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Automatic Berthing Control of Ships Based on ESO 

Abstract 
To address the accuracy reduction of ship’s automatic berthing control generated by 
external disturbance, model uncertainty conditions and inaccurate measurement of 
velocity, a fast terminal sliding mode is proposed based on extended state observer (ESO) 
and dynamic surface (DSC). An extended state observer is firstly designed to estimate 
both velocity and complex perturbations. A dynamic surface control method based on 
fast terminal sliding mode (FTSM) is proposed. Then, in order to eliminate the 
computational complexity based on the back-stepping method, the finite time command 
filter and error compensation signal are adopted in the design of the dynamic surface 
controller to ensure that the ship reaches the desired berthing position and orientation 
of the ship. The finite time extended state observer stability of the closed loop system is 
demonstrated by Lyapunov theory. Finally, the simulation demonstrates the 
effectiveness of the proposed berthing control method. 
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2. PROBLEM DESCRIPTION 
2.1. Mathematical Model of Ship Motion 
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3. CONTROL SYSTEM DESIGN 
3.1. Control Objection 
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Figure 1.  

3.2. Fixed-time Extended State Observer Design 
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3.3. Design A Finite-time Dynamic Surface Controller 
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3.4. Stability Analysis 
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4. SIMULATION STUDIES 

T

-1
c

( )d R b
b T b ρnc

1

((
b T b-1

c
1

c

 

b 4 4 4 T(0) [10 ,10 ,10 ]b
3 3 3

c (0) {10 ,10 ,10 }diagT n

4 2 4 3

5 2 5 3

8 2 8 3

0.02 5.0242 10 0.01 5.0242 10
0.02 2.7299 10 0.01 2.7299 10
0.02 4.1894 10 0.01 4.1894 10

f

u u
v v
r r

Δ

 

1 2 3 1 170, 800, 1000, 0.8, 1.8;  

6 6 6{8 10 ,8 10 ,8 10 }diagρ

ρ

1
3 2

1
2 3 4

2
3 3 3

3

2 1
3

1 2

3

diag([0.06,0.05,0.5]);

diag([2 , ,6]);

diag([1,8,10]) =diag([10,20,40]) diag([ , , ]);

diag([ ,0.8 ,0.9 ]);
diag([50,50,100]),

diag([2.5,3.5,5.

10 10

, , 10 10 10

10 10 10
0.5;

10

a

l

r r l

l

r

a
3

4 3 4

2 1 2

1 2

5]) = diag([5.5,7.5,2.5])
diag([ , , ]

, 10 , 0.7, 0.7;
0.6, 0.5 0.5 0.5 ,

;
0.5 0.5 0.) diag([ , , ]);

diag([0.01,0.080,10]), diag([100
5

,100,100])

r



World Scientific Research Journal                                                      Volume 8 Issue 5, 2022 
ISSN: 2472-3703                                                       DOI: 10.6911/WSRJ.202205_8(5).0042 

o(400m,500m,0 ) o(0m,0m,60 )

Figure 2.

 

 
Figure 3.
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Figure 4.  

 

Figure 5.
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Figure 6.  

Figure 7.

 

Figure 8.
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Table 1. 

 TAEI  

Errors ex ey eψ

UDEτ 57.8 10 59.7 10 757.1
FTSMτ 41.2 10 49.1 10 35.2
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