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Abstract

This article focuses on the outlier-resistant observer-based controller for the interval type-2 (IT2)
T-S fuzzy discrete-time systems with distributed delays under DOS attacks. The DOS attack takes
place between sensor channel and observer channel. A neoteric guidance for safety performance is
constructed to explain the randomly happening DOS offensive on the control structure. The random
events of parameter uncertainty and DOS offensives are controlled via two sets of Bernoulli sto-
chastic variables with foregone probability distributions. One outlier-resistant observer-based se-
curity control (OBSC) is constructed to induce an innovation saturation structure so as to alleviate
the passive influence on the DOS offensives about the estimation aspect. The goal of the solution is
to design an OBSC that can ensure boundedness in estimation error while achieving the ideal level
of safety. Ultimately, a quantitative value simulation sample is put forward to justify the practical-
ity and validity of the above-mentioned control project.
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1. 5|8

FARFIRZEFAE 20 tHad 80 AEARHEH T T-S BUMIFAL(FM) [1] [2]. HH], T-S FM 7R F ALk 6
BB T, FTVEAR NGRS, Jak, Cao Z)CKIERM T-S EATRLAL I 58 v s b S (1) 5)
A, A TIRUAELHNE RS . WE, 5T T-S BORIEEL R Fa e MRk 7Ryl 88 77 15381 7
[T RERR R . T-S BUMIREAL R — A b P08 7 B2 (0 2 v 1 B 5 S 2 M S0 AL i 2L 1l Py B A A 7
FEMEETR, T-S FM Aef DUE DR B i — 2P (A LR e R AL

RS T-S PRSIE R BRI BCE AL & A 2 5 B, IR PAT 20 A1 AME2 25 (PDC) HEBE SR v S 15t
FEHI 23] [4] [5]. #JE, FIF Lyaounov #25E VEFL 15 5 HI 28 FOAFAE 464 R4S PDC SRmg v] LA H,
A AN E A B E(MFs) 1) T-S 18I, (H'EAReA 2R FHBRGERAE MFs R A EE B . fESLbRi Tk
MR, ARLEME RGAEEREE A, B, AHERSE, BEATINENAL R, SERMKT
Yoo L, RAMESH T-S WADKIE IR BA A E S EI AR AT, B0 R iT 6 & A Hf e
S8, AReEBERH PDC HE Sk 2 HARM S iz i 25 [6]. Type-1 T-S FM RERETE (™ 45 Hp 2 AT ] P18 11
R NERR AL, JERA BRI I R AR, O ARZNE 2R Guke e 1 o S A% i 28 T H A 1 TR [7] (8]
SRIM, Type-1 T-S FM ANRER FEACEEAH & RSG5, 2 BUBORIAE T DASE s A B AN A c MR (R BE T, 5 2 TROASEA
By RS T-S BAMELE Y, HA BB S SCRNAME. ENEE 2 BEBHIERRRRA, 1T2
BORIEE TSR, HARE T 2 BUBORIEE AL B AH 2 M R AP, RAE PR R G . 55—
X T-S BRI RS IA, 1T2 T-S A I B SE & T BB A e S5 AR R 4

B4R, HT3Z23] DOS It isgm, W T e 2B BRI B RIS, X & d ok AT R 5 80T
T D 5 A R I — 2B A [9] [10]. Blln, A 4o it 78 3 A BRI & 5 {ELAR 7 g 5 B
AP MAEERAEE RN, NS EMGER RS, Fi, @A TENE 58 E 0 H AR
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HAAER . XM THS ROV U WA A . TRk, BUR RS AT R BT 4R 45 B RORIT T
R JENICT G E T I EiR.

2. |a)REEIA
2.1. X[E =& T-S EM1EE

PRI LA A AT AR 50 4 X 1) 78 T-S HORII A8 R 4
FGHON 12 W S, (x(6)) R H A (e(k) RATS . Hoeeon Hof, (x(k)) AT, 0

v

k+1)=(4+ (k)B(k))x(k)+Eu(k)+Div(k)+HiZh:3hx(k—h)

h=1

H=Cd) (L.1)

x J)=¢(J) j=@={-h--,-1,0}

x(k)eR™. z(k)eR"™. y(k)eR" . u(k)eR" HRFRAGHVRE . WEHRH. MHitmH. &
HAN: n RO, ¢(])E%)Jiz“1ﬁ, 9, kR, A4,C, D, E, N H, 738 & 451 SeoaF .

M (ae{l,2,p}) RXIA ML i MEES, £, (x(k)) REHESR, i=12-,p, v RIE
B ov(k) AR RS S LI R G

E{v(k)}=0, E{v(u)v(w)}= {G’w, u#w

He, ol REH.
AR R ¢ (k) x%iﬁﬁ&m%’;‘ﬂ“?ﬁﬁ’l

Prob{ ==z, Prob{ (k)=0}=1-%
Hr, g efo,1] &—ACabrs, %%Ef@B(k)ﬁ?%%%ﬁT%%ﬁE%E
B(k)=MC(k)N (1.2)
M RN &SR MR, C(k) e R™™ AR FIHFE FLIH 2 -
C(k) c(k)<1

R DX 1] — RSO AR R, BT SRR 5 B BOE SON

Heb, ow! (x(k)) 2w (x(k)) -
BRR, SIOCREA RIS H v, (x(k)) 20 F1, (x(k))20.
HEEIER v, (x(k))+7, (x(k)) =1, SJ5H— LI RBEEERRE w, (x (k) BA W FER:
w (x(k)) = w) (x(k)), (x(k))+wl’ (x(k))7, (x(k))
2wt (e ) (x () 4wl (e (R)) 5 (x (k)
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Hriro<w, (x(k))<1H Zp:w(x(k)) =1
g LRk, X A T-S SO AT BLR R W R B K

p

x(k+1)= ;wi (x(k))[(Al. +¢(k)B(k))x(k)+ Eu(k)+D,.v(k)+Hihi,9hx(k —h)}

ﬂﬂ=gmh@»6ﬂ@ (13)
=(k)= Lo (x(k)) Ex(k)

2.2. MEBHIER

AR B AE Tl I W G R IE A, HorP (S BT RE M BEN LR ZE R DOS W B A, £
RUTR

R(k)=a(k)y(k) (1.4)

Hor, R(k)e R™ Fom AW Z B BEEN EREE S, a(k) 2 MABFIBENIR S, FIR e
A KR REENL K A2 H) DOS Bl

Prob{a(k)=0}=a, Prob{a(k)=1}=1-a (1.5)
XH, aeo1] B2 —POmmEH.
2.3. BT WMERAIREEHI(OBSC)
T BT BB A ) DOS BUvREHR, RGO & A — MR R H, ROk, Hi57
AL A B R

2(k+1)= Zw(x(k)){A]x( )+ Fu(k )+H,iyhfc(k—h)+Lir(m(k)—ci;e(k))}

2(6)= 3 (x(0k)) £,5(5) (o
;2(j)=(l):,]j={—h,---,—1,o}
o, AR (): R — R B LA
()= () #(b) - <(1, )T VieR" (1.7)
p={l2n ), RS () WA BT A
(T(ﬂ,,)—upﬁp)T(f(ﬂp)—upﬁ,,)SO,(p:{—h,---,—l,O}) (1.8)

Sk, B, R, I g R MR R 0< i <1
X 1) 7 T-S AORIFS 48 25 1

PRI W1 g, (x(K) RN, Mg, (x() RS, Hoo g, (x(K) RN, W0
u(k) K. x( ) (1.9)
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(1.11)
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0
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Y 0 —&l
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Figure 1. System structure diagram
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Figure 3. Evolution of the system x(k) with control
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