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Fig. 10 Japanese experimental module (JEM)

gbobooooooobooogoaooboaan
gbobooooooobooogooobooaoon
gooono

2. QOoboooooooood
gogbgbgbgod

ojdboodoooooboooooooogoo
gboboooooooboooboobooogoon
oooooboob0oDbDFg200000000000

Flexible Base

Macro Manip.

Micro Manip.

Fig. 20 Model of the macro-micro manipulator sys-

tem

ooboboooboDb0 00000000000
DD@DDDDDDDDDDDDDDDDDDD
gboboooobobboooooobogaobn
ooooooooooooooob.

H,cRS*6 . 00000000 OODO
H,,eRY": 0000000000
H,,cR*": 0000000000000000O0O00O0

H, Hyn Ty n KAz L] e
T .
HZ H, || & 0 Cm
F, JT
:[ + ; F
T Jo
 €RS: 000000000000 O000O0
em €RS: 00000000000 0000
F,cRS: 000000000000 0000000
F,cRS:00000000000000000000
r€¢R":000000000000000000000

Eq(H)ODOODODOOOO0OODO0OOoOooooooo
gbobbooooboooobobooogooon

O00oDbO0oD0O0000000000DO0OFig30d
gogoouobobodooogobobooboogogoo

oo Flexible Base

Micro Manip.

Fig. 30 Mechanical model of the macro-micro ma-

nipulator system

21 UbOoOoOO0o0oobobooooon

FigdOODOOOOOOODOOOOOODOD
gooooboobboooooooooo

micro arm control PA10 control

platform(RT-Linux) p]ElLrOl’IIn (Linux)
—[ | L USB ] —
[ ] —
= =
ARCNET _

Fig. 40 System configuration

gooooobobobobooboboooooono
goboooooooooooooooaoaon

-2 -



0000000000000000000000
Eq.(2)0000

Mz, + cppy + kyAxy, = fb (2)

M, : 00000000000

k,: 00000000000

¢, : 0000000000000

&y, @, Aw, : 0000000000000000
f,:00000000D000000

22 0U0O0dooboOooobOooobOoobn

goooooooboboboboooooooobogoo
O0Figb0 000

Macro Arm (Flexible Base)

i Impedance Model

: 1
HELN > PA-10 —>
"] Mbs*+cos+ko 4 A Xb
T | R | Micro
Sensor | i | Amm Motion

Fig. 50 Block diagram of the impedance control

000000000000000000000
0000000000000000000000
O000O0O00F/TO0D00O000O000O00O0
00O0f0000000000000 Eq.(2)00
00000#0000000000000000
0000000000000000000000
0000000000000000000000
0000000200000000000000
0000000000000000000000
00O

000 £0000 Az, D00Eq.(3)0000
000000000000000

AX, 1
F,  Mys2+cys+ky

G(s) = (3)

oooooboo200000000000000
OooU0of,0000Eq.3) 000000000

OO0000O00000000Ax0000000
ooooooobbboobooobobobbbOonoo
goooooooooooboobo

23 0O0OO0OO0O0OO0

Eq(HOOOOOOOOO0OO0O0ooooooooo
DDDDDD&DDDDDDDDDDDDDDD
oooooooooooobo

¢ = GH/ Az, + (E—H} Hy,)¢  (4)

0oooGoOOooOoooooOoG*T*oooon
00¢0000n0000000000(E—H;, Hyp)
O0O0D00H,, 00000000 000000O
00000 (reaction null-space) 0 0O O OEq.(4)0
gobooboobolgooboboooobooobg
gobobooooooobboooooooboog
gooogoo2onoboobobobbobbbobbobono
gboobobooboooboobooobobo
giogooboooobooobooooooooo
gobbooooobobooboooobboooobbo
gooooooooobobobobbobbb20b00O
gooooooobbooooooooooooo
ggdogboooboboobboobboobboo
gboggboboooboobo

oo0oobDOoo0o0oo0ooboooOoobo ¢on
gbogboooobobbooboboobobon
googbooooboooboboboobobo
goooooobobooooooboooobooo
gooboooooooboboooooooboog
0O0000000C¢OEq.(h)D00ooooooo
DDDDJDDDDDDD@gDDDDDDDDD
O0000Fg60 DO O0O0OO0ODOODOODOODOO
god

¢ ={J (B - H{,H,,)}* (& - JGH;, Ax,)
()



Vibration suppression control

Macro part

(Passive base)
|
Micro part
(Active arm)

Reactionless motion contro

Fig. 60 Block diagram of vibration suppression

control

24 000O00OO0OO0ODO

Eq.(4)000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
O0000O00Eq(5)0¢0Eq(6)00000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
000000000000

¢ = {J(B-Hy,Hom)}"

-O—%>@—nm%m0w)

ooooAL0O000QO0OO0OCO0O0D00K, 000
oooooooboooDbD

25 000000

oooooooobobobbboobooooooo
gooooboboobobooooooooooooo
goooobOoooobooooooooobooo
ooobooooooooobbooboDbboboooon
oooooooooboobboobooobobboo
goboooooboooboooobooooboo

Axb

000000000000 0000000000
0000000000 000000230000
0000000000 000000000000
000000000000 0000000000
000000000000 0000000000
00000000 000000000
0000000000000 00000000
0000000002 000000000000
0000003 000000000000000
00000000000 00000000000
000000000
000000000000000000000
000000DD000Eq@®)00000000
0000000000000000000000
0000000 0000000000Eq(7)D00
Eq.(8)0000000

(det(J) > 0.1) (7)

¢ = ob adj(HE Hy,,)u,
c: 00000000
b: OOOOOOOOODOO0ODO
u, : JO0O0O0O0O0000000O00O0

(det(J) < 0.1) (8)

000000000detJOOOODOOOODOO
000000000000000000Eq.(8)0
000 adj(HL, Hyy)u, 00000000000
00000000(etJ) 0000000000
00000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000

26 U0O0O0oOoooOOoOoobOOoOD
gooog

oooooboboOoOoooooooobboooo
goooobooobbooooooooooobooo

— 4 —



gb20000030000000000000
FigrOOODODO0OO0OOO0OO0ODOOO0OOO0ODODOOO
00000000000 wOEq.(9)DOOO0OO
000000000000 0000((Fig9)ooo
ooooooooooooobbbooboooboboboo
gooo

VAot (TP ) (TPs)T (9)

Py = E_H;_ Hy,,

m

~

\
1-90 [deg]

\ 45 [deg]

Fig. 70 A example of the singular configuration in
the reaction null-space

Table 10 Experimental condition of the macro part

Manipulability
Initial configuration (Fig.9) 0.49
Singular configuration (Fig.7) 0.6 x10~6
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Fig. 90 Experimental model of the macro-micro

manipulator system (Joint angles are initial state)

Table 20 Experimental condition of the macro part

Mass M, 0.1 [kg]
Stiffness ky 0.9 [N/m]
Damping ¢; || 0.001 [Ns/m)]

Table 30 Specfication of the micro arm (1 link)

Mass
Length

0.25 [kg]
0.078 [m]
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