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Abstract: This paper investigates the prescribed performance control problem of high-order uncertain nonlinear system
with unknown control directions. Based on the error transformations in rational fraction forms, a low-complexity control
scheme is proposed by designing a switching controller. The stability of the closed loop system is proved by Lyapunov
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(48)
Horp:
Fop(8)=p3 () (pn (8) () + 20 () (1)),
Gn (t) = APm prtl(t)Tpn(t)gn(i'm t)a(7(t)v,0).
(49)
EEE

Fu(Ra(t) < SR + 5 Fo(D). (50)
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ATHILE, (t) € L, 456 30(8)(23)(49) LA J
1—e, < a,(7(t)v,0) < max{l+e,, 21}
ﬁ%ﬂﬁﬁi’zﬁﬁpﬂ, ln1$nl 2, /\qjl 1<l 25 'fﬁ*ifzf
1 _

H2RS0) M (S HARN I (A8) TR LL | r,, (£)] =
LONET
Pn (t)
Va(t) <
1
o
|

Ry () +F+(gns ()N (80)+1) B3 (2) =

L72(8)"Va (1)
(1—r2(t)*

+Fp+ (gnp (NP (£)+1)E, <

2)2 :
DT B (g (N (€0 D 52
(1—a?)
BEIMA

(a2 (=) _

a—=®*  Fodr +

_ Gt t
Valt) <o T, 00+ [ e
t _<1+a2>2<tzr>
e (a2
J; (9n
(14a2)?t

Vo (0)+F,+e =3 x

()N (Ea) +1)EpdT <

(14a2)2r

[ @ ON (6) 4D T dr. (53

RS B IAIZI B2, £, € L, NP~ (€,) € L=ULK%
Vi(t) € LB, N5 BES W] R AE— D IEH $ oy,
fii1s

|20 ()] < pn(t)
MIMN(E,) € L=, R, (t) €L®, v = xpy14 € L, A
i, iR PR %2, A7 (t) € (1, 1), 0(t) € L™, A, u
€ L>.

v LTk, 24t € [0, 1),

|20 ()] < pult) = Prm < pu(t), (55)

ﬁiEF‘/_)mm = min{gn, (Pno — Ono)e Hnta}.

SR R(35)(45)(55) 5 QO T &, #F iR
BERQ AL, PKIAFE IEF B p A3

,n, Vt=0. (56)

= P < pa(t), (54)

()| <pi(t)—p<pi(t), i=1,- -

R, AT 25 P R R ZE R R TSR 4 2
(Va2 Py, B
|z1(t)] = [y(t) — ya(t)| < pu(t) =
(P10 — Proo)e ™ + pProc. (57)

E—2, @) 5 R, (t) € L, i 5 X 10)M
(12)rJ%ng; e L, N(&;) e L, MmitR#E=(9)(56) 7] %1
$i+l,d€LDO’ T; € LOO’ 1= 17 R [ %E’ élﬂj:ﬁ:’cn-‘rl?d
€ Lo, Q)OO A& 20 fiu € L. Kk, ¥ RS
{5 SR EEE A, e  1A5IE.

FE 2 RO Ka = 0.43987 Hla, 1 q(1)ELE,
TG Vg (8) BT, SATZE VM 20, 2441 q (1) 2645 SHOR
—TEAHEE, (BT HAI S Z) RO S HOL A TR, #il

ol
I, Vi (0t =Via (t2) Vi (1),

Vi, te>0,i=1,--- ,n— 1, N _ERIE SR, 4, 75
TR R, KA (24, ¢) Fgs (24, € BEATAEAT O B0503E
B, DRI, SR T AR T (24, £) Flg, (24, £) RS,
UL B 3 E T
5 PiEKAE

N T WA SR E 2 JE PPC T V1A R, 2 FE
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T AREI B AR R G R A ) 1]
1= (z1+cos x)n(t)+2x3,
By = (2109 4sin x2)n () + (1 +sin’z, )u®,  (58)
Yy==y,
HAATELL Ry () Fk R
1, t < 10,
n(t) = { sin(10t), ¢ > 10.
WSTR[ 22 I 22 X 2547 il (neural network co-
ntrol, NNC) VAR [EHAT 2R M, 9 1 XF L, 20(58)
HRPAT AR IR AR T

(59)

" — v, t < 20,
1 0.50+4, t>20.

RN RGAEL =20 sBf R AR T R, 0.5/ 4% |
e, AR R IE WS,
Mt <10 siF, RS 2 AR S5 SCHRR[221 BT A 2%
P, g AR ST ) KR 5 SR (22045 i 2 R AT LU A
10 s <t < 20 s, WS RGN AR 275 2 T 80p fs
7 SRR A, 24t > 20 s}, 33— I AT 2%
AR X R RS
W EREFENI 2 LU : ya=2sint + 2sin(0.5¢).
WITHFAF B AN2(0) =&(0)=0, i =1, 2, ERE=H
HrA
ly(t) —ya(t)| <p1=(2—0.1)e~*>"4-0.1,
|2 (t) —xoq ()| < p2=(10—1)e 0541,
Ml p10=2, p10c =0.1, p20 =10, paoc =1, pt1 =p12=0.5,
a=0.4398; HARM#EHIZHIE RN, =1, 60 = 0.5(pio
+pioo)7 1= 1, 2.
B KECH0.0001 s, 45 & 1-3 .

(60)

Y, yd

9'.6 10.7 1|1.8 |
15 20 25 30

t/s
— MAHEPREREhZR - PPCHIHHIZE — NNCii H i 2g

K1 I ERER I y g 5 PIRERIE T By

Fig. 1 Desired tracking trajectory y4 and outputs y by two con-

trol schemes
B1-243 5l J& 7R T A SCPPC 7 92 A SCBR[22INNC
TPEAEAFIG O B A A M 2k, "7 RLE H, 4t
< 10 s, PRI SEIL 7 B0 RERER, (H
ARSCERERRE iy, HANEAE ™ SRR S 2410 s
<t<20 sy, NNCI7VE S FEItE B2, Tt ith 2 H 30
TR = IR 7, (HPPC T VAT SR DR KR vahs L Y R

i 24t > 20 sif, NNCJ7 v 2 il %1 N\ K B, (EPPC
VERENS 7 IRIX AR T PO AT 28 e, SEEAR e BRI

_jok —PPCHEIA
~= NNCHiA

t/s
Bl 2 WA T s A v

Fig. 2 Control inputs v by two control schemes
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Fig. 3 Errors z1, z2 and adaptive parameters &1, &2 by PPC
scheme
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