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On a Configuration of the Improved Robust Adaptive Control Systems
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Abstract

: This paper proposes a new adaptive algorithm to improve the performance of a robust adaptive

control system. This adaptive algorithm counteracts the effects of disturbances and makes the time derivative of

Lyapunov function non-positive,

V < 0. As a result, the output error approaches zero as t — « not only in the

presence of bounded disturbances, but also in the ideal case. The effectiveness of this proposed algorithm is

demonstrated by the stability analysis and simulation results,
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Fig. 1. Error when v, = 0,=0, r=10.

e —— PROPOSED METHOD

S T & MODIFICATION

1
08

0
08

-1

[SEC]
‘.5 1 1 1 L
) 2 “ e s 10 12
Y 2. vy =0,=0, r=10c0s0.5¢ 3¢9 23}

Fig. 2. Error when v, = v,=0, r=10cos(.5¢



Journal of Control, Automation and Systems Engineering,

o6

e —— PROPOSED METHOD
o4t ... e MODIFICATION

0.2

0

0.2

04

[SEC)
0.6 It 1 1 L
]

2 4 ] 8 10 12

3% 3. v, =3sin0.2¢, v,=c0s0.3, »=108 A9 2
Ak,
Fig. 3. Error when v, =3 sin0.2¢, vo= cos0.3¢, »= 10.

e -~ PROPOSED METHOD
KR e MODIFICATION

¥ 4. v,=3sin0.2¢, v,= c0s0.3¢, = 10cos0.5¢
U7 22k
Fig. 4. Error when v,=3sin0.2¢, vo= cos0.3¢, r=10

cos(.5¢.

2. SHE B2 X9 dUXlF nx 2 2 YHF

EUE ALy BE EA29 AdatE n'vh 2 o)
Atde 7IERdE o o] SPRI A2 AT 4 o
o] A% (1008 AAT 7HAE HZAV|E FAHALT
gleong oy & HEea AEE HAAZHT]

e = 07 — Ms)8'w

¢ = Walw

T = WMw

7 =k — k/ky,

a=e+ WS ke—e ¢T¢ ] a7

A7\ Ws) = W(s)W ' ()& SPROIZL w= [ v,
wg 1 Tolth,

23 28 AojYgy I AolA-g Ak
Control Law:

u, =0'w —u (18)
2
1 + lel lei=1
u = (/J OSE[(I
9 B
1+ Iell 1<61S0

Vol. 2, No. 1,

March, 1996 7

Adaptive Law:

(].5 = *Sgn(kp)flw
7= —e€e (19)
‘IJ’ = |€1|

M A
Aoige s (179 &gz BE oo Tt

é=Ae+b((kp/km)¢T§+neg—61?f)+bv—bu1
& = h'le (20)
A7 k'(sT — A)7's = Ws)elth
ojAl &3 B 5 Ve, ¢, ¢, NS L3
V(e, ¢, ¢, M) = Pet+ (ki k) 0+ (¢~ +7" (21)
(199 H&Hg ALl Ve, ¢, ¢, S 7314,
V< —eTQe—2e} (T T+2le)ld —28e)] (22)
+2dei| 26,
wg WYsted Felshy,

V<
—e"Qe+2¢le) —4¢el/(1+1e)]) ;lel=1 (23)

—eTQe+2dle)| —2¢e, 0<6,<1
—eTQe+2dle)f +dde /(1 +]e)]) ; —1<&<0

o] 2 HH,
V< Qe < —dpm <0 (24)

webd g o, ¥, 1 A0l eeg£? 7} Bk B 17
QOERH ee2’Ne” ger” °BE lime()=0, lim
e(H=0 7HATE of&# o] Al tiFtAT o] 4
& AY3A "ok o= Q@ EA AR BAGle
T= 1Y ASS riEviAE EEL 2y J|FEd9)
&go] dAFHE ¢ F U
Fe AlEole ¥ HE
ZYE % wdo A=

3 2ol 7M.

_ 1 _ 1
W) = & +3s+2 Wul$) = s +5s+6
W, & & YR go] P ed, Wiy = s+l
2 713t

o Hol Aol vlANAZE, B =EdA A gz
Foll datode el EA AF] @AYl 2HAL 0
o] He Wi o WYY 7% AW HAPS
A & 5 Ak

4

e —— PROPOSED METHOD
sl -+~ @ MODIFICATION. -+~
2l
1+
°\\//\ ,

[SEC]
"o 2 . T

Y 5. yy=v,=0, r=10473 52 23}
Fig. 5. Error when v, = v,=0, »=10.



e —- PROPOSED METHOD
2 - @ MODIFICATION

" [SEC)

3 L L [ —
Q 2 4 ) 8 10 12
28 6. v =0v,=0, r=10c0os0.5t A2 2}

Fig. 6. Error when v; = v,=0, »=10co0s0.5¢.

a® o

— PROPOSED METHOD

(SEC)

. a
0 2 4 e 8 10 12

ag 7.
Fig. 7. Error when v,

v;=3sin0.2¢, v,= c0s0.3f, =109 A9 23}
=3 sin0.2¢, vs= cos0.3¢, r=10.

el —— PROPOSED METHOD
T e e MODIFICATION

|SEC]
| SUSESN. SR & t 1
10 12 t4 18 18 20 22 24

al—i o 1

o 2 4 e 8

19 8 v, =3sin0.2t, v,= cos0.3¢, ¥= 10cos0.5¢
Q7Aoo ot

Fig. 8 Error when v, =3sin0.2¢, v» = cos0.3¢ r=
10cos0.5¢.

ol = <

1958\ 129 274, oSt A7)
&t a(AL 1980, AAF 1982, ubA)
1985). 19901 89 ~ 1991'd 749 Yale

Hetnl FEIS 1986 ~
et dr1Eets R A A
EUAFTEH AT A7,

A B

MO - Ktsst - AABSs =X H22d M1 S 19% 3
vV3dE

& =wolMe o]l Al Wk okt jgho] EAs)
o ARl Wgte e 2HAE 022 o] FES FH)
IR 298 AN F e AR HE S
< e ofte] IFE AHANA V<0 o] HES
& e RS FHEA Es st on | oldfut
F He3e fEstidy £ 7AE A" i oy
=8 FHstdan octe] A oFo Aol Tl
7k 0°] HE Y5skalrh

obeel A" A& Alzdle tid HFE AFEojEs
Aot} F molM AR HE duelFe 584 g
S dFeA

(1]

(4]

(71

o

Hnes
B. B. Peterson and K. S. Narendra,
adaptive control,” IEEE Trans. Autormatic Control,
vol. 27, pp. 1161-1168, Dec. 1982.

G. Kreisselmeier and K. S. Narendra, "Stable model
reference adaptive control in the presence of
bounded disturbances,”IEEE Trans. Automatic Con-
trol, vol. 27, pp. 1169-1175, Dec. 1982.

P. A. loannou and K. Tsakalis, "A robust direct
adaptive controller,” [EEE Trans. on Automatic
Control, vol. 31, pp. 1033-1043, Nov. 1986.

“Bounded error

K. S. Narendra and A. M. Annaswamy, “A new
adaptive law for robust adaptive control without
persistent excitation,” IEEE Trans. on Automatic

Control, vol 32, pp. 134-145, Feb. 1987.

ol¢q, “#& Fgol 7ME Ala"e AFAF 43-A
oA 74, A 1EE =EX), 4238, 335, pp. 71

76, 1993 34

K. S. Narendra, Y. H. Lin and L. S. Valavani, "Sta-
Part 2:Proof of
stability,” IEEE Trans. on Automatic Control, vol.
25 pp. 440448, June 1980.

K. 5. Narendra and A. M. Annaswamy “Stable

Prentice Hall, 1989,

ble adaptive controller design-

adaptive systems,”

z AN
19584 4 2994, az{uieta #7538
AL 1981, MAF 1984, HFAL 1990
W) 1991d ~ EA AARiEta Ho)F
3t} A0 AsEAFEHAT
A ATy

F e,



