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R Tk X g, oK 5L A T A HE (R
g5 e S T e B K 5 e )
21 = Zyo k1818 (Y —z1) + K, aSigh (v —z,1)
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2
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Wes Ter &, AE [ 7E IS 18] T, N UL B AT /NSRS, A7
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2 2
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6.1 [EFKIFRIER

AR SC AR % e 2 R AR5 TN E 1
HOPFR R, AR S Wk 1. i ERH
[ = A7 BARF SimuNPS, B 56, FI AR SCHE
(9 SGFTLOS ¥ i 75 vk B 5 (B P e 422, 1505 1 1L
AR T=0.01s, Fre 7 5w 2L A BT S48
W2 2. e T A ME BR B B3 B B A2

x, = 100sin(0.016)
{yp =100co0s(0.016) (©9)

S S M DL P 5 B 30, 8 A T
O M 8N4 TE A 34— B 7 -
RSB L TE AT T B
52 4 3, 000 00 95 R 00 1 S e 55—
B 75 57— 4% TS e R e 7 O 405 B
A8 BHLYE T3, 090 2800 IR 0 3 %
L 1) kA

®1 CEFESEAEZRISY
Table 1 Model parameters of Lanxin USV

®2 EEVEMRITSH

Table 2 Initial variables and design parameters

S8 HUE

=[- T = = =
B n(0) = [-100,300,0]",v(0) = 0,6(0) = 0,5,(0) = 100,
s(0) = 100,55 = 0.01
Amin = 5,h1 = 60,h =0.006,4, = 5,u, =5,4, =2.1,
Hy = 2.1,p=0.8,g =1.2,kyq = 0.3, ttmax = 20,uUmin =5

LR ER

Tymax = 10 000, T;min = 0,4, =1 000, u, = 1000,
kC»M = 0‘01’/1?,” = O'l’ﬂs‘,u = 0-1=pu = O-S,Qu =12

TH

Trmax = 6 000, Trmin = =6 000, = 0.13, 4, = 0.52,
FEIRATERI A, = 1200, w, = 1200,ke, = 0.01,4, = 0.1,pc, = 0.1,
pr=08,g,=12
A, =0.02, 7, = 30,/m, =30,m, = 1,1, =0.03,a, = 10,
iy =30,m, = 1,Ts = 0.05

SR

¥ Bl s il
mi1 kg 2652.52 diy f(kg's) 848.13

myy kg 2825.57 dorl(kgs) 10 162.44
m33/kg 4201.68 d33/(kg-s") 22721.63

T4, =1 000+ 200sin(0.37) + 200cos(0.2) + &, (70)

T4, =1 000+ 500sin(0.2¢) + 500 cos(0.2¢) + &,
74-=1 000+ 500sin(0.2¢) + 500 cos(0.21) + &,

— v i 0 — S AR AT SR AR A B O

E(k+1) = 0.8£,(k) + 10e,,
&(k+1)=0.8¢,(k) + 10e,, (71)
&(k+1) = 0.8 (k) + 10e,

HHA, &4, €0 € ~ N(O, 1), AHRHEIERS M) IR
TCN SHE N AT 2 O 1 5 (BB

Af, =0.15f,
Af, =0.12f, (72)
Af. =0.2f.

K1~ 5 45 T AT #E | J7vk SGFTLOS
5 T 5 4 i 5 3" surge-guided line-of-
sight, SGLOS ) 11 ] 2 i ] X 3 17 #AL £k ] = A
( fixed-time dual adaptive line-of-sight, FTDALOS)
D7 iR A5 R

M1 AT LR Y, WIER IR 225K T, SGFTLOS
J7 V5 RE A% B PR AL | v b BRI B B A, HL AR
ROREWIIG RS TR . mIE 2 T LI Y, SGFT-
LOS J5 ¥k B A S Wi SO R A0 5T/ 1 B A R
2o P 3 RNIEL 4 g R 2 % 08 22 () FIER 43 1
[F) 246 X8 1R 22 (Eypa) FE b5 U LR, 323 4t 1T B

| — WA
. SGLOS
-~ FTDALOS
50 --- SGFTLOS
£
= 0 AN
-50} R
~100 |

=100 =50 0 50 100 150 200 250 300
Y/m

K1 R RCR 1

Fig. 1 Path following performance of circular path
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(b) A ] B R 1R 2% FTDALOS 7.61 2955.46 58.34 32193.6
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Fig.2 The along-track and the cross-track errors
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Fig. 3 Comparison of E, metrics
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Fig. 4 Comparison of Er, metrics
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Fig. 6 Comparison of different control inputs
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Periodical relative threshold event-triggering interval time

Fig. 7
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Table 4 Number of control input triggers under different trig-

gering methods
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Fig. 8 Estimation of lumped disturbance I"
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Fig. 9 Estimation of velocity v
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Fig. 10  Sinusoidal curve path tracking performance plot
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Fig. 11 Sinusoidal curve path tracking error
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Event-triggered and innovative guidance-based fixed-time
path tracking for underactuated unmanned surface vehicles

WANG Jing', SONG Baojian’, MU Dongdong”
1 School of Electromechanical Engineering, Shandong Transport Vocational College,
Weifang 261206, China
2 Marine Electrical Engineering College, Dalian Maritime University, Dalian 116026, China

Abstract: [ Objective ] This paper addresses the path tracking control problem for underactuated unmanned
surface vehicles (USVs) under the conditions of lumped disturbances, input saturation, and limited onboard en-
ergy. These factors complicate the path tracking process and reduce the effectiveness of traditional control
methods. The aim of this study is to propose an event-triggered fixed-time path tracking control strategy that
improves robustness, energy efficiency, and tracking precision in complex environments. [ Methods | The
proposed control strategy integrates several key components to address the challenges mentioned. First, a lon-
gitudinal speed guidance law and a fixed-time line-of-sight (SGFTLOS) guidance law are designed to provide
the desired longitudinal speed and heading angle for the USV, ensuring it follows the trajectory with optimal
speed and heading. Next, to handle model uncertainties and external disturbances (such as wind and current), a
Fixed-Time Extended State Observer (FESO) is introduced. The FESO estimates and compensates for lumped
disturbances, improving the system's robustness in uncertain environments. To address input saturation, an
auxiliary dynamic system is designed to smooth inputs and maintain stable path tracking, even when satura-
tion occurs. Finally, to overcome onboard energy limitations, a periodic event-triggered mechanism based on
relative threshold is proposed. This mechanism adjusts control signal update frequency based on system states,
minimizing unnecessary actuator activity and energy consumption. [ Results | The stability of the system is
proven to be fixed-time stable using Lyapunov's fixed-time stability theory, which also eliminates Zeno behav-
ior (infinite triggering in finite time) that could otherwise cause instability. SimuNPS simulation results
demonstrate that the tracking error converges within a fixed time, verifying the effectiveness of the proposed
method. Compared to existing methods, the proposed strategy exhibits faster transient response, smaller
steady-state errors, and superior robustness in the presence of lumped disturbances. Furthermore, the introduc-
tion of the FESO provides accurate real-time disturbance estimation, allowing the controller to compensate for
disturbances and maintain precise path tracking. Additionally, the event-triggered mechanism significantly re-
duces the number of control signal updates and actuator actions, improving the system's energy efficiency.
[ Conclusions ] The proposed event-triggered fixed-time path tracking control strategy effectively addresses
the challenges of lumped disturbances, input saturation, and limited onboard energy in underactuated USVs.
By integrating event-triggered mechanisms, innovative guidance laws, and robust disturbance compensation,
the strategy provides a reliable solution for path tracking in complex and uncertain environments. The fixed-
time convergence property ensures that the USV achieves desired performance within a fixed time, making the
strategy suitable for real-time applications requiring stability, precision, and energy efficiency. This method of-
fers a robust, efficient, and reliable solution for USV path tracking control under difficult operational condi-
tions.
Key words: unmanned surface vehicles; path tracking; event-triggering; fixed-time control; disturbance
observation; input saturation; extended state observer; SimuNPS
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