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AR, BRSOV — U AL, WBEEe CIEEELREO Ry MEBHIFFSh TnD. 2ok 5 2REE
ZaRy FEFEIOANRHEDA BT T a U RRERWZD, RNERE L EMT SRy by FOMRE
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HIR XD, T2, TRNFETITHEINTEZOR Y bV RO ITBEHEREREZ L OO a X vReA T F
VAMEICHRENR S H. TR T, REASICRHGTE, Bk —27 OEFUAOEE S FRER e Ry b
N ROEFRSEEICID2FEIZAMNE Lo, KRUIE 6 Ehoflish, U TFCNEZENT 5.

%1 E i) CIEAZEOERE LT, EMERE~O Ry Ml ALK 3 5@ e 1w L7
WL B ARy by ROBEBVEIZOWTRLE. RWT, FTZY v -8R hE TR ENTE e Ry b
N RIZOWT, TORMAERE L. YAT7 U v /S TP EELDSMSEA TE oWV 2 & IS LR EE T
BREBAE~OMIGICHERH D Z L, THETHEINTEZeRy by R TIEIEMEEE o2 a 2 b
RA VT FUAMEICRENR D D Z L BIEN, RO HMNE R LT,

Wowm 5HiY VI EYa—EaRy bV R T, BBELEZRINTA7-00ar 7547 v ADEH
FE LRy by ROBIMRET R E PO BIEAFIE O/ 48 « 2 5606 L7z, RIS R 2 Ko7 1L
VoI L BREV ) VA EHWERRE Y a— v I EMAEDEZR Ry PNV RERRE L. BELE
BEV2—ME, av T I7A4 T U AREXENECEREET L E &I, 58U 7z 2 KAOZERIET Y VX T
EEEh 2 CH Y, 2 DOMREEABE LR MR CTHEI L. SDIRELETEY 21D 78T 21—
KON, AMHREER L OBEAEN S EHEINHH0EEG L OBBREA LML, REHESRB LU 7 =
— A LT, RBICHEE LRI e — L HEENS Y 7 RTFA—FEREL, BETEIa Ry hAv R
ARELT.

%3 T VR WA v E—F U 2] TIX, B2 ETRELLRE Y 2 — VOl SN T
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NHotz. Zhucxt LT, BEERLSHWEETETNEZEAT I LICLY, MEHEEZER S 2 &7 R
P A XDOT— 712525 Ml alEE7e A B — & ARG EZRE L. FRICE Y T—27105 2 2 10l
X0 3Hz ONLERENEEZ BT D2 L2 MR L, BELZET Y 2— LN 20N DRERENEZAETHZ EHRLE.

BARISHEIY v r7aRy bV RICE DX A7 FEITEFE) TiE, B Lzr Ry by RUAT ADOFHGSE
B i Lz, RV A ROWEEEE 21T\, UV—7 2R S EPITEET 5 2 LN TE 2. EitpioES) M
RIIHERD A v E—F U 2 L R%ETH Y, Mtk T 2 IETEOFIEE R L. £ —T
FHAZ AT THE, ax7 ZOERICINZTaxs ZOEBEETT DL ICKEBLIMEI RN OIAEE L HE
1TLT-. BI0OEMEICL Y, ERMOFBEGRESY v 7 7 v TRHIEAT S a3 7 X ORBEER LIk A
HHMORVERE LTl & T, ax 7 XOMEEERTHIENTEL., ZOXIRELZrR Y VR
PR E T TR V-V OERBEETETHHBEENRDOONDIHX AT IZBWTHHEMIERET S Z 2R LTz

W5 E MEY YL AT ROBHY AT A T, ZXREVY VA EHOMEE Y L A0T R By
AT EEREL. BEVATALE 2 BECTRELHBT Y 2 —LIHINTAZ L 2EHEICLTRY, €Y=
—ADLEONDHEER L, EETRLEOEENC L D2EKRET Y XNDIENZEAL D B & 2 HET 5
R — KRN RO R T LA TH D, ENECEFT 57D OE oL, BT Y2 — L RRICZERTE
Bl 218 U CHRED DBEN - SMICEE T 2720, BEMCITE Y E2RETOILERR2N EXFFETHS.
BAFE L7 $BE Il L O Ry by RIZE 270 e, BIEERE AW IRMEERIC LTy AT A
OEMEER L.
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Human—robot coexistence has been widely researched in unstructured environments such as factories
medical and service fields. In unstructured environments, it is crucial to consider the performance of
the robotic hand that interacts between the robot and the environment. Parallel grippers, the most commonly
used, are difficult to use in unstructured environments. The robotic hand studied has a complex structure
and disadvantages in maintainability. From this background, this study aims to realize a robotic hand
with a simple mechanism that can perform well in unstructured environments and tasks other than grasping
a rigid object.

First, we proposed that the finger module has a five—bar link mechanism driven by two pneumatic cylinders.
The design method of the link parameters using manipulability and the design flow is presented

The link parameters, operability, and constraints derived from the target specifications are clarified,
and the design guideline is explained. The link parameters are determined by the design flow based on
the target specification. The developed robotic hand has a simple structure

We also proposed the control method for finger modules. The proposed controller, based on impedance
controller, can suppress the force applied to the object without degrading the motion performance. The
effectiveness of the proposed robotic hand system was confirmed by experiments. The robotic hand with
the proposed controller was able to grasp the fragile object with an unknown size. In addition, the task
of inserting a cable while changing its posture. The robotic hand can perform tasks other than grasping

Finally, we proposed a slip estimation method without a tactile sensor using a pneumatic cylinder. The
proposed method estimates the variation of the contact point from the pressure change in the pneumatic
cylinder. We experimentally confirmed that the change in the estimated contact point position could be
used to detect slippage and compensate for the grasping force
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