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Abstract: A neural network direct adaptive control method is studied in this paper. By using Lyapunov theory, we

proved that the closed-loop tracking error of the underwater vehicle is uniformly ultimately bounded (UUB) in the pres-

ence of external bounded disturbance forces and the neural network approximation error. In order to further verify the

correctness, validity and stability of the proposed underwater vehicle control system, several pool experiments were also

performed using an underwater vehicle experimental platform. These experiments included dynamic positioning experi-

ment, single-degree-of-freedom trajectory tracking experiment and trajectory experiment in horizontal plane.
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Mv̇+C (v) v+D (v) v+g (η)+τd =τ , (1)

η̇ = J (η) v. (2)

: M , ; C (v)
,

; D (v) ; g (η)
; τd ;

J (η) ; η

; v ;

τ

.

6

Mη (η) η̈ + Cη (v, η) η̇ + Dη (v, η) η̇ +

gη (η) + τdη = J−T (η) τ. (3)

:

Mη (η) = J−T (η) MJ−1 (η) ,

Cη (v, η)=

J−T (η)
[
C (v)−MJ−1 (η) J̇ (η)

]
J−1 (η) ,

Dη (v, η) = J−T (η) D (v) J−1 (η) ,

gη = J−T (η) g (η) ,

τdη = J−T (η) τd.

3 (Neural

networks adaptive control for underwater ve-

hicles)
3.1 (Neural networks structure)

, ,
[12].

γi (X) =
exp[−‖X − Ci‖2

/
2σ2

i ]
J∑

j=1

exp[−‖X − Cj‖2
/

2σ2
j ]

. (4)

: i = 1, 2, · · · , J ; m ; J

; X = [x1, x2, · · · , xm]T

; Ci ∈ R
m×1 i

; σi i .

yi =
J∑

j=1

Wjiγj (X), i = 1, 2, · · · , n, (5)

Y = WTγ. (6)

: n ; Y = [y1, y2, · · · , yn]T

; W ∈ R
J×n

; γ ∈ R
J×1 .

3.2 (Design of controller)
,∥∥∥[

ηT
d η̇T

d η̈T
d

]T
∥∥∥ � ηB. (7)

: ηd ; η̇d

; η̈d

; ηB .

s = ˙̃η + λη̃. (8)

: η̃ = ηd − η, ˙̃η = η̇d − η̇, λ .

(8) :

s = η̇r − η̇, (9)

η̇r = η̇d + λη̃. (10)

: η̇r ,

:

η̇r = J(η)vr, (11)

v̇r = J−1 (η) [η̈r − J̇ (η) J−1 (η) η̇r]. (12)

(9) ,

,

Mηṡ = Mηη̈r − Mηη̈ =

−(Dη + Cη)s + J−T[Mv̇r + C(v)vr +

D(v)vr + g(η) + τd − τ ]. (13)

Mηη̈r + Cηη̇r + Dηη̇r + gη =

J−T (Mv̇r + Cvr + Dvr + g) . (14)

f(v̇r, vr, v, η)

f(v̇r, vr, v, η) =

Mv̇r + C(v)vr + D(v)vr + g(η). (15)

f(v̇r, vr, v, η)
,

f(v̇r, vr, v, η) = WTγ(v̇r, vr, v, η) + ε. (16)

ε , ‖ε‖ � εN , εN

; W ,

‖W‖F � Wmax.

τ = f̂(v̇r, vr, v, η) + JTKds + α, (17)

f̂(v̇r, vr, v, η) = ŴTγ(v̇r, vr, v, η), (18)

˙̂
W =Γγ (v̇r, vr, v, η)

(
J−1s

)T−κΓ ‖s‖ Ŵ . (19)
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: f̂(v̇r, vr, v, η) f(v̇r, vr, v, η)
, Ŵ W ; Kd ,

Kd = KT
d > 0; α ,

;

Γ = ΓT > 0 ; κ .

(15) (17) (18) (13),

Mηṡ = −(Dη + Kd)s − Cηs +

J−T[f̃(v̇r, vr, v, η) + ε + τd − α], (20){
f̃(v̇r, vr, v, η) = WTγ(v̇r, vr, v, η)

− f̂(v̇r, vr, v, η) = W̃Tγ(v̇r, vr, v, η),
(21)

W̃ = W − Ŵ . (22)

f̃(v̇r, vr, v, η) .

3.3 (Stability analysis)
1 (7)

, τd ε

‖τd‖ � dB ‖ε‖ ≤ εN ,

(17), (19),

α = (εN + dB) J−1s
/∥∥J−1s

∥∥, (23)

, s (t) W̃

.

,

(20).

Lyapunov

V =
1
2
sTMηs +

1
2
tr{W̃TΓ−1W̃}. (24)

(24)

V̇ = sT(Mη ṡ + Cηs) + tr(W̃TΓ−1 ˙̃W ) =

−sT(Dη + Kd)s + (J−1s)T[W̃Tγ(v̇r, vr, v, η) + ε + τd − α] + tr{W̃TΓ−1 ˙̃W} �
−sT(Dη + Kd)s + tr{W̃T[γ(v̇r, vr, v, η)(J−1s)T + Γ−1 ˙̃W ]} + (J−1s)T[ε + τd − α] =

−sT(Dη + Kd)s + κ‖s‖tr{W̃T(W − W̃ )} + (J−1s)T[ε + τd − α] =

−sT(Dη + Kd)s + κ‖s‖tr{W̃T(W − W̃ )} + (J−1s)T[ε + τd] − (J−1s)T(εN + dB)
J−1s

‖J−1s‖ =

−sT(Dη + Kd)s + κ‖s‖tr{W̃T(W − W̃ )} + (J−1s)T[ε + τd] − ‖J−1s‖(εN + dB) �
−(Dη min + Kd min)‖s‖2 + κ‖s‖‖W̃‖F (Wmax − ‖W̃‖F ) =

−‖s‖[(Dη min + Kd min)‖s‖ + κ‖W̃‖F (‖W̃‖F − Wmax)]. (25)

(25) , (25)

,

(Dη min+Kd min)‖s‖+κ‖W̃‖F (‖W̃‖F −Wmax)=

κ(‖W̃‖F − Wmax/2)2 − κW 2
max/4 +

(Dη min + Kd min)‖s‖. (26)

(26) ,

‖s‖ >
κW 2

max/4
(Dη min + Kd min)

(27)

‖W̃‖F > Wmax. (28)

: Dη min Dη ; Kd min

Kd .

.

2 (7)

, τd ε

,

τ = f̂(v̇r, vr, v, η) + JTKds, (29)

˙̂
W = Γγ (v̇r, vr, v, η)

(
J−1s

)T
, (30)

, s (t) ,

Ŵ [8].

[8].

3 (7)

, τd ε

‖τd‖ � dB ‖ε‖ � εN ,

(29), (19),

, s (t) W̃

.

‖s‖ >
κW 2

max

/
4 + (εN + dB)

(Dη min + Kd min)
, (31)∥∥∥W̃

∥∥∥
F

> Wmax/2 +
√

W 2
max

/
4 + (εN + dB)/κ.

(32)

1.

(27) (31) ,

(23) ,
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. , (27) (31) ,

Kd

, Kd

.

4 (Experiment results)
,

3

.

,

. ,

,

[−1, 1] .

101 , δ = 1,

,

.

Kd = diag{[400, 400, 200]}, λ = 0.5,

Γ = diag{[200, 200, 200]}.

x

,

. ,

x = −2.5 m, y = 0.5 m. 1

, 1 ,

, ,

x y ±5 cm .

x ,

x = −3 + sin (0.1t).
PD

, PD

PD . 2 x

, 2 ,

PD

.

1

Fig. 1 Dynamic positioning experiment result

2 x

Fig. 2 Tracking experiment result in the degree of x

,

x = −3 + sin (0.05t), y =
0.5 cos (0.05t), m, x y

, ψ = arctan (y (t)/x (t)).
3 , ,

,

.

3

Fig. 3 Tracking experiment result in horizontal plane

5 (Conclusion)

,

,

PD

. ,

,

,

.

, .
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