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RESEARCH ON FUZZY SET-MEMBERSHIP FILTERING
FOR SEVERAL KINDS OF NETWORKED DISCRETE
SYSTEMS IN NETWORK ENVIRONMENT

ABSTRACT

Networked control system is widely used in industrial automation,
intelligent home, intelligent transportation and other fields. It is usually
composed of sensors, actuators, controllers and networks, which can
realize remote control, real-time monitoring and data transmission. It
establishes communication through the network and can carry out long-
distance information transmission and processing. However, in the
application network environment, it inevitably leads to some network
induced phenomena, such as packet loss, time delay and so on. In view of
this phenomenon, people have adopted a series of communication
protocols to mitigate the impact of this phenomenon. Such as polling (RR)
protocol, random communication protocol (SCP) and so on.

In practical applications, most of the systems involved are nonlinear
systems, but it is relatively difficult to design filters for nonlinear systems.
The fuzzy theory can be used to approximate the nonlinear system to a
linear system under the constraint of fuzzy rules, which has the
characteristics of high modeling accuracy and low computational
complexity.

By using the fuzzy set-membership filtering method, the problems of
discrete nonlinear systems in several kinds of network environments are
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studied. By introducing an improved T-S fuzzy model, the height
approximation is realized by affine model under each fuzzy rule.
Considering the network inducement factors involved in the actual system
state, the corresponding filter is proposed.

For discrete networked systems, the problem of fuzzy set-membership
filtering under RR protocol is studied. Based on the characteristics of RR
protocol to save communication resources, the corresponding set-
membership filter is designed. By using the LMI method and the
corresponding optimization algorithm, the filtering error can be limited to
the ellipsoid set, so that it can meet the restriction requirements. The
minimum gain matrix can satisfy the filtering error by solving the
optimization problem. Finally, the feasibility of the proposed filter is
verified by numerical analysis.

Dong Pengbo (Mathematics)
Supervised by Prof. Liu Hongjian
KEY WORDS: Networked Discrete Nonlinear System, Set-membership

Filter, Communication protocol, T-S Fuzzy Model
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3 = diag{¢5, 0,0,0,0,0,0,0,0,0,0,0},
@, = diag{zy Gy CxI1*C G2y, Zg—1 Gig—1 Cmr 11 Crm1 G—12k=1, v
Zit—m+2Gh-m+2Ch—m+2 11> Cmms2Ghmm+2Zk-m+2}
P2
= diag{Dy C¢T1*CycDy, Gg—1 Cg—1 112 C—1Die—1, - ., Dyg— 2 Ct—ms 211 C—ms2 Die—ms2},
P3
= diag{®y C 11> iRy, Rg—1Ch—1 TP Rse—1Die—1, - +» Rp—ms2Clommr 211 Cms 2 Rie—m+2},
AT HE— B EG R
nedAme <0 (i =12,...,10),
Hr:
A, = diag{—1,—h?*(®)1,1,0,0,0,0,0,0,0,0},
A, = diag{—1,0, P;?,0,0,0,0,0,0,0,03},
A; = diag{—1,0,0,9;*,0,0,0,0,0,0,0},
A, = diag{—1,0,0,0,—h2(%,_,)1,1,0,0,0,0,0},
A5 = diag{—1,0,0,0,0,1,0,0,0,0,0},
A¢ = diag{—1,0,0,0,0,0,Qy,0,0,0,0},
A, = diag{—1,0,0,0,0,0,0, R, 0,0,0},
Ag = diag{¢,, 0,0,0,0,0,0,0,1, 0,03},
Ay = diag{0,0,0,0,0,0,0, @5, 0,1, 0},
A, = diag{es,0,0,0,0,0,0,0,0,0, 1},
EAES He > 0,(j = 1,2,-+,10), 13 F AL

12
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10

arp:t 0, — diag{1,0,0,0,0,0,0,0,0,0,0,0} — Z &ia; =0,
i=1
ﬁegﬂpﬁhekﬂ < 1AL,
&5 9
QP — 0, <0, (2-20)

Hrp: 0,78 (2-15) &R,
H 50 2.1 AT AR, B BIR 7 eyq AT M 20 OR B A B 4R
en Pilieps <170 . KX Fvk € NY, el Prlies: <113

2.5 HEHRE

FEARTTF, SR IR BUE R SRUEA 5 52 tH P8 I 3 1A Rtk
FREH (2-1) IR EA LN S B HCRLE R 5t

y =[0.2+0.35ink -0.3
k 0.3-0.2sink  0.21’

_ [0.3sink _
k= Lo gsinkl e =11 01

Pt NN
wy = [0.5sin(2k+2)]v, = 0.5sin(30k+30).

x10®

05

05}

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
2-1 xp @I 1R %

13



Position (ft)

Time (sec)
True states given by nonlinear system and fuzzy model.

i

1 _
\
0.5 0.6 0.7 0.8 0.9 1

0 0.1 0.2 0.3 0.4 X
Time (sec)

B 2-2 JEZ 1t RGAER R SRS E

o
n

Velocity (fps)

o

-0.5

True (-) and extimated (+) states.

:‘03 T < T T
=
=02} \ :
]
Zoaf \ 1
o
a oz n " M, OO 4 " s ' "
0 0.2 04 0.6 0.8 1 1.2 14 16 18 2
Time (sec)
o T T T T T T T T T
4 S
& = %
- N .
Zof \ 1~ \- 1
o ~ . / \\\//
g N\ ‘
> L s . s L Y L s L
-2
0 0.2 04 0.6 0.8 1 1.2 14 16 18 2
Time (sec)
- 1F
=]
g 05
w
s
0 -05F
a . L . L . L L . L
0 0.2 0.4 0.6 0.8 1 1.2 1.4 16 18 2
Time (sec)

Bl 2-3 SERRIRAS (A AR RS
FERAU, B 2-1 Bl RSEmER R ZE . HET R RgG A RE
. wIGMTHELRFENZ, =0 0 0]7, Py =diag{2 2 0.1}. £K 2-2 #,
TEB LB HFIRT, AR 4T Ak T FIIE I RGUIRES .
Bl 2-3 M S bR P4 IO A B 2 (M 218 . 7 MATLAB.R2022a Al
YALMIP 3.0 {IFEBI N, JEEE 8 ERP. AT HEES, (5 E S BRI 1 ik
T T RR PR S8 S A 2

2.6 KERL
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ARFEATTT T RRPUCT RL8 A0 B IR GE RO 52 D18 7 1] Ao 368 RO L 0
X N BEAT AN, PRJE 70 B AL RR BSOS A0AR AL, JE MR B8 B iR 22 4K
PIMHERSE . fiJm I8 I BB 05 L3RI 1 BT th AR A BT 7 SR 1A R

15
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28 3 & Round-Robin MY TMLE L IBFETEE S EIR G HIIE
W EE GBI

AFEWFFE TE RR HrX Round-Robin PR (LA T &R RR Ppis) T (1M 454k
VAN AR B 2R G- ONH R B DA B Ik ) Rl E AR RN R x e N AT 0
RUENT, SREHEE T RR PSR =L A4, FFiEid LMI. S-chur 2551 €
RERAT AT, H AR IEBOR ZE L R BIRIRE . R — Db T TR R
SIRIEN T R TATE . BE, B — NIRRT N I A

3.1 |o)fEEiA
3.1.1 JE&MRTT RS

AT T, FRE LN IR R B R S

Xg+1 = 0(Agxy) + ExXp—r + f (k) + Brewy
Vi = CiXp + Dyvy
X = Pk k=-1,—7t+1,-,0
. RGRE R FEx, € RY, WIBE X, vy NN ZIFMERH . e NTX
I, fC) e DAESEIRRYEREL, Ak Brs Civ Dy EpfE CRIEJERERE o
5E Yo () AN R L
o() = [oy(ry) 02(rp) -+ 0 ()],
Hrr: 0;(r) = sign(r)min{ry max 71137 max AT 100, IR 0 B
T e 7 o R 2 P2 75 oy T8 A2 DA S AR BRZ TR
Wi = (wilwi Qi twye < 13,
Vi = {vi|vi R v < 13,
He: 9, =09F > 05R, = RE > 042 CLANFEERERE .
X TEERx, y € RY B RGW LA A%, O TREIEUL U,
JIE
[fG) = fO) = Us(x =MITIf () = f) = U (x — )] < 0
fx) =0, B3-1)

16
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Hrb: Uy, Uy CFE4ERERE, HAU, - U, >0,
3.2 HERIIE

3.2.1 g

B % 3.1 R AFAEREEH, = HT FH, = HY HO < H; <1 < Hy, #1530 (Axx;)
B
0 (Axxy) = HyApxy + 2(Arxy), (3-2)
Hof: AAx ) RG-DFU, =0, U, = HINAELM RS, H =H, — Hy, BP:
AT (Apx ) [A(Arxy) — H(Arx)] < 0.

3.2.2 ¥R

RSO E I BV R B AEZR M R G, TERORIRE I 15 H 475 B A i
BOBIRIME: InRx, M, x, M, ;s .o X, JEM,

WA

i

ﬁ(xk) = Aixk + bi' i € (1, ...,N), (3 - 3)
Sl =[xy %, e ] o Mk € (L m) 07 BB TR 0B ) B
&, T BA MBI EUN A, N R R B, A, R R L
[Ap Ciegr,i € (L., NYDESERTTNLINNG . A FID, 940K b A £k b6 e s
o A S A £ B N A O B3

N
fOo) = ) Biefitxo), G-
i=1
BN I — PR B, (o)
_ i (i)
Pl =S Gy
Horbe py(xg) = ORI 3R 8 ok %
B 7551
N
BiZO’ :Bizll (3_5)
2
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PATE LRy AR E M EAR X A THE, NWR, € XA HEIHAH, PURHH
— PR AL 1 JEPE 7S o
BRI iz, RM, |, R, JEM, . .o R, M
Fi[lE78
N
X1 = Z Bi(Xx) (A% + by), (3-6)
i=1
Xpr1 = X1 + Ligs1 k1 — Cr1Xk41), 3-7)

Hor: My OG- HERIFNAEFE, A FIb ATxF T-S BRI G A1 3] o

3.2.3 RR 1l

RR PPERIN, S —AF AN, A R RVFIRE — IR AL
PR 51 NAZ 0, RANTERT Zl ke AT R4S X 2 AL BB BR 71 4, B RR IS 4
A%, XSETAEMK € NY, HOpm =0, HXTke(@,...,m), HO,=k.
PRI A5 28]

kz{mod(k—n;,m)+1, :;8' (3-8)
£ X
&y, = diag{6(0 — 1),6(0, — 2),..., 60, —m)} e R™™ g, € (1,..., m)
Horpo ()i 2 -
6(i)={3, ;:8, 3-9)
yORIEE ORI R, yal LS BN A
m=1
V=) Do it (3-10)
=1
Hor: WA Ny, 2k —1 < 06, = 1; 2k < Oy, = ygo
il R IR AR AR R I -
Vi = Wiy, (3-11)

18
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:/H\:EP: yk%%}i’iﬁﬁgiﬁj—\‘{%l%\’ Hk = diag{nl‘k,nz,k,...ﬂm‘k}, T i € [ﬁ'i,ﬁ'i]y
0< ﬁ-i < ﬁ-i <1, i=12,...m,

( = diag{ﬁ'l, ﬁ'z, ﬁ'm}

= =

= diag{ﬁ'l, ﬁ'z, ﬁ'm}

= M+ _
T = diag{f,, Ty, . T} = — ,(3-12)
- f-T
(1T = diag(ty 7o, .. T} = —5—

A1, = 1 + Al (AL, = diag{Ar;;}), H|Am,| < #, WHANDZ < 112,

3.3 ERMKSURK R

S ANTE A By, AR R, et n T B BB

Rir1 = HiAps1 X1 + AAk41Xk41) + Epg1 Xz + X1 + Ligr1 Frtr

m-—1

—1II z Dy, .. Crs1-1%k+1-1), (3-13)
=0

Fore Ly A SRR A 55 D3 U8 I 2 198 2
34 FEBAW
3.4.1 EERRE)RR

(1D X4 —HIERE Py > 0, T ERIEIEBIR e y1 = Xpa1 — Dpar WL :
ei+1Piri€rs1 < 1L, VK €NY

(2) EFE UG A FEPE Ly, ATRE PR B /ML
3.4.2 FEEEEIT

AR S FEFEHE LML 7k, 45 HIEB 38R E ey BEE L R AE
ens1Piitiersr < LR 554, FE4h AR IR R 22 T TE R ER 1 BV

5|3 3.1 (Shur #b) HAAAEELEREFES, (S, = ST) S,(0 < S, = SHFS;, N
S1 + STS;1S, < 0% T

19
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s, ST ] ‘[—SZ 53]
[53 s, <05k ST s, <o,

5I#E 3.2 (- CHleo(), @1(), -, @ (VRKTAES € RMNEHLE X
@©;j()=8"X;6( =12,-,p), X =X;, HHAELH e 20,6,20,-,8, 2 0ff
3

14
j=1
JRAL, R IR AT
B 3.0: BE—AXNRIECHFEP,, FIFIER IR Ee i Eeg Py le, < 1,
EAFAEFERE Py s G R FERE Ly SO H ey = 0 = 1,2, - 10)(E A5 U1 N HEPEAN S
KA :

[_Pk+1 O

A _@k] <0, (3 —14)

¥

Qy = [0 HiAg41 T Exy1 T AiByr — ﬁl,k+1 - ﬁz,k+1 - ﬁB,k+1 - Ai§4,k+1

- Zk+1 - Zk+1 - Zk+1]T:

ﬁl,k+1 = [_Lk+1ﬁ¢6k+1ck+1 - Lk+1ﬁcb9kck T Lk+1ﬁq)6k_m+zck—m+2]:

ﬁZ,k+1 = [_Lk+1ﬁq)9k+1ck+16k - Lk+1ﬁq)6kaGk—1
- Lk+1ﬁq)9k_m+2 Ck—m+ZGk—m+1]'

ﬁS,k+1 = [_Lk+1ﬁ¢6k+lck+1Bk - Lk+1ﬁq)9kaBk—1
— L1 l®g, ., Ckmmi2Biomea],

ﬁ4,k+1 = [_Lk+1ﬁ¢’9k+1ck+1Dk+1 - Lk+1ﬁ¢9kaDk

- Lk+1ﬁd>9k_m+2 Ck—m+2Dk—m+2]r

Oy = diag{Qx ", Qx"»-.- O '},

m
Ry = diag{R; Y, R;Y,... R},
m
I, = diag{I; % I;;%,...I; 1},
m

20
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Op =diag{l —e; — &y —€3— €4 — & — € — 7 — g — €9 — E109 + £1101
+ £13@03, =& h2(R)], &51, —e3h? (Ry_ ), —e,h* (R, &1 + €41
+ &Pt e6Q5, —e,h2 (R )1, 31 + 71 + gg1,89Qy, £10R
+ €119z, €111, 121, €131},
G +& 6 P Py = GGy, 1P DR 258 B, ) 5B B R 22 epyq 7T B 29 TR FE R BR 4R
ex+1Piiiersr < 1
I=CE
BBk (k > O ZI, ARESx 5 Lef Prle, < 1, P > ONZ EHEFE.
Hieg Py te, < 1ATH1, fPTEM Rz, Bzl < 192 :
Xy = Xy + Gyzy,
H: G &P, = G GF IR AR
XA BB, ASOR SR e e () P By () T A2 R B LipschitziE 82 5%
(G
I Bi(@) = Bi(¥) I< Fi(a —y), (3-15)
Hi: aeX, yeXe

ex+1 = HiApi1(Xppr — Xpq1) + AAks1Xp41) — AAg1Xk41) + Expr (Xpp1-1

m-1
— Xjey1-7) T X1 — X1 — Liggr (Tggq z Dy, Crer1-1 X411
1=0
m-—1 m-—1
pall | P z Dy, riDrv1-1Vkr1-1 — 1 Z Do, Ckr1-1 %k +1-1))
=0 =0

H(3-12)75:

ex+1 = HiApr1 (i1 — Xpey1) + AAkp1%k41) — AAgs1Xk41) + Ejr1 (K11

m-1
— Xp41-7) T Xpa1 — X1 — Lggr Ty Z Dyt Chr1-1Xk41-1
1=0
m-1 m-—1
+ Allj4q z Dyt Crrr—1Xper1-1 + Mgyq Z Dg,rr i Drr1-1Vk+1-1
m-—1 m-—1
pall | PO Z Dy, i Drr1-1Vis1— — 11 Z Do, Crr1-1Xk+1-1))
1=0 1=0

21
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N N
Xi41 — X1 = z Bi(xx)(Aixy + b;) + Bpywy, — 2 Bi (%) (AiXy + b;)
i=1 i=1

N N
= > (i) = Bil®0) sk + b)) + ) Bil)Ase + Biowi,
i=1 =1

%

g(xp, X)) = Z(ﬁi(xk) — Bi(%)) (A% + b)), (3—-16)

H: 2, Bi(xr)s Ay by TERBFZZ TN . T B () T &£ JR i Lipschitz
A, MAFAE R Eh (R, 145

Il g Qe Z) 1< h(Re) Nl e |, (3-17)
Forfs h(Ry) R AT I8 I SR A DL R ARAK 1n) RAS 3]
I g(xi, %) |l
xeX el '
. t. Il ey ll# 0

(e = 2 ) TP (e — %) < 1,
H (3-16) 15:

ex+1 = HiApi19 (X, X)) + A(Ak41Xk41) — AAgs1X541) + Exp19 Kp—py K1)

N
+ g (g, %) + Z Bi(xx)Aiex + Brwy

i=1
m-1

— Ly 1llpqq q)9k+1_lck+1—l(g(xk—l'xk—l))
1=0
m-—1 N

— Lip1Mjesq z Dyt Crr1- Z Bi(xXk—1)AiGr—1Z—
1=0 i=1

m-—1
— Lpq1llpqq Z q>9k+1_lck+1—lBk—ka—l
1=0
m-—1 m-1
ll | V0 Z Do, Ds1-1Vir1-1 — Alliyq Z Dy, 1 Br-1Wk-1
m-—1 m-—1
— ATl 44 Z ¢6k+1_1Dk+1—lvk+1—l — Allgyq Z ¢9k+1_1xk+1-
1=0 1=0

SAIE

22
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Aler) = MAjs1%p41) = AAps1Fpesr),
Nk +1) = Al 1Py, Cr1-1Ghr1-1Zk41-00
N2i(k +1) = Allyy1®Pg,,, _Drs1-1,
N3k +1) = Al 1Py, Cor1-1Zkr1-10
m (k+1) =[plote+1) 71,k +1) - nlp(k+ D],
n e+ 1 = [n5ote+1) 75, (k+1) -l e+ 1),
ns e+ 1 = [n5ote+1) nf,(k+1) -l e+ 1],
FE X
Mk
= [19" Gt i) A" (ex) 9" (Xi—rs Ric—1) 9" Cries i) eff wip g" (e, &) Zi Wi, v, 17 (k

+ )ik + D nfk+ D],

e
er+1 = Qi
Hrre
Q = [0 HiAgy1 I Epyq 1 AiBy — ﬁl,k+1 - ﬁz,k+1 - ﬁB,k+1 - Ai§4,k+1 - Zk+1
_ _ T
- Lk+1 - Lk+1] ,
S AZIECS
er Pilierss —1=nf (Qip; L Q. — diag{1,0,0,0,0,0,0,0,0,0,0,0,0,0,0}) 7,
HH, @idG-13)15:
nL(k+ Dy (k+ 1)
= (Ank+1¢9k+1_lCk+1—19?k+1—l)T(AHk+1¢9k+1_le+1—l9?k+1—l)
< Rps1-1Ck+1-1 12 Cr11Res1-1,
N2 (k+ Dy (k+ 1)
= (Allg41Po,,, ,Chs1-1Gkr1-1Zk+1-0) " (Bl 1Py, ., Crer1-1Gr+1-1Zk+1-1)

< Zpy1-1GRr1-1Chr1 112 Cr1-1Grow1-1Zks 1-10
n3 (k+ Dz (k+ 1)

_ T

= (Allg41Po,,  Crr1-1Dkr1-1Vkr1-1) (Allp1Po,,, Crv1-1Drr1-1Vic+1-1)
T T T w2

< Vigr1-1Drr1-1Char 1= I Crev 1 -1 D411 Vi +1-10

BEA 2] R HIATEN:
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( g7 (e, i) g (e, i) < h2(Ri e e
esPle, <1
wiQrlw, <1

97 Oty Rie—) 9 O—py Rie—r) < h2(Rie—) €€
9" (tx—rs Ri—0) g K—g) =) < h*Rpe—r)€g— k1
3 | zZgy1- IS 1 ,(3—18)
| zpsq IS 1
Viy1- 1R ka1 <1

i (k + Dny(k + 1) + 0g®q7, < 0

3 (k + Dny(k + 1) + ng®omie < 0

\ n3 (ke + Dz (ke + 1) + 1@ani < 0

¥

¢, = diag{¢4,0,00,0,0,,0,0,0,0,0,0,0,0,0},
¥, = diag{0,0,0,0,0,0,0,0,0,0,0, ¢, 0,0,0},
¢ = diag{¢;, 0,0,0,0,0,0,0,0,0,0,0,0,0,0},
@, = diag{zg G CI1*C Gz, 2i—1 Gir—q Cg—r 1P C 1 Grem1 21, v
Zit—m+2G-m+2Chmm+2 11> Ch—ms2Ghoms2Zk-m+2}
P2
= diag{Dy CTT*Cy Dy, Gi—1 Ce—1 1?1 Dye—1, - -, D2 Cie—ms 2 11? Coma2 D2},
P3
= diag{%y Cg1*Cie Xy, Rig—1 C—1 1*Ri—1 D=1, - +» Rg—ms2Chmma2 11 Cmms 2 Rk —ma 2},
AT H—S G N
AN, <0(=1.2,...,10),
o
A, = diag{—1,—h?(®)I,0,0,0,1,0,0,0,0,0,0,0,0}
A, = diag{-1,0,1,0,0,0,0,0,0,0,0,0,0,0}
A; = diag{—1,0,0, —h?(%,_)I,0,0,0,0,1,0,0,0,0,0}
A, = diag{—1,0,0,0,—h?(%)1,1,0,0,0,0,0,0,0,0}
As = diag{—1,0,0,0,0, P, %,0,0,0,0,0,0,0,0}
A¢ = diag{—1,0,0,0,0,0,9%%,0,0,0,0,0,0,0}
A, = diag{—1,0,0,0,0,0,0, —h?(%,_,)1,1,0,0,0,0,0}
Ag = diag{-1,0,0,0,0,0,0,0,1,0,0,0,0,0}
Ay = diag{—1,0,0,0,0,0,0,0,0, 9, 0,0,0,0}
Ao = diag{—1,0,0,0,0,0,0,0,0,0, R, 0,0,0}

24



S MW N R DA

A,; = diag{e,,0,0,0,0,0,0,0,0,0,0, 1, 0,0}
A, = diag{0,0,0,0,0,0,0,0,0,0, ¢,, 0,1, 0}
A5 = diag{¢s,0,0,0,0,0,0,0,0,0,0,0,0, I}
EATAES e > 0,( = 1,2,-+,13), i3 R AL
13

Qrp;L Q. — diag{1,0,0,0,0,0,0,0,0,0,0,0,0,0,0} — Z e, <0,
i=1

Hegs1Peirerr < THIROL,
&5
QP — 0, <0, (3-19)
He: 07F (3-14) FFIKR,
B 512 3.1 7, JEURIR 2y, (T A R BBk e, Prtierss < 19
X Fvk € N*, el Peliensr < 1¥IOL, IEPH5EEE,

35 EFERAR

FEARATH, RN IR BAE AL SRAEA B4 H R A 1A 2
e (3-1) IR EA LN S E R L R 5t

" ap, 0.25 0 0
4, =|701 aj oo |
02 0 -015 a
0 0.1 01 1
10.13 + 0.2 sin(10k)
B, = 0.15 — 0.2 cos(2k)
k — )
0.2
-0.15
ck 0 0 0
C, = 0 ¢ 0 0 ’
00 3 0
L0 0 0 2
i 0.12
D, = 0.17 + 0.27 cos(k)
k 0.12 ’
—0.2

y
F

ai = 0.82 + 0.2sin(10k),
az = 0.16 — 0.2 cos(2k),
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a; = —0.1sin(4k),
ct = 6+ 0.3 cos(—2k),
cZ = 1.8 — 0.1 cos(3k),
PLBhim NIL N
wy = [0.3sin(-k)] v, = 0.15 cos(2k)
ST = 2,

0.2 T T T T
3 -—- ‘$X1$
Estimation of $x,$
0.15 b
S 01 1
©
E
A
@
2 005 1
o
c
IS
®_
g o 1
-0.05 b
01 . . . . . . .
0 5 10 15 20 25 30 35 40
Time step
3-1 IR S HAG T
0.15 T T T T T T T
- == 88
I Estimation of $x2$
0.1 I
c
S 005
T
£
- L
i
i 0
=
c
©
N
2 -005
-0.1
0.15 L L L L L L L

0 5 10 15 20 25 30 35
Time step

B 3-2 IRZ o, L H A T
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ﬁ
15} n — — = Upper bound | |
\ I ~ ’
A (A i
v / N TR
N o~ A AR -
osfF ' V7 LSO / I A A N
=~ v \f"\J Vo \\;’ -
0\ AN e . S ¥
0 5 10 15 20 25 30 35 40
Time step

]

-
o
g
o
I
| d
I
cm
5 =
o T
@ =4
g
8’@
m
=4
-
a5
.

| I |
I 1 | ﬂ |
o o H fﬂ\
I 1 Lo \
[ T I B I !
L b Iy \
0.5r1 \ irl [ IR \ ] \ ‘,\\ .
e l." L L Mo | SN g A Iy _,j \\
[]\_/\! P L N e } NS
0 5 10 15 20 25 30 35 40

sqrt($e,$) and its upper bound)  sgrt($e, $) and its upper bound)

Time step
3-3 BEI R ey Mlle, M b Sl 28

FERAU A, 8] 3-1 B RSl x, SIEI R, B 3-2 s @RS
x, MBI R % . VIR S x, = [0.150.16 0.1 — 0.2]TA1[0 0 0 0]7 . EiZHiET
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