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Abstract. In this paper, the trajectory tracking problem of dynamic positioning vessel with model uncertainty and
external disturbances is investigated. The task is formulated to design a state feedback controller for a vessel with
model uncertainty and unknown disturbances and to make the vessel track a virtual vessel. Different from previous
strategies, the concept of arbitrary convergence time is introduced and applied to the design process of observer and
controller. A new observer with arbitrary convergence time is designed to estimate unknown dynamics induced by
model uncertainty and external disturbances, and a controller with arbitrary convergence time is designed base on the
observer. We consider a system that contains an equilibrium point, which is a continuous positive definite function.
Consider a model in which the observation error converges to the equilibrium point in the desired time. A ship model
with known dynamics is considered and the proposed controller can guarantee that all signals in the closed system
are bounded and coincide. A positive equilibrium point is assumed to exist, meaning that the velocity cannot maintain
a steady state. The stability of the closed system is analyzed. A controller that could implement arbitrary temporal
stabilization and a controller coupled with an observer that ensured arbitrary temporal convergence of the estimation
error were presented. An observer with an arbitrary convergence time is proposed and a controller is developed based
on it. The controller is designed in such a way that it can make the ship follow the virtual ship at a predetermined
time, and this time is independent of system parameters and initial conditions. Then, the feasibility of the controller is
illustrated through simulation. In the course of simulation, results were obtained on the basis of which it is possible to
conclude that the proposed controller provides not only convergence in a fixed time, but also the possibility of choosing
the time of convergence. It is shown that a ship can successfully track a virtual ship over time, accurate estimates of
unknown dynamics can be quickly obtained using the proposed observer.

Key words: trajectory tracking; DP vessel; arbitrary convergence time.
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3bIPHNK HAYKOBUX MPALb HYK

AHoTanis. Y wiil crarTi AOCHiDKYEThCS 3ajadya BiJICTEKEHHS! TPAeKTOpil, CyaHa 3 JAWHAMIYHUM HO3UIIIOBAHHSIM
3 HEBU3HAYCHICTIO MOJIEI Ta 30BHIilIHIMU 30ypeHHssMU. ChHOopMyIbOBaHO 3aBIaHHs PO3POOUTH KOHTPOJIEP 31 3BOPOT-
HHM 3B’SI3KOM CTaHy JUIsl CY[{Ha 3 HEBU3HAYEHICTIO MOJIEII Ta HEBIJOMUMHU 30ypEHHSIMH Ta 3MYCUTH CYIHO BiZICTEKY-
BaTH BipTyasibHe cynHO. Ha BiaMiHy BiJ morepenHix crpareriii, KOHIEIis JOBUIBHOTO Yacy KOHBEpreHIii BBeaAeHa
Ta 3aCTOCOBAHA JI0 MPOIIECY MPOCKTYBaHHS CIIOCTepiraua Ta KoHTposiepa. HoBuii crocrepirad i3 JOBIIBHUM 4acoM
301KHOCTI MPU3HAYEHUH ISl OIIIHKK HEBIIOMOI TMHAMIKH, BUKJIMKAHOI HEBU3HAYEHICTIO MOJIENI Ta 30BHIIHIMHU 30Y-
PEHHSIMHU, a KOHTpPOJIep 13 JOBUILHUM 4acoM 30DKHOCTI po3poOiieHnit Ha OCHOBI crioctepirada. Po3misiHyTo cucremy,
sIKa MICTUTb TOYKY PIBHOBArH, 10 € HENEPEPBHOIO [TO3UTHBHO BU3HaUeHOIO (yHKIi€0. Po3risiHeMo Mopelnb B sIKOT
MOMMJIKA CHIOCTEPEHKEHHs 30iraeThest 10 TOYKH pIBHOBArd 3a OaxaHuil yac. Po3misiHyTo Moziesb kopalist 3 BiJOMOIO
JIMHAMIKOIO Ta 3allPONIOHOBAHUI KOHTPOJIEP MOXKE rapaHTyBaTH, 10 BCl CUI'HAJIM B 3aMKHYTIH cuctemMi 0OMexeHi Ta
36iratotecst. [pumnyiieHo, mo icHye Mo3uTHBHA TOYKA PIBHOBATH, 11€ 03HAYAE, 1110 HIBUAKICTH HE MOXKE MiATPUMYBATH
CTal[lOHAPHUH CTaH. AHAJI3YEThCS CTIHKICTh 3aMKHYTOI cucteMH. [IpeacTaBieHo KOHTpoiep, SIKuil Mir Ou peaizyBsa-
TH JIOBUIBHY 4acOBY cTabiini3allito, Ta KOHTpoJiep, NOETHAHUM 13 criocTepirayem, sikuii 3a0e31euyBaB JI0BIJIbHY 4aCOBY
30DKHICTh TTOXMOKHM OI[HKH. 3alpOIIOHOBAHO CIOCTEpIray i3 JOBUIBHHM 4acoM 30DKHOCTI Ta po3poOJIeHO Ha HOoro
OCHOBI KoHTpousiep. KoHTposiep ckoHCTpyiOBaHHMI TaKMM YHMHOM, 110 BiH MOXKE 3MYCHTH CYIHO CTEXKHTH 3a BIpTY-
QIBHUM KopalJieM y 3a3Jalieri/ib BU3HAYeHUH 4Yac, 1 el yac He 3aJISKUTh BiJl MapaMeTpiB CUCTEMH Ta MOYaTKOBHX
ymoB. [10TiM 3/11iCHEHHICTh KOHTPOJIEPA LTFOCTPYETHCS 3a JOMMOMOTO0 MOJICITFOBAaHHSI. B X011 MO/IE/IFOBaHHS OTpUMaHi
pe3yabTaTé Ha IiICTaBl SKUX MOXIIMBO 3pOOMTH BHCHOBOK IO 3aIPOIIOHOBAHMI KOHTpOJIep 3a0e3reuye He TilbKU
30DKHICTB Yy (hiKCOBaHOMY Haci, ajie i MOKJIMBICTh BUOOpPY uacy 30ikHOCTI. [TokazaHo 10 CyHO MOXKE YCIINIHO Bifl-
CTEXYBAaTH BIpTyaJIbHE CYJHO NPOTITOM 4acy, TOUHI OI[IHKM HEBIJIOMOI JMHAMIKH MOYKHA IIBUJIKO OTPUMATH 32 JIOTO-
MOT'0I0 3aIPOIIOHOBAHOI0 CIOCTEpiraya.

Koio4oBi ciioBa: BiJICTEKEHHS TPAEKTOPIT; CY/THO 3 TMHAMIYHUAM ITO3UI[IFOBAHHSM; JIOBUIBHHUM 4ac 301)KHOCTI.

SETTING OBJECTIVES
As the paper [33] mentioned, the definition: Arbitrary
time stabilization is introduced to highlight exciting
property of the proposed class systems.
Consider the nonlinear system

x=[(tx0), x(4)=x M

o, (x)<V(t,x)<o,(x), Ve D,vxe D\ {0} (2)
—k, (eV —kz)

<\ ‘)
- V
e (1, —1)
where &, and £, are positive constants.
On a similar method to the works in Pal et al, [33]

, VteD, 3)

where X is the system state,  is constant parameter. f'is
a nonlinear function satisfied f{t, 0, ®) = 0, and it means
that equilibrium point is 0, 7, is the initial time.

Definition 1: (Global Finite Time Stability). The
equilibrium point of the system is globally asymptotically
stable, and any solution X(¢, ¢, X,) of (1) converges to the
equilibrium point at fixed time. Then the equilibrium
point is called global finite time stability.

Definition 2: (Fixed Time Stability). The equilibrium
point of the system is global finite-time stability, and the
settling time is bounded. Then the equilibrium point is
said to possess the property of fixed-time stability.

Definition 3: (Arbitrary time stabilization). The
equilibrium point of the system is named arbitrary time
stabilization if

— it is fixed time stable;

— there is a convergence time T, > 0, which depends
on the known ® and which can be evaluated in advance
for some given o;

— T, can be adjusted arbitrarily;

— for any given o, T, > T, (Weak arbitrary time
stable), T, = T, (Strong arbitrary time stable), T, is the
true fixed time.

Theorem 1. Consider the system the works in
Pal et al,(1) define D as a domain which containing
the equilibrium point, o,(x) and a,(x) are continuous
positive definite functions on D. Suppose that there
exists a function V which is real-valued continuously
differentiable, and it is expressed as V : D, x D — R with
D,=[t,, t;, such that
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this paper raises another differential equation as follows

—k, (¢ — k,)
é: W, tOSt<tf (4)
0, otherwise

where ¢ is the state variable, and ¢, is the settling time
moment independent of any system parameters or initial
conditions. The solution to (4) is

e=1In(C,(t, 1) + k) (5)
e(ty)
where C, = ei_,fl is integration constant.
(1, = 1)
From (5), we have

k-1
‘= —k,C, (tf :.t) 6)

C(t,-1)" +k

From (6), it can see that when # = £, & =0. Further,
from (5), t = ¢, &= In(k,). Therefore, V¢ > ¢, & = In(k,) is
maintained. The same result is valid for V(z, x) for the
free-will strong arbitrary time.

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS

Trajectory tracking of dynamically positioned (DP) vessel
has attracted increasing attention from the control community
for developing marine resources [1-6]. DP has two controls,
namely surge force and yaw moment, but without sway force
control, the feature that makes the control problem both
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interesting and challenging [7-10]. Much research has been
done on the trajectory tracking problem of DP.

Model uncertainty and disturbances are challenges for
designing controllers [11-13]. Generally speaking, there
are two ways to reduce the impact of unknown dynamics
on the system. One way is to design a suitable controller
independent of observer, such as proportional integral
differential (PID) controller [14], adaptive controller [15]
and sliding mode controller [16]. Another way is to design
a controller based on observer used to estimate unknown
dynamics. A modified barrier Lyapunov function is used
to achieve the distributed formation tracking in works of
Xia et al, [17] where extended state observer is employed
to estimate unknown dynamics consisting of model
uncertainty and environmental disturbances. In works of
Xia et al, [18] an output feedback controller is designed
using a neural network based observer, and the influence
of input and output constraints are taken into account. An
event-triggered controller is designed for vessels in works
of Xia et al, [19-22] where extended state observer is
designed to estimate yaw rate and disturbances. A finite-
time tracking controller is proposed in works of Wang
et al, [23] where a finite-time disturbance observer is
incorporated into controller design. A cooperative control
strategy is employed for multiple surface vessels in works
of Xia et al [24], where finite-time disturbance observer is
used to estimate unknown disturbances Another challenge
for the trajectory tracking controller of vessels is to solve
underactuated problem. Different from the previous
control methods [25; 26; 27], many controllers are used to
improve system performance. A finite-time path-following
controller is designed in works of Ghommam et al [28],
where parametric uncertainties, unknown disturbances
and input saturation are considered. However, the settling
time depends on initial value of system state. An adaptive
trajectory tracking controller for vessel is proposed in [29],
where transient performance is guaranteed by an error
transformation function. A controller combined with the
critic function and reinforcement learning is proposed in
works of Zheng et al, [30] where the tracking errors remain
within the predefined constraint boundaries. Li et al [31]
present a nonlinear sliding mode control strategy to deal
with formation control of the vessel, and the controller
guarantees that the given formation pattern is achieved
within a finite time.

In all of the above works, the existing finite time
controllers ensure finite-time stabilization but in terminal
time that depends on the initial condition. In the light of
the question, the trajectory tracking control problem is
investigated in works of Zheng et al, [32] where a controller
with specified accuracy and settling time is proposed. A
controller ensuring the arbitrary time of convergence
is designed in works of Pal et al, [33] and the sufficient
condition of the arbitrary time stable system is given.

Motivated by the aforementioned works, this paper
addresses the controller with arbitrary convergence
time for the trajectory tracking of DP subject to model
uncertainty and disturbances. First, a controller with

arbitrary convergence time is designed under model
uncertainty and disturbances are both known. The
dynamics consisting of model uncertainty and disturbances
are further assumed to be unknown. The important
application of the finite-time convergence is observer
design, allowing the designer to be sure that after some
time moment a controller is using precise estimation. To
this setup, an observer with arbitrary convergence time
is developed to estimate the dynamics. In combination
with the observer, a controller is proposed to achieve
convergence within desired time. Finally, the stability of
the closed-loop system is analyzed. Simulation results are
provided to substantiate the proposed controller.

Compared with the existing results, the features of the
proposed design method for the trajectory tracking of DP
are as follows. First, compared with the works [28; 31]
and [32], the proposed controller allows the designer to
adjust the settling time. Second, in contrast to the previous
observer, an observer with arbitrary convergence time is
first proposed.

THE PURPOSE OF THE STUDY

Synthesis of a DP vessel trajectory tracking controller
with arbitrary convergence time based on an observer

THE MAIN MATERIAL

As shown in Figure 1, the three degrees of freedom
horizontal motion mathematical model for the vessel is
given as [34-35]

n=J(y)v,

My =-C(v)v-D(v)v+d+r,
where n = [X, y, y]T € R? is a vector expressed in the
earth-fixed frame, (X, ) and y represent position and yaw
angle, respectively, v=[u, v, r]" € R3is the vector denoting
surge, sway, and yaw velocities in the body-fixed frame.
d=1[d,, d,, d,]" € R?is the vector representing unmodeled
environmental disturbances induced by waves, wind, and
ocean currents. T = [1,, 0, 7,]T € R? is the control vector
which consists of the surge force 1, and yaw momentt,.
The matrices J(y) is given by

(7

cos(y) —sin(y) 0

J(y)=|sin(y) cos(y) 0
0 0 1

>

0

E

Fig. 1. Earth-fixed frame and body-fixed frame

X
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M = M e R> is the vessel inertia matrix.
C(v) =-C"(v) € R¥3 represents a skew symmetric matrix
of Coriolis and centripetal term. D(v) € R*? is a nonlinear
damping matrix.

Problem formulation

The control objective is to design a state feedback
controller for a vessel with model uncertainties and
unknown disturbances, and force the vessel to track a

virtual ship. The position and head angle n, = [X;, Vs W ]"
of the virtual ship is generated by

X, = uycos(y,)—v,sin(y,), (8)

Yo =ty sin(y,)+v,cos(v,), )

Vg =Ty, (10)

where U, v, and r, are surge, sway, and yaw velocities of
virtual ship respectively. Two objectives to be achieved are

(1) lim—,fn-ngl<c,
where ¢, > 0 is a small constant.

(2) The controller is designed such that it can force
the vessel to track the virtual ship at a predetermined time,
and the time is independent of the system parameters and
initial conditions.

Observer design

In this section, an arbitrary convergence time observer
is used for estimating total disturbances consisting of
the unknown term of the system matrix C(v), D(v) and
environmental disturbances d. The vessel dynamic (7) is
rewritten as

n=J(y)v,

11
v=M"t+¢, (b

where C [(,, &y, G5, =] € R? is the unknown dynamics,
it is a state vector expressed as ;=M"'(-C(v)v-D(v)v+d).

Assumption 1: ||C|| <C* with {* is a positive constant.

€ is a vector of function which contains velocity v,
ship parameters C, D, and environmental disturbances d.
It is natural to assume that its derivative is bounded
because ship parameters and environmental disturbances
are bounded. Besides, the control inputs to drive the
vessel are limited, so Assumption 1 is reasonable.

Define ¥ =[#,%,7%] =v -7, and inspired by the
works in Gao et al, [36] the input signal t and velocity
data v are used to reconstruct the unknown function .
An observer with arbitrary time convergence is designed
as follows:

v=MTt+&,,
: 12
£=&,, -
Thale) kaler) e T
where &, = o (tf 7t)’e92 (;f 7t)’e% (tf *T)

with ky,, ky, and k,; are positive constants.
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Theorem2: Considerthemodel (11) withassumption 1,
the observer is designed as (12), the observation error
converges to the equilibrium point in desired time.

Proof: The Lyapunov function is chosen as

V=77, (13)
Along with (12), the time derivative of VO is given
v, =2v" (-¢, + (;)
e’ —k,
<2Z|A( IR

e’ (1, —1)
(70 R
el (1, —1)

1 he1,2,3.
kah—tC

Because of V, = #"9 =9} + % + 97, then |V, >[5,
W, =[%,| and [V, > |5,| (14) is rewritten as

SRR
e (1, -1) '

3
< 2;|ﬁh|

where # =t, -1, k, =

Vv, <

where k, =k, +k, +k, -3¢, k = max{k,l,k ,k3}.
Let g, = \/70 , its time derivative is

v, 2%, ( e’ ~ k)
2\/_ W (e, -1)
According to Theorem 1, we can obtain V, is a constant

for all £ > . Then, it yields V0 =0, for £ > ¢. At this time,
it can be obtained that

7=0. (16)
Then, the estimation error  satisfies
C=C-¢=¢,-C=-V. (17)
It hence yields from (16) that
£=0,r>1,. (18)

The proof is end.

Controller design

The section presents a controller which could realize
arbitrary time stabilization, and a controller combined
with observer which ensuring the arbitrary time
convergence of estimation error is designed.

A controller design process is presented under the
assumption that the dynamics of vessels are known. To
solve the underactuated problem, a auxiliary variable is
induced to into the controller design.

Define the first error vector

(19)

where 1, = [X,, V. Wa]", W, is a form of line-of-sight guidance
law similar to the works of [37], and it is chosen as

g = [zlla 2125 113]T = JT(W)(T] - na’) >
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v, =y, —atan (v/u,) —atan (z,,/A), (20)
where A is a constant representing the look-ahead
distance.

Taking the time derivative of (19),

g =-rSy, +v—J" (y)n,, (21)
where
0 10
S=/-1 0 0.
0 00
To stabilize z1, the desired value Vd is set as
v, =-§ + JT (W)ﬁd > (22)
where
. et —1 e —1 e" —1
=dia s ) K,
" g{e‘“ i, ) e (1) e —t)} |
K, = [k, ki ks with ky, k, and k,; are positive
constants.

Using backstepping method, the second error vector
is defined as

T _
k6 :[ZZISZZZ’ZZS] =vV-y,-a, (23)

where @ =0, tanh (o 0] a is the auxiliary variable
used to deal with the underactuated problem.
Taking the time derivative of (23), we have

L=M't+{-v,-d. (24)
The stabilizing function is found to be
M't—& = -4 —C+v, =&, fOStS.tf 25)
0, otherwise

where
g, = diag{ e —1 e -1 e —1
2 = 21 ’

e

with K, = [kyy, ko ks ]
constants.

Theorem 3: Consider the ship model (7) with the
known dynamics £, the proposed controller (25) could
guarantees all signals in the closed-loop system are
bounded and converges at ¢ < ¢f.

Proof: Consider the Lyapunov function

, ky, ky, and k,; are positive

M=, (26)
along with (21), the time derivative of V| is
V=22 (v= 07 (w)1,). e
using (22), V; is given as
Vi=2zl (v-v,-¢). (28)
The composite Lyapunov function is chosen as
Vi=Vi+5z. (29)

Using (23), (24) and (28), the time derivative of V,
is given

4 =2z (v-v, —é,)+2z2T(M"r+Q—vd—a):
=2z (v, - § —&)+2z2T(M’lr—&+C—vd)
Substituting (25) into (30), we have

. (30)

Vy=-2z/¢ +2z]a - 22]¢,.

'1"1/'116—11:221%_,1 +27/a-22)¢, =
_ 2knzu(ez" —1)7 Zklzzn(ezﬂ
e (t, —t)

_ 2"21221(9121 71)7 2"22222(eZZZ
e (t, -t)

€2))

—1)7 2k13213(el“
e (t, -t)

-1)
e, =1 +2z,, tanh(o)

71)7 Zkzazzz(ezu 71)

AL

< 2k11‘211‘(e‘1"‘ _1)_ 2k12‘zlz‘(e‘zu‘ —l)_ 2k13‘213‘(e‘z‘3‘ —l)

R I O R Y

26 1) 22 1) 2hofz e -1)
dalt, —t e, —t FE

< 2k11‘211‘(e‘1“‘ 71)_ zhs‘zla‘(e‘ln‘ 71)

< e\z,,\(t' 4) E‘Z“‘(t, 4)

k12

K, 4’] 2z e -1)
eI, —t)

.(32)

+20z,,|-

2k12‘212 ‘(k12 _f{e‘zn‘ -

eI, —t)

= 2k22‘zzz‘(e‘zn‘ 71)7 Zkzs‘ZZS‘(e‘Z“‘ *1)
I, -t Jl(t, 1)

From (29), it can see that
v, 2 ZITZI =V lellli\/z lelzl’\/7 2|Z13|’

V252, = 1, lenl’\/vzlzzzls\/7 lezsl~ (34)
From (33) and (34), it is concluded that

21;\/72(6\/Z _lglz)

V< -——mooe— 7
a el (1, -1)

where k =k, + k,, + ky; -

(33)

(35)

ok +ky+ky, k= =

He/;re chose a positive constant k,, satisfies &, >¢ then
7 1 Therefore (35) is reasonable.

k
12 v, k(e —k,z)
2 7m Define ¢ = 7 ,
. k(e -k
then ,_ k(r k”) és—Mcanbe
WS () 1) e (t, -1

given. Follow the conclusion of theorem 1, one obtains
e=0, Vi>1{,. Further, since €= Vz, V, is a constant,
vt > t, . Thus, from (29), we have z, and z, are constants,
V>t

Controller design based on Observer

The controller has been designed completely,
however, the term { is unknown. observer (12) is used
to estimate the unknown term, and the estimate ¢ is
combined with controller design. The controller based on
the observer is designed as

P 1
Ml‘t—(i(,={_zl_c+vd_é"z_222’ L<t<t

(36)
0, otherwise

Theorem 3: Consider the ship model (7) consisting of
the unknown dynamics ¢ , the observer (11), the proposed
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controller (36) could guarantee all signals in the closed-
loop system are bounded and converge within ¢ =7, .
Proof: Consider the total Lyapunov function as

Vi=V,+V,,
along with (15) and (30), the derivative of V3 is

(37

V, <22] (z,- & +a)+22) (M -G£ -v,)

2KVl - . (38)
e (t, -t)
By applying the controller to (38),
. _ PE
V, <2778, + 27 - 277¢, +ZZZ(C—5ZZJ—
2k, 7, (" - F) 7
e (1, 1)
Using Young's inequality and (195),
2] [a; Ty
(40)
t -t ]
Using (35) and (40),
T[T E) 7[R
Vis-—— -— +e.(41)
eV (1, -1) e (1, -1)

Own to the definition of V3 and VO, it can be seen

that \/73 > \/72, \/73 > \/70 . (41) can be written as
2K (¢ F)

e el (1, -1)

+¢€,

(42)

where k, =2k +2k,, k, = max{k,z,lg,}.

Vv, l;( \/7_ 7) €
From (42) we have 2\/V3S e\/73(tf—t)+2\/73'
Define ¢, = \/73 ,
) ("\/7 k) €
then ¢, = + ,
2\/’ eV, (t,-1) 2V,
Sts_kz(eq_kl) €

et (1, —1) i 2,

can be given. Note that ¢ is bounded, because t, tf,
k, and k, are bounded, & — 2k, if V, > 40, £=0,
if t=t,. Obviously there is an equilibrium point
at t:tf. Suppose that there is another positive
equilibrium point at 7=7,, it means that =0,
then V,; can not maintain a steady state. Apparently
contradicting the hypothesis that there is another positive
equilibrium pointat 7 # ¢, . Therefore, at 7 = 7, ,71}3 =0 can

be sure by choosing appropriate parameters k. and &,
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Then the stability of the system can be established. Along

with the conclusion of theorem 1, it can be observed that

the system (7) can be stabilized within a time /.
Simulation results

g at £ = 20s : : % :
=== gatt=40s \
ST |—+—natt; =20s :
----natt; =40s

i
]
i
(i
’
’
’
4
4

(]

Fig. 2. Trajectory tracking of the desired path using the
proposed controller

4

1] 5 10 15 20 25 30 35 40
t[s]

0 5 10 15 20 25 30 35 40

t[s]
2 ==
E0s -
0 .
0 5 10 15 20 25 300 35 40

[s]

Fig. 3. Time evolution of the trajectory tracking errors (¢/'= 40s)

To verify the validity of controllers, the parameters
of vessels are used and taken from the works of [36].
The simulation time is set to 20s and 40s, respectively.
The parameters of virtual ship are chosen as u, = 0.2m/s,

= 0m/s, rd = 0.05rad/s. Note that if controller %am kis
constant when t — 7, , it causes a huge gain P and
may lead to deterioration of system performance. To avoid
this phenomena, the parameters of controllers are chosen
as k, =8 +001, k,=8 +001, k,=38f +0.01,
ky, =8t +0.01, k,, =8 +0.01 and k,, = 8f +0.01. The
parameters of observers are chosen as k&, =8¢ +0.01,
ky, =8¢ +0.01, ky, =8f +0.01. The convergence time is
set as £, = 20 and #,= 40. The look-ahead distance is set
asA=1.2.

As shown in Figure 2, it can see that the vessel is
enabled to track successfully the virtual ship when ¢ are



20s and 40s. Figure 3 presents that the trajectory tracking
errors are convergent within a time tf 40s. It is worth
noting that z; =y -y, #y —y,. Figure 4 shows the
time evolution of velocities. Figure 5 and Figure 6 shows
that the proposed observer gives an accurate estimation
of the unknown dynamics. Figure 7 shows that control
inputs of the vessel under the proposed controller
combined with the proposed observer.
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Fig. 5. Time evolution of the unknown dynamics (z,= 40s)

Figure 2—7 shows that the vessel is enable to track
successfully the virtual ship within a time tf. Figure 6
shows that the precise estimations of unknown dynamics

N2 4= 2024

can be quickly given by using the proposed observer. It
can be sure that after some time moment a controller is
using precise estimation.
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Fig. 6. Local enlarged drawing: time evolution of the unknown
dynamics (¢,= 40s)
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Fig. 7. Time evolution of control inputs (¢,=40s)

CONCLUSION

In this paper, arbitrary convergence time is introduced

in trajectory tracking controller of DP vessel. A observer
with arbitrary convergence time is proposed, and a
controller is designed based on the observer. The proposed
controller ensure not only fixed time convergence, but
also ensure that convergence time is available to choose.
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