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Abstract—In this paper, a robust adaptive controller is 
designed for the dynamical positioning of a remotely operated 
vehicle (ROV) with unknown hydrodynamic coefficients and 
disturbances. Firstly, the Multiple Input Multiple Output 
(MIMO) system can be divided into several Single Input Single 
Output (SISO) systems for convenience of controller design. 
Then, a recurrent wavelet neural network (RWNN) with 
feedback loops is employed to approach the unknown part of the 
controller, and it can greatly reduce the number of neural 
network’s inputs. Though the upper bounds of the network’s 
approximation errors and disturbances are often used in the 
existed work, they are not necessary in this paper by presenting a 
special robust compensator. The stability analysis is given by 
Lyapunov theorem, and the tracking errors are proved to 
convergence to zero. Simulation result are presented for the 
ROV’s positioning system, which indicate that the proposed 
controller has a good performance. 

Keywords—recurrent wavelet neural network, underwater 
vehicle, dynamic positioning, adaptive control  

I. INTRODUCTION  
Underwater vehicles have been widely used in some marine 

missions for a long time, such as marine science, submarine 
rescue, data gathering, and so on. For some specific tasks, it is 
required that the vehicles keep their position close to some 
structures precisely [1, 2]. So 6-DOF dynamic positioning 
controllers are necessary for these situations. In view of the 6-
DOF control issues, the design of controllers face a lot of 
troubles because of the existence of strong coupling character, 
nonlinear nature, unknown parameters and unknown 
disturbances. Therefore, it is a significant and challenging task 
for designing a 6-DOF controller with the ability to cope with 
these factors. 

Many researchers have made a lot of work on the control 
issues of underwater vehicles. Fossen gave a comprehensive 
introduction of the marine vehicles systems including 
modeling, guidance, navigation and control [3]. Mode-based 
controllers are often utilized in underwater vehicle systems. 
Lyapunov method, backstepping method, feedback 
linearization and some combined methods are widely used in 
this field [4,5]. However, most of these controllers require the 
accurate mathematical model of the vehicle, which is often 

difficult to obtain in practice. Adaptive controllers are 
developed in many studies to overcome these problems by 
estimating the unknown slowly varying parameters [6,7]. An 
adaptive PD controller for 4-DOF positioning of a ROV is 
discussed to keep the ROV’s position close to an underwater 
structure. The disturbing force caused by ocean current, 
passive arms, and umbilical cables had been compensated by 
adaptive estimation [8]. In [9], the researchers proposed a 
MIMO nonlinear adaptive robust controller, with the unknown 
hydrodynamic parameters of the vehicle and the slowly 
varying disturbances were estimated.  

Approximation-based control methods such as neural 
networks and fuzzy logic system are also effective tools to 
overcome the limitations of the controller mentioned above. It 
is usually utilized to deal with the unknown term, nonlinear 
terms or time-varying disturbance in vehicles’ dynamic system. 
In [10, 11], the authors described an efficient fuzzy controller, 
which reduced the conventional two-input fuzzy controller to a 
single input fuzzy controller. The main advantage in this 
approach is that rule inferences are now greatly reduced and 
the calculation procedure is simplified. In [12], the vehicle’s 
dynamic uncertainties are approximated by utilizing a single 
hidden layered neural network. In [13], researchers present a 
semi-globally stable adaptive controller for diving control of an 
Autonomous Underwater Vehicle(AUV), and the unknown 
terms in pitch a neural network compensates motion. An 
adaptive output feedback controller for AUV is proposed in 
[14], and a recurrent fuzzy neural network (DRFNN) is 
employed to estimate the dynamic uncertain nonlinear 
mapping. And in this paper, a robust controller is designed for 
compensate the external disturbances and unknown network’s 
approximation errors. 

Wavelet neural network (WNN) has the advantages in its 
dynamic responses and information storing ability [15, 16]. A 
WNN-based adaptive robust controller is investigated to 
resolve the MIMO tracking control system [15]. By the further 
study, in [16], a recurrent wavelet neural backstepping control 
(RWNBC) scheme including a neural network and a smooth 
compensator is developed for MIMO systems. Since there is an 
internal feedback loop in it, the RWNN can capture the 
dynamics of a system, so the number of inputs of RWNN is 
less than the conventional neural network. So in this paper, a 
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RWNN will be used to approach the unknown part in the ideal 
controller, which includes the uncertain parameters of the 
vehicles. 

In current studies, the common problems of the existing 
methods of underwater vehicles are as follows: a) AUV 
controllers are usually designed according to the three degrees 
of freedom motion. Six-DOF control issue is more complicated 
and has more challenge; b) The transform matrix’ derivation is 
used in many controllers, which is very complex and the 
derivation of the six-DOF motion system is difficult to obtain; 
c) In some researches, robust terms are used to suppress or 
offset the effect of jamming, and the upper limits of the 
disturbances are necessary customarily. d) Most controllers can 
ensure that the tracking error converge to a neighborhood of 
zero, which cannot satisfy the precision demands.  

The main contribution of this paper is to propose a RWNN-
based adaptive robust controller for the six-DOF dynamic 
system of underwater vehicles subject to unknown external 
disturbances, model uncertainties and strong coupling. A 
RWNN is used to approach the unknown terms, so the 
designed controller can be close to the ideal controller. 
Besides, a special robust term is developed to handle the neural 
network’s approximation error and equivalent disturbances.  

The structure of this paper is organized as follows. Section 
II states the control problem of underwater vehicles subject to 
uncertain terms and disturbances. Section III presents the 
design of the WRNN-based controller and a robust 
compensator. In section IV, simulation studies are shown to 
verify the effectiveness of the proposed control scheme. 
Finally, conclusions are made in the last section. 

II. PROBLEM FORMULATION 
To analyze the dynamic behavior of the ROV and the effect 

of the umbilical cable, three coordinate systems are defined 
below (see Fig 1), i.e. body-fixed frame, earth-fixed frame and 
the local frames along the cable. 

ROV

Surface Vessel 
of Opportunity

 

Fig. 1. Coordinate systems of the ROV system  

The body-fixed frame (o - xyz)  is attached to the ROV, and 
(iv , jv ,k v )  is the unit vector. The earth-fixed frame 

  (O - XYZ)  is selected at the ocean surface and the unit vector 
is defined as   (i, j,k) . In addition, local fames (tnb)  are 
employed to study the disturbance caused by umbilical cable, 
and the local frames are located at the points along the cable 
with t  tangent to the cable in the direction of increasing arc 

length from the tow-point, and n is the normal vector, b  is in 
the plane of (i, j) . 

The relationship between the three frames can be expressed 
as: 

 
( )[ ] [ ] , ,

[ ] [ ] ( , )
v v v φ θ ψ

α β
=

=
1J

W
i j k i j k
t n b i j k

 (1) 

where ( ), ,φ θ ψ1J  is the transformation matrix and the Euler 
rotation angers , ,φ θ ψ  stand for roll, pitch and heading angles 
of the ROV. ,α β  are local rotational angles. 

A. ROV’s mathematical description 
The six-DOF mathematical model of ROV can be 

described by the following equations [13]: 

 1 f−+ + + = + Δ
=

η = J(η)ν
Μν C(ν)ν D(ν)ν G(η) τ J (η)
y η

 (2) 

where [ ] 6 1, , , , , Τη = x y z φ θ ψ ×∈ ℜ  is the vehicle’s position and 
attitude vector in six DOF in the earth-fixed frame; 

[ ] 6 1, , , , ,ν u v w p q r Τ ×= ∈ ℜ  denote the linear velocities and 
angular velocities in body-fixed frame. The output vector 

6 1y ×∈ℜ  is measurable in the system. 6 1τ ×∈ℜ  is the input 
vector, which includes the forces and moments produced by 
thrusters. A RBM = M + M  is the system inertial matrix 
(including added mass), ( )C ν  is the Coriolis and centripetal 
matrix (including added mass), and 

( ) ( ) ( ) 6 6
A RBC ν = C ν + C ν ×∈ℜ . The hydrodynamic damping 

matrix ( ) 6 6D ν ×∈ℜ  can be divided into linear and nonlinear 
parts. 6 6G(η) ×∈ℜ  represents the restoring forces and 
moments. 6fΔ ∈ℜ  is a vector of bias forces and moments and 
consist of slowly varying environmental disturbances, 
unmolded terms and the forces caused by the cable. 

6 6J(η) ×∈ℜ  is the transformation matrix, and  

 ( ) ( )
( )

1

2

J η 0
J η =

0 J η
⎡ ⎤
⎢ ⎥
⎣ ⎦

 (3) 

where ( )1J η  and ( )2J η  are complex functions of 
[ , , ]φ θ ψΩ = T . 

B. Dynamic Modeling of Umbilical Cable 
The cable can be considered as a long, thin, elastic cylinder. 

Assumed that the cable can only sustain tensile loads. Defining 
the state vector[17,18]: 



 [ ]T
t n bT V V V α βy =  (4) 

where T  is the tension forces, and tV 、 nV 、 bV  are the 
components of the velocity vector cV , which is the velocity 
term in the local frames along the umbilical cable. So the cable 
dynamics can be expressed by the following partial differential 
equation: 
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where cs  denotes the un-stretched arc length of the cable, 
1/e EA=  , and E  is the Young’s modulus. ρ  is the fluid 

density (1025 3/kg m  for seawater), m  is the mass per unit 
length, and 1m m Aρ= +  is the virtual mass per unit length, 
W  denotes the weight per unit length of the cable, and 

( )gW m Aρ= − , where g  is the gravitational acceleration. 

_ _ _U U U Uc c t c n c b= T[ ]  is the velocity vector of the ocean 

current in the local frame. U Ur c cV= −  is the velocity relative 
to the current, and can be expressed as 

_ _ _U U U Ur r t r n r b
T[ ]=  in the tnb  frame. 

The initial condition of the umbilical cable and six 
boundary conditions are needed to solve the partial differential 
equation (5). Assumption that the surface vessel is in the 
dynamic positioning mode, and that the influence of the cable 
by the heave movement can be neglected. So the boundary 
conditions can be expressed as: 

  ( )
(S, t) 0;

(0, t) ( , ) , , ( )
c

T
c c

V

V α β φ θ ψ
=

= + Ω×1W J ν r  (6) 

The forces and moment caused by the tension of the 
umbilical cable are expressed by: 
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where . T[ ]c c c cx , y ,z=r  denote the position of the joint point in 
the body-fixed frame.  

C. Model for Controller Design 

Define ,⎡ ⎤= ⎣ ⎦
ΤΤ Τx η η , [ ]1,..., Τy η ny y= = , and the model 

(1) can be rewritten as:  

 1( ) ( )f −= + +η ηy x η u bM  (9) 

where 
1 1 1

1 1 1

( ) [ ( ) ( )] ( )
( ) ( ) ( )

( )f − − −

− − −−
= − −J η M MJ η J η J η

J
x C(ν
η M J η J G η

) η
D(ν) η+

,

1( ( )( ) )η
−Τ −= J η MJΜ ηη , ( ) f−Τ= Δηb J η . ( ) ( )−Τu=J η τ=J η τ  

Let 1( ) g( ) g ( )−
Δ= +η y yM y , where g( )y  includes the 

diagonal elements of 1( )−
ηM y , and g ( )Δ y  is the non-diagonal 

elements of 1( )−
ηM y . So the equation (9) can be rewritten as: 

  
1,

(x) g (x)
1, 6

g (x)

i i ii i si

n

si ij j i
j j i

y f u d
i

d u d
= ≠

= + +⎧
⎪ =⎨ = +⎪
⎩

∑  (10) 

where iu  is the main input value for the i-th sub-system, sid  
means the equivalent disturbance of the i-th sub-system. So the 



MIMO system is divided into six SISO systems. Assume that 
the equivalent disturbance of the i-th sub-system is bounded, 
i.e. si sid D≤ , and 0g  is the lower bound of 
g (x), 1,2 6ii i = , i.e. 0g (x) g 0ii ≥ > .  

D. Control objective 

Define the constant vector [ ]1 ,..., Τyd d dny y=  as the 
desired output value of the system. To make the differential of 
yd  meaningful always and improve the tracking performance, 

a smooth reference trajectory 1,...,
Τ

y ref ref refny y⎡ ⎤= ⎣ ⎦  for the 
tracking system will be generated by the pre-filter: 

 M y D y G y G yr ref r ref r ref r d+ + =  (11) 

where rM , rD , and rG  are positive design matrices. 
The control objective is to devise a neural network-based 

adaptive output feedback controller u , such that the output 
signals y  follows a desired reference trajectory y ref , and the 
signals in the closed-loop system are stay bounded. 

III. CONTROLLER DESIGN 
In this section, an RWNN-based adaptive robust controller 

is employed for AUV’s positioning system.  

Considering the i-th sub-system (5), defining the 
extensional error: 

 i i is e eλ= +  (12) 

where i refi ie y y= −  is the tracking error of the i-th subsystem, 
so the is  dynamics can be described as: 

 (x) g (x)

g (x) ( , ) (x, )

i i i

refi i i

refi i i ii i si

ii i i refi refi i i si

s e e
y y e

y e f d

a y y b y d

λ
λ

λ τ
τ

= +
= − +

= + − − −

= − + + −

  (13) 

where ( , )i refi refi refi refia y y y yλ= + , (x, ) (x)i i i ib y f yλ= − + . 

A. Controller design without disturbances 
An ideal controller is derived in this section for the is  

dynamics under the assumption 0sid = : 

 
1 ( ( , , ) (x, , ))
(x)

1,2

i i i i refi refi refi i i i
ii

u K e a y y y b y y
g

i n

λ∗ = + +

=
 (14) 

where ( , , ) ( , ) (x) ki refi refi refi i refi refi ii i refia y y y a y y g y= + , and 
(x, , ) (x, ) (x) ki i i i i ii i ib y y b y g y= − . 0>iK  is a feedback gain 

and the extensional error is  will be converge to zero. 

Proof Considering the Lyapunov function candidate as 
follows: 

 21
2 iV s=  (15) 

So the derivative of the function (15) along the trajectory 
as: 

 
2

g (x) ( )

g (x) 0

i i

ii i i refi i i

ii i i

V s s
K s y y e

K s

λ
=
= − − +

= − ≤
 (16) 

then we have the asymptotic result lim 0ix
s

→∞
= . 

We notice that the controller (14) is especially idealistic. 
Let: 

 1
1 ( ( , , ) (x, , ))
(x)i i refi refi refi i i i

ii

u a y y y b y y
g

∗ = +  (17) 

Considering the ideal controller, we notice that 1u∗  includes 
the vehicle parameters, which is hard to obtain in practical 
solution. Especially for the 6 DOF underwater vehicles, it is 
often impractical to get all the values in the system matrix and 
the modelling error cannot be ignored too. For these reasons, a 
recurrent wavelet neural network is employed to approximate 
the unknown function 1u∗ , and the controller can be rewritten 
as: 

 1̂ ˆi i i i siu K e u uλ= + +  (18) 

where 1̂u  is the output of RWNN, which will be designed later. 
ˆru  is the robust controller, which is used to handle the 

disturbances and the approximate error of the neural network. 

B. Recurrent wavelet neural network 
RWNN is a dynamic recurrent multilayered network with 

memory elements and an internal feedback loop, and it can 
captures the dynamic response of a system. The derivatives y  
which cannot be obtain directly will not be used as one of the 
input vector. A MIMO RWNN’s structure are introduced as 
follows, see Fig. 2. 



 

Fig. 2.  the structure of RWNN 

The RWNN comprises input layer, mother wavelet layer, 
product layer and output layer. For the m  inputs and one output 
neural network model, there are l  nodes in product layer, so 
The number of mother wavelet layer nodes is m l× . Because 
of the feedback construct in the mother wavelet layer and the 
differential relation between the signals, we can choose iy  and 

refiy  as the inputs of the RWNN to approximate the unknown 
function in (8). So the input vector can be chosen as 

TT T m
ref⎡ ⎤= ∈ ℜ⎣ ⎦ξ y y . Select 2( ) exp(( 1/ 2) )x x xφ = − −  as 

the mother wavelet function, which has the universal 
approximation property, so the output of product layer can be 
obtain through: 
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×
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where jkr  is the recurrent weight of the mother wavelet node. 
( )jk t tφ − Δ  represents the output of mother wavelet node 

through delay time tΔ . jkμ  is the translation factor and jkd  is 
the dilation factor. It can be seen that mother wavelet layer 
accepts not only the outputs of layer 1 but also the feedback 
values through delay. 

Then the output of the RWNN can be written as: 

 , , T T(ξ,μ,d,r W Θ) = W α(ξ,μ,d,r) +Θ ξRWNNy  (20) 

where 1 2[ , , ]W T l
lw w w= ∈ℜ , and jw  is the connection 

weight value between j-th product node and i-th output node. 
1 2[ , , ]Θ T m

mθ θ θ= ∈ℜ  is the connection weight vector 
between the input nodes and the output nodes. α(ξ,μ,d,r)  

represents the outputs of the product layer. Define the matrices 
μ , d , r  as: 

1[ , , ]μ μ μ μT T T T
j l= , 1 2[ , , ]μ T m

j j j jmμ μ μ= ∈ ℜ , 
1[ , , ]d d d dT T T T

j l= , 1 2[ , , ]d T m
j j j jmd d d= ∈ℜ , 

1[ , , ]r r r rT T T T
j l= , 1 2[ , , ]r T m

j j j jmr r r= ∈ℜ . 
According to the approximation theorem, there exist 

matrixes W∗ , Θ∗ , μ∗ , d∗ , r∗ , such that the continuous 
function on a compact set can be approximated by recurrent 
wavelet the neural work, i.e. 

 1 g (x)
i i

i
ii

u
α β ε∗ ∗ ∗ ∗ ∗ ∗+

= = +T TW α(ξ,μ ,d ,r ) +Θ ξ  (21) 

where ε  is the reconstruction error of the neural network, and 
Nε ε< , Nε  is the upper bound of ε . Since the optimal 

values cannot be obtain in practical application, we use Ŵ , 
Θ̂ , μ̂ , d̂ , r̂  as the estimation of the optimal values, and they 
will be used in the final controller, i.e. 

 1
ˆˆ ˆ ˆˆ ˆiu = T TW α(ξ,μ,d,r) +Θ ξ  (22) 

Adaptation laws and robust controller design 

Define the estimation error vectors  

 

ˆ

ˆ
ˆ

ˆ

∗

∗

∗

∗

= −

= −

= −

= −

W W W
μ μ μ

d d d

Θ Θ Θ

 (23) 

and  

 ˆ ˆˆα α(ξ,μ ,d ,r ) α(ξ,μ,d,r)∗ ∗ ∗= −  (24) 

So the estimation error of the RWNN can be written as 

 
1 1 1̂

ˆˆ ˆ
ˆ

i i iu u u

ε
ε

∗

∗ ∗ ∗

∗

= −

= + − − +

= + + +

T T T T

T T T

W α Θ ξ W α Θ ξ

W α W α Θ ξ

 (25) 

Moreover, the Taylor series is employed to transform α  
into a partially linear form, i.e. 

 
ˆ ˆˆ

2 2 2( ) ( ) ( )

T T T

o o o

= ==

∂ ∂ ∂= + +
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+ + +

μ μ r rd d

α α αα μ d r
μ d r
d μ r

 (26) 



where 2 2 2( ) ( ) ( )d μ ro o o， ，  are the high order terms. For 
convenience, Let 

 ˆˆ μ μ μ
αα
μT =
∂=

∂ , ˆˆ d d d

αα
dT =

∂=
∂

, ˆˆ r r r
αα
rT =

∂=
∂

. (27) 

So the estimation error riu  can be rewritten as 

 2 2 2

ˆ

ˆˆ ˆ ˆ ˆ ˆ ˆ ˆ( ) ( )

( ( ) ( ) ( ))
ˆ ˆˆ ˆ ˆ ˆ ˆ ˆˆ( )

ˆ ˆˆ ˆ

T T T

T T
μ d r μ d r

T T

T T T
μ d r μ

T T T T T
d r
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W α α μ α d α r W α μ α d α r

W d μ r Θ ξ

W α α μ α d α r μ α W
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riu

o o o

h

ε

ε

∗

∗

= + + +

= + + + + + +

+ + + +

= − − − +

+ + + +

(28) 

where 
2 2 2ˆ ˆ ˆ( ) ( ( ) ( ) ( ))h o o o ε∗ ∗ ∗ ∗= + + + + + +T T

μ d rW α μ α d α r W d μ r  

For the i-th sub-system, the adaptive laws is defined as 
follows  

 1 1
ˆ ˆ ˆˆ ˆ ˆ ˆ ˆˆ( ( ) )i is sγ σ= − − − −μ d rW α α μ α d α r W  (29) 

 2 2
ˆ ˆ( )i is sγ ξ σ= −Θ Θ  (30) 

 3 3
ˆˆˆ ˆ( )i is sγ σ= −T

μμ α W μ  (31) 

 4 4
ˆ ˆ ˆˆ( )i is sγ σ= −T

dd α W d  (32) 

 5 5
ˆˆ ˆ ˆ( )i is sγ σ= −T

rr α W r  (33) 

where 1 2 3 4 5, , , , 0γ γ γ γ γ > , 1 2 3 4 5, , , , 0σ σ σ σ σ > are adaptive 
gain.  

Let  

 
2 2 2 2 2

1 2 3 4 5W Θ μ d rρ σ σ σ σ σ∗ ∗ ∗ ∗ ∗= + + + + (34) 

 
0

1
gi i sih DρΔ = + +  (35) 

A robust controller can be chosen as follows to balance the 
approximation error of the neural network and the disturbances 
in the system. 
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The control law is design as(18), which is comprised of a 
RWNN and a robust controller, and the parameter adaptive 
laws are chosen as (29)-(33). The robust controller is designed 
as (38), and the parameters are adjusted by (36)-(37), the 
asymptotic stability can be guaranteed. 

C. Stability analysis 
Considering the is  system 
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A Lyapunov function can be chosen as follows: 
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where ˆ
i i iΔ = Δ − Δ . Taking the time derivative of the 

Lyapunov function, yield 
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Since there is a inequality as follows 
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And in a similar way, we have  
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Substitute equation (37-41) into equation (36), Yield  

 

2

6 6

2
0

22 22 2
1 2 3 4 5

2

6 6

2

2

1 1ˆg (x) g (x)( )

ˆ 1g (x) ( ) g (x)
g

1 g (x) ( )
2

1 1ˆg (x) g (x)( )

ˆ
g (x)( )

ii i i ii i i i i

i i i
ii i i si ii i

i i

ii i

ii i i ii i i i i

i i i
ii i i

i i

V K s

s s
s h D s

s

s

K s

s s
s

s

λ δ δ
γ γ

ρ
δ

σ σ σ σ σ

λ δ δ
γ γ

δ

≤ − − Δ Δ −

Δ
+ − + +

+

− + + + +

≤ − − Δ Δ −

Δ
+ Δ −

+

W Θ μ d r

22 22 2
1 2 3 4 5

1 g (x) ( )
2 ii is σ σ σ σ σ− + + + +W Θ μ d r

  

  (47) 

Yield  
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From the inequality of V  given by (42), we can see that V  
is a negative semi-definite function, i.e. 0V ≤ . It  implies that 

is , W , Θ , μ , d , r , iΔ , iδ  are bounded. Since V  is a non-
increasing and bounded function, and we have 
lim (t) ( )
t

V V
→∞

= ∞ . So ： 
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Since the function 2 1g (x) g (x)
2ii i i ii iK s sλ ρ+  is bounded, 

according to Barbalat’s Lemma, the convergence can be 

guaranteed, i.e. 2 1g (x) g (x) 0
2ii i i ii iK s sλ ρ+ → , when t → ∞ . 

Furthermore, it implies that is  converge to zero as t → ∞ . 

IV. CASE STUDY 
To validate the proposed RWNN-based robust adaptive 

controller, it is assessed in the MATLAB simulation 
environment with a six DOF nonlinear model of an underwater 
vehicle. The initial position of the ROV is 

[ 85 0 47.5 0 0 0]T= −y       , and the desired position and 

attitude is [ 80 2 50 5 5 5]T
d = −y       . 

The pre-filter is utilizing to produce a smooth target path 
for the controller, and the parameter matrixes can be chosen as: 

2

([1,1,1,1,1,1])
2

([3,3,3,3,3,3])
([2, 2,2,2, 2,2])

M
D M ξΩ

G M Ω
ξ
Ω

r

r r

r r

diag

diag
diag

=
=

=
=
=  

A RWNN which has 6 nodes in the product layer is used in 
the control system, the input vector of the neural network is 
ξ y y

TT T
ref⎡ ⎤= ⎣ ⎦ , and the parameters of the weight updating 

laws are chosen as: 1 2 3 4 5 20γ γ γ γ γ= = = = = ; 
1 2 3 4 5 6.2σ σ σ σ σ= = = = = . 

The robust controller’s parameters are chosen as 6 0.1γ = . 
The initial values of Δ̂  is zero, and the initial values of δ  is 
0.5. 

To verify the effectiveness of the controller and the control 
effect, the unpredictable disturbances and parameter 
uncertainties are introduced. The environmental disturbances 
acting on the underwater vehicle and the uncertainties of the 
model can be treated together as: 

[1000 1000 500 1000 1000 1000]f ΤΔ = , , , , ,  
The 3D trajectory of the vehicle with umbilical cable is 

shown in Fig.3, it is indicate that the proposed controller can 
drive the vehicle from the initial position to the given position 
yd . The lines stand for the cable’s configuration at different 
time. 

Fig. 4 shows the curves of vehicles’ position and attitude, 
the dotted lines present the output of the pre-filter, and solid 



lines are the time history of , , , , ,x y z φ θ ψ . From the curves, it 
is shown that the output of the vehicle can follow the reference 
trajectory well. 

Fig. 5 shows the time history of error function s . From the 
figure, we can see that the error function s  get to zero at 10-
15s by using the proposed controller. 

Fig. 6 shows the curves of control inputs by using the 
proposed method. In general, the better tracking precision 
needs more control effort and may cause oscillations of the 
control. As seen from Fig. 8, there are few slight oscillations at 
the beginning because of the existence of the RWNN, but the 
outputs of the thruster are smooth and steady. In addition, since 
the given signals which the controller need are given by the 
pre-filter, so the errors are changing smooth and slowly, and it 
causing that the magnitude of the thruster are never get the 
maximum values. 
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Fig. 3. The trajectory of the ROV with umbilical cable 
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Fig. 4. The time history of the undetwater vehicle 
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Fig. 5. The time history of the extensional error function s 
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Fig. 6. Control input using the proposed controller 

V. CONCLUSIONS 
In this paper, the problem of station keeping for a ROV 

with parameter uncertainties and unknown external 
disturbances has been investigated. Firstly, the MIMO system 
was divided into several SISO systems by a transformation. So 
the output of the system is decoupled with the control input. 
Then, A RWNN is used to approach the unknown term in the 
ideal controller, and a special robust controller is designed to 
compensate the approximate error and the equivalent error. 
Stability analysis is made to verify the asymptotically stable of 
the final closed-loop system. The tracking error can 
convergence to zero. The excellent performance of the 
aforementioned control scheme is validated through simulation 
for the station keeping of an underwater vehicle 
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