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A Study on the Design and Control of an Articulated Hand

Cheol-Woo Kim*,

Dae-Gab Gweon*

ABSTRACT

In many applications,
satisfactory, But,
Therefore,

the typical parallel-jaw end-effector of a robot arm has been remarkably
it is not adequate for the applications such as complicated manipulation.
the developement of a hand with dexterity is necessary.

In the study, a finger with 4 joints (so, having redundancy) was consturcted to investigate

the characteristics of an articulated hand. Each joint was drivem by one actuator,
motor torque was transmited to each joinl through a tendon-pulley system.

and the
In the context,

major considerations for hardware design and the method to solve the inverse kinematics

. of a redundant manipulator were presented. Finally,

hand were presented through experiments.

e
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|-

Key Words : 32
(redundant),

LM B
EHESZ Q4 @A A8 @ AF
3 FHE TS e 2 988 ¢dsiA
B ookdd, Azte] AJsz] Y FF,
SEF7 EE AR YR 2L TN
MNalel &GS FYsA =HAT Sel, o
F517] AME end effectors] $HH0)
842 Z&A gt o)A7A AHEEHU™ parallel
jaw end effetore 77849l afﬁi Aqs #HY FF
o ¥ U1, EAE " A7} Az
o ot EF F2 FAL 9 EME ERE ¥ A
A7} gAGol BEE FL AY FAIA oldsiHe

nqn

rB. 1T

717 (Articulated -Hand),

714 994 (pseudo inverse matrix),

¥ AFGAN e (ALT )

200,

the basic capabilities of an articulated

Af ZHx

AZE AT dEA, BEok fdsid g gLy
T Ue A Agel Fes "HYDW,

old FAEL 7% Er TERF FYLE 4
artificial hand ¥& articulated hand =3 3,
179 && B FHE A7 332 3ok
Zg FASY AT dF A9Rd 379 &reg |
e & AgEd WP 29 TE EAY
manipulationg& 3% Okada Hand (1980}, 37”-‘4-
#7183 9709 %2 tendong& AEII Ao
Salisbury Hand (1982), 4719 &712at 1978 =&
A4 Utah/MIT Hand (1986) %o 9ok

2 dFoMez FEHY "HelA o)Fe AFEE 2
3o} 712 AE EHe] APsty, FEo) Lojg F

i



Y EFEH A A10F A4E (1993 128)

=2
=

ddiste] & 749 s 24 AFslel A
42 A9 712 48¢ FYsA

oo I

2. F= MA

£ d76A A FAE 4 2ARES 7K Y
&7k F22A A 7Y Fo] AR BFPstn JvR
1789 Zo] o)d] I FERE EHo 3Yuh

7+ Ba(link) & 219 vle Wg 3:3:2 Fxo
o}, tendong £g (pulley) & o]l Z o] ¥
& Agdt &3, RH(motor) Hel AP A3
(encorder) 7} dZHel, ol=fE 2z £9 JHAE
280, torqueE &A5H7] 918 tension sensorg
g £ QEE ¥AHe AT (Fig. 1).

- l |WIW|E|1

Idle Pulley ~..,

Tenslon Adjusting Dwvice

Fig.] €742 zen 753

Terque Sensor

2.1, 2t %9 PE 2 tension M W

24 Qkada Handg} o] & =& e 7%
AZ Agsle] FHsE wel Atk o PHE
N9 &g 3 AY 75 FAE AHEsd FEI]
2o 29 £& AojEle golsiAle, torquert
4% o) ¥F tendono] FHE de AL TAWN
95t £7) tensiono] FojA Slojob Fk(Fig.2(a)).
diee] Zb 2& 27) ol49l actuatorE At&dld 75
3l yho] 9ok, o)]AL whA] Salisbury Hand$}
Ze) nAlY g FE37) 99 n+1 A9 actutor S
AMgEl= 9 (Fig. 2(b)) # Utah/MIT Hand® 2o
z+ &uoic} 2709 actuatorE AHgate W (Fig. 2(c))
7o) gk ARe Z 8 TEFEP) A%y o AY
TEAA7 Aok a9, MZ ZFEol 27 3 A
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gaiA AojHolel gy Falz 4+ Fo diF F A9
T FAT ggo] 2o Hog Hzle vl vy
Aol7} folRYt B 9] FF FA7t LQFHG@
@

tensiong] A ¥« sheath(or conduit) & o)
£% W (Fig.2(a), (b)) T pulleyd ol &7 Hbg
(Fig. 2{c)) o] itk sheathZ o] {8 g 743l
AY A=K (transmission mechanism) & TFAo] 7153}
TE2F AY 2P0 vjny FL YPo g Okada
Hand$} Sallisbury HandelA o]&&txm ik @i,
ol&- A|A"djAE tendond} sheathrle]q] uhaa
tendon®] compliance® ¢lgt vjdEAHo] ¥XgsnzE
AR 8 MY Hol{force servo coniro)) T 3}
AaAx e A2 B3t A o)F)7} o3} uid
of Utah/MIT Hnad$} ol pulleygh& ol&ste] %
& Adstd upike] Ggfo] wl¢ FoADE HiF E
93 2317} FolzA Hojslz)7} LolsjATh. Iy,
o WHE tendonol £71& WRE pulleyd A
routingFojol dER FEHQ Aoke] B @] U
W

E dfdMe 7% FAY T8 Zoln Aoz} o
FHEE e 2L g A FIFPAE FE, W
29 9% AP Fol7) 9aIA tendone pulley
olgale] routingshs WPHE A4ATHFig. 2(d).

a,

— Sheath (Suter cabis)

Tt )

Okada - HAND Utah/MIT-- HAND  Suggested - HAND

Salisbury - HAND

Fig.2 449 3¢ Py

2.2. torque . sensor

robot hand7t EHE Fe @ Hid EAe
closed link systemg #AsHA Fn old Al~g4
$% Ao} (motion control) M= AERT z+ Ho)A



HAR - AUy

=

AUAA 2 ol #HEepA @=F F Ao ==
compliance Aol= F88 EAoch wheha, Agg
Y Alg & Pelde @ (B 293)9) A% A
ojg 27bgdlth. £ dFolM HAE torque sensor
o) T2& Fig. 3% Zth Tid T:& 247 pulley A9

Pulley A

Pulley B Torgue Sensor

Tendon 1
F

z Tendon 2 AFﬂ 2

Strain Gage
Fig.3 Tension Sensorq &

5&‘5}01] &85k tendon9 tension®] =7, drive
pulleyd] #4&= EL 35 rZi &1 strain gauge
7} 238 92 (cantilever beam) o] FLs= 22
WEY A7le

0]

k=20L snae / r @)

o]il, o7]A L& sensor beam® Zololm, rE
pulley8l wASolt}t®), oz RE HPE

(sensitivity) k 9} ¥ strain gauge® ZHo] drive
pulleyel] 2g8h= 030 HHsim, HA e o]
7t A%E, tension Zto] 4%, pulleyd S|
FL4E 2L 7719 EeAZRH O 2 ReuyEY}

S AE € = At
3. Handel of 7|3t
2 dFoA ALH Hand: o4 ZA4ES 7HHEe

FFoIW, of 328 g 7|78 HE Tal7] Hsid
task decompositiong ]88 PHE ALY o
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Yo AE FolA taskE $AHABL e BAY
subtaskZ o] pseudo inverseE o]&£3ld 3=
T A7\Me APE AFARES) E4Ee B
7= daiAe FdEQonE ol dEo sz
fxdte 2rh

3.1, YA subtaskE PHEAIF|= i

joint variableZ 6=[6;, 62, 632 L.

t2og AMA subtaskE &7l BHo] Folz HE
n

A9sta, &7t B9 world coordinate r& for-
ward kinematics FA4L2XEH 09 w42 Jehig

r=f(8)
(3]

[llcos(el)+Izcos(91+82,+13cos(31+ez+83)

n

l]_ Sm(91)+125in(31+ez)+138m(81+32+33)

oftt. A71A, Lk WA Y329 Zojoly, Gt WA
B39 ¥R Y3 Aoly) AdZxeld, AwR)
subtask§ &3} joint velocity® (1) 4] H]5a}o]
4& £ g

r=78 @)
A7)A, J=of(6) /o= r) Gof HE AZH|¢E WlET
#(Jacobian matrix) ¢|th. olw, desired velocity
ra7b FolAW 09 ulale

B =T ravI-T Dk @
o, <7]M, Jt& AFH|QF wEYX(Jacobian
matrix) 8] pseudo inverseo]m, ki= 3399 9199
vectoro]t}. ols), £®e] WA YL desired
trajectory® ¥HE35l= joint velocityg UEllH, o)A
2 A7 & FoA 69 Euclidean noum | 6] &
H&8 A7le Holn, ARG &7t SAA ¢S A
foliz norm [1e-J01 & H48 A7l 249E 4|

3§ £

3.2 FHA subtaskE 2HEA7l= 8



AL FHE A A10A

= subtask® manipulablity measure® F7H
e BFeE 7 jointE TEOE ALR A
a7|1A, re] WF manipulablity measure= &3}
el A=

m =+det JJ* @

o) AL &718 BRY £FY AFES vElT. FH
& subtaskE THEdy] A 4(3)9 ke o
o] Aogtt

k=¢&k,

{5)
ST Bt I
%6",‘ = '%' Vdet JJT i\;é;le(Ji!]f*fjlf?),
1=1,2,3
kp=2F] A ®

oltt, E# ;e (JJ1) Y inverse matrix® (i, )&
2. Ti8 1WA row vector, 233, Jie Jig 64

3 22 o} A4 (partial differential coefficient)
o]t}

A5 FH 2ol kFE WL
Zolgrt®,

AG e dsH

0=J ra+(I-T" Ek, @
controller [T[THJ[T driver
b A
nosr [ enc%der
Fig.4 24 A=dd T4
ost ol FaAA 6o BHF AN F A

subtask® TES= AL, o] 49 HRozRY

redundant manipulator®] wf £%t9] joint angle,
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A4z (1993.12%)

bag 7€ 7 AR

|9} & task decompositions] 9% whdL &7}
2o} ZHo] HYsA HAE FFSIHA. singular
pointE HIsls FAd Z £76A AR 2

manipulablity® 3%}

4. Mo{ AR

AA ANABE Fig. 4914 B vpg} Zo] PC, axis
controller, finger F+28 T2Z FAHo gld, PC
dMe 4 Ade B3k, olo wet &g
FAA717] A G7FEHE ALY axis
controllerd|z PCE FH Foi2 g3, 6as} A=
o (encoder) 2 BE ¢ojx g 6,5 wusly PD
Aol Haol gs) TE c=dolde] &x4UE ALY
Wit (Fig.5) finger TEFAAE EdlolHo Fojg
do mah ZE7L FEEe HFHeE &yhee] Ut
£ #AY4L s "o

5. Al Zo # 0
5.1 ME EA dF oY

29 20W, A4 torque 0.75kgf-cme EH,
PWMTA57} 15kH, $E @a4e 0.1% g =
glo|uel 734H| 50 : 19) Harmonic drive& AH28l%]
=3

Inverse

il

Kinematics

Fig.5 Alo] A|2"9] block diagram

49L& df 2AFE7 SAse BAE(E 2349 37
H5) ol dsiAg sdstgen, Y Fod dg >
4 dAdoz R AHZHJ parameter§ 28R, o]
g Hige® of 2459 59 wek 7R &Y
o sl A&EA FFTeh=x Asqt

5.2. g &0
249 g4 T AR s oA A (link)
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S AF 2AE Fol7] sl AAE SH&or T Y
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8. 2

AZE st 2&d AU YA, 988
Aol FAshe ZHEQ end effectorEA €718
M e 729 Age ETFet Eg, Aug
AY9E AN 94F AFEE ARE R vgAs)
o Wiy 8 d7edMde oF AFEL wiEger &
L =4l tg n2s| Hw, olg uiEeZ of A%
58 7K &k FREE AFsla, olg TE6l
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