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Fig.2.1.10 Coordination and Term Definition
ooooooo

Fig.2.1.2 Muscle Model of Human Arm

uboooaoo
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Table2.1.1 List of Human Arm Muscle

Name of Muscle Abbreviated Title Japanese
Brachialis BS a7}
Brachioradialis BR Btz R
Anconeus AN A
Triceps Brachii Caput Laterale TBLa LR =EEFR 41 AIEE
Triceps Brachii Caput Longum TBLo +TBE=EEmREE
Biceps Brachii BB LB EEf
Anterior Portion of the deltoid DA = AEHRITER
Posterior Portion of the deltoid DP = ABEBE
Clavicular Portion of Pectoralis PC NN TE R

N
T~

Active Muscle Tension

Passive Muscle Tension

c 1.2 | Maximum Isometric Tension
o

7

& 1

l_

o /
208

>

= /
? 06

N

‘_EV \ /

c 04

=z

0.5 1

-0.5 0
Muscle Strain

Fig.2.1.3 Relationship between Muscle Strain and Normalized Muscle Tension
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Selecting Initialize active set J

v

Calculate J- Optimal Solution

s J exists that
NO .
meets the condition

c.(x)oo

EndO

Optimal

Solution z=H,a,

— +
r==Aja,

¢NO

, O
I, >0,i0JnKQ
O

i0J n K exists

t, = Vkr(x) = min Evk (x)

O that meets the

k
W
2 TZ

- a condition I; 00

EndO

Calculate YES

NO Impossible
YES *
X=x+t,z X=X+t,z X not change
J=J30{3 J=J3-{} J=3-{K
(full step) (partial step) (partial step)

Fig.2.2.1 Flowchart of Dual Method Algorithm
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Table2.2.1 Data of PCSA

PCSA[cm?]

Muscle |Wood™ An® Veeger'? Veeger'” Average
BS 11.01 6.97 5.34 1.77
BR 2.56 1.47 2.78 2.27
AN 248 1.08 1.78

TBLa 9.66 12.13 7.42 9.74
TBLo 7.10 6.70 3.71 6.84 6.09
BB 10.30 4.62 5.16 6.29 6.59
DA 6.46 7.39 6.93
DP 4.54 8.89 6.72
PC 8.38 5.13 6.76

Table2.2.2 Standard Phalanx Length of Arm
Upper Arm Forearm
I

ni In2

Length

[mm] 310 287

Table2.2.3 Parameters of Arm Muscle

Name of Muscle Abbreviated title | ml, [mm] i,
Brachialis BS 98.0 0.95
Brachioradialis BR 170.8 0.72
Anconeus AN 50.0 0.67
Triceps Brachii Caput Laterale TBLa 1524 0.51
Triceps Brachii Caput Longum TBLo 207.2 0.51
Biceps Brachii BB 169.3 0.67
Anterior portion of Deltoid DA 137.9 0.67
Posterior portion of Deltoid DP 1741 0.67
Clavicular portion of Pectoralis PC 137.7 0.67
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Fig.2.2.2 Flowchart of Estimated Muscle Tension Program
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Fig.3.1.1 Virtual Mechanical Impedance
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Fig.3.2.1 Relationship between Force and Position
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Fig.3.2.2 Simulation Results of Virtual Compliance Control
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Fig.3.2.3 Simulation Results of Virtual Compliance Control with Velocity Limiter
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Fig.3.2.4 Simulation Results of Virtual Compliance Control (Parameter Change)
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Fig.3.2.5 Simulation Results of Energy Control

32




Force[N]

Time[sec]

Force

Position[m]

o o
=N

—— Current Position
—— Target Position
—— Virtual Target Position

coo
(62N> BEEN|

o o
w

o

Time[sec]
Position

Distance[m]

0.01

-001
-0.02
-0.03
-0.04
-0.05

Time[sec]
Distance between Current Position and Target Position

Velocity[m/sec]

0.025
0.02
0.015
0.01
0.005

Time[sec]
Velocity

Fig.3.2.6 Simulation Results of Switching Target Position Control
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Table4.1.1 Specification of 6 axes F/T Sensor

6 B Rt Y IFS-67TM25A 50-140(NITTA &)

BIERRAX, yAE S 200[N]
BIERFzAR A 400[N]
BIERASEHME—AL 12.5[N-m]
CANSS 67[mm]
=S 25[mm]
E=E 180[g]
T—3 S A 8000[H7]

Table4.1.2 Specification of Electromyograph

ZRBTLA—=R HA4FT7H8 MTIL(NEC AT HILL AT LAE)

FroRILE U4 FYoRIb, I—7 1 FvoRIL
BIBA N =X 28
AIERR fbiiR, DER(DMAY), REHER, BREEES, FFIRERE (D FrorIL)
RIEEHR NTYIVT T4, F—Ra—)L, BEVA—D2 85, AIEEE
BRER BENENAERATLA—2 ER
EIRDEIEE#H #9 30[m] Lk (RBLFAIRE%I5F)
N BERE----10~60°C
R AR --30~95%
= RIFRE---10~40°C
RS HExHEE---30~85%
ANAVE—F VR 1I0MQ ULk
RAANERE +3m[V]/+300 u [V]LLE
ANEEEREE +0.4[V]
RS REL 70[dB]LLE (A 1 F-11)
HE 7 1 VP-P (f=60[Hz])
R Bt 0.1~200[Hz]
FF 60/80[dB]
B TE B 0.3/1.5[s]
HAEE 0.5[V1/500 ¢ [V];50 u [VI(La—% Rt 51)
RIEEES 500/50 u [V](A2B—18)L 4 R DATERK)
+3 E{EH---138x82x37.5[mm]
‘ Z{E#E---210x285%226[mm]
58 ZE{EHE---300[g](BthEET)

{E#%---6.8[kq]
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Table4.1.3 Specification of 7 axes Robot Arm
7 8OR Y, 7—L PA-10A-ARM(=ZET%H)

T—LARAKEE 35[kg]
FSinikES 10[kg]
RAE 7
BE L MYDFELY R-P-R-P-R-P-R
(R IXEEREAE, P (LiEEIBAETZRY)
X ACH—RE—2+BHIL—F+
REN7T = FIVYa—EEREE (LY L/Y)
FEEHEXNEE 1550[mm/s]
RERRYIRLUFEE +0.1[mm]
B')—F 315[mm]+_Lt @ 450[mm]
2R + T 500[mm]+F & —F
80[mm]=1345[mm]
7—LE 950[mm] (BA &fifd EE Rt )
T—LAKRERES BHEE. BhiEZE (IP65)
avha—SHE=E 25[kg]

REIEA S, MEEBAN 6 5HF

ARSI — A, AALIRTA—F Y
o PTP (A M) #fE (ERmE, MilE
R B, %80), CPGEEHE) B
. o= . F—ToT7—FTF ¥ (ISAINRNE
VAT LR DOS./Vit#E)
R AC100+10%, 50/60[Hz]
it 1.5kVA LI F
EFEaE 0°C~50°C,

it i SR 1X106[rad] (7 —LZA4K)

avka—35/\)T—3>

ISA /\RAE DOS/V. ISA NAAE
Windows95/98/NT/ZEER NT
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Estimated Muscle Tension
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Myogenic Potential of

Triceps Brachii

Data of Myogenic Potential

PC

: — _>|| Electromyogram of Muscles "

Fig.4.1.1 System Structure of Simulator Experiment
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Table4.1.4 Phalanx Length of Subject Arm

Upper Arm Forearm Correction Factor of Muscle Length
Inl In2 Ii/Ini
Length
280 230 0.852
[mm]
Triceps
Brachii Biceps
Brachii
Earth

38

Fig.4.1.3 Experiment Scene
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Fig.4.1.4 (1) Experiment Results of Curvature Movement in Case of Fixed Arm Position
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Fig.4.1.4 (2) Experiment Results of Curvature Movement in Case of Fixed Arm Position
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Fig.4.1.5 (1) Experiment Results of Extension Movement in Case of Fixed Arm Position
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Fig.4.1.5 (2) Experiment Results of Extension Movement in Case of Fixed Arm Position
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Fig.4.1.6 (1) Experiment Results of Curvature Movement in Case of Moved Arm Position
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Fig.4.1.6 (3) Experiment Results of Curvature Movement in Case of Moved Arm Position
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Fig.4.1.7 (1) Experiment Results of Extension Movement in Case of Moved Arm Position
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Table4.2.1 Specification of Direct Drive(DD) Robot
2 & DD ARwbk SR-402DD(S) (RRILVMA=YI I RTLXH)

<7 —LHEERRMER>

BHE 2
BEEn A= DD £—4%
+3% 7 —LsF---200+200[mm]
’ 2% % 250[mm]
AEEE #5 40[kg]
e B 1 &h---+90[deg], 2 &#---+120[deg]
KRSt 1 (faREs) 71[N]
BABEEE 184---720[deg/s], 2 &i---864[deg/s]
RAEBGRE (EA ) 8.0[m/s]
<E—SERMEHR>
1% 2 8
EilE DR1070E DR1015B
mAEARMLY 70[Nm] 15[Nm]
EAEEH 2.0[rps] 2.4]rps]
EEEERE 1.5[rps] 2.0[rps]
I a—5 5 REE 614,400[p/rev] 507,904[p/rev]
A—5AF— % 85x10-3[kgm] 21x10-3[kgm]
82 22[kg] 8[kg]

Fig.4.2.100 Experiment Scene
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Fig.4.2.2 System Structure of Control Method Experiment
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dT,M,K,C,
link,X0,Xn

Loop Start

Y

Calculate Jrad by using
Xn and link.

Y

Read F from
Force Sensor.

Vn=dt/M*(F-C*Vo-K*dX)+Vo

Fig.4.2.3 Flowchart of Virtual Compliance Control Program
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Input Vn in Robot Arm.
Robot Arm moved.

Read Xn from
Robot Arm

y

X0=X0+D
Vo=Vn

Jrad>rad

Loop End

End
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Fig.4.2.4 Flowchart of VCL and PVCL Program
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Fig.4.2.5 Flowchart of SL Program
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Fig.4.2.6 Flowchart of SEL Program
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Fig.4.2.7 (1) Experiment Results of Virtual Compliance Control
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Fig.4.2.8 (1) Experiment Results of VCL
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Fig.4.2.8 (2) Experiment Results of VCL
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Fig.4.2.10 (1) Experiment Results of SL
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Fig.5.1.2 Experiment Result of Triceps Brachii in Case of Moved Arm Position
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TableA.1 Parameters of Human Arm Model

Elbow Shoulder
Muscle [j ]
Mg riz Mis Fia Mis lie Sj
BS[1] 5.549 6.612 | 2.563 -0.965
BR[2] 19.490 | 4.779 | 11.035 | -3.065
ANI3] -5.345 | -6.544 | 9.224 -6.738 2.252 -0.281
TBLa[4] -23.287 | -8.676 | 14.101 | -8.978 2.862 -0.362
TBLo[5] -23.287 | -8.676 | 14.101 | -8.978 2.862 -0.362 -25.400
BB[6] 14.660 | 12.984 | 1.975 -1.405 29.210
DA[7] 33.020
DP[8] -78.740
PCJ9] 50.800
14 /I //
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Fig.B.1 Relationship of Normalized Muscle Tension and Differing Architecture
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