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AL TIX, NTT 4 v 7T A 2% T-a Ry b OmBEEIZ L 5B Tl E¥s ZRT H1chiz»
TEELZD, SRIMERE L OIS T 2 I OMRE LR L R & T 2REEIES AT A0 AL B
ET 5. mRAIMERE & OB A S ORI LORBAERT 57201, BIOMEA D= NEHFHAL,
ZTDOAN=ABIESOTH SR ORELIRET S, £/, ~NTT 4 v 7T, 2O IEHEH Om LGk
EHRZE L, HEREES AT A& L THRE L2 SR OB L OWE S RELGET) O LA EOHF RN Z EiES
2.

BEmTIE, FETRICOVWTHRREZ, Ry FoBF LW E L TERSEIFEIRTEY, AofbY
WZrAy MEEBHCEEZE DI, T T 4 v 7 T3, RS L DERERERS LOERERETRIP A TH L L
WZOWTih 7z, — 5T, BRBIESAT AIZBWTAER UL RIEEEITOIZIE, ~NTT 4 v T34 R
BB O X 2 RELTHREINROOND Z L E2/R L. £72, BIIZHOWTHRE - RefL, #ImEoR
HERAFEHENTEOT, B2 3 2 R BENFE LR W L 2R L. 2072w, HEER
AT MMITB W CEMIMEBREE & OB RO S EH AT HIIE, B ST A D = X 2O, BERA 2RI
L SR OEIEOER, N7 4 v I TN AOEIRIENOm EPFFEE /b Z LE R LT

BETIE, EEMHCBIT A S M A = X AZONWTIHRAT, ZZ A F AW TEIEICBNTIE
FLAXATATIIINRT D SITENEL, AFATATHE v L X2 2 EILREAET D Z & 25
L7z, F72, 2EFTBLOEERNAZA T ADFRNZY THDHZ EERFEL, TR0 Z VI TRIEETE %
BT DHZLERLE. 2200, 3RNZ DI KEEER AT = /METHREEND LIREL, ¥ v TEEIC
Ko TRAETHRIGRE~OAPEEZHHT 5 HIEZRE L. BHINTENEEE~ORISREE MR 56 X
DOEMZRZE T, EHITRVFENH D Z L 2FEIAE LT, £72, 2 EHHRF =/ ME~ORII L LTS HE IR
EREEBERITT I ENTRBR I,

o T, RSB A SR OEIEIC OV TR, HBEORBRICE SN T, FFRE A~
LHZGHE DL SR OMIEE LTREL, NI T4 v I T, ARSI T vy 7 # O TIREL
T ST OBEEZFM L7, ZOfE, (REBETRIIN M S C42E LIl S MR OBEICHEBERH Y, &
H U7 R~ ORI ENEZSRE DO L 22D Z L2 EFE LT, £72, MR T D8 SNRIFLE & 7o 5 88 &
Ty OMAEEEFER, ARTAEIVBFARE CTH-TH, WAL Vo v 7 TRELEIMROME
EOBMN LN 2R Lz, ZhIck Y, BE L7 SR OBIEIIHEZERIC AT 3 58 S ioxhd 5
MEXHE TIZ72 <, MRS 2 I &2 WFHI T 272008 TH 5 Z L AR STz,

BUETIE, NTT 4 v 7T AL AOWESKBER N # M LT 2 HFEIZOWTHR R, B EORKRIZESNT,
N D F o m— 2 ORBENRNIER T2 2 RE L, L LI TEEZFBNER U PR XA T 255
B BRI RITTREB LT, FORKE, UFERAZ A T 2% 300Hz fHECHIE S, &R % 20ms &
THIET, "NTT 4w I TNA ADWES KB EZDRMCM ETEDZ BB LN E o2 iz, kD
FTETIIARRRETH 72, SoFBBBERBLIOT A I =T LAT 0y JICHYTAMIEZRITE LI ENEIESN
7.

FHETHE, BE8BICBWTRELE SR OEIERS L OB NEICE O TIRE L2 SREEH om ik
A L m R E Y AT MBI A S RBFIEICOW TR, C OB IERFEAITIICHT- - LB L
RRARRE LT S AR OIEEOILEZITV, SR OEEOMBEGER LT /R E OB A2EHL,
TOFMmAEFEM L2, FOFREE, vARy MIERT IMENRRMTH-TH, EMEE G525 &7, HEN
DY TIH A DS TOFRRE\CE LTS ENT T A VTN, ATRITEDLZENHLNE 72572,

PLE2 S, AT, EEBOBSHMEA =X LML, TOA D= XLMIESWTH ST ORISR
FUONTT 4 v 7T ZAOESEKHRES DM EFEERSE, MRFMERBS X OGFHERIC XL VEXOMER
FORBUIH L THEITHD Z L #FERE LT, T, R LEIES IO EHEEZRBRIES 27 ASEA L,
INHICE VEBRIEY AT AMZB O CTEMMERE OB S RN FGEL /0D Z L2 FAELTZ.
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Remote control and sensation presentation by a haptic device are effective when operating with a robot.
However, expressing the hardness by just reproduction of interaction force at a haptic device is
insufficient. On the other hand, the hardness perceived when touching is one important sensation for object
recognition. Therefore, in this paper, we aimed to develop a remote control system that enables perception
and rendering of hardness when contacting object with high stiffness. First, we investigated the mechanism
of hardness perception when tapping with a stylus. We confirmed that a double—-strike occurred by bouncing
of the stylus and showed that there is a very strong correlation between activation of Pacinian corpuscles
due to the double—strike and the perceived hardness. In addition, we proposed the ratio between the stimulus
intensity and the impact velocity as an index of hardness perception and confirmed the relation between
the index and the hardness perceived by the operator. Second, we proposed and designed a U-shaped stylus
using vibration, and investigated its effect on hardness perception. We cleared that the hardness rendering
ability of the haptic device were effectively improved by resonating the U-shaped stylus around 300 Hz
and setting the presentation time to 20 ms. Third, we proposed a hardness rendering method using the index
and the U-shaped stylus, and conformed that the haptic device can render the hardness in real time even
if the object in contact with the robot is unknown. As above all, we clarified the mechanism of hardness
perception when tapping with a stylus, proposed an index of hardness perception and a method for improving
hardness rendering ability of haptic device. We also showed that the remote control system could render
the hardness of object with high stiffness by applying our proposal.
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Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or lcopy of 800
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