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ABSTRACT: The infrared signature of a ship is largely influenced by the ocean environment of the operating area, which has been known to

cause large changes in the signature. As a result, the weather condition

has to be clearly set for an analysis of the infrared signatures. It is

necessary to analyze meteorological data for all the oceans where the ship is supposed to be operated. This is impossibly costly and time consuming
because of the huge size of the data. Therefore, the creation of a standard environmental variable for an infrared signature research is necessary. In
this study, we compared and analyzed sampling methods to represent ocean data close to the Korean peninsula. In order to perform this research,

we collected ocean meteorological records from KMA (Korea Meteorological

Administration), and sampled these in numerous ways considering five

variables that are known fo affect the infrared signature. Specifically, a simple random sampling method for all the data and 1-D, 2-D, and 3-D
stratified sampling methods were compared and analyzed by considering the mean square errors for each method.

.M B
292TEe PO §37] 53t g 2AEe) )
of doluut H9lH A7), £ BA7] @ Ko T RE BE
A PFed ABE AA B ZaA)E et o)t )

o metA #o]t(Radar cross section, RCS), 4 ]4l (Infr red
IR), &8 A (Underwater radiation noise, URN) & 7E
< g 2ot lem, I F e Ao 2dx e
o] BELS =ol7] foll B3 og ZhFoof & S44T
% shiolth

st o] HMAsE I 7 RE AL AlzrF THd) uk
AbElO] Ut Alset o] 543 250 o3 H A4A| 9|
WA E ] o' yeun, o2 U AHedilE
= B2V AR 71878 21l 9§ AR AA &
Z7]2 #%2 3 Radiosity)’h 23 FTHCho, 2009). ©] s
o] Aoz E #HEE AAske EdY A A

S g

39} FARAOZHE]Y] Whatel IRRAI S O] 7|k A
o] IS wreth o2 sl Bidol e FREY| T HAR
S+ A B2 ANE WA Fo] HAg Fdr)dEA el
A7 o EukE o] Ao AEE dA XA Hrh
Ao HedilseE Aol 54 il 83k Y
g0l v FEFS ol Wyl A5 ko] wshrt Ak 1%
7] W&ol 3 ZolMNE wE= vaAde) o3 W A S
of tigh ajAE fsliMe Tl 82 e =l H
gratA AAol of %JE}(Cho 2009).

5
@A) o) =
A Fel e zw %ﬂ/ ozt Aot Tﬂ/om 7@91

Za ogTa 4jo] o] 2o|A7olE A7kt MG BAZ
Astel ol gol Slomz, @ ArERE AA Y4
oR¥E BEE FE30 HIBAL AHT Bast Aok

Received 13 February 2014, revised 27 May 2014, accepted 11 June 2014
Corresponding author Yong-Jin Cho: +82-51-890-2593, cyjdeu@deu.ac.kr

(© 2013, The Korean Society of Ocean Engineers

It is noted that this paper is revised edition based on proceedings of KAOST 2013 in Jeju.

254



Sl AT s

)
N

371 918 AL SEAY
g3t & 18709 AHelA 573
ﬂdd ol AR o7l
qHow QPg AL A OBN) Fash,
S BEHE AR FM 53] AHNE] JFS 0|
e 52, 712, 55, TY % FH0E b WFE
b glow, W gl Al weh F5He Bl
(Kim, 2012).

webd B dela R Esgel s eube
AFE gI3ke] WA BSW AP ARZEE
A AT Aol B S AYIIBA )
Mol thd A7 stk o RE 58
sige] S4B O ASE AR, 574
BolE A9 G VA 5744 Al s
e S e SRE2E FIE S, 1 P e
A HolBERE Beedlolpd, Al HolEE Wl

& e 1394, 2349, SEE
Selw FEE wRel AMHE ®
(Sample)e] HFAFLAE ol §3te] Mmste] HFsHeAch

N o g

L%rlrﬁj

%0 “‘1”

_]

2
o
r>~

°l' o oo
?E rﬁn: o
v o
o Wy >

ki rr

el
RO 1)
oo 2 WLt o o o

g we 2o

N oo orforfr fo
o2 ox o o ol ¥
N @ N R
° =
T o
N’E O: =
ol -a‘

E - tlo
rlol g o
(o] (
. &
N\ X

fru

of

I

2

[e]

fo riz o 18 2
flo
]
o

H/
2, T2 Fol #=o| At 1y TR A= F
Ao AQiAE Ao Bad oAl 7k W F R
FEo tig #ZFo] o] FXA] S Bk oy, Ffibke] B
PA] 5, slictel AAHT &9 FF, ik 59 et
2o Fel= FH 3 2 7R BE IS v
ABg S 7R e s 71deE S taEst

13471 ol & ArelMe eyt A2l sirds
< Aol sl =l 713 =T FRE FolAsE
%P%o}‘iiq 7VdRANAE AR e B5s] ffelA 8
o] Folg = Aol B & Foltk s dtole s
’“”401]/‘1 °H°h7l* s 4T B2 A, FAT
T Foll AHTFsTE TAR

NE olgale] B3 AZE HEI
€ B3 AR S S R 2ol ol Al
= B30 bsatn, 714N w5

o ®EFE B AT 255
Ashs AT SRS Ao, 27kt rAE Ame vl
83 B AnR %L 7}~O}D}(I<m 2012).

Ho|(E3)A 5% 80km 314, 37.53°N/
130.0°E)9] dlo|HE & %‘3}@‘ on, S FoldA= 2001d 54
FE] Fggl tig BSo] o]Folxth 101 | o] e Hlo]
HE 133l Hi4ls A5 st ohekst S0l
g A7) 3] FHAANE 1 g AZwelH = Qlsl AH
At AglE AES aEshE Ak HEARl SH oﬂ*ﬁ
= 7163 l HEFZ0] Fa3H 485
ol tigk Aol nz QF
Ld il tﬂlolEiol 7900@1711«1 TS AT FA 9 A9
A4l EH“ AZEE 1HEIES v, 100709 RS FE3h= A

¢

22 mEFEUHH

HAARI A BT &5 A dlolEE &8sk 9
M= I dHolEE Bod ot o] A& FEFFo|ga
gt EEFZ0 7182 dHsto)r|d & AAE FEL O

“(Random number)E ©]§
she & 4 99 EEe ]114_1:} Iy olH 3 FE7IH Y
%t‘% ] RAHA = =tk 1
I "EEE]EW/P: B
(Population parameter)2] gt —ir;‘é 2l &7 #(Sample
statistics) S Al F3lE <= EH?_& FA2) dA=t
= —Zr%Q EEo] =2 REEAYE 2k, 24 =
% 2 2KSampling error)2} & xto)7t FAs] EA4)
o dubHos o] 77t AAE ARyl 7]3
Atk 2 7RI & gRolugs WMokt AAV A
= A% FH< ES’JFBH = —rh O*D}

F2el Jlge @

s
H| &2 Q1 Zrof A %7}—0}1:}_ J#Eg B AT A
AF71ded el velgE 238t e RHTGo2RE F
ANz A7 7’ Me1Y EEe FESALA AT
7 st

= 7
%ii A

HA e o] FE W (Simple random samplmg)
BEES FE39T dedoFEie 2B E
g o). o) mFThe] Z47te] a4Eo| 3
g 7 T REFZ WReln, 2717 N B
oA nle] B FE2Y AP BEEY FEEELS BT
5 = (Kim et al., 2006). <=
o FEF UL 7MY Beshal AR o E 28 E B35 44
T ch © o] 7k JhsAel Ao B
s dEsy] FETHE o] Qlth o] Wy oz HE At
(FELANE 71FoZ 7900097 9] Ry 2 RE 100712 &

e

ol
L
=
=O‘=‘4’
_l



(Stratified sampling)> 27|17} NI BT
2 Y] FOE he Fol 2 FolA] ded TS Bk
ne] S A= WHolthLee and Lee, 2002; Son and Min,
2011). F8bl 2A FE ds W FHEEIS(Cumulative
distribution function, CDF)E ©]-&3t3dth. A2 3= o'
FEEX tsiM FEHSTE B o AU 2 gES
Uehith, 12 ralolghs dojrt &2 ol f= o] ¥ &
EUEr AR g s 7M7) wiZolth A EEdT
v 1 544 571 35 FEE Wa o] wiwl, d%eE T
3 FERIYSFE B2 AEY (Sampling) S 3H= 2] §o)
3lth(Jeon et al,, 2012). WA 13-4 H ] F3F=<S s, &
Aeo] HejMalge] 71 FEE Bol piXE 7S FAHSE
Z| B3 g4l A Fig, 13} 20] 25%, 50%, 75% S 71F0.2 455
ste] 47]9] Fo 2 e S35 TH 8 tHDavid and Kim,
2013). ofw, 2+ F ol = o8] = 271 wEel 24 5
vtk 5Ug NrE BES FEATH
Al AR By =g SEEE

2y
I
]
o
9‘£
2
)
Lo
o
iy
o
i
o
=
i
K
e
r)
2
fas
&

Ajr Temperature

T T T T
1 1 1 1
1 1 1 1
ogbk - - - - leere lorne onach
1 1 1 1
1 1 1 1
1
1
orf---- Fommmmmmmam—ok
1 1 1 1
1 1 1 1
O6f --cclecccdaccatlaaaaL
' ' ' '
' ' ' '
IEL‘ L] ' L] !
o ' i i i
1
Ol - - - - L EEEGE BEEET
1 [ 1 '

1 ' 1
[« i | PO il il il
1 1 1 !
[l ' ] !
oz ---- [ [ A
1 1 1
1
oif - - R Err T EEE
1 [ 1 '
1 1 1
1 L 1
5] = o 5 1]
X

Fig. 1 Division of Air Temperature’s CDF

Table 1 Result of Correlation Analysis among the Five Variable
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Fig. 2 Scatter Diagram of Air Temperature and Sea Temperature
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Wind Direction Wind Speed Humidity Air Temperature Sea Temperature
Wind Direction 1
Wind Speed 0.167 1
Humidity -0.334 -0.080 1
Air Temperature -0.326 -0.356 0.469 1
Sea Temperature -0.234 -0.206 0.296 0.851 1




Table 2 Method of the Samples

Sample No. method
Sample 1 Simple Random Sampling
Sample 2 1-D Stratified Sampling
Sample 3 2-D Stratified Sampling
Sample 4 3-D Stratified Sampling
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Table 3 Results of the Comparisons of Samples
Sample 1 Sample 2 Sample 3 Sample 4
Mean Square Error . = . - : = :
Random Sampling 1-D Stratified Sampling 2-D Stratified Sampling 3-D Stratified Sampling
Wind Direction 215.78 99.37 86.87 156.35
Wind Speed 0.667 0.167 0.076 0.218
Humidity 422 6.61 2.76 3
Air Temperature 1.594 0.307 0.149 0.244
Sea Temperature 0473 0.246 0.139 0.156
Table 4 Results of the Sample by 2-D Stratified Sampling
Number Wind Direction Wind Speed Humidity Air Temperature Sea Temperature
(deg) (m/s) (%) (€) (€)
1 328 3 53 10.1 181
2 299 81 50 48 9.6
3 297 9.7 77 81 99
4 4 3.6 77 188 199
5 321 8.3 64 17 11.2
97 347 6.6 66 01 10.4
98 193 6.5 86 115 99
9 129 0.3 42 49 97
100 345 15 68 5.6 14.2
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