2 MD

SAHHEL2 = {2o|ct Xo] g
> T 1271 CoR & H: fixed ~ 2.0mm < instantaneous ~ 2.3mm
> Digit 5-MCP Of| Al 72|28t X}0[: fixed ~ 2.7mm < instantaneous ~ 5.2mm

- Fixed CoR MD H|1l: fixed CoR vs. instantaneous CoR
: Instantaneous CoR (manual dorsal set)

(SH?l: mm)
7.0 -
6.0 -
5.0 -
4.0 - *

2.7

3.0 23 2.4 2121 2.22.1 2123

1.91.9 1.81.8

Zzéﬂﬂ i I Wi W i Il Ui

ST

* p<.05
*% p < .01

2.7

DIP2 PIP2 MCP2 DIP3 PIP3 MCP3 DIP4 PIP4 MCP4 DIP5 PIP5
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