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Three-dimensional path tracking control for an autonomous
underwater vehicle based on L-two disturbance attenuation method

ZHANG Li-jun, JIA He-ming, BIAN Xin-qian, YAN Zhe-ping, CHENG Xiang-qin

(College of Automation, Harbin Engineering University, Harbin Heilongjiang 150001, China)

Abstract: In the three-dimensional path tracking of an autonomous underwater vehicle (AUV), we consider the external

current disturbances and the nonlinear hydrodynamic damping effects of the AUV, and propose a robust neural network

control based on Lyapunov stability theory for L-two disturbance attenuation. A neural network controller is designed to

compensate for the nonlinear hydrodynamic damping and external currents disturbances and the estimated error of neural

network is eliminated as external disturbances in AUV system by the L-two disturbance attenuation controller. A three-

dimensional path tracking simulation is carried out for an experimental AUV. The simulation results show that the designed

controller suppresses the influence of time-varying nonlinear hydrodynamic damping to the AUV system, and attenuates

the external currents disturbances as well.
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Fig. 1 Three-dimensional path tracking control system of AUV
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3 (AUV modelling)
AUV [14]:

Mη(η)η̈ + Cη(η, η̇)η̇ + Dη(η, η̇)η̇ +

gη(η) + τdη = J−T(η)τ, (1)

:
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Mη(η) = J−T(η)MJ−1(η),

Cη(η, η̇) = J−T(η)[C (ν)−MJ−1(η)J̇(η)]J−1(η),
Dη(η, η̇) = J−T(η)D (ν) J−1(η),

gη(η) = J−T(η)g (η) ,

τdη = J−T(η)τd,

: M , ; C(ν)
,

; D(v) , g(η)
, τd

. J(η) AUV

. η AUV ; ν

AUV ; τ

AUV .

4 L2 AUV
(Design of three-dimensional path

tracking controller of AUV based on L2 dis-

turbance attenuation method)
4.1 (Control scheme)
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t→∞ ‖η − ηd‖ = 0, lim

t→∞ ‖η̇ − η̇d‖ = 0.
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4.2 L2 (Brief description of L2

disturbance attenuation method)

{
ẋ = f (x) + g1 (x) ω + g2 (x) u,

z = h (x) + d (x) u,
(2)

: x ∈ R
n , ω

, u , z .

f (x), g1 (x), g2 (x), h (x), d (x)
.

2 L2 AUV

Fig. 2 Three-dimensional path tracking control schematic diagram of AUV based on L2 disturbance attenuation method
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,
[15].

L2

Lyapunov ,

H = V̇ − 1
2
(γ2 ‖ω‖2 − ‖z‖2) � 0, (3)

γ .

(3) V (x), HJI

, . Lyapunov

,

.

4.3 AUV (Design of

three-dimensional path tracking controller of

AUV)
AUV e = η − ηd, AUV



648 28

J−T(η)τ = u + Mη(η)η̈d + Cη(η, η̇)η̇d +

Dη(η, η̇)η̇d + gη(η), (4)

Mη(η)η̈d + Cη(η, η̇)η̇d + Dη(η, η̇)η̇d + gη(η)
. (4)

(1) , AUV

Mη(η)ë + Cη(η, η̇)ė + Dη(η, η̇)ė + τdη = u, (5)

Δf(η, η̇) = Dη(η, η̇)ė + τdη,

Dη(η, η̇) τdη AUV

.

RBF [16] Δf , εf

, Δf = W ∗
f σf + εf , RBF

3 .

3 RBF

Fig. 3 RBF neural network architecture
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AUV η η̇ . W ∗
f

,

e ė , (5){
Mη(η)ë + Cη(η, η̇)ė + W ∗

f σf + εf = u,

zR = pe,
(6)

: zR , p .

RBF εf AUV

, L2 , AUV

L2

JR = sup
‖εf‖�=0
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‖εf‖2

,

AUV

, (6)

JR � γ.

AUV x1 = e x2 =
ė + αe, α ,

{
ẋ1 = x2 − αx1,

Mη(η)ẋ2 = −Cη(η, η̇)x2+ξ−W ∗
f σf−εf + u.

(7)

ξ = Mη(η)αė + Cη(η, η̇)αe.

1 AUV (6),

˙̂
Wf = −η(x2σ

T
f + λ(Ŵf − W0)), (8)

: η > 0 , λ > 0, W0

, AUV

u = −x1 − ξ + Ŵfσf − 1
2γ2

x2. (9)

zR p α − 1
2
p2 = ε1,

ε1 > 0 , (6) L2 JR

γ.

(11) .

.

5 (Stability analysis)
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2 Ṁη(η)x2 +

1
η
tr(W̃T

f
˙̃Wf) =

xT
1 (x2 − αx1) + xT

2 (−εf − x1 − 1
2γ2

x2 +

W̃fσf) +
1
2
xT
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6 (Simulation experiment)
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Fig. 4 Schematic of hardware implement of hybrid

simulation system for AUV

,

;

; AUV

,

, AUV

;

AUV

AUV

,

( AUV

),

, AUV

.

AUV

(xi, yi, zi) = (R cos(i · 10◦), R sin(i · 10◦),

(i + 1)d),
: R = 100, i = 1, 2, · · · , 72, d AUV

. AUV AUV

. AUV , z

m, (m/s)

ucurrent =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

1.00, 0 � z � 95,

0.75, 95 < z � 185,

0.50, 185 < z � 275,

0.25, 275 < z � 365,

0◦( X ). AUV

(x, y, z) = (100, 0, 5), (ϕ, θ, φ) =
(0◦, 0◦, 90◦), u = 0 m/s,

ud = 1 m/s.

(9) AUV ,

0.1 s,

α = 30, ε1 = 0.1, p = 5, λ = 0.05,
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γ = 0.3. (8) RBF

, η = 20.

100, 0. 5∼ 10

AUV .

5 AUV

. , PID

AUV .

5 P1 P2 1 , P2 P3
2 .

5 AUV

Fig. 5 Three-dimensional path tracking curve diagram of

AUV
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XY XZ ,

8 . 6 7

PID , L2

, .
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: 1, , AUV
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, PID 60 s ,

,

.

6 AUV

Fig. 6 Projection diagram for horizontal path tracking of AUV

7 AUV

Fig. 7 Projection diagram for vertical path tracking of AUV

8 AUV

Fig. 8 Three-dimensional path error curve diagram of AUV
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PID , AUV
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AUV
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, . 10

PID ,
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9 AUV (P1 P2 )

Fig. 9 Rudder transient response curve diagram of

AUV(P1 to P2)
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10 AUV (P1 P2 )

Fig. 10 Elevator transient response curve diagram of

AUV(P1 to P2)

7 (Conclusion)
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