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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
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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;
¢) 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
IT 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.

LT |

Fig. 1. Coordinate systems of the ROV system

The body-fixed frame (0-Xyz) is attached to the ROV, and
(i,,j,,k, ) is the unit vector. The -earth-fixed frame
(0-XYZ) is selected at the ocean surface and the unit vector

is defined as (I,),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, ).

The relationship between the three frames can be expressed
as:

i, J, k1=0i j k¥,(4.0.y) "
[t n bl=[i j KkIW(xf)
where J, (¢,6,y) is the transformation matrix and the Euler
rotation angers @,6,¥ stand for roll, pitch and heading angles
of the ROV. &, 3 are local rotational angles.

A. ROV’s mathematical description

The six-DOF mathematical model of ROV can be
described by the following equations [13]:

n=Jmyv
Mv+CW)V+DWV+GH) =1+J "' (MAS 2)
y=1n

where n=[x,y,2,0,0, 1//]T e R is the vehicle’s position and
in six DOF in the earth-fixed frame;
v=[u,v,w, p,q,r]T e R denote the linear velocities and

attitude vector

angular velocities in body-fixed frame. The output vector
ye R is measurable in the system. Te R is the input
vector, which includes the forces and moments produced by
thrusters. M =M, + My, is the system inertial matrix

(including added mass), C(v) is the Coriolis and centripetal
matrix (including added mass), and
C(v)=C, (v)+Cpy(v)e R*® . The hydrodynamic damping
matrix D(v)e R can be divided into linear and nonlinear

G(we R

moments. Af € 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.

parts. represents the restoring forces and

J)e R is the transformation matrix, and

(()ﬂ) y } 3)

where J,(n) and J,(m) are

Q=[p,0,y]".

complex functions of

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]:



y=IT vV, V, V, a B (4)

where T is the tension forces, and V, . V, . V, are the

components of the velocity vector V., 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:

ay. ay,
M ) cab =N ) cab +
cable aSC cable at Q (5)
where
(1 0 0 0 0 0 |
01 00 V, cos -V,
{00 10 —V, sin B |4 0
“@le10 0 0 1 V,sinf-Vcosf 0
0 000 —TcosfB 0
100 00 0 T |
W sin ﬂ+%7zpd\/1+eTq U, .|u,,
0
0
Q= 0

1 .
Epdxll +eTC,U, ,\JU; +U;, —pAU,_,

1 .
_Wcosﬂ+5pd\/1 +eTC,U,  JU; +U} —pdAU_,

—meV, m 0
1+el
e 0 0
0 0 0
Nogse = 0 0
_e(m] V, - pA Ucih)
—_— 0 m
1+eT
—me(mV, -~ pAU,,)
—_— m, 0
L I+eTl
0 (mV, —pA Uz;b)cosﬂ —(mV, —pA Uz;u)
0 0 0
0 0 1+eT
0 —(1+eT)cos 0
m (mV,—pAU, )sin f—mV cosf, 0
0 ~(ml,-pAU,_,)sinf m,

where s, denotes the un-stretched arc length of the cable,
e=1/EA , and E is the Young’s modulus. # is the fluid
density (1025 kg /m® for seawater), ™ is the mass per unit

length, and m, =m+ pA is the virtual mass per unit length,
W denotes the weight per unit length of the cable, and
W=(m-pA)g , where & is the gravitational acceleration.

u.=[uv,, U, U(.j]T is the velocity vector of the ocean

current in the local frame. U, =V, —U_ is the velocity relative
to the current, and can be  expressed as
U, =[U,, U, , U,I" inthe 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:

V.(S,t)=0;

V0.0=W @B, (g.6p)v+axr)

The forces and moment caused by the tension of the
umbilical cable are expressed by:

Fy ] T(0,1)
F.(0)=|F, |=R(9.0,)W (a(0,0), 5(0,0))| 0 (7
£y | 0

_MCX yL'F:)Z _ZcF‘cY
Mc (t) = M(:Y = r( XF(' (t) = ZcF;'X - 'ch;'Y (8)
MCZ ‘ch‘cY - ycF;X

where .7, =[x,,,.,z.]" denote the position of the joint point in
the body-fixed frame.

C. Model for Controller Design

Define x:[nT,f]TJT,yznz[yl,...,yn]T, and the model

(1) can be rewritten as:

y=/(0+M, " (Wu+b, )

where

S(x)==JM'[CE)-MI" (I (W}~ (7

=J(M DI (+I ' G(n)

M, () =J"(mMJ"' ()b, =J" (A .u=J"T()r=I ()7

Let M, ' (y)=g(y)+g,(y) , where g(y) includes the
diagonal elements of Mn’l(y) , and g,(y) is the non-diagonal

elements of Mn_1 (y) . So the equation (9) can be rewritten as:

V= fi(0)+g,Xu, +d;
n ‘:1 ...6
d,= Z g, (Xu; +d, o (10)

j=Lj#

where u; is the main input value for the i-th sub-system, d,;
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,

d;,|<D, , and g, is the bound of
g:(x),i=12--6 ie g,(x)2g,>0.

1.e. lower

D. Control objective

as the

desired output value of the system. To make the differential of
¥, meaningful always and improve the tracking performance,

Define the constant vector y, =[y, ..., ]

. T
a smooth reference trajectory y,, :[ y,,gfl,...,y,,eﬁj for the

tracking system will be generated by the pre-filter:

Mryref +DrYref +Gryrej/' = Gryd (11)

where M, D _,and G, are positive design matrices.

The control objective is to devise a neural network-based
adaptive output feedback controller W, such that the output

signals ¥ follows a desired reference trajectory Y,.,, 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
extensional error:

sub-system (5), defining the

s, =¢+ e (12)

where €, =, —J; is the tracking error of the i-th subsystem,
so the §; dynamics can be described as:

§,=¢+A¢
=V — ¥, A6,
=Jop A6, — [;(0) -8, ()7, —d
==8; (07 +6,(V,5, V) +b,(X, 3,) = d

(13)

Where a[()./reﬁ%j}rgﬁ):j}rgﬁ +ﬂymﬁ ) b[(X,j)[) :_fl‘(x)-'_ﬂyt

A. Controller design without disturbances
An ideal controller is derived in this section for the s,
dynamics under the assumption d,; =0 :

I _ A - .
(a[(yrcf/[’yrg/i’yrqﬂ)+bi(xﬁyi5yi))
g;(%) (14)

i=1,2-n

u’=AKe +

where 5, (yreﬁ > J'/,gﬁ s j}rgﬁ) =aq; ()'},gﬁ: j}reﬁ) + 8ii (X) ki yrg/i > and
b(x,y.,9)=b(x,3.)—-g,(x)k, y, . K;>0 is a feedback gain
and the extensional error §; will be converge to zero.

Proof Considering the Lyapunov function candidate as
follows:

L,
V=—s 15
55 (15)

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

V= S,
=-g,(X)Ks, (yr‘ell -y, +e) (16)
=—8g; (X)Kisz[ <0

then we have the asymptotic result lgmm 5, =0

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

(@ (Vs Vs o) F B Y0 0))  (17)

1
uli
g:(%)

Considering the ideal controller, we notice that u; 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 u; , and the controller can be rewritten

as:
u, =AKe +u, +u, (18)

where 4, is the output of RWNN, which will be designed later.

i, 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 ¥
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 7 inputs and one output
neural network model, there are / nodes in product layer, so
The number of mother wavelet layer nodes is mXx/. Because
of the feedback construct in the mother wavelet layer and the
differential relation between the signals, we can choose ¥, and

Y..x as the inputs of the RWNN to approximate the unknown
function in (8). So the input vector can be chosen as
E= [yT Yo ]T e R" . Select @(x)=—-xexp((~1/2)x*) as

the mother wavelet function, which has the universal
approximation property, so the output of product layer can be
obtain through:

é:k +¢jk (I_At)rjk _/u,'k

a; = g¢f" - /}_:[1¢jk( d :
_ ﬁ(gk +9, (t=A)r, _’ufk)
k=1 djk (19)
(G +8, (1= A0y — )’
xexp( 2djk2 )

(k=1,2-m;j=1,2---)

where 7 is the recurrent weight of the mother wavelet node.
@, (t—Af) represents the output of mother wavelet node

through delay time Ar. U, is the translation factor and d 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:

Ve G d,r, W,0) = Wha(,p,d,r) +0'E  (20)

where W =[w,w,,--w,]' € R', and W, is the connection
weight value between j-th product node and i-th output node.
0=[6,,6,,---6,] € R" is the connection weight vector

between the input nodes and the output nodes. a(&,p,d,r)

represents the outputs of the product layer. Define the matrices
B, d, rr as:

H=[H1T,M§,H1T]T H‘,-=[ﬂ,~p jza"'ﬂjm]remm
d=[d1T,...d§,...le]T d, =[d dfz,---djm]TeER”’

Jr

E

>

r:[rlr’...r;’...rlr]r rj =[r/_1’rj2’...rjm]Te 9'{'”

According to the approximation theorem, there exist
matrixes W*, @, u', d°, r*, such that the continuous

function on a compact set can be approximated by recurrent
wavelet the neural work, i.e.

u, = arh WhaE,p',d',r)+0"c+¢ (21)
g, (x)

where € is the reconstruction error of the neural network, and
||£||<£N, €y is the upper bound of € . Since the optimal

values cannot be obtain in practical application, we use W,

@, I, d, t as the estimation of the optimal values, and they
will be used in the final controller, i.e.

i, = W, j,d,f) + 0"t (22)

Adaptation laws and robust controller design

Define the estimation error vectors

W=W-W
L (23)
d=d -d
0=0"-0
and
i=0@p,d,r)-a@,d,F) (24)

So the estimation error of the RWNN can be written as

U, = u; —u,
=W +0"E-W'a-0"¢+¢ (25)
=W'a+W'a +0"¢+¢

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

&=8a| ~+aoz| a+aa .
aHT u:ﬁ" ad” d=d or’ r=f (26)
+o(d®) +o(ji*) + o(i?)



where o(d?), o(fi*), o(f’) are the high order terms. For
convenience, Let

N ou | R Ju

d=d ’ o, = or’

So the estimation error #%,; can be rewritten as

i, =W'a+W'a +@"¢+¢
=W'(@+a,ji+a,d+a,F)+W' (6,0+a,d+a,F)
W (o(d) +o(i) +0(F) +O'E +& (28)
=W'(6-6a,i-6,d-6F)+i"a W
+d"o W +iTaTW+ 0O g+ 1

where

h=WT(@,n +é,d +6a,r)+ W7 (od)+o(@’)+o(F ) +¢

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

W=7y(s,(6-6,A-6,d-6,F) -0 |s,|W) (29)
0O=y,(s£-0,5,]0) (30)
i=700sW-0,ls, ) (31)
d=7,@%sW-0,|s|d) (32)
t=7,(als,W-0,s|F) (33)

where 7,7,V %Y >0, 0,,0,,0,,0,,0, >0 are adaptive
gain.

Let

s

p=a|W[+olof +ofw] +ofa +ofr 3o

A =h +p+LDSI. (39)
£

A robust controller can be chosen as follows to balance the
approximation error of the neural network and the disturbances
in the system.

A, =7s] (36)
_ |Sf|Ai

==Y Sfro (37)
Si |Si|Ai

Uy =5 — (38)

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 s; system

5 =—g,(Xu, + o, +:Bf -d,

%4t ﬁ’ +g; (X)u;‘ + ﬁl - ds[
g;(x)

=—8; (X)ﬂ'Kfo +8; (X)("N‘u - us[) - ds[ (39)
=-g,(0AK,s, +g,x)(W" (@—éa,i-a,d-a,f)
RO W+d A WA A WO E+h —u,)—d,

=—8; (X)u:‘ +a —g; (X)

A Lyapunov function can be chosen as follows:

V= lsf +gii(x)(iWTW+Lé)Té)+LﬁTﬁ
2 2N 27, 2%,

PR (PR +LA,.2 +Lé‘f)
2y, 2y 2y, 2y,

(40)

where A,. =A, —A[ .
Lyapunov function, yield

Taking the time derivative of the

s l ~ A l ~ A l A l ~ A
V=55 -g,)(—WW+—0"0+—i"i+—d"d
1 2 7/3 7/4

s L +LA,&. —Lé‘ié})

75 Vs Vs
=-g,()AK,s] +g,(x)s (W' (@— 6, f—a,d—a,f)
A - N A~ 41
Hi'a, W+d agW+i'a; W+0'E) (1

e, (05, (h —tt, ———d Y=g () WW+ @O
g;(%) h 72
L

Since there is a inequality as follows

W'W<WI(W - W)

Wrw W] s

And in a similar way, we have



2

6% <-1[6] +Jo' )

i<l | (4
da< - [af +fa (45)
b7+ (46)

Substitute equation (37-41) into equation (36), Yield

Vs_gff(x)/’LKs —8i (X)(_ A __55)
6 6
ISIA
s+

_% g, )]s |(c, ||v”v|| +o, ||<:)||2 v i +o,[d + o |7

+gii(x)s[(h[ - U)+g” (X)|S |p

<-g; (X)/’U(fsf2 — & (X)(LALAL _Ldé‘,)

6 6

s; |s[|A,
—)
|S[| +0.

i

+g; (X)(A,‘S[ -

_% g, (s | W] +0.]8] +o, [ +o, Ja] +o. [

(47)

Yield

V< —g, (02K, +2, (A, |5, | +8 —im
|Si| +9,
A ——5(5)

6

~8i (X)(—

——g”(X)ls (o, ||W|| +0, ||®|| +0o, "p." +o, ||d|| +o;[F)
<-g; (X)AK[S:'
L e sl W]+ 6 ol o o o)
From the inequality of /' given by (42), we can see that
is a negative semi-definite function, i.e. ¥ <0 . It implies that
s,, W, @, R,d, f,A,, 6 are bounded. Since V' is a non-

increasing and bounded function, and we have
limV(t) =V (=) . So .

) (48)

I(g“(x)/lK 2= g“(x)|z|(0' ||w|| +0, ||@|| +o, [

+o, ||€1||2 +0;, [{) <V (0) =V (o0) <0

Since the function g, (x)AKs’ + g” (x)|s |p is bounded,

according to Barbalat’s Lemma, the convergence can be

guaranteed, i.e. g,(x)AK,s; +%gﬁ (x)|s,.|p — 0, when oo,

Furthermore, it implies that |sl.| converge to zero as ¢ — oo,

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 s

y=[ —85047.500 0], and the desired position and
attitude is y, =[ =80 2 50 55 5]".

The pre-filter is utilizing to produce a smooth target path
for the controller, and the parameter matrixes can be chosen as:
M, =diag([L,1,1,1,1,1])
D =2M EQ
G, =M, Q’
& =diag([3,3,3,3,3,3])
Q =diag([2,2,2,2,2,2])

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

g = [yT Yo JT , and the parameters of the weight updating

laws are chosen as: Y =)=V=V,=¥=20

0,=0,=0,=0,=0,=0.2,

The robust controller’s parameters are chosen as ¥, =0.1,

The initial values of A is zero, and the initial values of J 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:

Af=[1000,1000,500, 1000,1000,1000]"

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

Y, - 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, 7,2,8,6,¥ . 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 § . From the
figure, we can see that the error function § 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.

y(m)
x(m)

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. 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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