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Article 
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Abstract: This paper focuses on the ship control system and studies the problem of unknown control 
direction. Considering that the traditional Nussbaum gain method has to consider the complex 
situation where the gain converges to both positive and negative infinity when proving the system 
stability, a unilateral Nussbaum function is defined in this paper. By constructing this function, the 
design and proof process of the adaptive Nussbaum gain method are simplified. Taking the ship 
course - keeping control system as the research object, a course angle tracking controller is designed 
by combining neural network, robust adaptive and sliding mode control techniques. A dual - input 
RBF single - output neural network is used to approximate the uncertain part of the system, and the 
robust adaptive control is adopted to deal with the unknown disturbance. The simulation results 
show that the proposed method can effectively cope with the problems of unknown control direction 
and its jump, keeping the system stable, which has great theoretical and engineering application 
value. 

Keywords: Nussbaum gain; Sliding mode; Ship Course keeping; RBF network; Unknown control 
direction 
 

1. Introduction 

In the field of control systems for complex dynamic systems, especially ship - related control, 
the design of controllers is a critical research area. The control direction [1,2] , which is a key factor, 
significantly affects the performance and stability of these systems. 

For ship control systems, the ship course - keeping control system is a complex nonlinear system. 
It is influenced by multiple factors, including unknown control direction coefficients, uncertain 
parameters, and external disturbances. Traditional control methods often face challenges in achieving 
satisfactory control performance in such complex scenarios. Some early control strategies, although 
effective to a certain extent, failed to fully account for the complexity introduced by unknown control 
directions. For instance, they might have simplified the system model by assuming known control 
directions, which is far from the real - world situation where control directions can change due to 
various factors like sea conditions and ship - specific dynamics. 

In the past two decades, the control problem of continuous nonlinear systems with unknown 
control directions has attracted the attention of many scholars. Currently, the main direction with 
numerous research achievements and breakthroughs is the Nussbaum gain adaptive control method 
[3,4]. The Nussbaum gain theory was first proposed by Nussbaum [5] in 1983, taking a simple first - 
order system as an example to illustrate that this theory can solve the control problem of systems 
with unknown high - frequency control coefficients. 
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There have been many studies on Nussbaum gain control for the problem of a single unknown 
control direction. For example, in 1998, Ye, X. [6] designed a controller for a lower - triangular system 
by combining backstepping design with the Nussbaum method. In 2003, Shuzhi Sam, G. [7] 
conducted research on adaptive control under the condition of insufficient prior knowledge of virtual 
control coefficients. In 2006, Zhou, Y. [8] designed a backstepping Nussbaum gain controller for 
systems with unknown high - frequency gain matrix signs. However, in the simulation, only the 
situation of unknown signs was considered, and the situation of high - frequency sign jumps was not 
taken into account. In 2009, Bechlioulis, C.P. [9] proposed a robust adaptive control algorithm for a 
class of uncertain nonlinear disturbed systems with virtual control gain functions of unknown signs. 
In 2012, Jin, K. [10] pointed out that when the control direction is unknown, the solution approach 
based on the Nussbaum function proposed by Nussbaum is of milestone significance in this field and 
remains the main method to solve the problem of unknown control directions to this day. In 2024, 
Liu, G.L. [11] a novel Nussbaum function design is proposed to address the coupling cancellation 
problem of traditional Nussbaum functions in multi unknown control direction stochastic systems, 
and the stability of the system is ensured through Lyapunov analysis. To reduce computational 
burden, an innovative combination of static composite event triggering mechanism (integrating 
tracking error and control signal triggering conditions) and intermittent feedback is proposed, and a 
dynamic composite triggering mechanism is further developed for optimization. The overall scheme 
significantly reduces the frequency of control updates while ensuring the boundedness of tracking 
errors. 

However, the traditional Nussbaum gain method has its drawbacks. The traditional Nussbaum 
gain method has to consider the situation that the Nussbaum gain converge to both +∞ and -∞, 
which is not very convinient for the proof of system stability. So in this paper we tries to constructed 
a new kind of Nussbaum function which maks it is easy to prove the stability of a control system. 

The relationship between Mittag Leffler function and Nussbaum type function was discussed in 
[12]. It showed that the Mittag Leffler function can be turned into Nussbaum type function under 
some special conditions. The characteristics of Nussbaum type function were revealed and many new 
kinds of Nussbaum type functions were proposed. In this paper, a special Nussbaum type function, 
which is called unilateral Nussbaum function, is defined. It is used to design adaptive controller for 
nonlinear system, which can simplify the design and proof of adaptive Nussbaum gain method. It is 
necessary to analysis the situation that the Nussbaum gain converge to both +∞ and -∞ when the 
traditional Nussbaum gain method is used. But only the consideration of +∞ situation is necessary 
if the unilateral Nussbaum gain method is adopted. So it has better quality than traditional 
Nussbaum function. 

When backstepping design method is applied to high-order systems, it is prone to the over-
parameterization problem, which makes the design extremely complicated. Due to its excellent 
robustness and order reduction characteristics, sliding mode control [13,14] has been widely used in 
many engineering systems. In this paper, adaptive sliding mode control is also adopted to reduce the 
complexity of the controller design for high-order systems. Meanwhile, a method that combines 
sliding mode control with the Nussbaum gain is introduced to address the problem of unknown 
control direction. The over-parametirc problem was considered in [15], but the unknown control 
direction problem is neglected. So in this paper, the unilateral Nussbaum gain method is proposed 
and used in ship course keeping system with uncertainties and unknown control direction. 
Meanwhile, aiming at the special nonlinear problems of ship systems, a class of dedicated RBF neural 
networks [16–19] was designed. Sliding mode control was used to reduce the order of the system, 
and it was combined with the Nussbaum method to simplify the design and analysis process of 
traditional Nussbaum gain control. In this paper, we aim to address the research gaps in the existing 
literature. 

We apply this new method to the ship course - keeping control system. Through theoretical 
analysis and simulations, we verify the effectiveness of the proposed method, offering a novel 
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solution for ship control systems with unknown control directions in practical engineering 
applications. The innovative points of this article are as follows: 

1. Innovation point regarding neural network: Considering the special nonlinear and uncertain 
characteristics of the ship, a dedicated RBF nonlinear neural network has been designed. Its basis 
functions are a combination of linear and cubic terms, which can rapidly compensate for the 
uncertainties of the system. 

2. Innovation point regarding the unknown control direction: The large system with the problem 
of unknown control direction is decomposed into a two-dimensional situation. One dimension forms 
a new dynamic system with the sliding mode surface, while the other dimension is reserved for the 
stability analysis of the Nussbaum gain. The design for the problem of unknown control direction is 
divided into two steps, systematically constructing an analytical method for this type of problem, 
especially simplifying the proof. 

2. Methodology 

2.1. Unilateral Nussbaum Gain Control of Nonlinear System 

To make the following introduction of a new Nussbaum gain method simple, we propose the 
definition of unilateral Nussbaum gain at first. 

Definition 1: A function N(x) is called a unilateral Nussbaum type function if it satisfies 

2 20 0

1 1liminf ( ) limsup ( )
→∞ →∞

= −∞ = +∞ ，
s s

s s
N x dx N x dx

s s
 (1) 

Considering the traditional Nussbaum function, it is obvious that N(k)=k2 cos ( k)  is not 
belonged to unilateral type Nussbaum function, and N1(k)=k4 sin (k) is belonged to unilateral type 
Nussbaum function. 

The following lower triangular nonlinear system is used to illustrate the unilateral Nussbaum 
gain control method. 

Considering the following N order SISO sysetem 
( ), 1, , 1= = − i ix f X i n  (2) 

( )= +n nx g u f X  (3) 
where gn  is the unknown control direction, X=(x1, x2, ⋯, xn), and define a new input variable as 
v=gnu,and design a sliding mode surface as 

1 2 1 2( , , , , , , , )=  a n ns q c c c x x x  (4) 
So the system can be rewritten as 

( )= +a ns c v f X  (5) 
Then the unknown control direction is not existed in the system equation. 

Assumption 1: There exist a controlv=αn and a Lyapunov function V(X)=Vf(x1, ⋯, xn-1)+ 1
2
sa2 such that 

the above system satisfies Vሶ (X)≤0 and the system is stable. 

Lemma 1: For the above - mentioned system, if we design u=-N(k)cnαn and kሶ=-cnαnsa 
where N(k) is an unilateral Nussbaum gain function, then the above system is stable under the 
condition of unknown control direction. 

The proof is as follows: 
According to the assumption 1, there exists a Lyapunov function 

2
1 1

1( ) ( , , )
2−= +f n aV X V x x s  (6) 

Solve the derivative of the Lyapunov function, we get 
1 1( ) ( , , ) [ ( )]−= + +  f n a n nV X V x x s c g u f X  (7) 

It also can be transformed as 
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1 1( ) ( , , ) [ ( )] [ ]α α−= + + + − +  f n a n n a n n nV X V x x s c f X s c g u  (8) 

Considering the control law , it is easy to get 
( ) {1 ( )} α≤ − +

n n n aV X g N k c s  (9) 
Do the integral computation on both side of the inequality, we get 

0

( ) (0) {1 ( )} α− ≤ − +
t

n n n aV t V g N k c s dt  (10) 

Design the adaptive regulation law as 
α= −
n n ak c s  (11) 

We have 
( ) ( )

0 (0) (0)

{1 ( )} {1 ( )} ( ) ( ) (0)α− + = + = + −  
k t k tt

n n a n n
k k

g N k s dt g N k dk g N k dk k t k  (12) 

Then 
( )

(0)

( ) ( ) ( ) (0) (0)≤ + − +
k t

n
k

V t g N k dk k t k V  (13) 

Considering that k2(t)>0, we get 
( )

2 2 2
(0)

( ) 1 ( ) (0) (0)( )
( ) ( ) ( )

− +≤ +
k t

n
k

V t k t k Vg N k dk
k t k t k t

 (14) 

Then use the below characteristic of unilateral Nussbaum gain function 

2 0

1liminf ( )
→∞

= −∞
s

s
N x dx

s
 (15) 

And use apagoge ，we assume k(t) is unbounded, such as k2(t)→+∞,then we have 
( )

2
(0)

2 2

( ) ( ) (0) (0)0
(( (
1 (

)
)

))
− +≤ ≤ + → −∞

k t

n
k

V t k t kg N k dk
k t

V
k t k t

 (16) 

Then a contradiction appears and the above assumption does not satisfies and k(t) is bounded. 
It is easy to prove that all signals of the close system are bounded. With the help of Baralat lemma, 
we can prove that the system is stable. 

2.2. Model of Ship Course Keeping Control System with Unknown Control Direction 

The mathematical model of the ship course - keeping control system is as follows: 

30 0 0
1 2 0 0

0 0 0
3

1 2

( ) ( ) ( )

( )

ψ

δ

=

= − + + + + Δ

= +





r
K K Kr a r a r f r a a t
T T T

f r b r b r

 (17) 

where a0 is a unknown control direction coefficient, b1 and b2 are unknown coefficients, a1, a2, 
K0 and T0 are known coefficients of system .Δ(t) is unknown disturbance, which is bounded and |Δ(t)|≤d1(u), d1(u) is the bounded function and it is known, r is the yaw speed, ψ is the heading 
angle. The control objective is to design rudder angle δ， such that to make the system stable and 
make the heading angle. Trace the desired value. 

First, we design a new control variable as v=a0
K0
T0
δ, then the above model can be rewritten as: 

( ) ( ) ( )
ψ =

= + + +



r
r g r f r v h v

 (18) 

where g(r)=- K0
T0

(a1r+a2r3) , h(v)=a0
K0
T0
Δ(t) . At this point, there is no problem of unknown control 

direction in the system since g(r) is completely known, and the uncertainties of the model mainly 
focus on f(r) and h(v). Next, the adaptive sliding mode control method is adopted to design v to 
make the above system stable. 

2.3. Nueral RBF Network and Sliding Mode Control for Ship Course - Keeping Control System Without 
Unknown Control Direction 
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Firstly, the ship course angle command is set as ψd, and the course angle error variable is defined 
as 

1 ψ ψ= − dz  (19) 
A proportional - integral - derivative (PID) type sliding mode surface is selected as 

1 1 1 2 1 3= + +s c z c z dt c r  (20) 

The derivative of the sliding mode surface is obtained as 
1 1 2 1 3 3 3 3( ) ( ) ( )= + + + + +s c r c z c g r c f r c v c h v  (21) 

Since the structure of the f(r) part is known, but only its parameters are uncertain, a special RBF 
neural network with a combination of cubic and linear terms is designed according to the 
characteristics of the above - mentioned model to approximate the uncertain part f(r) of the system. 
And robust adaptive control will be used to deal with h(v). 

The designed dual - input RBF single - output neural network is as follows 
3

1 1 2 2
1 1

ˆ ˆ( ) ( ) ( )
= =

= + 
n n

j i
j i

N r w rm r w r m r  (22) 

where wෝ1j and wෝ2i are the weights of the neural network, N(r) is the output of the neural network, 
and the basis functions of the neural network are defined as 

2

1 1
1

1

( ) exp( )
−

= − j

j

s c
m r

b
 (23) 

2

1 2
2

2

( ) exp( )
−

= − j

j

z c
m r

b
 (24) 

The role of the basis functions is mainly to automatically adjust the influence of the weights 
according to the values of the sliding mode surface and the error, so as to achieve the approximation 
of the uncertain part f(r),c1j,c2j,b1j,b2j are parameters of RBF network. 

According to the result of the derivative of the sliding mode surface, the control law is designed 
in a back - stepping manner as follows 

3 1 2 1 3 3 3 4 1 3 1ˆ( ) ( ) ( ) ( )= − − − − − −c v c r c z c g r c N r c c d u c p s  (25) 
where p(s1)=k1s1+k2

s1|s1|+ε1 +k3s1
(n-2)/n. 

where n≥3 is an odd integer and ε1 is a softening coefficient. It is not difficult to prove that 
( 2)/1 1

1 1 1 1 1 2 3 1 1
1 1

( ) 0
ε

−= + + ≥
+

n ns ss p s k s s k k s s
s

 (26) 

where k1, k2 and k3 are constant control parameters. 
After further arrangement, we get 

1 2
1 4 1 1

3 3

ˆ( ) ( ) ( ) ( )= − − − − − −
c cv r z g r N r c d u p s
c c

 (27) 

Substituting it into the derivative formula of the sliding mode surface, we get 
1 3 3 3 3 4 1 3 1ˆ( ) ( ) ( ) ( ) ( )= + − − −s c f r c h v c N r c c d u c p s  (28) 

Due to the approximation characteristics of the neural network, and because the structure of the 
neural network in this paper is consistent with the structure of the uncertain part of the system, there 
obviously exist optimal neural network weights w1j and w2j such that 

3 3 3
1 1 2 2 1 1 2 2 1 2

1 1 1 1
( ) ( ) ( ) ( ) ( )

= = = =

+ − = + − −   
n n n n

j i j i
j i j i
w rm r w r m r f r w rm r w r m r b r b r  (29) 

3 3
1 1 2 2 1 1 1 2 2 2

1 1 1 1
( ) ( ) ( ) ( ( )) ( ( )) ε

= = = =

+ − = − + − ≤   
n n n n

j i j i
j i j i
w rm r w r m r f r r b w m r b w m r r  (30) 

where ε is an arbitrarily small positive number. In fact, when the following equations are satisfied 

1 1 1 2 2 2
1 1

( ), ( )
= =

= = 
n n

j i
j i

b w m r b w m r  (31) 

It can be obtained that the optimal neural network weights w1j and w2j will ensure that 
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3
1 1 2 2

1 1
( ) ( ) ( ) 0

= =

+ − = 
n n

j i
j i
w rm r w r m r f r  (32) 

At this time 
3 3

3 3 3 1 1 2 2 1 1 2 2
1 1 1 1

ˆ ˆ( ) ( ) ( ( ) ( ) ( ) ( ))
= = = =

− = + − −   
n n n n

j i j i
j i j i

c f r c N r c w rm r w r m r w rm r w r m r  (33) 

The weight error of the neural network is defined as follows 
1 1 1

2 2 2

ˆ
ˆ

= −

= −



j j j

j j j

w w w
w w w

 (34) 

Then 
3

3 3 3 1 1 2 2
1 1

( ) ( ) ( ( ) ( ))
= =

− = +  
n n

j i
j i

c f r c N r c w rm r w r m r  (35) 

At this time 
3

1 3 3 3 1 1 1 2 1 2
1 1

( ( ) ( )) ( ( ) ( ))
= =

− = +  
n n

j i
j i

s c f r c N r c w rs m r w r s m r  (36) 

First, considering the derivative of the weight error of the neural network, due to the constant - 
value characteristics of the optimal neural network weights w1j and w2j, we have 

1 1

2 2

ˆ

ˆ

= −

= −




j j

j j

w w

w w
 (37) 

In order to use the neural network to eliminate the uncertainty f(r), the weight adaptation law 
of the special RBF neural network with a combination of cubic and linear terms is designed as follows 

1 1 1 1

3
2 2 1 2

ˆ ( )

ˆ ( )

=

=




j w

j w

w k rs m r

w k r s m r
 (38) 

At this time, if the Lyapunov function related to the neural network weights is selected as 
2 23 3
1 2

1 11 2

ˆ ˆ
2 2= =

= + 
n n

w j i
j iw w

c c
V w w

k k
 (39) 

The derivative of it is obtained as 
3 3

1 1 2 2
1 11 2

ˆ ˆ
= =

= − −    
n n

w j j j j
j iw w

c cV w w w w
k k

 (40) 

After further arrangement, we get 
3

3 1 1 1 3 2 1 2
1 1

( ) ( )
= =

= − −   
n n

w j j
j i

V c w rs m r c w r s m r  (41) 

Thus, we have 
3

1 3 3 3 1 1 1 2 1 2
1 1

3
3 1 1 1 3 2 1 2

1 1

( ( ) ( )) ( ( ) ( ))

( ) ( )

0

= =

= =

− + = +

− −

=

 

 

  

 

n n

w j i
j i

n n

j j
j i

s c f r c N r V c w rs m r w r s m r

c w rs m r c w r s m r  (42) 

The above design mainly uses the neural network to eliminate the uncertain part f(r). Next, a 
robust adaptive control is designed to deal with h(v). 

2.4. Robust Control for Uncertainties of Ship Course - Keeping Control System with Unknown Control 
Direction 

Considering the uncetainties of ship course keeping control system that |Δ(t)|≤d1(u), we have 

0 0
1 3 1 3 4 1 3 0 1 1 3 4 1 3 0 1 1 1 3 4 1

0 0

ˆ ˆ ˆ( ) ( ) ( ) ( ) ( ) ( )− = Δ − ≤ −
K K

s c h v s c c d u c a s t s c c d u c a s d u s c c d u
T T

 (43) 

After further arrangement, we get 
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0
1 3 1 3 4 1 3 0 1 1 1 3 4 1

0

0
3 0 1 1 1 1 3 4 1

0

0
0 1 1 4 1 3 1

0

ˆ ˆ( ) ( ) ( ( ( )) ) ( )

ˆ( ( ( )) ( ) ) ( )

ˆ( ( ( )) ) ( )

− ≤ −

≤ −

≤ −

Ks c h v s c c d u c a s sign d u s c c d u
T

K
c a sign d u sign s s s c c d u

T

K
a sign s d u c s c d u
T

 (44) 

At this time, define 

0
4 0 1 1

0

( ( ))=
Kc a sign s d u
T

 (45) 

Define: c෤4=c4-cො4,At this time, its derivative is obtained as 

4 4 4 1 1 4ˆ ˆ( ( ( ))′= − = −  c c c sign s d u c  (46) 
Therefore, the adaptive parameter adjustment law can be designed as 

4 1 3 1ˆ ( )=c s c d u  (47) 
The estimation error of the unknown parameter is defined as 

4 4 4ˆ= −c c c  (48) 
At this time, the Lyapunov function related to the parameter is selected as 

2
2 4

1
2

= V c  (49) 

The derivative of it is obtained as 

2 4 4=   V c c  (50) 
At this time, considering that the sign change only brings a momentary disturbance to the system, 

it is approximately considered that 
1 3 1 3 4 1 2 4 1 3 1 2ˆ( ) ( ) ( ) 0− + ≤ + ≤ s c h v s c c d u V c s c d u V  (51) 

The Lyapunov function related to the sliding mode surface is selected as 
2

3 1
1
2

=V s  (52) 

The derivative of it is obtained as 
3 1 1= V s s  (53) 

So far, the total Lyapunov function of the system is selected as 
3 1 2= + +V V V V  (54) 

Using the control law designed as shown in the formula v=- c1
c3
r- c2
c3
z1-g(r)-N(r)-cො4d1(u)-p(s1), its 

derivative is obtained as 
1 1( ) 0≤ − ≤V s p s  (55) 

According to the Lyapunov stability theory, it is not difficult to prove that the system is stable, 
all signals are bounded, and thus the sliding - mode surface variable converges to 0. Since the 
coefficients c1 , c2  and c3  are positive and Hurwitz when the sliding - mode surface variable is 
selected as s1=c1z1+c2 ׬ z1 dt+c3r, it is not difficult to further prove that the error state is stable, that is, 
z1 approaches 0, so as to achieve the control goal of tracking the heading angle. 

According to the above lemma 1, we can directly design δ=-N(k)v and kሶ=-c3vsa, at this time, 
Vf(x1,⋯,xn-1) in Assumption 1 is set as Vf(x1,⋯,xn-1)=V1+V2. Then, based on the above lemma, it is not 
difficult to prove that the above design can ensure the stability of our ship course - keeping system 
and the tracking of the heading angle. 

After establishing the theoretical framework, the following section presents an example and 
simulation to verify the effectiveness of the proposed method. 

3. Results and Discussion 

3.1. Example 
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For the above - mentioned model, the parameter selection is as follows: a1=7.93，a2=4100.46，
K0=0.31，T0=62；The ship course angle command is selected as ψd=5π/180,and design 

3/51
1 1 1

1 1

( ) 2 0.2 0.1
ε

= + +
+
sp s s s

s
 (56) 

And choose the unilateral Nussbaum gain function as 
4( ) sin=N k k k  (57) 

3.2. Simulation Results and Discussion 

When the unknown control direction is not taken into account,the we set a0=1. At this time, the 
control effects are shown in Figure 1 and Figure 2 below. Figure 1 is the yaw angle response curve of 
the ship, and Figure 2 is the yaw angle rate response curve. As shown in Figure 1 and Figure 2, the 
system response is relatively smooth, and the overshoot is small. Since the unknown control direction 
is not considered, the magnitude of the control gain can be reasonably selected, enabling the response 
curve of the entire system to have excellent dynamic performance. However, when the control 
direction is unknown, especially when a jump occurs, the difficulty of control will increase sharply. 
In particular, due to the unknown jump of the control direction, which is an unmeasurable and 
unpredictable jump, the system is likely to switch from negative feedback to positive feedback, 
resulting in a transient divergence phenomenon, thereby increasing the difficulty of control. 

 
Figure 1. Yaw angle response curve. 

 
Figure 2. Yaw angle rate response curve. 
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Figure 3. The yaw angle response curve under the condition of control direction jump. 

 
Figure 4. The yaw angle rate response curve under the condition of control direction jump. 

 
Figure 5. The jump curve graph of the Nussbaum Gain. 
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Figure 6. The jump curve graph of the control direction. 

However, considering the possible problem of unknown control direction in practical situations, 

we set a0= ቄ 1 t<15
-1 t≥15ቅ,As shown in Figure 6, the search jump situation of the Nussbaum gain at this 

time is shown in Figure 5. The yaw angle rate response curve under the condition of control direction 
jump is shown in Figure 4, and the yaw angle response curve is shown in Figure 3.It can be seen from 
Figure 5 that the jump of the Nussbaum gain can quickly search following the jump of the control 
direction. From Figure 3 and Figure 4, it can be observed that due to the drastic challenges brought 
to the system by the jump of the control direction, the control method proposed in this paper can 
automatically adjust, find the appropriate control gain direction for compensation again, so that the 
overall gain direction of the system remains unchanged, thus keeping the system stable. 

From the simulation results, the rationality and effectiveness of the method proposed in this 
paper are verified. It can solve the huge challenges to the system stability caused by the sharp gain 
jumps in practical engineering, which endows the method proposed in this paper with high 
theoretical value and practical engineering value. 

4. Conclusions 

For the complex nonlinear dynamic model of the ship maneuvering system, a course angle 
tracking controller that combines neural networks, robust adaptive control, and sliding mode control 
has been designed. Moreover, the problem of unknown control direction has been taken into account, 
and a unilateral Nussbaum gain control function has been introduced to address it. The final 
simulation also demonstrates the effectiveness of the method proposed in this paper. 

The main innovations and contributions of this paper are as follows. First, the large system with 
the problem of unknown control direction is decomposed into a two-dimensional situation. One 
dimension forms a new dynamic system with the sliding mode surface, while the other dimension is 
reserved for the stability analysis of the Nussbaum gain. Therefore, the design for the problem of 
unknown control direction is divided into two steps, systematically constructing an analytical 
method for this type of problem, especially simplifying the proof.Second, the unilateral Nussbaum 
gain method is combined with the sliding mode control method and applied to the control of the ship 
system. As a result, both the problem of unknown direction and the over-parameterization problem 
in the backstepping design are solved.Third, considering the special nonlinear and uncertain 
characteristics of the ship, a dedicated RBF nonlinear neural network has been designed. Its basis 
functions are a combination of linear and cubic terms, enabling rapid compensation for the 
uncertainties of the system. 
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