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Abstract

In recent years, service robots and medical robots which can work in human
society is required. In human society, these robots deal with unknown object
and contact with humans. Therefore, the robot hands and fingers which are
composed soft material have been developed. One of the advantages of using
soft material are safety and affinity for human. On the other hand, the
dynamics at the contact points is complicated because the deformation of soft
robots and objects is large when the force is applied. It is necessary for the
next generation robotic systems to perform grasping taking deformation of
fingertips and grasped object into consideration.

In this study, firstly, the effect of the deformation of the fingertips on
grasping was examined by a focus on grasp stability. Grasp stability is a
metrics utilized in grasp planning. This metrics is required in order to
optimize grasp planning corresponding to the softness of fingertips. Next, as
the grasping when the object is deformed, we focused on the sheet
manipulation that the deformation mode changes. The effect of the
deformation of the object on grasping is presented through modeling a bent
sheet and investigation of grasp stability. Finally, a force feedback device
when grasped object is deformed was developed. It is important to display
force-sense at the fingertips when grasping an object by remote control.
Therefore, we developed the force feedback system and evaluated the

developed system when the grasped object is deformed.



FI1FE Fi\

AR, ANMHETEETX A —E2nRy NREErR Y FARD LN T
Wb, ZOXHuRy MIA L OEAMSORMOYIRZ T 5 BREIZ#EIL L
RITNIER BN, £ 2T, HERIIEAEZ W B W BF TR S o e
Ry "NV FROENRBABRINL TS, ZODPWHMEIZHWAS A v FELT, A
& DEMRF DR MBI MMEDO R S, RMOMIEZR H & & DTRIRRALE DA
HENZ OWIENZET bD. £z, ARSI WERRH Y, #iFF -
BAERR E R DMENR O DWIGH G L A(FET D, ZRET, LIFECHHAS
NTEeRy MIAHAD X HIEE L2 WM EHCHERR S v, fERIR S RIHK
&I D XD IR TR MIRIN L v o T2, DT, TR £ OBl )N
BENLOFEI A R— A & LT FFOMIEIE 2 < e &N TE 2. Lo L, O WE
REONPVIR TR ERERNAE L2 L OB X 2B OV TI D)
STWVRNWZ ENZ. ZOERBOHELZZRE LI LITZ 5 2 & RER
DRy hAT AN ETHS.

T 2T, AT, MR OEE BB LR EIT A D IRIMCoa R >
NAT LOEFEEZBHEL, UTO 32D L %#1TH.

© FROLEEPEFFLZENEZ G 2 5 B O
@ WMEDIEIEN B % Yt OILFFHIG & R E M
@ HEMENLILS 5 L & DIJRFERILE DB %

OHEDOEFEPIERFEZEMICE 2 DHBOMY  ZRMIK LR 5 & &, 1R
FHEINGLEE 0D, MKZEO X IR Z T 50 Vo Tt BFFEIR 2T 5
EXDREERDON, HRFLEETH D, UFFLEENRKE R D X 9 IHE?
FHEZN.TH Z N TENL, ZOEFFEIE N RERFE THDH EF X2 5. AU
ZETIE, MEFFZEME DR & U CHERRTN ) 2 - T, IR Z 22 6 2005 THERF
L9556 H BE LTSRN 1 2 BRGiE 3 2 2R 21TV, FROX oSk > TAEL
HEFBIEFI I ED X 5 I Ba REFTONERLNITH. LT, D
RENZHOWNWTHEEEITH.

OUMEDER R H 556 OIREREE L HRFLEMN : 2N E T, WEBERT D
FHPIRIZET A ~= 2 b —v a3 VOMENREAITOILTE =0, b0
MR T, ZEDERERT L L0 2K Zxt4 & LT\, £ 2T, RIFZETIT,
ERDE— RDBES LMEOEENENTH— =t a2l — a3 IIFH
L, U= MIERBICLD2EROBERZEZ S, ZhaitHLt~v=tEal—v
a v EET. ZOLEDICKLELRHEFETLHLEDT— FOET AOHER

2



LEME, FERAZB L THEE - BEEL, o — FOEENIEEC S 2 58O
THLMNZT 5.
QM ENER T 5 & DR REBOHR | BIEERIETHERERZ1T D
X, FBEDODHEOITRNEETH S, T2 T, HEMERNERT D EEDOIRE
PORIEE OB AITY. £77, R LIV AT ATHREMNMERTEX 200THO0N
TOFMEHAT S .

H2E  EOEMASEERERICSAPHE

ARETIE, BOEEMERLEEMNIZE 2 2 BBIZ OV TRAEETT 5 . UL E
PEDOFHINZ W THUFFI N ZEE R IEE Ch 5. £ 2T, L EM & L THRr
M EE %2 L, fEE ) EEROBRICED XS ITHROERNEET HD
DEFRD . B, 22T, ®tad 5 2 KR CTUIRZEEE (R/IMERR T
RB) L7c & ETHEERI ) A3 e/ s & 70 DIERRNCIEZR 72 5 0] (BERR 7 1R)) oo 4B
HZHONWTHEZD. HOERIIVATTENTND & &, 5/ E Wik & ORI XHE
) (JBY) RWAEUTE EOER GO N ZHFm /& LI naitifll 5. ffo%
Ea B ST DITkEL R b EDEE2HWT, FEOLEEIHERN HIC 5
25 E EBREITRGE LI S 0NCT 5.

X 1 ICARER CHWEBREE OB 2R3, ZiUE, 2 Koxtm LT
DOYARSERF 24 L 7= TERIEE & 7p > T 5. 2 RO%HE L2 TOMIRIER D /)
FHIRITIWE L BRET D &, 1 ROFEZIER T MR S 2RISR T 7R EE
T ZOMEICLVFHRT 7 UARICY Y a—r/ofE s ERE
T LAT 22, 727 U VIR T 81017 8 2 A ff LIERFI D O 217 9 .

B 2 IZZOFERICEVEONTIERT) f, LHEEM) frg & OBREZRT.
S1~S4 DNAIZEEWR, DEVEERD72WETH L. M2 205 &, O RIE
EREZ M AR SE LN, K3 IV HTBEO S1 & S4nfsLET7 7 UL
W E OBEfRE O T 2R3, ZOFEBRTIE, MEREZHEH L TR ¥
B EREZAm L TWene X) FEORICBWTbLEBEOHETHS. X3
ERTHMDE DI, BVIRDT L & oEMEm O, Wi, EIEFZLNEI
Ko THRR->TEY, WNEOTBPIINREED G DER V. Zhinb, 8
MRELSMFERZ LTV, EEOLRIZIZOfRoMFERICLSb0T
b5, FROERIT L 2 EiEiE O ZALDER I ) OFEVNTEL 52 Tnd 2
EMHEMNE IS T.



Automatic positioning stage
for normal force

; Force data
N »| Position data
. : Image data
Flr;gertlp Load cell unit - E —
Silicone - o4
( ) Normal force f, R
Tangential force f;
Acryl plate
[

Force gauge ]

Linear/uide| |
Camera » .................. & \\ .........................................
7

Automatic positioning stage
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