
 
           
 
 

 

 

 

ⓒSNAK, 2

Correspondin

This is an Ope
Attribution No
which permits 
medium, provi

 

Predict

1Gro
2Dep

ABSTRACT
point. The fix
expressed by
system. Tikho
regularizatio
rimental resu

KEY WORD
zation param

INTRODUC

Sea loads 
loads are the 
on sea loads a
wave induced

In order to
Wave propag
ructures are n
landing of hel
the sloshing lo

At presen
the principle 
integral equat
time, the equa
tained by solv
be estimated. 
accurate wave
and Nashed, 1
parameter is e

          

2014 

ng author: Sun-

en-Access artic
on-Commercial
 unrestricted no
ided the origina

tion of  p

Sang-

obal Core Res

epartment of N

T: This study 
xed points can

y Fredholm int
onov regulari

on parameter i
ults. The analy

DS: Wave prof

meter; L-curve

CTION 

considerably i
major influenc
are in progress
d loads, the acc
o predict accur
gation predictio
necessary for t
licopters on off
oad from wave

nt, the usual pra
of superpositio
tion is called F
ation which re
ving the constr
The discretize

e elevation at ta
1972; Tikhono
essential to ens

           

-Hong Kwon, e

cle distributed u
l License (http:/
on-commercial 
al work is prope

propaga

Beom Lee1, 

earch Center f

Naval Architec

presents the 
n be fixed in 
tegral equatio
ization was ap
is calculated b
ysis of the num

file; Singular 

; Gaussian wa

influence on of
cing factors tha
s. Especially, w
curate predictio
rate wave field 
on has many p
the safe operat
ffshore structur
e prediction by
actice of wave 
on, the integral
Fredholm integ
elates wave am
ructed matrix a
ed integral equ
arget point, Tik

ov, 1963). Whe
sure the stability

           

e-mail: shkwon

under the terms
//creativecomm
use, distributio

erly cited.

ated wav

Young-Myo

for Ships and

cture and Oce

prediction of
either space o

on of the first 
pplied to the 
by using the L
merical compu

value decomp

ave packet. 

ffshore structur
at have to be c

wave induced lo
on of wave itsel

around offsho
practical applic
tion of the stru
res or on warsh
y taking counter

measurement 
l equation can 

gral equation of
mplitude and wa

and using wav
uation is mostly
khonov regular
en it comes to t
y and accuracy

           

n@pusan.ac.kr

s of the Creativ
mons.org/license
on, and reprodu

ve profile

oung Choi2, J

d Offshore Pla

ean Engineerin

f propagated 
or time. Wave
kinds. The dis
ill-conditione

L-curve metho
utation shows 

position; Ill-co

ures’ safety, saf
carefully consid
loads are the do
lf is critical. 

ore structure, th
cations. Just na
uctures. We ca
hips. The dama
rmeasures. 
is using wave 

n be derived fro
f the first kind
ave spectrum c

ve amplitude sp
y ill-conditione
rization metho
the Tikhonov r
y of matrix. Pre

          

Int. J. Na
http

r 

e Commons 
es/by-nc/3.0) 
uction in any 

es based

Jitae Do2 and

nts, Pusan Na

ng, Pusan Nat

wave profiles
e information 
scretized matr
ed system to 
od. The numer

that the Tikho

onditioned ma

fety for worker
dered when th
ominant factor

he mechanism 
ame a few of 

an get benefited
age caused by s

gauge at a fix
om the time se
. With integral
can be formula
pectrum. Wave
ed which leads

od is introduced
regularization 
esent study em

           

v. Archit. Oce
p://dx.doi.org/1

pISSN: 20

d on poin

d Sun-Hong K

ational Univer

tional Univers

s using the wa
based on the 

rix equation is
overcome ins

rical results ar
onov regulariz

atrix; Tikhono

rs, and efficien
e structures are

rs to be conside

of wave propag
them, predictio
d from estimat
sloshing can be

xed point. Usin
eries data at th
l equation discr
ated. Wave am
e elevation at a
s to unstable so
d (Fridman, 19
method, choos

mployed the L-c

           

ean Eng. (201
10.2478/IJNAO
092-6782, eISS

nt measu

Kwon2 

rsity, Busan, K

sity, Busan, K

ave informati
linear wave t

s usually an il
stability of the
re compared w
zation method

ov regularizati

ncy of work in 
re in operation.
ered. In order t

agation should b
ion of wave ne
ating the safe ti
e avoided if on

ng the linear wa
he fixed point. 
cretized by wav
mplitude spectru
arbitrary points
olutions. In ord

956; Isakov, 19
sing optimized
curve method. 

           

4) 6:175~185
OE-2013-0171
SN: 2092-6790

urement

Korea 

Korea 

ion at a fixed
theory can be
ll-conditioned
e system. The
with the expe-
d is useful. 

ion; Regulari-

the ocean. Sea
. Many studies
to estimate the

be established.
ear floating st-
ime period for

ne can estimate

ave theory and
The generated

ve number and
um can be ob-
s and time can
der to estimate
98; Kammerer

d regularization
 

          

5 
1 
0 

d 
e 
d 
e 
-

-

a 
s 
e 

. 
-
r 
e 

d 
d 
d 
-
n 
e 
r 
n 

 



176 Int. J. Nav. Archit. Ocean Eng. (2014) 6:175~185 

 In this study, Gaussian wave packet is introduced to realize the incoming waves. Numerical simulation of the Gaussian 

wave has been conducted. The accuracy was evaluated by performing numerical and analytic works on this. Furthermore, the 

wave propagation experiment in wave tank is conducted. The wave time series has been measured at a fixed point. By ana-

lyzing the data, the wave field at the target point is estimated. Again, the ill-posed system is solved by applying Tikhonnov re-

gularization method. The regularization parameter was estimated by the L-curve criterion which was successfully introduced by 

Lawson and Hansen (1974). The estimated wave time series was compared with the measured time series. The present scheme 

can be extended to multidirectional short crested sea if a spreading function is introduced. The present study is limited to linear 

dispersive waves due to its mathematical formulation. Therefore one should come up with non-dispersive scheme to deal with 

nonlinear wave field. 

WAVE PROPAGATION MODEL 

Assuming an ideal fluid, with its motion irrotational for a small amplitude wave, the wave elevation can be written as 

   , Re i kx tx t ae        (1) 

where a is the amplitude of the wave, k is the wave number, and ω is the wave frequency. The linear superposition of the 

elementary solutions gives us an integral form as follows 

     , Re i kx tx t a k e dk






 
  

 
   (2) 

where a(k) is wave amplitude spectrum. The wave elevations in different positions and time can be obtained. If the amplitude 
spectrum, a(k) is given in Eq. (2). However, it is not always straightforward to obtain the analytic closed form solution to the 
integral defined in Eq. (2) although the function a(k) is specified. When a finite depth of water is considered, it is not possible to 
obtain a closed form analytic solution to the integral due to the dispersion relation, i.e., the characteristic relation between the 
wave number and the frequency of the waves. The well-known linear dispersion relation is  

tanhgk kh    (3) 

where h is the depth of water. Since the closed form solution is not available for this case, we can seek an approximate solution.  

A fredholm integral equation of the first kind; ill-posed problem 

Eq. (2) is a Fredholm integral equation of the first kind. The wave elevation shown in the left hand side of the Eq. (2) will be 
a given function from measurement. The term a(k) is an unknown function we are after. It is well known that the Fredholm 
integral equations of the first kind are ill-posed. It is in order to explain the concept of well-posed problem first before we get to 
the ill-posed problem. The problem given is well-posed if 

 
(1) The solution exists 

(2) The solution is unique 

(3) The small change in the right hand side of Eq. (2) causes small change in the solution. 
 
If the given problem is not well-posed, it is said to be ill-posed. Therefore the problem we have formulated is an ill-posed 

problem. The remedy for the ill-posed problem is regularization which will be covered in a latter chapter. If we discretize the Eq. 
(2) the matrix we encounter becomes ill-conditioned matrix. 

Discretization of the integral equation  

A typical and most often used method of approximating an integral is first to discretize the integrand given in a continuous 
function into a finite number of segments and then the original integral is reduced to a sum of the integrals of the segments. 
Then the wave elevation in Eq. (2) can be approximated by 
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