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Abstract

Utilizing the powerful scientific computing libraries on the Python platform, this study aims to
implement a three-dimensional finite element numerical simulation for direct current (DC) resistiv-
ity with uniform conductivity blocks. By applying the Galerkin method, we derived control equations
for the boundary value problem of a steady-state electric field with dual-source potential. Hexahedral
meshing and trilinear interpolation were used for finite element analysis, converting the control
equations into linear algebraic systems. The global coefficient matrix was stored in Compressed
Sparse Column (CSC) and Compressed Sparse Row (CSR) formats to evaluate the speed and accuracy
of solvers in SciPy and PyPardiso. Test cases included layered media models and single and combined
anomaly models. Results show that, for H-type layered media, the maximum relative error between
the apparent resistivity depth profiling analytical solution and the finite element numerical solution
was below 3.00%, with an average relative error of 1.54%, validating the algorithm. When solving
large-scale sparse linear systems in geophysical forward modeling on Python, PyPardiso and SciPy
demonstrated consistent accuracy; for systems with up to 370,000 unknowns, PyPardiso achieved
approximately 66 times faster performance than SciPy. For large sparse systems stored in either
CSC or CSR formats, both achieved comparable efficiency with the same solver.
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Figure 1. Schematic diagram of hexahedral mesh generation (a) and hexahedral element (b)
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Figure 2. Parent element (a) and subelement (b)
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Figure 3. Distribution map of non-zero elements in a structured grid’s coeffi-
cient matrix
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Figure 5. Model 1 sounding curve of apparent resistivity (a) and relative error curves for two solvers with different storage
methods (b)
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Figure 6. Schematic diagram of Model 2 (a) and contour section of apparent resistivity for dipole
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Figure 7. Schematic diagram of Model 3 (a) and contour section of apparent resistivity for dipole device

(b)
7. {58 3 R () RIS 5 B I RS E LU E E ()
6.3. K& 3: HAFRREHFRE

B 3 B A R AT HES IR s B S AR & S WA, sl 7(a), PR, A A) A Tl HE R 5
A 2 B — (R BHBOIRAR— 2, B IALEE 20 me Herb, fIRFHHCIRAR Ry 10 Qm, e BHBRCIR A4 H BH A<

DOI: 10.12677/ag.2024.1412150 1613 HOBRBL 2RI


https://doi.org/10.12677/ag.2024.1412150

%

91000 Qm, FEEAHEARN 100 Qm. K58 2 —SigHEs1 7 AT BrE i, [2812 %0 U
HH S S E 2RI ], WA 7(b). FEFMLL F(y=0m), PRI SR A1) S A IS, A HFE%
e/ ME R T A% KA P THUR B00S REAIREAR . m BELARSRVR AL B . AR B MLk, . ARPEAR ™ AR 1 5
W2 0SS, AR PR IMEIZ T K T 1 57, MBS BN & T8 5. W L
AU P OEL 2 451 2 W T P RE B s Y 2 6 e R ZE AL L BEL R R

7. &t

1) ARSCHET Python P&, SEIL T LS5 00 Bk 51 (¥ B I H B30 = AT PRGBS AR AL, it it bk
S RAY SRS KR DU A A0 R BEL 2R 0 2% it 2 P AT 5 PR T B R, BRIE IR A ARG R 220k 3.26%,
HoAt AL B AN R Z KT 3.00%, “FIFHXTIRZ 1.54%, R SCEILEMER. A%

2) B XA SciPy 5 PyPardiso K Af 2% 18 K FE R ER A . W T BOREFE A 4, 17 PyPardiso
MW, MR RN EGE 37 i, PyPardiso Ht SciPy SR fifis FE b4 66 f5; L CSC 5{ CSR Kk
ARG KT ER 26 ME R Ge, TER— RS R IME SR Y. HIk, BT Python ~F & 3K iF ELA FRPH R VE =
YA PR T BUE LR R TR R e v AR 2T, AR 3% ke 2 B AR AT v 51 PyPardiso et RESK 28 7T A
R T 50K

E&WE

I V0 B AR 4 (2024GXNSFBA010257); | 7 A 4 Sk 7 Tk 4 (R AD23026231); V17444 1 it
S AEREH A AN FR TR H (2024JXDZKIRC10) % B .

S E 3wk

[1] PBrase, fe. oS 3aBa AR =2 f B 2R A PR A ID]. HhakPysE 24k, 2002, 45(1): 131-138.

[2] BrEse, AEMS, Rtthibr. — g b e i o BE 2R R PR CEUE L[], HbxkF}2%, 2001, 26(1): 73-77.

[3] FARAE. =4k P AR A PR ICIE A SO R [D]: [ L 00ie L], Kb g K2, 2003.

[4] &I, AZhdh =48 B B P EA IR Io- TR o G EUE D). HhakPsE 24k, 2010, 53(3): 717-728.

[6] ATELE, M. 5T 5000 JE L5 0 RS 1 = 4k f BH 53 PR e B E AR 0], HhERYE 223, 2009, 52(10):

2627-2634.
[6] #iEe. FET ARG A RA BR G K =4k B LR % ) S v i 7 IR VA 8 [D]: [t 220718 3], K MoK
2, 2018,

[71 &7, e, AT, 55, SF A IE N A IR G = 4 B U BH 28 TR 77 ik R AR 0 /K 28 G =02 R 2R M v g
MEF[]. e HbER P ER B R, 2021, 56(1): 209-216.

[8] Xk, ZEARA, ZEMith, . BT AR SLR0RA B VA 0 BLIR L PH 2 = 48 F SR C BB AT [0]. %5 L TR 53R, 2010,
32(12): 1846-1853.

[9] RERIL, sttt PR, %5 SR T BRI ARES IR T = 4B E A b — P B SR AR A 0], Bk
24K, 2016, 59(9): 3448-3458.

[10] BKZR¥T, Hil, HElnE, & R A A B sl R = 4G PR Tk IE SR []. AR LR 2274k, 2019,
39(3): 606-614.

[11] JRfe. BT DUEAR A% 1 Toik = 4t th i IE AT 5T [D]: [ L2001 3], K& SRR, 2022,

[12] Cockett, R., Kang, S., Heagy, L.J., Pidlisecky, A. and Oldenburg, D.W. (2015) Simpeg: An Open Source Framework for

Simulation and Gradient Based Parameter Estimation in Geophysical Applications. Computers & Geosciences, 85, 142-
154. https://doi.org/10.1016/j.cage0.2015.09.015

[13] Kirischer, L., Megies, T., Barsch, R., Beyreuther, M., Lecocq, T., Caudron, C., et al. (2015) Obspy: A Bridge for Seis-
mology into the Scientific Python Ecosystem. Computational Science & Discovery, 8, Article ID: 014003.
https://doi.org/10.1088/1749-4699/8/1/014003

DOI: 10.12677/ag.2024.1412150 1614 HOBRBL 2RI


https://doi.org/10.12677/ag.2024.1412150
https://doi.org/10.1016/j.cageo.2015.09.015
https://doi.org/10.1088/1749-4699/8/1/014003

Ayg

[14]

[15]
[16]
[17]
(18]

[19]
[20]
[21]

[22]

[23]

[24]

Riicker, C., Gunther, T. and Wagner, F.M. (2017) Pygimli: An Open-Source Library for Modelling and Inversion in
Geophysics. Computers & Geosciences, 109, 106-123. https://doi.org/10.1016/j.cage0.2017.07.011

AVE. I B R TR S E B S H BT [D]: [t 22018 5C]. BRGES: 16 R 3T I K 2%, 2006.

GYl, ek, KB RMT) BIENA IR IGS M F R[], &R SR ERRR), 2020, 50(6): 1887-1896.
BRAHE, DL 8. F PRl R 231 e PH 30 H AT PR OGIEBAI[]. ARk T2 B 2440, 2002, 22(2): 123-128.
BB, 25, BREE, & &1 CUDA IR THH M K H f i — 4847 PROTEUE BRI AL [J]. Hhaky 3 22t g,
2016, 31(3): 1095-1102.

FEMPE. £ T OpenMP Kb B, — 484G PR G IE AL [D]: (AL Arie 3], AR BEARER TR, 2017.

SRR, DAEpp. = 4EHLIE B BH R A PROCIEAEII[I]. HhERY L 244R, 2007, 50(5): 1606-1613.

T, TR, ARER, 2. T TACELT SO/ B B K B B G AE T TH B [J]. HhERP RS2 R, 2013, 28(1):
165-170.

Virtanen, P., Gommers, R., Oliphant, T.E., Haberland, M., Reddy, T., Cournapeau, D., et al. (2020) Scipy 1.0: Funda-
mental Algorithms for Scientific Computing in Python. Nature Methods, 17, 261-272.
https://doi.org/10.1038/s41592-019-0686-2

Haas, A. (2024) Python Interface to the Intel MKL Pardiso Library to Solve Large Sparse Linear Systems of Equations.
https://github.com/haasad/PyPardiso

AEM, #REH, ZR4ME. MATLAB MRy FERI AR ST M), B0 H B b5 K 2% H RRAE, 2020: 279-283.

DOI: 10.12677/ag.2024.1412150 1615 HOBRBL 2RI


https://doi.org/10.12677/ag.2024.1412150
https://doi.org/10.1016/j.cageo.2017.07.011
https://doi.org/10.1038/s41592-019-0686-2
https://github.com/haasad/PyPardiso

	基于Python的直流电阻率法三维有限元数值模拟
	摘  要
	关键词
	Three-Dimensional Finite Element Numerical Simulation of Direct Current Resistivity Method Based on Python
	Abstract
	Keywords
	1. 引言
	2. 边值问题
	3. Galerkin法建立控制方程
	4. 有限单元法
	4.1. 求解区域离散化
	4.2. 线性插值
	4.3. 单元分析
	4.3.1. 式(5)左端的体积分
	4.3.2. 式(5)左端的面积分
	4.3.3. 式(5)右端的积分

	4.4. 总体合成

	5. 求解器与存储方式
	6. 数值算例
	6.1. 模型1：水平层状介质模型
	6.2. 模型2：单一异常体模型
	6.3. 模型3：组合异常体模型

	7. 结论
	基金项目
	参考文献

