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On satisfactory control for tracking systems
QIAN Long-jun', SHE Yan?, GUO Zhi!
(1. Department of Automation, Nanjing University of Science and Technology, Nanjing 210094, China;
2. Department of Information & Control Engineering, Shanghai Jiaotong University, Shanghai 200030, China)
Abstract: Dynamic error coefficient is a well known concept for technicians, which is the important perfermance specifica-
tion measuring the precision for the system output to track input signal. For the first time, this perfermance spcecification is
adopted as a constraint for satisfactory tracking control, together with constraints on covariance of tracking error and stability

margin.
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1 5|5 (Introduction)
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2 @R EE LR (Problem statement
and main result)
FRBEMARHENENATEERNRSE =
{x(t) Ax(t) + Bu(t) + Br(¢t) + Dw (1),
y(t) Cx(t).

(1)

Hp xR (n=3),u(s) € RAEHES, r(1) €

RABMAGES,y(¢1) E RABMHET (1) ERN

EHEBEIW = W > 08HAMS,4,B,C,D

R 4 R BOE R

RASTEEMBu() = K2(t) WERT,H

FRUARBHIAFBREEH ARG LRI T .
{x(t) = (A, - BC)x(¢t) + Br(¢) + Dw(t),

e(t) = r(t) - Cx(1).
(2)
Hee(e) HHHEXMAFSWREIRZE A, = 4 +
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BK,K = (ko, k1, 5 kn_q) € R*".

A r(e) PIRERE () WIERBREH

®,(s) =1- C(sI - A, + BC)"'B. (3)

HTERMAGSERETUSM Y HERAE A B
BR Rk I3 BE oR B O 2R 1 40 & BT M AR A B SE BR B
FIER Y, BT LUE T X B BE O R 43 31 7T B B 2R
EZRBMBI=T cg,cy,cp MBEIRE (1) MRS
2 X, WK/NRER. £TRERP, BEEE
KREBEARRGERIEEDN, B o = 0. WRAERS
BRI IR o e, BB RTE, XBWREEF
FARGPHBIEAD L LS, BB ME
M—BEMBERENESHETESRAFY.
FrUBBRRGERHR S AU AEREAFRRSE(2)
WE—ENRERERIS. EAEXEHHEHEERR
Y BR BR i R i v R AT LA &5 a0 T W B i
=175

I 1 FHREFEEERE K, EBE v = K
ER TR RG(2)

1) MTHERNG > 0,0, > 0, 3iRmIREREIH
Bcog=0,1c;l< b, col< by

2) MTFHREN o > 0,BEIRE (1) = (1) -
ex(t) RSHHTEWRE X, < %

3) MFHEM ¥ > 0,5 A, - BC HIFFERA
W2 Re(A) < - 7.

HTEFETFREHEZHRIERAT, RE Z HAA
M BESAE, USRI RAWHE

BiZ1 A5() L8, H(4,B) RAHE
EAAER . AR Q)WMHXERER N TIER
0 1 0 0
0 0 1 0
A = : : : ., : ’
~a —a - a = QGp_)
B=(0 0 DT, C = (b b bn1).

HH bo, by, 50,01 € R,IFH b > 0.

T EAWMBERAMEEERAFRETE -
BRI LULIE by > 0 AR IERREAF R
8(2) KRR EYE.

TEHE A 1 PR = A E MRS AR L N
BERERAR.

Koo = 0, 2TAHAFWIIBREZRK ¢, M
c; AIRARA

¢1 = ay/bg,
{ ; . @
Ccy = (— a; — albl + boaz)/bo.

BN (4) AT AUE B [B] B 1 B 58 — S48 dn S 4 T Xt
5 A = A+ BKIRZERHFR,BP
e’(A + BK)e, = 0,
{— bo6, < €' (A + BK)e, < bgl,, (5)
03 < eT(A + BK)esy < 04.

Hr
—boOy+bo@—0y | by |, bob < % by 1,
6; =
b3 1
—boﬁz—zb—loy boalajlblly

Gy = boly + bo0% + 6, | by I.

BT o(e) BFHMEREN WHBBRE, r(t)
RABEHBAGS , TUREX(3]FHEL, R4
QWBRESRED T EZEREE XN

Xo = lix:}Eix(t)xT(t)} € R™", X, = X§ > 0,
B 7% 2 Riccati 7
(A, - BC)Xy + Xo(A. - BC)™ + DWDT = 0.

(6)
FrUBRERIRZE e (t) WIRSHI FZWHE
X, = ExgE{e(t)eT(t)} =
‘lixEEiCx(z)xT(t)CT} = CX,C". (7)

WEEHMME I HE - HERERBEIRZE
e(t) = r(t) - Cx(t) MBBEHFE X, < 0% Hilk
FHE AT Riccati A,

(A.-BC)X+X(A,-BC)" + DWDT< 0 (8)
BIMFRIEEM X. IR\XER (7] WBEXRGROER
%K (8) FEXHRIEEHE X, N FRE(6) FFE—K
T FRIEER XoMEWE Xo < X FIURE CXCT <
o JBLor, WA A3 1 o B9 58 — /N BREE A 1 BE R REFS 4R
BRAT s

XNFHER y > 0, WEIEH RS 1 HE =18
HRERASRRGEQ) RAREHE v. B#\EX(7],
XEMTERBEBEAER

(A.-BC+Y)Y+Y(A,-BC+y)T <0 (9)
FHEXMNRIEEHEEMR Y > 0,HP 1€ R™" NELHL
SR,

Bley,er, el N n HEBR K ZS (6] AR HE IE A
HEIE W (erer e,] = LA UL LIBE]
i,

EE1 BB FERERNESEAERTFE
ME K, MIMREEERE X, Y HEAREKES),
(8) #1(9).
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ELERAEL D, RAMEBERL K,X,KX,KY
M IR . T BB N A AR B 2L IMI 7 i
KR, X R FEANENAREEREARSE
R EHTEREISRERN,ZTE K LTHER—
IS KRR, R P H A EL TR
AR LR M A% 3 LMI b i b B8 5 w0780 fE 2 3roh
EREH. EET KK B—NRE, X H AT
MEREBERPENTH, AEIE L XASWRMRE
SpE . AT BT LA A A Matlab 7 49 LMI T B 47518
BoRfg. THEHHSH 1 HE VB EMER LML 7k
BRI,

T2 WMEFEEE e > 0, > O, MHRIEE
EHEX, YMEBKWE < KKTRELHEERER

el K™BT + eX

BK + ¢K fBBT_(A_BC)X_X(A- > 0,

BC)' - DWDTCXC" < o*
(10)
el K'BT 4+ ¢Y

BK + Y fBBT_(A_BC +y)Y- |> 0,(11)

Y(A-BC + yI)"
et (A + BK)e, = 0,
- bol, < el(A + BK)e, < byfy, (12)
0; < eT(A + BK)es < 6,4,

Mg 1 RS, L 1 SRR ATITH .
iE EARYREAEKXAEB)M(), RIF—

20 LMI(10) X Bl #4738
HTHEEER e >0,« >0/ X > 0%E
el K'BT + eXx
> 0,
BK + ¢K fBBT_(A—Bc)X -

X(A-BC)" - DWDT
x < KKT, CXC" < 42,
WF R FE Schur #MESE, BT W _EXNE4F
(BK + eX)(e'ID(K'BT + eX) <
e 'xBBT - (A4 - BC)X - X(A - BC)" - DWDT,
k < KKT, CXC" < o2,
BT
(BK + eK)(e'IN(K"BT + eX) <
e 'BKK"B"-(A-BC)X-X(A-BC)'-DWD",
CcxXC" < &%

B3 fEA W _E M T
(A -BC)YX + X(A - BC)" + BKX +
XK"BT + DWDT + XX < O,
CXCT < o2,
N BN A
(A,-BC)X+X(A,- BC)"™DWD" < 0, CXCT < 42
HEEE .
Hix 1B ERTKLU TERER
HAE1 HHFIET/D e > 0 « > 0K AT
HE s
A5 2 FIAH LML B4 KM LMIs(10), (11) #
(2) BB BN e BIE, LI« B D 1518 T 30 g
A EZ B IMBRHEEE HERBRLRMY,
IR 4,
B3 WR < < KKLBERYD  BER 4B
MIHEAD «, IR 2;
$B 4 BREGKR.
3 fJF (Example)
ZR—ABEGF  ERAE)S

0 1 0 0
0 0 1 0
A =
0 0 0 1
-12.627 -18.299 - 12.912 - 4.6715
B=D=(® 0 0 1)T, W =0.9,
C = (1.0346 6.4324 - 5.5136 - 2.1229).

BRI AR E R BERED FE 0% < 0.5;30%
RERE g =0,¢ < 0.1;EWE v = 0.2.

5% Fd Matlab 3 44E R LMI T B4, BB SR
B8 e,k B e = 0.0001,x = 331 B, PR 4114 25
KA DIECH K = (12.627 18.1957 0.0048 -
0.0213).

EEWEE v = Kx BERAT, BEHRRFRRZE Q)
BEIREM I EBE 0% < 0.3752; 15 RE BB
B oco=0,¢c; <0.09985;HEEEHA = (-0.7237
+2.2494] -0.9214 - 0.2011). TR K ZENL
HRMBERARABREN, RBEAEESHN A =
(0.35194 + 2.8019] - 2.5914 - 0.66109).

4 £5i8 (Conclusion)

LBRATZIT—T R Z RN RIS
RO, LA BIXBIEIRN TR R R REEXT A
BRI ER, MY BBELFETEEREMES
IR E IR E. AP BFRILEHE T
BEHEERRERLHEN, BEARERZQ)Y
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WA AT 6E /N TF - 1.0085. FE— B R T 18
PREE TP RIA A RO TE BB TR AR TT LUAH N S5 4 S 4
MEMETBREA SRR . YXEEFEFRIUAF
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