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ABSTRACT

In this paper, we design a multirate controller for a
given wmultirate sampled-data system which has a
periodic output measurement scheme, A sufficient
condition for maintaining observability in multirate
sampled-data systems is given first, The design
strategy for disturbance rejection is proposed, The
proposed controller has IMC structure, and can be
decomposed into a disturbance estimator and the inverse
of fast plants,
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ero-order hold ojt},
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x(k+1) = Ax(k) + Bu(k) (z.1)
y(k) = Cx(k) + d(k) (2,2)
o] ¥},
E3e Y (e
z(k) = P(k)y(k) (2.3)
2 BAY & A b 471N pk)E
P(k) = diag{Pi(k)} for i =1,2,---,m (2.4)
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0 otherwise (2.5)
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x(kt1) = Ax(k) + Bu(k) (2.6)
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2 R o)A
c(x) = pP(k)C,

C(k+N) = C(k), P(k+N) = P(k), N=2m
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Alzshol gk 106 E4lel slE #7134 MM L.Xies)
C.E. de Souzaxx %7} Al2%}9] infinite horizon He 4}E)
F4 e #7014 2 sign indefinite Riccati] 9]
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gtz ol guld X F7)3 Aol Fr| Alaug @
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AE dlolet A2sniiz)a 71 A2s013]e dlg gt
A2t Aloiziel vt Aot RaHGdc, old dA%E

& Youla parametrizaton® lifting technique& o] &35}ef

multirates} 7l Al2sie] A¢2 @33 Melci[3][4].

Fawed [13]dMeE F7140 BAEC Ug dy Hdye
FE714 Aolrle) 2siM dolE BFa gl vz
3 date gg# de] Ao & F U,

A e 3.1.[11][12][13]:5(2)—'&‘ zoja multirate/periodic
EAEQ lifting technique® o] £ ¥ shift-invariant
eqivalentgl B} N(zM 1 (z) = N H(DN(2)E Thg A&
Bk &8l G(z)9] right,left coprime factorizationo]2} %

.

R
N M| N R 0 I
714 $(=) = $(=) = 0, R(=) = R(=) = M(=) = M(=) = I,

N(=) = N(®) = G(=) olT}. oln BE multirate/periodic
A} Aoirle & go] RAY £ UAY,

Bs = R+ QN 1S~ QM) = (S - MQ(R + NQ)"! (3.2)

o 71 Q(z)= Q(=)7} (Pi,M;) causality condition[11]&
wEshE Yol GG HeEgs Yol

vhel F71Al P E7 <AstE R F) Ao
orgl 3.1gko] IMC PR E ey, 9 2ol Y sl
B &, G=06u ol Q=04 o Hu Adxl} HHe o
AAE A & v, e BAE 29 ALgre de

silm-s| =1 0 (3.1)

A4 Gl FHle AR oS5 pe oy
A ol HEZ IMC Aol7] Q2 Y AlgEtE o] ¥ASY A
F71 €. B &=RelN dREe BAE lifted systeme] A
gt WHlel A& Hete Aol Basd ASolnt,

A2 3.2 1 4 (2.6) - (2.7)22 RUHE, N 7)o &
A g Hete Al2yol WY lifted system?] A
&8 @& singularsdlc},

£ ¢ lifted systemo] QL §+ YY 6& gz B},

G =C(21-A)"18 + D (3.3)
o714
A= AN (3.4)
B =[ AN-13 4N-2p AB B ] (3.5)
c(0)
C= c(1) A (3.6)
C(N-1) AN-1
J

= _

0 0 0 0 . . 0

c(1)B 0 0 o 0

D= | C(2)AB c(2)B 0 o 0

C(3)A3B  C(3)aB c(3)B J 0

C(N-1)AN-2B C(N-1)AN-3B C(N-1)AN-4B . C(N-1)B 0
3.1
r Ci 4 r 0 4 r 0 1

cwy=1| o c)=| ¢c2|- - cw1)=] o

()}

L 0 L Cm J

0 0 c1

C(m) = C(m+1) = . - - C(N-1) = 0

(i}

0 Cue 1 .

L Cm J L 0 L 0
(3.8)

ol A (3.8)44 CiE C Y] 1A dolth, @=(al -
At ehshd AeEs Y€e 9eH gol & 4 UG,

G-

C(0)ban-18 C(0)paN-2p . . c(o)®p
COMADAN- 14 1)B  C(1)ADAN-2R . C(Ady
CDAAPAN LB C(D(A2DAN-2o1)8 - - C(2)A2 B

‘ ' (3.9)
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x(k+1) = a x(k) + B8 u(k)
y(k) = x(k) + d(k) for k even

lifted system& '}2 3 o] XEHE 4 Utt,
x(k+1) = a2 x(k) + [ a8 B8 3 u(k)
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e HEYS L}E}““q o] oA IMC Ao]7] Q& @&
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At g dFHstes sy 2L El. zero-order hold7t A
2ojzle AL Yoz o FL Ao 45L& Ul
Al o g o & Wasig, maly 28 A st
A dAZAE o] Aelsia

CkAe 9 AEH ANAL ALY o)t Ao g
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x(t) = Ac x(1) (4.1)
y(r) = € x(t) + v(1) (4.2)
o] 714

Ac = diag{ Aci Acz -+ Aca ] (4.3)

Aci = | 0 1 for i=1,2, --- ,n  (4.4)

-wiz 0
C=Cec1 0 c2 0 -+ ca 0] (4.5)
xT(0) =C0 wy 0 w2z 0 - wn 0] (4.6)

olit v(t)x 2HEY 2WE7 ro) white Gaussian noiseo)

oo (e £ © Cwn B3 ZHAFC 9o A2
uniformly M &SI th &3 e AlAglo] Hel,
x(k+1) = Ad x(k) 4.7
y(k) = C x(k) + v(k) (4.8)
o 714
Ag = diagl Adr Adz -+ Adn (4.9)
Adi = coswiA 1/wisinwia (4.10)
~ wisinwia coswid

ol v(k)e] Fi4H(covariance)L r/A oltl, A AEY
F7lojch, AntAo R MEY ojfo Al2¥e JBEFYE
A" A, v #el AlA"le M Nyquist FrE
ZtAENE fFAste d $R2d0 WY,
e 401 AEFY FAA7 wa (nd AL HEEH
4 (4.7) - (4.8)2 BEEHE AL SlBEAL g,
9 ;78 Bx
784 4.1& uniform HHEY 7ol Ygto] F&violy
& ZA 3l Kalman filter® MAY & Yus 2L
t&b} FAAL AEY B9oE fAS HAE 28 & 2
LA (4D - (4.2)2 BHESE AF A2 nultirate
% 4 WAE HAUL A+E nvjs BA,
x(k+1) = Aa x(k) (4.11)
y(k) = P(k) € x(k) + P(k) v(k) (4.12)
o714 P(k)E N& F712 Za &, p(k+N) = P(k) °]x 1
e 0 9 8 ey, o] 7] A|A2€ & shift-invariant

el Hsha

]

el
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o

x(k+1) = & x(k) (4.13)
y(k) = € x(k) + v(k) (4.14)
oz p¥Ed,
o 71 A
x(k) = x(kN) (4.15)

yTC) = [ y(kN)  y(kN+1) y(N+N-1) I (4.16)

VT(K)=[P(0)v(kN) P(1)v(kN+1) - P(N-1)v(kN+N-1)]T (4.17)

A= AdN = diagl AN AaN - AaN ) (4.18)
AdiN = | cosNwia 1/eisinNwiA (4.19)
|~ wisinNwiA cosNwiA
c=1|roc (4.2)
P(1) C Ad
| P(N-1) C AgN-!
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Fu4o FHE Ysly] Hdare YEF 77 B Nyquist
F718 gFeor 17]. %,

wn & (MW/N)u (4.21)
7] Na oA Bg A& foltt, w7 99
ol Fo NA&HAAL KAE AR F

o 71A M&
0 F213A NH
wxzol ",

Al 4.2 @ Nond ( M Z2A& BFEE 2 (4.13)-(4.14)
2 RYEE lifted system® 7R EAE ztey,
9 @ RE Fx

ofxl A&yl 3ejel egho] JAAGYH FrjHog H&
PP Mg RE A#Re AFAL 4 U, A (4.13) -
(4.1 XY AW 29 HHEZAHL 3t UAW non-
stabilizabledlt 2 & o] z W4gel TeY o &4
&3 2 uncontrollable &vt, o} Z$ol tig Kalman HE
= uga geol A = vt
A 4.3016] ¢ Alawe Y HP A2 FHE Az

Azh @ o
1) (c,A)7t &g 3tn
2) (50 ~3s) >0, S0 =3s
o
lim 2(k) = %s
K -«
olt},

o 7fM (k) ZoE 7] ez e
ce equation®] &} o]il 3sv= AREQ] unique strong solution

Riccati differen

ojt},
9 #Ankd 16] ¥x
Ml 4.302 HE A (4.13) - (4.20)9] lifted A|2H

of th§h Kalman BEI & vh& 3 o] pAY 5 Q.
s 4] (4.25)9 #l& FojA

S = ASAT - ASCT(CSCT + R)-1C3AT (4.25)

Kalman el T 242 g&n o] ndnh.
x(k+1) = Ax(k) + KO {y(k) - Cx(k)] - {4.26)
K(k) = AZ(K)CT(CE(K)CT + R)-! (4.27)
S(k+1) = AS(K)AT - AZ(K)C(K)(CT(K)CT + R)-1CT(k)AT
(o) = 3o (4.28)

o 71 A K(k)¥= Kalman HE ol5 o},
olaf Zttgh A E Fal & Aug FaAR,

A 4.1
lPol e A M2 & FuFE e FAY HE
veof oz Folxu £ FH Y& p={11100
11100 - )3 &, &0 &AF7|(N=5) F<ol 3ulvt
(M=3) A1%%E A58 uvanz, o odg FAste
Asulel 2h3ul4 o) = 1 rad/sec, w2z = 2 rad/sec &
7+ g
QIRbe] Alddld wulae &y Po] REA,
x(1) = A x(D) (4.29)
y(t) = € x(1) + v(1) (4.30)
o 71 M
0 1 0 0
Ac = | -1 0 0 0 (4.31)
6 0 0 1
0 0 -4 0
c=[{1 0 1 0] (4.32)

xT0)=[0 1t 027] (4.33)
olck, He] 4.29] AL UFIEE WE F718 1550.5%
2 3to] o4t mdAog wigsd g o) €},

x(k+1) = Adg x(k) (4.34)
y{k) = C x(k) + v(k) (4.35)
o} 714
0.87758 0.47943 0 0
Ad = | -0.47943 0.87758 0 0 (4.36)
0 0 0.54030 0,42074
0 0 ~1.68294 0.54030
olth. olal ol A& lifted 22 WY gy gol ©
o,
x(k+1) = A x(k) (4.37)
y(0) = € x(k) + v(k) (4.38)
of 71 A
x(k) = x(5k) (4.39)

¥T(k) = [y(5k) y(5k+1) y5k+2) y(5k+3) y(5k+4)]T (4,40)
VT(k)=[P(0)v(5k) P(1)v(5k+1) P(2)v(5k+2)

- P(3)v(5k+3) P(4)v(5k+4)]T (4.41)
-0.8011 0.5985 0 0
A = A4S = | -0.5985 0.8011 0 0 (4.42)
0 0  0.2837 -0,4295
0 0 1.9178 0.2837
P(0) C 1.0 0 1.0 0
P(1) C A¢ 0.8776 0.4794 0.5403 0,4207
C=| P(2)CAg2 | = | 0.5403 0.8415 -0.4161 0.4546
P(3) C Ad3 0 0 0 0
P(4) C A4t 0 0 0 0
(4.43)
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2} (4.37) - (4.42)2 B lifted Al @& S
2ena AHe 4.37% 4 (4.25) - (4.28)% o| &3t Kalma
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slgslis Aotz volz dule 4 (4.34) - (4.36)22
el R Zb(interpolation)s] uWlo} ol olgAl FA& W
ol@y Ad4 myg FHY 91*&—1 BEg vmsE 2%
4.29 2uth, olwf Kalman WE|9] §x gy sy o
%9 Zudg gdol el A 23y 4.33% o] Kalman
ei7t i 39 Wejo] B4 Yeidg ¢ 4 g, 1
Y448 NE F7) ts = 2.0 A ASolg, 2@ 4.29
213 4.48 wlssl RE ME FI71 A 4,29 23 W

C#Ed AAE Kalman MEE ARE A FHH WS G 5

qlct,

o)g2}zto]l multirate/periodic WHE Al M AHel 4.2
o] & WEHW HEYe] Yoz FojAe AU 4
g 4 9l Kalman REE AAY 5 o2z IMC P2
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5. A&
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Hlolel Alaglel 7133 H FAE AN FEXAE AAs
a2 ol#e] Ao oz Fold u UL FAHY F 8
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4 (4.D)-(4.2)2 BYHE NEE AaFol tagae @

ertte e 4A @ F U, AE delet Alxyo] 7d

Z&AE ztolW g xdE UEeorg.

rank [ Ail - Ad ]- 2n for all A;, i=1,2, -+ ,2n (A.1)
C
o714 rie Ae] RHLeR GE P,
Ai = coswid t j sinwijA  for 1=1,2, --- ,n (A.2)

[lil - Ad ] ol de gy g Yy E e,
C

0 ]
0

b2i-1 =| coswih - coswjA t j sinwiA (2j -1)th (A.3)
wj sinwja 2j th
0
0
Cj (2n+1)th
0
0

baj = -(1/wj)sineja (2§ -1)th (A.4)

coswid — coswjA t j sinwid 2j th
0
0
0 (2n+1)th

- for j=1,2, --- .n
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tge Ag nealsa,
2Zn
Y aiby =0 (4.5)
1=1
G7M e Hagold. o 4oz ¥E v 48 7
% Ao

coswid-coswjAtjsinwia ~(1/wj)sinwjh ||azj-1] =0
wj sinwja coSwiA-cosw;jAtjsinwi A azj (A.6)
for j=1,2, --- ,n and j = i
tisinwiA -(1/wi)sinwia azi-1| =0
wi sinwiA + j sinwiA azi (A.7)
n
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