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Figure 10.5
A model-based manipulator-control system.
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Figure 10.6
Control scheme with the model-based
portion “outside” the servo loop.

A model-based
manipulator-control system.
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The model-based
controller with an
external disturbance
acting.

Td
;{ -
i
3z

Y

M (6)

> Arm

B (8) + C(8)

G (0)

R R e T =

¥
1
1
1
1
1
|
]

p- — = >




o MAUE =F HMA=S2 BMEL Ol =20 25 HUS0IH 22 =
MO ZXI0 At=Eot= 2401 20 8l= 240Ict) 285 Wil 1,
HUZSd0Ie= X0l 2o A B 255 = 2tEret MO J[ S Alfigate 10.9

The Adept One, a

a=1 . . ‘ - direct-drive robot by
=0 v S0y F Bk b Kk K / Bat Adept Technology, Inc.
o E2&d=R0e, =Z= I ALE=2 0] &= 2HHo
o S UHERE=E9 Z2tHst 2 N EXle BE-I|& RAE
o 2= <40l ol 2ets dAHZTAZ MOHole L&
o HWHAOIS= MEot] JIH &5 &M Jtsst M

U=0,+K,E+ K,E+ K, f Edt + G(©)




107 20T - I OFR A Gl &

o NSHOHUHAMEUBIZ HEA HOHoHA) LH2S A AIANE 2ot
o RCIJIUFR= HLIZOIEHIIHIEAE ANAEOIERZ HEH ol HEHE
Uil <l OF &
o CHEXQI GIJt2l0tZeT oryy o m¥+bi+hkx =00y s o188
o OIE S0, 2y AT0IE AR, = L2y L2 o
o AAES MUK P
o Ol &= 0l2oHA HUET O =mxX + kxx
o OILIXIC B13IE20| 20| HHRILE AIAEIS OILXIE E0S(2E) = AMII=

01|L1I| 0“‘ v(X) HI ol Ol = Ol = ol

2 x)



Ol Al 10.6 CtE52 HLIZdIOIEH2 HHEAS DHoHH

T=M(©)0 +V(©,0)+G(O) = K,E — K,0+ G(©)

Ol ZESd = HLUZdIO0IEHI AEE U=2== ot= A, HLIZdI0IE S sS sl 2ol

O T T

TAN= B2 et SHEE2= HUESA0IEHE 401 e ts U =dI0IE I 2 ?XI0

[H':’CE St

=2 0

M@©)0+V(©,0)+K,0+K,0 =K,0,

l-T . l T
= -0 (") G‘) ==

50 M(©)© + SE'K,E
g P 5 . " P, 3
v=§® M(®)O+606"M@O)O —E KI,(-D

=-0"M@©)6-0"K,60-0"V(®,0) S _
2 > 50" M(©)6 =0"V(9,6)
=-0TK,0

2T 2sYs

= UAS (Hs=H 6.1

S

)

~N Jz
i
oY

0 1o

—

IRt

0
gol

2
ne

ol



10.8 J W AtH J[E= MO AIAE

o XHMH Xl (Cartesian based control) & &=
ArEot ) JUA E2LE, H-tot) AL2= Aok S
o IIZDPII 9, 1080l M 28e HLIZSdIOIHS Mo d-8UAM Eote Ales 2E2 2K,
&, leld jf*col AIZHO Ot ete 2 @5 = QJCHL JtEotl, Ol2fst &dt= L= 0|
TOng M, 2& Jl= Mo dgs EHE
o THOUA MuUMEUHAM M B2E HAIGH] fiet 2E S22 H=E Al2H0 [Tt HAURS
Al &= B &t (trajectory conversion) I8 = Soll Eot= N uUMHE BZE MO AL AFESE
o H&EX, 2X2 &=XIHE AIESI| M2 012 Al &8 S5t XH L&
©, = INVKIN(x,)
O, =11,
6, =Jd'©x,+I'©O)F,
G Figure 10.10

860 T
X . — 0 i > A . .
X, i Jrajectory L G Gains m A joint-based control scheme
onvemen O—> with Cartesian-path input.

}.(.d—> —




10.8

X DAE JIE MO AlAE
8 10.112 MW I E J|IE MO (Cartesian based control) 28 : HLIZdI0IEHS /AXIE
HIAHA OIE SAl Il HEAN 2o HuWMEL| X HAIZ Hetotll, &ot=
AWME AR B UEH HEHE XS MO ot= 2™
HUMHE JIE M EXeE FE HUHA IIASHO HEES RA0t= B2 Hot= 2o OF
ofB 2 && J|E MO AAE U “E(5 R2 822 12 Hbtg) - otE 40 Qe
HH =2 Hak
Coordinate
Xy :@ e > con;rell(‘ision LN Arm i
. gains Figure10.11
The concept of a Cartesian-based
% control scheme.

Kin (6) [




3
e
aa

10.8 M WA HE J|&E MO AIAE

o L(IEBHEO & 10120 4B L US
o HNIME AX = Adte AXA HWED, HOHME S2HM X2 oXE & &6t O
QXte MO EX0H Se= otH e &= A0, SN2l Qlof 2HE 32t X2
HPZ IHEE = ULH 28 S2H0AMS Z2UEQ 2%} %= 018 LAE Il ot EIE
Hetotd] flol OIS22 Zolil & T
o — AX2 Yt M II(inverse-Jacobian controller)

(5]
S
S
S
=
S

Y

> Gains A Figure 10.12
The inverse-Jacobian

Cartesian-control scheme.

=
k3 Y
—()
Y
Ki
S
\
A

Kin (0)




1T =
10.8 A WAHE D= HH AlAE
o CL[IE EEHO| & 10130 &8 & US
o MNUMHE It Y= HuWUME & HHE HAtot)| flof 01522 saol &t Ol = 2x2
U S EXN SRS M, HuUAHE @XIE 20/l ggez dH S 3XIE Ol
(push) &1 & H &l M2reh = QUL O HuAH & YH(A M= &-E3 8H)= 2EE
PIE E0|l= 2oz A=dl= s 2E E0E2 Hbtot)| |st X2 H|IeF B X E Sl
OH &l = Ct.
o — &Xl X282 H Il (transpose Jacobian controller)
Xy :@ X > Gains L > JT i > Arm ’
+ k- Figure 10.13
The transpose-Jacobian
X xin 0 | Cartesian-control scheme.

ATEAHIOFOF ATl TESHIOF HOH )= AF =EXFFLET| ot



JlE MO AIAE

MECHSE 2

6.10&2 2 MuXNMHE B2t HLIZHI0IH =

HH) F=M/(0)f+V.(0,0)+G (0)
t=JT(O)F

Qo XX T

10.142} 10.15

2
=)
°|

ASH AN (F=

2te s<9stit 118 10.5/10.72 2€ D= HOIIE & X
HNUHE JIE MOIIIF S0 E



Figure 10.14
The Cartesian model-based control

Figure 10.5
A model-based

scheme. manipulator-control system.
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Figure 10.15

An implementation of the
Cartesian model-based control
scheme.
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An implementation of the
model-based
manipulator-control system.
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