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Development of a hand motion analysis system using a 3-D Glove
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2 734 ¥4 Program

21  Program® ¥4 A

Hand model> 2] 719 digit?} muscleE 7}
Au2 EF PY (scheme)S Rost= Ao] 1
stk o A9 Fa BHF ASEEL A 23
o)zt

1) Digit : £7}2E& AR A AAAAE |
o A 52 coding¥tt}.

2) Hand muscle : &A1 9] F 79 F8 &

£ W &7t Zpztel dls] FDP(flexor
digitorum profundus)®} FDS(flexor digitorum
superficialis)©] 32, Ao lalA]= FPL(flexor
pollicis longus)©] t}.

3) Joints : Y} 7N jointQ). Wrist joint,
MP(metacarpophalangeal), PIP(proximal

interphalangeal), DIP(distal interphalangeal)”’} 2+
g, A 38 1914 47bA] coding@Heh. A A o)
dalde 28de 543 g o wA
joint= §1°] &2 F22 &3

4) Direction : Cartesian 3-D ¥ = 2273

& S8 Aol

Flexion-extension

movement= Y-Z WHO R Ao slojAu utg
< 1°]t}. Radial-ulnar deviation movement:= X-Y
WAooz Ao HolAw, WL 20tk Axial
rotation movement= X-Z JHOZ Aol o]z
o, B 301t ((18 1] #H=x)

zp
Yp
© : FLEXION-EXTENSION
0 : RADIO-ULNAR DEVIATION
\ v : PRONATION-SUPINATION
[2% 1] HEA e Pt
Torque 74t Al8-EHOA &= forcedt HE

transform matrix2] notation<> T} " (scheme)ol)

oo,

i:digit (1:9A, 2:A0A, 3:F A4, 4:%A, 5:44)

j : muscle (1:FPL, 2:FDP, 3:FDS. and QA ©]9]
9} digit> FPLY tis] oo]t})

k : joint (1:PIP, 2:MCP, 3:CM, 4:wrist)

1 : direction (l:radial-ulnar, 2:flexion-extention,

3:rotation)

2.2 Basic data

Finger strengthE 7A|4Hsl= d) &7 5= data
+= tendon moment arm¥} phalange®] 72 o]o]t}. Joint
force9} momentE A|4tal= dHlo] = external load?)
AZ|st Bl #9 daw’t FoFd o5 data
%] 4 tendon moment arm2 Brand (1985)¢] A
ZA}to)a1, phalange®] ZAolo] #3 datal An et
al(1983) = 5-E dojzltl. 18y}, phalange®] Z o]
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2.3  Coordinate transformation

&7here]l 4 FAAA e A A&
o), EA3 jointo) 4] 9] proximal #EAE e
rotational transformation A|2~®& 53| distal F3E
At #38S 712 4 v}l Eulerian angle matrix=
TE g9ag FRE &2 ZAT global FRE
transform3} =8 Al g H oz} (137 2] #AX)

orel matrix [DM;]E i FEAZFEH j 317
29| transformation©) 2 @}, DIP jointoll A wrist
joint= 9] AWA S transformation [DMlE &5&

ghoz @ 95HA Fgoluh

(oM, 1=10,1-10,,., 1[0, 1 — )

i: finger digit

j :joint

DM,; : finger i$} joint j©] global Z i

D; : i finger® (-1)WA jointoll A A
ol¥ fingeri% jointje] local

where,

AolEo)A #AFE  W(scheme)oll A3
joint centero] ¥ tendon®] $JZ|i= global HEE

transform® T}, %3 FALRD matrixgh= 801 An
et al(1989) 4 °] #&< 7Hg7le Hojrh o] %
g FAF matrixe EE 5709 &71= 3 479
Y2 E jointo] &M joint centero] ¥ tendon?]
3D A2 FolHojArt. 1822, local FHEO]
Al ek FALQ] matrix Ayg(digit i, muscle j, joint k,
direction 1)¢] #t< joint center=F-¥ local €37}
2 9] transform¥® 39 ghort.

(A, 1 proximal ) = [OM, [ Ay, 1distal) —(2)

where, Aj:iAA finger# (-1)AA jointol A <]
¥ fingeri% jointjo] 3 FAFSI

Joint center= 53-8 Aeol® w3 AL =7
S Anetal(1989) Z5%H Fo AT

Coordinate Systems

Origin
Definition of angles
z 0

AT T

: Wrist Flexion (+)

: MCP Flexion (+)

: PIP Flexion (+)

: DIP Flexion (+)

: radial deviation (+) / ulnar deviation (-) at wrist joint
: radial deviation (+) / ulnar deviation (-) at MCP joint

L2eePPR®

[0 2] &9 BAzH FEAY Ao

2.4  Calculation of joint moment
Digit length
An et al(1983) 2 5F-E] 9] datat= & Ao] A B
A H-R(segment) Z1o0]E Q=d] AHEEHoRAY 1
datat= [¥ 10 et gl

SL, (segmentlength) = axHL, (handlength) — (3)

External force and moment

Joint moment2] AlAto} Qlo] = wA] flexion-
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extension angle?to] 2 Eo}Zt} 2z} jointol) A A
ol¥l momenti= 29 joint moment?] Fto]u] 2z}
jointol 41 €] flexion angle® 'A% additional
moment®]T}. Joint moment®] AAF A& e 7
}.

[M], =[SL],*cos(F 1+ M, ] —@)
where, I : flexion-extension angle
Mign] : ©1 3 joint®] moment arm
1: digit (1 to 5)
j :joint (1 to 4)

[ 1] &Aol22E 2} B2 Polg 2Hs] AF A%

. Proximal Distal
Digit 1 2 3 4
1 0.11840.005 0.25140.004 0.19610.003 0.158+0.002
(0.53) (0.66) (0.79) (0.86)
) 0.463+0.003 0.245+0.001 0.14310.003 0.09710.002
(0.96) (0.99) (0.83)
3 0.44610.003 0.26610.003 0.170+0.003 0.108+0.003
(0.92) (0.85) (0.69) (0.56)
4 0.4211+0.004 0.244+40.003 0.16510.002 0.10740.004
(0.88) 0.77) (0.99) (0.63)
5 0.41410.003 0.204+0.002 0.11710.002 0.093+0.003
(0.93) (0.91) (0.76) (0.49)
2= B ir
5 T €4 x2a Y 7= where, x1 =1 for PIP joints, 0 for others
18-sensor Cyberglove™d}= £ A|Amog® x2 =1 for DIP joints, 0 for others
H %39 angle daaS 2 7131 1 @ &5 o] = it it o 7 FDS tendon
et 7t digits<9 total muscle momentZtd} total X5 = joint angle (degrees from straight line)
muscle cxcursion#t2 FDP9} FDSo| i) 2}z 3
283, [ 191 Y9} 1= Buchholz et

8L, 9 7} digits# 7 jointE9 momentZt%
X Y. 28342 242t 13 progame TFHEQ
th. ©&, o] program C-language® 2 T &Y=
G, ‘Yun M H.(19949] 23& w23 gl

A Data -39 FeHE A Y239
FEHE 7oz g1 gdoy F3 £ Aaw
o] Aol ﬂilﬂ‘i}ﬁ sid J-=99 gHE
HFT SHE st

°] Eiza“ﬂ TS dAWnrd, 234
Ho2HE dolA angle data?t force datal 7}11
i, A4 Armstrong and Chaffin(1978)9] o}&) 4
& AF8-3t9] tendon excursion2: Ak},
Excursion(mm) = 0.1034%(x5) + 0.00421*(x4)*(x5) -

0.0162*(x3)*(x5) - 0.03043*(x1)*(x5) + 0.06818*(x2)*(x5) +
0.03679*(x1)*(x3)*(x3) — (5)

al(1992)9] Bl AFE 014389 &7129] segment
lengthS Tt 7 t}3ol total muscle moment}
total muscle excursion & = gt}

0E ¢Ho 2= Euler transform A} &3
7} digits % 7} jointS 9] moment#E X, Y. ZH}3F
dE Fair.
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