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State Estimation of Networked Discrete Time Systems Based on

Network Communication Protocol

Abstract

With the continuous development of the theory and methods of
networked control systems, research on the problems of networked
control systems has attracted the attention of scholars. A networked
control system is a type of system that utilizes a shared communication
network to connect spatially distributed sensors, controllers, and actuators
to achieve real-time feedback control of the controlled object. Introducing
shared networks in control loops can achieve many advantages, such as
reducing installation costs, reducing system wiring, simplifying system
maintenance and fault diagnosis, etc. However, with the increase of
network size, inherent constraints in network resources, such as grouping
chaos and time delay, pose significant challenges to traditional control or
state estimation strategies. As is well known, these inevitable network
induced phenomena are mainly due to the limited communication
capabilities currently faced by network control systems.

In this case, network communication protocols are proposed to solve
such problems, with the aim of standardizing data exchange on shared
channels and improving the efficient utilization of scarce network
resources. So far, various protocol based control/estimation algorithms
have been developed, among which communication protocols have been
cleverly embedded into network systems. Common protocols include
Stochastic Communication  protocol, Try once discard  protocol,

Round Robin protocol, and FlexRay protocol.
III
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This thesis aims to study the state estimation problem of several
types of networked control systems under the influence of
communication protocols, such as the filtering/state estimation problem
of time-varying systems, time-delay systems, and nonlinear systems
under the influence of communication protocols. In response to these new
issues, this thesis proposes some new research models and methods, such
as establishing a new model to describe measurements after scheduling
through the FlexRay protocol. Subsequently, based on the results of
previous research, the state estimation problem of a class of nonlinear
time-varying systems with random time delays has studied using methods
such as Lyapunov stability analysis and matrix theory. In addition, by
introducing network communication protocols, the communication load is
reduced, network congestion is alleviated, and the flexibility of data
scheduling is improved. According to the different research content, this
thesis can be divided into two parts:

In the first part, we focus on the finite horizon H, state estimation

problem for a class of time-varying systems with random time delays and
nonlinearity over FlexRay networks. The main purpose of this chapter is
to design a state estimator that makes the error dynamics of state

estimation randomly stable under given A, performance indicators. In

order to reduce communication load and improve the flexibility of data
scheduling, the FlexRay protocol (FRP) controlled by time triggered and
event triggered rules is used to cyclically regulate signal transmission. In
order to consider the influence of FRP, a new expression for the
transmission signal of the state estimator was established. Using
Lyapunov stability theory, sufficient conditions were established to ensure
the expected estimation performance within a finite range. In addition,

using the famous Schur complement lemma, the gain matrix of the

v
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expected estimator was obtained based on the solution of linear matrix
inequality.

In the second part, we investigate a new outlier resistance recursive
filtering problem for a class of time-delay systems under the FlexRay
protocol. In order to reduce communication burden and alleviate network
congestion, the FlexRay protocol has been introduced into sensors to
schedule the data transmission order of sensors. In the case of measuring
outliers, a saturation function is used in the filter structure to constrain the
information contaminated by the measured outliers, thereby maintaining
satisfactory filtering performance. By using the solution of the matrix
difference equation, the upper bound of the covariance of the filtering
error is obtained, and then minimize this upper bound based on the gain
matrix of the filter. In addition, the exponential boundedness of filtering
error dynamics was analyzed in the mean square sense.

Pan Defa ( Mathematics)
Supervised by Prof. Liu Hongjian

KEY WORDS: FlexRay networks, H

o0

state estimation, time-delays,

measurement outliers, recursive filtering
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.- .- (2-9)
=C(t)x(t)+ D v(t,)+(I - P #,k))T(Z)(tk 4)
M (2-8)F1 (2-9)r] LAIE #EHLE
J_/(tk) = I,)_/(])(tk)+1'2)7(2)(tk )- (2-10)

2.2 #TF FlexRay Wl b8

TEATNIH, NTAELH (2-7) ) ZOH M 51 RIAE YD1, ,), RIGT
— AT RGERE X () IR YY) T RRG, W R:

10
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{i(rkﬂ) = A(t,)7(t,) + B(t)w(t,) + F(1,)7(t,_ ) + T, f(5(1,) o
(t,) = C(t,)x(t,) + D(t,)w(t,) ’
AL,
7)) 2 [x0) .52, | e 2| M)
k k s k-1 ’ k V(tk)
Soal Al 0 A [B@) 0
A(t"){C'(tk) (I—CD,%)}’ B(tk)_{ 0 D(rk)}
Ct) 2| C) LU-@,)), De)2[o DBey |
F(1,) 2 diag{F(t,).0}, I, 2 diag{I(t,), 0}.

WRIG, WIE (2-7) Al (2-11) HELLUF IR &G
R(ty,)) = AW + K (1 )(7(t,) = Ct )R )) + F6)3(1, ) +T () f(R(,). (2-12)
Hr, 2(2,) e R™ 2 %(@t,) BPIRESATE, K(2,) e R 2B IR 8 S50
I H U8 s R T AR (A 45 1 B VA E 1E -
R4E (2-11) F (2-12) , iR 2 e(t,) =x(2,)-X(¢,) » RF, EX
fe() = f(X(2) — f (X)) HA M RED 1%
elty.;) = (A1) = K (1,)C(t,))elt,) + Bt )(z,)
+F (@t )e(t,_)+ (1) f (e(t,)) - K(t, ) D(t, )w(t,),
ST T e R R BELI R R, AR TS L R R R EB [0, N] |
WAL LA A RS A, F R

(2-13)

E{ﬁn e(zk)nZ} <73 (eI 41 vz ) )

+7°E {eT (0)@16(0) +rmax, ., e’ (s)éze(s) },

(2-14)

T4 5 (RN BRI AT y RISHRR IF & (A RE ©, M1 O, .

VE 2 ASCHE NG (ML FHEF T ARLR IR, I ZE AN A8 2 500] 09 2% 1K
Pebl RGORAME OB . 5H%) FlexRay W0 H PEREMAL I, it T4
W RS, LA BRI A S R I H, B

23 FELR

11
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AT, R (2-14) WI3h 12 ik A T80 H, PRt T 20 #r .
IRIG, MR PTERA  25 PHE T E AR R AN AR, SR EER A TE 25 . 11
Wit 2

4, =A@t)-K@)Cw),  F, =F@),
B, =B(t,)-K(t,)D(t,), r, =I(@),
D, =—K(t,)D(t,).

R 2.1: HEMBEIEK (), MBUEREQ, . O, MTHIEK Ty . fhit
R (2-13) 80 150 2 I H PERR IR (2-14),  ASRAFAE BT WA 26 1 IE AR
B A, AIEERRE (R ,Q, ), €[0,N])
R=y'0,,0=1Q.. (2-15)
XNTs=t, b, ...t EEAELR

Vi AIZPIIMF Vi3 ‘A'f tk+lBtk A;: tk-v-lDtk
* }/22 F;Z"R;H.]ka F;kTPtkatk F;Z tk+lDtk
H” =¥ * 733 r’Tk fk+1B’k Fka tk+lDtk ’ (2-16)
* * * Vi Bt:E,H,Dtk
% % % % 7/55
>N I:':‘ ’
Vi = Atfpt,(HAtk _PtA + Qk —ﬂth)If +1, Vis = AtfPtkHBtA +2’t,¢q)2f '
Vo2 = tZ})tkHEk _Qkfr ? V33 = BtfPtk+lBtk _itkl ?
Ve = cml)tk+,rzk _721a Vss = FZ;F;Msz _721a
i ] .1 i f o
CD{zI@SymE@’ 5 q>«§=1®—¢’2¢2 :

BB DR RARE. H, R AT, Jil, FRATHRYE 25 vE R ek 4, 1
& AR B Ao e 3
Ve(tk):VeI(tk)+Vez(tk)a (2-17)

) ’

g

V()= e’ (tk)})tk e(t,), V(@)= Z e’ (s)Q.e(s),

RIS 1 BBV, (e ) TV, () » PARABATTI B S, 3RATTAT R4S

12
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el

el

B{aV,(t)} =BV, (t,.) V) } =B {e"(t, )P, et,.)—e ()P et,) |

[yss)

=B {(4,et,)+ B, W(t,)+ F,e(t, )+T, f(e(t,))
+D, V(1) B (A, et,)+ B, w(t,)+F,e(t, )
+T, f(e(t))+ D, 7(t,)—e" (t,)P,e(t,) }

=B{e’ (t,)4] P, A, e(t,)+e" (t)ALP, B, w(t,)
+e' (t)A P Fe(t, )+e (t)A4, P, T, f(e(t,))

ke Ik
+e' (t)A4, P,_D,v(t)+e' (t, )F, B,_F,e(t, ,)

k+1 e+l

+e (6, IFP, A et)+€ ()BT, f(e(t,)

+e' (4, )FP_B w(t,)+e' (t,_)F, B_D,vi(t,))

T (et )P T, fet )+ [T (et ) P, 4 e(t,)

U™ U Tl

+f" (e )T P, B, w(t,)+ 7 (e(t)TT P, F,e(t,

[} L7 ey
+f " (e(t )T, P, D, v(t,)+w (1,)B P4 e(t,)
+W' (1,)B.P,_B, w(t,)+w (,)B, P, T, f(e(t,))
F e(t,_)+w (t,)B, P, D, v(t,))

b e

+wT (tk )Bz:})t

+v' (1 )Dz];Px Atk e(t,)+ v (% )DtjPzHl Ftk e(t, )
BtA w(t,)+ v (t )thRM rtk S(e(,))

+v' (t,)D, F,
+v7 (t,)D[ P, D, v(t,) - €' (t,)P,e(t,) .

U™tk

k+1
k+1

k+1

sV, (tk)} =E {VeZ (te) =V, (tk)}

{ " e (5)Q.e(s) ie’(spse(s)}

li-g s
=K

S=lep)— S=ljvi—z

=E {eT (t)Qe(t,) - e’ (4. )Qrk,,e(tk—r)}-

E X n@)= [eT (% )eT (4. )fT (e(t, ))"_VT (% )VT (% )]T , RIS

=)

(2-18)

eT(tk)Qle(tk)+ Z eT(S)QSe(S)— Z eT(s)Qse(s)—eT(tk 7T)Q;,He(tk )

(2-19)
(2-18)F1(2-19)#

E{AVe (A )} = E{Vel )V, (tkﬂ)} = E{AVel )2V, (tk)} = E{ﬂT & )ﬁzzn(tk )} (2-20)

13
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Hrp
=, =A" ~P +Q E,=F'P F -Q
=11 e b S ] =22 [P PR v
= T T T T ]
=
=1 AtthkHF;l( A Pf/ lrtA Atk tk+1Bt/¢ Atk lMDtA
— T T T
* =
22 F;A Bk 1Ftk F;k tk+1BfA- F;k tk+1Dtk
T T T
I, =| =* * I, P I T B TP D |.
It bt Y O™ el e
T T
* * * BP B BPD
U™ et b e
T
% % %k %k
Dtk Ul Y

£, N TR (2-14) WA RN H, TERE, RIS A %

J(tk):eT(tk+1)P e(tk+])_eT(tk)})tke(tk)+ Z e’ (s) Qe(s) - ZeT(S) Qe(s),

73]
S=tet )¢ =t

H (2-2) \I50
[/ (e(t)—(I @ )e(t )T [f (e(t,))~(I @4 Ye(t,)] <0
IR L R A1)
E{J(t)} <E {UT(tk)ﬁ,m(tk) =24, [f(e(t) =L @@ )et)]" [ (e(t,)) —( ® ¢ )e(t,)] }
F
E{II et P =y (T we )P +HE v )P )=l et )IF =77 (Il wiz, )IF +] v(tk)||2))}.
TGN A A L AT HE
E{J(t,)} <E {ﬂT(tk)ﬁm(tk) =2, [f(et) (I ® ) )e(t )] [f (e(1,))
~(I ® ¢)e(t )+ et = 7wt )P+ v(E)IF) |
B{l et)IF - 7 (I wie ) F+lv(e)IF))
=E{n" )L, |- E{l e)If = (hwie)F+1ve) )},

(2-21)

Z {J@,)} AV (t)} =B {V.(N+1)}-E {V,(0)}

" @), ()} - ZE{II e(t ) =" (hwe ) F+ v ) ],

t,=0

2B
<2.B

(2-22)
FEERXMLE (2-15) F (2-16) , HWIE FRAZLE RS

14
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E{i (eI =7 A we)IF+ () F) =77 (e (0) Qe(0) +Tmax, €' () Qe(s))}

t,=0

<E{V,(O)}-E{V,(N+])}-y’E {eT(())é,e(0)+2'maxt“g Le’(5)Qe(s) }

E{eT (0)P,e(0)+ Z e’ (S)@Se(s)}

_yZE{eT(O)é,e(0)+TmaleSKO eT(S)éze(s)}
<0.
(2-23)
KRR LB BRI (2-14) .
£ bkEsd, a7 (2-14) WA A, e, NMZiEHTZE, B
WAt B R e T HATHERE 0, T ARER T3S R AT as s s . L,
AL B2 X 25 1) TR FH A BEOR T S S 25 e R I A% Lo BT E — B (1 7 V2R 3K
TR RS
313 2.2: 451 T By > 0 FHUINBUERE Q,,Q, - 3 T Hr A I w(t, ) Fl v(t, ) I
RN IEERFEP, >0, Q >0, FFfE K, MIEFRE 2, W2 (2-15), M (2-15)

M8 115350 2 H, PEREZI A (2-14) Al

__EM M12 Mzs MM M Mm
* M, 0 A0S 0 0
oox 9.0 001 (2-24)
* * * -A,1 0 0
- s s « =y 0

| * * * * —7/21_

/\I:I:"
=Q -P -0/ +1

M, =F A(f) K, C@).M,=F_F,

M, :Pt,“lrt/(’M]S Bt M = K D(t )

’k

1 BRI, AT R K () AT P

K(t)= (2-25)

10

UEM: RPEFEFEE AN, A (2-16) :%l?

15
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M, 0 i@ 0 0]
* 0 =Q 0 0 0
* * A1 0 0 |+E. P E, <0.
* * * -1 0
| * * * —7’1
Hrp, B =[4 F T, B D)
MR & RN B, FRASE AR HAY Y
__})tln] Ptk+] Atk })tk+[ F;k })tlmrtk })tk+1 B’k P’k+15(tk )_
* M, 0 A®{ 0 0
oor 90 0 0 1<p (2-26)
* * * 4,1 0 0
* * * * 7’1 0
* * * * * —y°’I
AL, EXLK, =P K@), NER (2-26) o] LLEALN
_PzA ; M12 M13 M14 M15 Mm ]
« M, 0 A0 0 0
i e 0 0 0 <o,
S * * -1 0 0
* * * * v’ 0
* * ® * * - ;/21_

Rltt, wTRAARHH, ﬁn%‘%ﬁﬁ?—/ﬁ%ﬁﬁiktk, fEAZES (2-24) wor, MAZA
FURIEMAR . XBLTERL T UERH
SEH 2.2: Gy MUMBUEREQ (1=1,2) »  (2-13) [3h 72543 e IR

H O VEREAR (2-14) , WRAFEIE RN R ,Q MIErR A MK, , ¥ HEH
2.1 AT (2-25) FOGIEE 2.1 HRMERFEA S (2-14) L.

TEB B e, AR AR RIS SR R ET R A 5B, RATE LRI, fE
K(t)=P'K, (0513 2.1, (2-24) M e 2.1 hilA%R (2260 . A
Ja, FBREWIIRAM (2-25) , FATAMEADER 2.1 5oL, B (2-13) 3
AP TR H, PRI (2-14) o IXERSERK TIEM.

16
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VE23MEMSERENRE, B 2.1, (EETiE A RSk, dar
T (2-14) MITEHE R H, e —H o, B8, XA g XLt

FRAAEDED AR 5 K (e,) FOE HHAERE B ESRARLRE R o )i, IXEHREANGE
ABEFIUA B9 T HSRAR, DA BE AT SEs AT I/ URERE K (1) o N T JEMRIX

— PNXE, AT BB AR LR R A A AT 2R, A N BIZR AR AN S S i AT I8 5
o7 ) LB Ju B AR R A AN R S B BT HE T 51 B 2.2, ARAEIX
AGIE, EHE 2.2 WSO IHAT I st TR A 1 4LE R AT

T":.L
E

24 [EXFIRENE

FEARTTH, T T PR AR AP S 91 RALE BH AR S 5 H FRPIR S At T 5 92 (A 3%

Mo ZEH (2-1) IR EA DL S50 2 BN AR 2 4
at) 0.12 02-0.16sin(z,) 0.24
0.5 0.6 0.24-0.12cos(z) -0.52
At,)=12 )
022 0.1 0.24-0.12sin(z) -0.36
0.12 02 0.36 (1)
0.1 0 01 0
B ) 0 0.1 D) - 0 0.1
oo 01l “101 0
0.1 0 0 0.1
06 0 0 12 01 0 01 0.1
)= 06 0 06 0 Fe)= 0 01 0 0.1
K 12 0 06/ “102 02 0 0.1
0 0 06 0.6 01 0 0 0.1
01 0 02 03
T = 0.1 0.1 0 0.1
““1o 01 02 01/
0.1 0 01 0.1
Hrp

a,(t,)=042+0.32sin(z,), a,(¢,)=0.52-0.24cos(?,).

17
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AR AL [ B R PR A f (x(2,)) B

-0.4x,(t,)+0.3x,(¢,) + tanh(0.3x,(t, ))
20.1x,(1,) +0.2x,(t,)

f(x(@)) =

0.1x,(z,) +0.2x,(¢,)

0.2x,(t,) +0.1x,(t,) +0.2x,(t, ) - tanh(0.1x, (£, )

W, RESHEW, KM (2-2) AT L

[-0.5478 -1.4095 -0.8960 0.5362 -0.2751 -0.185§]
02608 1.7701 0.1352 -0.7164 22126 0.0089
e -0.0132 03255 -0.1390 -0.6556 1.5085 0.8369
" 1-0.5803 -1.1190 -1.1634 0.3144 -1.9451 -0.7223
2.1363  0.6204 1.1837 0.1068 -1.6805 -0.7215
1-0.2576  1.2698 -0.0154 1.8482 -0.5735 -0.2012
[-0.0205 0.8115 —2.4490 —0.0477 —0.9573 0.8076 |
0.2789  0.6363 0.4733  0.3793 12925  0.0412
e 1.0583  1.3101 0.1169 —0.3304 0.4409 —0.7562
106217 03271 —0.5911 -0.4999 1.2809 —0.0891
—-1.7506 —0.6730 —0.6547 —0.0360 —0.4977 —2.0089
| 0.6973  —0.1493 -1.0807 —0.1748 -1.1187 1.0839 |
EURAL PN E W

0.lexp(-0.1tk)Sin(fk)}

W) =05 {O. lcos(0.2(¢,))/ (tk)}'
0.1exp(-0.1¢,) cos(?,)

w(t,) :[ 0.1cos(0.1(2,)) / (¢,)

18
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* 2.1 2Rz

r 0

0.5369 1.0273  0.0009
-0.4301 1.1425 0.3073
0.0285 0.8662 -0.1419
0.1544 0.1602 0.2789
-0.0002 0.0002  0.9999
0.0000 -0.0000 0.0000

-0.0575 |
0.0177
0.0818
-0.1586
-0.0000
1.0000

0.5485 1.0505 0.0001
-0.4208 1.1424  0.2979
0.0278 0.8827 -0.1352
0.1452  0.1708 0.2908
-0.0002 0.0002  0.9999
0.0000 -0.0000 0.0000

-0.0690]
0.0116
0.0714
-0.1724
-0.0000
1.0000

0.5258 1.0248 0.0070
-0.4384 1.1456 0.3132
-0.0018 0.8654 -0.1191
0.1402 0.1575 0.2897
-0.0002 0.0002  0.9999
| 0.0000 -0.0000 0.0000

-0.0589
0.0187
0.0699
-0.1667
-0.0000
1.0000

0.6

-—-X

Estimation of x,

1

X, and its estimation

0 20 40 60 80
Time step

2.2 MR x, RILAN
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LRUTRRE R 22 A S

X, and its estimation

0.6

0.25

Xy and its estimation

X, and its estimation

0.2

0.15

0.1

0.05

-0.2

B 2-5 AR x, B H Al

20

- - =%,
Estimation of x,,
0 20 40 60 80 100 120
Time step
B 2-3 CIRAS x, S Ak T
- - —xy
! Estimation of x,,
I
\
1
1
L1 4
i,
1
0 20 40 60 80 100 120
Time step
) 2-4 WA x, BRI
- - .>(4
Estimation of X,
0 20 40 60 80 100 120
Time step
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02f n
=

3 0.15 ®2
=

= 0.1 By
|

o

2005

0 ot "= = S I
0 20 40 60 80 100 120

Time step
Kl 2-6 R 1P T G EL
TERI, SEIRSHIN =2, RBZEWRAKFH Y =6 YIaIRAS K IHAILEA
WA x(0) =[0.15 0.1 0.1 -0.1] M%,)=[01 0.1 01 -0.15] . &P()
HIHIGE 9 P(0)=1 . £ MATLAB ¥ R2022a £ YALMIP3.0 (3BT, it
v A AR R K (1) IS KA (Q2-26) 78 T35 2-1 H1s
iR RWE (2-2) - (2-6) . HHEAHY, FESRRE M 2 Ak
miE (2-2) - (2-5) Prow. fhittiRZEMLE (2-6) Fros. ATLMGHEER, 1
HAIRFW] T Pt 5 T8 M5 P s Al v 2 50 77 R R T IE g

25 AERLE

ASFERIE T 1 [F) I H A I i A 2 300 ) 18 O A2 FlexRay P21 H, RS Al
THR L IFH, SRgETHRRE R ARG 3R .l 5N — AT AR Ltk
BB CRATIRINARZIE R SE (2-1) Feaon kP R Gt. MAAREEEE, @7
A RN RAE 5, PERERI 70 261 BbAh, FEESLAPERISEA |, FIHIE /R
AhGI B, RGN A SR, [2) AT RN EE R, &5, EE
SEBIE I 1 BT R T B I AR Al T AR B T R A R

21
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¥ 38 ET FlexRay MEEHIETH RS EFEMIUBHEIRR

FEARTH, FAWIIT T FRP K — S8 R SEH— S8 P57 5 38 e )
B N T IR IEAE AT W XA E, R RS T S T FRP SR E(EIE,
LA JEE A Jak i ) 500 A% i U7 » FRIP 6] P b A ] f A0 U 60 24 fd KD 79 5 52
FC BRI SR BAE A 7 3R 1945 5 k. A8 ML B W AE R RS O 1, devk 7 — 4
PRLRTT B KR 1) 00 2 S 3 (RN B o RO M, AN T (6 8 1k E DL 57t o AR 70
BB e, SesREEMGRIUEBORZE T 21 _EF, SRS HE T PR M JE A 1 2 15
BN BF . BUAL, IR T UEBORZER TR S 5, MRS
D7 FSRBIERAIE T 1% 07 WA Rk

3.1 |g)FEEIA
3.1.1 BEHBENFRS

FEARTTH, HBELLUN LR S

{x(tk+1) = A(¢,)x(t,) + B(tk)w(tk) +F(1, )x(tk—r)
() =C(t)x(t,)+ Dt )v(t,) ’

(3-1)

He, x(t) eR"(k>0) RAREEEMMBIFPIRS R, y(,)eR" 2 m ME
B HOMRE . I H L we)=[w) wi) - ow )] R I
w(t,) € ([0, NLR?) BT, vi) =[v,() v.) - v,@)] R
FAEv(t,) e ([0, N; R IR (E I B 75, Gk P2 e 75 RO B0 75 1) 5 ZE R T2
IR R T B LR TUE I ESR - A(,), B(t,), F(2,),C(t,) F1 D(t,) f& AT Fe %
Y R WA MR . AN, TR XL C) 2[CT(1,).ClE) -, Ch) ] A

D(,) é':Df(tk)aDzr(tk)a'"aD,:(tk)]T o C() eR™ Al D) ERIXW(Z'ZI’Z""Sm) °
Bk 3.1: x(z,), w(t,) Flw(t, )k >0) A EIMSLH

22
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3.1.2 EHIBTET RS FlexRay 1l

— MK, FlexRay %% (BRIt FlexRay BA5 G MIMZE) H— R4
TR RIEAS A .l 3-1 A N EME R IERE A 1) Frss
Grs 20 ENAERGY: 3) FEE s LM 4) WSS A, X PYANER S (K Al
FES N R, R,, R, FAR, K~ HERABMBNSBRA, 75 & LI 8K A
P 25 2 R B TR) AR 5, 3@ m] LRSS TE, BI R, = R, =0, B4h, fEARK—ME
ISR, BAMBERR, =1(lel,...m)FIR, = m—1. IAb, Bt L4 e b

WA T | T BB RIS LA e A, I 1 K
JR,+ R+ R+ R, = mo BT, GBI T, RS A T

S3HCE R, A1 R, PR A]

7 3.0 IEWIRATHTA, HolE e a1 R TR AR R 1) AR
BRI 2) HRAMRN (RIS S LR o G, AR i (sl
AR/, ARSI A . SRTT, (A3 5R I E, FRP @ 2 450 A &
V£ 22 AT R A0 8 A5 T S ) G PP A i e B AR e, R LKA BB 1] £ s ] A
BWEATE. F3—J7 M, £ FRP T, &AMEE KRS R ] LSS 10Mbit/s,
X SRR b i A5 2k, I ELE AR50 b (R O A U ) L350 I TR e, B,
SRS AL, oy AL A et e T LA 2 o BT DL Raie, FRATTEAR
SCHHERR T AR A (R

NTRIKTIE, FliTE X

@) 2@ @'
) 2PN

YN 2, v, ), o @]

o s . (3-2)
Y (tk) = [(ylﬂ(tk)’ y1+2(tk)9 s Vi (tk)]

T E[G ), Tt s Fe)]

J_’(Z) (tk) 2 [(J_;Hl(tk )a J71+2 (tk ), T .)7m (tk)]T y

23
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Data packets
Svmbol Metwork
: ] - Window Idle Time
Static Dynamic
Segment Segment ™ b
| |
' |
| | | o |
> f, - —» [, 4+— } I R"I

P 3-1 FlexRay M4 (14514

FEE RN, fEASCF, RRP A TODP 4 5N H T B &Msh& . FA
PR, i 3-1 Pros, A AEER Y, HRER K R, AT RRP,
SRIGLEIS A R, TR AT TODP. Bh4h, 25 8 0N &S 5 1A [F) 208 1A [ S
IPEEESR, JET RRP W B 7 2 m SE o &, 12T TODP i B2 U 5 22
by & . EAKR BRI T, AR E RRP I Z p(e,) BT D0 &
¥ () eR', FFHH TODP 24k y(r,) MHER m—1 4505 y D (1) e R o Ik,
B 3(e,) 2 M AR AR R, 3 30 @) R 3P (e,) 4 M F R B RRP A
TODP K 2% i J I Bl . SRR, ¢ (8w, ) I T3RIRTER
] 7, AT RRP (5 TODP) 1 In] B A% S PR (% I8 5 A, A2 AR AL BR AT LA
AR LA LU ER i E

3) RRP: ‘B P T I [B) (i I B S, e AR Aot el DA A e

UES B

<, émod(%,ljﬂ, (3-3)
H g, el 21,2,.,0. M (3-5) HATLAEH, FERfTE s, B FmMARN, R
A () KTy, BEH, I H y() AR B BE D 0.

4) TODP: ‘& —METH MR HEERE, WYL R F il
e

m, =max ., (57 ) 0,)57 @), (3-4)

,,,,,
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H b opgelt,2l+lL..om 1 Q@)iel,) 4 H T FE & B M . W
7202 v 0@)-7, -1, STFENRFEE, 3,000 l,) iTURR NI
=

y[(tk) aﬁn%l:ﬂk
¥t SHERL

TEVEARMERE T FRP B3R 5, FA TR AL B BN A2 RS FlexRay 845 Fr i1
TEANBCERAL, AR5 BT — N 26T FRP PIRES A 11-25
51 ¥ 3.1: #%JE%] RRP MM (3-4) Al TODP ¥ (3-5) , y(z,) "TLAFRIR N

y:(4) ={ (3-5)

()= é(tk )x(t,)+ D(tk W) +71, - q)u,k )f(z)(tk_]), (3-6)
Hd, StFi=l+l-m, j=2,-,0 K r=1L-1.

721,00 0]

IZ £ I:Olz(m—l)’l(m—l)X(m—l)]T
Ct)2T,C(t)+1I,C(t,)
D(t,)2Z,D(t,)+ZT, D(t,)

Ca) [l Clw)],
D) 2[ D] ) )],
C(t,) 2 o, é(zk), D(t,) % ®, b(tk)

T

C(tk) = I:Clyjrl (tk )’ ) C’:(tk )](mfl)x(n)

T

D(tk) = I:DIY;I (tk ), e aDnt (tk)](m—l)x(v)
CDMk = col{o(l+ I=p, ), --,0(m—p, )}
WERH: #R4E RRP (3-4) , 3, ) WTEAHEA
() = Clt)x(t) + Dt )v(E,), 3-7)
J+H, #7F TODP (3-5)
)_’(2)(tk+1) = CDy[ky(Z) (tk)+(1_q)/t,k ))7(2)(11671)
= C(t)x(t,) + Dt v(t)+ (=@, )7, ),

M (3-8)F1 (3-9)R] LLTE#EHE H,

(3-8)

25
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)_/(lk) = 11)7(])(tk)+12)_’(2)(tk)- (3-9)
3.2 EF FlexRay Wil BOiEH 231% it
32.1 GEKBH R

FEATATH, A TAREH (3-7) PR RS RIS SRR 72 ¢, ), G
T RGERE X @) HRE 7O ¢ ) T RARS, R PR:

(3-10)

{mﬂ) = A(t,)%(t,) + Bt )w(t,) + F(2,)%(t,_ )
y(t,) = C(t,)x(t,) + D(t,)Wt,) ’

IE4h,

T
]

1) 2 [ x) " TP@) ] ) }

W(tk)é{v(t)

E(zk)érl(tk) / } E(zk)é{B(’k) ! }
c) U-@,) 0 D)
Ct) 2| Ca) LU-®,)], D20 D) ]
F(t,) = diag{F (¢,),0}.
VLR R 5 MR KT B A R SRR A o AR, FRATIE FH 98
Bee BA LU S8
R(t,.)) = AW)RE) + K)o () = Cu)FE)N + F1)3(, ), (3-11)
Hr, 2(2,) e R 2 %(@t,) BPIRESATE, K(2,) e R 2B IR 8 S50
I HIEP B IWIIA A B BN 2(t,) = B{E(Z,)} » WHIEE o(): R” > R" #5I N,
o(g)2[o(g) o(g) - o],
Hor
o(g,) = sign(g,)min{g, .../ & [}, (3-12)
sign() TR KB, AR g, L oeCRE g, B NITR,
R4 (3-10) A1 (3-11) , fHitaRiRZE et,) =5(¢,) - %(,) » HAMIRZED)

J1%:

26



TR R A 18 5

elt,..,) = At )e(t,) + B(t,)w(t,) + F(t)et, )~ K (t,)C(t,) = K (1)o(C(1,).  (3-13)
Hor
C(t,) 2 C(t)e(t,) + D(t,)w(t,).

AR R 1AABIEGRE N 2 P(,) = Ble(,)e (4,)} I—A R 5t
E(t,) 2 RBATEMIER AN K (¢,) » % AR ER) /Do

B3 3.2: [43)0 THEME A= A" >0 MR E 6, (4) = ¢ (4) . B

¢.(4) < ¢, (B),VA<B,
E IR T
Wer =0, Vi =6 Vi), W, =V,

W RV, IRV, <W,,,

B, BATHCt,) ES R col{C,(t,),Cy(t,), -, C, ()} » e C () ZCE,) i
ANLE. H (3-12) A/

Cz(tk) ,ﬁD%|Q(tk)|S gi,max
Slgn(cz (tk ))gi,max ’ﬁéh‘g‘lﬁé%

Bk, B SIANRA LR AC,) -

o (G(t)) = {

<
Ma.b)= {? :ﬁiiﬁrfi.
a(C(t,)) 7T LABUE B
o (C(4)) == A C (1)1, & max NG (6) + A Ct) |; & 1 )SIZ(C (1)) &
BEAh, AR %L o (C(1,)) AT LS
o(C(t,)) =1 = A@,))C(t,) + At L(t,). (3-14)
Horp

A() 2 diag{A( G 81 )s AU C T 18 m)s s AU Cu (B s )
L(t,) = col{sign(C, (4D & x> SIZHC(ENE s s > SIZUC,(6))€,0 )
i (3-14) , JEPERZE (3-13) ATLLE R
ety ) = Alte(t,) + Bl )w(t,) + F(t)e(t, )
+K (t,)A(t,)C(t,)e(t,)— K (t,)A(t,)L(z,) (3-15)
+K (t,)A(t,)C(t,)W(t,),
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Hor
A2 At)-K(t,)C(t,), B2 B(1,)-K(t,)D(t,).
RIE (3-15) , (ERSEHE 3.1 1, AR S T IR E ) 21 |
FEL,) -
EH 3.0: 2 IEH e (t,)0=1,2,---,13) o WERLLFHFE

E(t,.) = 1,6 )AWC)E@) AT (1) +1,(6) B )W (8,) B (1,)
+1, (4 F (13, _)F' (1)
+17, ) K G)AE)IACE)EW)CT @)K (1) (3-16)
+75 (1)K (L )N ) Dt W (£,) D" (t )} K ' (t,)
+1, (6, )m&K ()K" (1,),

nl(tk)é]+g](tk)+g2(tk)+g3(tk)+84(tk)
n,(t) = 1+e,(t,)+e,(t,)+& (1)
nj(tk)é]+g;1(tk)+g8(tk)+89(tk)+glo(tk)
n,(t)E1+e (t) +e;'(t) +e; ' (t,) +e, ) +e,(t,)
nj(tk)é1+53"’(tk)+56‘1(tk)+89_1(tk)+g]_,](tk)+5,3(tk)
n,t)E1+e () +e () +e,) () +e) ) +e (1)
EVIREME(@,) = P(t,) » FAE—DNIEEMRE,.,)  ERIENIRE P(,.,) 1
o E ERE,) -
WEBH: M(3-15)

P(t,.)) = A@t)Pt)A"(t,) + Bt BOwie W' (1,)1B7(t,)
+F(t,)P(t,_)F"(t,)- K(t,)C(t,)
+B{K (1) A)C(t et e (t,)CT (L)AL )K T (t,)}
+E{K(1,)A () D )w(t,)w' ()DL )Nt K (1,)}
+E{K (6)A @) L)L ()N (1)K (1)} (3-17)
+7,(t)+ 7] @)+ 7, ) + 75 (0)+75) + 75 (1)
—7, ) =y, )+ 75t ) +7{ (1) +ys(t)+ 75 (1)
—7, ) =77 () + 75t ) + 75 (G + 7, () + 74 (2,)
V106 =70 @)+ 7, )+ 7 @) =7 @) =7 h @) = 75E) = 758,
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¥, (6) 2 ELA et e’ (1, )F (1)}
7.() = E{A(t, )e(t, )eT(tk )éT(tk ) AT(tk )KT(tk )}
¥3(t) 2 ELAG@ et )W (1)DT () A (1)K (1)}

V(1) 2 B{LA@ et )L (t) A (t)K " (1)}

7s(t) = E{B(tk )W(tk)eT(tk)éT(tk)AT(tk )KT(tk )}

75 (t) 2 BBt )w(t)w' (t,)D" ()N ()K" (1)}

¥ (t) 2 BBt )Wt )L (1) A (1)K (1)}

ys(t) ER{F(te(t, e (t)CT ()N (KT (1)}

7,(t) 2 BF(t )e(t,_ )W (t,)D (t,) A (1)K (1,)}

V10(t) 2 BAF (1)e(t, NI (1) AT (1)K ()}

70t EEK () AE)C(t)et)w" t,)D ()N (1)K (1)}
V() 2 BK () A )C (et )L (¢ )Nt )KT (1)}
7,5(6) B (1, ) At ) Dt et )L (1) AT (1)K " (8,)}-

MYEAENX ab” +ba" <gaa” +ebb” (Ferh o b ZEHHIYERED) , A

(ﬁ%

Yo(t)+ 79T () <&, )E{F_(tk )P(, 71)F_T (2}
+&," (L )BLK (6 )A(6) Dt )w(t, )W (6,)D" (t )N (1)K (1,)}
~V10(t) = 71T0 (L) <&, (tk)E{F_(tk )P(t, —T)FTT ()}
+&5, (L) BAK (1 )A () L(t, )L (t)A (1)K (1)}
Vi) + 75t <&, GOBIK )AE)C@ et e t)CT ()N (¢ )K (1)}
+&;; (t)EAK (t)A(,) Dt )Wt )W (t)D" (L )N (t)K" (¢,)}
7 (6) =75 (6) < £, G BEK )AE)C@ et )e” 1,)CT ()N (1)K (1)}
+&,, (L) BAK (1) At ) L(t, )L (t)A (1)K (1)}
—75(t) =71t < &5 GO BK A ) D)WW ()DL )A )K" (t,)}
+g;31 (E)BAK (2, )A (8 ) LAz, )L (%, JAT (%, )K" (£}

IR 3.1, FIEBw, V' (1)} =B )w' () =0, It HIBEE

= W(tk ),

B (1)} =E{W(rk)w%k> w(tk)vr(tk)}}

VW' () vtV (t,)

WAL EE, A
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E{K(tk)A(tk)é(tk)e(tk)eT(tk)éT(tk)AT(tk)KT(tk)}
<K (1 )E{r{AG, )é(tk Je(t, )er(tk)ér(tk )Ar(tk)}]}KT(tk)
< K(z, )tr{E{é(tk Ye(t, )eT(tk)éT(tk)} }IKT(tk)
= K(t,)tr{C(t,)P(e,)CT (¢ )HK T (2,).
[FFE, WA
E{K (6,)A(t,)D(t, )w(t, )w' (t,)D" (t, )AT (6 )K" (1,)}
< K(t )B{tr{A () D(t )w(t, ) w" (t)D (L )N MK (1)
< K (t)r{B{D(t, )w(t,)w" (t,)D" (t,)} HK ' (t,)
=K(z, )tr{D(tk )E{"_V(tk)wr (% )DT ) }IKT (%)
F

BAK (1) At ) L(t, )L (t)A" (1)K " (1)}
< K@t )E{tr{A L)L (t)A ) K (1)
< K (8 )ir{BAL(Z, )LT(tk)} }]KT(tk ),

R4 L(t,) BIE XL, f71E
EB{L(t, )L (1)} <B{r{L(t, )L (1)} 1} =51,
B,

E{K (t, )AL )L (¢ )A (1)K (1)}
< K(tk )E{t’”{L(tk )LT(tk )} }IKT(tk)
<K(t,)mGIK"(t,)=m&K(t,)K'(t,).
EIL P B, AT LA SNIE
P(t,,)) <n,(t )AL )PE) A (1) +n, () B )W (t,)B'(t,)
+1,(t, )F(t,)P(t,_)F' (t,)
+17,(t)K (6 YA )r{C(t ) P(t,)C () K (t,)
1t VKt )AE)tr{D W (t,)D"(t,)} IK " (t,)
+1 (tk )mEK(tk )KT(tk ).

(3-18)

Hr (3-16) - (3-18) MW KM 2@, =P(t,) - H 513 32 FR N

E(tkﬂ) < P(tk+1) °

W 3.1 BERIE R, BATRAAERE A Eie, B8 7 EARE@e) . T

SR 3.2 A RATIAI P8I A48 25 K (¢,) X B 5t 2, ) #H4T B/ MEALEE

EH 3.2 W —ANIEE e )i=12,-,13), WK REDHTZEZK LRN
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2(t,.,) » Wi K@) 15 2@,) /M.
K(tk) = ®(tk )H_J (tk ), (3-19)

T1(4,) 2 7,(6,)C(t)E(,)CT (1) + 1, (1, ) D)W (£,)D” (t,)
+17,(t {CU)EW)CT ()M +1, ) tr{ D)W (1, ) D" (¢,)}
+n,(t,)mol

O(t,) £ n,(t) At)E)C (1) +n,(t,) Bt )W (t,)D" (¢,)
+1,(t)F (t)EW,_)F (1)

EEM 3N HEE T n@)i=12,--,6) . $4t, i LT AT LRSS P(2,)

g/ Bt
E(t,,) =—0(, )}T’(tk )e’ (fk) +17, (tk)Zl(tk_)E(tk)éT (tkz (3-20)
+1,(E) B (0)D" (1) + 1,8, )F ()2, )F" (1,).
EBE 1E (3-16) IR ZE T Z R ER2(e,,) WTRLS Rk

E(tk+l) =n, (tk)/vl(tk )E(tk)/IT(tk) +1, (tk )K(tk)cv(tk )E(tk)CVT(tk)KT(tk)
—,(t ) At )EE)CT )K (1) —1,(t)K(t,)C(t)E()AT(t,)

+17, (6 ) B (1) B (6,) + 1, (t)K (6, ) D(t, )W (1,) D (6 )K" (1,)
—1,(t K () D)W (t,)B" (t,) =1, (1) B )W (1,)D" (1)

+17,(t ) F (L )E(t,_)F (1) +1,(t ) Kt )tr{Ct)E)CT t)HK (8,)
+1,t VK@) {D )W (¢t )D" (t )UK (t,) +n,t)mcK(t)K' (t,)
= K(t)I( )K" (t,) - 0K (1)~ K ()0 (t,)

+17,(t) At)EW) AT (1) +n, (L) B )W (t,)B" (¢,)

+1,(t)F (E)EW,_)F (1)

= (K(t,) = O )T (t, DI, )(K () - Ot )T (1,))

—O(t )T (1)07 (1,) + 7,(t,) At )E(t, ) A" (1)

+17,t)BU W ()BT () + 13t ) F (1 )2, _)F (1,).

T T > 0 FRATHE 4 I B A N O )T (1) - 1R4E (3-20) 4
S MBI R DT 21 LR EG,,,) -

3.3 BEIRENRAMESH

AT, AT VISR R ES 1A T A LT E X

31



TR R A 18 5

FEX3.0: ST P>0,0>0M0<v <1,

LIPS
E{l £} < gB{ E@)IP v + o,

XFHTA k>0 8K, WV £@¢,) 27BN ZI 3 .
DA RGO O 25 R HE 2B 00 B 2L
B 3.2: WTFRTHE k>0, e &M
I Azl <@, I <Ct)C'(t,)<él,
B’ I<B()B (t,)<b’I, fI<SF(t)F (t)<[fI,
d’I1<D@)D"(t,)<d’I, ol <W(t,)< dl,
pI <E(t,)<pl, w=wt,).

HhafMf<i, b, b, ¢, ¢, d, d, f, @, @, p, pRIEFH.

B 3.3: XTSRS (3-9) o R 3-2 or, MJER R

E IR T B R 1.
WEBH: B, MEHIRZE (3-13) AL

e(t,,,) = A(t,)e(t,) +u(t,) +q(t,) +r(t,),

Hrp
q(t,) 2 B(t)w(t, ), u(t,) = —K(t)o(C@))s r(t,) 2 F(tk Ye(t, )

AR 3.2 1 (3-19) , RIHE
K@< 7, A)EE)CT ()W, )CE)EECT ()]
+Hl 772(t )B(t W (t,)D" (&) kI, (1) D(t )W (t,)D" (£,)) 7l

(e Fol_p
l_ac od

IR R R o () (058 L, FA1432
E{o(C(t,))o" (Ct) ) <B{tr (a(Ct,)a" (C(t) J
< E{[gl,max gZ,max o gm,max:H:gl,max gZ,max

=ol.

A, MHEREZRZE 1 1 5 vT LA
E{u (G u(t,)} < E{O' (C(¢, ))KT (LKt )o(Ce )Y (@)

32
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= tr{K (t,) B{o(C(t))o" (CA )K" ()}

<mck’=u,
F

E{qr(tk)q(tk)} SE{WT(tk))gr(tk)g(tk)w(tk))}
= tr{B(t, ) B{w(t )W (1)} B (1,)}
<(bm+m)b’ =7.

R R, B UL N EAH 1

W(t,,,) = AP () A (1) +BE,)W(4)B" (t)+ F(t)¥(,_)F ) +xI  (3-21)
W(t,) BFIVIERAE N

¥(t,) = B(t,W(t,)B" (t,)+«I,
H x>0 &g, CIREZHH
e, <A )PP eI B W 1)B” @) Fe )P, )F" @)+«
<@’ e )l+b’o+ fPP(,_)+x,

I FREATIRAR, AT RAAR 2

_ _ k—1 )
Tl <@ I we)ll+ 221w )l+ G’ o+x)) a™.
i=0

WY 3.2, BiVMmiEo<a’ <1, 0<f?<1, Hit

Y, <2l ‘P(t(,)||+(l;za_)+1<)§:(72" =2 lIf(z,,)||+b1“_’—f2", (3-22)
i=0 —a
wa N (3-21) 53
Y(t,)>«xl, (3-23)

BT (3-22) M (3-23) , HAVAEAFAE R EY , 3l <V )<wIXNT k>0
HEM.
WEV, (et) 2’ )P (t)e(t,) . WTALELFEp, RITE
E, (e(t.. ) et )} =+ p)V,(e(t,)) =E {(J(tk)e(tk) +u(t) +q(t) +r(t) "
<P (1, A e(t) +ult,) + q(t)+ (1) }— (I+ pV,(e(t,))
<1+ p)Ble" (1, )(AT (¢ )Y (¢, ) A(t,) (3-24)
_\P_I(tk ))e(tk)} +(1+ p_I)E{”T(tk )\P_] (tk +1)”(tk)}

+Blg" (1) (1, gt} + B @) (8, )r (1)),
33
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I FHAERE 51 3, T LI HENT H
;IT (tk)\yil (tk+1);1(tk) - \Pd (tk)
= A7 (1) (A )P @) A (1) + B )W (1)B" (0)+F ()P (e, )F 1)+ o ) At)-¥ *(t,)

=~ (W) + ) AW BUIW ()BT () +Ft )P ) 1)+ 97 A@)P() )

=~ (14 A7) BUIW (1) BT (6) +F (1) ¥ (6, _)F (1) + %) 7 A1) ¥(t,) ) W7 (1)

s-[l+ a'y ]‘P‘](tk). (3-25)

g (3-24) F1(3-25) , BATTATLLIES: H

BV (et..) [et)} =+ p)Vi(e(,))

u+m£ EWZJ V,(elt,)
K

bo+f
+(1+p’1):+ g+r
K

IR AT AR I

E{V, (e(,,)) [e(t)} < Vi (e(t))) +<. (3-26)
Hp

zé—u+m( il J T
b'w+ J: K

B, WAHFAE p>0, 15 ye(0,1) - AL, M (3-26) HHATLUE H:

— k
E{l e(z,, )P} < EB{l e(t)Fy 7 + 67y
K i=0

IA
% IS| x |*$|

E{l e(t)P3 " +cw D 4
i=0

E{l et} ' + ]gl//

WRYEE 3.1, JEBORE e(r,) RIITTHaECA F A .

34 HEXFEENE

34



TR R A 18 5

AT, G T B RGEREES T, SIERT R TR 2. %
JEA NI E BN i R 48 (3-1)

a,(t,) 0.12  0.2-0.1sin(z,) 0.24
0.5 0.6 0.24-0.12cos(,) -0.52

At,)=0.8 .
0.62 0.1 0.24-0.12sin(z,) -0.42
-0.62 0.78 0.73 a,(t,)
09 0.8 7sin(t,) 0
0.9 0.7 0 3sin(¢,)
B(tk) = s D(tk) = .
0.8 0.9 4sin(t,) 0
0.8 0.9 0 6sin(?,)
7sin(t, ) 5 4 7sin(t, )
2 9sin(¢ 5 Tcos(t
- (1) (t)

3 Scos(t,) 6sin(t,) 2
2 4cos(t,) 4 5sin(t,)

0.1 0.1 0 0.1
F(t,) = 0 01 0 0.1 ,

0.1 0.1 0 0.1

0.1 0 0 0.1

7N I:':l
a,(t, )=0.24+0.12sin(z,) , a,(t,)=0.52-0.18cos(t,),
WA NN

0.14exp(-0.1¢, )sin(z, ) 0.1c0s(0.2(,)/(t,)
w(t,) = » o v(t,)=0.14 .
0.14exp(-0.1¢, )cos(?,) 0.1cos(0.1(£,))/(2,)
0.3
0.25 + i l)l;slimalion from the proposed filter | 4
0.2 |
% 0.15 |
E
g 0.1
E‘_ 0.05 |
ol
-0.05 1
-0.1 : g : 5 g g g
0 10 20 30 40 50 60 70 80

Time step
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X, and its estimation

0.25 H

Xy and its estimation

X, and its estimation

0.3

0.2 H

0.15

0.1

0.05

K 3-2 RZS x, AL T

04

03[

02

---X

2
Estimation from the proposed filter | |

10

20 30 40 50 60 70 80
Time step

K 3-3 IRA x, S AL T

---X

3
Estimation from the proposed filter | 7|

20 30 40 50 60 70 80
Time step

13-4 RS x; S AT

0.5

04

0.3

0.2

—-—— X

4
Estimation from the proposed filter | 4

20 30 40 50 60 70 80
Time step

36



TR R A 18 5

& 3-5 JIRAS x, LHAL T

o
5
o

&
i

®© ® O O
o

the norm of sqrt
o
o
(6]

o

Time step

K 3-6 flithiRZe,, e,, e fle, T %E
TERUF, SRS =2, HESHK TR g, =[24 16 23 21] . %
BhOR A K R EE A A, 4 B x(©0)=[0.1 015 0.1 -0.1]" A
%@)=[0.1 015 0.1 -0.15] . ¥ P@) I W W H A PO)=1 . T
MATLAB.R2022a 1 YALMIP3.0 [N#EBIR, K(r,) @ik (3-19) 1530,

EERINE (3-2) - (3-6) Fian. B AL, ESORASH ik & A5
ik (3-2) - (3-5) Fiose fiHRZEWFRIMZL A (3-6) Frac. LIS H 45
W, B RARIL T B i i3 T IS e Bk i ok .

3.5 AERLE

AREEREFE T AT I (1) B U AE FlexRay 2% 47157 4 b HE S8 I v . @i
FEPEPA T GIN—SHr VAT R 25, oh & AR AT A AR AR P . AT LA R
FATHIE, FlexRay [ LRI Ada (¥ R G PEA AR AT B2 4T, P i
FHE IR DU HEPERT S MORIE T IEB AR IITERE . AL, TEW T et ey %
AR
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FA4E LDEERE

4.1 B&

AL EWT T 1 P 45 DS 0 2 A T O i 2R 8 AR IR A A 10 e
SRS LLR PSS LT FRP WU ARZRYER i RS APIRSAG T 1A 2.0 T FRP
PRI RRF 7 28 278 10 00 58 S 5 400 1) 8 1
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