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Non-fragile guaranteed-cost H-infinity control for
mine motion in an interval system with time-varying delay

XIAO Min, SHI Zhong-ke

(College of Automation, Northwestern Polytechnical University, Xi’an Shaanxi 710072, China)

Abstract: To deal with the uncertainties and modeling errors in the mine motion control test, the interval system with
matrix factorization is provided. This leads to avoid the conservative conditions in finding a square root. The non-fragile
guaranteed-cost H-infinity controller for a dynamic interval system with time-varying delay is designed. A linear convex
optimization algorithm is developed in terms of an effective LMI for solving the problem. This algorithm guarantees the
closed-loop system stability, keeps the specified upper bound for the cost function, and realizes the desired disturbance
attenuation for all admissible uncertainties and under all kinds of disturbing sea flow. The procedures for the controller
design and the attainable disturbance reduction are also given. The effectiveness of this approach has been demonstrated in
the analysis of certain types of mine motion with uncertainties.
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tion model description and problem formula-
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HoLg AR A R I R e, B IR TERERRAR

13 B I ARG 59 TR B 28 A7 76 10 78 00 4 1

EHE 1 xﬁ?&ﬁﬁ%%éﬁ(l)(é\w(w = 0), &
PEREFRAR(S), W AZZAFQ2), u(t) = Kao(t) 2 RE M
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I BIP 0 0 0 sl
A1 =Q+ Ry + P(A+ B(K 4+ AK)) + (A+ B(K + AK))TP. (10)
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Jo e vetat

OF, XFT45 52y > 0,0 > 0, MR ARG LR E.
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VAY 0 0 —(1-\)V 0 VET 0 0 O 0 0 0
prBT DI DIDT 0 -—p27 1 0 DIET 0 o 0 0 0
0 0 0 EqV 0 —pol 0 0 00 0 0 |_,
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| Bt 0 0 0 0 0 0 0 0 0 0 —%I]
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5= | DDy | Fx[Ex 00 0 0],
e1D1 D1 + e9D2 Dyt + paDg Dyt 0
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W IR0 R B E AK, Adg% N o
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R1+Q+P(A+BK)+(A+BK)'P KT (C+DK)' PAy PB]
K —Ry! 0 0 0
Yy = C+ DK 0 —I 0 0 |, (13)
ATP 0 0 —(1-M)Q 0
BIP 0 0 0  —2I

15 1B, RA2)X T BT AN e P a2

5p;'[Ex 0000

1T[Ec 000 0]+

Fo(t) R (t) < 01, FaFa" < I, Pp,] [PDJ]"
4 HACYAELERF Ry > 0, po > 0, 114 0 0
- 1T 1T p2| O 0 |+
PBDy | | PBDy 0 0
D D 0 0
Yi+p1 | DDy DDy | + L - = T
0 0 p; 000 Eq 0000 Eq 0]<0 (14)
0 | 0 | BT Y Schur kM T, 20(13)5 0 T+
[ Ay KT (C+DK)' PAy PBD. 0 PB;]
K  —R;! 0 0 D. 0 0
C+DK 0 —I 0 DD, 0 0
ATP 0 0 —(1-)MQ 0 EI 0 |<0,
(PBD)T DI (DD 0 —pi'T 0 0
0 0 0 Eq4 0 —pol O
| BfP 0 0 0 0 0 —~2I)

Ay =Ri+ Q+ P(A+ BK) + (A+ BK)"P + 6p ' E{ Ex + p2(PDqD4" P).

HR A0 T ATEIMAA, ABIY B K, 1E 42T, EIRAEXEN T
Yo+ 51+ 5L + 52+ 55 <0,
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0
BlP
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D (DDY"
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0 DDy,
-1-0Q 0
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Eq 0
0 0

0
0
0
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0

—paol

0

PB; ]|

—*1 |
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H
I
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EEE}IIEI, %H1X%ﬁ§*ﬂ?i€l > 0,890 > O'TE -PDQ- -PDQ- T
AR BAE o 11 o
- - 4T
PD, PD, 0 0
€2 +
0 0 0 0
0 0
0 0
Yo + e 0 0 + I 0 11 0 |
0 0 g5 [E2K 0 0 0 ExDy 0] -
0 0 [E2K 0 0 0 E2Dy 0] <O.

el [E1 0000 0]"[F, 0000 0+

[ A KT (C+DK)* PAy PBD, 0 KTET
K —Ry,! 0 0 D, 0 0
C+DK 0 ~1 0 DDy, 0 0
ATp 0 0 —-1-=MQ 0 EJF 0
D.'BTP DY DIDT 0 —p1~1 0 DIET
0 0 0 Eq 0 —poI O
By K 0 0 0 EoD, 0 —eol
Fy 0 0 0 0 0 0
E 0 0 0 0 0 0
I 0 0 0 0 0 0
I 0 0 0 0 0 0
| BfP 0 0 0 0 0 0
Herp ML, )

A3=P(A+ BK)+ (A+BEK)'P +
P(e1D1 D" + e3Do DT + py DDy P.

I3 e A e i B diag{ P~ T Q= --- I}, %
XU =P LW =KP 1,V =Q !, EIRAERX
EM T, PEREFRRR ESA(9).

E1 RADRETARe, 0, p1, p2, U, V, WIHLMI,
F FIMATLAB FHLMI 1 244 [ feasp 2R H R AR X ANLMIF A]

ATV IR L SR e

1) WIARGHE.

EELI

2) setlmis([1); %A AHHLLMIRZE.
3) X=lmivar(type, struct); % & X i 5 F|LMIR 4

.

4) Imiterm(termID, A, B, flag); %#fi FE LMI* £5 i (1] Py
2. A DLMDA AR RE L F5E L E=MET = Mo &

T A 2.

5) lmisys=getlmis; %% [8] iIX ANLMIZ 48 19 N #6 Hil
WImisys, B HAEHBILMEKAR T H.

6) [tmin, xfeasp]=feasp(Imisys, options, target); %>k
FFLMIZR G0 5E SCILMIZY H4 1K R AT 2L ) AL, feaspfife ok

I Schur PR, 541 T FIANE 3

EY  EY T I PB
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
<0.
0 0 0 0 0
—5tpiI 0 0 0 0
0 —elI 0 0 0
0 0 Rt 0 0
0 0 0 —-Q' 0
0 0 0 0 —92I]

mint s.t.A(x) — B(x) < tI, iR tmin<0, N FH

LR AT I, M xfeasp2h A —/NM AT AR, HET A dec2matfs
F R SlmisysHi B AR 5 1) — AN T AT AR, 15 B4 A Rt fe

R I SRAE AU A, g5 R GEE
PERETE AR bt MU s DR TE RESS .

EE 4 T ENHE Yy > 0, RG)MR
PEREFEAR(S), WIAR LA NP ) L

min 7+ tr(Y),

E7p7r7U7V7W7Y
s.t 1) (1),

| -Y M

ii) <0,
M -V
T

i) [0 | <o
i) -U

ﬁﬁzﬂi&:a f_)v ’Fv Uv vv W7 Y, ?ﬁﬁ‘”iu(t) = WU’lx(t)

e PR BEAR AR L T )R/ 1R s e R 1 e 4
4, FHLMI T H A (Fmincx 58 20K f# AR A0 ) 8,
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i‘z%ji o)t (t)dt = MMT.
4 {E/KEHIZE3)FR ST 1 M H (Application to

mine motion)

KT b B KT H AR, I TR 45 8E e
K. M, $RREATUAL B i S A A T I S,
5 | 7ES Y B It A4 3l o Ry R AL DAy Gef) eR B, SIE
br BN Ea(t) — a(t — 7(8) I R AL, Horpr () 2 e
THI I E, 1 AN AT AT A, K # I8 8 RGN
ST AR IS X TR) 2R 4. 2% K TR 83 220 m/s AR
FE300 m I, AR X (8] R EE(1):

—0.6736 1.1448 0 —1.1448 0
—0.0124 —3.1762 0.2163 8.3454x10~% 0
A(): 0.0539 52.3465 5.7163 0.0258 o,
0 0 1 0 0
0 — 20 0 20 0
[0 0 000]
~0.0124 —3.1762 0 0 0
Ap=| 0 523465 000],
0 0 000
0 0 000
0] 0]"
—0.5481 0
Bo=|-17.5204| ,B, = 0| ,
0 0
0 1
(021 033 0 033 0]

0.003 0.96 0.006 2x10~* 0
M=1{0.003 15 1.8 0.003 0},
0 0 03 0 0

0 0 0 0 0
0 0 000]
0.003 0.96 0 0 0
Myg=| 0 15000/, (16)
0 0 000
0 0 000

N=[015500T,D.=[0.010 0.010 0.1],
Ek:I5,(5:O.4,’}/: 1.
AR IR ) 4 bR E
o) =" 000 07T, te[-1.1,0]
0 T T
|, e ()t = MM,
M =[1.8125 0 0 0 0]T.

M REFR bR ) INBUERERy = 11, Ry = I, *Rfi#
EHI3FN4, AT IR
0.1183 0.0006 0.0267 0.0069 —0.0813
0.0006 0.0340 0.0401 0.0210 —0.0985
U=| 0.0267 0.0401 2.5227 —0.1452 —0.1359 |,
0.0069 0.0210 —0.1452 0.0662 —0.2461
—0.0813 —0.0985 —0.1359 —0.2461 1.1686

W =1[0.0433 0.1460 4.6748 0.0757 *0.6268]T,
e1=3,e2=4,p1 =5,p2 =6,

BRI R RERRAR T = 26.8027, AHR A AR AS %
UEGtilles
K =[1.3280 —5.6769 2.6808 23.0114 3.7360].

B34l 0 i = Fy = sin(5.00mt), Fy =
—c0s(2.007t), i, = 0.5916sin(10.007t) (5 £8),
Fi=Fy=F=Fk=1CE8)MNF = Fy=F, =
Fk = —1(RA140). M4 5% 1H(2)FH S B I iy 2K,
A A5 1 1R AR I bR Rr () = 1 4 0.1sin ¢,
0.9 < 7(t) < 1.1, B .45 5 an 1~ E]5.
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Fig. 1 Three class of velocity
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Fig.2 Three class of attack angle
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Fig. 3 Three class of pitching angular velocity
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Fig.4 Three class of pitching angle
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Fig.5 Three class of trim depth
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T 52 1) 402 BE AL, S T A T,
B~ 5 A T 5 K R B /N 5 22 TR AN 1 58 1R 3))
AW N BB, = Fy = sin(5.007t), Fy =
— ¢0s(2.007t), Fe = 0.5916 sin(10.007t) K128 i i
PR, P TP A e N, 2R gt A IR G Ele,
7.
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1
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Fig. 6 Output trajectory z(t) without stochastic disturbance

z(?)
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Fig. 7 Output trajectory z(t) with stochastic disturbance
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Fig. 8 Minimum values of the disturbance attenuation

E 1 yAede L b e AR AR B R AL
Table 1 + and corresponding changes in the upper

bound of cost function
) 1 0.9

0.545 min~y

J* 20.8529 21.5691 25.2605 57.6099

6 1174 I 2 il 4 B AT B0 P TP g
TG BRI B el /S, & HR R .
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2, W N A RARAIE T R Geili R f b
FRART AT LWLy, [|2(H)]l2 < 0.545]|w(t)]lo-
FEAGI R, FEFEM, My, N2 5035800 H A £130%,
Ui WA SC T VL A U, SEBR N H W Dy, Do, B,
Bl 3586 R G M 5K, 982> T SCHRI9TH & JL X ]
RE B SR —U0OF 7 R AR sp vk, B L SCER101vE 57
RIS
5 458 (Conclusion)

A SCAR A 7K B 18 B4 R R R R ZE K,
3B i 22 ME LUR R (1) 1) J8L, 43 BT T K B Bl ) 2 A
B S5 H T /K EE iz AR I i IX ) R Gk, 7
S Al R — R AR K R B ) 2 S HE
P NEY R Ny B 1K A e o LR R M R A £
A 59 Hoo S AR PE B 2 1 2%, mT LURFH P4 S5 515
B 4 R e IR, 2 5 SR A, AN SO it B FH K
T~ A AT 9508 s A 5, Jet S A VA AR —
SE WSO ST VR I B, BRAR P B bk &2
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