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Grasp Stability Evaluation for Elastic Fingertips

based on Energy Tolerance in Potential Field
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*2 National Institute of Advanced Industrial Science and Technology, 1-1-1 Umezono, Tsukuba-city, Ibaraki, 305-8568, Japan

We propose an evaluation method of grasp stability based on potential energy for a
multi-fingered hand with elastic fingertips. By considering the elastic potential energy of
fingertips and the gravitational potential energy of a grasped object, our method evaluates
the minimum energy which causes slippage of a fingertip on a surface of a grasped object.
Unlike conventional evaluation methods of grasp stability, our method explicitly considers the
contact forces by the deformation of fingertips during grasping. Hence, as a difference between
conventional methods, our method can evaluate grasp stability with considering the internal
force. The effectiveness of our method is verified through several numerical examples.

Key Words :

1. #

ZEe N RIZ K O WIRE R D88, WK% T %1
T2, EFRFENE A RHlT 2 43838 % . Ferrari &
1%, force closure'?\Z 53 < HUEFZ2 MO T %
/R LZ. ZOFEE, UV EEEZRE L= Ciocarlie
HOFIEDR, PHE O IR % % L7z Harada ©
DFERE, L OMENRENT. Zhb—HD
M TE, EOA T - AE—A Y NEMEE X,
SR /AL N T T s B k- Y DAL 343 5 AN LA A I
HE—RA L NORESZFHIMEE T 5.

AFETIX, FIEEEAETLEE N Fexdre L,
RO 2 Z 8 L - R B O L &2 18557
5. BETFIRL, BEEOBERT vy L gL F—
CHEYIROEIRT Uy VXL —%FE 2, IR
B RARY 3 T T = AN el B R DU NN BA N =+ A NP 2
X—ZiHMhfE & 9%, §70 b5, force closure (7] -
F—A 2 OB BIRFZEVE 2 i D DTk L,
TRAF =R DR EMNZ T 5.

RTIRITNER TR L, A0 sE 2 i3

=

RN KR (T 819-0395 4@ [ Uk 48 ] 7 ¥4 X e [ 744)
baba@irvs.ait.kyushu-u.ac.jp, {tsuji, morooka, kurazume}
@ait.kyushu-u.ac.jp, tahara@mech.kyushu-u.ac.jp

2 PEREHATR OIS (T 305-8568 #IkIR-D < I iHER 1-1-1)
kensuke.harada@aist.go.jp

Potential Energy, Grasping, Multi-fingered Hands

Z LB TES. force closure (3, HUEEHIRIZHN ST - S
F—AV BRI E &, KO ML IC
DVHREE L 70D Z L ZAIEE LTS, —J, 2%
TR, EEEICH T - S — A A BT
L&, BIREOWMAEIC L 0 FHLIREE & 72 B Rt &
P S, 2K SIS, FREEEEEET LSV R
I X BRI BV T, force closure & fRZETEIX
FRARRY 72 BAFRIC D 5 .

BETIEORME LT, UFIZRRD AN T oh
%. force closure I%, FFRIEDEZEMHENOEE DO
fE N ZMIEITIMA NS LIEL TS, LinL, £
FENy ROMIR AR LTV D & & 0B I EE T
IE72 <, BAH - FESE OISR X v 4407 - s —
A2 MRS L TEMRED. D78, force closure
IKFRE DR E AR ET D ORI TE 528, B -
FRSE OIMELHIERN 2N & 2 5 - BR ORI E & 5159
HIDIITRATE RV, —T, BRRFIEL, FikiE
SO X D8l &2 B8 L, M A G
HTENTED. PlAIE, RELENTIOKRE IOE
WEZE L CHRRFREMEZ RS 2 2 LN AIETH 5.

B g, TRV TR FIE O LA 212K
L7z, AR CIIFRe o8kt 7 0 % St O mazfik
WCHRIE L, FEAEDBMERT s v L R L X — BT

W20 M RT 4 7 A URYT Q01543 H 15 A~ 16 A B(FHIR)
— 302 —



LED 6 BT o8 E LTERLT D, Z OB,
Ciocarlie © DFEEEAMEDZFIM L, Hafib ) & e —
AV NOBRBREZETS. IBELICET L E AW
B w2 R L, TOEMEEHEGERTSH. £
72, T U BITAER LT HEEREBM KT L, force closure
WZEAD K PERTHEOTHNE & 12 R FIEOFHNE % bk
95, I, WERFETITFHMOT 5 Z LN TE R0,
WHDOKE & %[ LB EEOFHmER 2 R~

2.8 & B =R

Yamada 5©1%, HEROET L v LT R X —
OHIRIZ I VL ELEZFME L7Z. L, $fit)
DEEEMSENICINE 2 = LIHMEEESNTE ST, £7-,
Mtz 5 5477« SE— A FORE SIFFH STV
72us. Inoue 5O, Mtk - BIEEZ B L L
T, FHFEREOWEHEENB I ORT ¥yl R F—
[ZOWCHRHT L7=. Hanafusa 5O1%, {EBEZROET
VANV RN —RHIMEE & D & XHREREETH
%2 &% Uiz, Tahara 5", FekgseCRagi ok,
Pl X VBRI M- T 2 AR LT, T
SOMAERE 2, AfaCIHtERORT vy =z
FIVF = BHFFRE BN 2 EEMICEFHET 5 Tk E i
BT 5.

3. REFEOHME

31 RE R EMIIRAETH Y, FkL D
BfimiXEm T S, FREITEEBRTHY, BikE
EEFL TV A, EOMEIXEE STV, FBEiE
Bl OVERR T 8 K OB IS WMEE T T 5. #)
HIHEERR B IC W T, R JCi3 B AR OB T s D &
ERLTWD.

32 REFZE TR SO T 2 L R
AX—BLOEREOE IR T ¥ v V2RV F—
DFZ LD, KTy WnalEEd 5. K7y
NE, WRDNLE - BE L HRERADRT vy L
FNX—DOERERET DO THD. WIKONLE « L8
X6 EHTRENDTZD, BT Uy v /L RLX—
6 BRBES L 72D, 22T, ATV ABO L, £
DI HIE B 72 VE L EREE” LS LT
L. WTNOOREDSE Y 12T WIRONLE - BB,
IR OEER & 72 D WIROALE « LB A
NIZh D & &, BERRPRIENLSD.

SEHIREIRN O MR T v Yy LRV — % min{U }
ET5. WIROALE - BENIZ ORI T 5. Tl
MO i FHOBER LOR/NRT Uy LE R K —
Zmin{U;} £75. 22C, RADLBY, min{U}

Pote_ntial energy Equilibrium region

‘ min{U,} “ High
|

Low

min{U, }

Position and
orientation of
a grasped object

Evaluation value = AU,,;;, = min{U;} — min{U}

~ min{U,}, min{U3}, min{U,} > min{U,} > min{U}

Fig. 1 Potential field and evaluation value.

& min{U;} ORI OE/NDZEGMEE AUy &35
AUpip = min{min{U;} —min{U}, i=1,--- ,np}. (1)

7L, mp IR ORTHS.

AUpin DZ=FINVF—0DPRICHE 2 b7 &%, Wik
DONLE < BN THEIR OB R 2@ L TRIENEY
FIagEtEnd 5. 22T, M1DLSIE, AU, &
R EOFTHIE & 3 5. PRI O/ R T
XN —NER LIS S L&, FHEHEIT
0&L725%. ZORE, MERICZRXVX—2525Z L
VAN =R WA= d/ I e

33 BFIRILX—FEO-E ETIEIT
TR —DBLE D LR EN AT 5720,
FERNEB =L X — 2 AT 255 bEAAETH
L. HUCEINT-IREZ R L CRED EIF 25465,
BT DI ORE AR PICEZ D56, PHENE
fEL, HiRnsh& 724 & & HIGEBT R X — 35 4E
T4, £77, Y FICX 0 iR ZHE Ll
D6, iy ROBENC L WIERIZIEME DN T
X, EIRTRLX AT L. EHZ LT —%
EGOTFHMEZITY Z Lk v, MiKELEIERT 5,
EWV o TR ANEHT D2 ENTE S,

Zia Ny REHHEL LR OEB =L ¥ —% K
HTHRERDORT oy VTR AX—%2 U L5, RN
Wi-shsd L, MRONE « BRI FHTEIR O
FIZEE LW a®, FBETES T, ZERFARES

— 303 —



i-th fingertip

Contact point

Center of mass

Fig. 2 Coordinate systems.
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Fig. 5 Grasp of a cube.

Table 1 Evaluation values (cube) .
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Fig. 7 Evaluation values of grasp stability.
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