
An Integrated Backstepping and Sliding Mode Tracking Control 
Algorithm for Unmanned Underwater Vehicles 

 
Bing Sun, Daqi Zhu, Weichong Li 

 
Laboratory of Underwater Vehicles and Intelligent Systems 

Shanghai Maritime University 
 Shanghai, China 

email:zdq367@yahoo.com.cn 
 

Abstract—In this paper, an integrated backstepping and sliding 
mode tracking control algorithm is developed for three-
dimensional tracking control of unmanned underwater vehicles 
(UUV). The proposed control strategy combines with a kinematic 
controller and dynamic controller together. The kinematic 
controller integrates a bio-inspired model with the basktepping 
method while the dynamic controller uses robust sliding mode 
control. Unlike the traditional backstepping method suffering 
from the speed jump problem, the application of bio-inspired 
model can generate smooth and continuous velocity signal even in 
the large initial errors. Therefore, a smooth control signal can be 
obtained by dynamic controller without thruster control 
saturation. The effectiveness and efficiency of the proposed 
control strategy are demonstrated through simulations and 
comparison studies. 

Keywords-Unmanned underwater vehicles, tracking control, 
backstepping, bio-inspired model. 

I.  INTRODUCTION  
Unmanned underwater vehicles (UUV) have been wildly used 
as a platform employed in risky missions such as 
oceanographic observations, bathymetric surveys, ocean 
floor analysis, military applications, recovery of lost 
man-made objects, etc [1]. This requires a more precise 
control behavior which has motivated an intensive 
research in the last decade. As a consequence, several 
different control approaches have been applied to the 
UUV motion control such as the adaptive control 
techniques [2-3], sliding-mode control [4-6], backstepping 
control algorithms [7-8], fuzzy-logic and neural network 
methods [9-12], etc.  

The underwater vehicle dynamics is strongly coupled and 
highly nonlinear. In order to deal with the uncertain nonlinear 
parts in the underwater vehicle’s dynamics, many researchers 
concentrated their interests on the applications of sliding mode 
control. Sliding mode method [4-5] is usually used for 
dynamic tracking control for the outstanding characteristic 
including insensitivity to parameter variations, and good 
rejection of disturbances. So sliding mode control is 
extraordinary suitable for robust tracking control of 
underwater vehicle. However, one major drawback of the 
sliding-mode approach is the high frequency of control action 
(chattering). To eliminate/reduce chattering, various methods 
have been proposed to reach a continuous robust control. For 
example, S. Serdar proposed a chattering-free sliding-mode 

control method with an adaptive estimate term [6]. 
The backstepping control algorithms [7-8] is the commonly 

used approach for tracking control. However, the disadvantage 
for backstepping method is quite obvious. The velocity control 
law is directly related to the state errors, so large velocities 
will be generated in big initial error condition and sharp speed 
jump occurs while sudden tracking error happens. It means 
that the required acceleration and forces/moments exceed their 
control constraint even infinite values at the velocity jump 
points, which is practically impossible. 

To resolve the impractical speed jump problem of large 
initial velocities resulted from the backstepping technique, 
some fuzzy control methods [9-10] and neural network control 
algorithms [11-12] are proposed. The fuzzy rules based 
tracking control approaches can solve the problem of large 
initial vehicle velocities, but it is very difficult to formulate the 
fuzzy rules, which are usually obtained by trial and error based 
human knowledge. As neural networks are characterized by 
flexibility and an aptitude for dealing with non-linear 
problems, they are envisaged to be beneficial when used on 
underwater vehicles. For examples, a neural network adaptive 
controller is proposed by Li [11] for autonomous diving 
control of an UUV using adaptive backstepping method when 
the smooth unknown dynamics of a vehicle is approximated 
by a neural network. Anyhow, the existing neural networks 
based tracking control algorithms for underwater vehicle 
require either on-line learning or off-line training procedures 
which could be computational complicated. 

This paper focuses on the problem of speed jump and the 
thruster control constraints for UUV, and the a 
kinematics/dynamics cascaded control system integrating 
backstepping technology and sliding mode control with bio-
inspired neural dynamics model (bio-inspired model) [13-14] 
is presented for three-dimensional (3D) tracking control of 
OUTLAND1000 UUV. Due to the shunting characteristics of 
bio-inspired model, the output of the bio-inspired model is 
bounded in a finite interval and smooth without any sharp 
jumps when inputs have sudden changes. In addition, the 
novel tracking controller proposed can meet on-line navigation 
of an UUV because no learning procedures are needed in the 
bio-inspired neural dynamics model.  

This paper is organized as follows: In the second section, 
the basic kinematics and dynamics of the UUV. In the third 
section, an integrating backstepping and sliding mode tracking 
control algorithm based on bio-inspired model is presented. In 
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the fourth section thruster configuration and force allocation 
for OUTLAND1000 UUV are introduced. To illustrate 
effectiveness and efficiency of the proposed method, 
simulation examples are given in the fifth section. Finally, 
some concluding remarks are made. 

II. BACKGROUND  
In this section, two coordinate systems for UUV control are 
first briefly presented. Then the kinematic and dynamic model 
of UUV is provided. Finally the tracking control problem is 
briefly stated. 

A. Kinematic model  
In a three-dimensional (3D) Cartesian workspace shown in 
Fig. 1, two coordinate frame systems are defined: the inertial 
frame system { }O XYZ−  and the body-fixed frame system 

0 0 0 0{ }O X Y Z− . The coordinate systems illustrated in Fig. 1 
obey the right-hand rule and the Z-axis points to the 
downward. 

0O

 
Fig. 1.  Coordinate systems 

The kinematic models are formulated as below. Let 
[ ]Tx y z φ θ ψ=η be the generalized coordinates 

representing the position ( , , )x y z  and the orientation 
( , , )φ θ ψ  with respect to the inertial frame and 

[ ]Tu v w p q r=q  be the translational velocities 
( , , )u v w  and the rotational velocities ( , , )p q r  with respect to 
the body frame attached at the vehicle. Then, the kinematic 
model relating the body-fixed frame to the inertial frame can 
be expressed in a compact vector form as follows[24]: 

( )J η=η q                                 (1) 

where n nJ R ×∈ is the spatial transformation matrix between the 
inertial frame and the UUV’s body-fixed frame. 

B. Dynamic model  
The dynamic equation of UUV can be presented as a compact 
vector form [15]: 

( ) ( ) ( )+ + + =η τMq C q q D q q g                 (2) 

where n nR ×∈M -inertia matrix including the added mass 
effects；  n nR ×∈C -the matrix of Coriolis and centrifugal 
terms (including added mass caused by hydrodynamic effect)
； n nR ×∈D - the hydrodynamic damping matrix； nR∈g -

gravity and buoyancy forces; nR∈τ  is the control forces and 
moments acting on the UUV centre of mass.  

As mentioned earlier, the system dynamics are not exactly 
known. The system dynamics can be divided into two parts: 
estimated dynamics τ̂  and unknown dynamicsτ :  

ˆ= +τ τ τ                                    (3) 

where ˆ ˆ ˆˆ
∧

= + + +τ Mq Cq Dq g , = + + +τ Mq Cq Dq g , ˆ ˆ ˆ, , ,
∧

M C D g  
are estimated terms, , , ,M C D g are the unknown terms.  

In this paper, the mainly research focuses on the model of 
OUTLAND1000 UUV. The thruster configuration and force 
allocation of OUTLAND1000 UUV will be described in detail 
in section 4. It has only four degrees of freedom (DOF) 
( , , , )u v w r  to conduct motion control, 0p q= = . So the 
simplified dynamic model in this paper’s simulation is given 
as follows [16]: 

( )u u uu Xm X u mvr X u X u u τ− − − − =                  (4) 
( )v v vv Ym Y v mur Y v Y v v τ− − − − =                        (5) 
( )w w ww Zm Z w Z w Z w w τ− − − =                          (6) 
( )z r r rr NI N r muv mur N r N r r τ− + − − − =         (7) 

where , , ,u v w rX Y Z N  is the added mass effect, , , ,u v w rX Y Z N is 
the linear drag and , , ,uu vv ww rrX Y Z N is the quadratic drag. 

C. Tracking control problem   
The UUV is usually required to move at a low forward speed 
and a low rotational speed when it executes investigation tasks. 
This needs a precious tracking control. Consider that the 
UUV’s major movement is in four degrees of freedom (DOF): 
surge, sway, heave, yaw, so in this paper, only the four DOF 
tracking control problem is represented. The controller design 
problem can be described as follows. The desired state of 
UUV is defined as 

[ ]T
d d d d dx y z ψ=η                         (8) 

where [ ]T
d d d d dx y z ψ=η is the desired state of UUV in the 

inertial frame, ( , ,d d dx y z ) is coordinate of desired path in 

the inertial frame, dψ is the counter-clockwise rotation angle 
of UUV along the Z-axis. 

The desired forward and angular velocities can be deduced 
by  

2 2

cos sin
( sin ) cos

d d

d d d d d

d d d d d

d d d d
d d

d d

u x y
v x y

x y x y
r

w z

x y

ψ ψ
ψ ψ

ψ

= +
= − +

−
=

=

=
+

              (9) 

             
The actual state of UUV is represented by 

[ ]Tx y z ψ=η , [ ]Tu v w r=q . As the objective of 
the path tracking controllers is to make UUV follow the 
known path by controlling the velocity and angular velocities, 
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so the tracking error [ ]T
d x y ze e e eψ= − =η ηe converges 

to zero. Here e
 
is the tracking error in the inertial frame. A 

detailed model of tracking control problem is given in Fig. 2. 

dv u
v du

eψ

xe

ye

X

Y

du

dv

[ ]T
d d d dx y z ψ

[ ]Tx y z ψ

r

dr

Z

ze
w

dw

 
Fig. 2. Tracking control problem 

III. CONTROL ALGORITHMS 
The basic control architecture of the system is illustrated in 
Fig. 3. The design of the hybrid control strategy consists of 
two parts: (1). an outer loop virtual velocity controller by 
using position and orientation state errors; (2). an inner loop 
sliding-mode controller by using velocity state vector.  

ητ

 
Fig. 3.  The cascaded controller of UUV 

A. Virtual velocity controller  
Backstepping method for nonholonomic mobile robot has 
been designed a lot for velocity tracking [12-13]. But the UUV 
in this study is a holonomic system, so the backstepping 
control law for the mobile robot is not fit for this control 
system. For this reason, a new backstepping control law is 
designed for UUV and makes it possible to follow a given 
reference posture with stability.  

The virtual velocity controller based on the backstepping 
approach can be defined as: 

( cos sin ) ( cos sin )

( sin cos ) ( sin cos )
x y d dc

x y d dc
c

c d z z

c d

k e e u e v eu
k e e u e v ev

w w k e
r r k e

ψ ψ

ψ ψ

ψ ψ

ψ ψ
ψ ψ

+ + −⎡ ⎤⎡ ⎤
⎢ ⎥⎢ ⎥ − + + +⎢ ⎥⎢ ⎥= = ⎢ ⎥⎢ ⎥ +⎢ ⎥⎢ ⎥
⎢ ⎥+⎢ ⎥⎣ ⎦ ⎣ ⎦

q  (10) 

where , ,zk k kψ are constant coefficients, [ ]T
d d d d du v w r=q is 

the desired velocity in the body-fixed frame, cos sind du e v eψ ψ−  , 
sin cosd du e v eψ ψ+ represents the desired velocity frame 

transformed to the actual velocity frame seen in Fig. 2. 

B. Bio-inspired velocity controller  
In-depth analysis of (10), the virtual speed can be found 
directly related to the tracking errors. In order to resolve the 
speed jump and control constraint problem, a bio-inspired 
model is added in the controller to design the virtual velocity. 

Bio-inspired neural dynamics model was first developed by 
Grossberg [17]. It can describe an on-line adaptive behavior of 
individuals. It was originally derived based on the membrane 
model proposed by Hodgkin and Huxley [18] for a patch of 
membrane using electrical elements. The dynamics of voltage 
across the membrane mV  can be described in the membrane 
model using state equation technique as 

( ) ( ) ( )m
m p m p Na m Na k m k

dV
C E V g E V g E V g

dt
= − + + − − +

     
(11) 

where mC is the membrane capacitance. The 
parameters kE , NaE  and pE are the Nernst potentials for 
potassium ions, sodium ions, and passive leak current in the 
membrane, respectively. kg , pg and Nag  are the conductance 
of potassium, sodium and the passive channels are functions 
of input signals that vary with time. 

To simplify the equation, a shunting equation is obtained as 
  ( ) ( ) ( ) ( )V AV B V S t D V S t+ −= − + − − +          (12) 

where V is the neural activity of the neuron. Parameters BA,  
and D are respectively the passive decay rate, the upper and 
lower bounds of the neural activity. The variables S + and 
S − represent the excitatory and inhibitory input, respectively. 
The shunting dynamic of an individual neuron can be modeled 
by this equation. The neutron dynamics are restricted to a 
bounded interval [ , ]D B−  and an automatic gain control. So 
we can infer the shunting equation to the following form 

( ) ( ) ( ) ( )i i i i i iV AV B V f e D V g e= − + − − +        (13) 

where ( ) max( ,0)i if e e= , ( ) max( ,0)i ig e e= − , , ,A B D are 
positive constants. For a system with appropriate chosen 
inputs, various desirable functional properties such as 
competitive, short memory, upper bound and lower bound can 
be derived from the model. The systems output V is 
guaranteed to stay in a region ],[ BD−  for any excitatory and 
inhibitory inputs.  

So the proposed virtual velocity controller can be given as 

( cos sin ) ( cos sin )

( sin cos ) ( sin cos )
x y d dc

x y d dc
c

c d z z

c d

k V V u e v eu
k V V u e v ev

w w k V
r r k V

ψ ψ

ψ ψ

ψ ψ

ψ ψ
ψ ψ

+ + −⎡ ⎤⎡ ⎤
⎢ ⎥⎢ ⎥ − + + +⎢ ⎥⎢ ⎥= = ⎢ ⎥⎢ ⎥ +⎢ ⎥⎢ ⎥
⎢ ⎥+⎢ ⎥⎣ ⎦ ⎣ ⎦

q  (14) 

where , ,zk k kψ  are the same parameters of (13). Due to the 
shunting characteristics of bio-inspired model, the output of 
the bio-inspired model is bounded in a finite interval and 
smooth without any sharp jumps when inputs have sudden 
changes. So the controller performance is significantly 
improved. 

C. The adaptive sliding-mode controller 
After the velocity controller generates the virtual velocity of 
the underwater vehicles, a sliding-mode controller is used to 
generate the control forces and moments [ ]T

X Y Z Nτ τ τ τ=τ . 
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Then the control inputs τ  will be applied to the UUV dynamic 
model to produce the actual velocity in surge, sway, heave and 
yaw ( [ ]Tu v w r=q ) in the body-fixed frame respectively. 
So it will be easy to get the actual underwater vehicle's states 
( [ ]Tx y z ψ=η ) in the inertial frame by J=η q .   

As a rule, sliding-mode control can be divided into two 
parts. First, define a sliding manifold s . Second, find a control 
law to move toward the sliding manifold. The sliding manifold 
is defined as[8]： 

22c c ce e e= + Λ + Λ ∫s                      (15) 

where c c= −e q q is the velocity error between the virtual 
velocity and the actual velocity, Λ  represents a strictly 
positive constant, s  is a 4 1×  vector. Derivation of (15), then 

2 22 2 ( )c c c c c c= + Λ + Λ = + Λ − + Λs e e e e q q e      (16) 

When the system is operating on the sliding surface, (11) 
equals zero, i.e.  

2 22 2 ( ) 0c c c c c c= + Λ + Λ = + Λ − + Λ =s e e e e q q e      (17) 
Substituting (2) into (17), then 

1 22 ( ( )) 0c c
−+ Λ − − − − + Λ =τe q M Cq Dq g e      (18)

 So the equivalent control law can be concluded as  

ˆ ˆ ˆ( )
2 2

c
eq c

∧ Λ= + + + + +
Λ

τ c
e

M q e Cq Dq g           (19) 

where ˆ ˆ ˆ, , ,
∧

M C D g are estimated terms. Considering the 
difficulty of computing ce  in (19), a feedback control input of 
acceleration error is introduced 

c ck= −e e                                 (20) 

where k  is a constant scalar representing the strictly positive 
constant that determines the rate of acceleration error. 
The conventional sliding-mode can be designed as 

sgn( )eq k= +τ τ s                           (21) 

To eliminate chattering problem caused by the discontinuous 
term, an adaptive term [8] is added in the control law to 
replace the switching term  

ˆ
( )

2ad est K= + +
Λ

τ τ C s                      (22) 

where estτ  is an adaptive term that estimates the lumped 
uncertainty vector defined in (3), K is also a constant scalar 
representing the strictly positive constant related to the 
convergence rate of the controller. The estimation of the 
lumped uncertainty vector is proposed to follow: 

est = Γτ s                                    (23) 

where Γ  represent the strictly positive constant that 
determines the rate of adaption.  

The total control law can be defined as 
ˆ

( )
2eq ad eq est
CK= + = + + +
Λ

τ τ τ τ τ s             (24) 

IV. FORMULATION OF THE CONTROL ALLOCATION 
PROBLEM 

The OUTLAND1000 is used to demonstrate the performance 
of the proposed bio-inspired cascaded tracking control 
approach. It has four fixed direction thrusters; three horizontal 
thrusters denoted as , [1,3]iHT i ∈ , and one vertical thruster 
denoted as 1VT . The OUTLAND1000 and the thruster’s 
configuration enables direct control of surge, yaw and heave, 
as indicated in Fig. 4, 5. 

   In this paper the four degree motion control is discussed. 
Each thruster exerts thrust (force) F and torque Q. The 
position vector [ ]i i i T

x y zr r r=i r determines the position of 
the point of attack of the force F. The orientation of the 
thruster is defined by the unit vector [ ]i i i T

x y ze e e=ie . 
The force F also generates the moment Q =r×F. The vector 
of forces and moments can be written as [19]: 

2 2 2
1 2, ,i i i i i i i iF k n ku n k u Q r ku= = = = × , 1,2,3,4i =        (25) 

where 2
1 2k kλ =  is the thruster motor control parameter, iu  is 

the control voltage of ith  thruster, in  is the rotational speed 
of ith  thruster. 

    

x

y

 
Fig. 4 OUTLAND1000                Fig. 5 Configuration of the thrusters 

 
The total vector of propulsion forces and moments τ  in the 
horizontal plane are considered: 

2
1
2
2
2
3
2
4

0 0
0 0 0
0 0 0
/ 2 / 2 ( 21) 0

X

Y

Z

N

u
u

B u
u

a a b u

τ λ λ
τ λ

τ
τ λ

λ λ λτ

⎡ ⎤⎡ ⎤ ⎡ ⎤
⎢ ⎥⎢ ⎥ ⎢ ⎥
⎢ ⎥⎢ ⎥ ⎢ ⎥= = = ⋅⎢ ⎥⎢ ⎥ ⎢ ⎥
⎢ ⎥⎢ ⎥ ⎢ ⎥− − ⎢ ⎥⎢ ⎥⎢ ⎥ ⎣ ⎦⎣ ⎦ ⎣ ⎦

   (26) 

where τ are represented as the motions of surge, sway, heave 
and yaw respectively, and / 2 13.3aλ λ= , ( 21) 7b λ λ− =  
(from Fig. 5), Each component of the control vector is limited 
by constraint:  

,m i m m i mu u u n n n− ≤ ≤ − ≤ ≤ , 1, 2,3,4i =          (27) 

where mu  is the thruster maximum control variable, mn  is the 
thruster maximum rotational speed . From (25) and (26): 

2 22 2 2 /Xm m m Ym mF u uτ λ λ τ= = ⇒ =                       (28) 
2 2/Ym m m Ym mF u uτ λ λ τ= = ⇒ =                              (29) 
2 2/Zm m m Ym mF u uτ λ λ τ= = ⇒ =                              (30) 

2 2 2 2/ 2 ( 21) 20.3 20.3 /Nm m m m Nm ma u b u u uτ λ λ λ λ τ= + − = ⇒ =  (31) 
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Finally, the general constrained control allocation problem for 
the OUTLAND1000 can be formulated as: For given 
normalized τ , find u feasibility such that  

B uτ = ⋅                                  (32) 

where 31 2 41 [ ] 1T

m m m m

uu u u
u

u u u u
− ≤ = ≤ , 1 1τ− ≤ ≤ , 

[ ]TNX Y Z

Xm Ym Zm Nm

ττ τ ττ
τ τ τ τ

= , 

1/ 2 1/ 2 0 0
0 0 1 0
0 0 0 1

0.655 0.655 0.345 0

B

⎡ ⎤
⎢ ⎥
⎢ ⎥=
⎢ ⎥
⎢ ⎥−⎢ ⎥⎣ ⎦

. 

V. SIMULATION 
In this paper, the two methods were simulated for tracking 
control problem: the proposed backstepping method and the 
bio-inspired method. The backstepping method given in (10) 
was used as a case study to illustrate the performance of the 
proposed control strategies. From the simulation results, the 
proposed controller can reach a robust control while the speed 
jump and thruster saturation problem can be solved 
successfully. 

The hydrodynamic parameter of OUTLAND1000 UUV is 
given in Table I by estimation through the comparison of the 
similar UUV model [16]. To reflect uncertainties of the 
vehicle dynamics, 20% model inaccuracies were incorporated 
into the controller’s dynamic model. It means that in the 
following simulations, the parameters in Table I will be set as 
the actual value, while the estimated value is 80% of the actual 
value. The parameter setting of the cascaded controller is 
shown in Table II. 

Table I.   Hydrodynamic Parameters of OUTLAND1000 UUV 

34uX =  =6uX  18uuX =  

75vY =  10vY =  4vvY =  

33wZ =  7wZ =  4wwZ =  

62rN =  14rN =  14rN =  

A typical case to track a spiral line is studied. The UUV 
starts at Posture (0, 0, 1, 0), while the desired initial robot 
posture is (0, -2, 0, 0). Thus the initial posture error is (0, -2, -
1, 0). Time varies from 0 to 20s. The desired state of UUV 
is ( ) 2sin(0.5 )dx t t= , ( ) 2cos(0.5 )dy t t= − , ( ) 0.1dz t t= ,

( ) 0.5d t tψ = . The parameter setting of the hybrid controller is 
shown in Table II. 

Table II.     Controller Parameters 

ck  Γ  K Λ  k  
zk  kψ

 A B D 

10 5 100 3 2 2 5 2 1 1 

Fig. 6 ~ Fig. 8 shows the simulation results of the spiral 
line tracking. The red solid lines indicate the basktepping 
method results, and the blue solid lines are the bio-inspired 
method results. Fig. 6 gives the desired trajectory and tracking 
control results of backstepping method and bio-inspired 
method on the same condition. Fig. 7 shows the virtual 

velocity cq  by the backstepping method and bio-inspired 
method. The normalized thruster control variable u  of 
trajectory tracking is shown in Fig. 8. Table III is the 
maximum normalized control variable of each thruster. 

In the simulation results of trajectory tracking in Fig. 6, it 
seems that for both two methods, the UUV can drive to reach 
and stay on the trajectory in quick response. In Fig. 7, for the 
virtual velocity controller based on the backstepping approach 
(non-biological inspired), this virtual velocity cq  occurs the 
sharp speed jumps when tracking errors change suddenly at 
initial time. For example the virtual sway speed of the 
backstepping method jumps to -4m/s, but the bio-inspired 
method is limited in the range of -0.5m/s~0 m/s in Fig. 7.  

-2

-1

0

1

2

-2

-1

0

1

2
0

0.5

1

1.5

2

x(m)
y(m)

z(
m

)
start point

finish point

backstepping method

bio-inspired method

 
Fig. 6.  Systems trajectories using bio-inspired model and the backstepping 

method 
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Fig. 7.  Virtual velocity using bio-inspired model (dotted line) and the 

backstepping method (solid line) 

In order to catch up the virtual velocities, the UUV 
accelerates both linear and angular velocities. So the UUV 
needs to generate quite large forces/moments to track the 
virtual velocity cq . It means that the required acceleration and 
forces/moments may exceed their control constraint values at 
the velocity jump points. In order to achieve such large speed, 
it can be seen that the maximum normalized thruster control 
variable of 3u  is -5.6880 and the other maximum normalized 
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thruster control variable are also greater than the limitation 
output ( 1 1− ≤ ≤u ) which is practically impossible. In 
addition, the control variable needs more time to adjust the 
overshoot process. By contrast, for the bio-inspired tracking 
control method, no any control value exceeds their maximum 
control values, and all control forces limited in the thruster 
control saturation point. This proves the efficiency of the 
proposed cascaded tracking method. 

Table III.    Maximum normalized thruster control variable 

Algorithm 
1u

 
2u

 
3u

 
4u

 

Backstepping method 2.4953 -1.8335 -5.6880 -2.3782 

Bio-inspired method 0.9055 -0.6122 -0.5290 -0.4728 

1u

4u

3u

2u

0 1 2 3 4 5 6
-1
0
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-1

0
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-2
0
2

0 1 2 3 4 5 6
-3
-2
-1
0
1

time(s)  
Fig. 8.  Thruster forces using bio-inspired model (dotted line) and the 

backstepping method (solid line) 

VI. CONCLUSION 
Background information about tracking control of unmanned 
underwater vehicles is firstly established in the paper. Then an 
integrated backstepping and sliding mode tracking control 
algorithm is proposed for three-dimensional tracking control 
problem. In the control system, there exist two closed loop 
systems: inner loop ensures the velocity tracking and the outer 
loop ensures the position and orientation tracking. In the 
traditional backstepping method, it always suffers from the 
sharp speed jump problem which will cause thruster 
saturation. Because of the smooth and bounded response 
properties, the proposed velocity controller uses the bio-
inspired model to eliminate or inhibit the sharp speed jumps. 
From the simulation results, it is clearly to see bio-inspired 
method reduces the thrust output obviously without significant 
performance loss while the conventional backstepping method 
may cause thruster saturation. 

In the dynamic controller, the sliding mode control method 
uses an adaptive term to compensate the nonlinear 
uncertainties part and the disturbance of the underwater 
vehicles dynamics. Simulation results showed that the 
designed controller performs well with stability and 

robustness. On the other hand, ocean currents should be added 
to the outside interference. This warrants further research. 
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