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Abstract
Geoel ectrical resistivity data is used for estimati
estimate the depth and true resistivity analytically, t
The approxi mati on relies on many par ameter s as t hle h
Conventional interpretation algorithm mostly uses the f
|l ithol ogi es. Here we presented ResinvANFIS v1.0 soft war
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i n a J|line. It i s t he si mptlheisctk nasd aodttrasg mmesirstciavi t
arrangement . It or modi ficeaerani orfs itto, olpas mberent lues erde
widely in UK, USA, Canada gmds ,fgWQhtther ountries. For
depth exploration usi ng t he Wenner spread, t he,
. . El ectrica resistivity
exploration are mapping, the spacing remains constant
elineating ater al and verti
and al | four el ectrodes arelmovedDetI e_cltrodes areh
. eol o . etaile sur ve as
expanded about a fixed centgre,, |gn_ycrea3|ng tq'te spac)fng i n
. esi sti ty meter IGISIRD 3.
steps. I n mapping the apparent re5|st|V|ty for eac arr a
. . . ) ighly reliabl.,e equipment, v;i_t]
position is plotted against the ce tre of . the ng)read.
: eda r ent. Thi s DDR3 resi st
Wenner array on particular e €ess I nstrument
. . . ma i un|ts. such as Cfulrrent un
sensitivity, and reduction of data s marghlna ¥ easi el
. measuregs the Kpo enti al
The equation for caICLquaJtallrsgtg)eometrlc ffactor
_ potenti al el ectrodes as al so
2 a direct di splay over digital p
Schl umberger (,‘0/7f/gurart/'onCurre”t unit is to send the c
. . o0 the subsurface. and. t he 0
This differs from the Wenner con?lgurat|on i n P
. accur%te measurement1 of ot
placing the two current el ectrodes with a muc |l arger
. dls%lays it .
interval t han t hat bet ween t he t ' wo Il nner potenti al
electrodes. The current and potenti al

I'n Schlumberger confi gM@dae i b OtfhecORGYWGEihpg metals
electrodes are denoted by At @&ld &t Gyhi | @7 & @0 Do eingd atf 0
electrodes are denoted bythModgd welltHdsyhatteda¢ables
bet ween M and N may be dens(j/etdwdorye bF ywtcitlj @ niant ey eal
AB/ 2 is denoted by s. The fte\z\PatreelDethrrqdpetsi OAhB may be
pl aced as i nner electrodes, and t he t wo potent|al
el ectrodes M and N as outerFlg' ! shoméss th‘?’h owchart
arrangement has the advantagoefttwh lp?%rlt Pgece

e
m dlng,
l ong current carrying cabl e%? may % i e%rograms are d
o}

a
0
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For this array, the geometrto daecft e (lt()ne'sparameters (

K=( AB MN?*) 2 MN permi ssible error). Step (2)
data usd mgot fippdsalt abut t on (wher

In a survey with varying, elegtiodeagPachngd ahpgltdn:
operations wi t h t he Schlumt%eergerreqangg r‘?’ié&iffye}shtgert'he '
r.e

because all four eleCtrOdeShromgi'thq%pdt}%?ank?Jttao_rnr.ayStaep (3
moved between successive OPﬁSrY"ﬁt\/e?@?bnbﬁﬁgefvrlitthhntthteo me
Schl umberger array, only téteeneorutelrse%nq/sergggﬂ ttﬁ)atbeit W
moved. The Schlumberger arrfayda{g al so said t o be
superior in distinguishing | ateral from vertical wvariat
. . . : Soft ware Fun.cz‘dona//.z‘/es WO{,
in resistivity. So the survey was carrie out "in "0u ST |
area with Schlumberger ConfigumRESi dwANFI S was created u
Due to different geologl%al slenttteirr{gasceth(eGLélo)ftv(\)/zftreM'A‘Tl
uses multilayer model to e vPad ukageetmaestlﬁ?%'ilngsegegr?getdruues
. S MATLAB and . work. . as a stand
resistivity. As the variations n resistivity with resp:é
the geology is much | arger todé)gvtsi'_malttte'iSt.W”I'tttﬁgntlﬁ)é'gng
computing al gorithm i s detsr}egneecpt'troe P19 9™ 'Phe®XCECU
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(A) Symmetrical el ectrode arrangement of Wenner array,
Table 1. Resistivity variations for different geologica
S. NO MATERI ALS RESI STI YAMD Y (
1. l gneous and Metamorphic Rocks
Granite 51 a6
Basalt 1616
Mar bl e 162.5P10
Quartzite 162.5PF10
Sl at e 61 a1 10
2. Sedi mentary Rocks
Sandstone 8-41 10
Shal e 221 £o
Li mestone 541 70
3. Soils and waters
Cl ay 1-100
Al 'l uvi um 10800
Groundwater (Fresh) 10100
Sea water 0. 2
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Generating synthetic data for fitting the AB/2 and

Apparent resistivity curve

&

-

Meuro fuzzy inversion algarithm for modelling the
synthetic generated curve

If

NO RMSE<Per
missible
Error
[ Output Graphs with RMSE
Output Model (True Resistivity and
Thickness)
F| gure 1. FIl ow chart showing the RESinvANFI S wor kfl ow
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automated instructions thatowcl Uuspoonsegdsuzizlye mennvbeerrssihoiny
al gorithm without any i ntnaimreurptciadn. ouTpat SMATOAB Crisij
platform was chosen for a popbltyaiinnge dt hwes isnogf t d icfofmepruetnitngde f
inversion algorithm effici eamalygamates two procedures, t

RESinvVANFIS is a stand3f¢bWeaziadppidtciadth onPriocdures
provides the output subsurPheeeduye, [nfdafeyzT2fyg gmoedpriq cor
resistivity aRdgdmécknesow® PRENWRE| RY Sugeno and Yasuk
algorithm used for geoel ectirliog ¢ Magrsti sofj vtiMey PirnoGelrasm of pS.

The software modul e r un®d/ifnkl Gna sl 1 B hseng pu+n
newer version installationRuléd kiMhaAk fiBs,,sBotfhtemmarpgfprr,i s not

avail abl e t hen instal!]l MCR IEM?IE\F‘Py runpe t h@e 4 have
environment) installer tocTHEtetrhiengSOfatn‘%H”y%iélorwhtehree

system without MATLAB. technique has been used bef
Theory al gorithm. The resul tant me m

The basic structure of°P€®&Mhe Ma&PPLA 10, reqieSyececertain
system maps input charactefldf@&decdefyerRpbbe memPel safg o
functions, input membershig NeuddtidPs sitdemgtds, fTou &ach
a set of output characteri SUPELT OBuNRSEt 2c nSa r9ac tfe rCidgntti cfsE
out put membership functi on%N S € Uatn€gn U Prdel a Myeyty €pryS; -
member ship funct-vahsed oo ut pauitngdreea i mporting AB/ 2 and
deci si on associated with déetea, outputs. s hAmj eex @mdplteo subt
structure of the ANFIS witkhkdfenbeomahdatvisew i/sn sMAbWITAREL N
Figure 2. The architecturelsalsows ¢tapt eardsapftornvme dnohdaeve b
(square) and fixed node (r omenndbe.r shi p f un dg d wss mEahuesrse an

The selection of the FIMEMPEr §hiepoflpymgramidg picse rhsed i

when designing an ANFIS toohb¥éreh shaehrimempgrgBtpr
system. In the current stG8¢h thlke suyfetn®" tfyplemM pest he
model is chosen, since the NASnsPleffulenitNiptairal iocged pWist | By b
a linear equation, and the ! F&°54 metddds €c atnS th eM3l s t0%"mad ed ¢

by a hybrid error evaluati'df nfet™htoget i £ (dagdiacsset shas, ybe

l ogic system with neural nlet@o?kN%btratd utBi T ohd§83881 oha
four major components: fuZ2/Zi"fiaddd%Nonmeit hod, wheeegr e iy ytr
rule base, fuzzy inference "éR§EMRET Qhagaes PLPLidd iNE&r i ot
interface. The fuzzificati dhai RLB8Pr&LOPErudPAriBP) OULRAY
numerical input data into HAitteSPIte 1Wintghii 2 cegReME "qunt

may be viewed as | abels oféfﬁer?%Qny‘%rettsr.aiA”ifrhgzz"ﬁ’/i th A
represents a fuzzy relatiohNhet weBf PWbPYL PRrameLersg ¢

takes the fiof mX sius hAdaEsshcem fylNY ksj igl ayer model has been ¢
set i s characterized by "&95ESSI 4t eSO mBmbd Oshalpt ain a
functions that map each el eMRedrt! t o a member ship value

bet ween 0 and 1. A fuzzy rul eANBbES8 ocormrsttaeiimnsc ansiedt sof of
fuzzy rul es, where each rus$embmalyi zheadv ebymutihte phbex iinpuba sl ¢

and multiple outputs. Fuzzysyinbfodriemnrde bcyant thee cie®bli @pads oy
using a series of fuzzy o peearcaht iloanyse.r T ts@® ;s ienthiwst 7 &z fedde gtyé 0 ¢
interface (defuzzifier) combidesesdiamadtdh ec osneveu & rsc el ibhhgouei i shtgi
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Figure 2. An example structure of the ANFIS with rule
RESinvANFIS v 1.0 [E=E
| Output plots ~ Geoelectric section El

NTEEHSALODEOE
RESinvANFIS v 1.0

Permissible error

Total number of epochs

10’
AB/2 (m)

True resistiv
29.9995
35

Regressed number of Subsurface layers lIl ¥ ) 2

Running message ABJ2 (m)
ANFIS inversi

e model
red model

Figure 3. Main panel for inverting the geoelectrical
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an explanation for each | ayer [AG] ,admgpmealvye: net work i s a 1
Layer 1 net wor k in whi ch each node
, f unc tnioadre (fucnn:‘z‘i/'m_mdmin% signal
Serves to raise the degree qf member shi p an . .
. set of arameters pertaining
t he member ship used her e i S GaUSSIa(P r?ember hi
; i for the node unctions may va
unetion. the choice of each node funct
O, 574 x)i= 1,@. (1) i npauut put function which the
and required to carry out. Note t
Oy 5ia ¥)i= 1,2.. 6. (2) network only indicate the f|I
) ) ) between nodes; no weights ar
wi txhs the AB/ 2yiwaltles azPrPda [7]
resistivity wvalues c¢ h#shennoase the |nput for the
for primary <c¢lass training, hTehre apsarfaon}eteﬁesi%é 8rf épagg
training, AB/ 2 and apparennt °% e T lth\‘?ltp)?ravn?:\eltueers 581;5 .
synt hetic dat a have been 8585@ Qasac|hn'peuvt@u@‘?1lt§jte?nﬁaemm'ng‘
corresponding true reS|st|9?E§m n%" Sd é F{th“\PQF‘USQ %%Q%rd
been chosen as ou/ttmutnovdaeluedsatfaor '%hheybr'd met hod consist:
_(x—0)? 1. Gradi ent descent whi ch c
f(XG'C) =p 202 recursively from the output |
3 k]
nodes, and
By_ ugnd c} are the paramfte[_eas[ rg%rﬂ]%?ressh'nPethod, whi c
function or cal pedmiéBsegnphiametbe
consequent parameters [ 4, 9] .
cluster bandwidth, and c recpfreE§Et5| sthr%orctlausef?lc eer?]tterf.OI
Layer 2 characteristics. I't can be ca
Serves tfo raviogebBygt mul ti pl yi nSge delUaechht ijanlput or mul as widely a
signal [2,6,8 and 15].
O 7 MTa( XX)Ns(y), 1,. 2/ 6£3) Software Validation
Layer 3 Dat a 1 collected from p
Normal i Z2es/i hbestrength BanerJee et al 'r_] 2011 [3]
I ndi a) . The sounding dat a W
Ojf:Wi: Wi , i=1,2. ”,(4) proposed automatic inversion
! W1+W2
bel ow.
Layer 4 Fig. 3 shows the main pan
Calculates the output base®® D&l echlel i Frl a med®t&i N ¢ Hled
rucensedme ming r produces multilayer mod el Wi |
|l ayer model (Fig. 4 (a) and F
I:Wifi :Wi (p;‘JC+9'zy+FE)- (5) 4 (c) and (d) shows the nu
member ship functions involved
Layer 5 Fig. 4 (e) shows the appropri
Counts the ANFIS outputC%iTg&h%hondi ngy mfidg g - a1 Pata 2
incoming signals will produt®&nyakumari district (77 30" |
Fig. 5 shows the main pan:
wa Elwlfl (6) inverting the data it produc
L L E " b .
iw Ssubsurface regressed | ayer mo
(b) respectively). Fig. 6 (c)
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RESinvANFI S inversion

results for geolectirical

B RESinvANFIS v 1.0

Output plots ~ Geoelectric section
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RESinvANFIS v 1.0
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Figure 5. Mai n
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geoel ectrical inversion of Dat
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