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Recently, tunneling under the seabed is becoming increasingly common in many countries. In Korea, there are proposals to tun-
nel from the mainland to Jeju Island. Safe construction requires geologic structures such as faults to be characterized during the
design and construction phase; however, unlike on land, such structures are difficult to survey seabed. This study aims to develop
an algorithm that uses geostatistics to automatically derive large-scale geological structures on the seabed. The most important
considerations in this method are the optimal size of the moving window, the optimal type of spatial statistics, and determination
of the optimal percentile standard. Finally, the optimal analysis algorithm was developed using the R program, which compre-
hensibly presents variations in spatial statistics. The program allows the type and percentile standard of spatial statistics to be
specified by the user, thus enabling an analysis of the geological structure according to variations in spatial statistics. The geo-
technical defense-training algorithm shows that a large, linear geological lineament is best visualized using a 3 x 3 moving win-
dow and a 10% upper standard based on the moving variance value and fractile. In particular, setting the fractile criterion to the
upper 0.5% almost entirely eliminates the error values from the contour image.
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[Step 1] Extract contour information by grid

Digital map

[Step 2] Data posting and spatial data exploration

Data posting

Exploratory Data Analysis
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(1) Step 1 : Thst Az 54 AH 5
FRA YT = SAAR S (contour map)S A A (grid)=
wrol 9=, Axet A S whe TR At o

Decision of data grid spacing

Mean

Dispersion
Standard deviation
Skewness

Kurtosis

[Step 3] Moving window setting & local statistics calculation

Decision of window size

Decision of local statistics

|

Coefficient of variation

etc

[Step 4] Create indicator map

Reset reference cut-off value

$

[Step 5] Derive optimal geological structures

Contour Map
Symbol Map
Statistic Posting

Fig. 1. Elicitation procedures for analyses of geological structural lineaments.
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(a) Contour data

Fig. 2. Sample contour data and data posting.
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(a) Minimum values

Fig. 3. Minimum and maximum values of sample posted data.

ZF4L& 10m, 20 m, 50 m T2 A|geict.
@) Step 2-1 : FlojE] T2E TRE Gl

7+ A= tigk oJslE flsl A 37k A3l b
B(EAAREE posting H}. Fig. 2-(a) @S] 43
A@o] 3L, Fig. 2-(b)y= %S 37Vl £203 A
ot tloly XAHE RS A sk=t o] Wiy 5
83 Aol o] HAL HlolEe] AA|7F ZARE A,
tloleel] eF/7F EFEJA=AS] ARE et 5 A g
oh g 2 o el A2 gkt 2 wie] 749l
EHS]- El-/\ﬂ o "‘Egtﬂ— ]q_

Fig. 32 HJizlat A4S X214 dolgel] EAIS A
o|t}. Fig. 3-(a)ZFH E-H(north-south)oll X8t Hlo]H
72l FH(troughyS EAT 4= A3, Fig. 3-(b)ZFEH G55
(southeast)el] 2 #to] AT & 4 Aut. o|fs A=

ek S ARl ek osle Eolr olF B4E &

w, Azl

T4 &7 1ms 112 81 75 1M15 M8 129
+ +

70 03 111 132 64 @4 108 113 123

+ + +

a8 94 110 118 108 73 107 1A 127
+ ‘ + +

+ + + - +
B2 86 101 100 113 78 102 120 2
+ + + + + ‘ + - +

B3 A% @O0 %7 101 88 72 128 130
‘ +

B0 83 B7 94 93 95 e 139 145

+

Be T4 108 127 143 @™ 52 138 144
+ 4 ‘.

- + + + - +
100 47 111 124 108 O 88 134 144
+ + + + + - " + +

I 81 77 103 112 123 19 a0 111
+

(b) Data posting

1 114 120

. ‘ . - + + - - +
B2 61 110 121 118 77 52 111 117 124
+ + 4 + 4 + + + + +
B2 74 97 105112 91 73 115 'ITI![Q:E
" + + + * + 4 . +
B8 70 103 111 122 64 B4 105 113 123
4 + - + - + . + + -
89 88 94 110 116 108 73 107 118 127
+ + - +* + + . - + *
77 B2 86 101 106 113 79 102 120 121
- + * + - “ - - + -
74 80 BS 90 97 101 96 72 @
* * - - + + . -
75 80 B3 87 94 99 95 48 @ uﬂ
- + + + + + .
77 84 74 108 17rfi'ﬂ 9
- + + - + - +
87 100 47 111 124 109 © ga ﬂu
iyl S Al il <ol

(b) Maximum values

vE27 Feshed & =] ok

(3) Step 2-2 : B2 A5HA(EDA)

F2gE Age] gigh @S 93| SEEaf(EE B

X)), A28 (box plot), A& L% (normal proba-
bility plotys-S 22t} of&d] o8 7] 7eE AR
A8E Qo)

(4) Step 3 : °lF AR =2 FA

K

©]%5 & (moving window) 7I'd-S A-&3led Z+ <] dlo]
EHZ5E tjekst geje] 24 SA 3 (local statistics) s
T} oS o], FAEAFOZE 4 Hf(local mean)
I} =4 qFHAK(local standard deviation) 52 L& 3}
=4 Bt 37 AR Sl g E S setelet &
0] HaL, F4 FFHRRs 37 AL/ (spatial continuity S

ZH(moving window)




w

70 ded

12
ol

F=dl vl$- F23 SAgeR AREL B oA
3 HEHA} B ope) gt S BARE Pl
ATt AT glels fls) OMUP =4 A
3= 740] 7 58391718 o= ;4\3’ Z};q,
S A= B9 I B Ao axZEAo)7| %
Fol modALS Tl HAHe =2 FARS Al

o,
V:tJ

S

M
1z
of

M
g2 f
rlo

2o 1o o & rr &
S~
X
ol

(5) Step 4 : Indicator 9 2Hd
A Step 30lA ek ThFel =4 BAIF B Aol
Wt o] o, & FAe] F4 FAFHE AT T
UL, o] F4 FAIF Xéﬁ% At A=Al W
= Atk A& & #Zﬁi}ﬂ 2 A9 3|
]‘33-9— Indicator B§ollA] A
S = —;24 S %75]] S ARSI Indicator WS
EH, t}eksl ]{Fﬂ(cut-oﬂ}— 14_9_0},4 AL Ao x
AFRAE 5%5]”{“3] 15 838kt webs 71Eake
FatAl HSA7IHA 5 4Eﬁﬂ &of] gt Indicator Y2
dgitt. WA Step 4TRSS 7IERks A8ste] WA

gl

LY

(6) Step 5 : HA AAF2A =&
ST AT theksl 71E3ke 2831 IndicatorS ZF

[[] V< 45 ppm
W V2 45 ppen

[ V<15 ppm
EWVvzi15ppm

[[] V<30 ppm
M V=30 ppn

[ V< 60 ppm
W V= 60 ppm

[[] V<75 ppm
M V275 ppm

["] V<90 ppm
B V290 ppm

) (e)

[[] V<105 ppm ] V<120 ppm [J V<135 ppm
.V2105ppm .VZIE‘.[)ppm W V2135 ppm
‘ I .

(h) @

Fig. 4. Changes in the shape of geological structural lineaments
according to various reference values.
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(c) High reference value(294.05 ppm)

Fig. 5. Change in the indicator map according to the reference value.
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(d) Very high reference value(634.01 ppm)
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(a) Topographic map
Fig. 6. Topographic and satellite image for algorithm application.

(a) Topographic contour map

Fig. 7. Contour map compiled by contour extraction.
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(b) satellite image

(b) 3—D contour image
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(a) Top 10% data (b) Lower 10% data

Fig. 8. Moving average search result (data grid spacing 10 m posting).
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(a) Top 10% data (b) Lower 10% data

Fig. 9. Moving dispersal search results (data grid spacing 10 m posting).

(a) 2-D contour line image (b) 3-D contour image

Fig. 10. Contour plot of the moving average.
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(a) 2—D contour line image

Fig. 11. Contour plot of the moving dispersion.

(a) 2-D contour line image

Fig. 12. Contour plot of the moving coefficient of variation.
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Fig. 13. Contour plot according to the size of moving dispersion.
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