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Fig.3 Schematic diagram of subdivided virtual boreholes
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A 3D Geological Model Construction Approach Based on Virtual Boreholes

LIN Bingxian, ZHOU Liangchen” and LV Guonian
(Key Laboratory of Virtual Geographical Environment, Ministry of Education, Nanjing Normal University, Nanjing 210023, China)

Abstract: Construction of 3D geological models is a very efficient way to create a good understanding of geolog-
ical features. It is a comprehensive method to geologists, geophysics engineers and GIS experts who sometimes
need to visualize an area to accomplish their researches. Geological drill hole records have been widely used as
the main data sources in 3D geological model construction approaches. However, since the original drill hole
sampling points are limited and maldistributed, it is difficult to construct 3D geological models that not only
show favorable visual effect but also reflect accurately the geological structure of surveying regions. To solve
this problem, this paper proposes a 3D geological model construction approach based on virtual boreholes. First-
ly, according to the spatial distribution of original drill holes, positions of interpolated points are determined
self-adaptively and Kriging interpolation algorithm is applied to the construction of interpolated virtual bore-
holes. Secondly, according to the pinch-out rules, the pinch-out virtual boreholes are constructed, and the im-
proved self-adaptive butterfly subdivision algorithm is applied to the construction of subdivided smooth virtual

boreholes. Finally, with the original drill holes, the interpolated virtual boreholes, the pinch-out virtual boreholes
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and the subdivided smooth virtual boreholes, 3D geological models of survey regions can be constructed, match-
ing geostatistics patterns, being C' geometric continued, and showing favorable visual effect. Differing from the
traditional modeling methods that regard virtual boreholes as complements to expert knowledge, the proposed
method introduces virtual boreholes into each step of the construction of three-dimensional geologic models as
the intermediate elements of the core algorithm, simplifying the realization process of the modeling algorithm ef-

fectively, and ensuring the stability and efficiency of the algorithm.

Key words: 3D geological modeling; virtual boreholes; spatial interpolation; pinch-out; subdivision algorithm
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cessing method in traditional distributed database cannot satisfy the demands of query in distributed geospatial
database. Therefore, new query methods in distributed geospatial database need to be studied. In this paper, the
distributed spatial join query processing is deeply studied based on the existing optimizing methods of the con-
ventional query processing in traditional distributed database, and a series of transformation rules of relational al-
gebra expression based on cross-border topological join optimization rules are proposed. The processed query
tree is optimized by equivalent transformation after data localization. The global optimized method of distributed
spatial join query for different fragments is studied. The global spatial query can be transformed into some local
fragments joins effectively. The spatial join query is processed in the local area, avoiding the data transmission of
spatial data among data nodes during the processing of query, so that the query performance can be improved. To
improve the efficiency of the method, some new concepts were put forward, including query merged tree and ex-
ecution plan tree, which can optimize the executing path of query plan. For example, by adjusting the executing
order, some processes with low cost execute first, and the time-consuming processes execute based on the result
set generated by the previous processes so as to reduce the process of time-consuming parts and resolve the prob-
lem of high cost of query processing to improve the performance of distributed spatial query. The experiment
based on the vector data of China shows our methods can reduce the cost of the spatial join and data transmis-
sion among the nodes, and the performance improve 28.5%, which demonstrates that our methods outperform

the traditional methods in terms of both algorithm complexity and the running time.
Key words: distributed spatial database; query optimization; spatial data query; spatial topological join
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