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Digital Human Hand Modeling & X2 &0}

O Digital human hand modeling hand links 5! surface meshesZ T4 &|H
human hand simulation0l| & &

O DHHM X & £0f: o|&& E7I, hand animation, 21MEH, HE&H HEEA
Clinical assessment Hand animation Hand anthropometry Ergonomic design
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Hand Link Model 7+ HtH

CIF ot hand posture2| 71212 ¢/3l Hand link model & &
Hand link model 2443 A|, hand joint center of rotation (COR)O0| H=t5HA|
HO|&[0{OF &

O Hand joint COR =78 7| & 9. Surface-based & Skeleton-based

O O

Surface-based hand joint COR estimation Skeleton-based hand joint COR estimation
(Zhang et al., 2003) (Yong Feng et al., 2015)

B / Femoral Long Axis C L
/ Geometric Vs ' "

b i v

4 |

- Center Axis

ibial Medial-
Lateral Axis

Tibial Long Axis

e |
N (Yamaguchi et al., 2008)  (Stillfried et al., 2010)

Lateral Medial
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7|Z& Hand Joint COR 37 ditHo| SHA|

O Surface-based methods
v High computation complexity and cost due to a lot of variables and large search ranges
v" Initial guess of COR locations

O Skeleton-based method

v Time cost for MRI scanning (4 min for scanning a static hand posture, Stillfried et al.,
2010)

v" Limited frame rate for hand motion

Complex computation Initial guess
Zhang et al. (2003), Ehrig et al. (2006),
Complex computation to search ranges Require an initial guess of the joint
due to a lot of variables COR from the true center
The optimization routine minimizes the variation of S aeomlCal1ae o slm) = Z Z(Hl’g —c|l - -"j}:-
internal link lengths over the entire movement (includ- ) J=1 i=1

ing both flexion and extension): . .
= ¢ ) that the radii r; in (1) can be computed directly as

3 T —(1/ n ; . act an initis -
: ) : ) i b r=(1/n)>, lp; — ell. Since at least an initial guess for
J' = Z{Z(“‘}f — |1;((f) + (l}(,l(f) — d:r(“}|) } ¢ is required, other modified least-squares criterion
k=1 \ =1 methods have been proposed that do not require a starting
(i=2 5) (5) estimate, originally by Delonge (1972) and Kasa (1976):

20179 FAH =S

(63}
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A7 2E

Ol™ Surface Marker =&t 0|2

Hand joint COR (Center of Rotation) =

1. Circle fitting methodE O| &350 YA H7t2HE OHAH & 2
22| X| = 72 (proximal phalangeal (PIP) joint) 3| &A/(COR) =&

—
2. 8= 2/ X2 HE 3™ S4 (PIP joint COR) A3

L
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Duration: 15 min.

Preparation (10 min) D Briefing of experiment

l Hand size measurement

Practice (2 min)

l

Main experiment (2 min)

Marker attachment

Index Finger Motion «3
(Flexion/Extension)

j/ Extension
1

Flexion
Debriefing (1 min)
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O 10 motion camera (Osprey, Motion Analysis Inc., USA)”| frequency of 60 Hz £
7t2k 22 g9l M™ 25 (flexion and extension) EHE QIsH A2 =

O AX|&7t2 metacarpophalangeal (MCP), PIP, and DIP 2H& AMCHO| reflective
marker (@ = 7 mm)7t £t &

Perspective view: experimental environment Marker specmcatlon and adherence location

20179 FH =Ll 3
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ME Hoix}

Ctot =3 7] & (small, medium, large)2| =& A& X 3F0| 2 & =
v Z2E47 H B 22t 80| gl dde g8
£=Z0|, EUH[, AX[E=7FE SH|(PIP joint 7| &)7t caliperg 0| &3t0] £ &
Unit: mm
Su,\?(ijt Category =Zo| &L H| X &7t= FH
1 Small 168.5 77.6 15.2
2 Medium 181.1 82.4 154
3 Large 197.9 85.1 16.6
Mean 182.5 81.7 15.7
SD 14.7 3.8 0.8

¢ Small: 51" %ile ~ 33" %ile (153.0 mm ~ 180.0 mm) of Korean male (Size Korea, 2010)
¢ Medium: 34t %ile ~ 66" %ile (180.0 mm ~ 187.7 mm) of Korean male
e Large: 67" %ile ~ 95" %ile (187.7 mm ~ 198.3 mm) of Korean male

20179 FH =Ll 3



Task: Finger Motion

& (flexion and extension motion of the PIP joint)

*
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PIP Joint COR Estimation

Q PIP 2HE 3™ F A2 circle fitting method 2+ DIP marker motion= O| &30 74 &
O The circle fitting method (Delonge-Kasa method, proposed by Kasa, 1976)

v" Fit a circle (center: (A, B); radius: R) over marker motion trajectory (x;, y;) by minimizing
the least square error between the observed (R;) and estimated (R) radii of the circle

— Fitted circle by DIP marker

N
. § 2 ©  Marker coordinate i
Mln (Rl - R) ® Center of rotation by DIP marker Z-axis Medium Male (802) Unit: mm
i=1

10 | Global origin
(MCP)

Where Ri = (Xl' - A)Z + (yl — B)Z

{11.3113

20179 FH|er=CH 3
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Results (1/2)

O PP 2E 2™ S& =T Zt= marker EHCZE2H 2HE 3| SN FHEIA
of 2|2} PIP joint £7HE | m3}0] estimation error ZEHO|A HEE

-

Estimation error = D — %2 PIP joint depth

Distance from attaching point to estimated COR PIP joint depth (Reference)

Global origin
{(MCP)
(D 0,0)

Y_ax

20179 FH =Ll 3
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Results (2/2)

O F=HE pIp 2E 3™ 49| average errore= 1.9 + 0.6 mmZE It} E!
O 20| 2220 H|3l average estimation error/t 22 ZdgS H
Average estimation error (mm)
Subject 1 (Small hand) Subject 2 (Medium hand) Subject 3 (Large hand)
2.6 1.1 1.9
s Small Male (S01) I s Medium Male (S02) Uit s Large Male (S03) -

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

Global origin 10 | Global origin

(MCP) (MCP)
(0,0, 0)
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Discussion

Estimation of PIP joint COR using DIP marker motion by the Delonge-Kasa method
showed high accuracy in hand joint COR estimation (error = 1.9 + 0.6 mm).

Larger hands tended to show more accurate estimation of hand joint COR than
small hand (accuracy improved by 0.7 to 1.5 mm).

The Delonge-Kasa method does not require any complex computation or initial
guess to estimate hand joint COR compared to existing studies.

Estimation of PIP joint COR using DIP marker motion was preferred to using PIP
marker motion since the Delonge-Kasa method requires a larger range of motion.

Marker on PIP joint

- -
Q
COR (Center of rotation) of PIP joint

Marker on DIP joint (adjacent marker)
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Discussion

rr

Delonge-Kasa &2 % DIP marker motion2 M3t PIP joint COR =& Z1}
=2 det £ LIELH (error = 1.9 £ 0.6 mm)
= 37|12 £0| ¢ atot =F 418 Frots AL = 1ot
(Rt &0 "8 M= 0.7 mm ~1.5mm 37}
The Delonge-Kasa method= 7| & ATt Hwdt0| =& oF HAO|LE 27| Zfe
7’42 2R 2 ofX| 80 "™ ZIEHS| hand joint COR= F3&
PIP 2H 3™ S =X A| PIP marker EC} DIP marker 20| M3 &

o

— Delonge-Kasa method+ joint COR =& A| & range of motion2 27 ¢

Marker on PIP joint

- ~
Q
COR (Center of rotation) of PIP joint

Marker on DIP joint (adjacent marker)
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Future Study

Ch=o| AT AAE ez A A
Hand joint dimension, hand size, hand joint COR 2/ X| & 7|8l 2 ot
statistical hand models 7+=

xS =
T2 HUS

Al CT imageE O|& 3%t skeleton based method& X & 35}0]

A A hand jointe] 3™ SN == 0

Development of statistical model of hand Hand skeleton motion for finding ground truth

joint COR

Mean of
hand link dimension
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