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Abstract: [ Objectives | Aiming at the accurate posture stabilization problem of an under-actuated un-
manned surface vehicle (USV) in GPS-denied environments, a monocular visual servo stabilization control
scheme is proposed based on homography. [ Methods | By virtue of the homography decomposition tech-
nique, posture errors with an unknown scale factor are directly reconstructed from current and desired images,
which thoroughly removes the calibration of extrinsic camera parameters and priori information on visual tar-
gets; with respect to the under-actuation constraint, a periodic function to persistently excite the yaw angle is
incorporated into the continuous time-variant output feedback controller, allowing the USV to be stabilized in
the absence of image depth, movement velocities and model parameters. [ Results | Under the framework of
the Lyapunov theory, the closed-loop visual servo system of the USV is rigorously proven to be asymptotic-
ally stable by Barbalat lemma. [ Conclusions ] By installing an onboard monocular camera, USV posture er-
rors can be precisely stabilized with the aid of the proposed visual servo strategy, providing significant tech-
nique support for practical applications including docking, berthing, dynamic positioning, etc.

Key words: underactuated unmanned surface vehicle; monocular visual servo; stabilization control; con-
tinuous time-variant output feedbacks
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Fig. 1 The monocular visual-servo system of underactuated USV
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[T <= [T Vi)ds = = (Vi(0) - Vi(eo)) (28)
0 aJo a

Wy € L, 57 € Lomv—BUESN) ., RIE51H 3,
limv() = 0. [F) B, AR 2 (22) A HETEW] lime,(1) =0
*ﬂ}ilz.}u(t) =0,

i he e L6, = —i€ Lo=e, = —rff) — B i#
etk A4S 4, Hlimr(r) = 0.

N7, = ke, +kse,sin(kst)e Lo, H

k ksk.
T, = —koi — ﬁ\'zsin(lw) - %vcos(k@)—

k3éxr Sin(k4t) - kgexi’ Sin(k4t) — k3k4eerOS(k4t)+ (29)
kskye, cos(kyt) — ksk; sin(kyt)



172 OE )

My AT 5%

175

N re Lot & —BESN. RIETIH4, H
lim#,(H)=0. f F] H limr(r)=0, lim v(r) =0,
lim e,(r) =0, LI}

[—o00
k
T, = —kyr— ﬁv sin(kst) — kye,r sin(kyt) + kzkqe, cos(k,t)
(30)
Al A E lime, () = 0, Kre Lo

dyic (my —my)uy  (my; — my)uv
_ 33 +( 11 22) +( 11 22)

+%, (31)

ms;3 ms3 ms;3

M pe Lomiit —BOESN . WP 4 7] kB
limi(0) = 0. Wlimr(r) =0, limu(r) = 0, limv(r) = Ol
lime,(1) =0, MR =X (16) AT Fe Z0E I lime, (1) = 0.

il RGN (eor us er i eyr ) WHEFR
SE o MRAE (8) AT EHIZUEM (e, ey e3) AIFEHTIT
Faae, e B 1 AHE

3 PiESELS

AR ICLLZE 44 1Y Cybership T R 8K 3 JC s h A
TUFF J A FLSE 06, LAGIE 74 252 Asf A8 it e 5t 4 1l
i 2C (10) A RO o I TC A 0 R 4 K 2
R 5 — A8 R T AL 25 BB T &, 4 RULE Sl 1270, i
K H 1.19 m, T H 17.6 ke, H 32 TR A 2500
# 1R

% 1 Cybership I T AMBERISH™
Table 1 Model parameters of the Cybership 1"

ZH HH ZH Hfi
mi1 19 dn 4
my) 35.2 da 1
m33 42 d33 10

T ST TC B H AR IR 05 L3 B, A
2T A T 0 I I I 1] O = R el 1 VA
Wl K p =10.8,-1,-0.2]", p,=[0.8,1,-02]", p;=
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0 45 15t Z2) BE A% 40 5% 20 RRAE 5, TE AN 90 LR A
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T NAEBET S50 BB A 2 W IRAR S B R H0 .
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FHHL P62 B a0 =y0 = 5121 a, = a, = 200 fit 53X
(5), 159 ZI BN PR B | f s, RO B P il 4

AR Oy R BE ., 3K A5 0B ] R B 4R R 2
€,(0) = 13.35, €,(0) = —11.58, ¢,(0) = —1.5. 1 EHH
1AL, 2 4% =X (10) Y 1 45 2 80R5 il 2 5k
0<k < ddndn ky >0, ky > 0Fl k, #0, Cybership I

my

Te NI R A A I H 53 3124982 NAILS N -m,

25 b, K 3 25 S B ST M 1R S 5 /IME, B
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Go s il AR, 546, A Tk e i A,
R R AN 30 s 2245, Ak, = 0.2, FE4) H5C
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EZERMNE 3~K 7 i, BT &,
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Fig. 3 The trajectories of feature points in the image space
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