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Abstract

: In this paper, a robust path tracker and depth controller of Autonomous Underwater Vehicle based

on sliding mode control is presented. We have also designed augmented equivalent control inputs by analyzing
the sliding mode with the reaching mode. This can enhance the reaching rate, and improve chattering problems,
that is, noise caused by the control plane actuator of the vehicle, which is one of the problems that occur when
sliding mode control is used. Also to resolve the steady state error generated in the path tracker under current
effect, a modified sliding plane is constructed. Also a redesigned sliding plane and control input using
transformation matrix is proposed to do easy design of MIMO depth controller. For state variables that cannot be
measured directly, reduced order sliding mode control is used to design an observer. The performance of designed
path tracker and depth controller is investigated by computer simulation. The results show that the proposed

control system has robust performance to parameter variation, modelling error and disturbance.
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Fig. 1. Configuration of autonomous underwater
vehicle.

Mo R FAREG AR FEFX 7 HBAFH gl
o}, ol o] TAS @AFu|Y Fz e HolA~ A
2 og 19 29 #oh 53 FFEE A" ZA
IMU(Inertial Measurement Unit), ¥]#4 ®ZAA zn
PYAFEHE FHHEE 39 st=dols gy dxndEs

ROt - KiS3 - ALEIZS =2A1 M4 d H1Z 1982

FYE 4 AZEJOZ THE FY LZEJOE o]Fo
. IMUE #el2¢t A 7tEEAR 7AHY H#Y B2
A,

ZAMEL GPS, &4, HAxA, ZBAHA Felth

FAMNGEE 29 3% 210l

(INTEL PENTIUM.
16MBYTE)

mmmmmmm
.......

s |

[wuw s [ome

L

{Tees ]

e stean | |
BAGE 1 I
uoton | l

L ,4 W soTiLe

{cou:AiSJ

AVOT
- | sonan |

| BaTTERY
| STATUS

2E 20 @A e H el A,

Fig. 2. Interface concept of on-board systems.
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Fig. 3. Configuration of navigation system.
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Fig. 15 Simulation results of nonlinear model dyna-
mics in vertical plane.

YAVV ANGLE RUDD®ER

PP -y S LT
[ R S
P R s RS TS
Y R LE T T I

Fas

[P PO A A
42+ --------------------
DL N R e SRR DT

05 Z0 Ciy L] G 20 35 s
Time{(easc)

(b) Wk} Alojuzt

VEHICLE VELOCITY

(a) &7

|oosT--— . ...................... e

[=] 30
Time(ses)

(© $EA BAYY =

219 16, 63 = H]
A3

Fig. 16. Simulation results of nonlinear model dyna-
mics in horizontal plane,

AErd £94d AF AEdlA

NgHold ATNNE F Yehiko]l Azwe Aed 9
o}t H¥EdY agRY AojdE o 4E rde
A% Fuleln Yee ¢ 4 AT £F £FLEAY 67
S5 HAY £EUYAe] THHE FAASES AHRR
79NH F UER}Eo] el B49e & £ ok 7t
o SAAE FoA HEH ASLRS ¢ AN FAs
| e g,
X yir =% LU X s, V=5 0PUY,

K,=3 ol'UK, gpl"UZ (79)
M.=%pIGU2M. % FUN,
APEIAN = £27F AT Ao 7HYsgoss BE

FHATE dr2 Agssth. At vHY ZdoMe
SEApo|7h ozt HAY D o] A= M E AFIUR
of Asusts AT w2 SENstd e fAAF
o Wizt d¥ste] we Fded adu 7 Fol tto
AAE A=A 7|} AR2FH79] A 53] AL
48] fat] 62 HlAdE SE AN HE 3t A
geo)& FR3HAHI3)

T FEXEA gt dAE A=Af7|} BT
9 AjdEg NEHIHNLR AFE7] st HEE 63

FE NN eEYRAe dew 2,
(M1X,=[F,] (80)
& 7] A,
X=[luvwpgrl”
x0T w 0 mz  mYe
“YrmeX

M 0 mY o YemZ 00 “

a0 00 mZ mYe ZimXe 00
a0 -K-mZ; mYs ~Ixy Zr-M; ~Zyz
mZ; 0  -MomX: Iy A M; Az

| mYe NemXe 00 TeN;  Zw o IrNs



54

F1) =—ml—vr+uwg—Xo(a*+7)+ Zopr) + Xod* + X 7"
+ Xmm‘f' Xa,sru2672 +X Muzasz +X 6b6bu26b2
+ PROP

F(2) =—ml—wp+ur+ Zogr+ Xcapl + Y yuplpl + Yyt
+ Y, ar+ Y, wq+ Y pup+ Y, wr+ Yur+ Y,up
1
+ Y+ Y {0+ w?) 2 + Y 00y

F3) =—ml—ug+ vp— Ze(p*+ @) + Xord) + Zpt®
+Z, P+ Z b+ Z v+ Zug+ Z uw
1

+Zw|w| u)(1)2+ wz) 2 +Z&u263++Z,;bu26b

F(4) =—U,— L)ar+mze{— wp+ ur) + Kpqr+ Kytg
+ Kup+ K, ur+ K, wg+ K ,wp+ K, ,wr+ K, uv
—(ZcW— ZgB)cos Bcos ¢

F,5) =—,—L)rp—ml Z(— vr+ wg) — X c(— ug+ vp)]

1
+ Morp+ Myor+ Myup+ Mg+ M (0" + w?) *
1

+ Mo+ Mguw+ M o 0® + w?) 2 + M 265
+ M 5 u*8b— (X ;W— X gB) cos fcos ¢
—(Z;W—ZzB) x sinf
F8) =—(I,—I)pa— mX [ — wp+ ur) + Nypa+ N,qr
+ N, wr+ N ,wp+ N,vg+ Nyup+ Nur+ Nuv
+ N 54’87+ (X ;W— X gB) cos fcos ¢
9l FFeEA 3L 22 HY HHOR o|FA&
o AMSE FEREe g3 Zr

PROP= % ol (am’ + b+ c) @1)

ANA ARY p= wPlu, ne ZEHy IJAF pe= T
e Fxlojrh w3 AR Afs Azlvjd w2t #}
gAY ARE oz Fhoz o] e (fitting)sted Al
3t

B 1. FA2d A,
Table 1. Coefficients of propulsion model.

a, b, ¢,
72< —0.8 -0.001745 -0.00041865 -0.00104275
—0.8 (p<0.| -00005385 00 -0.00148
0.0¢7<0.8 0.001077 0.0 -0.00148
7>0.8 0.00349 -0.0008373 -0.0023645

we ABolAA TERAE SEAY FAEEH H57)

o AE& usted Mulel, AgEl 2 HIEHE +4H6°%
AW E A st
Il AN e
PER .

By SEREA Hoinae soszesy SMEE

A i (BRIRE HlM %

e Y | Coizarmay .
EF2ER gE+A gFu%m

: [wy=zu N

ag 17 B0 £FEE5A AxA] o FEFAHE 4
gAY TR

Fig. 17. System configuration for depth control and
path tracking of autonomous underwater
vehicle.
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