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Three-dimensional straight line path-tracking control for
underactuated underwater vehicle
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(1. College of Automation, Harbin Engineering University , Harbin Heilongjiang 150001, China;
2. College of Mechanical and Electrical Engineering, Northeast Forestry University, Harbin Heilongjiang 150040, China)

Abstract: To deal with the three-dimensional straight line path-tracking control problem for underactuated underwater
vehicle (UUV), we develop the three-dimensional path-tracking error equations based on the virtual guidance law. The
feedback gain backstepping technique is adopted for designing the path-tracking controller, so that a part of the nonlinear
coupled terms can be eliminated by properly selecting the controller parameters. This leads to the simplification of the
virtual control variables compared with the traditional backstepping design, and the avoidance of the singularity problem
encountered in designing the line-of-sight (LOS) guidance law. Asymptotic stability of the closed-loop tracking-error
system can be proved by using Lyapunov stability theory. Simulation experiment is carried out for the controller applied
to the UUV; the results validate the accurate tracking ability and good robustness of the proposed control scheme against
current disturbances and model parametric uncertainties.
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(Three-dimensional path tracking error model
of UUV based on virtual guidance)
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Fig. 1 Sketch map of UUV three-dimensional path

tracking based on virtual guidance
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cos 0, cos ), — sin, sin b, cosy,
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Hrt: e = 0 — Y, 0 = 0 — 0.
3 #HIE % v (Controller design)
3.1 # H #5(Control objective)
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3.2 #EHIZ$ ¥k (Controller design)

B2 UUV = 2 ik P ER 3 il 3 AT ]
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Mo+ C@)+ Dw)+1,=1 R() [ FQ— RI(1) Z
+ e
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i s DM
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T APARAIAK
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e

+

Mux

<A 1
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B 2 UUV = 4 T2 R w42 1] AL P
Fig. 2 Block diagram of UUV three-dimensional path tracking controller
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"/1 = TeTe + yeye + ZeZe =
Ze (vt COS e €OS O — up) +
YeUt SIN Yo COS O — ZoVt SINOe.  (14)
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O M AT T I, REAUAm) 57 (R B2 B K
T Trog N TIT S B BR 5, AH B0 LA 28 SR 43 40
B 0 E S HARA RN
€08 Y, €08 O + k1T,
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a1 = —C1Ye, (19)
az = coze, (20)
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i e i 08
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i =1 =1
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Hripy > 0Fllpy > O F BB W F S5, X Uk
RS, BRI
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e
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e
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P R B

ga = —cabe. (35)

K A BHIAAGHR

Veopo = —k3zl — ks02 + polege. (36
X
Covy sin O,
e = q— qa, ks = capa(1 — == ),
Cq4 Ge

[ T U428 il 28 240 /e ey > covm, vm NI ST
VRS B JE KT T S8 25 1) Sl et FEAR, 4

P3ks > 05 AF kT, 45 NG DA 3B6) 15

VQ = —klmg — kgyg — kgzg — k‘4lﬁg - k5§g +
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cos
X TFUUV = Yk B2 ik R R4 il 4 b
F, = ml(_kuue — kiwe1 + ud) - fua

1 .
5 = —[m5(—kqu — kinQ +qq — Qbs) - fQ]v

b1
1

b= —
bo

kives + 174 — rbs) - fr]a
(33)

Horre fu, foff A BERLHE G ME /K B)) ) T, 3X H g

Mg R B M2 B 100, K 2NE8MRA ()75 2

[mG(_krTe -

5 g 330 %
u, gMr PR ZE RGN
Ue = —kyte — kiner,
de = —kqGe — kiq€2 — qbs; (39)
Te = —kpTe — kix€3 — Ths,

Hrfue = u — ug, NRIEIREE RGAFAESN T
T EEE T, TN 2 TG 5 R S B,
Xér = Ue, €2 = G, €3 = Te, KIHE = te, €2 = ¢e,
3 = Te, FTLARG B9 H LTS K

€1 = —kué1 — ke,
€9 = —kq€2 — kig€2 — Gbs, (40)
€3 = —kye3 — kir€3 — Ths.

MR EN Re=[e1 e e3|T,é=[¢1 & &3]7T,
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4 E¥E1aE 4P (Robust stability analysis)
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X H
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_ 03x3 O3x3
033 2K1P
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R @) MILK T, RGNS
Vo= —kaa? — kay? — kaz? — ka2 — ks0? -
1 - _
SETQE + 2L ere + pafeq. + ETPBU.
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(44)
i
Vs = —k1x2 — koy? — k322 — kqtp? — ksf? —
1 _ ~
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(49)
Horr:
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b22
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b22
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( p1 1
A =c1(— k
1 01(p23 cos 0 + c3ky),
1
Ay = 2L cakr,
Pog cos 6
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k2B UL I AR SCHE 1 BB 2 i R AR BT
=PI R R R 0, AR 4 D
JTARREAT R B, IDCAR R £ 2 i) 1) ik 22 3

K (50)—(53), HARHME R L FEm.

21 = sine — B, (50)

29 = sinfe — [, (51)

Te =T — 637 (52)

qe = q — B, (53)

X H
C1Ye

- 54

MV e o
C2Ze

S < E— 55

%= T el 9
0 .

B3 = C(;(;S " (B1 — Yevrcos B — c321), (56)
1 )

B4 = -y (B2 + zevy — c422), (57)

Hr: g >0,¢0 >0,c3 >0, cq4 > 0HFEHIZS T
S0, 15 B 5 2 14 i N Bl ) 25 SR I 2R B
U= ’lld — ku(u — ud),
G = B4 — 22¢08 0 — CoGe, (58)
=5 —
cos

M(E8) W] LLF H RE A% il 8 B3 FEepe = /2

GCOS Pe2] — C5Te.
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analysis)
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Fig. 3 Block diagram of UUV path tracking control system
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Fig. 4 Three-dimensional path tracking trajectory of UUV
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Fig. 7 Three-dimensional path tracking errors of UUV

I8 FH 1943 1 A UUV == 4k i 178 BRI 428 1) ok
BCOTR AR B ARG 2R L A TR R A A AR
b i £k, PID¥EHIAE FH R B0 RO 1) £ A2 4
A B AR, AT I TR R, Jas il b A 22,

B FEARGRAL, MA ST 3 6 85 0 235
AT A E I EE ). 105 U0V = 4Efi
R PR B 42 T i W

20 T T T T T T T T T

10 :

0f.

6/(%)

0 50 100 150 200 250 300 350 400 450 500
t/s

400 —————————————————

300 1 d i

200 o

w/ ()

00 50 100 150 200 256 300 350 400 450 500
t/s
— R REEEE FET ML PIDYE 2%
8 UUV = YTl PR 25 A Wi [
Fig. 8 Angular response of UUV in three-dimensional

path tracking
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