AEa—HEYaYE o
IR AT B8
(2003. 3. 27)

HEESFICHITHIEFORFHEAKRY ML HEBR

EEEANT, Keni Bernardin®, /NI YE— 111 KA 3 1111, f‘tﬂW g, 5 T

T ESUEERYE B AT LEVIER B AT LY ER
1 Faculty of Informatics, University of Karlsruhe
BRI RBE R 1T BRI K B AT L VRIS B

T 153-8505 HWAERKENS 4-6-1 BB I Fr >N AEK
RAUR A PERARIERT 565 3 B8 TR R
03-5452-6242
{sonoda, keni, ogawara, kimura, ki}@cvl.iis.u-tokyo.ac.jp

BE

Bz L 508y MADECRIFIZL > RA—HFANOEBEZEHITHZLE2EREELEL, TNETHRLABRIAT LN
BREINTEZD, EROERICEL TS, B EOHRKN S BAERL 5 2IBFOBENBEE SN TV, Fa
BFOBEMEEZ2 QEOBRBTHESUOHWIENEEAL, I RXEERBEROTESL AT LOBELHE
LT, (EROIEHMEEIIAEOY A7 2RI IIARTETH 2T 05, HEOIEFEHS LD TED
Kamakura O EEZAW BFO T IF o 7EEL L THEALL. AEOIEREZ2EOINSOIBH Y I 51
TEAEMEY M EFAN—/ DT X 0ENRINATETINERAWD I ETHRHL, EtEaL
T AMMEZIEN S RTHBT S, TOKE, AM»50Ry hAOHE OERFOEENFIHES 785,
F—0U—F EBHEY, AR oI Bhla eIV, ABBESENC R

Robotic Recognition and Generation of Everyday
Grasps

Hiroto SONODAT, Keni BERNARDIN', Koichi OGAWARA', Hiroshi KIMURAM and
Katsushi IKEUCHI ittt

T Department of Information Management Science, Graduate School of Information Systems, National
University of Electro-Communications
1 Faculty of Informatics, University of Karlsruhe
1 Japan Science and Technology Corporation
1t Department of Information Management Science, Graduate School of Information Systems, National
University of Electro-Communications
1 Graduate School of Interdisciplinary Information Studies, The University of Tokyo

Institute of Industrial Science, The University of Tokyo, 3rd Dept. Ikeuchi Laboratory
4-6-1 Komaba, Meguro-ku, Tokyo, 153-8505, JAPAN
+81-3-5452-6242
{sonoda, keni, ogawara, kimura, ki}@cvl.iis.u-tokyo.ac.jp

Abstract “ Imitation Learning” aims to reduce the end user’s workload. Various systems have been
constructed to date. However, regarding grasp generation, the number of imitatable grasps was limited due
to structural restrictions of the robot hand. By expanding the grasp application domain to daily motions
including everyday grasps, we aim to realize a system for more sophisticated imitation. Since the conventional
grasp taxonomy was incomplete in regard to everyday task performance, we adopted as grasp classification
table, ”Kamakura’s grasp taxonomy”, proposed in the field of rehabilitation. These grasp primitives, including
everyday grasps, are recognized with Hidden Markov Models using pressure sensitive contact sensors and a
Cyberglove, and realized with a humanoid multi-fingered hand equipped with tactile sensors. This enables the
mapping of human everyday grasps to robot grasps .
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1: Overview of the system.
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2. Pouring hot water
into "tea bowl
(chawan)" with

3. Mixing the content
of the "tea bow!
{chawan)"

1. Scooping powdered
green tea from "tea jar
{natsume) "with “"tea

# 1: Kamakura’s Grasp Taxonomy

scoop (chashaku)" and "bamboo ladle by a "whisk (chasen)". Category Pattern Notation
iti bowl (chashaku)" Power Grasp-Standard Type PoS
Power Grasp-Hook Type PoH
F Power Grasp Power Grasp-Index Extension Type Pol
Power Grasp-Extension Type PoE
Power Grasp-Distal Type PoD
-’ Lateral Grasp Lat
Intermediate Tripod Grasp-Standard Type Tpd
Grasp Tripod Grasp-Variation I TVI
Tripod Grasp-Variation I1 TVII
Parallel Mild Flexion Grasp PMF
Precision Grasp Circular Mild Flexion Grasp CMF
Right Hand Left Hand Tip Grasp Tip
1{ Tripod Grasp Variation 2 (TV2) Parallel Mild Flexion Grasp (PMF) i} Parallel Extension Grasp PE
2| Tripod Grasp Variation 1 (TV1) (None) Grasp Involving Adduction Grasp Add
No Thumb
3| Circular Mild Flexion Grasp (CMF) | Parallel Mild Flexion Grasp (PMF)

2: Description example of ” Preparing Tea” motion

using grasp primitives.

PoD lLat TVv1 TV2 CMF PMF PE Tip

3: 8 grasp primitives required for ” Preparing Tea”

motions.
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B 4: Configuration of the tactile sensor.
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5: Skelton model of the right hand (palmar view).

4 IBEOERK

AMETHRENRES N, BT ITTICED
TEBOLBRBITHONS &, ERETIEORY b

IZEBHERFNTONS. HE OEFRFOERT 2I1TIE
Bt a7 ARBISEN S FEEMt U %
FUR U7 A AR DS S 70 B

4.1 ABBZIBNVR

H# G THRON D BRI, HEPIZIAED
&L, l\?@/?b\b%ﬁ@ﬁ IEBLHET, 2TAMH
OFIEbETHRIINTVS. 5T, ABAsD
By FADIEFOEEE A L— XTI DITE, N
CRIIABERTHBLERSH S, LLEOBEMNS, A
MOFE DM FHRAR (K5 88) & ka7 b
TRIR S N HERMEE [1213] 5%, AHofEs
FIERBEOEIED Al GE7S B B B e VL8 D A R B 45
N R (4¥8-16 BEG 13 HEE, #HE-4 B84 5,
fthiE-4 BAEN 3 EEE) OFEH - R ETo. 2KED
NT > ADOBEBNSIBIERIBENMEEE LD T L AL
L, fBoAKIeHTcaAREL .

iDL

D 3 RDIGITHITT BN/ b T, 4 B4 HHED
BszEE L. BEGTH S OM BEi o MP
B EEEIC, 2000 —RE—FE2lAEDESZ
&T, BT 2 D0 EEEEREL TWS. MP M
D2 BHEDS S, WD 1 BHREOEEIIMD
THbHED, TOHREEZEN:.

fits GR¥g, s, B/ 13, PIP MEHORHHED
1 BfE, MPBEORMERE, NEMEO 2 B,
PIP B & DIP BIfiZ HEEHBIC T2 2 &ickD 44
Hi3EHHMEOEBEERLAL JITMPEHO2H
HEAR &R CEEER AR T 2720, BRI



& 6: Anthropomorphic Robot Hand with tactile sen-
sors and DIP-PIP interlocking structure using flat

spring and wire.

7: Differrences in circular cylinder grasp with or
without distal interphalangeal joint (DIP Joint)
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8: Recognition results. The upper windows show
hand shape and tactile sensor activation. The colored
bar shows the segmentation result. The recognizer

hypothesis is printed above the bar.
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# 2: Results for single user systems. The values represent
the accuracy rate in percent.
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10: Generation of Power Grasp Standard Type
(PoS). contact status and contact area according to

Kamakura’s taxonomy.
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B4 11: Generation of Tripod Grasp Standard Type
(Tpd), contact status and contact area according to

Kamakura’s taxonomy.
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12: Generation of Circular Mild Flexion Grasp
(CMF), contact status and contact area according to

Kamakura’s taxonomy.
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