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Neural network adaptive control for underwater vehicles
YU Jian-cheng!, LI Qiang!? , ZHANG Ai-qun' , WANG Xiao-hui'

(1. Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang Liaoning 110016, China;
2. Graduate School of the Chinese Academy of Sciences, Beijing 100049, China)

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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Fig. 1 Dynamic positioning experiment result
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Fig. 3 Tracking experiment result in horizontal plane

5 4Z5i&(Conclusion)

AR T R T AL MK PN A G
I 45 ) 7 1, R I T R AR ) SR 2 R 4%k
T B AR AR AR FR T KR WL N8l ) 2 45 A,
TV (148 ) 2% B FEPDS Il 10, 1 25 [ 28 42 i) T Al
E PRI A AN TG I I B 2 2,
HAEE H 22 X Re ), TEAEAE AN A S i ph 4
W 25638 1T 1 72 45 F R, K R AL A R SR
PRRZERREAA A AKMSEE HE — DI E T
THFEAEA KR TS T, B8 i i fe.



F1H

AL K R A IR RIS R

13

£ % ik (References):

[1] VAN de VEN P, FLANGAN C, TOAL D. Neural network control of
underwater vehicles[J]. Engineering Applications of Artificial Intelli-
gence, 2005, 18(5): 533 — 547.

YUH J. A neural net controller for underwater robotic vehicles[J].
IEEE J of Oceanic Engineering, 1990, 15(3): 161 — 166.

LORENTZ J, YUH J. A survey and experimental study of neural net-
work AUV control[C] // Proc of the Symposium on Autonomous Un-
derwater Vehicle Technology. Monterey, CA, USA: [s.n.], 1996: 109
—116.

FUJII T, URA T. SONCS: Self-organizing neural-net-controller sys-
tem for autonomous underwater robots[C]/Proc of IEEE Int Joint
Conf on Neural Networks. Singapore: [s.n.], 1991: 1973 — 1982.

ISHII K, FUJII T, URA T. An on-line adaptation method in a neu-
ral network based control system for AUV’s[J]. IEEE J of Oceanic
Engineering, 1995, 20(3): 221 — 228.

T AT B AN PRI S N K R HLAE A F 8 ) EE5ED]. Jbat:
FERE2 et 5 A4 e, 2003.

(XING Zhiwei. Study on control problems for underwater vehicles
in complicated oceanic environment[D]. Beijing: Graduate School of
the Chinese Academy of Sciences, 2003.)

LEWIS F L, LIU K, YESILDIREK A. Neural net robot controller
with guaranteed tracking performance[J]. IEEE Trans on Neural Net-
works, 1995, 6(3): 703 —715.

KIM M, INMAN D J. Direct adaptive control of underwater vehicles
using neural networks[J]. J of Vibration and Control, 2003, 9(5): 605
-619.

[2]

[31

[4]

[51

[6]

[71

[8]

[91 JAGANNATHAN S, GALAN G. One-layer neural-network con-
troller with preprocessed inputs for autonomous underwater vehi-
cles[J]. IEEE Trans on Vehiculartechnology, 2003, 52(5): 1342 —
1354.

[10] KULJACA O. Intelligent neural network and fuzzy logic control of in-

dustrial and power systems[D]. Arlington, USA: University of Texas,
2003.

FOSSEN T I. Underwater vehicle dynamics[M]/Underwater Robotic
Vehicles: Design and Control. Albuquerque, NM: TSI Press, 1995:
15 - 40.

Y, WOIERE, B, &5, 2 200 LS BT ST BE I S T R ).
J12EEE, 1995, 25(2): 186 — 196.

(DONG Cong, LI Zhengneng, XIA Renwei, et al. Advances and
problems in the study of multilayer feedforward neural networks[J].
Advances in Mechanics, 1995, 25(2): 186 — 196.)

A A

BIEERL  (1976—), 53, HIWFAUOL, i, ENFAK AT
M5 55, E-mail: yjc@sia.cn;

Z= BR(1980—), B, WLATFUAE, EENGK ML AP dIT
4%, E-mail: ligiang @sia.cn;

KEE (1959—), 5, WHIC O, [ ARSI, RGOS
N BAAE ARHFFT, E-mail: zaq@sia.cn;

EBE  (1968—), 55, BEFUA, LA T, MK FHLEE
N HIE AW, E-mail: wxh@sia.cn.

[11]

[12]

T M = H
KIS 2 B 1 ) A5 SDGATE Jo I BT B AT <+ et et et et LIS 7PN
FI AT 6 HE 125 T R BRI o e et e et e M, BT
BT I () R R L B PRI S B - HOSLAE, B, 5K
I S I 2R 5 49 B0 3 AT L SR e e e e e H W, RZEE, X
LWL B BIPSS B AL T T « e v v eeeenee et e R, 2y, FAE. S
T B A ML AT LR GE I IE WAL ST < - e e e e et e e e et B [ 1
0 258 425 1) B 5 RS B U T T R R AR T v o v e e ettt e BEEE F fE
LTS LN B RR I A8 BRI BRI B ottt e VR, R, T
A8 PR A T (IR 75 L I SEIE « -+ e v ettt e e e e OB, D
SRS L 2 T AR B S [ R T BB 10+« e et et et e e e e i, 2L
ST H T A SRS AL IAGCE R e kiR, ¥ AR, BRidEst
SR IAL AR NS ) E B H - PRI, 5K e, HET, MRk
AS A, 3 ST B ZERTUHL AR BT IR « v e e e e et et et e I RO, KT
R M AN E KRG U R H o ) LMIJIVE e (S W QAN A = TR SR ) |
LB ZE MR BT I ZREE o v e e ettt e A B KRRE . Ak U



