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3D cross-hole resistivity inversion imaging of surrounding rock based on
distance weighting constraint algorithm

LIU Zheng-yu, LI Shu-cai, LIU Bin, FAN Ke-rui, NIE Li-chao, ZHANG Xin-xin
(Research Center of Geotechnical & Structural Engineering, Shandong University, Jinan 250061, China)

Abstract: Aiming at improving the inversion quality of anomalies near the electrodes in boreholes, which has been a large issue
interfering in the three-dimensional (3D) cross-hole electrical resistivity tomography (ERT), an inversion method based on the
distance weighting constraint is proposed. Different weighting coefficients are assigned to different meshes in the model
according to the distances away from the current points in the boreholes, and the computed exponential decay distribution
model is established. Under this treatment, the image shape distortion problem of anomalies near the current points in the
boreholes resulting from high inversion sensitivity is suppressed, and the resolution of 3D location and reliability of recognition
of anomalies by the 3D cross-hole resistivity inversion method is improved. The effectiveness of the distance weighting
constraint inversion is further tested and verified through numerical inversion examples and physical model tests. The
distribution characteristics such as the spatial location, scale and shape of the anomalies are reflected accurately in the test
results.

Key words: 3D cross-hole ERT; inversion imaging; distance weighting constraint

0 39 = NETARNEE . B SAGEEFR A S, =4id R
SR SRR TR R E B e sk CT WK IEE B,

WIERERIN 73, TR0 2. BB, A TR sS40 ZYEHPHER CT AR 4IL B /5 1 EAA i B

RIFEBBBEMEN . gk, ETEPNSRGSE

R PR RUR R Ak mr, =4kl fH R BRI ER E£LMB . WK EERB TR (<9737 R T H

WM E R BRI L, e TR T AL, L (2013CB036002, 2015CB058101); [ 5 1 K {3 32 ¥t % HF th % 131

‘Uﬂﬂ‘ﬁﬁﬁ‘]iéﬁ%ﬁﬂ% CT ﬁém”ﬁw&" E*ﬁ?ﬂﬂ%ﬁ}i%ﬁ (51327802); EFEAMREIFAIEEESIH (51139004); [EZ HARE

T LA 3 . 7E— S ) T i 4 R M [ T FREE EBH (51479104)
A o B2 38 V) il 22 i 53 PR ORI 11 RE SE WA AR 2016 - 01 - 08

B, andm ek TRE PR K A A R Z 2R, R SEIEE (E-mail: liubin0635@163.com)



% 4 3]

MRS, A BT BE B IALR SE K Bl A = e B CT S iR it 653

P ORMEN LRI, IRAEE, BT T
BT @RMAAAL. L B K
WT730 REMEGEEE L, FENNFEER
THE; WM IESCHALAORN, fehs
R ICEE 4T AT R =GR R AR R . BRI T
REAALERI AR L3, AT =4E iR CT #850
JPERAT T 2 S o, AR, IE R
g HIEPPL g R R e R S TR
FAUTORE D TR A T — R ARG T

SR, R =4 RS SL CT JF et i B & 1
AR, X T EEE R R ALRO B R  E, HR
R S5 R X B SR 2 R AEBOR I RAE, [
I S R AR AL DX R s i, B “ 2RI 51
B, RO BR TH BREANEIRT T A .
AN =4E BRI AL CT S0, BTk TIKES R
BEAT IR R IEZ b, A A Tk el L
BRI R AR o R (SR R B0 O H PH A S I8 (R AR o A
WA R AT B, T AR R A PRI T T b
TR, A R TTIELE SRR 7y fh FUS , ANRESE 44t
A FIE R I S R AL AR DL, AR FRLR RIS AR
T AR ZE WARAEAERY, @A BT, Lg%
()5 o 5 LR R R P — RO U L, A4S Sl A
X LR R AR PR O B e R e B U S v, 2
SERZERIRE , R Y T B 0 7 3 A AE B s AR 45 R
HOR BT RS 5 7 RO 225 B 1A = 4EHLFH A&
CT AL R R TR R IR, BRI
P AL BRI B, 2 v S W A IR A B T
PR AL 51 RS R R I B AR ARBOR, S BRI
JAREE RATEE . Bk, NPRIE=4EH A CT iR
MIRCR, ARG B — i BE RS D5 RN R AR B A R 3L
R TTE, S vt I e Y s M5 B VR R A K
.

NFEREL LT, ASCADY AT R SL “ L7 3B
PSR e, SR 72T “BEBINEL” 295
FREM =4ER AR CT RIEMETTE, EIAERIE T
PR A INEE BN R H, 0T PR YR R AN [R5 7
FICIR T Z AR, (AR I AR RE 8 s ]
VRS BT AT BERZE IR . 2 TR R Y A 2 B
JCHPEREZE SR, AIMESEEMIL =4ER HZ CT #5
FELRW PRSI 57 S 5 A P ASOT A T AR [ 1 AL A LS A
B IR T EE R T, R FL T N R
S PSR AT SR AL, R 1 R
LY TRON D0 R FA BRI e W A R AT 2 ROR s B
Ja, JEREA AR I Bk R ) = 4E R B CT Je
BOTIEAE T #E— DRI,

1 ZHHBEMEZER CT “BEEN ARK
JER G A
—AEHPHAREFL CT BRI A =R i 1

B, 4 ASPATEALIE G “FL—FL7 3@ 2 R A5

3, P1. P2, P3. P4 /R 4 NEEMZEFT AL,

AL I E R — KL, BN Eon AR,

AR5 1 B, 380 342 o) B el R A 00 2 r AR

H, BERTSEEE B AL R A, T SRS FLEE R 5 .

n+1

n+2

43

1 ZHBERETL CTIRNBRGEREE

Fig. 1 Distribution of electrodes of 3D cross-hole ERT
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Fig. 3 Relation of distances between current point 4 and meshes in

P1-P3 profile
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Table 1 Calculation of distance weighting factors of meshes

iA,max~

i 5 (Xay4,24) (x:.y521) d dig 5,A w,
iA,min

1 (0,0,-2) (1,1,-2) 2148 1414 1.000 0.577
2 (0,0,-2) (2,2,-4) 2148 3.464 0905 0.253
3 (0,0,-2) (3,3,-6) 2148 5.831 0.794 0.135
4 (0,0,-2) (4,4,-8) 2148 8246 0.682 0.082
5 (0,0,-2) (5,5-10) 21.48 10.678 0.569 0.053
6 (0,0,-2) (6,6,-12) 21.48 13.115 0455 0.035
7 (0,0,-2) (7,7,-14) 2148 15.556 0.342 0.022
8 (0,0,-2) (8,8-16) 21.48 18.000 0228 0.013
9 (0,0,-2) (9,9,-18) 21.48 20.445 0.114 0.006
10 (0,0,-2) (10,10,-20) 21.48 22.891 0 0
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Fig. 4 Distribution curve of distance weighting factors under a

single current point 4
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method with distance weighting constraint
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Fig. 18 Convergence curves of resistivity inversion
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