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Abstract: In the presence of input constraints, a output feedback scheme of robust-adaptive tracking control for
robot manipulators isproposed based on a linear first-order filter The robustnessproblen of conventional adaptive
algorithms is relved in turn The proposed controller can stabilize the system with some disturbance W hen the
estimated paraneter-region contains the true paraneters, asymptotic stability is guaranteed in the case of non-
disturbance if the persistency of excitation-condition is satisfied T his robust algorithm is quite smple, and provides
further flexibility for adaptive control design asw ell as better transient performance and robustness to disturbance
and error of estimated paraneter-region egecially. Smulation results demonstrate the effectivenessof the method

Key words robot manipulator; paranetric uncertainty; robust-adgptive control; input constraints output-tracking

[1] [2.3] ( ) ,

: 2003-04-11; : 2003-06-24
(1972—), , : ; (1933—), :



566 19
a,
(o] M @G+ Claad H(Gd =
- kes(@) - kiso(9) + RW(O), (10)
(o) 6= B- W) = satv(0) - 6,
H (G ) =
M (q) - M (@) Jaa + G(qe) - G(a) +
[G(ae,q0) - C(q,0) ]ae
Ua(gq),Us(9),U o (6)
- v 4Js(9) = 'ﬂ)‘kvss(s), (11)
2
Vda(a) = kes(q), VeUue(B) = W(O). (12
F m, P ex) \ x R“i= a586
[9, 10] Ui(x) > 0ifx# 0 U;(x)=0ifx=0Q
1 (13)
T max, 1 ,
7] < Tma (1) ® B, ¥ 6,a,b,k, kv, T
3 s(§), s+ (9), satw (6)
ko > PCA{M (q)}, (14)
T= - kos(q) - kvso(B) + dusate(B) + ke > bP0XFM{M (9}, (15)
M (a)qe+ C" (qu,q0)qu+ G (au), (2) 0> Pl YM{dM (q) D}, (16)
& - ab+ ba, (3) = . Ri>0,
IO t>0 q(v
B(0) + ;3-‘@[(3_ W) (5(7) - o { nM{R} > 2l WO, (17
(1+ X)s(G(0) 1dT (4) t> 0 41, a), 60
c @y = D(qu, g, qa); & B, ¥, a, b, ke, ku 2)
M (+).C (. *).G" (*) . R2> 0, (18)
4} : limll [ g 9 6711 =a (19)
s(*) F m,P ex), (5
$(*) = F (Mo, P56, *). (6) 2u1 - - s
&it%(AG) R.= |~ H 20(ko - 1) - U
st (9) = sp(B- 8(0) + m, (7) T
() F (o fs ) ® . o o
m, satv (6) - p2 20(ke - TR) - He - Hs
& . 4 - us - Us 2 B%;- B kv 0
- U4 - s 0 20 { H &

ICERr= e EE LSRG

D=1l qull v+ coll gl &+ 1,1= cill qoll w,



567

1= oM () (bfIs- I} - Tb-

oci[ (Pe+ BPse) 4 n + 2Y{ p Il @l v Pess],

pe= M+ ofb+ ofY(1+ do) * MM B o &} /6,
ps= 0BT+ oaf{M Jdiag{9/ssi(9)}} +

oY(Hkv- P * M{M DI e®}/6,
pe= (1+ M @l w + YA M @,
b= 00MI @l v, o= a(Bh+ |k o),
1a@ = B8 5 g = &8 g - HA
& > -
1)
V (x) =

TAM @G Uel@ + @ o(8) + Us(9) +
oM (@) [s(@ - Bso(9) - dBW(O)],  (20)
=TT ST (20

[G+ 0s(@) ™ [G+ os(d]+ Ua(d +

(G oBss(9) TM [ oBss(8)] + Us(9) +

N TN B R

[ @W(O) M6 @w(O)]-
20T (M s(@) - SRS (M ss(9) -

‘12‘0(2321PT(6)CI:§M QW (0) + & o(), (21)

Ue@ - 2o (@M (@)s(@ 2
Us(@ - S0AM @) @@ 2

[ko - PolAi{M (q)}];[si(@d&i (22)

(14),
Ua(@ - S0’ (@M (@s(@ 2 0
(15)  (16),
Us(s) - SFS (M (@ss(9) 2 O, (23)

& o (6) - ';‘OFYWT(G)tﬂM (@ BW(O) > Q

(24)
(13) V()

2)

V=

(G os@ - () - YBW(O MG+
oM [s(@ - Bo(9) - IBW(O)]+ SqM G+
oM [s(@) - Bs(9) - YRW(E) - YBw (6)] +

FIUAG + TV ds(0) + 60V aUo(B). (25

{<.1~+ ofs(q) - Bss(9) - IRW()]}H ((.;T,(ﬂ <
Gl 2+ (+ o)l G Il s@l +
QBT G Il ss(9)ll +

WO @l wll Gl wel +
aBMI s(@ 1 1 () + okl s(@1 2+

ol &l wll s(gll I WOl ; (26)
GM [(@ - Bso(s) - IBW(O) - YBW ()] =
—:;o(;%fm B o B[ (e~ P)s(a) +

(1+ W)@ ]+ GM{[Ia- bRI=IGH
QRI-5- IBW()). (27)

I s@l < ped n, I &@/&N < 0 (29
I ss(a)l < P n, Il 3o(8) /BNl < Ps (29)

I WO < 20d p,Il 3V(0) /N < P,

(30)
Mm{RdR} = 0, (31)
Y,
yI= Gl 1 s@l 1 s@l] (32

ZyIRuyi+ wld G 1 WO +

psll s(@l I w(O)I <

2yIRy:+ 2wbeed p Il Gl +



568

19

2usPePese np. (33

R1> O ) t> anN(t)

Ve - ':ZLyIRly1+ pall G0 w(en +

usll s(@ 1l I Wl <

TR G2 1 s@ 2+

I sa()l 2]+ el G I W(B)I +

psll s(@Il I w(o)I . (34)
(17) , q(t)
(3, 0(1)
M{Bd} > 0, (35)

y2= [l éT(t)II gl 1ol I wOI 1,

\}S - 'JZ‘yERzyz (36)
Barbalat \ 1 2 .0
2
[4]

T = PeKp i+ PoeKyi+ I T8+ (Mmo)i(e)ill x
I (@)l w + max{ |Ai(g, qo, 60, 67) [},

(37)

EIEN

T i 2 T, (38)

Pekp,i + Po&Kv,i +
I+ me) (&)l Il (@)l v+
max{ |Ai(ds, do, G0, 8) [} S Tima,  (39)
2 4
(1),

[9]
kv= 2,ms= Ps= 65,6
= 10/13,
T(s) = 55/(s+ 1),

T{I¥(N - m)

g(t)frad

(1) /(N +m)

|
=13 L B

i L eEET

i N
ah 10 ¢ 20 30 40 S0

tls
(b)

1 d(t)
9
8
7
6 N

— XTHR
30 5 10
tis
(@
2 — —
1-
T sl
-15 - AT
— XIFiH
0 10 20

(b)



5

569

80 = 7- [ 35500 - a2 €

1( Q [7,11])

[0,8])

, [9]

(References):

[1]Lin Z Global control of linear system sw ith saturating
actuators[J]. A utanatica, 1998, 34(7): 897-905

[2]Hu T, Lin Z Practical stabilization of exponential
unstable linear systems subjectp to actuator saturation
nonlinearity and disturbance[J]. IntJ RobustN onlinear
Control, 2001, 11(6): 555-588

[3]Huang S, Lan J Saturated linear quadratic regulation

of uncertain linear systens stability region estimation
and controller design[J] IntJ Control, 2002, 75(2):
97-11Q

[4]Dona J A, Goodwin G C, Mohemani S O R.
Combining switching, over-saturation and scaling to
optimize control performance in the presence of model
uncertainty and input saturation[J]. A utanatica, 2002,
38(7): 1153-1162

[5] Glad ST, Isskson A 1 Boundson the reponse time
under ocontrol constraints[J] A utanatica, 2001, 37
(12): 2073-2076

[6] Lozano R, Brogliato B. A daptive control of robot
manipulators with fexible joints[J]. 1EEE Trans on
A utanatic Control, 1992, 37(2): 174-181

[71Laib A.
manipulators under actuator constraints[J] IEEE
Trans on Robotics and A utanation, 2000, 16(1): 29-
35

[8] DixonW E, QueirozM S, Zhang F, et al Tracking
control of robot manipulators with bounded torque
inputs[J]. Robotica, 1999, 17(2): 121-129

(9] , , :

[J1 , 2003, 20(3): 338-

A daptive output regulation of robot

344

(HuangCQ, Wang X G, Wang Z G Robust-adeptive
tracking oontrol of robot manipulators with bounded
torque inputs[J] Control Theory and Applications,
2003, 20(3): 338-344 )

[10] Huang C Q, Wang X G, Wang Z G A class of
trangose jacobian-based NPD regulators for robot
manipulators with an uncertain kinenatics[J] J o
Robotic Systems, 2002, 19(11): 527-539

( 564 )

(References):

[1] Kanellakopoulos L, Kokotovic P V, Morse A S
Systematic design of adgptive controllers for feedback
linearizable systens[J] IEEE Trans on A utanatic
Control, 1991, 36(11): 1241-1253

[2] N ikiforov V O, Voronov K V. A daptive backstepping

with a high-order turner [J] A utanatica, 2001, 37
(12): 1953-1960

[3]WangD, Huangl A daptive neural network control for
a class of uncertain nonlinear systems in pure-feedback
form [J]. A utanatica, 2002, 38(8): 1365-1372

[4] Zzhang T, Ge S, Hang C A daptive neural network

control for strict-feedback nonlinear systems using
back stepping design[J]. A utanatica, 2000, 36 (12):
1835-1846



