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Abstract: According to the model uncertainties problem of an underactuated autonomous underwater vehicle(AUV) and
the enviromental current disturbances problem, in order to achieve the three-dimensional path tracking control of the
underactuated AUV, the space movement error model is established based on virtual guidance method. The discrete-time
sliding mode predictive controller is designed based on recursive sliding mode designing theory. Feedback correction and
receding horizon optimization approaches are employed to compensate the influence of uncertainties for the sliding mode
predictive model. Finally, space curve tracking simulation experiment is carried out by an underactuated AUV. The simulation
results show that the designed controller can overcome the influence of time-varying nonlinear hydrodynamic damping to the
control system, even the proposed control scheme has better effect on attenuating the external current disturbances. Thus the
robustness of three-dimensional path following system is guaranteed and the tracking control with high tracking precision
can be achieved.

Key words: underactuated autonomous underwater vehicle; three-dimensional path tracking; discrete-time sliding mode

prediction; virtual guidance method

1 5l

3K T AT 22 (AUV) = 2 Ji 5 10 B i e
SESEPK T B FTHRE T AR LK, (1 4 8 ) &
FRORFTHRNY. T A SIS AUV B K IR S
TR R AR v B () A 58 B 2 SR A2, i b4 ki
T TR, T 4 912 0L = 2 o B s o 58
.

H AT AUV = 4R B2 43 55 AR 5 1 7K
P TH A AETE 3 BF A 4 o ok P S R g 1461

=]

Yis BER:
HEEWA:
TEZ BN

2010-05-25; f&[e] HH#A: 2010-08-10.

PE ARG BIH ARSI

IRAT (RATE 9T LA 7K P THI SR B 428 1 R0 8l g e 3 ok . S
#ik [7-8] % T Lyapunov £ PR ER S FI OB VE BT K
THT A28 BB 42 o i, 1T 3 R A A R R b vk S AR
BT I8, T S5 B AR TR S, M DL
PRAUESEFr T 00 T RGBT 5
W), [9] & HH 17 5~ R 2R YOI s 1 44 i) S s 1) o 48 Y
SRS R VR, P T AUV 2K AT ER B
TP BE SRR FE . [10-117 43 530 0] FH 5T Ao el
25 I 24 11 BB 1O N A ) 2 R A 6 I 8% 1 3 N 45

K HRFBIEFL ST H (60704004); #0661t S EE 4100 H (20070217078, 20102304 110003).
TIENG(1983—), B, T4, NIRRT RGBT kA ZE1973—), B, Bz, 14 i, WFidELk



%510 3

TRl S AT B OB AR TN 6 K IR Z) AUV = AL 3R 97 35 4 1453

17 b ) B AT T K i SE BT AT, 45 R 3k W
T B U 1 42 o) 8 T LA S BB L e B B 4 L DA b
5 20 T TR 6T A ST T PR 4 S, B A
5y 2% 18 AUV 28 G5 {22 LB 1 I A8 e R AR A 52
Y5 T B ULV TR (0 S, T b s o % T v s
AUV = 25 Fos (RS 6 BR B ).

ASCEE SR IRBN AUV = 4 J 5250 B B 2 vl il
F, B T T T A o SRR T F B O R T 4
TV ST BB 7 IR T AUV 5 )38 )i
FERGIR, FARY 32 1 PR L ARG S B e R T A 2,
I VE SN AN S U5 1E 7 VEAMEE T AN 58 B0 T
YRS [ . B T AUV BRI EF 6, i
U TR ] 5 0 P D 1 AT I A A Ak,
R FH A SC i 7 AT T R IR B AUV 25 ) i 2
RBP4 R W, BTV 4 s s T L
5L M SR A AR L K B ) BELJE X R e i s, I
T 52 AT A R AR, AT L SEEL =
S U (DR A R
2 RIKF) AUV 25 8] gk PR ER R 22 T 12

AR LI S 10 5V, ST R K E) AUV 5
) T 28 70328 BB P03 ) 2 45 2 5 ., I S DI s

. AT I HE TR R A BEA R B 1) S R AT A 1
SEMISHA I 2) Rl S S 808 IE HA |
i gt 3) AUV I8 RE 2 JE 7 ), B AUV AS BEf 4EMiAT
4) AUV ZBE BERIS B IR 5 ).

21 ETFERESEHAUVEFHFIREAE

[ 32 R s i .

K1k AUV &

1 EFENESH AUV Z4EMTRETER

B (1), {FYRU{B) 20 5 4 [ 5 Ak br &« 38
TE-FE T A bR R AUV Bl R AR bR R Up i AUV [
HE )&, WL Up = Vu? 4+ 02 + w25 ve Ml xe 70l
h B}y HARR R GE Z AT Y HhE] {F) AA bR R I e £
J&; path 24 22 % SRR GG AR R 1 35 B 2 ] A il 2%,
FE LA p A S EUR s (E SO 2R p 55k AUV fiiL b

%'ﬁAUV (K5l FAE {1} %*T?\Tﬂﬁ{iﬁﬁiiﬁlﬁ;
JE 5353 0

P =[zp,yp,zp|*, P=[ip,up, 2p|",

p RUIEE N

Up =||P|l = VPTP, 1)
AL yp FIVEE A xp 43590
vp = arctan(yp(p) /2 p (1)),

xp = arctan( zP /\/xp +yP ),

d
wp() = dilf(u); (2)

HERRFR {F} 10 X p Bl 5 T 1) B P O 1) — B, R BE AR
PRE {1} 5AR B {F} [0 IR R
cosypcosxp —sinyp cosypsinyp

sinyp cos x p

Rp = sinypsinxp | ;

cos X p

cosyp
—sinxp 0
3)
W Q HN S AUV IR, (E {1} AR &R T B AL
i) g 13 JEE 1) 8 53 31k
Q=1[nd" Q=

Q FIEE N
U=Q=1Q"Q,
SIS o FIRETES xo 70 A
vq = arctan(n/§), xq = arctan(C/\/€2 +7%). (4)
AUV 7E/K N2 [0] ff) iz shid f2 ﬁﬁ*%ﬁ’]?ﬂlﬂ
o A BU21 Rl AUV [IHE 7] £ o R A 6 43
A

[é_? 7:]7 é}T’

p=9—0B,0=xq—aq, )
W AUV [R3a 8l 25 J5 Bl AR R WL [ 5 Up RN
ek, AN

5 = Up cosyg cos xq, 1 = Upsinyg cos xq,

¢ = Upsinxg, Xq =q¢+ &, 7g = T/COS6‘+B. 6)
HTHERG {F} AR R I AUV iz 8l 27 iR 22 T B, &
Q HA P AEAARR R {F} R IR ZE ) A

e=Rp(Q—P), (7
Hrhe = [ze,ye, 2T € R3. ¥ (7) X sk 543
¢ =RE(Q—P)+RE(Q—P). ®)
Hp
Rp = RpSp,
0 —jpcosxp  XpP
Sp=|jpcosxp 0 ypsinxp [, (9

—Xxp  —psinxp 0



1454 3z

S %26 %

Sp NIRRT FRFERE, WL Sp = —Sp. HAF Q md K 1]
RAAE

Q = RpR.Vp. (10)
Hrp
Ve = [Ug,0,0]",
COS Ve COS Xe — SIN7Ye COS7Ye SIN Xe
Re = | siny.cosx. cos7v. sinqesinye |. (11)
— Sin Xe 0 COS Xe
[IRE, ST P s 1) & P, 74
Vg = [Ug,0,0], P = RpUp. (12)

4 30 (10) FTLA2) N (8) 1T #3 AUV 7E Ak bk & {F} R
I B2 T FE N
£ =
(RpSp)*(Q — P) + Rp(RpR.Up — RpUp) =
Sga—&-ReUB —Up. (13)
A Up = Uy, Ug AUV $EE AT 38 %, B IT15
B AUV (B iR Z TN
Te = YeYP COSXP — ZeXP + Uqg cos e cos xe — Up,
Ye = —XeYP COSXP — ZeYP SIN X p+

Ug sin 7y, €os Xe,

Ze = TeXp + ye;}/P sin xp — Uqg sin Xe. (14)
Hrp

. YpTp —YpTp .
TP = 775 . 7 7ok

(zp)? + (yp)?

_ zp((@p)® + (yp)®) — 2p(xpTp — ypyp) i

((£p)? + (yp)? + (2p))V (2p)? + (yp)?

ey o ()
P dN y P d,LLZ ’
osrp - VEFE G
V(@Ep)2 + (yp)? + (2p)?

sinxyp = cp

V@p)+ (yp)? + (2p)7

W pe F O, 9 M 1) #1158 2 OB A iR 22, WIAFAE
Ve = Ber e = Xe — Qe = (&) i (6) 15

Q.Se = T/C036+Be —9p,

06:q+de—)‘<p.

e

(15)
L = Ap, ca(p)ft = xp, ca(p) = cosxp,
ca(p) = sinxp, LE0 % & (14) R (15) W 13 AUV I8
2RI Yy

Ee = yecr(p)es () o — zeca(p)fit

U, cos ¢, cosf, — Up,

Yo = —weCr(p)es(p)fv — zecr (p)ca(p) fit

Uy sin ¢, cos 0,

Ze = weCo(p)ft + yecr () ca(p) o — Ugsin O,

O = q+ e — ca(p)ft,

$e =1/ cos0 + B — c1 (). (16)

N T ARIUE AUV Bl 2P 5 S8 AT sth 2 1 11
SEIELE LS B NHR 25 R 40 (16), FE T Lyapunov £25E 1
R, Bevh R H AR A

Up = Ug cos ¢ cos O, + kxe, 17

Horb s > 0 Wi s 280 KIRI2 3N 7R AR (12) KA

. Ugcos ¢ cosb, + ke
1= :

VRS o
HA7 A3
¢ = arctan(—y./A,), 0. = arctan(z./A,).
AKX A7) T
Up =U, Ay A +kze,  (19)

VU + A7 /22 + A2

For Ay REA, il R A 2) (I AR 24
22 RGHESETHL

A RGP B 7 oK, AR
J ELAT SRS B (1) e SR I R0 B R TR S BPE. 4R, #H
TRAFET ) )5 M, fE A 2% L PRAT £ 0 i 22
[N ke S R P N 9 v = N S E e G Er
T AT 8 H I O JE AN AR I ) AE BT AR R
SRy, 5 B T ARG B RO, SR 22 4y U5 R IEAT
IR, X R IR AUV iR Z 8 R 55 (16), 52 X

£t) = W’ (20)
REIRIKEN AUV B UL s 3l 250 22 T FE A

Te(k+1)=

cr(p(k))es(u(k)) (u(k + 1) = p(k))ye(k)—

ca(p(k))(p(k + 1) = pu(k))ze (k) + we (k) +

TUq cos de (k) cos O (k) — TU,(k),

Ye(k+1) =

— cr(p(k))es(u(k)) (u(k + 1) = p(k))ze (k) —

cr(p(k))ea(u(k))(u(k + 1) — p(k))ze (k)ye (k) +

TUysin ¢ (k) cos 0. (k),

ze(k+1) =

ca(p(k))(pu(k + 1) — pu(k))we (k) + ze(k)+

cr(p(k))ea(u(k))(u(k +1) — p(k))ye (k)+

TUygsin 6. (k),

Oc(k+1) = Tq(k) + ac(k + 1) — ae(k)—
ca(p(k)) (u(k + 1) — u(k)),



%510 3

TRl S AT B OB AR TN 6 K IR Z) AUV = AL 3R 97 35 4 1455

ek +1) =Tr(k)/ cos (k) + Be(k + 1)~
Be(k) = e1(u(k)) (u(k + 1) — p(k)). (1)
N T B2 vk B O BRI ] &5 (DSMPC),
133 AUV B HUAG I Bl ) A B AR SRR [14] T )
UAUV 3l Jy B8, B el 15
u(k + 1) = T(myv(k)r(k) + myqw(k)q(k)+
du(k) + Xprop (k) + w1 (k))/mar + u(k),
v(k+1) = (dy(k) + wa(k))/maz + v(k)+
Trgu(k)r(k),
w(k + 1) = (dy(k) + ws(k))/mss + w(k)+
Tmuqu(k)q(k),
q(k +1) = T(dq(k) + Mprop (k) + wa(k))/maa + q(k),
r(k+1) = T(dr(k) + Nprop (k) + ws(k))/mss + (k).
(22)

z(k) =
[Te(k), ze(k + 1), ye(k), ye(k + 1), 2e(k),
Ze(k 4+ 1), 0e(k), e (k + 1), b (k), de(k + 1)]T =
[z1(k), za(k), -, xo(k), z10(K)]T. (23)
g4 2D T (22), WS EHAL IS AR ZE TN
{ Zoi (b +1) = zos(k), i = 1,2,--- ,5;
woi(k + 1) = fi(z(k)) + gi(x(k))7:(k) + wi(k).
(24)
o (k) Fom R AR T, A
7(k) = [r1(k), 12(k), -+, 75(K)] =
[Xprop (k), Xprop (k), Xprop (k) Mprop (k) Nprop (F)]-
R (24) X AR s, S br o
T T 4 0 1 T i) R0 S S AR A ). (E AUV
(1S FR AT I AR, BRI HE T) X prop (k) T2 ZESEIL
P TR e, MUEAR S T Xprop (k) HIEAK TH2E
AR, TCIFAE et 1 58 2 0 2 [ 358 2 R 42 il A\ R4 7
TR R, RGE 4) U8R R IR B RS, A 4
B 2 R [ 07 AR 2 R AFUE AR S T AUV 25 A1)
(R IR ST
3 BEUE T AR R
BEXE AUV LR 1)l 25 1 A A0 I AN B o 4R
) B, A ) i S I L R R 1) — AT RO V.
AR S I EC D S RO AT N4 ) g k) T AR e R
HOPEN &, AW R UL A: D) IRIE R G e R 4F
AR L BT 3R A g5 A 0 45 I, 4 4 PAT ML FE RS
2) RGHM A E TN AT FHETCRE % 8, A&
S A b PR AR e, RO 38 e ol 2R 56 1) 5

3) B R T SV T R B AT VT S LER R LA o S
e B SEIL, A AT IR SERR Y .
31 BEEUEETER

P H bR vert— AN HEDI R B i B R, DA
TRAE R ZE (24) )& AR DU e 18 7 & T 0.
FET VB 28 (SMC) BT ERE, Wb sl Bid H
e 1) R 5 2 R e T AR 1 s 2) VA I IR 45
R A R GORAS REHE 202120 B — B AR FEAE I
b TR R A% O SRR Tl I B B AR, A
RS 7% 1) 1) A 55 5 2 48 o i N (0 43 6 T K 3R 3
AUV M5, TG & M4SN RS H T
J5, 5 EEAE AN [ v T 2 R v T s A AS (R 4
W), FEnle ks B b e SR 30 5 R (A,

TSGR IR i D) e e Ok

si(k) = xoi(k) + oywoi—1(k), i =1,2,--- 5. (25)
HH N PR A5E 11T Ay
S = {z(k)|si(z(k)) = 0}.

7230 (25) H, R T ARUE R G ARV S A I AR
SEPER R AP AVERE, o MIEFEDATTT 2 + 0; =
O AR AL B B 1A~ B TS, B -1 < 0y < 0.

B B R T 2 ) (MPC) 51N B H R
(DSMC) £ %5, W[ 135 DSMPC .3k, #7% JH 2 5wl
J7 15, TR AR 22 AN AT >R v A5 22 i i 4 il i
I TE A 225 PR RO B 3K B o B 3 A B DA R AR
Tt R IO R O B, XA A 42 o ) T SRk
ANRIT AR A S BA. FR0 42 o 0 (R I 5 3R B, % T
Pl i R B, LR R R — I 2 A T A
TS AR A, JEAH B )4 A2 BN IR — 22, W3R
135 2 MPC HH A (1R 5 PERE. & 13X — JUAR, I 43
38— 7 PSP R A O 4 o S0 T
388 VET A ) 5 ¥ R 8 LRI 5 T A T 1 5 A Ik AN AN
A, R FH s VA S S AR 3 G0 i AP AR AL 1)

smi(k +1) = fi(x(k)) + gi(x(k))7:(k) + o22:(k)+
visi(k), i=1,2,--- 5, (26)
Hordr oy, B 0 < v < LIRS 4L
32 EEESER Rt

AUV 1ESEFR BT, BT 7K 3l 7 28 500 B AR
FAEZNE L HF T H0 5 DR 22 1R 58 i, i 455 190 0055 23 4
T ATAEAR 22, K 52 B v ARAH s (k) 3 T A T 00 A 23
1 A si (k) I ZEAR A2 OB IEA 5, 159 BT R 70
DUASE TR PR PR B 4 R

Smi(k+1) = smi(k + 1) + pi(si(k) — smi(k)), (27)
b p, € REMBAR, 0 < p; < 1. EBFEAEN pis
AT DL AIM A TO0 A ARY  15 222 B v T A Tl 4 1



K

1456 E 1 5 * * %26 %
PERE. BE5i(K) = s:(k) — sms(k), 3 27) 6N aﬁ@+ﬁj%ﬁiy:
Smi(k +1) = smi(k +1) + pisi(k).  (28) g:(@(k)) + X Ahs(k)
T T AUV A B () AT BR, si(yrr ) s k) +mames. G7)
PASRAS; 5 — 7, sEiR—28 K (26) nI 43 XTI B 5,00 (K), FEAE
smi(k) =fi(x(k — 1)) + gi(x(k — 1)) (k — 1)+ smi(k) =
o2 (k — 1) + visi(k —1). (29) filx(k — 1)) + gi(x(k — 1))7;(k — 1)+
BIR, spi(k) 5REMPT LR BA K FERRRIES  oymmi(h— 1) + yisi(k— 1) =
R1T, PRI T3 31 5, (k). 20 (26) AN (28) 15 2oi(k) — wi(k — 1) + oiwai_1 (k) + visi(k — 1) =
Smi(k +1) = si(k) + 7isi(k — 1) — wi(k — 1), (38)
fi(x(k)) + gi(2(k))7i(k)+ SR
oiw2i(k) + yisi(k) + pisi(k) = 5i(k) =s;(k) — (ss(k) +viss(k — 1) — w;(k — 1)) =
hi(k) + gi(x(k))7i(k), (30) —yisi(k = 1) + wi(k — 1). (39)
Hifrhi(k) = fi(x(k)) + oswai(k) +visi(k) + pisa(k). 4455 39) foA (37) 15
h T SEIURA A, BHR K e dr R o+ 1) = — (k) — pelrisslk— 1)+
minJ; = (i (k + 1) — 5,)% + N\i(1:(k))?, Aihi(k)
i=1,2,--,5. 31) =il ))+w()+92(w(k))+&-
Horh: s, RIS A N\ R PHIRIBCR L, FK Yi(=si(k) + pisi(k —1)) + (@i(k)—
SR R4 L S A I R, i T 470 pimill — 1)) + B
b SRR ZE MR 13530, 2L RS % (i <<D+
RiZE s, = 0. PEREFERT 31) W5 h Qui + Qoi + Qs (40)
min J; = (8ni(k 4 1)° + Xi(7i(k))?, il
i=1,2,--- 5. (32) Q1i = vi(—si(k) + pisi(k — 1)),
K3t (0 RN (32) T Qui = k) = pis(k — 1), Qui =

mm¢:au>+%((»<m)+A@®»%

=1,2,---,5. (33)
4 0J;/0mi(k) = 0, BRI kA3 05 FE IR e AL fidé ok
i(k) = — hii)(%)()xi i) —1,2,---,5. (34
2 ULAF R AUV 75 [ T8 R 45 ) R e 45 U A A
T(@(k)) = [Xprop(k), Xprop(k), Xprop (k)
Mprop (k), Nprop (K)]. (35)
33 EERREMSH
B R RIRE) AUV 7% [ T2 R R 28 ) R 45 (24) Al

IR 2 (25), A7 4E
silk+1) =wzo;(k+ 1)+ ojwei—1(k+1) =
fil®(k)) + gi(x(k))7i(k) + @i (k) + 032 (k).
Kl 34) RN (36) 13

ot MR @()
FO) = () + a

fi(z(k)) — hi(k) + oiw2i(k)+

(36)

+ w;(k) + oixe(k) =

FIB1 T 1R (24), (25) 81 (34) 20 1 1 A 3R
RYE, WRATAE
|Q2:] = [wi(k) —
i=1,2,---,5,
Hre, RIEHH, MRS EHIEM.
WEH 4 M; = —si(k) + pisi(k —
TEJTRE A

piwi(k —1)] <&,

41)

—14pz =0, 42)
FRUE T REIARSE 2 = pi. FHT0 < p; < 1, M 2F85E
s AR, BT 0 < v < 1, FFAEVD > 0, Bk > ko B,
Jko; < oo 13 |Qui| < pi. HHN, VA > 0, FEAEFE &
DACERBIN (0 < i < 1) A5 FaUor

Aihi(k
251 = | iy
i@ 138
Isi(k + 1) = |Q1i + Qa2i + Q34| <
|Q1i] + [Q2i| + |Qsi] <
pi+\i+ei = ¢

< i (43)

(44)



%510 3

T S T BT AN 69 KIX3h AUV = 4 ATt 3R 35 45 4 1457

K, AUV 25 (] T 258 R R 428 1) 28 408 110 S o Y L 3
WA K WAL S B BT (1) &, AR, JF B J5 AR FFLE . 55
A1, TRl kg 3 55 T PR RS e TR A AN AR 1 2 48 il 20 (25) 1R
IE, Fr AR RE (L0143 (34) MIEH T e B ia e
1. O
FHE I (34) W0, $ 4 A\ Be i SR (L oK Al R 4t
FEAT 72 0w 25 EE AR BE T N, S RE7E — 2 2 WIR A1
AT (44 SRS BIF BT (N E R 40) il ). 2
AR, XA AT I FE R R G 1 B 2 W Y A2 d R, {2
R R A SRS 4 il T RE LK, I T SEBr R G
ATHUR ) SRV L Ry T A wle b e 80, mT R O RE
o I BRI 7 3. AT LA 1) B K Fe /488 il =
75 max (K), TSEFE 0 B HATHUR R4 6 5
k) =
7i(k), I7i(k)ll < Timax(K); 45
e NN G E ) “
4 fiER
7 BLSEIG % oG IRV TR K 2 AR 2 B
Sl AW B B0 AR IKE) AUV, 3T
WA T B, B SE K S ) REGE R 6 A
FH AR 2R PR, SR AR ST ) 7 v, B AE T AUV
LEAE & H IR TP AT 6 T = TR PR R B
VAR
TE S G PR WU R A 4 20 1) 3 58 A0 08 R ot
4 (m) A
yp = 100sin (%n), zp = 35+ 30sin (%n).
(46)
7 8 AN TR TR K IR Bl AUV 5200, R
I (kn) A
2.0, 0 < 2z < 15
1.5, 15 < z < 55; 47)

Ucur =
1.0, 55 < z < 65;
WA 0° (5 X i), W AUV PG E (m) A (z,
y,2) = (0,0, 35), VIHLEERMN (0,0, 0) = (0°,0°,0°),
WU WTIE (m/s) A (u, v, w) = (0,0,0), LML ug
= 4kn. % &R KB AUV NI 14 R0 R R il 28 4
PE, 25 R B AR 25 280 k= 0.05, WG E (v p,
yp,zp) = (10,15, 40). ZEHIEHIHE &5 4
g1 = —0.35, g9 = —0.1, g9 = —0.157
71 =72 =73 =0.08, p1 = p2 = p3 =0.9,
AL = 0.15, Ay = 0.2, A3 = 0.25. (48)
T B Uk DSMPC #28 Hil #5% [0 11 B A $UL 7] 5 5
TR AE 25 [R) 2 f 2 R B 4 ) A R, T L

TE AT 4 2% T AUV 2 JR) s R 1 0 L 500 O
Ly b, & 2 45 H 7 DSMPC M DSMC P 4 261 4%
T 7 ) i AR R R R, T 3 4 T AR IR e
PR R R ZE 6 L. el P 2 T, o g g 24 mT S
RUREN AUV TEAS A TP N MR i IR 2%, 5
DSMC 5 | #3 A1 Lt DSMPC $ 5l 5% 19 #7328 B2 % it 22
A B 0, JUILR TR KA S 2 4k, DSMPC
P 3% e % T I RO R IR R 48 R e MR AN MR
B 4 g s i 2= th £k, 19 S o Wit i e 4L H ks Pt
FL i fih 5.

8
—
Q)l T
: A
5 DSMC
0 200 400 600
t/s
3 ZEAERERIRE
0 L
0.5}
R
= — DSMPC
S -15 ---DSMC
2
0 100 200 300

B4 MURIRZE#LZ

= 1f — DSMPC
05 -—-DSMC
O I I
0 100 200 300

t/s
5 R BAERZ



K

1458 1= ! 5 VS * 26 %
5 é’i% i«/l{\, [8] Filoktimon Repoulias, Evangelos Papadopoulos. Planar

AR SRR R SR E) AUV = 4 78 PR R 2 1 i) 8,
8T AR LMK B B X T AUV R GEI 5 Wi FH 4k
FHRSTIUAEH, S T 363 P4 B AR B v 1K 2
GRS TR 428 1) 7 ik, MR Sh LA A S A% 1 T 12
AT AN 52 TIORH A TR f) 5 i S B e T
TN ISR v LA 2 LT 4538 SR HE T 2 o e
T s SR AT K IR B AUV IR = 2 AT e R 4
AT DAL i 0 A I AR AR e oK Bl Ty BB X T R SE 1
S, IFS SRR T IAT B A A, R E T
R ERER P BLASSOR.

£ % ik (References)

(1] S6RTHS, BHBRE, £ AR HLA AIMI Wb X5 R)
FHOR MR, 2000: 22-24.
(Jiang X S, Feng X S, Wang L T. Unmanned underwater
vehicles[M]. Shenyang: Liaoning Science and Technology
Press, 2000: 22-24.)

[2] Wang Y T, Yan W S, Gao B, et al. Backstepping-based
path following control of an underactuated autonomous
underwater vehicle[C]. Proc of the 2009 IEEE Int Conf on
Information and Automation. Zhuhai: IEEE Press, 2009:

466-471.
(3]

Jon E Refsnes, Asgeir J Sorensen, Kristin Y Pettersen.
Model-based output feedback control of slender-body
underactuated AUVs: Theory and experiments[J]. IEEE
Trans on Control Systems Technology, 2008, 16(5): 930-

946.
(4]

Lionel Lapierre, Didik Soetanto. Nonlinear path-following
control of an AUVI[J]. Ocean Engineering, 2007, 34(2):
1734-1744.

JETUAR, PeIk A, 2R, 5. TRl O 72 ph 28 7T 11 7K
LA N8 Fy g5 T VAN, $E S TR, 2010, 25(2):
213-217.

(5]

(Tang X D, Pang Y J, Li Y, et al. Chaotic process neuron
control for AUVs[J]. Control and Decision, 2010, 25(2):
213-217.)

[6] LiJ H, Lee P M. Path tracking in dive plane for a class
of Torpedo-type underactuated AUVs[C]. Proc of the 7th
Asian Control Conf. Hong Kong: ACA Press, 2009: 360-

365.

[71 Repoulias F, Papadopoulos E. Trajectory planning and
tracking control design of underactuated AUVs[C]. Proc of
the IEEE Int Conf on Robotics and Automation. Barcelona:

IEEE Press, 2005: 1622-1627.

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(17]

trajectory planning and tracking control design for
underactuated AUVs[J]. Ocean Engineering, 2007, 34(2):
1650-1667.

TREAT, B k. KT HLads Al k) 26 [ 38 W 30 1 ).
Pl TR, 2003, 10(3): 235-238.

(Xing Z W, Feng X S. Adaptive inverse control of neural
network for underwater vehicles[J]. Control Engineering,
2003, 10(3): 235-238.)

g i, TR SCHRE, EIRAE, S TR A M 4K R
Plas N E 4 7GRN BI0]. [ 374k, 2007, 33(8):
840-846.

(YuJ C, Zhang A Q, Wang X H, et al. Direct adaptive
control of underwater vehicles based on fuzzy neural
networks[J]. Acta Automatica Sinica, 2007, 33(8): 840-
846.)

R, 2R, SRR, S OK LR NI E 2 0 iE
). IR 5 N, 2008, 25(1): 9-13.

(YulJ C, Li Q, Zhang A Q, et al. Neural network adaptive
control for underwater vehicles[J]. Control Theory and
Applications, 2008, 25(1): 9-13.)

ZEIBCEE. i ARIE 2 5 M. W R R R TR R
AL, 1996: 11-12.

(Li D P. Ship motion and modelling[M]. Harbin: Harbin
Engineering University Press, 1996: 11-12.)

Papoulias F A. Bifurcation analysis of line of sight vehicle
guidance using sliding modes[J]. Int J of Bifurcaion and
Chaos, 1991, 1(4): 849-865.

DR, AUV i 28 [0 2% 7P T AT BB 2 o F 9 (D). ey
IR I RVE T RER S F Bl k27 e, 2009: 16-18.

(Tang L. Research on the neural network adaptive control
for autonomous underwater vehicle’s horizontal tracking
problem[D]. Harbin:
Engineering University, 2009: 16-18.)

W75 AA. 8 B R ML b3 BE 2 H Rk, 2001:
334-336.

College of Automation, Harbin

(Hu S S. Principle of automatic control[M]. Beijing:
Science Press, 2001: 334-336.)

RALIE, B, B 4L, 5. AR TN 25 HOA B4 i 2
N IT. # 5 Pe 3R, 2006, 21(7): 829-832.

(Song L Z,Li HS, Yang Z H, et al. Discrete-time sliding
mode predictive control algorithm and its application[J].
Control and Decision, 2006, 21(7): 829-832.)

Jung ho Kim, Seung Hyun Oh, Dongil Cho, et al.
Robust discrete-time variable structure control methods[J].
J of Dynamie Systems, Measurement and Control, 2000,
122(2): 766-7175.



