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Multivariable backstepping robust control for work-class remotely
operated vehicle

ZHU Kang-wu, GU Lin-yi
(State Key Laboratory of Fluid Power Transmission and Control, Zhejiang University, Hangzhou Zhejiang 310027, China)

Abstract: To deal with complex disturbances, parameter uncertainties and strong nonlinear coupling in work-class re-
motely operated vehicles(ROVs), we propose a method for designing the multivariable backstepping robust controller. By
using Lyapunov stability analysis, we prove the locally asymptotically stability of the controlled system and the locally
asymptotically convergence of the tracking error, in the presence of parameter uncertainties and unknown constant dis-
turbances. To simplify the realization of the controller, the system model is reduced to a 4-degrees of freedom(4-DOF)
model by considering the characteristics of work-class ROVs in dynamic positioning. Simulation results validate that the
multivariable backstepping robust controller surpasses traditional PID controller in control performances and robustness.
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Fig. 1 Earth-fixed and body-fixed reference frames
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AR DA ARG, W LUK R B A iz 5 7S B H
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| (my = Yy)v —(my—Xa)u 0 0 |
(46)
D(v) = —diag{ X, + Xyuu, Y, + Yy,
Zw + Zjwyw, Ny + Ny}, 47)
gm =100 0 —(W-5B) 0" (48)
R B R I T A A
cos iy —siny 00
sin® cosy 00

J(n) = 0 o 10l (49)

0 0 01
HE0(24) AT 40

G, i,,1m) =
U, —vr —u —lulu 0 0
ur 0, 0 0 —v —Jvfv
0 0 O 0 0 0
—uv w0 0 0 0

0 0 0 0 00 O

0 0 0 0 00 O

. , (50
w, —w —|ww -1 0 0 0

0 0 0 0 7, —r—|r|r

0 =[m, — X m, — Yy Xy Xy Yo Vg
My — Ly Ly Lww W —DB I, — Ny
N, NMT‘]T, (51)
Af =[Afu Afy Afu A, Ay AF]T. (52)

TEAT LA FE ok DL R A0 R Bt 248
te-backstepping & H 4 Hl 2%, 10 H 7S B b AR 2 A
ST A FLAR Y,

5 DiEHF5U(Simulation study)

T B UE R AR, DO IE AT
g T 5 Rz B 5T & O 7 EN 5, BEAT 07 B
L. HAME it an B s, 581 6 10 3 2S00
1.

TAPT() max AT 1) EHERERS T T e S 41 1) 5
RHE Ty B AR, HH TV Hs B ) 05 T 25 1) Wi . 82 328
TG /NTROV IR IR [] 55 %, DRI Ik 20 HE k24 (1) B s i
T, IF H 2B HE ) 3 O, R EHISECONV K, =
2-[4><49 K2:6OOI4><4’ Ejﬁﬁj@%ﬁ[{:’) = 5I4><4’ K4 =

400y q, Z B TE W A6 AE 2 L1 A G 2 2000
70%, STk TE I UG AE 0. Gl AT 16K F
EEPIZE I, ZHON K, = 10001542, K; = 100015,
WILEREN = 1o = 0, F88F%na = 2m 2m 1m
0 0 0.3rad]™. XTI ERIa45 5, H TR0 Zlng
ANAEAE, RIS R T ok PR R, D6 20088 I iy DD
A KRR ST IS AL R R AT B IR N
Ko 1

"o4s+1

A1 BEFREZHRE T 6 HA S
Table 1 Model parameters of SEAKING deep-sea
motion control test platform

Tsxe- (33)

24 fH 24 fH
Mo 2500 kg Kp —9810 kg - m?/(s - rad)
w 24525 N My 19620 kg - m?/(s - rad)
B 25020 N Ny ~7848 kg - m? /(s - rad)
B -0.493 m Xujul -952 kg/m
I 440 kg - m? Yyl -1364 kg/m
I, 1300kg-m® || Zy -3561 kg/m
I 1250kg-m® || K, -890 kg - m? /rad”
Xy  -2140kg My,  -1876 kg m?/rad’
Y, ~1636 kg Nyjry —773 kg - m? /rad”
Zy, -3000 kg Tu max 7564 N
K; -1664kg-m? || 7ymax 7564 N
My 4947 kg -m? || Twmax 1962 N
Ny —-1524kg-m? || 7pmax 1960 N - m
Xy -3610kg/s || Tgmax 1470 N - m
Y, -3610kg/s || 7rmax 9810 N - m
Zw  —11772kg/s

AT UE 2 A S ) A I 9 R R, iR
WROVAESOs)i % B H AL AN T-H0 52 W, 78 H T
Pl i

Af = [2000N 2000N 500N 1000 N-m

1000N-m 2000 N-m]*. (54)

8 56 L, [ B HIPID 4 1 #5 4% HIROV AE 61
H R RS A I St b5 5 7 3% € PID
iz =4, K, = 2200166, K; = 2200156, K4 =
52816y6.

{5 FL85 Ko a2 B3R,

rh 477 B &5 SR v 4, £ A% Sbacksteppingds il 4% 1
15 TG TPIDE il 4%, X A0 S0 i 40 1 2R
W S W] 5 4 TPIDIE 4. AR T DL 1% inPID
i) 28 PR G20 T n AR Se P e, B B A i .
A, (R K A A AT S ORI S e 7S Ty 2 A0
backstepping % il 45 AN 75 B A5 5 AT oy, A
LR E T K — B S HON B 4L KRR
FE A D, v LA 2RQ22) K15, BRI, Al 515 5
AT R R .
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Fig. 2 Performance of backstepping controller with
disturbances

{8 [ m, %A /rad

K3 ATt T PIDSE fil 4 2 il e
Fig. 3 Performance of PID controller with disturbances
AT B UE A7 AE S BN E I, 35 o 4% 1R £ o
PERE. B R G S S HURAL 73 3 M IN25%. Pl ) i
K4, Es .

=

&

]

= 00F : : :

0 20 40 60 80 100
t/'s
4 R E AT RFAT T 22 Fibackstepping 5

Tl g e

Fig. 4 Performance of backstepping controller with
parameter uncertainties and disturbances

{8/ m, Y410 / rad
=

0.0 E : :
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5 SHAE KAMTIAAT T PIDIE Hlgs FEhI L fE
Fig. 5 Performance of PID controller with parameter
uncertainties and disturbances

XF EE 0 L4 AT, HAFAE S A E N, 242
iE-backstepping 2 il 4 (1) 45 il M 5 )L T % A X8, 1
PIDH2 il i (42 1 1 RE I L B T — 52 Y IR AL, X
W] % A2 F backstepping s il % X 28 48 Z HA i & 1k
HATIRAF (&R

6 % &4 J5 L YE(Conclusion and future
work)

EEXHE L ROVIX i A7 A1 52 2 A0 T4 Bk 1)
SRAMENE M ZZRIELMERM SRR REN
2 11 ) F, & Tbackstepping % ] AR, ¥ it 7 £ 4%
T-backstepping & 15 5 il 4. 1 i Lyapunovia i 1 #
WA UE ] T R RS R A e v, DA R ER
22 R IE WS R0, O T Tk IR A v, B X
VRNV ROV AE B 7 5 A I IR 5, 4921 7 Ak 1) &
GeiiRL. ) LA R, 54 LPIDIRHId A L, 248
itbackstepping 5 il d H AT 54 45 1l i 0T, X R4
SR E IR L G IF HaE
T S HIR >, AT ZE R AR08 7, Rt
{7 TRESEIL. A S04 T % 48 htbackstepping 7
IS I B R AT B R, A JE Rl A £
RIIE B 5 R 45 AR 56 T S By
A e
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