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Ship formation control via output feedback with unknown dynamics
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Abstract: This paper focuses on the ship formation control problem via output feedback, with only the information
of the relative positions and relative heading angles available. Firstly, the kinematic model of the ship formation is es-
tablished using the leader-follower strategy. Then the system is decoupled into three subsystems via the diffeomorphism
transformation. According to the low frequency characteristics of the ship motion, and the assumption that the viscous
hydrodynamic forces and moments in the hydrodynamic models of the follower ships are unknown and the velocities of all
the ships are unmeasurable, the high-gain generalized proportion-integral observers are proposed to estimate the unknown
and unmeasurable dynamics. On the basis of the high-gain generalized proportion-integral observers, the linear output
feedback controllers and the output feedback controllers with input saturation are designed respectively, and the stability of
the closed-loop systems is analyzed. Finally, the simulation results show the effectiveness of the proposed approach.
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problem description)
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Fig. 1 Motion sketch map of the ship formation
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ML R ZED; = tho — s HIIEBN AL

Toi = —U; + Uy cosV; — Vg sin; + 1Yo,
Yor = —V; + Ugsinv; + v cosV; — 1;Tos,
191- = —r; +7op.
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(m; — Xui)u = X; + X,
(mi — Yoi) 0 + (myzg; — Yii)i =Y + Yo,
Nii)0i + (Li — Nyg)ts = N + N,
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Xi = myvir; + mizgr; + Xu,
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N; = —m;xgu;1; + Nuj,
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7 = Moy (Y; + Yri) + magi(N; + Nyy).
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YTi - Y‘ri(xeh Yeis 191)7

N, = NTi(xeia Yei, 19i)
YEH i fa e n,

lim xo; = x4, lim Yo = yai, lim 9; =0,
t—o0 t—o0 t—o0

R[5 MR AT B 2R BA TR, 3, M AR S A 325 il 1] @

9 Z G0 (3) B B S ot B 4 ] R

3 A0 4% BA B S 45t 3% 1] (Ship formation
control via output feedback)
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ralized proportional-integral observers)
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3.3 EETOUIIES e B R A453EH1] (Output feedback

control based on the observers)
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3.4 BARAMBANKRH R EHEES] (Output feed-
back control with input saturation)

X RG(S), 7 R R BT R ] R
FETRE A, B

‘X7i| < X

EIJ lim Toti = Tdi» lim Yori =
t—o00 t—o00

mdxza |N‘rz’

maxi s |er‘

H R M 1 R UM i i N R
Ury = —léuitanh(iﬁuﬂei),
Vry = _];21itanh(l~f221yei)a (11)

Tri = —kay; taﬂh(%zﬂ%)y

ok, > 0k, > 0TS
H PR BB M 4z 200 356K

Xri=(mi — Xui) (T + ];152'53'[(]231_5115131'))
= (m; — Yi:) (Fai + kasisat(Fkasi6os) )+
(Mg — Yii) (Fai + kggisat(kzsas)),
Nyi=(m;xg — Nyi)(Toi + k25153t(k251£23l))+
Li — Nyi)(Tai + k35isat(k35i£33i)))

(12)

Horr:

T1i = ]%111' tanh(l}:lzu |512i —Un'|) tanh(l%14i(§12i _u'ri))7
Foi = kioi tanh (ko €oni — vr4]) tanh (ki (boni—v74)),
Fai = kgri tanh (ks €2 — 174 |) tanh (ks (Ea2i—711)),
];?151‘ = ]_ﬁzi - ]_fui tanh(%mﬂflzi = Uzil),

%251' = ]_9221' - ];7211‘ tanh(];24i’£22i - U‘ri|)7

ifssi = ka2 — ks tanh(];34i’€32i — 7).
Sk, > 0, ko > Kj1y > OHIE:

| (mi = Xai) k12i| < Xinaxis

|(mi _K‘)i)%%i‘ + ‘ (miu’Ugi _Yi'i)']%?)%‘ < Yiaxi,
|(mi33gi—Nm)]2722i|+|(Izi—Nfi)E32i|<Nmaxz‘7
T g maxi» Y7'1| maxzs NTI’ maxz

B 2124, 222, 2305 KE 0 A5 W 400 Awri, vrgy 7

% j\jzelzvz = 212 — Uri, Ze22i = 222 — Uri, Re32i =

PR A QDA S A2)EH AT RSN
_l;;jli tanh(fszizju) + Zejoi,
€j2i))+

J5lsat( ]5z§J31)

'éjli =
—];’j:ﬁ tanh(];jzli(zej% - (13)

6331 + 5331 -

Zej2i =

Hor:
Fizi = Ky tanh (ki €120 — wrl),s
];231' = EQlitanh( 24i |£22z U'ri’))
kssi = Ky tanh(k34i |E32i — 774])-
NI HT RGE3)HIFRENE, SIAWT R 5|3

51 123 ZEUT RS
{%12]0(51,552), (14)
Ty = p(@)-

Fdy = p(&o)Mzy = f (&1,0)5 BIEF# 55 =0
Ty = 04b & Wi A2 1, M R G LE-H 2 (2,
To) = (0,0) Ab2HIEF2E K.

EHE3  HEREMBE | < ks WRKZADE
T A T RS E 1.

ik i—’I[@]‘zi ejdz] = Oftf, EB|€;32‘ = |wji| < kjsi,
ﬂ?%l‘]%j&sat(%;sigjf}i) = &z MARGAI)WE N

{ Zj1 = _];jli tanh(/;?jzz'?«’ju) + Zej2i,
2ej2i = _]%j3i tanh(]::jélizej%)-

BAR, B SIBRIATAS, RGES)ME TP kb 2
IASTE .

it — 5, /v‘f\ffd = [Zjli Zejzi]T, Ty = [ejZi ejSi]T-
TIN5 Al TR 72 R GE (T R GE(15) 78 F-F 17 1
Ab R HTIE RS E I, A1 BRI 1S, REG0(13)7E 2 T4 i
Ab BT RS E Y. HH I E FRASIE.

4 BUE A E (Numerical simulation)

X = g AR AT 17 2, SR B A RI2 R B A ()
K:51.5 m. Mi5E8.6 mIFIEAA, K3 ) A BRI ZH
3C[24], Hrp:

m; =364.78 x 103, X, =—1.74 x 10%,

Ty = —5.93, Yy = —1.9022 x 10°,

Y;; = —1.4 x 10°, Ny; = 5.38 x 10°,

I, =3.3818 x 107, N;; = —4.3958 x 10".
B N L AME A X paxi = 10° N, Vo = 1.5 %
10° N, Npaxi = 4 x 10° N - m. S0 (20, yo, vo) ¥
E79(0, 0, 0), A1 Id B | A 35 13 52 R0 AE 4% A 03
N

15)

ug = 5 + sin(0.1¢) m/s,



91

IRz AT AR RSN AR A DA B A5t ]

1227

vo = 0.4 + 0.25sin(0.05¢) m/s,
ro = 0.015sin(0.02t) rad/s.

PREEMS 1 A1 2 o, BIEEATE S50 (2qs, yas) 7390R

0), (3.5,0,0); K B A ML (x4, ys, ) PIE 53 51 R
(=60, —60,0.5236), (—100, 100, —0.3491). = 34 2
I AR AR 3 I 28 (6)H S E Hle 1= £9,= €3, =10,
6111 = 5211 = 5311’ = 2, /3121' = 6221‘ = 5321 = 1.5,
B13i = Bazi = Bssi = 0.5, B14i = Baa; = P34; = 0.0625;
ERBEAT 1IN AT A

(31.9615,0,0,0), (—28.0385,0,0,0),

(—0.5236,0,0,0) .
PRI A2 I 28 WIE A

(78.1713,0,0,0), (—9.7672,0,0,0),

(0.3491,0,0,0) .

1160 s < t < 200 sif, BCIRFEMTIAI2AE A 5] L B
) R 7 ) 52 B BN
X = (5in(0.4t)+2sin(0.6t) +sin(0.8¢)) 10* N,
Vi = (2sin(0.4t) +4sin(0.6t)+2sin(0.8))10* N,
N, =(4sin(0.4t)+8sin(0.6t) +
4sin(0.8t))10* N - m.

a3 S e AN e B3 R i S AT B
2, $2 ] 25D B H (K11, Kr2is kovis koziy kari, kaz:)
1%(0.01,0.2,0.0025,0.1,0.25,1). 5€ H 3 i, fE 0 %
14 NS $(k11s, Kaoiy Kors, Koois Ksis, Ksoi) B
(2,0.1,0.5,0.1,0.02,10), EH¥ N EFIEEIEHIEE(12)
S8 (k11i, krois Frais Kovi, Kasis koai, ariskaoi, ];341‘) N
(0.13,0.26, 2,0.025,0.05, 8, 0.0017, 0.0034, 200).

{1 B2 A E2-5FT . i B4R b X, mT &R
P Q) REERIB DI RGARERSE. 2H

50 T T

X, /m
(=)

7
/

-50 1 1

0 100 200 300
t/s
50 T T
g
~ 0r >
> ~
o
-~
>
-50 il 1 1
0 100 200 300
t/s

I CEREIRR 2 AR (6) I 2fie 1, = 9y = e3 BUEEL
INEF, ey = €9 = €3 = 1, BERHARGAFE.

HH SR E Y, SRS 2R ) FREEAT 121
25 1) N N R X T R A, R o O 2 P 2 o i N
fEt = 50 s HIEHRILA . R FHFEHE85 (12) I
il N NP DR, SR AN 20 SR ek Eo i ) 7
AR, A RT R S A SENERIX.

1000 T T T T T T
800 b
600 b
=
< 400t 1
S ;
I .
2000y S
ob 4t REEML |
RN ——- BB
_200 1 1 1 1 1 1
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5 45 (Conclusions)
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