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A Design Method for Discrete MRACS Following Reference Sequence
Suitable for Delay System
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Abstract: By using the idea of taking states from model and model forecast, a design method is presented for discrete

MRACS following reference sequence that is suitable for delay system. It uses the compensation polynomial adjusted parameters

to adjust plant parameters indirectly, and applies to minimum phase and non-minimum phase system. The simulation results state

that the plant output can fast follow the arbitrary given reference sequence asymptotically. This expands the application field of

MRACS.
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1 3|5 (Introduction)
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PRI SR, BT LA ) AT IR 1 2 Bor L BOE , R
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2 MRACS HJi& it (The design of MRACS)
2.1 [AFFRY (Problem statement)

BT RA

A(z_l)yp(k):z’r'lB(z'l)u(k)=z_dB(z_1)u(k).
(1)

He, A(z7) =1+ Zaz ,B(z7!) = Lbz“ b
7&0 d=rt+1,a;,b ﬁXT%&E@*%ﬂ%-%_EPEHT’}E%

A3F 1998 48 3 A 20 Bk . 1998 4F 11 A 18 A WEIEEE.

¥, ABEBME T, c NRENUWE
y, (k) 43 BIRRX G EHAFH
BEXMNRE n,m,c D, AE—SHFH.
{y.(B)}, k =0,1,2, (2)
BTS2 e e, XT?QA%E’J%%I‘%@J%
RA:

yulk),

’:‘l_ifg[yp(k) - ya(E)] =0,
B B S IR 2
e(k +d) = y,(k+d) - y.(k + d), 3)
MR R K y, (k) B k B ZIARTE w(-),y,(+)
3R u(k) (iR lime(k + d) = 0.
2.2 BEERNIEHIEEAYIEIT (The design of adaptive con-
troller)

SIASCHR 1 1R —15 | 30, % R e 2 (1) Priti ki 24
WA REIMBEHRAS,H k+ d 2R RTRR RN,
y,(k + d) = G(z7")y, (k) + F(zY)B(zYulk).

(4)

ﬁEP’ G(z_l) = I"Z_igiz_iiﬁl F(Z_l) = Z_lfiz_i =1
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1= F(z)AG™Y) + 27% (). (5)
B, F(z7Y) 1 6(27") MABTH FRHE.

i-1
fO = l’fl == ij.'ai—j,(i = 1,2,"'yd = 1),
J=0

-1
+ Zﬁz_
=]

d-1
= Zﬁai+d_j,(i = 0,1,"',n e 1).
j=0

(6)
R @R (S),
e(k+d) =
y,(k+d) - y,(k +d) =
G(z )y, (k) + F(z)B(z")ulk) -
(F(z DA™ + 27%(z)) y, (k + d) =
F(z"l)B(z_l)u(k) =
F(zDAG Dy, (k + d) + 6(zV)e(k). (7
PGSR A A <
H(zDulk) = M(z”l)ym(k +d) = Nz VDelk).
(®)

Z hiz_i,M(Z_l) = E miz—i’
(=0 (=0
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WE R A 2. SRR 1 9,

Inlk)
kot d) :_'+ 12' u(k)) zT1p(z) [}pUR) e elk)
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Fig. 1  Structure of MRACS following reference sequence
suitable for delay system

JUEATTESR
u(k) =

He, HY =

d—l

’ (k)[ 2 m;(k)z" ym(k +d) -

m+d-1

2 (k) ze(k) - E h(k)u(k - )]. (9

%J&%ﬁ?"’ﬂﬂW’FLi(iE%XﬂF%d\*ﬁh%é}ﬁﬁﬂ
), AR B IARA po Ryt I,

u(k) =
hz(hlsgk) [ E m;(k)z7'y,,(k + d) -

m+d-1

Z (k) z e (k) - Z h(k)uk - )] . (10)

HRERAKD 15,
ek +d) =
(F(z7)B(z™") - H(z™")u(k) +
(6(z™") = N(z7'))e(k) +
(M(z™") -~ F(z7DAG)y,(k + d) =

m+d-1

(F(z")B(™") = 25 bk + d)zDulk) +

(G(z™") - "Z:) n(k +d)z"Ye(k) +

(Z m(k +d)z7" = F(z)A(z))y,(k + d).

(11)
2.3 B¥BIERER(Adaptive law for parameters)
BN RE
v(k +d) = ek + d), (12)
A
vk +d) = w(k+d),
{w(k +d) =—w(k +d).
TRAG N B MERT R SRR LR 1t 5 B2l A
SN R RS
B DA I [ A A 3 25, 6 R AR IE S, B
RE R T e 538 P A W 2 B U Popov 4R A
h limo(k + d) = 0, 3 ASERAARATF
(mi(k +d) = mi(k+d-1)+
Av(k + d)y,(k + d - i),
mf (k + d=pp(k + d)y,(k +d - i),
(i=0,1,,n + d-1,4; > 0,p; =-1,/2),
hi(k +d) = hitk +d = 1) + pp(k + dulk - i),
Wk +d) = op(k + dulk - i),
(i = 0,1,-*,m+d-1,0; > 0,0; =-p;/2),
ni(k +d) = nl(k+d-1) +ap(k + de(k - i),
nf(k +d) = Bo(k + d)e(k - i),

(i:O,l,"',n—l,ai > O’Bi 2—(”/2).
(13)
T RGEE A — L R ER , SR
{E: I)O(k + d)'
vo(k + d) =

m+d-1

(F(z")B(z™") - Z Rk +d - Dz )ulk) +

-1

(6(z") - Z (k+d-1Dze(k) +

n+d-1

(Z mi(k +d - 1)z7" = F(zDAGE))y,(k + d),

(14)
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M o(k + d) Al 12) A1) WEA(14) 15
v(k +d) =

] v (k+d)
n+d-1 m+d-1 ’

n—1
1= D) agt (had=i)+ 2, ae(k=i)+ 25 pa(k=i)
i=0 i=0

(15)
SORE S B 1 3 LA B AT ey 2 (13) 5K A5, AT 5K (9)
a5 u(k).

g5 LR, BB R B A LRGSR

1) A m;(0), h;(0),n,(0) BIEHSEG 2)
FEBE y.(k + d),y(k); 3) ;04 HE
DOk, R (15) HE o(k),e(k); 4) BR(3) K
BYGE B m(k), (k) ni(B); 5) B (9) R
w(k); 6) k = k + 1,38 2) &%,

3 ZEG{HEM R (System simulations)

I A3 B SRR A S IS & S S
JE /AL R G AT HBIIT.

52 F 5 {y, (k) BB 5. (k) = 2 +
sin(0.08k), AN & i R B X R A (1 -
0.96327 +0.2227)y, (k) = z7'(2 - 27 Du(k), &
HAWIE ¢ = 2BENR R, (1 - 0.96327" +
0.222‘2)yp(k) =232 -z Yulk).

d = 1B B3E R AL RSB R AVEBCY Ay
=55 =A=ta =7,8=0F=01,0=p2
=ay=l,puy = pp =3 =0,=0= 0.1;5ho(0) =
2,k (0) =- 1,me(0) = 1,my(0) = 0.2,m(0) =
~0.96,ny(0) = 0.96,n,(0) = 0.167. (FEERUE 2.
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Fig.2 System simulation without delay

d =30t AEMNEEPRSE A ERN A,
= 5.5,y =5,A3 = 0.95,2, = 0.8,45 = 1.67, 1, =
pr = 0.5,p3 = pa = ps =0.1,00 = 1.4,0, =70,
p3 =0.8,04=1,00 =02 = 0.1,65 = 64 = 0.5,
- 6,a, = 30,a3 = 5,a4 = 1;mp(0) = 0.74,m,(0)
- 0.0711, m,(0) =- 0.0156,m;(0) = - 0.024,
ma(0) = — 0.096,ho(0) = 1.97,h,(0) = 0.9,
h,(0) = 0.4322,h3(0) = - 0.713,n0(0) = 0.469,
n,(0) = - 0.248. fH HLE R WA 3.
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Fig.3 System simulation with delay

SN PR XT RN (1 - 0.963z7" + 0.
22:2)y,(k) = 271(0.2 - 27 ) u(k), FAENE B
RSB EEBR A =5.5,1,=0.2,4; = 0.
45,11 = 0.08, 45 = 0.05, 3 = 0.06,0, = 50,0, =
10,0, = 0.58,0, = 0.08,a; = 0.5,a, = 0.8,8) =
0.4,8, = 0.55mp(0) = 1,m;(0) = - 0.963,m,(0)
= 0.22,ho(0) = —0.8,h(0) = —1,n0(0) =0.963,
n(0) = - 0.22,po = 0.87. PFELRIA 4.
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Fig. 4 Non-minimum phase system simulation

4 £t (Conclusions)

7R S 4R ) ) R AR BBCIR 5 A0 AR A B A9 LI
TG RS IREE B % ¥ 5 1) B MRACS &7
B, HA M TR AR 1) b TGS R
S X 2 4 A £ R4, RTS8 L T P S /A A (AR
B/ BTG % R 8, TR 95 T MRACS H) L
FATGE s 2) 40 T X 2% M0 T B0 A SN 1
IR, 5 LA S B 5 5 A ) MRACS! A
b, 1 T R RMERR AR 3) RATFTIRSEN
AL AR A, TR R KR S H T
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