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3D resistivity inversion using improved parallel genetic algorithm
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(Research Center of Geotechnical & Structural Engineering, Shandong University, Jinan 250061, China)

Abstract: The low calculation efficiency of the genetic algorithm (GA) method is an obstacle to 3D resistivity inversion.
Moreover, some improved methods which are time-consuming but beneficial for the inversion effect and the search efficiency
can not be used in GA due to their low calculation efficiencies. To solve the above problems, a multi-level master-slave parallel
computing strategy for GA is put forward based on the natural characteristics of parallel computing. Through this improvement,
a generating method for strictly uniform initial population is proposed, with which the initial generation can be closer to the
optimal solution. A random-ratio arithmetical crossover algorithm is proposed based on the differences of fitness values
between the cross-individuals, which can keep genetic competition advantages of the better individual. Then the joint mutation
algorithm is presented, which is the combination of the traditional random mutation algorithm and the deterministic search
optimization algorithm in the linear inversion. It can maintain the randomness of the mutation and optimize the mutation
direction. Eventually a 3D resistivity inversion using an improved parallelized GA is formed. The performance of the improved
parallel GA is evaluated in synthetic and practical cases. The examples illustrate that the improved parallel GA can enhance the
calculation efficiency significantly and has obvious advantages in searching the optimal solution, suppressing the false anomaly
and obtaining high-quality inversion results. The improved parallel GA provides an effective way for 3D resistivity inversion
imaging in practical projects.

Key words: 3D resistivity inversion imaging; improved parallel genetic algorithm; multi-level master-slave parallel computing

strategy; random ratio arithmetical crossover algorithm; joint mutation algorithm

0 31 7
. NN N \ . : EEWE: EEE LT R (973 3% (2013CB036002,
S ‘Eﬁ ~ S N7y 223200
\iﬁ‘%tﬁﬁ&i;ﬁ%mﬁ@ﬁﬁTE?[fEE“BH%%{J‘J 2014CB046901 s [515 T AFHIF L3 Be  FAI 4 231 (51327802); %K
BORMILD « H iy — 4 R PR Q22 0 2754, EURFRSE B T AURH (511390040 [H15 [ AARHSE 36 4 15 4603 H
e R TR R A BT B AR A S b (41102183)¢ A5 M-LF R SRIHESTUH GBI

ko T ER PR R T T Y. YR Y ﬁ;gglzomo)
s HEf: 2013 -10-05
(% JE ek e, = 4 v B J S B RN 7 v 2 H RTREY i



57

XK, A ST IMT SRR SR = Y LR S5k 1253

FR) L P RTI A

FRT, 2R S v = o v BH 8 s 0 g T2 )
FB, &M RETERARTE R Hm EERSE
e ws AESERRERIN T AP Sz 0 =k PR S
BARG JE— AR MR, R St 5 ok g Al 45
PRSI ) L A 8 I AL, IR R4 A T A 2
e, SR REAAE e AR R, Ykl
BH & 25 A S 30 WA A R R AR s R e, F T ARSI B
SO AR ML BCE G AR, ATV I s 2
IR BRI/ . B S P B A ), S
SRS SEURE R TR, ARt EE
TOAEAR 22 AT 2k e At ST AR LB 18
SNSRI Y e ANt LEEN EIBe <€ 3 6 A [
PR (VAN S i iE i SR AR RN ER: S it 3 i
I, AR gkl AAVIHE B AR sy s
iy, BRI BN RA 4R R 78 T8
A Gy BN R BB B LA s PRI (PR RN A 35
s (HR T 2 AR R R R R, 1
RIRZ (ZIX) LA EE EHAS), SEAA
AT LR EE R E R IEEESL, e ER, K
BSCRIAR . MS, St REOTERR BN T
T RIEEEH, TR RN TR ). T
O T =Y O, kS E IR LE AR b
TA, A AEZeE R BAIR A B2 3 F 31 = 2 fi fH
I AT

SEH IR R T — RS T s A T
YRR R I SRS, SRR AR iR R e
HL L 2% 2 Y58 i) L 1) — AT i 2R, FEAE A ORI 52
Prgefh 2 T . HEMAM S, BEEEHT =
Y L BH R S SO AT AR A — e SR ) . L 3 2 )
RO AR T, 5 SCHk[25] 8 — 48 3 K I A 3
40~60 min, LA1OAR S A 4] SAAFE 575400~ 600
min, X BR5WPR TRETFEAAEEMRKER. BT
WAL SRR, SCIRAE T 5k P E (1) )
— O] A S R RIS 2R o A A E AR FEIN 1
B R TCVE N BB R . B, WILRREAR ™
R 3940 7 AR AN 4 - B LA B A R AR 1
M, EETHE EEMIGA A AR Gk
F AU SO T AR, #fE DA T ok st
RS AR EYE, TR R R PG s AL 55
o B R S IS (PO ), R ) AT Ay
AT S B AR B I R e iR R AR .

BEXT IR R) L, 2% L8 L R B A AR AT
THEARE, SR T R AT B s L A
FOBCRINI ) ) S o (A ULEH I, ASCHA

XA FFEA TR AT SOE . AR BT
SRS MURLE IR L, SR T WA AR (0 7 A% 2 A1 7
TR ASCE IR I RFESE, R T/ EBTH
ARYEF PRI Z RN, S0 T HUBIBENL S ARAE L
PR AR SE S ids, ey TR AR 50,
KAt G IR BB LA A S 530025 55 e Mk Bt rh i o PR R
MASEME 7, G T 2T T st AL A
(1 = 2 v BHL A SR 1

1 EFHITHEREE TN =4 B

BT E

B SEERAUE YA A IRIA G rh st A AL IR
AT T RS — b 1938 A JR D P MR A R v, 3
A JFEAEMRAS () EREHCE T MR R, DOERT H AR
HON 1 A R o B FIR AR R Ik T
PIaRE AR R R SRR . B RS
TRV SARZRTT P PRI AR D RAMAI 52
eSS PR SO 0 S S ek B i
2 ETA, BT RER R T IR R ),
B SAI RO, MR N AL+ 2 L
FAS TR RO, SRAIFT TSR 1 21
AT LT IFAT VSR Ak a5 A S50 — 4 P
B IVER R 1, FEARESHRCE . YA
REAR AR AT U IR @ N TS AN
Bl LLOIBENURAR A SR IR A S R A A

ANSORE = 4 fp B AR AT FR TR S i,
EBE N WL R, MO SEEH R
SE n AR TR/ CRIGEE A 80 35 I AN AT D
m(i=1,2,3,--,n) PR R IR 240 o R
B AAE . RASEEEGITE, BN EHAIRN
FERCSAB I RBORER .

1.1 ZHBERKREEE NS EETNHTHE

BB SEI I FAT VSRR T 7 O 5 NGB L 4
RS R R R AR o 2 SRR HAETH A
GNP R IAT IS, A A KRR Fh AT
B, — BN DU I8 R VT SRR SRR N (R A 4 A 3R,
KM ENATHATBT R 54T, HIUE T EZP)E,
S I HAT T e P52,

A5 = 2 LB R S i P oRg QIR A S 35 5 226
RPN IESE S, DRI WA [ 3 ER )
BHWA N AR RS SR ST, P
U FH AT REEA T = 4 W B A AT a4 B )
BHARRK AR, K% T B ST 5
FIATAT PR L. AESCHR[25 BB T T =4k
BH % B 38 PR AR A R, A SO AE R A %



1254 a5 oE L OB ¥

2014 4F

SR AT S AT i MO AT O, (X RE R
P RACR, MR SRR ISR F A, X
R

ETZEN T

| WAL |

BRI x
|| ] (e
]2 i N,

N - (s Caaw

,,,,,,,,,,,,,,,,,,,, T —
| R aARRAE
___________________ ‘l____________________l
| pEEwRmEewME |
A | x
(||| (] ] |
: 1]/2 i n |
C[(EEL | [(EE | [ EEM
L ‘ |
RIRER
B
| BRI SRE F
|
| NS \
!
| WA X |
| BATREME |
PR R RCEROAME | [
! 21
I *
|| | || L
12 i
gz
|
Tt )
| EF—-RmeEE |

1 EFFTEEMREEERRRE
Fig. 1 Flow chart of inversion method using improved parallel
genetic algorithm
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