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GIS-based Data-driven Geological Data Integration using Fuzzy Logic: The-
ory and Application
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The mathematical models for GIS-based spatial data integration have been developed for geological applications
such as mineral potential mapping or landslide susceptibility analysis. Among various models, the effectiveness of
fuzzy logic based integration of multiple sets of geological data is investigated and discussed. Unlike a traditional
target-driven fuzzy integration approach, we propose a data-driven approach that is derived from statistical relation-
ships between the integration target and related spatial geological data. The proposed approach consists of four ana-
Iytical steps; data representation, fuzzy combination, defuzzification and validation. For data representation, the
fuzzy membership functions based on the likelihood ratio functions are proposed. To integrate them, the fuzzy
inference network is designed that can combine a variety of different fuzzy operators. Defuzzification is carried out
to effectively visualize the relative possibility levels from the integrated results. Finally, a validation approach based
on the spatial partitioning of integration targets is proposed to quantitatively compare various fuzzy integration
maps and obtain a meaningful interpretation with respect to future events. The effectiveness and some suggestions
of the schemes proposed here are illustrated by describing a case study for landslide susceptibility analysis. The
case study demonstrates that the proposed schemes can effectively identify areas that are susceptible to landslides
and 7y operator shows the better prediction power than the results using max and min operators from the validation
procedure.

Key word : fuzzy logic, data-driven representation, spatial integration, geological information
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FIg. 1. Flowchart for fuzzy logic based spatial data integration procedure proposed in this study.



246 uhe O . X|YE

upHe goAlo] A8 ¥8 FHL AxA =ed), A oA
A AN B2 LA ] EAH A

gl

‘L

rlrJ

A F2L 98] $=¥|(likelihood ratio}s A4¥slx, T+
WA DAl $EH|E X A% Wiyt

A o2 A A&Fres o 7] g 718
% 7 A4, %L% ErE olg3le xEE 4 At
247842 Delta 7, Step %‘-’F,
Ramp g, S B 5 722 wedt dat o4
F ot BE o & voiAge] il § g4} o)
457 A Burrough and Macdowell, 1998). :LEM
A%, BEYE, A% 53 22 Uy A5 F

A Fee] A%y el Edlo] Brlesl] EHT
off FeRLoplx Bol AMEEE 44 F4E AdAE
oﬂg,] R o] A i

TS 2 5o d9ysid
ohE 2t o] A9 T HEHL ARl dis) #
oFgh A FHofslAl ¥ AYL FEIAAL =
Zojtt, Jrte o] BAdo] 7k AFFAEZHE #

HE 5 Ao, AALE ] Hokst A FellMe] F7kAL
o] 4L Al FHekalr] @& RAHeaje] F7t
A7) BT dblEe P oA doh ol 4F
Abefell "R st udkAl X elAe] Rz R
22 &E 37T UEE vidtt ofd Alzle] B4
Ao douiR] &g EE g ?4_01%‘ g9
H| 2 AojuE SRV ol#fd AlolE HPHom
BZIAZ 4 e Ade] itk (Duda ef al, 1976).

o>

A=P{Eq|T,}P{EqT,} )

T, et o5 i pi A

45}] FHeofs ]":]r o} 54 3 p= ARl il F
C 29 SRS 77 vehdch, 489%

A%, T,% T, & 77 54 3}

& poll 54 #8834 °] ST o 54 S pol
Reth = = 2z oiAE

718 FEYE] e dii Az, gt

- Chang-Jo E Chung - ¥H8%

AP £3} 7 AL Aue FoiEHg J+7g )
B3 Wy Z}EE Mgl ARgsigint. ey @
Y ARE HFY A2 0P P Frel &4

[e)

o A& & W] A B ArME A5F Aast
B AR «1 FEv] BHE RS ARSI
A By Aol emHle NEs BERSE A

2bstsiet. m7lH 4L JRe B3 BFY A=
EnollAl 718 ARAte) 2AzlEe] &5 BX
P{EWT,}, "IZARIES] FEFZP{ELT,}, $EH
MEw} & U3 o] 22k Aejsigtt

P{E\|T,}=[size of FNArea(Ey,)]
/[size of A—size of F]
P{ET,}=[Area(Ey,)-size of FnArea(Ey)]  (3)
/[size of A—size of F]
MEnd ={Ex{T, BTy}

714, Fie 71 A 24 Ao, A AT 7|
AAE et $8REW 5T 24Y 4

918l ol Fi 712 w8 B4y Ados o)

. o 18

shgivh. AwEo® Al AL A B9l 53 2
A} Ael, AEe) G AR B BE
PN

g olFA e A5} o)) W) ms

He] AARAQ AHBo] IE ALl wrl o) H]ésﬂ
E]U/\x uc}tg% 1:1/“2 _7.3}7_11,]. _;(4 ﬁ-g a3

7k @3 AaERE dEes FEURE A
Ao, o] & WY A WS AE Ard 7Y
P2 AN F A el FHo= 49 %
£ Ux EXE Altsie 9ol sigE th(Parzen,
1962; Silverman, 1986).

NE AN B AAF X, AW EaE

e AAE X, 54 d5¥ NES E, oy ¥
W A k(- )E oMl AdtEE B UE B

¥ P{EyT,} 9 P{EyT,} ¥ $=H A{E,} & o
o3} 7t}

— 1
P{E,T,}=
{Ea(Ty} size of

sz(ECk(X)_Xx)

1 A-F

P{E.(T,} =mzk(]§u(x)-xa) @



HA] olEg olg3 GIS 7Nt ARHRERF AR S olgn &8 247

MEc)=P{EqT,}/P{EqT,}
H.dzsﬂ Azl BHH wRPHE 83EEA)

B8 249 2$ 99 Aol Fe 7120 wag 3
» x1 o2 fAlg,

EHIE [0, 0]9) B 7 Hid), Sk 1
not B4 2 5590 59 AR 4 15
¥ onjan, Ltk 424% WA sfsao] we
AL Sugrh WA AEUSE (0, 119] e shAck
s dlge] PENE HA 2EgEe] WaHgol

= = o o
andie oIF Ao 229 slsl WA olg
sl Sl HAedow B AE4E MBS
We=AA1+A) %)
0.0040
(a)
0.0035
=4 L
% 0.0030 remaining areas
E —— landslide areas
S 0.0025
§
€ 00020
2
< 0.0015
£
2 0.0010
w
0.0005
0.0000 e
[} 10 20 30 40 50 60 70 80 90
Slope
3.5
(b)
3.0
25
o
K
o 20
Q
2
5 15
X
-
1.0
0.5
0.0
0 10 20 30 40 50 60 70 80 0
Slope
0.8
(©)
0.7
§
5 06
g
3
g 05
B
& o4
€
2 o3
=
¥ o2
'S
0.1
0.0
0 10 20 30 40 50 60 70 80 20
Slope

Fig. 2. Fuzzy membership function repreastation; (a) two
frequency distribution functions, (b) likelihood ratio
function, (c) fuzzy membership function.
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Fig. 6. Fuzzy inference network designed for this study.
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