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Path-following control of an AUV in cascade under input saturation

CHEN Zi-yin'!, ZHANG Li-jun® LIN Zhe', LIANG Xiao-ling®
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of Marine Engineering, Dalian Maritime University, Dalian 116026, China)

Abstract: This paper solves the path-following control problem of an autonomous underwater vehicle (AUV). Firstly,
the path-following error dynamic is established with the concept of path coordinate frame and virtual target, and then
transformed into a novel cascade form, which consists of two subsystems cascaded with the interconnection function,
one is a position tracking error subsystem and the other is a surge speed and yaw angle tracking error subsystem, and the
cascade form decouples the position tracking error subsystem from the surge speed and yaw angle tracking error subsystem
compared to the traditional solution. Then, command filtered backstepping is adopted to stabilize the surge speed and yaw
angle subsystem, which can avoid the complexity and explosion in computing the analytic derivatives of virtual controls,
and the filtered tracking errors and input saturation bias are compensated through constructing an auxiliary system with
guaranteed bounded stability under Lyapunov theorem. Further, it can be proven that all the signals in the closed-loop are
uniformly ultimately bounded. Finally, the simulation results show the effectiveness of the proposed scheme.
Keywords: autonomous underwater vehicle (AUV); path-following; cascade system; command filtered backstepping;
input saturation; persistence of excitation (PE)
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KL, 5% ;] < Ds,i = 3,4,5,D3 = 1/2V3(0),
S T vs o Mo WS T R EE 23 .= {v; € R,i =
3,4,5||v;| < Ds}.
2) M HE X (50) ~ (52) Fit 4= FilE: v 5K R 2
W:QW+£+%> (71)
XF(71) IR 3, K 20 (65) ~ (67) AR, T4 1
Vi = Yethe + 2230 + 2323 <

1
(%_IW'_GM_EE_OQ
_i 2 - 2 - 2
(ks 2+ |z I+ T
2m3 ms
1 1
—d? - D3 <
%n324#(24%2nm)
—n4Vy + 4. (72)
Hr
. 1 3
’n4=2mln{k3—1,k‘4—m—3—l,k‘5—27m},
1 3
ks—1>0,kyj———1>0, ks — — >0,
ms 2m3
8y =
4zm?+——uﬁﬁ+4—ﬂP ( — \p2.

hﬁam%mﬂﬁ%uwu%ﬂﬁﬁ %%

Vi(t) < Va(0)e ™ + 2—4(1 —e M) <
4
1)
Vi(0) + ==, (73)
Ny
A bk, 753 21 |¢e| Dy, |za| < Dy, |z3| < Dy, Dy =
2V,4(0) + 4ﬁﬁmv% 2o 23 WS T 5 4R
2 = {¢e,22,z3 € R|[tpe| < Dy, 22| < Dy, |23] <
ANE

3.3 REARGIRERHIIE
EIRA  EHE 2 A E FE 3 R H g A L S B
REAE i 2 E B 1 ) 564, RIE R R G { X1, 2o} ]
— R LA I
I DX TLXRG D RESI 2 RS
¢ = Ke, i /£ 5%, BRI R G X WIS 5 4R
I ASOE I B B LA ).
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)N F KRB R g(t, 2, y). BT A EE v, NE T
B AFAE T B oPax > 0,30 /2 |vg| < e, B, T2
(13) "I R G (1) SR B Gt 2

HGH = Amax(GTG) <
Gl = \/1+2(vf)?, (74)
W ER 1 & 2).

3) X T T ARG Do 45 3N (47) M1 (68) 1418 2 HfE
e R R AL
Es(t,y) = Va(t, ue, 21) + Va(t, e, 22, 23),  (75)
X (75) KT 45 20 (S0) B (74 ARAF5
Ey=Vo+ Vi <
—noVo —ngVy+ 9o + 64 < —nEy + 4. (76)
Hr:n = min{ng, ny}, § = 8o + 04, A 75 25 23

4*&>W%#ﬁm>g>;ﬂ>&>.
BARAFAEny > 0Flng > 032 FRF M. B, 55

Yo RGHMES
AF3).

5 b, MR s B 145 20 i 3K (13) A1 (14) W R 2
BRAR G A5 5 —BuR& A 5. O

4 fREKHE

/7 ELIGAIE K F Matlab M85 44 4 AUV B2 PR ER 12
il R G AT SE56, AUV BB S E STk [19] s, 4
ITEE LI A HOE B N e = ¢ = 0.2, 1R RIES
$ONT = 1000417 = 500. %S ko ~ ks FEATH T
B JER R ko = 4,k = 1,ky = 0.1,kg = 1,ky =
Lks = 0.1 JEHEHFNZSH Nw, = 20rad/s,( =
0.9. 58 UF Z A2 i 25 A R0, TN T 23 7006 6
RN 5y B S B 28 % AR BR BRI AT 1 E G IE.

4.1 HIFHEEFIRER
FURIHEE i 28 B A% (A7 m) A
{x(u) = 20 cos(0.047ty), 77
y(u) = 20sin(0.047tu).

EIAUV FIWIGEHALE N = 10m,y = —5m, %]
BEREIA N = Orad, AUV HIEHEE Hu = 0.1m/s,
v = 0m/s,r = Orad/s; ¥IUEEEARIRERZ R 72 A [eq,
o] = (5,10 m VAR R R g, =~ rad,
WIS ug = 1ms, BESEVIHE NI p = 0,5 = 0.

B 245 0 7 /KT T 2R B A2 BR R 1) AUV SR B3
I, ERIAG 2R, PR EVE IS RS (RIE AUV USR] 1
BRI B AR IR, B3 AH T {FY AR R N
P B BRER R ZE . R R M BRER R 22, AT LR T
SCHR [5] A 5 e AT 28 3h A5 RV R 29 3, BT LA 4

1 — B 2 S AL E B 1

Wi S R B8 25 S SRR X e e, RIS, B AIE 7 6 490
I 4 R 152 %ﬁ%_.gmwixi%mmﬁﬁ%
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Z WRSCHIR [4] 9046 P 32 H 10 B 26 B A2 BRI O %,
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160t
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(d) FEmMAERESRZE
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WP; = (=800 ¥4 E N =
—10m, WL N = grad,ma%&ﬁaﬁi%
Z A e1, )T = [=5.57,12.99] m, ¥IEEHE N u =
0.1m/s,v = Om/s,r = Orad/s; HEHZ v, =
Lm/s, RS HAIMHE I p = 0,5 = 0.

55 3CHR [4] H 1 B 28 i 4% BR R 4 1) RO 2R AT X
te, B4 25 T AUV 7KV T B 28 BR A ER BRI, AT LA
Y, A A R S R ER B BUAEAE — S8 IO 22, 1X
R ABELEES e = O RRBE 1 FIREEE
TN 2 AT, BT AR B0CH28 1) JC v S IR 1 26 B 45 1) T
%Eﬁﬁﬁﬂaﬂaa%ﬁg& ue = O lim 4, = 0,H12%
BT Rgfae. BSeH 7 {F} s R T B4 B ER ER
R 2 JHRE R I R R R 2
5 & ®

ASCEF RN SZ IR T IR IR AUV B8 A7 R R
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¥ 3B Bl 4% ) B 1 AR B B ) s 1 98 o S B A 44
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