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Discovery of a Detaching Assist Motion (DAM) and Application for Robot Hands

Tatsuya Shirai*!, Makoto Kaneko*?, Kensuke Harada*? and Toshio Tsuji*?

Through grasp experiments by human achieving an enveloping grasp for a small cylindrical object placed on a table,
we found an interesting grasping motion, where human changes the finger posture from upright to curved ones after
each finger makes contact with the object. During this motion, the object is automatically lifted up through either
rolling or sliding motion between the finger tip and the object. A series of this motion is called as Detaching Assist

Motion (DAM). An advantage of DAM is that most of grasping motions can be done on the table instead of in the

air. Therefore, we can avoid the worst scenario where the object falls down to the table.

mechanism of DAM by human experiments.

We first discuss the basic

We then apply the DAM to a grasping motion by a multi—fingered

robot hand. We show that the DAM can be explained by using Self-Posture Changing Motion. We also show some

simulation and experimental results to confirm that a small object can be grasped easily by applying the DA M.

Key Words: Grasping Strategy, Multi-fingered Robot Hand, Detaching Assist Motion, Self-Posture Changing Mo-

tion
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(a) Enveloping motion in the air
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Detaching Assist Motion (DAM)

Initial state Plckmg up P Final state

(b) Enveloping motion on the table

Fig.1 Two grasp strategies enveloping for an object placed on
a table
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. (c) DAM for a small object
Fig.2 Grasping motion by human
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Fig.4 The basic mechanism of DAM

0002000000000000000000000000
000000000000006,06000000000000
000000000000CCWODOOCWOOO0O00000O
Py(=[Ps., P5,]")0600000000000000000
0000060 CCWOOO000000000AY =6; — 60
Ay =6; —0:0 APg,, = Pp, — Pryod Abp =fp — 0000
000000000000000 (0fsec)0000000000
000 8mm]0000000Fig3(a)(b)0 000000000
00000000000000000Ag, Af,0000000
00000000000000000APs,0A6500000
000000Fig3(a)000DAMOOONDN0O0O00O00000
00000000000000000000000000000
0000000000000000000000000000
000000000000 Fig3(b) 000007, (1.57[sec])O
000000000000000007,0000000000
0000000000000000000000000000
000000000000000000007,0000000
00000000000000000000000007,00
00000000000000000000000000000
Fig.3(b)0 APp,0 A0 0000000000000000
0ooooo

2.3 DAMOOOOOOO
DAMOOOODODOOOO0OOO0ODOO0D0000000000
Fig400OOO0OO0O00000000000OFig4(a)00000
0000000000000000000000000000
0000000000000000000000000000
000000Fig4(b)00000000007,0000000
0000000000000000000000000000
0000000000000000000000000000
00000000000000000 Fig4(b)0000000
Fig.4(c)000000000000000000000000
00000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
00000000000000000000000000000
0000000000000 0Fig4(d)0000 Wedge—effect
000000000000000 Wedge—effect0 000000

go0o0o0000xxOxx0O

gbooboooobooboooobooboobooboobooooo
ooo0o0oO0o0oUooooOo0oOooO0o0oOoooOoUoooT,
goboooooooooooooobooboooooooooobo
ooooooooof7,000000O0O000OoOoOoOooooO
00000ooOoo0ooooo pPAMODODOODOOOOOOO

3. J0oOoobOoobOoboDbo

Scale—Dependent Grasp[8]-[10]0 00000000000
00000000000000000000000000000
0000000000000 000000000000000
00000000000 PAMODOOOOOO0O0000O000
000000000000000000PAMOOOOOOO0
0000000000000 000000000000000
Fig.2(c4)00000000000000000D000O0DOO
00000000000PAMOODODDOOOOO00DOO00
0000000000000 0000000000000000
00000000000000000000000000000
0000000DAMODOOOOOOOOODOODOOOO0
00000000000000000000000000000
0000000000000000000000000000
00000000000000000000000000000
0000000000000000000000 (Self-Posture
Changing Motion : SPCM)[12],(13]00000000O0O0ODOO
Fig.5(a)0000000000000000000 0000
0000000s000000000000000000000
00000000000000000000000000000
000000000000000000p,0000000 A8,
00000000000000000000000000000
O0s00000000000000000000000000
0000 SPCMOOOO0DOD SPCMOOFig5(a)00000
0000000000000 000000000000000
0000000000000 000000000000000
0000000000000000000000dFig5Mb)00
00000000000000000000000000000
SPCMODDOOOOOOOOOOOOOmOOOOOOOOO
O0000rO000000pg, pr0 ReOR/0000000
O000Sz0000000000%3000000%~000
00000000000000p,08peg;, Fpep0 0000
0Yr0S0S/00000:000000000000000
000000000s00@G=1,...,n)0000000000
Coi=1,...,n)00p00 (i=1,...,n)0A8,,00000
000000000K, = diaglker, ..., ken]" € R™*™, AQ, =
[Abp1,...,A0,,]) € R 0000000 0ky = 1/Ce00
OOncpi, nem000000S0000000000000
0000%p.50%,.,00000000000000000
0Do0o000Ss(®p), Se(Fp)D000DOOOOOOOOO
000000000000000000 SPCMOOOOOOO0
oooooo

[0oooooooooO0]
mO00r0000000000000000:0000 hi(>

200x 0 xx O



Position
controlled

Unknown

(@) (®)
Fig.5 Self-Posture Changing Motion

2) 0000000000000 00000000 pi(<h)0O

|AG,:| # 0 010
ogdodooooooooooooooooonoa
Ss(Ppep) =0, 8ri (" pep) =0 uz20
B Fi
P+ R Pep =Pp + Rri” Pop; =Pey 030
Ncpi = —NCFi 040

O00000000p,; € RP>*'OD0D0D0D00000
0000 (Self-Posture Changeability) 0000000000
0000000000000000 (SPCM)000O00000
0000000000000 000000000000000
K,00000A8,00000

SPCM{Koy, A8}
oooo

0000000000 00000D00000AOODOOD
0000000000000 00D00000000000 DAM
0000000000000 0O00O0O00O00000O00DO
0000000000000 0O00O0O00O00000O00DO
0000000000000 0000D0000000O00

00000DAMOOOODOOOODOOOODOOOODO
000000 SPCMODOOOOOOODOODOOOOOOO
000000000000 00000me00000000
SPCM{K, A6,}0000000000000000000
oogf, =[fy,.. . fl eRR'000D00D0DO0O0
O00000000W., € RE*'0000000000000
(5) 000000

W= -G'f, 050
000G 00000000000 0oooooooon
Gt — I I c RExen
(R5PPcpix) (R Popnx)

00000W .. =1[0,0,—(mpg+ fe-),0,0,0'0 00 0g0 0
000004.0000000000000000000000
000f.=000(5)0000000f0000000000
0000000000000000000000000000

JRSJ Vol.xx No. xx

o o o o O o O

0000000 (f: >00000000000000000
0/f.00000000000000000000000000
00000000000000000000000

[Dooo]
0000000000000000f,00000¢.Sf,; —
mpg>00000000 SPCM{K,, A8,}000000
O000e.0:00000000000000

0000000000000000007. = [T, ... Ten]" €
R™'0000000SPCM{K,,A8,}0 000000000
0000000000000000000000A8,0000
000000000000000A.000000D0DODOO
000000000000000Tsies=-KoeA8. 00000
0000SPCM{K, A6,}000000000000000
00070 =00000000f.07.0000000(6)00
000oooo

T.=Jf,

ooooJ e RO f 07.00000000000000
ODO0J'00000000007. 00000000000
000000000000 000D0000000DOoO0Nonoo
000000000 f,00SPCM{Ke A0,}000000
0000000000000 00000000000O0 [15]-
[170000000000000e000f,00000000
0000000 f, =%, f,00(7)00000000000
SPCM{K, A0,)0000000000000000000
0000000000000 0000D000000oononoo
00000000 RBMODOOO

oed

ctf,—mpg>0 070

Fig6(a) DO ODDOODDOOODOOOODDDOOOD
goooboboooobbooboooobboboooboboooo
goobobobooobooboooboobooobuooooog
40[mm], 25[mm], 25[mm]0 000000 R = 5[mm]|00 00
000000 ms =0.04[kg], 00 10[mm]000000000
goooobbooobooo40bbboooooooobooboooogog
gooooooobobbooooooouobobobobooo
kor = ko, koo = kos = ko /20 Ay = Abyy = Ay = AG,0
00 DOFig.6(b)00SPCM{K,, A8} 00000000000
000000 Ke0AS, 000000000000 00O00O0ODOO
O000AO00000000D0O0D0O0OO0OOkKkOODOOOO
00000000 o0DoooooopAMODOOOD0OOOOOOO
gooooooboobboooboobboobooooooo
gobooboboobboobotdedooooboobobobooboobooo
00000000000000000« > 5[deg] 00 OFig.600
gobbooooooobobobooooooooooooooobo
gooboboooboobboOooobooooboobooooooo
00000o0o0ooooooooooooooof,0000000
00000000000000000000OBIcchi [20][21]000
gooooboooboobooooboobooobbooooooo
(DoocsMyoOoooDOoOoDOoOoDOooDOoOoDDoOoesSMO

xx, 200x



0000000000000 (bAM)D000O0D0OODOOODOOODO 5

30 [mm]

>HH RBM — —-C™M
i \ o
B H”‘l 6k \\ \\ 1 Lifting
Finger 2 || Finger 3 Pyt up
A [ \\ N 5 [deg]
= [
+ 44 ol
‘ Object ‘ S [ ) 0.001[deg]
£ [
= LA \
) LA D
N 8
g v -
£ N D 0.001 [d 4
\ ! . % NN N /\, = J igl/ —
N e
N AT —
5[deg] ¥ < e =

0 10 20 30
Angular displacement A8,  [deg]

(b) Relationship between ks and A0,

- | mass=0.04 (kg
R=SIMM] T s = 10 mm)

(a) Simulation model

Fig.6 Simulation result

0000000000 Kp =diag[Kpi,...,Kp,] € R0
K p; = diag[100,100, 100]([N/mm))0 0000000000
00000000000 f000000000CSMOO0O0
0000000000000 000000000000«00
00 (o =0.001[deg)0 000 RBMO CSMOOODOOOOO
000000000000 0000000000000000n
0000000000000 O0CcSMODOOOO0O0oooonon
000000000000 0000000O0noO

4. 0 0O 0O O

SPCMOODOOUOODOODDODOOODOODODOOOODOO
0o0000oooboooooobooooboboooobooogo
000D0000000000000000 40[mm], 25[mm)],
25[mm], 0000000 Dyp = 10fmm] 0000000000
0000000000000 oooooooobooa
0oodbooooobooooooooooooooobooooo
0000000000000 00000000000 [18][19]0

Fig.7(a)(b)00000000000000000 D 18[mm]0
00 0.04[kgl0 000000 Wedge—effect0 00000000
ooo SPCMODODODODOOODOOOOODODODOO
0000000000000 (e =30[deg)0DO0DODOO
Wedge—effect0 0000000 Fig.7(a)000000000O0
Jo00oooooooooo spocMO0O00oOoUoooooooOo
Ooo00o0ooooobooooooooooooooooooo
Fig.7(b-1)0 0000000000000 80[deglD OO OODO
0000000000Do0o0o SPCMOO0ODOFg7(b-2)
0000000000000O0oooDoDOD0O0000O Fig.7(b-3)
0o0000oO0oboooooooboboobooooooooboooa
00080[deg] 00 000DO0ODODOOOODODOOODDOO
000000Fig.7(b-4)0000000000000000OFig.8
0000000000000 000k,000000DODOO0O0O
oooA¢00000O0O000D0DODOOOOOODOODOOOxDO
O0Do000000O0DDODODOOOOO DPAMOOODDODO
0o000ooooooboboooooooooooooboooa
Oooooooboobooboooodooooooooooooobo
000000 18fmm]0 000000000« =5[deg] 0000

go0o0o0000xxOxx0O

(a-1) Initial posture
(a) Applying a simple pushing motion

(a-2) Pushing an object

(b-3) Slipping up (b-4) Enveloping

(b) Applying SPCM

Fig.7 Experimental results by robot hand

Stiffness ke [mMNm/deg]
-

0 10 20 30
Angular displacement A6 ,  [deg]

Fig.8 Experimental results (kg — A6, map)

000000000000000000000000000000
0000 RBMO CSM(K p; = diag[100,100, 100]([N/mm]))
00000000000000000000000000000
000000000000000000000O00000000
00000D000RBMOOOOOOOOOOOODOOOOO
00000000000000000000000000 CSM
0000000000000000000000000000
000000000

Fig.9(a)(b)0 00 000000000000000000
0000000000000000000000 DAMOOO
000000000000000000000000000
0Hp0D000000000000 D,,,0000000000
dov; = Hp/Dwipy0 00 0dy;01.0000000000000
00000000000000000d,000000000
00000000000000000000000000000
000000000000000 000000000000
000000000 doy =0.700000dw; =0.90000
00000000000000000dg; =1.2000000

200x 0 xx O



QO O T AT O OTTAM
4T 247
= ° x ~ °
- ° ° -
3 3r g 3 8 x
& R b=
© ° °
b x Y
S 2L ° ° 2 ° °
k] ° 2 ° °
<
2 s e s 4 L S |
I o x
H ° 8 ]
0 0

Circle
Hexagon
ectangle
Triangle
Circle
Hexagon
Rectangle
Triangle

&~
Shape of cross section Shape of cross section

(a) Drawing paper (b) Rubber sheet

Fig.9 Experimental results for various column objects

00000000000000000000000000000
00000000 Wedge—effect0 0000000000000
00000000000000000000000000000
0000000000000000000000000000
00000000000000000000000000000
0 60[deg] 000000000000 O 30[deg] 000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
00000000000000000000000000000
0000000000000000000000000000
00000000000000000000000000000
0000000000000000 Wedge—effectd 00000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
000000000000000000 Wedge—effect0 000
0000000000000000000000000000
0000000000DAMOODOO0O0D00000000000
dw; =3000000000000000000000000
0000000000000000000000 Wedge—effect
000000000000000000000DAMOOOO
0000000000000000000000000000
0000000000 Wedge—effect0 00000000000
00000000000000DAMOODODOOO00000
0000000000 PAMODOOO0O0000000O000O
0000000000000000000000000000
0000000000000000

5. O g O

oobooooobooobooboooobooobooooo
0000000000000 0o0o0oUoooooDbAMOOO
ooo0pAMOODODO0O0O0OO0O0O0OOOODAMOOOODOOO
000000000000 00oooooooooO DAMO
oobooobooboooboooobobooboooobobobo
oopoOoosSpCMODOOOOOOOOOOOOOOOOOOO
oo spCMOODOOODOOOODOOOOOOOODOOOOOO
ooboooboobooobooooboboobooooboboDbo

JRSJ Vol.xx No. xx

o o o o O o O

gobooooobooobobooobooon
0000000000000 0O0O0O0CREST(DOOO)OO
goboobooobooobooboooooobooooooo

gobooooo

[1] M. Cutkosky: “On Grasp Choice, Grasp Models, and the
Design of Hands for Manufacturing Tasks,” IEEE Trans. on
Robotics and Automation, vol. 5, no. 3, JUNE, pp. 269-279,
1989.

[2] G.A. Bekey, H. Liu, R. Tomovic and W. Karplus: “Knowledge-
Based Control of Grasping in Robot Hands Using heuristics
from human motor skills,” IEEE Trans. on Robotics and Au-
tomation, vol. 9, no. 6, DECEMBER, pp. 709-722, 1993.

[3] S.B. Kang and K. Ikeuchi: “Toward Automatic Robot Instruc-
tion from Perception—Recognizing a Grasp from Observation,”
IEEE Trans. on Robotics and Automation, vol. 9, no. 4, AU-
GUST, pp. 432-443, 1993,

[4] T.Iberall, J. Jackson, L. Labbe and R. Zampano: “Knowledge-
Based Prehension: Capturing Human Dexterity,” Proc. of the
IEEE Int. Conf. on Robotics and Automation, pp. 82-87,
1988.

[5] 00000: “00000000000000DO”D0 04000000
000000000, pp. 113-120, 1999,

[6] 00: “0000000O0D0OO”0 OOOOO, 1989.

[7] 000000O00O00: “000000000000000OOOOO”0
01500000000000000000, pp. 305-306, 1997,

[8] M. Kaneko, Y. Tanaka and T. Tsuji: “Scale-dependent Grasp,”
Proc. of the IEEE Int. Conf. on Robotics and Automation,
pp. 2131-2136, 1996.

[9] T. Shirai, M. Kaneko, K. Harada and T. Tsuji: “Scale-
Dependent Grasps,” Proc. of the Int. Conf. on Advanced
Mechatronics, pp. 197-202, 1998.

[10] OO,00,0 : ‘0000000000 000000000, vol. 17,
no. 4, pp. 111-120, 1999.

[11] M. Kaneko and T. Tsuji: “Realization of Enveloping Grasp,”
1997 IEEE Int. Conf. on Robotics and Automation (Video
Proceeding), 1997.

[12] 00,00 : “00000000000000OOOODOOOOOOOO
0o0o0ooooo’ooooo0ooogg, vol. 8, no. 6, pp. 12-21,
1990.

[13] M. Kaneko and K. Tanie : “Contact Point Detection for Grasp-
ing an Unknown Object Using Self-Posture Changeability,”
IEEE Trans. on Robotics and Automation, vol. 10, no. 3,
pp. 355-367, 1994.

[14] M. Kaneko and K. Honkawa: “Contact Point and Force Sensing
for Inner Link Based Grasps,” Proc. of the IEEE Int. Conf.
on Robotics and Automation, pp. 2809-2814, 1994.

[15] 0000000000 0000000000000000D0O”00
00000000 Ovol. 140no. 10 pp. 105-1130 19960

[16] Y. Yu, K. Takeuchi and T. Yoshikawa : “Optimization of Robot
Hand Power Grasps,” Proc. of the IEEE Int. Conf. on Robotics
and Automation, pp. 3341-3347, 1998.

[177 D000O0O0O0: “000000000000’000000O000O0O,
vol. 16, no. 5, pp. 136-144, 1998.

[18] 0000000000000 DDD0OO0’0D000DD0OOODODD
vol. 160 no. 50 pp. 41-430 19980

[19] N. Imamura, M. Kaneko and T. Tsuji: “Development of Three-
Fingered Robot Hand with a New Design Concept,” Proc. of
the 6th TASTED Int. Conf. on Robotics and Manufacturing,
pp. 44-49, 1998,

[20] A. Bicchi: “Analysis and Control of Power Grasping,” Proc. of
IEEE/RSJ Int. Workshop on Intelligent Robots and Systems
IROS’91, pp. 691-697, 1991.

[21] A. Bicchi: “Force Distribution in Multiple Whole-Limb Ma-
nipulation,” Proc. of the IEEE Int. Conf. on Robotics and

xx, 200x



0000000000000 (bAM)D000O0D0OODOOODOOODO 7

Automation, pp. 196-201, 1993.

O0A.0000000DO0ODO

Fig.loDOOOOO0OO0OO0OO0O0O0O00P:z00000000
OPcrn00000Kp = diag[Kp1,...,Kp,] € RP™*"0
Kp; = diaglkpai, kpyi kp=] € RP**0000000000
000000000000 f,00000000000000
OW..0000D0000D0000000000000000
000006z € RE¥'060, ¢ RM'0DD00DDDOOOO
000000000000 Pcx0000000000Pes:
000D0000D0O06P; € RR*'D000DDDOOOO
SP e R*™*lgQ

5P = Géx — T80,

000oooOéP=[6P},...,sPLf00000DO00DOO
0000000000000000000f,00000000
OO0f,0006POOOOODO

osg

f.=-KpsP 090

O00000000000000 KpQOThiese =0006x = o0
O000P¢er =Pep00000000COO0OOOOCOODOO
00000000oo0oég. 0000007, 000000

Tes = Thias — K9505 g1od

0000000000 ()00 (6)00(8),0(9)00 (10)000

fe=—KpG(G'Kp.G) ™ (Wesr + G frin) + Fria
0110

O00000000Kp. = Kp{I — JK;'J'Kp}0 Ko =
Ko+ J'KpJO fy,,. = KpJK; ' 74,0000

00000 (n)Oo0OO00O000f 000000000000
000000000000 f,000000000000000
O0000000(11)0000000f,000000000
0000000000000 f,00000000000000
OD0000e,00000000000000f,000000
O00e,00000000

T 0120
1 o1l

O000Ff,;, =f,— (bpf,)nec,000000000Kp,
000000 —KpdP,0e,000000000000000O
O0L: =eqel; e R***000000000000000DODO
000000000f,000000000L; = diagl, 1,1]
000000000009 000000000 (13)0000

€.i = cosancp; +sina

f.=-LKp6P 0130

O00L =diag[L:,...,L,] € R**"0000000000
00000000 (13)000 (5)00(6) 00000000000

We.rt = _Gt}c
Ts = Jt.;cc

0 140
0150

0000 ()00 (10)00000000000000000§,

go0o0o0000xxOxx0O

I —

Finger 1

Fig.10

Notation of parameters

ood

Fo=—KpGG'KreG) ™ (Wewt + G Frinl) + Fria
0160
00000000Kp. = LKp(I —JK,, J'LK p)0 Koo =
Ko+ J'LKpJO ¥y, = LKpJK,, T4ia:.0000

00 000 Tatsuya Shiraid

19680 70 1200019930 40000(0)000
19970 30000020010 3000000000
oo0o000oooooooboob00o0o0o0onoooo
ob0400000000000000000D0ODO
gooooooooboobobooooooooobo

gooooooooooog
gooooooooooog

00000 Makoto Kanekol

19540 10 1800019810 300 000000ODO
gooobooboooboooobooob4000000O
goobOOoooooooobresod 400000
gooooooooogooeesbobbooogno
goOz2o010000000000000DODODOO

goooooooooboboooobobobooooo
00000000o00o0o0oo00O00oO00Oo0OoUIEEEDDODODO
goooooooooboooooo goooooooboooooo

00 000 Kensuke Haradal

19680 90 2800019970 300 0000O0O0ODO
gooobooooooooooobboooboobo
gooob400000000200100000000
gooobooboooooobooooboboooooobo
goooobooooooboobobooooooooooo

OOO0OO0OO0OIEEE, OO0OOOOOCOODOOOO

goooooog goooooooooood

000 00 Toshio Tsujid

19590 120 2500019850000000000
goooooobooOobooobbooooboOooooo
19940000002001000000000000
gooooboboo0ooobooboooooooooooo
goooooooooboobooooobbooooo

goooboooooooobooooooooboooobo
goooooobooooboooboboooboooon
gooooooooooog

200x 0 xx O



