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Abstract: Information security of the steer-by-wire vehicle means protecting the steering instructions of electrical
signal transmission from threats, interference and destruction. In recent years, intelligent connected vehicles related to
information security have been seriously threatened by hackers. Thus, information security is one of vital issues for steer-
by-wire vehicle systems. This paper presents a tube model predictive control scheme for a 4-wheel steer-by-wire vehicle,
in which the event-triggered strategy is adopted in order to prevent potential opponents from attacking and ensure the
information security. This scheme uses event trigger control to select control channels, and provides sufficient conditions
for power exponential stability according to the Lyapunov stability theory, then designs event trigger conditions. In
addition, the model predictive control is used to predict the future dynamic information in order to ensure the safe driving
of the vehicle under the attack of potential opponents. Simulation results show that the proposed scheme is capable to
deal with hacking attacks.

Keywords: information security; steer-by-wire; event-triggered; attacking by hacker; Lyapunov stability

5 =

.

DOI: 10.13195/j.kzyjc.2019.0552

IR AR AE AR N SR A7 22459 50 0 58 4, A7)
A6 v o A DA . BRARVR R A A N K
KT 2 AH R, R RTINS A kAR, Bl 2 TR
A 2 N BT TR = 4 220 OGP R4 AT Bk 22 4
TR 2R3 R 1 1) RS2 3] 1 32 RS Y58 4%
] (four wheel steering, 4WS) VX4 H T HE & 55 AT
PAZ 5 323 %% m] (A0 35, 4615 FL Re A AR 47 b 56 ik
PREFFIRG E PRI, R AR E S A E HE

Yk BEA: 2019-04-28; 1&[E HHEA: 2019-08-27.

N T i R R IR I R R ), B A i 1)
(steering by wire, SBW) #7 A Bz 1fij 421691, 45 4% 4% ]
B G (0] 1R ARG R0 1) AT DAL I AT S BRI
YRR, e 1n) 1 A A T8 LS T B AT AR, — B
P 0 1) R 4 H e, 2 R R R £ e m e 00, 5
Rz EbrRg Re BRI A KBTS
HH A% R IR AE BN RR AT HEAT B 1 B b, IR T
A28 7 Bty = A 20N A A 3R R R G T

HE4WH: EXARRFHESETH (61573165,61520106008, 61790564, 6171101085, 61603147, 61790561).

RERZE: .

Tl IAA/EH. E-mail: shuyou@jlu.edu.cn.



%113

TFHA F: RI=HQ R L INE Lxbi4H 2415

% BEATREW L S E AT B VR R RN 4 B R R
I, ] L gss ) 07 1) i, 725 Bk 53 018 an T R AR T G
TEBCR R AT BOIRES, B RE MO E H T2 2 R
P B 012,

xR BE 5AE LA 7 10) R G P AR I ] RS2 B
TP B i, AN B IR H AR H, AT T B R 2
A i) L AR SR T A R DU R ) A
59 2% 0 Y FOTIN A28 1] SIS, AR TR 4 5 1) 32 3 1
H A S TC T I T W 1) 22 4 ) . SR FH A S A f
R RR B e At 4 ) SR, L SIS B A DL T
L A% R N FRAR 22 R AS BRER. 8 S50 ik A 2
K VB2 ARSI (RIR 28 KT Bl S5 T AN T8 e e 1Y
B AE 9 — AT, A AR SR R A e o % e A R s
TR 2 ROFAR AR AL G (1 I ) fish % 4% 1) & G
RN AE 5 3 AT 8 I SRR, I8 WS 4= S
U= W 2R Gt 2 B B I, K F AT AT IS S S
YER B R G, il 245 22952 BIME BBGEH I 7 AL 1
LA, RS T B E LAY, TR
S5 T ORI TE BRAE BT R R B R A ) DL K
HAAR PRI BT TR 5P IR, i s ERIE
P S A R
1 —HHEEFELY

VU 3= 3h % [0V 4 138 BIPIR A AT O (0 4 £
A% A7 3 FE P AN B B S RO AT R R BRI
R T P AT AT T of J5 o )l 7 ARG 435 £ 3 P52 ) G A
FAE K. 250 2 W, 7E 1E 5 42 TN/ IR 7] 4 2
N, E R AR AT e A% o4 e e B 2R ) S B
)RR St = H R R A A AT T A b a4
VU565 0] A B ARG e 1R O T @ SL R — H
JEE 2RI 5 S RN B ) R G R SR R S T e
IR AN i 8 2 fa AR D N RO 4R R S i AT
JE I AZ 21 PR ZE R ) I B2 /N T 0.4 B IR 50 BR 48 T
VEAE— AN LA VG ] N5 200 23 SBT3/ FH . AR 2 it
R AT T AR B ) RS Dy

mu(B +7) = Fy + F,,
L% = aF; — OF,.

TR F IR FC BR R TAEFE LR MEVE I P9 2640 1, Re ia )
1) 3 5 50 a0 O A AT DA AU 2t 5 2R, B

Fy =ksBy, Fr = ke 2

H 2490 ) AT A5 1 7T R
{Bf = B +ay/v—dy,
Br=B—by/v—d,.

ey

3)

K@) M @) AR (1), 771200
mu(f +7) =
—(ky + kr)B —
L=

—(aky + bk,)B —

ks — bk,
a4 fU v—i—kféf—i—krér,

M’y + aks8; — bk,5,.
)
rma v By SRR HEZE R A FUREE 1
2R R O WU F6 R 2E I BE ARy F Lo as
bAY BT RO 7. JRAE IO 1 F7 S8 0
B  E ALBA0 S B B0 BUR BB B ey
b S BRI IR BRI, B+ 5, 5 B I 46 B
11,576, ST BIARIR LR AR
SEBRHEL T, G T G 22 SIS TRk
BBV RIT RN, T € R2<2 N4
St AT ST I I
lul < ¢. )
e o R M EE AR
I 0 1 L B 9 R e R AT
Bl =[5 AT MBI R A0 A, B
w= 8y 6T IR s BB A 1y
RYHH. By =[5 4)" KR @) TR 2
JEak A7

i = Az + Bu+B,w,
(6)
y=Cz.
/\l:;:l
A:
—(kg + k) bk, — aky .
a1 aiz muv mu?
= 9 9 , (D
asy Ao bk, —aky  a’ky + bk,
I, Lo
' Ky ok
bi1 b
p_ |0 b e mw 7 @)
D21 b22 aky bk
. L
_ 1
10 — 0
C= , By = "™ {]. ©
01 0 '

ARSI H AR AEAFAE SN TP AL A VLA
TH UL, 8 2 12 4 R B 45 3 (X K, 44 PRI [R] (1
RAR B R LRI ATy AT LI R i T A4 ) s A 4 A
PREZZSE NI,



2416 # % 5 x K %34 %
2 BEEHRRERES i, = Ay + Botie. (13)
2.1 =He) s e
W 1R, &5 A PTG R 1 g g i 4% \ 1 0 ks
A HE 1. A= "7 | B=|7]. a9
0 —— En
b kh:;.ﬂ. (15)
BgEE . , *‘i’ 1+kv? L

Toifi

,4*
i U
W

e
HIE G

El1 BEAMERENNEITERIESIERE
N T SRBUR IS S U R A0 22 B 25 51, 7
BNV B 1) 12 S AR S AT 1, FE RS
()45 A Fe 0E T AN F2 B 22 4 2. SR A S R0 3 A
DRI N, A5 2R AP B A% SIS R P 75 1A Co 00 4 £
VR A T 2. 25 o) 45 T T 054 Al 8 AT B A 42 ) 4%
ZHL RS, It 4 o) b SR FH T B A o, S A ) R
FH F00 47 1) SR 2 1) A N o EE R A SR N A
BAGHE AN we 8 1, AT
U=Uf + Ue. (10)
22 BESERD
IREVR L3 1 2 B, B S AL IR AL
BN —A> RASCT TS S NIV RS B AT 2R,
RE M I 22 00 1 o P e T A R, PRy BEAR S 25 ST
PR HH P 2 ARURE 32 A T e o 2 A AR R O R
P, FARUSTCo 100 i £ S I A AT T A E 1,
AP AR 2 25 S [ 2 () o P T DA SR 2 A AR )
) RE . TR AR A 0l B2y, U B AR R4 A

5 PRAR RO R i 2
1
e
L(1-kv?) 1+m7s

ﬁ¢m::%(%—%)ﬁﬁ$%%ﬁﬂ¥wﬁ%
T B B, A SO 2.69 o % Sy AR 26 R 0B 6
K fi1; my S ER A I %6 B, ASCER 0.1, 2 8 M
AR L 46, 47

ks g0 (12)

= 1+ 73s !
Horr: kg i g, 76 BRARAE LN HAE AT DO O, A
N kg = 0; 75 9 B AN i £ 91 S8 I T 5 480, A SCHK
0.1.
16 FC PR AR JoT 0o 0 i A 5 BRAR B AR AR
NREE Rz, = [ |7 RIETR L M v
ue = 0%, AT LG B S H A AR A 22 A A 50

5. (11)

23 HIRIEHIERIEIT
HIT P47 i) B T S TS 2 ). T U T S YA 4 o
Al SR T T SR 4 38 T % 1) it A5 L MR AR 2 1)
G RE B E R RS, T EAURE E s s S 4
T % 1 26 T R B AT S R AR, ST H bR
1R R
X B ZE AR AS A (RIS A (6) 3R AT 37 oy By
A i, 15 21 5 22 0 L PR A% 166 bR HOAR Y
G=C(sI - A 'B. (16)
Hor: T8 B BAr B, s 95270 5. T B o 4% ) 2%
Cy(s) T BB R EH A& FRIE ZH i EE
AR Y B A5 v . 25 2 2 AR (1) FE AR 2 28 e 8
— 2 B 2 R K R
p 1 . (17)

GCf~5;§:xC:

*

5 2 5 4 T ) e T DA 3 R
(1) (1) FI(16) fRA (17), 1551

Cy =
Izvs—i—aka—i—'uz v 1
vkyL L(1—kv?) 1475
—Ivs — bk, L + amv? v 1
vkyL L(1—kv?) 1475
(18)
RIS SN IR E SR IL TP
Uf:Cf-(S;kc. (19)
T B O FES 4% 1) 7 1 HI KRR IS 20 K P00 R SR L

AN Z 3 B R AE 2L A
Ay (klk) = [67(K[k); 63 (k + 1|k); 0% (k + 2[k); - - ;
07(k+ Le — 1]k); 67(k + Lc|k)].  (20)
$ 30(20) AN (19), AT AT H AR L AN 21
i J5 e e A s N P 3
Up(klk) = [ug(k|k); up (k4 1|k); up(k + 2|k); -+ 5
wp(k+ Lo — 1|k);up(k + Le|k)].  (21)
Mt RENS 15 3] 2 DI R Uy, — B i R
wyp B T AE AR IR B 5 T S Z R B AR 2



%113

TFHA F: RI=HQ R L INE Lxbi4H 2417

RS B, I LR ) 2 P42 ] R e 5y 42
5% 2 Bk Jm A e s A 5
24 FUMIEHIERRT
BEUE TN 42 8] 25 1K) H 0 A ORAIE 45593 5 o 001 i
SR D9 O A [0 P A5 4 500 1) ST o A 8 A 0 2 BB
REURR A2 A T 52 A AR A, T FRATE 22 54T Bl AR €.
ESURE RGREL &

xe—x—xc—lﬁﬁil, (22)
Y=

MR Z RGN N
Te =T — T, =

(Az + Bu + Byw) — (Ao + Bou).  (23)
=0 (17) A1 (19) 7T %0

G-up = .. (24)

30 (16) RN (24), HREAT hr W iz i AR e ] LLAS 5]

. = Aw. + Buy. (25)

$20(25) FT(13) 4R (23), 7T BAFS 2R Z2 BREIR S T
FERI TR
z. = Az, + Bu, + B,w. (26)
B RE RS (26) 4 X R 50

{i@—Axg+Bu&
27)
j = C..
PERFEWF TR 6, HAE N 0.1s, BB 4 X R4, 153
24 G O T
{%m+u@—Aﬂumm+Bwakm,
y(klk) = Caze(K|k),
HoAt Ay By~ Cq 70 N E B G ) R GERE R N4
HAERE. Rk R REESE KN L.,
KN L, WAL, 5 L, BUEFI N 10. & L L,
b ERCIE= v D PN 1k <]
y(k + 1[k)
det | Uk +2[k)

(28)

Yk +1]k) & , (29)
y(k + Lp|k)
tc(kk)
o (k + 1]k

U, (k|k) & u<-|) (30)

e (k + Lo — 1]k)
KT 5 RS IR X
Y (k+1|k) = SpZe(klk) + Sy Ue(K|K). (31)

% JE B A HIER H AR R ER B RE 0, A IR L) H AR
PRHOE (P21 0y

J =LY (k + k)P + | CU(KR)P. (32)
FHorp 1, AL, 20 30 9t ] A BB RS, BAT

[ CaA
CuA2
S:L‘ = . , (33)
ot
I C(ale 0 e 0
CdAdBd CdBd N O
S, = ' |
_CdAfP—le CdAde—QBd - CdAde_LCBd

(34)

S PR R GE 1A RO A T B R LR
Umin < Ue(k +ilk) +up(k +i|k) < Umax-  (35)
F L BRIRZS RFEE 5 2B RS I ZEAE T
I 2R G SR BN AS IR SR Aty £ R B A Ak 10 8,
min ||1,Y (k+ 1|k)|* + || LU (k|k)|?.  (36)

U, (k|k)
R RGBT
To(k+ i+ 1|k) = Aaze(k + ilk) + Bauc(k + i|k),
Te(klk) = Te(k) = 2(k) — zc(k), (37
i=0,1,---,L,
AL R
Umin — uf(k +ilk) < a.(k +ilk) <
Unnax — g (K +[k). (38)

24 XFR G i 4% B AR R SE bR R S i 4% il &
(Ue = Ue), \TFFBIARK L. A B4 7 51
Ue(klk) = [ue(klk); ue(k + 1|k); ue(k + 2[k); - - 5
we(k + Le — 1]k);ue(k + Le|k)]. (39)
2.5 EHRLITHITRES
T ik 45 ) ) S A RELARRE T B S A R AR
AR o 2 0o 8 ) R T AT 1% %
Uk A 52 Hurwitz 5 B, R4 T4 2085 e S5 2, )
WAV
l[edt]]s < Me®t, (40)
Hd:M > 1,a < 0,t > 02, Biesfae R H 2
2R T T AR BER R IR O, AR 2R L 7 AR
SE B AT DLA H 8 i R 1 70 40 2% A 24260 i
P > 0, W40 2= v KA SE oL



2418 # % 5

* R #34%

ATP + PA < 2aP <0,
1P| -1 P~H] < M2, (41)
ot P oy 3 1 245 e A o O RE. it = (5) (40)
@) T RLS T AR R S5 oy o MO
‘ﬁﬁiﬁﬁi&kﬁ (1) 2 $n] DL e =1 il R 2% AFRT
P ad
T (e —1).
ORI 7 RABLE LI Z (k> 0) K22 B,
H kI RS RAFE S S B RS I 2 AF I MPC 2
i) 25 WA SR A A 6] @ (36), IF-45 & T8 B A5 S5 TR
15 236 21
U(klk) = [uy(k|k) + ue(k|k);
up(k + 1|k) + ue(k + 1]k); - - - ;
ug(k+ L. — 1|k) + ue(k + L. — 1]k);
Uf(k+Lc|k)+ue(k+Lc|k)] (42)
TE k + LI ZI%F RS0 S PRk S 2T RS B 2 ((k +
1)8). ¥ kB 235 75 U (k| k) FIZE 1A TR AEH T
ARG 16) RN MARE 2((k + 1)0). aik

(k1)) — 2((k + DI < £ (e 1), @3)
R + 1SRRG ARk + L2070
WRASTORE 5 2 RS 8 (Y MPC R I 1)
R B, 9545 230055 3 B 0 B9
P TR
(k4 1)) = 2((k + D3)] > £ (e — 1), (@4)
WA+ 1% 55 BB,
0. o 20 2 25 R DL MEPC 5 )
S 51 U (k1K) R 42) 5 T — 2579 31
RSP 51 Y 25 R T B 0,
Uk +1|k) = [us(k + 1|k) + ue(k + 1|k);

us(k + 2|k) + ue(k +2lk);-- - ;

ug(k+ Lelk) + ue(k + Lelk)] - (45)
R T O U,

e 5 1, 72 56 WG SR 5 O+
11k) FUR [, L] WESPS 0FTA78, TA R R08. 5
45 0 VSO RO )2 BUIOH K I, 120, 50 B KOG
I (L, — 1)6s. R, S0 4 HRHC T,
U R B R

R R > 0) RGRZ U4
SRR 91U (hk) T F DS

WAL R,

Step 1: FIIEWSEL o an M5 n(ITELER).

Step2: k -+ 1121, 3R 7 TR, WU R 5%

BRIRES 2 ((k + 1)8); ¥ kI 2381 P 51 U (k|k) 5514
TLEIEH T RE16) BB HNAREZ((k + 1)0).

1) i 2

(k4 1)8) — 2((k + DI < Lo (e 1),
MAIWr RG R Z W d, B n = 0%k + TEFZPR
BRFHE S S B RS ZENE N MPC 5§ 25 WA R
DL A 1) R &5 6 T8 B A5 JS TR 2 ) 45 21 42 1) 7 271
Uk + 1|k + 1).

2) # 2

la((k +1)3) — #((k + 1)3) | > £ (e 1),
M EI B R G2 BN Bd, W En = n + 1, RERZI
o B Z A 45 1 7 20 ) )5~ 7% A B 204 i =, 15 31 52
Bk 216 P50 U (k + 1|k + 1).

Step3: #ili B n > L, — 1, JIHI B 5092 0 288 45
WiEn < L,—1,k=Fk+ 1R Step 1.

A ERER 2 RS2 P3N I MR AR o R0 T B
%%%Wﬁ%%ﬁﬁﬁﬁﬁ%gw”—mﬁ¢r
RERJE — URATE A I SR A P B 21 3 2 17 s 220 4 s (1]
(] .

E2 EHRR S, MUk 4 1)k + 1) F4ERREE
T ek [) 70 S K T 2>
3 EER

AT B UE SR T Sl e N A o 2 T 4%
112 3L, A1) F Matlab/Simulink 33547 HH 5% ) 5 2547 B 52
5%, IR I B S H R 1 s, & s R E 7
E 7 e T il 2 5 39 0 0 o PR S B AR P 4T
PR, B it 7 ESLs. FEMfT s )5, AR EE
il N v RS IR 0.1 B/ B).

=1 FEEHREESH

e 5 285 il L ¥iv
m B 1704.7 kg
a VRZE T3 0 B T il P 1.035 m
b VRZE 0 B J5 il P 1.655 m
I RER L 3048.1 kg/m?>
v TR 72 km/h
ky T 0 i D91 79030 N/rad
k. Ji A A1 5 79030 N/rad
¥ HUR &S5 10
M HUpR &S5 2.82
o LIS LYS I 2 —0.000179 61

2 /NREN R AR 25 ORI 4 L, S 2k s
PR 158 £ T8 E, K2 4R B AR 4 A . E I 2 W] AL,
JIT B P 25 T S A ik I AN S e ) 2% LA HR L
PLBh () Be 70, FE LB B 52w N A7 Be OR 3 AR A e
HE.

%Mﬂk+U®—f«h+D®H>%¥@“—R



%113

THA ¥ &EHEQRALINELL LR

2419

IVEESEE
IE FE/(rad/s)

o oo
o & 3o

0 2 4 6 8 10 12
t/s

(a) TR BN A I3 A1)k FE BR B

@
= 0.1
= 9
il
'l"E'_é) 701
0 2 4 6 8 10 12

t/s
(b) TP o PR

B2 MU TEHIBRSUIRSIHREGER

i, A E G52 B s Bk, (RS H B S B 2
184 133.3m (118 A2, 4E 5 Ja I RF S 18]
0.5s+ WEAE Y 1 BBk A5 5, FISRABAUL D8 20 0 4 it
T8y, i B TR D 12s.

P 3 D9 %K 1145 5 52 0l A7 T8 S i R 42 A o L
SR 5 SR, SR 2 O S PR R A S (SE BRI, B £k
ONBRRERATE A L (AR S ). 3] L, fE 5
PR AR (IR AN 52 JR 2 U IR0, BE 05 BRER
B2 5 B, TR oh SR fid A 5 1) £ 4W'S ZE 4 T
AORUEA Ul i PR R 1) AN 22 4T e 2 4.

e T T O FLSR UG, 12 5 s Jm e 115 5 W B e, 7 2
I 18] 04 0.9 s, FH RABILL S 200k 22 AT T il

P 4 D %% [0 45 5 45 B A T 5 P figh R 42 3o B
SU6 £ IR, S O S PR R AR S (SE PR L), B £k
ONERABRAFR A L (B S, 4] WL, RS
Al AR T BTRZEAN A5 5 DR IR R T, BE S R
5 2 25 B, TR o 251 A A 42 11 1 4WS 2 5
A UAPRAE R B o I (0T R 1) A AT B 22 4.

fo 6
®F 4
HZ
w2
= 0 =
0 2 4 6 8 10 12
t/s
(a) TCTH A firh A 42 ) R 52 A o P
2 02
&3 .
o 0.1(
i
®ooo
0 2 4 6 8 10 12
t/s
(b) B A A b 42 A
300 —
HE T T T~
£% 200 E
E j00ft :
e ~ £
==y 0 ~ _ /
-100 0 100 200 300
A TR B x/ m
(c) ToHHAFfi Kz R gk
300
=
o 200
Eh
3}5@5 100

*0150*100 -50 0 50 100 150
AT R R x/ m
(d) 5 F A 32 1] [ s

3 HEESEREALEMHMALIEHIXESIRER

N T IR ) 2R AEAS 5 W R i 4 s UR, E
1T TS N AN 6.49rad /s TRAE N 0.035

% 0.1/
i ’
) -0.1 S Y
0 2 4 6 8 10 12
tls
(a) TEHEM i 12 I BE A 3
=
i
] -0.1
0 2
t/s
(b) A fid A b i 42 A
= E 40
g o
Egg 20 ==
g
% 50 100 150 200
INHATIFE 2 x/ m
(c) T {Ffid Ak da e T FLk
=g 30
E% 20
E I
00 50 100 150 200
AT IR ES x / m
(d) A FF bk 3 e T 2k
El4 ER{ESHERBELEHMAIEHINELEER
4 & »

ARSCBET T A R R R ASUR S A5 il 2
fifR e e 42 e ) 2R A A A B 22 A il AL T B R IE
T AT R B G R, B R G A fE R R B

TEOL T 22 AT A RE 71, BEE A RGBT 2635 5 7] &
GG T B B B
2 2Z 3 #k (References)

[1] Powers W F, Nicastri P R. Automotive vehicle control
challenges in the 21st century[J]. Control Engineering
Practice, 2000, 8(6): 605-618.

2] XIEH. REZEMHF AT RKELZHAEA, 2018,
270(15):168-169.

(Liu 'Y K. Automobile safety research[J]. Practical
Automobile Technology, 2018, 270(15): 168-169.)

[3] Shen H, Huang M, Tan Y. Active rear wheel steering

control strategy research based on optimal control[J].



2420

* R #34%

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Journal of Computational and Theoretical Nanoscience,
2016, 13(3): 2043-2048.

Guo H, Hao N, Chen H. Lateral stability controller
design for electrical vehicle based on active rear wheel
steering[C]. World Congress on Intelligent Control and
Automation. Guilin: Grand Link Hote, 2016: 1285-1290.
Zhao W, Qin X, Wang C. Yaw and lateral stability
control of automotive four-wheel steer-by-wire system[J].
IEEE/ASME Transactions on Mechatronics, 2018, 23(6):
2628-2637.

Bao F B.The electric power steering systems and its key
technology[J]. Auto Application, 2009, 6(3): 27-29.

Li B, Fan Y. Model following control of four-wheel
active steering vehicle[J]. Journal of Shanghai Jiaotong
University, 2009, 43(10): 1531-1535.

Gadda C D, Laws S M, Gerdes J C. Generating diagnostic
residuals for steer-by-wire vehicles[J]. IEEE Transactions
on Control Systems Technology, 2007, 15(3): 529-540.
Rasid M, Nurul F A, Muhamad I M S. Preliminary
thermal evaluation of actuator for steer-by-wire vehicle[J].
IEEE Transactions on Vehicular Technology, 2018,
67(12): 11468-11474.

K. BEUHIRE D] &8 FH RERIITR), 2013,
12(8): 44-45.

(Zhang Y. Hackers attack cars[J]. Proprietor (Automotive
Business Review), 2013, 12(8): 44-45.)

FERH. #3415 B 224 KRR 9T (0. HLAE I
HiR, 2017, 63(6): 19-24.

(Gui L. Research on mobile Internet automobile
information  security risk[J]. Telecommunications
Network Technology, 2017, 63(6): 19-24.)

FRAUH. WM 515 B2 4 ). RERFEHR, 2017,
8(8): 69.

(Kang S Y. Internet of vehicles and information
security[J]. Secret Science and Technology, 2017, 8(8):
69.)

Ferrara A, Oleari A N, Sacone S. An event-triggered
model predictive control scheme for freeway systems[C].
Decision and Control (CDC), 2012 IEEE 51st Annual
Conference on. Maui: IEEE, 2012: 6975-6982.

Liu C, Gao J, Li H. Robust self-triggered min-max model
predictive control for linear discrete-time systems[C].
The 36th Chinese Control Conference (CCC). Shenyang:
IEEE, 2017: 4512-4516.

Mi X, Li S. Event-triggered MPC design for distributed
systems with network communications[J]. IEEE/CAA
Journal of Automatica Sinica, 2018, 5(1): 240-250.
Wang Q, Zhou Y Y, Niu Y. Event-triggered predictive
control with quantization[J]. Journal of East China
University of Science and Technology, 2016, 42(2):
240-246.

Guo K H. Vehicle handling dynamics[M]. Changchun:

Jilin Science and Technology Press, 1991: 102-106.

[18] Guvenc B A, Bunte T, Odenthal D. Robust two
degree-of-freedom vehicle steering controller design[J].
IEEE Transactions on Control Systems Technology, 2004,
12(4): 627-636.

[19] Yang Q L. Study on the 2-DOF steering model of
four-wheel vehicle[J]. Machinery and Electronics, 2007,
25(8): 71-73.

[20] Yong J, Gao F, Ding N. An integrated algorithm for
vehicle stability improvement with the coordination of
direct yaw moment and four-wheel steering control[J].
International Journal of Vehicle Design, 2017, 74(3):
231-256.

[21] Yuvan Y, Tan G. Research on handling stability
of steering-by-wire system[C]. MATEC Web of
Conferences. Kuala Lumpur: EDP Sciences, 2017:

139-198.
[22] BHAL. B TR0 6] (M]. b5 BRoE R, 2013:
137-193.

(Chen H. Model predictive control[M]. Beijing: Science
Press, 2013: 137-193.)

[23] Camacho E F, Bordons C. Model predictive control[M].
London: Springer, 2007: 205-230.

[24] Eqtami A, Dimarogonas D V, Kyriakopoulos K J.
Novel event-triggered strategies for Model Predictive
Controllers[C]. The 50th IEEE Conference on Decision
and Control and European Control Conference. Orlando:
IEEE, 2011: 3392-3397.

[25] Eqtami A, Dimarogonas D V, Kyriakopoulos K J.
Event-triggered strategies for decentralized model
predictive controllers[J]. IFAC Proceedings Volumes,
2011, 44(1): 10068-10073.

[26] Megretski V D B A. Unsolved problems in mathematical
systems and control theory[M]. Princeton: Princeton
University Press, 2009: 18-32.

[27] Liu X, Liu M, Shi Y. Event triggered model predictive
control: A less conservative result[J]. Journal of the
Franklin Institute, 2018, 355(18): 9053-9071.

{EE T

TR (1974—), 5, Bd%, 1AL 00, ST
B LU O ] 5 B R AE AL B R G P N 45
5%, E-mail: shuyou@jlu.edu.cn;

X (1993-), 5, it Az, AT vk 5 502 1t
5%, E-mail: liuyil7 @mails.jlu.edu.cn;

EFH (1985-), 55, BIEUR, M4, NFFI S SRS
VESEH 5T, E-mail: wangyulei @jlu.edu.cn;

WRIT (1963 —), 2, Bd%, [ 2L S0, IR0 | &
Pyl JELE P35 S 9T, E-mail: chenh@jlu.edu.cn.

TAEGEE: FRRE)



