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Image restoration of earth resistivity in Jeju area using ERT
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Abstract Using ERT, the ground resistivity underground model of Jeju was divided into four regions and
imaged. Owing to volcanic activity, the Jeju region has a complex land structure composed of various
soils and is divided into four major regions. The simple method used when designing the existing
grounding system is the method used under the assumption that the underground structure is a
horizontal multi-layer structure. For grounding design in Jeju, this method is unsuitable, and a more
precise underground model is required. The underground structure near the Jeju Provincial Government
Complex, which was selected for the experiment in the dark brown volcanic ash region, has a structure
similar to that of the horizontal multi-layered structure, but in other regions except for this region, the
underground structure and the earth resistivity distribution were quite different. The earth resistivity
underground image restoration method using ERT can be a necessary tool for earth resistance design in
places with complex underground structures and various soils, such as the Jeju area. The Wener method
was used for data measurement, and the Gauss Nettown method was used for the inversion algorithm.
Considering the measurement error, a noise of 3% was added to the measurement data.
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Fig. 1. Soil map of Jeju Island.
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Fig. 2. Wenner measurement for apparent resistivity.



SHARSH7| &38R A A2238 A8, 2021

Bstol Ao SHY 5 9l o] Bl #5
2 AHE AR AYAZE o538 =, a7t 1(m]
A AHn=1) 7, a7} 2[mlA BHn=2) 47}, a7}t
3[mlQ BHn=3) 1719 Z4FS 4 5 Qlrh

H]—o(}:O

3. Guess—Newton M2 i dn2E

At A Bdof A hRAFES FHEA= 7124
o7 &£UEA(forward problem)Qt FHEIRREA|
(inverse problem)® €t EHFEAl= o]Hol
TP8PAY olFo] AL HAATES AR5t
Poisson ®7A0A tA] #|s} 9 A A S] A4S F
=t 9YFEA= AL A9 39 A9 H4
AF A= a3 4 JIEE oot S B0 o
AAFES Ak, ol2et IFL APt sl
ﬂEﬂ 2 74 wHEEC

E A% A9 ARG E B2 AT (image
reconstruction)& 3 o222l At &4 HY
9] QA &0l G4 WS FE5t A7) FE5
Z& o 3HE SEAT 474 thAANT E29 I
A& ARgel] St FAF BBHoR TLS(truncated least
squares), SIRT(simultaneous iterative reconstruction
TSVD(truncated
decomposition), Gauss-Newton®'H&°] Ur}H4]

AollA AT FFEAD WHES vln B4 A3t
Loke®} Dahlin Gauss-Newton B'#o] o2 Wi
of Hlaf| X7 A}, 48 &£59 HolA AEo=s
2 A5< Bty THESHHUCE[5] Gauss-Newton'd
oA FaslE]ojof Stz EHF = A(3)F Lol A
Fgo g AojErt.

technique), singular  value

OIN

N (d —f. 2
Py= Z(%(p)) = I(Da—fp)II3=a
, Dzdmg{j—l, }N} 3

o714 d 2 f(p) = 27 SRR dole BY &g
gols] D Holel 7154 #¥L vehint. o] 3
2, A3k o] Fo10 B AKILE Hasite] B
@ p2 etk 4B)Z FolAt BAUSES Haokt
L BAL et go| mAE & 9tk

o, =[f ()I"D'Dld-f(p)=0 @&
A4 Ago] ofJBER thgF} Zo| HhE AYsis
&l Foh

D) (ppi1) =0, (p)+ 2, (p)pp 1 —pr) =0
©)
o714 (15(1”% Hessian 3do]H, thea}t Zt},
o, = [f'(p)"D"Df (p)+ [ (p)] {12 [d—F(p)]}
©

olff ® + Kronecker ¥ #< YeRALt

7 (p) 2 Axkstr] ojga Aoz z2 ool
2, 9 349 & B g2 dutdo s BAH 1
2 Hessian ¥E2 th3 2t

o,/ = [ (p)]"D"Df' (p) @)

A9 AES Ao thedt 22 ATE IS &
At

Ap = P~ Pr :H_I{ST[d_f(Pk)}}

®

o714 Hessian 38 H& th33} Zo] #AEHI

H=S"D"DS ©)

SE Q459 Ak (sensitivity)o]H, o] RFH|QF
(Jacobian) ¥E& Yelx, 7+ &2 oha3t 2

of.

S = J;p(Jp) (10)

Gauss-Newton WHolAl= BlAY 49 AFstet
Hessian PEO] H|AX|HO 2 Q15 REZF Qx}Z Ql3|
HEAHE Z D717F HA gtk E3], Hessian 3
o] HYAGL IPEE AL o Bt A9E
zHot JFEY 452 AT ol EAE
siast7] flste] Rt o] EXReo] At
(regularization) T2 ZESFAZITHG]

o=, 438, = ||(Dld—FEDI 3 +A|I(Cp=py) |1 5

A71A py = APAAAE S8 DRl xwEo|1 gi
24 7R gEE Uit g4 54(Lagrange
multiplier) A= 293 Holg g &=, + AP &

Agtet=r] AL dutdos 2ugt ¢, L Flo]E
ng 8 ot Zon Holes EEHAF HolA 2 H

Gauss-NewtonH'H& AR8SI] p,4 = pp + Ap,



ERTZ 0|83 AFA Y AAZE 945

2 sl 8 Haskies
s ol d thest gol B p,,, o <%
o] FL nol EgEol Yok A4S dlolge
4129 o] EAF 5 ALH7.

d=f(py,.)+n (12)

4. HFEXY AYHOH £ 2 HXNSE
Xolgd 8=

AP AFAGE 47 AP0 2 BRI &, A4
HISRISE, SAZASHIBIE, S SKISIE, 4ok
KIS Eof gt iAATE Aot A 2234 FdEd
o= AAJskSiTh

olg Hdfl o]ZAY, TEFAAY, oA, A
ARA] 4A9E d™sto] AES st 234
gAREs FAELsH| gt dloJEE%2 Wenner
S ARESITE FAEDS Gauss NetownHES At

st3len, 4(12)¢] Aol 3%9] ol=

O O
T

T
[T
a0 63 7 100

10

£ Wste] 294 OF) Het RS Mejsignt 1
o3 A(1D9) Aoyl 752 AS 3002 1yl
g¥e Agsack

Fig. 3a, b= °]2X/99 Z73& Ho&e} o]=7}

7 Elol8 1211 Fig. 3ce S HAAsHREo]
th 0|3 A2 HSMISES] thet A 5] ffsl A

g Qlt}. HISHIS| B AlFEReL A9 Fiotrte] &
Asto] Exslal Q). Fig. 3colA & 5= %ol diA7}
Zo] EolZE AN EC| Hahslks AL Hof 1
Utk ol= sikAHooj A A7} Zlo| A HA] HGtEO]
FEFE 7K AR AT & Gt AEH 2 =&
9] 1185004 18%= Atol9] A AFEo] Hfzoz
o}, 28y Fdigho] 158 2m ol g HRIAZo A
7t Q= Aoz dodd.

Fig. 4= AFAl SEHAA ol thigt hA = F4
Eo|t}, RAFELS REJAME &1 Zo|7} ZlojF
TE 7S 1 & 5= 9tk o] 9L LAt
3 &of tigt APS ol A=At sAAA sHitE

= AFEd] 7P WA 225k gl HsHiEE
o HatdA =R AXHoZ ExEo] Qlrt.

12 14 16 xin i)

2

0 4

| — '
1 1
2% 28 2

7 1 A B
Fig. 3b. Measurement data with 3% noise added

2

i

16 25

Fig. 3c. Earth resistivity and subsurface model of Tho area.

43



SHARSH7| &38R A A2238 A8, 2021

064

132
183

253
zin

35

a0 63 79 100 126 158 200

Fig. 4. Earth resistivity and supbsurface model near Jeju Government Complex.
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Fig. 5. Earth resistivity and subsurface model of Aradong area.
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Fig. 6. Earth resistivity and subsurface model of Seguipo area

e e b =i
o w K W

e e =} I
o K K W

Of

dolH24u FYRAL o|zAG FAF WHO  Fig 5 AFA| ol o] et Az yEY
2 SgEglon 248 qojs 19e Akt B8 olth o] AL Jushislme] et ARe g Ad
Aot HolZm ik, o] Mo BRIt  Hoirk Z4 SBEL AFBRAGeIAE FULA
shito] Esgt Sretito R iE WolH Qlojd We A5t BMIEESL AMKSMIEIE Aolo] Bust FHA|%o]
o o] EAISHA ke Ao MAlth AXE Ak Aoh ShslEe} Ml §A HAHoR By
£ GA7 ZolAMA 12A SR AL B Stk of AUtk dolEE4T QARYe A7) AT 2
2L 2000 Qm o FAAFONE BAVF = A WOR S SAANLUSAISEA A3 vlszepA]
o gk A7} Zlo] Sojg4E Y Ee] FrkoHe RS B

44



ERTS o83 AFAY JAAYE G5

=

!

of 1 k. T=u AFEL 5009 2m 7] F7F

S AL B 2 91 QAAYE BEr vEx] i)
ol

B2 22 omolEAsie Zo® st o)y
Ao o] HAAFL ABY Aol wEsHe A4
B2 T87] AL Al T} ofefeo] WY 4
£ 9& Zo® yejEt

Fig. 62 A7IZ ARFA| o] that ALY Gy
oIt o] A% gl spsiEe] A 4Be 9

|9l Alob) SMIIEE BeMES SO AR
cjol wxsiol Qlek. ol=43 GuRge ve A
A3} 2L Yo Sty AAHoE AR 2

SF2 =2 YXAFE (FI 40009 2m)ERLE

Y3 Qick AAAZ SuolA: st glor 4
242 B 4t F HAo] A AFAY o] B

3}

5. 2

rhu

2 =2oMe AFAHe] qAXFE AtEde
ERTS ol§sto] 22 4= Jﬁ}‘;’iﬁ} glolE57g2

A AREs e AQatdare}E2 Gauss Netown
He ARESIITE SAHAE st FE2 S0l

>~
2,

Elofl 3%2] ko]=E Hrietirt. d2|al JPES Al
< wfofl Hessian €9 BIHA £AE it #1et
gHos Hrkd 75%5}6&94 KA A 3022 3
o o] A= ofF Wo| A S8 M mEAd g
o= AEet Aot

A2 AFA 9] BEFdEel wet 4] Aoz v
ol AAlsklet. A9delM & 4= Qo] AFAI99 A
ARGEAA= 7189 ZreRet AAAZATEEO R 44
FES & 5 AT 7129 TERE 2 Hix 9] A5t
TR} F2 8 gdEes 7MY ool A85ke W
A]o]\:]- l"—°1'7“\_}]§}*}§JEX]°ﬂ Ni‘g_g_ _C,)_]sH A= x]ao}
AREA ] A 0|9t Hlsdt 25 HolA Rt o]
AAZ A2l thE A= A3 51 o Alshxt
HAAGE 225 Holal Sl

ERTE °l-83%t tiAATE A3 d5ddH AF
A} Zo] RSP F7} BRsh Tt EYER 14

oA HJAAFEA Al B9 =2 AR 5
Achal wehEh

45

References

[1] Keon-Bo Shim'Won-Bae KimGil-Mo Seo-Geum-Bae
Cho “The Variations of Grounding Resistance of the
Vertical Electrodes by Soil Models,” Jjournal of the
Korean Institute of [lluminating and Electrical
Installation Engineers, 26(9) : 57~ 63, 2012.

DOL: http://dx.doi.org/10.5207/11EIE.2012.26.9.057

Gi-Won Ko, Jun-beom Park “Volcanic activity in Jeju
Island,” /. Geol. Soc. Korea, v. 49, no. 2, pp. 209-230,
April. 2013.

F. Dawalibi, “Barth resistivity measurement interpretation
techniques,” /EEE Trans. Power Apparat. Syst., vol.
103, pp. 374-382, Feb. 1984.

Sanwar Ahmad, Taufiquar Khan, “Comparison of
statistical inversion with iteratively regularized Gauss
Newton method for image reconstruction in electrical
impedance tomography,” Applied Mathematics and
Computation 358, pp. 436-439, 2019.

DOI: http://doi.org/10.1016/j.amc.2019.03.063

M. H. Loke, “Electrical imaging surveys for
environmental and engineering studies—A practical
guide to 2D and 3D surveys.” Short training course
lecture notes, Universiti Sains Malaysia, Malaysia,
1997.

M.H. Loke , T. Dahlin, “A comparison of the Gauss—
Newton and quasi-Newton methods in resistivity
imaging inversion,” Journal of Applied Geophysics 49,
pp.149 — 162, 2002.

DOI: http://doi.org/10.1016/S0926-9851(01)00106-9

T. Hohage, Axel Munk, “Iteratively Regularized Gauss—
Newton Method for Nonlinear Inverse Problems with
Random Noise,” SIAM Journal on Numerical Analysis
47(), pp.1827-1846, 2009.

DOI: http://doi.org/10.1137/080721789

I:I

P
(=]

ZI(Chang-Jin Boo)

r>-
fon
rio

+ 2003¢ 2€ : AFdEgn A7E
stk (A

20074 24¥ : AlFdsty d7)E
sk} (FEEkah

201494 3¥ ~ &4 : A=A
sty A7Fsta 14

.

EAED
PR LE A, AntEIR|E, AojAAH



A1 & 88 =R A A22d A8S, 2021

2l & ZHo-Chan Kim) [Hs)2]

- 19894 29 : AETSHL AoiA
ZgshKEoAD

£ 19944 29 : AL Ao}A]

R L)

20084 2¢¥ ~ 20094 2¢ : vl

S DERUEE RS

£ 19954 99 ~ @A) : Aot

A7) 8okt wh

TAEoR

AR A, HAA L HA, v &g

Z 9 HM(Min-Jae Kang) (=59

£ 1982 29 © AlgTet 1B

STHE A

19914 29 : 0] Fole] 7]

BSTHF D

+ 20039 29 ~ 20044 29 : "=
LelolFyrys: RIS

£ 19924 39 ~ @A) : AFehetE
A 1

TP
", ERTEAEY, A2 44

46



