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Nonparametric model adaptive control for
underwater towed heave compensation system

WANG Hai-bo, WANG Qing-feng

(The State Key Lab of Fluid Power Transmission and Control, Zhejiang University, Hangzhou Zhejiang 310027, China)

Abstract: In the underwater towed system, the depth variation of the towed body increases dramatically with the velocity

changes and the heave motions of the towed ship in the ocean. To compensate the depth changes of the towed body, we

propose an integrated control scheme which is composed of the external depth-heave compensation and the inner position-

servo control. The external depth-heave compensation controller is designed by using the nonparametric model adaptive

control approach which is based on a dynamic linearization of tight format. The simulation study demonstrates that the

nonparametric-model-adaptive-control applied to the underwater towed heave-compensation system has excellent dynamic

performance and disturbance-rejection capability.
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1 (Introduction)
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Fig. 1 Schematic diagram of underwater towed system
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2 (Mathematical model of sys-

tem)

2 ,

, ,

, .

2.1 (Coordinate)
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Fig. 2 Coordinate of underwater towed system

2.2 (Mathematical model)
[6]

, Ablow and

Schechter ,

My′ = Nẏ + q. (1)

: y = [T Vt Vn ϕ]T,

M =

⎡
⎢⎢⎢⎣

1 0 0 0
0 1 0 − Vn

0 0 1 Vt

0 0 0 T

⎤
⎥⎥⎥⎦ ,

N =

⎡
⎢⎢⎢⎢⎢⎣

−meVt

1 + eT
m 0 − m1Vn

e 0 0 0
0 0 0 1 + eT

−m1eVn

1 + eT
0 m1 mVt

⎤
⎥⎥⎥⎥⎥⎦

,

q =

⎡
⎢⎢⎢⎢⎢⎣

1
2
ρDπ

√
1 + eTCtVt|Vt| − w1 sin ϕ

0
0

1
2
Dπ

√
1 + eTCnVn|Vn| − w1 cos ϕ

⎤
⎥⎥⎥⎥⎥⎦

.

−Tb cos ϕb = Ciub|ub| + (mb + λi)u̇b, (2)

−Tb sin ϕb =−(mb − ρVb)g + Ckwb|wb| +
(mb + λk)ẇb. (3)

(1)(2) (3)

[6].

2.3 (Boundary conditions

and disturbance signals)

:

,

.

, ,

, P --M

.

(1)∼(3)

,

.

h(k + 1) = f(h(k), · · · , h(k − nh), u(k), · · · ,

u(k − nu), w(k), · · · , w(k − nw),

v(k), · · · , v(k − nv)). (4)

: f , h ,

, u , w ,

v , , nh, nu, nw,

nv .

3 (Design of control system)
3.1 (General control scheme)
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3

Fig. 3 General control scheme of the underwater towed

heave compensation system

3.2 (Design of heave com-

pensation controller)
,

,

.

k,

,

, ,

, f(· · ·)
v(k) .

[4] [5]

, Δv(k) �= 0 ,

(pseudo-partial-derivative) ,

h(k + 1) = h(k) + φ(k)(v(k) − v(k − 1)), (5)

|φ(k)| � b.

(5) (4) ,

, Δv(k)

, φ(k) ,

v(k) , .

:

J(v(k))=(hr(k + 1)−h(k + 1))2+λ(v(k)−v(k−1))2.

: hr(k + 1) , λ

.

(5) ,
∂J(v(k))

∂v(k)
= 0,

:

v(k)=v(k−1)+
ρkφ(k)

λ+|φ(k)|2 [hr(k+1)−h(k)]. (6)

φ(k) :

φ̂(k) = φ̂(k − 1) +
ηkΔv(k − 1)

μ + |Δv(k − 1)|2 (Δh(k) −

φ̂(k − 1)Δv(k − 1)). (7)

φ̂(k) � ε Δu(k − 1) � ε,

φ̂(k) = φ̂reset. (8)

(7)(8) , ρk, ηk ∈ (0, 2) .

(6) (7)(8) ,

, I/O ,

, ,

, ,

4 .

4

Fig. 4 Block diagram of nonparametric model adaptive control

4 (Simulation study)
:

u 6 + 2sin(2πt/8) m/s,

w 11 m/s P --M

, 5 .

, h(k) hr(k +
1) , ,

v(k) ,

, T , Vt,

Vn φ(k) ,

60 m, 60 m;

: dt=0.01 s,

μ = 1, λ = 0.1, ε = 0.05, ρk = 1, ηk = 1,

φ̂reset = 0.05, φ̂(1) = φ̂(2) = 0, v(1) = v(2) = 0,

hr(k) = 50 m.

, v = 0 ,

h 6 .
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5

Fig. 5 Disturbance signals

6

Fig. 6 Depth changes of towed body without depth heave

compensation
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Fig. 7 Depth changes of towed body with depth heave

compensation

8

Fig. 8 Velocity of cable winch with depth heave

compensation

5 (Conclusion)
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