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Abstract : Underwater robotic vehicles(URVs) have been an important tool for various underwater tasks
such as pipe-lining, data collection, hydrography mapping, construction, maintenance and repairing of
undersea equipment, etc because they have greater speed, endurance, depth capability, and safety than
human divers. As the use of such vehicles increases, the vehicle control system is one of the most
critical subsystems to increase autonomy of the vehicle. The vehicle dynamics are nonlinear and their
hydrodynamic coefficients are often difficult to estimate accurately. It is desirable to have an intelligent
vehicle control system because the fixed-parameter linear controller such as PID may not be able to
handle these changes promptly and result in poor performance. In this paper we described and analyzed
a new type of fuzzy model-based controller which is designed for underwater robotic vehicles and based
on Takagi-Sugeno-Kang(TSK) fuzzy model. The proposed fuzzy controller: 1) is a nonlinear controller,
but a linear state feedback controller in the consequent of each local fuzzy control rule; 2) can guarantee
the stability of the closed-loop fuzzy system; 3) is relatively easy to implement. Its good performance as
well as its robustness to parameter changes will be shown and compared with those of the PID controller
by simulation.
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Fig. 1 Block diagram of the fuzzy control system

g, oY ¥ @d 3 Axgo] TSK H A
Alaglog mdy g o A Ho| g pxE

0 1 0 0

0 0 1 0
Q= : t I - (10)

0 0 0 -1

b1 D2 B3 0 Dy
323 Y A8 o5 Wy g 2zdg gl o
A3 Ao} 48 ur o) o& ARE £ A}
gi=(al—¢)/b! (11
go=—dp/ b} (12)
= ,};wi(z) bia'/( gw‘(z) bY) (13)

23 &g Hof

B AzdT 2 AR Aol mdY 9%
EAFAG g Asgel ASHA gato]
AR AAGH A7 LasA B of 7
g Aol M} w2 A
7 9% HE AlE HeY &
Bl ME g gelsy

OT
gogel 238 ol
st thg3t 2ol

xa=[ x/], (14)
X
HAARD (3)2 A(15)% o] Yed § girt
R': IF z,is Fi, zy is Fy,-, 2y is Fiy

THEN x,=A! x,+ b,u+ d,’

Y= €, X,
(15)

o7 M,

_49_



2AF5R el WA Ao

0 c i 0 i 0
Aa I a = il » da = il »
0 4] o] [ 4]
c,=[0 cleolth. H(15)e) g HA A7 = A
B) - @ Aed AFA 22 PYPo HAY &
ATh

3. Felarde Hxi2d ! Mo

FAZ+Ae FEsde #8833 §, F27)
o] ¥, 23 58 Fo % g3t oY E
a7t 243tk Yuh'?e} Fossen™ o 9o&) %2l
Ao w88 gt G 7igo] o) FojH e
o, G4 FHE de 0 dog g

M(x) x+A( x) x+ h( x)=F (16)

9714 xeRe 53 AFANAY AN} o
FHeolm; MeR™: #49deln, AsR™®
FAE%F, drag force, EQ 0] o3 330
AR 33 E0ay pAEY B £E3E 2
RE HHY Y8 245 dehiE gPejn)
£¢ heR't 343 ¥de T Ao

FeRle 2370 o&f 445e 93 E0as
F@sE deolt. 1Y 2% TARSFAHY FHA
2 dehiz ok

i

rfr

F

Center of Buoyancy

Center of Gravity

Vehicle Coordinates(x,y,z)

Fig. 2 Coordinate system of an underwater vehicle
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