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Fig. 1.1 Human-robot cooperative task



Force sensor

B
Slider

Y =

Fig. 1.2 Human-human cooperative task that requires moving an object horizontally



1. 2 #FZEES

LLED X 512, RahmanHIZABOFITOA v 5 2 ADRHEZfiRhT L= 38 7
BHEFHEAZFIR TRV, K0 SRR 252 120%, ABOBFEERLE D X 5 7
I EASRFEN O RAET DNERHRDMEN S D, HHROIL, ArEtsEEic S < AM Ok
DFEICBIT 2B A WV < OB L, MEHRICE b M 2P o —oTh 5 AR
DDA E—F L ARHEZRFHAI L2, £70, OBBEHEFFT 2546 EBET 28540
NEOBEORINE & kit 028k b s LIZBV B S 5512, B RF s EHEZ i L T D0
FIIZ L HDHD, —WICENLDETMIEHETH Y, Wt L OBRZ 7230
ITHEL W E 2 DD, AT 572, Zhang S IEHE 0 D7k B i EERlELER
BIBHAME D LOWHERFIELZRRE L. FEY OKFE—A BEREES) T, e
FERFEIIR R ET L L7 0, haliEE) & AL L OBMRE RV LT <. £
LT, EMARDN & D56 O WaareE & iR & OBIRIC OV TR TWS . K
T, PIRERIC R DB ONE DA B 556 OWRRFHEC W T, M8 Y O E kR
Y& DOBRETRD Z EH AL T 5.

1. 3 EESR) L —B BEREES) & OBGR

FR LT L 91T, ARERCTIE, BEAAMN S D56 OIE Y OKY—H HEEHRENE
IO D DS, Z OEWE &R B FE S 2 EE) & OBIRIC OV TLLTIZR A~ 5.
B41.3IZ A\ & AT & 2 ik o @@ a4~ A& A OmRRTEEIC BT 5 —
ND iR E 2 fRAT U, AT L7 N OKEZ N & HaifFETE 2 rRy FOfENIIG
ATE 20, ZO%A, Bt OFR»OHERENDT-0, ERET VHEME 725,
L E CEBOMPEED, ZOBHERHERTT VOMNIZOWTIIEEZIT>TRY, &6
([CHAR L SN BRR ORI T MTIE SO ARZE S ST BB UL
MBIITR LT X 91T, HMERET L L hiilES) & ORRA R 24 2 LITREES TS
DT EMNG, AUFETIENEY TOARF—EHHREEHREL TS, £ LT, B
& =D B 72 D A A BEEN S S JE O Oy ERFRETIE, BT, X oo — S EEE
DIFEETNE LTURET S Z RN T a9 - ok ST uc LY, HHs
TRIZIB1T 2 i B R R & At & OBIRZ RVWZ L3 <52 3 T& 5. AMED



L OBEOKT—H HEBTEEETT L L O™ Y OFFEHET MZONTIE, 52 BT
L <@ 5.

FElTIR T2 DI KL R T W aiE R ENE & IHE ) OAKE— Bl i fEE  Z 3 T,
B RSREIEIT 2 273, FRICRT 2 WHaliEENE 7 L OBFEIEE Tl . LITFICZh
IZOWTHIAT 5.

KM T —T IV iR a8 i E . ZonE, WIKOE Rkg)Em, —
AR b L= N E £ RO, &35 &, K EEGEEOES) Hfeiims = f, + f, T
REND. ATFTIY 5 I D AT [ HEBREDOSE, KSR L5
2, AROEMET— A > hMkgm)Z|, [BEEANEE (radls?) % 6, MHERE OBiORAT 5

M7 (NMZE R, 958, EBIOLFERITIO =1, +1, TREND. ZOXIIT,

Wy IR O 1 R EN (00 BN 5 R & o AR EE) SRR L il 5 &, RUETHS
ENGrInD. Zhangblk, LSRR T K 9 BT — A v hohrfAnm s L, EAREA
HLUWIGE ORI 21T > TRz, ZIUT K VA RIGEO 7 + a7 —ORHENRI MY,
ZRM ) — A — DAY 5 F7 L)V o 7,

L2, BL3ITRT AR E 5 LOBIERIERE DS S, 7 —7 v L TRz #Eil 25 o
T, EHAMEZRF T EFERT 5 L0, EHARMEZBE LT Rk ot
PUEL D, ZONE, BEOHARPEMREIES R & RELRFRICIN5E, DEVY
REFE - ORTECHERT 23545 L, BAAWAEREES 0 & F UM hHns8548, o
FOMKRERD LT 2560865, B O%G, MIKOE K )Em, —AORHH L

HN) % f, RO, L9258, EOHAMND D AKFI O — [ b ES 5 RR T
mX = f,, + f,, OREND. ZOEEMEF 72 F EIEMT 5 EERL ORI 335
TR, £, REOBEOEMES BRI M= f, + f, -mg TREND. TIUTH4
TR MR — [ G AEE O SRR 0 = 7, +7, -mgR RIZT— U O¥ETH S,
ZONFITFAETHELL BT 5.) LT 5L, RAUETHLZEbHND. #EoT

FATETIL, HARAWERDO LT 5560, BOMHERTT /L Acalis—E iR
ERFEARAT 2208 U C, MR O itk ORIt 2 it 9% .



Fig. 1.3 Human-Human cooperative task



Fig. 1.4 Human-human cooperative task with inertial load
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Fig. 2.2 Top view of the experimental system
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Fig.2.13 Torque characteristics in no load (slow motion)
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Fig.2.14 Torque characteristics in no load (quick motion)
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Fig. 3.1 Human-Human cooperative task
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Fig. 3.2 Experimental system
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Fig. 3.4 Arm of follower
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Fig. 3.5 Torque characteristics in no load
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Fig. 3.6 Torque characteristics of experiment (1) (load Okg, slow motion)
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Fig. 3.7 Torque characteristics of experiment (2) (load 0.6kg, slow motion)
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Fig. 3.8 Torque characteristics of experiment (3) (load 0.9kg, slow motion)
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Fig.3.9 Torque characteristics of experiment (4) (load 1.2kg, slow motion)
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Fig.3.10 Torque characteristics of experiment (5) (load Okg, quick motion)
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Fig.3.11 Torque characteristics of experiment (6) (load 0.6kg, quick motion)
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Fig.3.13 Torque characteristics of experiment (8) (load 1.2kg, quick motion)
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Fig. 4.1 Human-Human cooperative task
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Fig.4.2 Top view of the experimental system
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