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Abstract In this paper, we studied on the sampling of ocean meteorological data to analyze
signature of naval ships. The newest ocean meteorological data, that was quality controled by
the Korea Meteorological Administration(KMA), was collected. Outliers were removed from the
data by setting the usable range of data. After that, the data size was reduced through the
random sampling method, taking geopolitical significance and effective area of buoy, for
probabilistic analysis. Moreover, the sample sizes were set at 100, 200, and 400 by considering
the population size and a 95% confidence level. The final sample was obtained using the
two-dimensional stratified sampling method based on highly correlated water temperature and
air temperature. The sum of the squared errors and the confidence interval was calculated to
compare the result of sampling. As a result, this study proposed reasonable sample size for
infra-red signature analysis of naval ships.

Key Words : Data Reduction, Infra-Red Signature, Naval Ships, Ocean Climate Data,
Stratified Sampling Method
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Population

= Collect meteorological data from KMA
(Korea Meteorological Administration)

=  Finish gquality control

= Delete outlier

Reform meteorological data

= Allocate effective area ratio of buoy
= Consider geopolitical significance

= Random sampling method

L

Data reduction

=  Principle component analysis
[ 5 Dimensions -> 2 Dimensions )

- Determine sample size

= 2D stratified sampling method
( sample size : 100, 200, 400 )

=l

Assessment

= Probability Density Function (PDF)

= Empirical Cumulative Distribution
Function (ECDF)

= cCalculate sum of square error

= Confidence interval estimate

Fig. 1 Study Scheme for Sampling
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Fig. 2 Normal Distribution

Table 2 The Monthly Number of Measured Ocean Climate Data in Each Buoy

1 2 3 4 5 6 7 8 9 10 | 11 12 13 14 | 15 | 16 | 17

Jan. | 732 | 70 | 737 | 714 | 519 | 738 | 492 | 685 | 640 | 662 | 698 | 66 | 6%6 | 76 | M0 | 568 | 713

Feb. | 668 | 561 | 667 | 630 | 331 | 671 | 666 | 637 | 5%6 | 668 | 998 | 660 | 637 | 672 | 660 | 630 | 660
Mar. | 736 | 72 | 742 | 743 | 740 | 742 | 742 | 74l | 70 | T4 | 519 | 739 | A2 | A3 | T3 | T4l | T4
Apr. | 715 | 718 | 717 | 719 | 717 | 719 | 719 | 720 | 718 | 715 | 70 | 719 | 718 | 697 | 718 | 710 | 701
May. | 736 | 740 | 739 | 73 | 72 | 73 | T2 | 70 | T2 | 730 | 736 | M4 | T | TA | T | T2 | T
Jun. | 716 | 717 | 17 | 715 | 683 | 719 | 714 | 714 | 716 | 690 | 718 | 718 | 715 | 718 | 718 | 708 | 108

Jub | 728 | 741 | 43 | 3B7 | SR | 677 | TO7 | T4 | 738 | 597 | T4 | T | AL | 738 | T4l | T | T3

Aug. | 742 | 738 | A2 | TAL | T2 | TMA | T4 | A2 | 660 | 27 | A3 | A2 | 738 | 739 | 79 | T2 | 42
Sep. | 77 | 710 | 719 | 717 | 720 | 719 | 715 | 717 | 712 | 720 | 719 | 56 | 716 | 716 | 714 | 716 | 718
Oct. | ™1 | 76 | 70 | 70 | 73 | 731 | 737 | 741 | 73 | M2 | T2 | 672 | T3 | 3 | 7l | 739 | 743

Nov. | 699 | 720 | 694 | 715 | 717 | 716 | 571 | 717 | 718 | 714 | 712 | 714 | 711 | 709 | 631 | 74 | 699
Dec. | 734 | 734 | 693 | 741 | 740 | 7 | 733 | 737 | 727 | A3 | A3 | 740 | 743 | 740 | 703 | 731 | 710
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Table 3 Reduction Ratio of Buoy

Buoy | Hazard | Area | Multiply | Ratio(%)
1 15 | 93 140 97
2 15 | 96 144 108
East | 3 15 | 64 960 67
4 15 | 59 890 62
5 15 | 19 290 20
6 20 | 28 560 9
7 20 | 52 104 @
8 20 | 40 800 %
West 20 | 43 | 860 60
10 20 | 65 130 0
it 20 | 50 100 0
12 0 | 32 320 2
13 10 | 60 600 2
14 10 | 41 410 29
South 2 0 | 97 970 63
16 0 | 53 530 37
17 0 | 97 970 63

_22_



Journal of the Korea Industrial Information Systems Research Vol. 23 No. 2, Apr. 2018 :19-28

Table 4 The Monthly Number of Reformed Meteorological Data in Each Buoy

_23_

1] 2134|5678 ]9 10|11 |[12]13|14]15]16]|17
Jan. | TI0 | 62 | A% | 443 | 104 | 283 | 34 | U | U | 57| 49 | 153 | 292 | 213 | 503 | 210 | 4%
Feb. | 638 | 578 | 47 | 391 | 66 | 262 | 4%0 | 357 | 358 | 601 | 419 | 144 | 268 | 1% | 449 | 233 | 449
Mar. | 713 | 764 | 497 | 461 | 143 | 280 | 534 | 415 | 443 | 667 | 383 | 13 | 312 | 215 | 506 | 274 | 56
Apr. | 604 | 740 | 480 | 446 | 143 | 280 | 5I8 | 403 | 431 | 644 | 504 | 158 | 302 | A2 | 438 | 43 | 477
May. | 714 | 762 | 4% | 461 | 148 | 200 | 534 | 414 | 45 | 657 | 515 | 164 | 312 | 213 | 504 | 275 | 49
Jun | 6% | 739 | 430 | 43 | 137 | 280 | 514 | 400 | 430 | 621 | 508 | 153 | 300 | 208 | 488 | %62 | 481
Jul | 706 | 763 | 498 | 21 | 116 | 264 | 500 | 417 | 43 | 537 | B2l | 163 | 311 | 213 | 504 | 270 | 501
Aug. | 720 | 460 | 497 | 40 | 148 | 200 | 528 | 416 | 396 | 664 | 520 | 163 | 310 | 214 | 508 | 271 | 506
Sep. | 6% | 31 | 42 | 45 | 144 | 280 | 515 | 402 | 427 | 648 | 503 | 129 | 300 | 207 | 486 | 26 | 48
Oct. | 719 | 758 | 496 | 459 | 149 | 285 | 531 | 415 | 441 | 663 | 519 | 148 | 312 | 215 | 504 | 273 | 506
Nov. | 678 | 742 | 466 | 443 | 143 | 279 | 411 | 402 | 431 | 643 | 498 | 157 | 299 | 206 | 429 | 20 | 475
Dec. | 712 | 756 | 464 | 450 | 148 | 200 | 528 | 413 | 436 | 660 | 50 | 163 | 321 | 215 | 4@ | 200 | 43
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Water Temperature (°C)

5 10 15 20 25 30 35
Humidity (%)

10 20 30 40 50 60 70 80 90 100

Air Temperature (°C)

0 10 20 30 40
Wind Direction(®)

60 120 180 240 300 360

0.14
012
0.01
.08
0.06
0.04
0.02
0

ASTD (°C)
/
r
"f" .
o

Wind Speed(m/s)

—— 5045
-0
- =20
400

o

5 10 15 20 25 30

Fig. 7 Probability Density Function Result of Population and Samples

_25_



A Study on the Sampling of Ocean Meteorological Data to Analyze Signature of Naval Ships

2 (43 2o

KN
=

e A@st 2ok,

o~ 1
T

3}
=g

B
i
"
J
"
paal
ﬁo

(ECDFp;,— ECDFy)*

(4)

—

T

_I;n

(2)

n
Elrlét
=1

1
ny

F,(t)

Agzrel 4, ECDF,%

X
Nr

oot

N

At

S

Table 79 A&

23
i
®

J-

"
st
To

ATt

[e]

d

oA = A

o]

o)
=

Temperature

Sea

L= HAIr

ol

4r
Hlo

Difference, ASTD),

Table 7 Statistical Value of Standard Square Error

8416
ey o =
=|121212
o|z/gle
=38
z|3|E|E
mE SIS
<28
<3S|E|S
N
=338
===
02K
o %O
do W
o
T
W o
e oo
B o
NF
el
vﬁ@
S ORT
T R
mMﬁOAT
S
;0U
Foar iy
o A mw
o
P %o wr
ﬂAﬂ
o
,ut]o?
T X
N T
o
= T

Fig. 761 H. At

=B

5

WA
ol ™
N NL
il
w9
AO
=
- o
dl —
)
oR T
Mo
o
[ .
N
R 2
% T
w =
axe)
2} ..;L
N
~E 8
M
o
5
s
!
T
v
&}
—|I&
\F
2
e

o]

ge A6 2

ol

A7NA, f(x)

(5)

Vi

= p— X=+ 20025

+713]

Z
gl

5 At v

e
fuse)

2)

o
)
2
)
<

=

H
0

2)

o)
w2

NI

)

Aol 2(5)
o 32 Wl

94

H

—_
o

42 ¥ 21t

23!

o
H

e}

2)

e
i

22

e
_ZT.c
N

7} 100, 200, 40071 2] 3%

ks

2\:;

N

SERS

(Sum of Square Error)}

‘<;5ﬂ]—

@.7el

Table 9°| Zt

e

s

%4

(Confidence Interval) 2]

)

il

oju

_26_



119-28

Journal of the Korea Industrial Information Systems Research Vol. 23 No. 2, Apr. 2018

Fol 100, 200 ~12]aL

S

% A

bt

S

Al
&l

Table 8 Difference of Average between Population

40070 = A4

and Sample

TR oF Ao
o
L
N B X
B 8%
ﬂ_lﬂ_oloE
dﬂ&o "
AT <o .ZT ﬂH_
R st
o
BN
" ohzvqmo
B w o
o )
e o
B 9 o
To N Eﬁ
3 of
o Mo R
mﬂmoﬂet
iy NTONE
= ==
B A" D
o<t
ARIHE
[l lel e
NVIMIO
2343
IO
O —
T1%|5|2
— OO
O |00
CI5S|8
O|IO|IO
NS
=lnel2
O|IO|IO
nlololo
SIS

el

)
"

pzel
K
o))

2

No
e

)

w

Table 9 Result of confidence interval

oy R o
R AR T
<~ = N
0
vﬂﬁmw
R I
=M m L
L, <2
S o
Ao rj JIJ
oo = ﬂoz_
o X o
%o
woR g0
N oRm NN
K N
dﬂwm,;_%wl
w0
o B
Mool e
= B% Ak
AR =
1o o oV
o N B
my wr Noo e
ISR
=S|s|S
alif|3|&
N
o K IN| B
Al os ||
SIREIES
< =58
SRIRIZ
=5 S| S
nlololo
SIS

1100, 200 7] 31 4007} =

3]

Table 8ol A

4ol #9)

3}
=

AL Atk whEbA

ol
=

HolA]

} 2] 9k Table 9°] ZHA

5|

3

Fol 100719

5

SN A2k} v g e

4]

gol Aol gk ol &

e

o
)
B

AA- Az A

SRS BEE

A7 A

2

o

T4
il

sl
ZS|

)

3}
=

}o]

d|

il
-

—
o

Nr

il

FEED

13
=

Aol A=

£

¢+
i

B

ol

)

o g o tt.

o O#D

oy

w0
)
(&)
c
)
—
)
QS
)
o
W oE
Moo
W
el
o o
N Ho
—_ =
<R
!
o
W
X
Toxe
N
W &
ol ©®
ﬂ%o
2 3
— 0
N Eo
o T
ﬁTI —
o T
=
—~ O
— A

[1] Cho, Y.J.,, “A Study on the Management

Methods of the Ship Infrared Signature,”

A A

=
=

|

Journal of the Society of Naval Architects
of Korea, Vol. 50, No. 3, pp. 182-189, 2013.

[2] Cho, Y.J, Lew J.M,

“A Study on the

el A4

o
a-

s

3

Sensitivity of IR Signature of a Ship

according to the Meteorological Environment

Journal of the Society of

”

of Korean Seas,

Naval Architects of Korea, Vol. 42, No. 6,

pp. 679-685, 2005.

ﬁo

|

B

_27_



A Study on the Sampling of Ocean Meteorological Data to Analyze Signature of Naval Ships

Effectiveness of Ocean Meteorological
Variables through Sensitivity Analysis of
Ship Infrared Signature,” Journal of Ocean
Engineering and Technology, Vol. 27, No.
3, pp. 36-42, 2013.

[4] Kim, Y.S., “A Study on the Infrared
Signature of a Naval Ship wunder the
Marine Climate,” Journal of the Society of
Naval Architects of Korea, Vol. 49, No. 3,
pp. 264-272, 2012.

[5] Han, S.I, Cho, Y.J. “Feasibility Study on
Sampling Ocean Meteorological Data using
Stratified Method,” Journal of Ocean
Engineering and Technology, Vol. 28, No.
3, pp. 254-259, 2014.

[6] D.A. Vaitekunas, “SHIPIR/NTCS: A Naval
Ship Infrared Signature Countermeasure
and  Threat
Proceedings for Society of Photo-Optical

Engagement  Simulator,”
Instrumentation Engineers (SPIE) Infrared
Technology XXII, April 812, 1996.

[7] D.A. Vaitekunas, “SHIPIR/NTCS: A Naval
Ship Infrared Signature Countermeasure
and  Threat
Proceedings for Society of Photo-Optical

Engagement  Simulator,”
Instrumentation Engineers (SPIE) Infrared
Technology XXII, April 8-12, 1996.

[8] D.A. Vaitekunas, Kim, Y.S., “Climatic
Data Analysis for Input to ShipIR,”
Proceedings for Society of Photo—Optical
Instrumentation Engineers (SPIE) Infrared
Technology XXIV, 2013.

_28_

% & A (Cho Yong-Jin)



