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Abstract : This paper describes theoretical approach methodology for the Probability based risk Evaluation Techniques (PET) to monitor
the risk levels of small-sized sea floater as like a yacht pier. The risk decision-making process by risk criteria with five-step scales is
the core concepts of PET. These five-step scales are calculated from cumulative probability distribution of response functions for the sea
floater motions using closed-form expressions. In addition, The risk decision-making process of PET with the risk criteria is proposed
in this work. To verify the usability of PET, simulation experiments are carried out using mimic signals with the electrical specifications
of ADIS16405 sensor that is to be use as measurement tool for the floater motions. As results from experiments, the risk evaluation error
by PET shows 0.38 levels in maximum 5.0 levels. These results clearly shown that the proposed PET can be use as the monitoring
techniques.
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1. M 2

H dilAaEze] Bgste FYd B2 QE AFE
o] TEHI o), dF AFEE @I TEHEA f
v HFoZRE ARG SEE BHEs7] gk o] njH]
& A7t gk 53], 2 AT SEa it bH
AAE QE ARG A, BHA o BE A Qlo] T
2 do dAHo] o], HFS & F AuEd o 23
o ol Aol AstA otk t&e] 2011 8ol LA
3 BN 1109¢] -0l SHMUIFA) vl 9] A 5go] s
9 A5E T 2 AEG) RE 150] fenE Absl g @ )
ub glel, Aban e 9ls) ol A whele] AlFE Aot

oL} ok A SyE ejiko] A8 T TS| AR Fig. 1 Yacht pier located around the quay of Mokpo Maritime
Ao Batm olo] A E|o] 9l WA Wuka] AMo] Brls University(a), photos were taken during attack of
3 7ol Fig. 1S Zxajokt)sti ohule] T2H Q& 7 typhoon No. 1109 MUIFA, August 2011(b)

T WA A2 EA 39 jbyim@mmu.ac.kr 061)240-71702
F) o] =L ‘BaAd JAFEHE 93 AR-ARX ZEHo] #3d AF'H AFoz “‘Ixadsiaursts 20129 ¥5gdEI
(2012.6.22, pp. 157-159)" el A L x 3 AF9 F& A7,

- 795 -



2% I FHA
2. ?171"o17|we| nEal Aot

2.1 71& 1715971714 nEt
B oo 548 a4 BiA RR2RE dekyel Hi
Al "}0194 FEEAS FE5slo] B4 HFE AT T A
/gl AXE FHA $715 SAXR Hrlst= Aot
olof #3t 7|E A AE A} FRE Hr1H/IHA #F
3 AGE 82 A% FZ2E9 AR(Auto-regressive) X &}
AA FFE9 AR EdS v HUbshE W (Lu Kung-
Chun etc., 2008; & 5, 2007)0] LuWbAel 7'M o2 B 1% o]

AR 24 5o #osh A9

£

713 (Charles R. Farrar etc., 2001) %
gl gkt FfrA Alelo] 554 oS
& H53] o|2HH YTE o= FAH =
& v BaEE=ddIseki Toshio etc., 2000; Eduardo
A. Tannuri etc., 2003), 3] Ulrik Dam Nielsen 5(2011)<
Auke] 1% ZF& (pitching angle), & ZF=(roll angle) 2

A 7HA 45to] s F}E =43 b}

o
e

N

A~
LS
(e}

O = O 5;(4 A

=L ] 3

[e)

vl 5, 2005)7}
#H & (close-form) &2
€4 #H7} A (Jergen Juncher Jensen etc.,
2004; Ulrik Dam Nielsen, 2006)7} ®.aie 8} 9lch z2g|a
José Miguel Simén Donaire(2009)= #H & o] &S A A ulx
A (Barge-type vessel) 554 Aitol] &3 vl gt}

B olgto)| M= Charles R. Farrar 5(2001)°] AoF3k 57
HolelE 283 7713 Ulrik Dam Nielsen 5(2011)0]
Bas syt AT+ José Miguel
Donaire(2009)7} 43k #H8 + Hg Wy 55
o MEE A71E7H71HE At

Fig. 2= 7180 Bu® FX2E9 H7H
Tolth gl #7113 X(z), Y(2), Hiz) S A
x(t), y(t), z(t) Tl gk z-H 3 (z-transformation)
I, Y(p) 52 z-W3 A5 g3 &5 Yin) 52 F
ou gttt ol gt H7E Mg rdsiA Awetr] ¢
o8 F&dle o]E #AE glvh Fig 2
A2 .JJQO]—‘E o239 2o} 94, Step-1914+=
gjo] A E(Test Bed) & 753t 484
7hek = ﬂ/ﬂ—l(Sensor—l)i LENE YIS
Step-20l M= APTFRE AIEA HI)S
Hl(z)dll it 713 = (Reference M
Step-3ollA/&  AAl FERE9 TR T Y2(Z)E
-2(Sensor-2)Z  FA3sle] AAZE EEi_!(Real*tlme Model)
AR2E =3t} Step-49lA4 = AR1Y AR2E W dto] 713+
23 e(2)7) B AEEA Hl(n)S A4 F+2E9 AGEA

=

FA Simén

et

ol
=
A) 9]
e A
Al
o]

[ez]
=

KN
=
[e)

=)

[ex]
=

r\o m[o

o

ks
s 7

i)

o]
1w

dlo

e
=

X1(z)&

&
1:

573

[eR s

(<)

& 7Nk $171%8 74719
H2(Hl(z))2 A&t} mpxato =z Step-5o4E A4t
H2(Hl(z)E B7Fste] HAl Fx=9] sE A9} 47 55
S
web 7)Ee] Jlge, wu e Ao AaEHE e
zzo] &3} olo] glg WF A EANE AsHe] TE
o] dagh gAIMe] glrt.
Step-1 Step-2
I CT
X1(z) Test Bed Y1(z) J> :"{“}'
Er-mevrmmny I = e z
w:;:‘.?“ ina Lab. Signal AR‘I:I{H’:‘[:;I [
Steped
St
e r : Estimate
Construction Real-time Model cﬂ::::‘::‘f
in a Site Responee™| AR2=H Hita). Yie) | Ha(H1)

Fig. 2 Flow—diagram of the conventional monitoring techniques

for a structures

I7|u17|.7|H4

H

Fig. 3& 2 <dFolA A<tk g& 7|9k 97187179
(Probabilistic based risk Evaluation Techniques, ©]3} PET
2} gho] /dEelt) Fig. 3¢ &718 X(2), Y(2), Hz) &9
ou= Fig. 2914 Ak viel vl 94, Step-19lA] F7
Aog foido] gdFd AET 2 S Aol A

247 ®2d(Floater Model) Hl(z)& AT o}S BaA =
o $HAE YIS 5Tt Step-29A4= A dlolH
28] (Post Data Process)& &34 Yl(z)oll st €9 &1
Ao YmE Tt HT w9 2593 o & Albe
Step-3°14 & AMA-1(Sensor-1)& o] &3] A H-FA<
SANT Y2A2)E A3} Step-4ol M= p ok 0 2 FAT
BFEFAREITFE Tt AVIgE B Ve @s A8
%, Y2(2)oll W3k 917145 (Risk Index, RDE -3t} vhX]
wo R Step-5ollAE RIE &34 F-/A9 9714FRisk
Level)& ¥ 7}éktt.
o e
i cdfi, )
- H2(z) ﬁ ’T‘ ':c" Swep-3
Risk Probabili Found Risk
%: . n;:m:: p[vztxncdft: B szl::_cn B 'E:ﬁ:

Fig. 3 Flow-diagram of the proposed monitoring techniques

for a sea floater

- 796 -



webd B Aol Aeke Ale J1E e B A
& 72 old] W PP AsALE Axd] TF 5
L

3.1 774l 25 =& ME

WA AgE PR 9ol Aeel 1Ed a5 AR
Yoz Fig 4o AU} o£E WAL A8 GIHE £5
% RS 295k dgske] A PE ekl

. A B 270
1
o &
=
Follewing Sea .~
po S
v Fore
mmefeer Af m———
10m - Head Sea
i i p=180
I 10.0m il
Starboard Beam Se.
. i
Sinker Sinker

Fig. 4 Dimensions and motion definitions for the floater

BEHAE 2] 100 m, = 24 m, =°] 1.0 m2l ¥F*(box)
efola, A 7ake] 2 1elste] A8 E A A (concrete
sinker)ell ¢to]o}(wire) & &8 A H o] k. A A

Fo] Z2 Yol M E aFo| Aot 64HFE F
oA, 3] B.(Heave)$} ¥ X (Pitch) ¥ ZRoll) 5 Al 74 &
ol dASA YEldth 2 AFoAE o] Al A S
PETo| #8334

frol #a & %%% g Foll dig HHA 5 v 4
vt og My ~EY o]Z(linear strip theory)o & AAkg
F d=d Adge] e 5338 oh(Ulrik Dam Nielsen,
2006). & Aol A= ./] EAWMSG gSo] BAoly]
ARy AAp7E gbeetar, 49F 22 vhA](Barge)® Aol
gt rads 73%5& o5 A)FE A 6) 7419 #HF

BN 27

o 1=

&2 (Jorgen Juncher Jensen etc., 2004)¥}, #H&
Hpx)del] A-g3t7] flske] Ntk MATLAB 2= 13 (José
Miguel Simén Donaire, 2009; MATLAB, 2012)& 3Fa13dlo]
7S ARG AQ)FE @7 = Al 7HA BRA &5
2(F-E 2(6)7HA= olol sk Heave

o

A A o) 3,

olo

@34 v, Pitch 985 ¥, Roll 98 v, 5 2472
LFERATE
H ool A= arcos(at) M
eave . 2—— — = t
a wz w kaa3ww w arf Cos\w
k T. 2 _
Pitch : 2 0+A730+0:a6‘sin(wt) (2
o k,Ba’w
T\ - .
Roll : ? CuotByo=M 3)

Py =nF" (m) @)
U,=nG (rad) )
1241
Wy = T R (rad) (6)
[Fw(o )+ +w B

)
~
Y
E@
:OI1=4
o2
H
B
%)
g
1SS

o o %Eﬁ]rBl 9k (rad/sec.),

2
h
:ibd
o
2
I
)
‘k:
~
Q
j

3.2 774l ZEo| SEEs Al

T

WA José Miguel Simén Donaire(2009)©] A|¢tak 21(4)
B 2(6)7A1 2] ArE MATLAB Z2a38 Fuste] B4
A€ Heave & W,(w, 8,), Roll && ¥,(w 8,), Pitch £&
Uplw, 8;) & ARSI ofm, Folatal ¢ = HEFoA &
A & e Hd F9duE 10 moeR Fi, b
(1=1,2,3,1, I T35 & F)T 001 (rad/sec.)2] 7+4
o® 00l <w <1009 WHE FASH, 8 (j=1,23,-J, J
= W89 T ) 10 Fdegree) IFACE 0 <3 <3599 HI9IE
-Zr‘iiljr olgtll A= Al 7 EE5E thiEst w(E{w,, ¥, ¥,})

B) (E{¥y(w, 8) Wy (w, B) . ¥plw, ) }) &L LHERY
L, Al 7W =5 7—?”% st #AE W v, v, v,
EE Uwh), Y6, v 5& B AHES) Fig. 5

&

= f=0~90 WA 5= FAS R AAkst wola, HA| A
= 4 age s YeRi

Fig. 5(a)9] v, & HH F{H3)2] Zdo|7} FHo njste 47|
ol HUgks zred, A% (& 1.0 m2
T3kl 62 mE o) FH AT Fig. 5(b)9
=75 A9 FHo F4E& ALstA =014
5:90 ANA FO)S Zt= ol
N %E p=90 ol A ] Hf FAHS Xﬂﬂﬁ}%

s A9E ‘JrE‘r"”E} 2]
|93k Jorgen Juncher Jensen 5 (2004)%} uﬂ =
1A vpA] Aol AE3F José Miguel Simén Donaire(2009) %
o]

a

olefd v 4 A=

o ux e Jo fLxE
B

AFAME AP oRZ A vf Y} B AFqAl=
g3t Ao =4 FES SAEY A4AHS EEH’H A A gt
2132 Fig. 5(@9 ¢, ¢ Fig. 5(b)Y v, &= AT HHAE&

3 AxE =, v, ok e v, o A9 1.0 (rad/sec.) ©]81€]
AFat Geel A= T 3110 me 2 Vel Tk L o]
e AT sgus 2 FUIE Zaed, ofHd 2300A
FAls gt AFeo dejr Fdd FANMAR YEh
7] W ol th,

- 797 -



ol
==

Inset

@, ()

o (rad's)

(a) Response function ¥, to Heave motion

‘0 N S S R B B
—p=0 i i i i A
Pl ——p=15[+
—p=m

Inset

G
ol
a

o (racfs)

| v ?‘ 5
'W\A\'A

(b) Response function ¥, to Pitch motion

¥, (deg)

W (rad's)

(c) Response function ¥, to Roll motion

Fig. 5 Calculation results of response functions ¥

3.3 EEHSE FH

Fig. 5o Yed Ww, ) = o, o} B; o tiat 32191 do]E
o]7] wiZel B (NS ALt 23449 4 dHolgH=E W
#ste] SEHTE F433Arh

=L PR P
7,(n), ¥, (n) & YERACE F-HAQ Aldo] dFet 7t
Al wks Felo]r]  wiiEel] B=0~90, B=90~180,

B=180 210, G=270~300 5] Wl Hek ST
99l HelElZh s, oA nAE B F4 Ans

o] AAsA et ¢t} Fig. 6(b)2 Fig. 6(a)2] w(n) o
et FEEEZ HZE(hormality  testing) | LE|EZE,

MATLAB(2008)¢] A3 3= normplotS ©]-&3&ke] A A3
Aolt), x-Fo] w(n) o wolE #holi, y-F-2 HolE Fhol

UEhg 28 052 J1F0® s A5Hs Leelt) Hel
Hb BFEES 2egd gz BA% Qg 9
s,

tewe Fecn
. — 10 .

5| -

U S

-

¥ & B B

R 0

T B

0 « W o m
i

B8) to ¥(n) and its

normality test. Sequence data ¥(n) (a), normality test
graph to ¥(n) (b)

Fig. 6 Transformation results from ¥(w,

Fig. 69141, Heave tlolH = && 025~0.997 -}, Pitch
deolH & & 0.25~0.95 711, Roll dlolH & && 025~0.75
9=
H %
=7

o

=1

FAAE

cumulative  distribution

=3 s17] 98l Fig. 7(a)
B & o=z A4
(n) o] Hd] FAE FFol
7+ (0.9 < PW) <1.0)°] th3+

FT7H P(w) =0.95 )] T|o]E]
dolHZ FAAHS &t} Fig. 7(b)

=

o
i
4

lo 1o

e
X
iin)

;Jd

4 i,
=
=2
12

X

o pWw) =095 ¢ Al
2, Fig. 7(a)¢} ¥ als}

S itk olstel Al o

0

g

[¢]

- 798 -



TP F4 BAL 93 BPsn Yo A7E B8
37) el o) ShE, B Aol thgal ge e
Hgste] 971Gk AET /1F AES T

Agsomed lisme Ascened Pk Bsenesion

=
5
e
"

0

- - .
Fig. 7 Data extraction with 95% confidence level to ¥(n) .
Rearranged ¥(n) with ascending order(a), ¥, (n) with
95%  confidence level(b), empirical cumulative
distribution functions to %, (n) (c)

Table 12 & AFoNA 7Eo 2 A& 504 7AF
(Risk Index, RD$} HHE YeldL, & & 5o, 24 543
TE oE FUE W, o7t ¥, (n) 9 95% FHEEP=0.95) ©
Aol s zhe o wg AETE 9vEE Very Danger’
of &3t o] W 'RI=5'eHE oJu|olth. g, (n) & 75% F+4 %
E(P=0.75)1} 50% 4 &&(P=05) Aol #& 2t thd ¢
F3& omstkE Danger'ol £3kiL, o] ] 'RI=4'2h= &Jw|o]
ok ol# g &7 W2 FAREFFAA AT FY5
H7F ES =83 Zo|tH(Stanley Kaplan etc., 1981).

2¢ o AT A0S Agste g, o HA
py & BEA2L 0, & T3 n-CDFE 78 &, ©] g0l A
AR W53 Yooozs s Ppogs s Ypogos o= EFHTE Table
3& w,(n) 9 py I oo, & VERITH

1 &
= Tvnz:]l LZ/95 (n) (8)

N

,[]_V 3 (7, () —py)? ]

n=1

[

9)

o714, N& 9 (n) ] ZF HolE +& YERdth

%, Table 29041, Roll &% ¢, EHd Wy o FEO
-0.8875Z YERtEHE], o] e A TAA YERE F
fE Foz n S 2= g, (n) ol 9E n-CDF

s%i
rl

>
2
o
g
r

B
M
M S
H

o

A 71E Fe 77 R BE U0, Y grs
Up_ys SOlE HEFEEL o] 23E ] 9IS A0 B
ol&dl, ool W3 J&F BAL W3 AFE 28] Wi
FT AFHAR Fa, B AT E v, o HEE 002
2 tiAg Table 29 23E 7|& #o= H&3rh

Table 1 Risk Index(RI) and range of Risk Level

RI Range Meaning
5 © = Yp_ios Very Danger
4 Up_ors = ¢ < Yp_qygs Danger
3 WP:U,S = ¥ < W}?:g_m Caution
2 VUp_pos = ¢ < ¥Yp_g5 Watching
1 o < Wp_ gy Safety
Table 2 Risk criteria for five scales
Motion(;ntena WP: 0.25 WP: 0.5 WP: 0.75 WP: 0.95
Heave ¢, 0.0162 0.3182 0.5748 0.9441
Pitch ¢, 1.0224 3.9539 6.8854 11.1030
-0.8875%
Roll  ¢p (0.0000) 1.6590 4.2055 7.8692

Table 3 Mean y, and standard deviation o, to ¥ (n)

arameters

Motions Mean g, std o,
Heave 9, 0.3402 0.4355
Pitch ¢, 46270 6.1122
Roll ¢, 3.4654 8.8761

4. Al=Zd0ld & EIt

ATAME 35 =AY} 35 Aol Z(Gyro)7F WA=
Analog Device(2009)AFe] ADIS164055 F-4] S9=4 Al
AMZ o] &T dFo]r] wiFol o] ALl HoJE AEY] 7E
" AVNEGE o]&ste] HA FHANA SAHHE SHAE
o} fAFeE 32 S(test signa)E ‘3‘33}01 A3 3T

KA ] Aol e

4 =A% Pitchst Roll %9 Z7&5g
A

op St op 2 FH OJAAIZE kol F A= ok, ¢,k = T
o A(10) 0.5 ANE T, MM 7FEEA N =43 Heave

ST MEE 0,9 X gyl UE

|

+| 9] etk

ADZ A = Ak

pplk+1]=pplk] + Top[H
‘ro}z[k""l} = ‘Pﬁ[k] + T@R[k}

@H[k+1] 1T WH[k]
@H[kﬂ]}_{o 1] o 1K)

A oyl = v A

(10)

an

A7, A7ME R ‘PPW = V1 TR <.PR (K =v,,+vp 2 B

ALst, v, & v, © WAFS(wite noise), vy v X

YA S (flicker noise),

btk el a AhEe

2 ZAg .

- 799 -

sampling) A3He 74z}



Ak Z

o

ol

B

1

=

g]

Ho

\=]
-

10)7 AUDEFEH 73 AAE 2se o]
A B T3 g, (n)
n) & WS @,
S Z7] diel J0)E
ot AA Al g
=

1+
X

i}

= 4

il

;H(n) = filt (wing a, logy(n)!)

op(n) = filt (wing a, lp(n)) (12)

‘;’R(”) = filt (wing a, lo,(n)1)

A7)A, 7F-AIQE F wing 9] Aol 30, ¥ AF o= 1.0
o= Fi1, IHE n|sle fit( - ) & MATLAB 28 3=
filts ol&ate] At

Fig. 8l Heaveel 3t d34s HAHAFES HE=2 Uet
Wk Fig. 8(a)< 21(10)3% 21(11)eA Ax+et A% Fig. 8(b)
< 212)9] lpn)l, Fig. 8(c)> #o] 309 7F-AIt &, Fig.
8(d)e AANE p(n) 5 UEHITE 183 pn) & Hlﬂ‘i
7be fste] A we] w, (n) 9 HYlgte] RES 24a)
ATt

o Heave signal
E ! L " '
@ g | i i i
< 0 t1 t2 3 4 t5
Samples
® Absolute signal
(b) =
L
Samples
® Gaussian wincow
) &
=
Length
® Test signal
@ 3
e

Samples

Fig. 8 Signal processing procedure to create tests signal of
Heave motion(Sample). Heave motion signal ¢, with
ADIS16405 electrical specifications(a), l¢,| to ¢, (b),
Gaussian window with length of 30(c), test signal
¢, (n) after filtering(d)

4.2 Ay gl m®y}
Fig. 9= 243d& 93te] AAZ AT et §7|5==
(Risk Level) #7t23olt} Fig. Ya)e A 7HA Az

ot

£ 71 $1719 7119

9(b)+= Table 1¢] 5%+
of tigt 9171371,
17187 A=
aL, Fig. 9(d)+= rr, ol Higt

on(n), opn), ¢pn) S LFERAIL, Fig.
A WY ALs A R AHNF 7}
Fig. 9(0)&= Al 71A «171987H& 3 =
R, % ¥ NE U, () < e

7}

°ol&

O e, & 77 eI
Fig. 909 ebal 2% 917197 97} Az, & e 4a3)
I ol M 7HA §71H7te] Hire 2 ALstal, Fig. 9(d)ol

SR
oz ¢ }MJ%

o 2A(14)3t 2ol RL, 3} Uy, (n) € 2

(15)9] & zk=

oz} ep

o

e

Up,,(n) o A

RLW (n)=| RL(;vH (n))+ RL(;H (n))+ RL(;P (n))]/3.0 (13)

=RI (n)— (14)

e ' URL(n)

RL,

N max

Upt (n)= E

n=

n

RO

max

1.0 (15)

A15)M N, & on) o Ho)
o e HA AZe] disiA 1.0%H
= yehdth @, R, o] o] <l
& st L}E}L}Ok o} 21(10)3%F A (1Dl

<7kl mlelst

o), 71 o]

Test signal (Rall)

Test signal (Hese)

Teat signal (Pich)

14 1 4
Fisk Lel

14 t3
Fisk Lel

14 t3 i t o
Fisk Leel

]
il

14 t3 t4

Total Risk Level

t

‘nn 1L Lol L

i

4

) _— W.NWWWMWM I
_,__.—-"__'-_-'__'—-_ :

— ‘.mmw

1

12

(c)

M
Enor

L o e

\ \ \ 1
f 2 13

Samples

Fig. 9 Experimental results for the evaluation of test
signals. Test signal ¢,, ¢, and ¢, (a), Risk Level
to each test signals(b), Risk evaluation result RZ,

and reference signal Uy, (c), error e, (d)



g 93k o, o W3 BEL

o

‘ Bz A, ol
3} g (1) o n-CDFeA & 597 7% @S 48
Poole BTt o 584 FHEA] 7.6 %(0.38/5.0)9] =
o 9AE VeI feka B ATelA Ake 5 A 9
A PHPET)0] a4 FfAlel 718 e Fa

& gasgrk

N

a
3

<

o

=
=5
)
s
=y
Ho
offt
2

i

() AA H5A
RELIE L
R e 3
o 17157 e

(3) AE e 7
] g3t g

A2kt o]

)
i)

x
o
b
o
i
e
>,
2

H

Y
_15

il
)

Mo ¢ orlr

e

2,
Ay
Jo X
o
= 4
=
s
o 1L

Ao

>
2
. fo
Il
b
u
o
(o
N
B N2y
Q2 oo N o x

4 e
_o‘ﬂ

Sea Grant

43 4
Aol A E 3, dhares)]euteh s
, Al3194, A33, pp. 263-269.

T3, olF2(1991), “FH A s
ek A7) g reta) A, Al157

pad

o

Aol A gl

11}-
18 vk

[4]

(5]

F4(1998), “FEHTE o] 8% dolt A&
A

[6] Analog Device(2009), ADIS16405 Data Sheet. (URL:
http://www.analog.com)

[7] Charles R. Farrar, Scott W. Doebling and David A.
Nix(2001),  "Vibration-based
identification,” Philosophical Transactions of the Royal
Society A, Londo, Vol. 359, pp. 131-149.

Eduardo A. Tannuri, Joao V. Sparano, Alexandre N.
Simos and Jose J. Da Cruz (2003),
directional wave spectrum based on stationary ship

structural damage

(8]

"Estimating

motion measurements,” Applied Ocean Research 25, pp.
243-261.

Iseki Toshio and Ohtsu Kohei(2000),
estimation of directional wave spectra based on ship

[9] "Bayesian
motions,” Control Engineering Practice 8, pp. 215-219.

[10] Jorgen Juncher Jensen, Alaa E. Mansour and Anders

Smarup Olsen(2004), "Estimation of ship motions using

closed-form expressions,” Ocean Engineering Vol. 31,

pp. 61-85.

José Miguel Simo6n Donaire(2009), Sea Transport

Analysis of Upright Wind Turbines, Master

ThesisIMEK-FM-EP-2009-14), Technical University

of Denmark.

[12] Lu Kung-Chun, Loh Chin-Hsiung, Yang Y. S., Jerome
P. Lynch and Kincho H. Law(2008), "Real-Time
Structural Damage Detection using Wireless Sensing
and Monitoring System,” Smart Structures
Systems, TechnoPress, Vol. 4(6), pp. 759-778.

[13] MATLAB(2012), Programming, MATLAB Version 7.6
(R2008a). (URL: http://www.mathworks.co.kr)

[14] Stanley Kaplan and B. John Garrick(1981), "On The

Quantitative Definition of Risk,” Risk Analysis, Vol. 1,

No. 1, pp. 11-27.

Ulrik Dam Nielsen(2006),

directional

[11]

and

[15] “Estimations of on-site

wave spectra from measured ship
responses,” Marine Structures, Vol. 19, pp. 33-69.

[16] Ulrik Dam Nielsen and Iseki Toshio(2011), ‘A Study on
Parametric Wave Estimation Based on Measured Ship

Motions,” Wite Paper. (URL: http://orbit.dtu.dk)

ey 2012 08€ 29
AAReEE Yt 2012 10 294
Aaraieled 120123 109 299





