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Backstepping tracking control of autonomous underwater vehicles with
bio-inspired neurdynamics model

ZHU Da-qi, YANG Rui-rui
(Laboratory of Underwater Vehicles and Intelligent Systems, Shanghai Maritime University, Shanghai 201306, China)

Abstract: A trajectory tracking control algorithm for autonomous underwater vehicles (AUV) with bio-inspired neur-
dynamics model is presented. The motion of AUV in three-dimensional space is divided into horizontal movement and
vertical movement. To cope with the problem of speed jump in the traditional backstepping trajectory-tracking controller,
we introduce an intermediate virtue variable to the bio-inspired neurdynamics model and make use of the Lyapunov func-
tion to develop the trajectory-tracking control law. We prove that the control is globally asymptotically stable in both
horizontal plane and vertical plane. The simulation validates the correctness and effectiveness of the proposed control law.
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mensional AUV kinematic model)
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1 AUV

Fig. 1 AUV thruster configuration

2 AUV

Fig. 2 AUV body-fixed and inertial frame

AUV , AUV
,

, , φ = θ = 0,
, ψ .

AUV η = [x y z ψ]T,
p = q = v = 0, V =

[u w r]T, Vd = [ud wd rd]T.
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ẏd − ẏ
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ψ̇d − ψ̇

⎤
⎥⎥⎥⎦ =

⎡
⎢⎢⎢⎣
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3 AUV

Fig. 3 AUV trajectory tracking control system

3.2 (Bio-inspired neu-
rodynamic model)
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, Cm , Ek, ENa, Ep
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Cm = 1, ζ = Ep + Vm, A = gp,
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4 (Simulation experiments)

, MATLAB
AUV

,
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4.1 (Poly-line tracking)
ud =

1m/s, rd = 0 rad/s, wd = 1 m/s.
xd(0) = 0, yd(0) = 1, zd(0) = 0,

ψd(0) = 0, xv(0) = 0,
yv(0) = 1, zv(0) = 0, ψv(0) = 0. AUV

x(0) = 0, y(0) = 1, z(0) = 0,
ψ(0) = 0. (0, 1, 0),

(6, 1, 0) (6, 5, 4) ,
(12, 5, 4). 0.01 s, A1 = A2 =
15, B1 = B2 = D1 = D2 = 25, kv = 2, kψ = 2,
kz = 8, τ = 0.5.

4 .
5(a)–5(c) . 1

,
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4 ,

, ,
; 5 ,

,
,

,
, .

5(a)–5(c) 1 , AUV
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(0, 1, 0) (6, 1, 0), (6, 5, 4) ,

,

; ,
;

,
,

; ,
,

.

4
Fig. 4 Comparisonof three dimensional poly-line

tracking performance

5(a)

Fig. 5(a) Surge speed comparison of poly-line tracking
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5(b)

Fig. 5(b) Angle speed comparison of poly-line tracking

5(c)

Fig. 5(c) Heave speed comparison of poly-line tracking

1
Table 1 Speed comparison of poly-line tracking turning point

/ (m·s−1) / (rad·s−1) / (m·s−1)

1 2 1 2 1 2

1.12 0.25 0.26 1.12 1.81 1.83 0.59 0.86 0.91
1.17 0.45 0.46 1.1 2.22 2.31 0.8 1 1

4.2 (Deltoid line tracking)
ud =

1 m/s, rd = 0 rad/s, wd = 1 m/s.
xd(0) = 0, yd(0) = 1, zd(0) = 0,

ψd(0) = 0. xv(0) = 0,

yv(0) = 1, zv(0) = 0, ψv(0) = 0. AUV

x(0) = 0.2, y(0) = 0.5, z(0) = 0, ψ(0) = 0.

(6, 1, 0), (6, 1, 6)
(0, 1, 0) , 0.01 s,

A1 = A2 = 15, B1 = B2 = D1 = D2 = 30,

kv = 2, kψ = 2, kz = 8.

τ = 0.5.

6 .
7(a)–7(c) . 2

,

.

6 ,

, , ,
,

, ,
.

6
Fig. 6 Comparison three dimensional deltoid

line tracking performance

7(a)

Fig. 7(a) Surge speed comparison of deltoid line tracking
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7(b)

Fig. 7(b) Angle speed comparison of deltoid line tracking

7(c)

Fig. 7(c) Heave speed comparison of deltoid line tracking

2
Table 2 Speed comparison of deltoid line tracking turning point

/ (m·s−1) / (rad·s−1) / (m·s−1)

1 2 3 1 2 3 1 2 3

0.61 0.25 0.41 0.6 1.35 1.51 2.31 2.25 0.35 0.86 1.69 0.91
1.02 1.1 1.55 1.12 1.25 2.25 3.15 2.85 0.65 1.01 2.02 1.02

7(a)–7(c) 2 , AUV

,

, (6, 1, 0), (6, 1, 6), (0, 1, 0) ,

,

;

,

;

,

, ;

,

, .

,
,

,
,

, AUV .

4.3 (Conclusions)

,

. ,

, ,
.
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