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State-sensitive based Event-triggered H_ Control for Path Tracking of
Unmanned Ground Vehicle

SUN Hongtao'?, ZHANG Pengfei’, PENG Chen?, DING Fei®
(1.College of Engineering, Qufu Normal University, Rizhao 276826, China; 2. School of Mechatronic Engineering and
Automation, Shanghai University, Shanghai 200444, China; 3. State Key Laboratory of Advanced Design and Manufacturing for
Vehicle Body, Hunan University, Changsha 410082, China)

Abstract: This paper proposes a state-sensitive event-triggered H.. control strategy to solve the problem
of unmanned ground vehicle (UGV) path tracking control under communication restriction. Firstly, the
corresponding path tracking control model is established according to the dynamics of the connected vehicle.
Secondly, a novel state-sensitive event-triggered communication (SS-ETC) strategy according to the state
perception of path tracking in real time is proposed. Then, an event-triggered H. controller is designed by
combining with time delay system modeling method and Lyapunov stability theory. The proposed dynamic
event-triggered communication strategy based on state perception can dynamically adjust the communication
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threshold according to the state measurements of the control system, and effectively realize the adaptive
co-design of UGV communication and control. Finally, the effectiveness of the proposed dynamic

event-triggered control strategy is verified by simulation experiments.
Key words: unmanned ground vehicle; event-triggered scheme; path tracking; H.. control
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Fig.1 Dynamic model of vehicle
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Fig.3 System state response under static ETC mechanism



PR TR AN UGV H, S fid i % 4% SRR 2 )

0.7

06

)

]

05

0.4 r

03[

0.2

HHAR T A RAFE I 21 (¥ I (1] [5] B

0 0.5 1 1.5 2 25 3 3.5 4 4.5 5
R (DD

K4 HASETCHLE N i A2 18] B

Fig.4 Trigger interval under static ETC mechanism

® SS-ETCHLHI M FAFfm H, 1

TSR R F A [ (R 42 110 386 25 K 7ESS-ETCH i
REVFMT AR g R NEST UL EE
HH AR 1 B 5 I 3 LU R W s, 4 R e e 7R B
BIAFLE IS DL T DL LG A~ A 1 2 4 TR M0 2 e 2
175 n 6 T s, SS-ETCHL I A 5 dE & & 401K,
PR JE #10.1247s. 5 EF A ETCHLRIAHEL £ R &
b T A Fa 2 S LT (0~0.55), 15 5 i &% I 21 58 i
AL, DR B 0, 2% ORI N TR R ik I
BN A AR AS 5 fin 18] B 1T & 0 52 7t £10.35s, 1] BA )
7 i 48 R 3% B /D (1 B4R .

MG, 7H AT LU Bl R B AR IR R R GRS &
TR ik A 1R AR KA i T I 928 28 38 K 98 T
O R % RE 05 A AU T 20l S BEUR. AT FE S

WK (191 FF LU 0 5 2 Al 5 42 ) 9 24T 0 LS 6.

25 R SR AEAN R FAF il BRIAELS T i A S Ak 5
W E PIE B0 A7 7 I T BE A8 21 ) f5c /N 1 25 5040 A% i o
[6] 790.15s, 1] 4 SC 42 H 1 SS-ETC 4 i 3% g v] ik 2
0.10s, 72 fill 14 B th BN Aa € , 1k — 20 BlE 1 1% SR 1Y
PUdiE. BARNEOLTE LKL,

] 1 FRHZHIREE TR R G mEtE T Fismlsgiles <

Tab.1 Average transmission period T and obtained controller

gain with different control scheme

tll BIfE o T K 2 4

S

C.Peng 032 015 {fo.oo -0.05 -0.54 —0.64} B

-0.64 143 2044 -0.67
[19]

Ss- [0,0.32] 0.10 [-000 -0.05 -0.54 —0.02 uf
ETC -0.64 143 2044 -067

T
.......... *ﬁig%,y
- - iR,
----- By, ||

E\

2

4L L
0 0.5 1 1.5 2 25 3 35 4 4.5 5

fif E) CFP )
KI5 SS-ETCHL T I R Gtk 75 i v

Fig.5 System state response under SS-ETC mechanism

0.35

03 [~}

)

Ex

0.25 Q

02 Q (~]

0.15

0.1
0.05

0 A L L L L L L

0 0.5 1 1.5 2 25 3 35 4 4.5 5

A CRBD

K6 SS-ETCHLHI ™ Ak A 8] b
Fig.6 Trigger interval under SS-ETC mechanism

A 4057 A SR IS 221 11 ] )

0.5

0.45

0.4

0.35

;‘?‘ 0.3
&
ﬁo,zs
&
W" 0.2
0.15
0.1
0.05
0 0.5 1 15 2 2.5 3 3.5 4 4.5 5
IR CFPD
K7 SS-ETCIHfil & B H 224k
Fig.7 The trigger-threshold changes of SS-ETC
75 iR

AR SCAE [ 5 Z 400 AR B A PR R 4 ) A R iy



W F K R (B R R FR)

P T —Fh H S ik e P 28 28 i) V2 ad I AR SR A
5 ity J 0 A Ak R AL SR T — R U A f
RS W R % MR A A 45 6 110 SIS OR A 1 R
firh 2 0 {1 308 3 440 3 Lyapunov 88 55 7 5, 20 b T 4%
I RFRIET AR, SEBLT H, YERESR R y AR E I
I FH 42 1 1 R AN 45 SRRl o o ok I A fih e 2
B R 2 A H, S8y B RS T R
St RE S TEAS [FI PR 858 T S Bd 3 ) 1 AR e 1 e Rl
A4 B8 AT 0 B 36 AE A SC T 4 H B S T vk
E‘Jﬁ*ﬁ‘ﬁ.ﬂii%.ﬁj [1)SS-ETC /7 iL e W AEIRUE R 4t
e T 1 TR B 1 33 02 1) 18 2 1 ok R A5 B L, 7
Y IEAF BT IR [ B RTAG RSE IE (5 R 3
ARV, 7852 B8 2 oK S i & % o
(1 R GPERETE AR 5 SE PR T UM 45 & 50 3 TR
Mﬁﬂ"FEl’J%#ﬁMi?’ﬁ%J 17 36 o LA T i R R R

5 M O T4 ) SRR T 1E 5 AR 0 Y 4% 2
2 0] J, T EEIRATAE S 5 1 AR ok 58 ik

S22 3Hk

[1]] BEMANI A, BJORSELL N. Cyber-physical control of indoor
multi-vehicle testbed for cooperative driving[C]. 2020 IEEE
Conference on Industrial Cyber physical Systems, 2020: 371-377.

[2] PINTO J, CALADO P, BRAGA J, et al. Implementation of a
control architecture for networked vehicle systems[J]. IFAC
Proceedings Volumes, 2012, 45(5):100-105.

[8] Ui, ZEPQEE, T ARIEAE. JET RO 0 2% 45 ] K PR A A

B A AR 30 R G AL (9], RS K AR (B AR AR, 2014
41(10): 35-41.
HE L P, LI Q F, DING Z B, et al. Research on the vehicle assist
regenerative braking system based on the fuzzy neural network[J].
Journal of Hunan University (Natural Sciences), 2014, 41(10):
35-41. (In Chinese)

[4] /055, BREKEE, s, sl Eﬂ‘ FNN 7 R BV 3 B

L TSR G o ) B I AN e S Q= I/ S R O D
2019,46(08):98-104.
LUAN X F, CHEN Q Y, HAUNG G M, SHI K. Adaptive lateral
stability control of electric vehicle based on FNN[J]. Journal of
Hunan University (Natural Sciences), 2019,46(08): 98-104. (In
Chinese)

[5] HESPANHA JP, NAGHSHTABRIZI P, XU Y. A survey of recent
results in networked control systems[J]. Proceedings of the IEEE,
2007, 95:138-162.

[6] YOSHIZAWA K, HASHIMOTO H, WADA M,
tracking control of mobile robots using a quadratic curve[C].

et al. Path

Proceedings of Conference on Intelligent Vehicles, 1996: 58-63.
[71 HU C, CHEN Y, WANG J. Fuzzy observer-based transitional

path-tracking control for autonomous vehicles[J]. IEEE

(8l

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

17

[18]

[19]

[20]

transactions on Intelligent Transportation Systems, 2020, 22(5):
3078-3088.

R, BTN, 85 ST MPC YR fE
BLbE L #2019, 037(001):66—70.

LIANG Z D, ZHAO K G, PEI F, et al. The trajectory tracking

B PR R S D).

algorithm of intelligent vehicle based on MPC[J]. Machinery &
Electronics, 2019, 37(1):66-70. (In Chinese)

PANG H, YAO R, WANG P, et al. Adaptive backstepping robust
tracking control for stabilizing lateral dynamics of electric vehicles
with uncertain parameters and external disturbances[J]. Control
Engineering Practice, 2021, 110(4):104781.

BROWN M, FUNKE J, ERLIEN S, et al. Safe driving envelopes
for path tracking in autonomous vehicles[J]. Control Engineering
Practice, 2017, 61:307-316.

SUN Z, ZOU J Y, HE D F, et al. Path-tracking control for
autonomous vehicles using double-hidden-layer output feedback
neural network fast nonsingular terminal sliding mode[J]. Neural
Computing and Applications, 2021:1-16.

CHEN C, JIA Y, SHU M,

path-tracking  control  for

et al. Hierarchical adaptive

IEEE
Transactions on Intelligent Transportation Systems, 2015, 16(5):
2900-2912.

LIU J, HUANG Z, XU X, et al. Multi-kernel online reinforcement

autonomous  vehicles[J].

learning for path tracking control of intelligent vehicles[J]. IEEE
Transactions on Systems, Man, and Cybernetics: Systems, 2021,
51(11): 6962 - 6975.

LI Q, SHEN B, WANG Z, et al. Synchronization control for a
class of discrete time-delay complex dynamical networks: A
dynamic event-triggered approach[J]. IEEE Transactions on
Cybernetics, 2019,49(5): 1979-1986.

ZHANG H, WANG Z, YAN H, et al. Adaptive event-triggered
transmission scheme and H_ filtering co-design over a filtering
network with switching topology[J]. IEEE Transactions on
Cybernetics, 2019, 49(12): 4296-4307.

PENG C, LI J, FEI M. Resilient event-triggering load frequency
control for multi-area power systems with energy-limited DoS
attacks[J]. IEEE Transactions on Power Systems, 2017, 32(5):
4110-4118.

TIAN E G, PENG C. Memory-based event-triggering H_ load
frequency control for power systems under deception attacks[J].
IEEE Transactions on Cybernetics, 2020,50(11): 4610-4618.
PENG C, TIAN Y C, YUE D. Output feedback control of
IEEE
Transactions on Systems, Man and Cybernetics, Part A: Systems &
Humans, 2011, 41(1): 185-190.

PENG C, YANG T C. Event-triggered communication and H_
control co-design for networked control systems[J]. Automatica,
2013, 49(5): 1326-1332.

WANG R, HUI J, HU C, et al. Robust path following control for

autonomous ground vehicles with delay and data dropout[J]. IEEE

discrete-time systems in networked environments[J].

Transactions on Intelligent Transportation Systems, 2016, 17(7):
2042-2050.



