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Figure 1 Process of anisotropic IDW interpolation algorithm
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Figure 2 IDW interpolation search range
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Table 1 Cross validation results of circular search

e kw0 s kmm F
% 2
1 1 500 1.599 11 2 500 1.597
2 1 600 1.599 12 2 600 1.588
3 1 700 1.599 13 2 700 1.586
4 1 800 1.599 14 2 800 1.593
5 1 900 1.599 15 2 900 1.592
6 2 000 1.599 16 3 000 1.593
7 2 100 1.598 17 3 100 1.596
8 2 200 1. 600 18 3 200 1.612
9 2 300 1. 605 19 3 300 1.624
10 2 400 1.602 20 3 400 1. 646
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Table 2 Best results of anisotropic IDW interpolation

P9 R /m ROEMK/m BER ML BRI E
1 1500 3100 4m/5 1.457
2 1700 3100 4m/5 1. 464
3 1 500 2900 4m/5 1. 469
4 1500 2700 4m/5 1.478
5 1700 2900 4m/5 1.481
6 1 900 3100 4m/5 1.484
7 1500 2500 4m/5 1.491
8 1700 2700 4m/5 1.503
9 1 900 2900 4m/5 1.510

10 2 100 3100 4m/5 1.510
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Figure 3 Results of secondary optimization of

search scope
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Table 3 Analysis of the first 60 sets of rotation angles
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Figure 4 Schematic diagram of reference

point selection
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Figure 5 Comparison of interpolation effects for Z0 to Z2 strata
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geological modeling

AR S A 8 M J5 A A ARG 3 DX Bl R fiE 3R
FEPEA GG A IR, Bt 1 — Fof JB5T L b it =5[] 45 1] 5%
PRARFAE B = 2 B4 (B0 59 12, s IR T A% G4 R D 0k
511 [R) P 0 Jg R, A7 280 1 T X sl M T 2 1] 45 7
1485 1) S PR ARRAIE o 1250k A% 0 S 5 e D 1) AV 15
PR DI ARG T 18] b 3 A AR AR A [ T 1) Y
R, X R AT e 2 Mo B il i S AR S

R DX, T X3P 2% 1) S P R A 5 1) R
4 19 ZACER AR B M o = 8] Ji A A A [8] 7 1) 9 22 4k
25, BT I K i o 2 () 4% i) S A A (L B0 0 RS JEE

FR AR S H A BB M ot =5[] 4% [ S 28 2 ik
P18 == 2 4 1 7 )22 A AR AS J) 2 ) 3 T st X
A ARG B BOR | (H R Bk = 78 52 2% M BT
ol 7 SR AR 2 B F 5 X R 2 — 28 2 B S



112 L IPNEC S o T QRN 2 ) 2024 4
TP RB RN ZIBIZ T EAEHAME 24 &4 T geospatial interpolation [ J]. Scientific Reports, 2021,
T, B % 07 125 S e, FE 0 S Il B 4 (] Y 11: 9903
B S A (9] M, BRI, HA4, 4. BT PR 5k 1 =

e BRI W[ T]. T ARR 2= i (R B2

S 2 K 2019, 49(4) : 1200-1208.

(1] W0, WmE, WICH, %, = AR T i FENG B, CHEN M T, YUE D D, et al. Comparison of
PR IR B 5[ J]. MR S R, 2016, 52 3D geological modeling based on two different interpola-
(4 : 759-767. tion methods[ J]. Journal of Jilin University ( Earth Sci-
LIQ Y, ZHANG L Y, CAO D Y, et al. Usage, status, ence Edition) , 2019, 49(4) : 1200-1208.
problems, trends and suggestions of 3D geological model- [10] CHEN F W, LIU C W. Estimation of the spatial rainfall
ing[ J]. Geology and Exploration, 2016, 52(4); 759 distribution using inverse distance weighting (IDW ) in
767. the middle of Taiwan [ J]. Paddy and Water Environ-

[2] AR, ESEWT. ST GIS B HB IR 0 3 B B ment, 2012, 10(3) : 209=222.

BT ATL 1], M (T . 2015, g L11) TKEBULL SRR G H R 15 o
(1): 114-118. {HZHO0 DEM IR 2RI [I]. W2 HoR 3
LI X G, WANG A M. The research of the early warning fit, 2012, 29(1) : 51-56.

system about the geological disasters based on GIS[]J]. ZHANG J M, GUO L P, ZHANG X D. Effects of inter-
Journal of Zhengzhou University ( Engineering Science ) , polation parameters in inverse distance weighted method
2015, 36(1): 114-118. on DEM accuracy[ J]. Journal of Geomatics Science and

[3] GUOJT, WANG X L, WANG J M, et al. Three-dimen- Technology, 2012, 29(1): 51-56.
sional geological modeling and spatial analysis from C12] Bo¥, Hell e, AR, S5 R R IDW (R 7 i K
geotechnical borehole data using an implicit surface and HAESIRIA TR [T]. HBR B, 2014, 33(8)
marching tetrahedra algorithm[ J]. Engineering Geology, 1417-1426.

2021, 284 106047. DUAN P, SHENG Y H, LI J, et al. Adaptive IDW in-

(4] T4, E7k, WET, % ETAXWNBES terpolation method and its application in the temperature

B AR E BT, BN R (T2, field[ J]. Geographical Research, 2014, 33(8) . 1417-
2021, 42(6) : 21-27. 1426.
WANG J X, OINZ L. CAO Z N. et al. Modified Kriging [ 13] ROBERTS E A, SHELEY R L, LAWRENCE R L. Using
spatial interpolation algorithm based on octree mechanism sampling and inverse distance weighted modeling for map-
[J]. Journal of Zhengzhou University ( Engineering Sci- ping invasive plants[ J]. Western North American Natu-
ence), 2021, 42(6) . 21-27. ralist, 2004, 64(3) . 312-323.

[5] S&sTUE. 55T 45 FLECHR A9 = 25 Hb R 8 A0 (1 2 vk WF 5% [14] LIJ, DUAN P, SHENG Y H, et al. Spatial interpolation
[D]. db3T. s E MK (L), 2018. approach based on IDW with anisotropic spatial structures
JIA L J. Research on 3D geological modeling interpola- [C] //SPIE Proceedings International Conference on In-
tion algorithm based on drilling data[ D ]. Beijing: China telligent Earth Observing and Applications 2015. Wash-
University of Geosciences, 2018. ingtion, D. C.: SPIE, 2015: 1-6.

(6] LB, M, T, % 3T 7 m A5 e 5 m = 4k [15] Bi& g, =¥, Mg, Bk m sk m 2 280 W

FEor YRS TR ()], A 1%, 2012, 33(3) . etk IDW 4B 7 2 [ T]. W24, 2021, 50(5):
939-944. 675-684.
WANG W, ZHOU J, WANG S L, et al. Research on YAN J B, WU B, HE Q H. An anisotropic IDW interpo-
three-dimensional modeling of strata block based on radial lation method with multiple parameters cooperative optimi-
basis function[ J]. Rock and Soil Mechanics, 2012, 33 zation[ J ]. Acta Geodaetica et Cartographica Sinica,
(3): 939-944. 2021, 50(5): 675-684.

(7] W4 HT GIS By M2 7 R = [ 4 (8 07 B 15 [16] ZE8, XUBTAL, REFI. 2T 8570 B i =2 2 o
[D]. dbst: PEMFORY (b)), 2010. B AR [1]. & & J1%%, 2018, 39(3): 1056 -
CHENG M H. Method research of spatial interpolation for 1062.
the stratum attitude based on GIS[ D]. Beijing: China U- LI L, LIU X G, WU W B. Key technology of 3D stratum
niversity of Geosciences, 2010. modelling based on borehole data J]. Rock and Soil Me-

[8] LIZ L. An enhanced dual IDW method for high-quality chanics, 2018, 39(3): 1056-1062.



%5 6 ] TRZE A | 45 25 5 2 2 (] 45 1) S 1 14 b 5 A A4 0 v 113

[17] e kb A5 A0 45 6 T 8l L Db AR 25 2 B R -475.

AR T R R 2 = s ()] B S LI Y G, QU G S, CHEN J Q. Realization of a 3D sub-
o FRAE BBl 22 2023,39(6) :9-17. surface geological modeling software in urban areas based
XU X C, ZHANG H B, FU S H, et al. Three-dimension- on borehole data[ J]. Regional Geology of China, 2005,
al modeling of shallow strata in shenyang city based on 24(5) . 470-475.

pseudo-labels and semi-supervised deep learning of bore- [22] Z=f#, XN, B¥EE, %4, 2 EPE MG 09 H0) E
holes [ J ]. Geography and Geo-information Science, LM T g A R[], A S, 2021, 42
2023,39(6): 9-17. (4): 1170-1177.

(18] WRBLZE, J™fnsk. WA E = 4 Hb fie 31 ] f Jgg 15 5 ) LIJ, LIU P R, LIANG Z X, et al. Three-dimensional
[J]. M5 4, 2014, 50(5) ;. 884-892. geological modeling method of regular voxel splitting
CHEN Y J, YAN J Y. Progress and examples of three-di- based on multi-source data fusion[ J]. Rock and Soil Me-
mensional geological mapping in Australia[ J]. Geology chanics, 2021, 42(4): 1170-1177.
and Exploration, 2014, 50(5) : 884-892. [23] LIU Z, ZHANG Z L, ZHOU C Y, et al. An adaptive in-

[19] k. =4 BB AU E T iEmR [ D], R’ verse-distance weighting interpolation method considering
B, b TR A, 2021. spatial differentiation in 3D geological modeling[ J]. Geo-
LIANG D. Research on the methods of uncertainty analy- sciences, 2021, 11(2) . 51.
sis of three-dimensional geological model [ D ]. Wuhan [24] #NEEA, XI/D4E ) X BT, B K =5 (6] 4% ) S+ P iy IDW
China University of Geosciences, 2021. WEBA )], ITEHNL TR 53051, 2020, 41(4) ; 983-

[20] Akokflr, F R, [BIE4E. 8RS AL B = 2 b BT 987.

IRBERIAEE e [ 1], MER(E B R 2= 2%, 2013, 15 SUN M N, LIU S H, LIU J C. IDW interpolation algo-
(5): 672-679. rithm considering spatial anisotropy[ J]. Computer Engi-
LIN B X, ZHOU L C, LYU G N. A 3D geological model neering and Design, 2020, 41(4) . 983-987.
construction approach based on virtual boreholes [ J]. [25] ZEIES, SES8FE. D0 a] 388 i 1k 09 I I B8 A 2 976 (L
Journal of Geo-Information Science, 2013, 15(5) . 672—- BlI]. ML224R, 2015, 44(1) : 91-98.

679. LIZQ, WU Y X. Inverse distance weighted interpolation

[21] Z7R40, ME M, PR, Sl &5 FL 40 T = 48 b involving position shading[ J]. Acta Geodaetica et Carto-
A SE B[], M BT, 2005, 24(5) . 470 graphica Sinica, 2015, 44(1): 91-98.

Geological Modeling Interpolation Algorithm Considering Spatial Anisotropy of Strata

YU Junjian1 , MIN Haokun®, WANG Feifei', LI Jian®

(1. Henan Earthquake Agency,Zhengzhou 450016, China; 2. School of Earth Science and Technology, Zhengzhou University , Zheng-
zhou 450001, China)

Abstract; To address the issues of insufficient precision, inadequate representation of regional characteristics, and
the lack of consideration for geological spatial anisotropy in traditional geological modeling interpolation algorithms,
in this study a three-dimensional geological interpolation method was proposed to take into account geological spatial
anisotropy. Building upon the traditional IDW interpolation, this method involved constructing virtual boreholes,
simulating the creation of an original stratum point set, and adjusting the parameters of the IDW interpolation ellipse
search range to ultimately achieve an adaptive transformation of the optimal search parameters. Additionally, in this
study the concept of " directional marker points" was introduced to achieve a secondary optimization of the search
area through " expansion" and " collapse". Geological borehole datas from the Zhengzhou Urban Active Fault De-
tection Project, were used to analyze the regional adaptability of each algorithm layer by layer, implement the im-
plicit surface representation of the three-dimensional geological model, and conduct cross-validation with commonly
used interpolation algorithms. The experiment results demonstrated that the proposed method possessed good region-
al adaptability and could effectively represent the anisotropic characteristics of urban underground spatial structures.
While ensuring interpolation accuracy, it could effectively expresse the actual extension of strata within the region.

Keywords: IDW interpolation; anisotropy; geological modeling; three-dimensional interpolation algorithm





