—REZERBIZHITS In-hand r—o 29I =—_Ealb—3 v

2D In-hand Caging Manipulation

O ##f 4% (REX) E WME BA (REX)
Tomohiro Asamura (Yokohama Nat. Univ.), Yusuke Maeda (Yokohama Nat. Univ.) rn|=||_a|2
Abstract

In this paper, we proposed a new method called In-hand Caging Manipulation" to manipulate objects 1n
position-controlled robot hands. In this method, the objects are caged by the hands throughout manipulation
and localized around the goal as a result of the deformation of the cage. Manipulation of a circular object was
successfully performed by a two-fingered robot hand 1n experiments.

e

WAL TaRy b ABEOEOLS HREMOHZ | ®In-hand ¥=—EalL—3 3y
N2 FOERMNRARF ARy F/\Y FARE

» [Rus 1999]
ZI/N\N FIZCEKBEH LI

*E*Egjﬁ In'hand N — tol l/_:/ = > Eﬁi%%d)ﬁ% L)
MAZREICKFLETS VHROULELRZZEIESERY
EN{E MAEZHFEEZASE V- T-BIE - [J\ B 2003]

BEOMARZIRDILESODEME—FZ
FRALT, PEREY 2175 FEDRERE

4 L

Ht s ST B HEE
—Folling NERBRITE > TR Y 255

¢/ —>% [Rimon 1999]
AR
- ) . 5 :L\‘ ) A $ J75 5
BEERALELSr—S T =Eal— 300 . >
#£#Z% In-hand Y =—EalL—Y 3 VIZEA Htooos, HElEAFRET
CLERED A THEYO MR A AT EE

- [ 2010] Robot ‘ Environment
BELEORMERALE & o
— REFENTDr— Y
Y-—Eal—Ya>voiRE

[#%3 2010]

In-hand 55— 9T =—EFalLl—> 3> v0O&H

. [#H 2010] CRELGENEBEZFALEY—D 9T ZEalL—Yar0OERIEZITHT-

+ In-hand 7—2 09 ZEalL—2aV>TIE, NFON—LGBEDIEREFMZRIBELERLGIT LT,
COEXNELZERTHENTES

dinf dobj
— 7N ) RY ST (e
r— 2 BLLEH ] " / §~ Cels_finger
\/

| C IO T4 X2 L—a v EAZED S b,
{Cfreeob 3 # () free0b ) o na s o 2 L—s 3 v & ad; EEEE &
. L — : WREYMOaA D ab—2 3 BHZERM
Ctree-obj N Crree int = 0 Clree.int o 308 2 L8 Stemin -

Palm
Ccls_palm

[Can’t determine the Object’s Side]

- L
Al S /e =3
; \ [ )
| 1 l |

] ]
\ / \ /
\ \ >
~ 4 ~

Time:t + At
Can’t manipulate because of Discontinuous Shrinkage

r—o 9T =Eal—Y 3 VRS

r—T 0 RERREIB OB HIERIKTHY, sHicshBELVGE
X=-—Eal— 3 nEE

A%ﬂo(cfree-obj (t) N Cree_obj(t + At)) = Ciree_obj()




In-hand ¥— U5 = FalL—3 3 vz &k AWk

Y-Pal—>a v RTE&H . Y=Lalb—>3avm, 7227
free_goal NERFEIBAD E CIZHEMHEH S5 H

[XFFETEEL (LELY)

Y-Eal—2a3>oDa—)LZE < HEVVERRICERTE
Cfree_ob j (t) g Cfree_goal

Cfree_goal BEa2274 9 L— 3 U

N> FOFFBRMAE LT
HRMDMRRAGBEIZ K 5T

SRER S Y=-FalL— 3 haEE

- WEWIERARXFO—)LE OB

WANWANF &2 -l )ik

- BRYPTEEEREL, N\ IFELEAOHZETAKYELS LT
- FIRIREICEWNTT—D VMBI LTS

- N\ FIZ1EE I 2B

[Ccls_ﬁnger]

//

[Cfree_obj] [Ccls_pa,lm]

Eperimental Environment

EHEZ Kk AHREL

Change of Cfree_ob;

(a) In-hand Caging ManiEulation (right-to-left)

(b) In-hand Caging Manipulation (top-to-left)

IR - ———

(¢) In-hand Caging Manipulation (center-to-left)

XM TOMERS X UVRRE

81 %8 = + In-hand ¥—o 9T =Fal—2 3> eEWVWSHEL
_ FHEEREL, SAEZEEI-EVTARESEMTO
NZEalb—2a uhiTAS S LERR L

N FDNEMERT AL Force
IN—LINEDEEBNRDOYUED

4

+ jamming DREICLYIT=_FaL—> 3 Uikl

- 18 A 4o
EEFE Y (Gamming)hiFE LT LTLFESHEDHD
Y=Ealb=>a¥RK Frictional %f&d) %EE

S Force
» jamming Z 8l L A9 L EN{ERT i D E e

HEMOBEE EIEERONEE T v RBIETES & T BFEUTOBEHIE Bernsmnass
jamming DRE%EHIREMNZ SN 3 . BARLEHBRORRMAOE 00




