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Abstract: The current speed influences the safety of subsea and marine operations. This paper proposes
an algorithm to estimate the depth-dependent current profile though data from existing commercial
sensors, that is the mooring line tension measurements and riser end angle measurements. This will
aid prediction of the weather window to enhance the safety during the subsea operations. The influence
of various current profile types and the vessel’s motion are discussed. A governing equation is proposed
for the algorithm. A simulation is conducted to verify the algorithm.
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1 Introduction

The weather window is determined to ensure the safety of
a marine operation. For instance, the payload position is not
observable during the deep water lifting operation. The under-
water robots also benefit from the current profile, which ensures
safe operation. The full current profile over depth is driven
by the wind, the tide, and the ocean current. Regarding the
wind generated current, it mainly functions in the shallow water
region near the water surface, while its influence lessens with
the increase of the water depth. The surface current component
generated by the local wind is approximately proportional to
the wind velocity. The depth dependence of tidal and local
wind components are functions of the water depth and the
velocity components at the water surface (Faltinsen, 1993).
However, it is unrealistic to separate one component from the
others. Various commercial sensors can be applied to detect
the current speed at a specific location, such as the acoustic
Doppler current meter, the electromagnetic current meter, the
tilting current meter, and the cameras (Antonelli et al., 2008).
As the current speed is neither spatially nor temporally uniform
along the depth, multiple current meters are needed in such
scenario. Additionally, these sensors must be installed, which
will be costly.

An on-site current profile estimator has the potential to improve
the safety and performance during a marine operation, such
as field installation and drilling. The relative motion between
water particular and a slender body induces the damping loads,
which influence the total loads acting on the risers and the
mooring lines. This will influence active riser control. Ren et al.
(2015b) and Ren and Skjetne (2016) present several tension-
based algorithms to locate a moored vessel. Wind velocity can
be measured through wind sensors, and the wave spectrum
is available from oceanographic data and onboard systems,
for example Nielsen and Jensen (2011). For surface vessels
exposed to an environmental disturbance with unknown current
speed, Lekkas and Fossen (2014) proposed an approach to
estimate the surface current speed with a couple of nonlinear
adaptive observers.
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This paper proposes a deterministic approach to estimate the 2D
on-site current profile for a moored structure. All the necessary
data come from existing commercial sensors of the winch
monitoring systems and the riser management system.

2 Problem statement

A floating structure is moored with m mooring lines, and
at least one rigid riser is operated. The bottom ends of the

mooring lines are the anchors fixed on the seafloor, i.e., p} =

S AT . .
[x{l N z{l] € R3, where the superscript j refers to the index

of the anchor, j = 1,---,m. Each mooring lines is connected
to a winch through a fairlead. The corresponding position of
the fairlead is p} = [+} ) z’f]T € R3. The priori information
is the characteristic parameters of the mooring lines and the
riser, the precise locations of the anchors and the riser bottom
ends during installation, and the key matrices of the moored
structure. The winch monitoring system has a tension cell
at the end of each cables. Now, we define a set of tension
measurements, i.e., 7 = {Tj[j =1,---,m}. A tensioner with
a heave compensator is equipped at the end of each riser to
provide a constant top tension T;,, to increase its stiffness and
limit the payoft. The top and bottom end angles of the riser, i.e.,
¥ ={6,,0,}, are measured.

Suppose the current velocity magnitude is a depth-dependent
piecewise continuously surjective function, such that v.(r) =
fe(z,t), where f, : [0,D] x [0,00) — R, where D is the water
depth. The current profile is arbitrary, for example the uniform,
the linearly shared, the Ormen Lange, the GoM, and the bidi-
rectional seen in Fig. 1. Now we discretize the profile into p
discrete segments at a set of specific water depths, i.e., Z =
{Dplh=1,---,p}. In Table 1, v € R is a variable that defines

the profile. Additionally, a current velocity set ¥, = {V!|h =

1,---,p} and a current orientations set &, = {B/|h=1,---,p}
contain the magnitudes and directions of the current velocities
at the depth D, € 9, where h=1,---, p, are defined. When
¥ . is determined, we can resample the current speed at an
arbitrary depth with an interpolation. In this paper, we only
consider a 2D distributed current, i.e., ﬁg =...= B¢ =B..
This is a simplified condition in the design period. The current
directions along the depth are kept in the x-z plane, in which
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the unknown current direction is %, = {B.}. Therefore, the
problem is formed to estimate (¥, ;) from (2,7 ,T;,p, V).
There are p 4+ 1 unknown parameters in total.

Unifor

depth(m)

1000 —— -
15 4 05 0 05 1

Fig. 1. The bold line in every subfigure is the current profile.

Table 1. Current profile discussed thereafter and
their depth-dependent discrete points.

Type Depth (m)/Velocity(m/s)
Uniform 0 1000
v v
Linear 0 1000
v 0
0 400 1000
. v 0.2v 0.2v
Ormen Lance 0 400 800 1000
&€y 07w 07w 0
Bidirectional 0 1000
v —v

In this paper, we will consider the underwater current profile,
while the surface current is disregarded. Consequently, we
mainly estimate the current profile below the water surface
generated by the current and the tide.

3 System modeling
3.1 Kinematics

All the 3DOF and 6DOF coordinate systems satisfy the right-
hand rule. Five coordinate systems are applied; see Fig. 2.

e The Earth-fixed frame {E}, denoted as XgYgZg, is defined
as a local north-east-down geographic coordinate.

e The body-fixed frame {B}, denoted as XY Z, refers to the
reference frame whose origin coincides with the center of
gravity (COG). The positive directions direct from aft to
fore along the longitudinal axis of the vessel, starboard,
and downward.

e The anchor-fixed frame {A;}, denoted as XXYA’.Z"‘ , s
placed at the end of the j* cable. Zf]x axis points upward.

The X{ positively directs from the 7 anchor to its corre-
sponding fairlead projection on the seafloor.

e The elemental riser frame {i}, denoted as %1513, is placed
at a node of the riser, ¢; points to the next element, 2,
pointing into the plane, and 23 is along the axial direction
of the element pointing upwards.

e The local riser-fixed frame {f} is fixed at the seafloor
pointing positively upward.

Define the 6DOF positions and orientations of the vessel rel-
ative to the Earth-fixed frame and the velocity in a body-fixed
referenceasn =[xy z ¢ 8 y]' eRandv=[uvwpgqr'e
RR®. The relation between them is given by
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Fig. 2. Current profile.

n=Jmpv, (1)
where J(n) = {1023(173) ,_;)13(;73)] € R®6 R(m)and T'(n) € R¥3

denote the transformation matrices between the body-fixed
frame and the Earth-fixed frame. We also defined a set of angles
®,, representing the arrangement of the mooring lines, such
that

)
ém:{W/n|Wr{’l:tan_l (y y?)?_lzlaam} (2)

— Xy

3.2 Kinetics

In what follows, the vessel model described in Fossen (2011) is
presented, given by

Mv + Crp(v)v+Cy(v,)vr+ D(vy)
= Tim+Tc + Twind T Twavel T Twave2,

3)

where M € R*® is the system inertia matrix including the
added mass components, Cgp(v) € R®*® and C, (v,) € R®*6
refer to the skew-symmetric Coriolis and centripetal matrices
of the rigid body and the added mass, D(v,) € R*® denotes

the damping matrix, and T, Tiing, Twavel, aNd Tyave2 € RO
represent the thruster-induced loads, the wind load, and the
wave loads, respectively. The mooring load, 7, € R®, is the sum
of restoring forces_ and moments from all mooring lines, such

that 7, = Y7, T, where T3}, denotes the force and moment

acting on the moored structure generalized from the j* cable.
See Fossen (2011) and Sgrensen (2012) for details.

3.3 FEM model of the mooring lines

The finite element method (FEM) model is developed by Aamo
and Fossen (2001). With the proof of the existence and unique-
ness of the solution, it can be used to simulate a mooring
line in the time domain. The FEM is an accurate modeling
method when not considering more complex hydrodynamic
effects, such as vertex shedding (Gao and Moan, 2007). The un-
stretched length of the j'” cable is L/. Each of the mooring line
is uniformly divided into n segments of length I/ = L’ /n, and
the weight of all the segments concentrate at all the n+ 1 nodes.

From the anchor to the fairlead, the nodes are enumerated from
0 to n. When the number of nodes n rises, the model accuracy

enhances, but the computational speed reduces. The position
vector of the k" node along the ;" cable in the Earth-fixed co-

ordinate is symbolically expressed as r;i € R3. The positions of
the bottom and top end nodes are the anchors and the fairleads.
A node is only influenced by its nearest neighboring nodes,
see Fig. 3. A Galerkin method is then applied to formulate the
dynamics of all nodes in the time domain, which is given by
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Fig. 3. The FEM models.
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where the superscript j identifies the j” cable, py = ™ (p. —
pw)g is the mass per unit length of the unstretched cable,
pc and p,, stand for the cable density and the ambient water
density, d denotes the cable diameter, g represents the gravity
acceleration, Cyy refers to the added mass coefficient, Cpr
and Cpy are the tangential and normal drag coefficients of the
cable, e is the strain, E is the Young’s modulus of elasticity,
Ag = %dz stands for the cross-section area of the unstretched
cable, fi,. . fi, fiy» and fi, are the buoyancy force, the

reaction force, and the tangential and normal hydrodynamic
drag per unit length of the unstretched cable, respectively. The
top end, i.e., k = n, is determined by the motion of the fairlead.
The relative surface-fluid velocity in the Earth-fixed reference

frame at the depth of the k" node is rk = rk — v’ ke where

'uC ¢ € R3 is the current velocity at the depth of the k" node

through resampling. The top and bottom restoring forces are
then given by

J
and FJ = EAéj.l-{ , )

n 1

Fl —_ A’ lf
top 8

and the restoring force and moment vector becomes
. F!
J — top
T, = ; ; 6
= o] ©

(p}—pcor)
where pcor is the position of the center of the turret. The top
tension is an .5 norm of F}}, , such that

= |Fhy. o

op»

In addition to the traditional DP stationkeeping model, which
only considers the surge, sway, and yaw motions, the restoring
forces at the top ends are additionally influenced by the heave
and pitch motion.

3.4 2D FEM riser model

Divide a riser into g segments of length [ = L" / q, where L" is

the length of the riser. Similar to the FEM mooring line model,
the nodes, sorted from the seabed to the sea surface, are labeled
numerically from 1 to g. A tensioner provides a constant top
tension 7;,,, vertically. The top end of the riser, z,¢,q, is free to

move in the vertical direction. Hence, we define a displacement
vector,

.
=X 2 X% 2 Xy 7y X Zrend] ®)

The length and inclination of the i segment, I/ and 6, are

ro__ r rogr A2 2
I’Azi_ZiJrl_Zi’li_ Axi +AZ;7

Az A
cos 0] = l—,’ and sin 0] = .
1 1

given by Ax; = x7 | —x;

The resulting system dynamics in the global frame is based on
a new position vector, i.e., r" = [x} Zj x5 25 - X2y z,,end]—r. The
state x is excluded due to the fact that the restoring force at the
tensioner is neglected to the upper vessel. The FEM riser model
is given by

MV(T‘V)’F" + Cr(rr)'f.r + Kr(,rr),,,r = flop + fcur - .fvew (9)
where M, is the mass matrix, C, is the damping matrix, K,

is the stiffness matrix, f,,, = [02¢,Top] " is the tension vector,

Ffeur 1s the current-induced hydrodynamic load vector, and f,s
1s the force vector due to vessel motion.

The mass matrix is a sum of structural mass, internal fluid, and
hydrodynamic added mass, which is given by

: PALG [590%
i _ r r ro__
m; =mgy+mg+m, = { }

6 1020
rr2010 0oz 2010 (10)
# B2k (0304 4 el 0008
6 0102 6 0000

where p; is the density of the riser material, py is the density
of the internal fluid, and C;, is the hydrodynamic added mass
coefficient. For a cylinder with C;, = 1, A refers to the cross
section area, i.e., A = F(d2 — dlzm) where d,, and d;, are the
external and internal diameters of the riser, the internal area is

A = 7 dlm, and the external area is A,y = 7 dfx

In the local reference, the stiffness matrix is a combination of
the elastic stiffness k% and the geometric stiffness ky;, given by

) EA 0 P]’ 1 0-10
_ 01 0-1 0000
ki = kg + kg = e |:OOOO:|+lr|:1010:| (1n
0 Lo-101 0000
where P/ = %(li’ — 1) is the axial tension at the i’ node. The

geometric stiffness mainly contributes to the lateral resistance

(Leira et al., 2011). The mass and stiffness matrices for the i
segment in the global frame are given by

kf fIvfkafT {k]l o :|
kZl k22

(12)
m{ _ 'T,-fmfl}ﬁ _ {m” mn]

my My,

th

where the transformation matrix for the /" element at both two

ends, is
T/ () = [TJJ(H) s ]

(13)
! 0242 T({i(rr)
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and the transformation matrix from the local frame to the global
frame is given by
f /o _ | cos® sinf/
Ty(r') = [— sin ZGi’ cos 6;’ : 14

The global system mass M, and stiffness matrix K, are the
matrices without the last second row and column of M, and

K, which are given by

-1 -1
my ™M
Y R T _2
™My myptmy My
=2 ~2 =3
- my  myptmy
M, =
—n—1, . -n _=n
™y, +my my,
1 1
my m
and (15)
71 |
IS}I al klz*z 72
ks, k22_+2k11 _2"712_2
_ k3 kntki
K, =
zn—1 Tn LN
kzz_j‘kll k1o
k3 k3,

The damping matrix is proportional to the mass matrix and the
stiffness matrix, that is

C,=aM,+upK,=unK,, (16)
where the coefficient ¢ is neglected, and the coefficient o
is determined by the damping level (Rustad, 2007). Hydrody-
namic force is calculated based on the Morison equation, which
is applicable to both a mooring line and a riser, given by

| - [
Seuri = /r EPWCDDex(Ur_";’ )"Ur_r |dZ :
z

i

a7

The riser model is initialized by the quasi-static solution (Rus-
tad, 2007). A 3D slender model can be calculated with com-
mercial software, such as DeepC and SIMA.

3.5 Influence of current direction

The following two subsections discuss the distinguishability of
a current profile from the tension and end angle measurements.

Firstly, we need to analyze the influence of the current di-
rection. The cables are initialized by the catenary equations,
where current forces are added to simulate the more realistic
situation. The current angle in the simulations of this and the
following sections, is in the anchor-fixed frame. The tension
variances due to various current velocities and directions are
shown in Fig. 4. Hereafter, the number of nodes in the FEM
models are set to be 20, which provides both satisfied accuracy
and accepted computation efficiency (Rustad, 2007; Aamo and
Fossen, 2001).

Due to the page limitation, more results will be illustrated
in future works. The quasi-static analysis is conducted with
current orientation from 0 to 180 deg. The influence of a current
with an orientation in the range of 180 to 360 deg is symmetric.
The influence is more notable in the directions, 45 and 135 deg
to the projection of the cable on the horizontal plane.

From the results, we find that the influence of a current is
approximately proportional to the current magnitude. For a
specific type of current profile, the relation between the set of
tension measurements .7 and current speed v is mathematically
one-to-one. Such a trend can be inferred from (17). Hence,
we hereafter suppose the main current speed is distinguishable
based on the tension measurements when a group of mooring
lines are exposed to a specific current profile.

However, the current profile type is not easily distinguished
with merely mooring tension units. For example, the tension
variances due to uniform current v = 0.5 and linearly sheared
v = 1 are almost the same. Then, the riser end angles are em-

Top end angle (deg)

Current velocity (m/s)

Bottom end angle (ceg)

[
Current velocity (ms)

Fig. 5. End angles of a tensioned riser in five specific current
profiles.

ployed to detect the influence of the different current profiles.
We propose an algorithm that can detect the depth-dependent
2D current profiles, but which are not limited into the few types
given in Table 1. The static simulation results are presented
in Fig. 5. Besides that, a larger current speed near the water
surface increases the top end angle, and vise versa. Since the
riser end angles are influenced by the current profile, these are
supplemented to the tension measurements.

3.6 Influence of vessel motion

The tension measurements are influenced by the loading situa-
tion, the sensor noise and bias, and the wave-induced motion,
being the surge, sway, heave, and pitch motions. For a given
environmental load, such as a steady current profile, a moored

floating structure has an equilibrium position [Xeq Yeq Zeq]T.
With the first-order wave-induced loads, the moored vessel
keeps oscillating around the equilibrium position. The magni-
tude of the wave-induced motion is not significant compared
to the length of the cables. Therefore, we assume the tension
variance is linearly dependent on the motion.

Fig. 6 presents the static influence of motion to a cable in 3D.
In the simulation, the anchor lays 1950 meters away from the
vessel in the heading direction. We notice that the tension vari-
ance due to the vessel’s motion depends neither on the current
profile type nor on the current velocity. The tension variance
1s, however, proportional to the surge and heave motion. We
also notice that the tension variance aroused by this mooring
line caused by the sway motion has an asymmetric property,
but is not linearly proportional to the motion magnitude. This is
because the elongation of the cable’s projection on the seafloor
is AX = /(x —x4)2+ (y — ya)? — Xo, which is nonlinear. How-
ever, the magnitude of the tension variance caused by the sway
motion is much smaller than that caused by the surge motion.
The tension variance is assumed to be an %5 norm of the
tension variance vector, such that

ATj(1) = | ;R () Ap(1)], (18)
. aT; aT; oT:
where %1 - dlag{T;|X=xeq7 T}'j Y=VYeq’ TZJ Z=Zeﬂi} € R3X3 and

Ap(t)=p —Peq = [x(1) _xeqay(t) —yeq,z(t) —Zeq]-r
When the vessel oscillates around the equilibrium position, the

mean position variance is zero, such that lim f,”At p(t)dt
At—soo

= Peq- Then we disregard the asymmetric property in the sway
motion, and assume the mean value of the tension variance
caused by motion is zero. Note that this assumption is based
on the fact that the magnitude of the sway motion is not
significantly larger than the surge. The estimation error can be
lessened if we employ the GPS measurement as a feedforward
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Fig. 4. Tension variance for different current profiles and orientations when y,, = 0. From the left to the right side, the current
profiles are uniform, linear, Ormen Range, GoM, and bidirectional, respectively. From inside to outside in the polar plots, the

current velocities are 0.2, 0.4, 0.6, 0.8, 1.0, and 1.2 m/s.
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Fig. 6. Tension variance due to current velocity and vessel
motion in different current profiles.

information. However, such alteration will also increase the
complexity of the information matrices, and, consequently, the
computational time.

Being also a slender body, a riser shares the same properties as
a mooring line and oscillates with the surge and sway motion
similarly.

4 Current profile estimation algorithm

Assume the loads are steady, and the COG is constant during
window. It also simplifies the design to suppose the lengths
of the mooring lines are unchangeable during the time win-
dow. Based on the former discussion, linearized characteristic
is presented with small-magnitude oscillation around the equi-
librium position. During the installation, the anchor positions
are known, and the GPS and IMU units can measure the vessel
position accurately. The algorithm is concluded in Algorithm 1.
It will not give accurate estimation if the current profile is too
complex, which is normally not realistic.

The optimization criterion is to minimize the error between
the measurements and the estimation. 7; is the average tension

measurement of the j” cable in a window. Moving average
is applied to eliminate the effects of sensor noise and wave-
induced motion. The length of the window obviously effects the
results. A too short time window may cause inaccuracy, while a
too long window will be insensitive to the whether change and
slow down the detection speed.

To accelerate the computational efficiency, we calculate the
initial information in the anchor-fixed frame, such that the
anchors are set away from the fairleads in the corresponding

x-axes with distance \/ (x—x{;)z—&—(y—y{;)z, and the current

generalized orientation is f. ; = B — . Only the data with
T

the range from O to 7 is necessary to be computed a priori
due to symmetry, such that if B j, + B j, =21 = Tj (¥ ¢) =
Tj,(V¢),andif Be j, +Bc j, = =Tj, (V) =Tj,(— 7). These
strategies will help the computer ro use the same group of priori
data, regardless of the locations and orientations of the cables.

Algorithm 1 On-site current profile estimation.
Inputs: 7 (1), T;,p, O(2), p(2).

Initialize: {7 (lp — pal, 2,7 c,B)li = 1,--
19*(7;01” |p _p}i |a @a WCaﬁc)» ¢m~

Outputs: 2, V7, B:.

Governing equation:

;m},

min Z(XT (Tj—Tj*)z'F Z O‘G(él_el*)z
27 B i3 1e{t,b} (19)
s.t. |V¢(Dp)|j Vc.max(Dp)
Bel=m
Steps:

(1) Calculate and store the priori information, i.e., Tj* and 0%,

(2) Collect the sensor data Tj(r) and ¥(¢), and compute 7;
and ¥ with moving average through a window function,
ie. Tj= 4 [ Tj(t)dtand B = L [0 9 (1)dT;

(3) Minimize the governing equation and receive the estima-
tion 2, ¥, and ;.

It is formulated as
* P T T
Tj ('7'7 Ve, Iﬁé\j‘)v ﬁ&.f € [_Ev E]v

T* '7'7767 c,j) —
el {T_f*(~,-,—%,n—ﬁa,-|>, Bej € [-m—3)U(5

(20)
When the surface current speed and current direction can be
detected from onboard instruments or external observation, the

_ 2
accuracy can be enhanced. As O(¥7., (Tj—Tj*) ) is much

larger than the O(Y ¢ 5} (6, —6;)?), the coefficient ag is much
larger than or7. Normalization is another option.

5 Simulation

The simulation was conducted in the MATLAB and Simulink
environment, with the MSS toolbox (MSS. Marine Systems
Simulator, 2010). With the advancement of the computa-
tional capacity of personal computer in the last decade, the
FEM model code no longer occupies too much hardware re-
sources. Therefore, the FEM models have been reprogrammed
in Simulink S-functions for simplification (Ren, 2015). The key
structural parameters are tabulated in Table 2 and Table 3.

Table 2. Mooring line dimensions.

Principle Dimension Values
Dens. of ambient water p,, (kg/m’) 1025
Length of the cable L,,(m) 2250
Elastic modulus E,, (Pa) 4.5757 x 1010
Cable cross section area A, (m?) 0.005
Cable diameter dy, (m) 0.08
Max strain € 0.005
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Table 3. Riser main particulars.

Dynamic parameters Values
Damping coefficient o 0.0477
External diameter D, (m) 0.3
Internal diameter D;;,; (m) 0.25
Drag coefficient Cp 1.0
Mass coefficient Cy, 2.2
Modulus of elasticity E (Gpa) 206
Riser length (m) 1000
Top tension (kN) 2700
Density of steel p, (kgm?) 7850
Density of water p,, (kgm?) 1025

Density of internal fluid py (kgm®) 800

In this simulation, waves are generated based on the ITTC
spectrum, and the current profile is given a particular. The
significant wave height is 2.5 meters. The vessel moves around
an equilibrium position by a PID-type DP controller (Ren et al.,
2015a). The vessel is heading the waves while moored with 8
mooring cables evenly distributed with 45 deg intervals. We
define a set of current profiles which contain three different
depths, i.e., p = 3. The first and the third depth are at the free
water surface and seafloor, respectively, i.e., D1 = 0 m and
D3 = D. As the current profile changes more rapidly near the
surface region, the second discrete point is chosen closer to
surface; hence, we apply D> = 300 m. When a large number
of p is chosen, the simulation time grows tremendously. The
accuracy may lessen if there are not enough mooring lines to
provide tension information. Priori information is generated
based on the set of current profiles. We trained it with a 3 deg
interval in the current direction. The current speed ranges from

—1to 1 m/s, witha0.1 m/s interval.

Fig. 7 shows the current profile estimation performance when
the current profile distributes corresponding to the priori depth.
The most obvious reason for the error has been discussed in
Section 3.6. The solution here is to set a threshold with a small
positive constant € to find the value that ensures the governing
equation in the ball g(7;) < g(7; +¢€). Then we can find that

the other values will not worsen the solution. This is similar
to the Perado solution in the multi-objective optimization. The
selection of the coefficients ar and (g is not very sensitive to
the final estimation.
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Fig. 7. The black line is the real current profile, while the blue
line is the estimated profile. The estimated direction is
presented in the legend.

When the current is not changed with the specific set of water
depths, i.e., D1, D, and D3, it will be more difficult to find the
best solution with the priori information. Fig. 8 are the results
in this scenario. The estimated current profiles are close to their
real situation. The error of the estimated and the real current
direction is limited. Hence, the estimation is accepted.

6 Conclusion and future works

The current profile estimation is crucial to marine operations.
Regular measuring methods may be expensive. Hence, this
paper has proposed a 2D depth-dependent current profile esti-
mation algorithm for a moored floating vessel based on typical
existing instrumentation.
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Fig. 8. The black line is the real current profile, while the blue
line is the estimated profile. The estimated direction is
presented in the legend.

The availability has been discussed through static analysis.
The possible influences from the current profile and the vessel
motion were investigated. It is a tradeoff between computation
speed and estimation accuracy. A simulation study was con-
ducted to verify the algorithm. The simulation results showed
the proposed algorithm can approximately estimate the current
profile. Some more sophisticated methods may be included to
improve the robustness and accuracy.

In this paper, some simplifying assumptions were made. For
example, the mooring line tension will not be perfect after long-
term operation due to growth of marine organisms and algae, as
well as the corrosion. In addition, vortex shedding is a crucial
issue neglected here. More robust and adaptive current profile
estimation approaches are left for future researches.
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