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Abstract: Remote sensing technology provides a new way to explore the earth for geoscience applications. 

In the context of continuous deepening of geological research and the vigorous development of geospatial 

information science, 3D geological modeling technology has become a research hotspot in the intersection of 

earth science and information science. The traditional 3D geological modeling technology refers to 

underground 3D modeling using geological data. This modeling method can only display the underground 

scene in 3D visualization, but cannot display the surface in detail. In this study, remote sensing technology is 

adopted to improve the traditional 3D geological modeling method, so that geological modeling can be 

integrated with remote sensing image, and a new 3D geological modeling method based on remote sensing 

technology is developed. This method can perform integrated 3D visualization of underground and 

aboveground scenes, which provides a new way for disaster prevention and reduction, geological prospecting 

and tectonic interpretation. The new 3D geological modeling method is mainly applied in the geological field, 

and has made new progress in multi-source heterogeneous geological data fusion, large-scale high-precision 

modeling, geological grid subdivision, attribute modeling technology, remote sensing image fusion and other 

aspects. Taking the Ya'an area as an example, this paper makes use of the new generation of 3D geological 

modeling technology to carry out 3D geological modeling and visual display. The 3D visualization in Ya'an 

area verifies the feasibility and effectiveness of the new 3D geological modeling method based on remote 

sensing technology in the current data environment. 

 

Keywords: Multi-source heterogeneity, remote sensing, large-scale high-precision modeling, grid division, 
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1 Key technologies of the new 3D modeling method 

1.1 Overview 

The new 3D geological modeling method refers to the new systematic method developed using traditional 3D 

geological modeling technology after integrating new computer technology, remote sensing technology, and 

geostatistics method. Based on the concept of this method, we have developed a software for in-depth 

exploration in geosciences. 

1.2 Multi-source heterogeneous data processing technology 

1.2.1 Characteristics of geological data 
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Three-dimensional modeling data are characterized by multi-source heterogeneity, that is, by using multiple 

data, such as remote sensing, borehole, profile, and geophysical exploration data, to describe the geological 

phenomena in the same area. Each type of data may have multiple sources, that is, multiple units. Although the 

geological phenomena in a given area are specific, it is difficult to ensure the consistency and correctness of 

these multi-source heterogeneous geological data, which leads to uncertainty about the quality of geological 

big data. Therefore, it is necessary to process the data to establish an accurate 3D geological model. 

1.2.2 Isomerization of heterogeneous data 

Multi-source remote sensing information/data fusion is an integrated processing and analysis technology for 

remote sensing information, particularly promising for the synthesis of remote sensing data and multi-source 

information for geoscience research [1]. Multi-source heterogeneous data processing technology is the basis of 

geological modeling using data from multiple sources. Regardless of the source of the data, be them 

geophysical exploration data, borehole data, plane geological map, section map, or topography and remote 

sensing data, the main issue in the use of this technology lies in the conversion of heterogeneous data into 

isomorphic vector data (points and lines) and the provision of basic data sources for the generation of surfaces, 

such as ground level, fault level, and rock mass surface. 

Table 1 Process of isomerization of multi-source heterogeneous data 

 

1.2.3 Data conflict priority 

Another core problem that can be solved using multi-source heterogeneous data processing technology is the 

priority level of conflicting data in the modeling process when various types of data are in conflict. This 

technique adopts the principle of precision in data processing, that is, the priority of use of source data is 
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positively correlated with the exploration accuracy of source data. The higher the accuracy, the higher the 

priority. 

1.3 Large-scale integrated high-precision modeling 

1.3.1 Working principle 

Large-scale high-precision holistic modeling allows for the establishment of a continuous 3D geological 

model that meets the precision requirements for a wide range of geological research areas and covers the entire 

research area. This technique mainly uses model database and data extension technology. With the support of 

model database technology, the overall modeling of different strata in a large area is conducted, and the 

precision of the local model reaches that of the conventional block model. By using data extension technology, 

boundary faults and strata can be spliced and fused together in order to improve the understanding accuracy of 

boundary faults. On the other hand, large-scale high-precision overall modeling is based on the processing of 

complex structures, ensuring consistency of model information, achieving high-precision fusion of multiple 

work areas, and solving the problem of effective inheritance of existing modeling achievements. At the same 

time, large-scale high-precision overall modeling enables the unified storage of data and models, and the 

construction of a unified management and communication platform. This technique targets relatively deep and 

mature geological research or mineral production areas for exploration and development, which are 

characterized by wideness, multiple types of geological data, and large amount of data in general. The overall 

model constructed can accurately describe all geological structures in a given area. Conversely, the holistic 

model is the basic model for fine geological management. Finally, large-scale high-precision global modeling 

can provide precise geological description, fast data calculation, and real-time dynamic updating. The working 

principle of large-scale high-precision overall modeling is shown below (Figure 1). 
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Figure 1. Working principle of large-scale overall modeling 

Given Figure 1 above, the overall modeling working principle is as follows. The raw data are first stored in a 

database. Then the model database technology, the local modeling seamless mosaic technology, and the multi-

person parallel working mode are used to build the whole model. Finally, cluster visualization technology is 

used to depict the overall model and carry out various applications based on the model.  

1.3.1 Overall model database technology 

The whole model database technology breaks the traditional model file storage mode. It adopts the chip 

storage mode and stores the resulting model in the form of field storage, which is the technical core of the 

model database. The overall model is specified by the user, the cells are partitioned, and the results of the 

partitioning are saved to a database file. Each cell is stored in a table corresponding to the database, and the 

table records information as fields. When the local model is downloaded, the locked cell is determined. Local 

models are exported after being processed into multiple slice models (cell models). What is recorded into the 

database is the information of each piece of metamodel, which is stored in the form of fields in the 

corresponding cell table. The procedure to be invoked is similar to the storage. The locked cell model is first 

extracted from the database and then processed to form a complete model. Finally, the model is loaded into 

the modeling software to demonstrate the model. The overall model database technology is shown in Figure 2. 

 

Figure 2. Overall model database technology 

1.3.2 Local modeling seamless mosaics technique 

For the spliced block and small work area, the traditional modeling method can be applied basically. 

However, if the spliced blocks are too many and too large, the scope of the work area involved will be 

excessively large to be borne by the computer and software, and then the traditional modeling method cannot 
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be applied. Given this situation, we adopt model database technology to ensure seamless stitching of local 

models through local splicing and extension grid in order to splice both multiple and large work areas. The 

principle of seamless mosaics in local modeling of the model database is that all overlapping data are loaded 

into the database for the unification of the construction. The model of local overlapping area is renewed, and 

the model and the surrounding model can be seamlessly spliced after the extension grid is updated, achieving 

the seamless splicing and fusion of multiple work areas. 

There are two essential types of splicing problems. The first comprises the fusion of the early modeling results 

through the database. The fusion results are shown in Figure 3. 

 

 
Figure 3. Seamless integration of early model results 

In the second, the local model established by multiple people is constructed, and the seamless fusion is conducted 

automatically in the database, as shown in Figure 4. 
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Figure 4. Display of the seamless database fusion effect 

In the process of local model modeling, attention should be paid to the modeling method at the splicing point. 

There are three main ways to address the faults at the splicing of adjacent local work areas. First, seamless 

splicing can be conducted automatically if the fault involved in splicing is not changed. Second, the splicing 

point involves fault modification but has no impact on adjacent blocks and automatically conducts seamless 

splicing. Third, splicing involves fault modification; if the adjacent block is affected, another block should be 

downloaded at the fault layer to re-model to achieve seamless splicing. For the establishment of the 

stratigraphic model in the splicing area, only the fault model and the stratigraphic data in the splicing area 

should be consistent. Through this method, the recognition results of boundary faults in adjacent blocks are 

unified, the modeling results are effectively integrated and inherited, and repetitive modeling is avoided, thus 

improving work efficiency. The schematic diagram of overlapping area selection is shown in Figure 5. 

 
Figure 5. Schematic diagram of overlapping area selection 

1.3.3 Multi-person parallel working pattern 

Based on the principle of holistic model database, multi-person parallel holistic modeling is implemented by 

breaking parts into pieces, as shown in Figure 6. It solves the technical problem of regional integral modeling, 

which is difficult to be realized by conventional one-person small work area modeling. 
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Figure 6. The multi-person parallel working pattern 
1.3.4 Cluster visualization 

A cluster visualization system is a cluster graphics processing system. This processing system can depict the 

large-scale overall model and the local model of any size and position, as well as obtain the plan and section 

of any position, as shown in Figure 7. 

 

Figure 7. Overall profile of a large-scale high-precision model 
1.4 Grid subdivision technique 

1.4.1 Technical difficulties 

The grid subdivision technique is the foundation of attribute modeling, quantitative analysis, and numerical 

simulation. It is also the focus of the new generation of 3D geological modeling technology. The type of grid 

and the quality of the grid subdivision technology have particular influence on the success of 3D geological 

modeling. There are two difficulties in 3D mesh generation. First, while the 3D meshing of geological bodies 

cannot simplify geological conditions, it is difficult to simplify geological information when using man-made 

structures to cut 3D geological grids. Most 3D geological modeling software has the function of grid 

subdivision, but different grid subdivision algorithms are used. Second, the 3D mesh models obtained by 

different mesh generation algorithms significantly influence the accuracy of subsequent analysis and 

calculation. For traditional grid generation technology, it is considerably difficult to generate 3D mesh that 

can accurately describe the geological structure and support various analysis and calculation. The new 3D 

geological modeling method adopts truncated rectangular grid, PEBI grid, corner grid, and integrated grid 

subdivision technology. 

1.4.2 Truncated rectangular mesh 

The truncated rectangular grid is an irregular grid. Its obvious advantage is that the mesh at the fault layer is 

expressed by polygons, so that the fault structure can be guaranteed without loss of structural information. In 

addition, compared to the tetrahedral mesh, the truncated rectangular mesh is simpler and more efficient in 
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spatial data organization, in addition to support subdivision under complex structural constraints. The 

truncated rectangular grid is shown in Figure 8. 

 
 

Figure 8. Diagram of the truncated rectangular grid 
 

1.4.3 PEBI grid 

PEBI grids are unstructured grids. They can ensure smoothness without serrations in the strata and faults. The 

data is encrypted around the borehole to make the simulation more accurate. PEBI grids also support 

subdivision under complex construction constraints. A PEBI grid is shown in Figure 9. 

 

Figure 9. Schematic PEBI grid 
 

1.4.4 Corner-point grid 

A corner-point grid is a common grid format used in reservoir geological modeling and numerical simulation. 

After the structure information is obtained, a corner-point grid also supports subdivisions under complex 

structure constraints. However, some structural information will be lost at ground annihilation and fault 

intersection. In addition, the corner mesh model generally does not support local updating of the model. 

1.4.5 Raster 
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Raster is a simple regular grid with simple spatial position expression. Its ability to describe complex 

geological bodies is limited, as well as its ability to express structure information, which is usually expressed 

by attribute interface. 

1.5 Key techniques of attribute modeling 

1.5.1 Attribute interpolation  

Attribute modeling is a geological model based on structural model and calculated using the geostatistics 

method. It includes discrete (sedimentary and lithofacies) or continuous (such as water content, weight, 

permeability, and saturation) properties. Common interpolation algorithms are the kriging method, the 

sequential simulation method, and the inverse distance weighting method. Kriging interpolation is a statistical 

grid method. In this new 3D geological modeling method, two kriging methods, namely ordinary kriging and 

directed kriging, are used to interpolate different types of attributes. In ordinary kriging interpolation, the 

attribute value of the unknown point is considered to be the weighted sum of the attribute value of the known 

point. It is a simplified version of the kriging method used for continuity determination interpolation. The 

indicator kriging method is adopted to transform the investigation of the regionalized variable Z(u) into the 

investigation of its indicator function. It does not depend entirely on the stationarity of the regionalized 

variable, nor does it require them to obey a certain distribution. The method allows the estimation of the value 

of each part falling on some interval and the value of the part that is higher or lower than a certain threshold 

value. Different threshold values are used to divide the original data into appropriate intervals, and information 

from various sources is indicated and coded. This method can be used to determine the interpolation of 

discrete attributes.  

The basic function of sequential simulation is to obtain the local conditional probability distribution (LCPD) of 

each grid point sequentially along a given random path, and then extract the simulation value randomly from 

the LCPD. The simulation process is carried out sequentially from one pixel to another and is used to calculate 

the data of a pixel’s conditional probability distribution function. In addition to the conditional data except the 

original data, all data that have been simulated are considered. This new 3D modeling method uses sequential 

indication and sequential Gaussian methods, which are simulation methods suitable for different types of 

attribute interpolation. The sequential indicator simulation method (SISM) is used mainly to infer the 

variogram of the reservoir spatial attribute parameters, establish a random model based on the variogram, and 

then perform random simulation to provide the spatial distribution results of attribute parameters. This method 

is used for random interpolation of discrete attributes. Sequential Gaussian simulation, in turn, directly 

produces a Gaussian field model implementation. It is based on the concept of sequential simulation and is 

suitable for random interpolation of continuous attributes.  

Inverse distance weighting refers to the inverse distance squared method. It is a weighted average interpolation 

that can be precisely or smoothly interpolated. The quadratic parameter controls how the weight coefficient 

decreases as the distance from a grid node increases. For a larger square, the closer data points are given a 

higher weight share. For a smaller square, the weight is more evenly distributed among the data points. [2] 

This method is used to determine the interpolation of continuous attributes. 
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1.5.2 Data analysis  

Data analysis is a method of data research, data control, identification of key geological features, and data 

preprocessing prior to modeling. The modeled attribute data can be divided into discrete and continuous, 

which correspond to different data analysis methods. Variational function is a method used to describe the 

variation of the reservoir property that is based on the principle that the correlations between small samples 

are greater than those between relatively distant ones. When the distance exceeds a certain range, the 

additional change of distance has little influence on the correlation. Discrete attributes can be analyzed using 

the variational function directly, whereas continuous attributes need to be transformed first. In this study, we 

developed trend removal algorithms for input truncation, output truncation, logarithmic transformation, 

exponential transformation, standardization, 1D, 2D, and 3D. This method adopts the experimental variational 

function, which needs to be fitted. The fitting function of the experimental variational function is not arbitrary. 

In this context, previous studies have indicated four theoretical variational function models that can be used for 

fitting, as shown in Figure 10.  

 

Figure 10. Theoretical variational function model 

 

It should be noted that the spherical model is the most widely used model in geostatistics,as it can be used to 

fit many variables and the effect is relatively ideal. In addition, the variational function contains three essential 

parameters, namely sill, range, and nugget. Then nugget value C0 is the intercept of the function on the Y-axis, 

indicating the discontinuous change of the variable when it is less than the sampling scale. The base station 

value C0+C1 is the maximum value of the function and represents the maximum variation in the attribute. The 

range a is the minimum lag distance where the value of the function does not change. It indicates that, when 

the lag distance is greater than a, the spatial correlation of the variable disappears, reflecting the influence 

range of the variable. The computing capacity has improved with the continuous progress of science and 
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technology, promoting the rapid development of numerical methods, which can combine the non-uniformity 

of materials and structures [3,4] and the investigation of underground characteristics [5]. 

1.6 Application of remote sensing technology 

1.6.1 Summary 

Remote sensing technology uses different types of sensors located at different distances to obtain information 

on the earth. Since the first remote sensing image, it has been used for land use, hydrology, geology, weather, 

climate, and vegetation research [6,7]. Satellites and aircraft equipped with optical, radar, or laser sensors are 

the most common means of collecting and investigating data on the earth’s surface. [8] With the development 

of these traditional remote sensing technologies, UAV has been widely used in environmental research in 

recent years. [10-13] However, satellite remote sensing is still used for regular monitoring of large areas. 

[14,15] The main advantages of satellite imagery are free access to data and different spatial and temporal 

resolutions. [16] The development of remote sensing has greatly broadened the horizon of field-related 

technology and is becoming an indispensable technical means for geological research and 3D modeling. The 

observation scale, resolution, and recognition accuracy of remote sensing have greatly improved with the 

enhancement of various sensor parameters. At the same time, remote sensing geology has achieve a qualitative 

leap from macroscopic to microscopic detection and from qualitative interpretation to quantitative inversion, 

pushing remote sensing geology and application to a new height [17]. Remote sensing image processing, 

multi-spectral alteration anomaly extraction, hyperspectral mineral identification and mapping, InSAR surface 

deformation investigation and monitoring, remote sensing ore prospecting model, and remote sensing 

geological disaster investigation and monitoring are the main research directions. In this context, research 

outcomes play an important role in the prediction of structural morphology, lithology, and attribute distribution 

of 3D geological models [18]. One of the main advantages of remote sensing technology is its potential to 

identify and extract the scope and element information of built-up areas for planning and resource management, 

risk assessment, and disaster early warning [19-21]. 

Due to the rock mass fault, the formation of the structure is closely related to the interaction of the rock mass, 

making it possible to analyze and compare the faulted structure characteristics of adjacent rock masses 

through their spatial distribution characteristics. For example, ETM+ remote sensing image is used as the 

information source to extract linear structure information by using remote sensing image of rock mass. The 

isodensity map, trend surface, and stress field distribution are compared, and then the genetic relationship of 

rock mass is obtained through comprehensive analysis. [22] Remote sensing image data refers to the image 

data obtained from various sensors, processed by error, and corrected by radiation. With the rapid 

development of modern remote sensing technology, remote sensing has become a crucial tool to obtain 

information from remote sensing images because of its macroscopic reach, dynamism, quickness, accuracy, 

and comprehensiveness. [23] Over the past few decades, satellite imagery products have been the most 

commonly used auxiliary data sets for mapping, comprising, for example, land cover, land use data, and 

noctilucent (NTL) images. [24-27] Currently, the acquisition methods of surface DEM mainly include field 

survey, map digitization, optical detection and ranging, and interferometric synthetic aperture radar (IN-SAR), 
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among others. [28,29] The rapid development of information technology has led to the availability of many 

DEM data on the Internet to be downloaded and borrowed. Landsat and Sentinel are examples of satellite 

projects that provide free data. [30,31] 

1.6.2 Remote sensing image processing 

A major advance in remote sensing image processing in the new 3D modeling method is remote sensing 

image registration with DEM. Registration of remote sensing image and DEM is the basis of 3D 

geomorphologic image mapping. To perform the superposition of remote sensing image data and DEM, it is 

necessary to carry out geometric registration and transform its coordinate space into a unified projection 

coordinate system after processing. In practice, the registration method based on control points is used to 

match the control points, estimate the geometric transformation parameters, and subsequently register the 

control points. Remote sensing image as texture data is mapped to the surface of the 3D model established by 

DEM data, which allows for realistic and objective simulation of the surface landscape. The spectral 

characteristics of remote sensing images can directly affect the visual effect of the stereo model. The accuracy 

of image and DEM nesting can determine the accuracy of 3D model reconstruction, thus playing an important 

role in improving the accuracy and fidelity of the whole 3D model. Three-dimensional terrain visualization 

takes the remote sensing image of a certain region as texture. DEM and remote sensing image are 

superimposed to ensure coordinate registration among different data, and text symbols, geographical elements, 

images, and other data from different sources of the same region are converted into the same coordinate 

system to form real-time 3D terrain of the region investigated [32]. The combination of remote sensing image 

and digital ground model includes three aspects: the generation of digital ground model from remote sensing 

image, the use of digital ground models to correct remote sensing images, and the registration application of 

remote sensing image and digital ground model [1]. 

1.6.3 Remote sensing interpretation 

Remote sensing geoscience analysis requires the comprehensive integration of remote sensing and geographic 

information, and geoscience knowledge. Its purpose is to provide more visual information, dig deeper hidden 

space knowledge, and improve the accuracy of remote sensing image classification and thematic feature 

extraction. The development of space geodetic techniques is particularly important for the measurement of 

surface displacements, resulting in a dramatic increase in the number of deformable areas detected. [33-37] 

The combination of remote sensing image and digital ground model can be used in geological structure 

interpretation, geological prospecting, mine mapping, and surface subsidence monitoring, among others. [1] 

Remote sensing interpretation is mainly reflected in the following four aspects in geological aspects. 1) Up-

and-down dislocation fault interpretation. Remote sensing data can be interpreted to reveal the faults on the 

exposed surface, and two parameters are mainly judged: the change of height difference and the difference of 

stratum properties. If the change of height difference is significant but there is no significant difference in the 

geotechnical properties, the fault can be considered as a potential fault with upper and lower disk dislocation. 

In this context, the Landsat-7 satellite was launched by NASA with an enhanced Thematic Mapper (ETM+) 
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sensor. [38] Since landsat-7 ETM+ data are far superior to night light data and land cover data in terms of 

spatial resolution and spectral band richness, the extraction results can be used as a reference for future 

verification of various methods. [39,40] Therefore, Landsat can be used as the data source, which has the 

advantages of long-time sequence and high spatial resolution. [41] 2) Interpretation of horizontal dislocation 

fault. As the horizontal dislocation of geological and geomorphic bodies caused by strike-slip faults, this is 

also a relatively common fault structure. The displacement produced by this kind of horizontal dislocation has 

large range and time span. Horizontal dislocation faults can be judged by features such as ridge dislocation, 

synchronous asymmetry of river valley slope, and synchronous turning of river system and terrace. [42] 

3) Multistage fracture interpretation. Multi-stage faults are characterized by complex faults formed by multi-

stage tectonic movements, forming t-shaped and Y-shaped structural forms. The morphology of the outcrops 

is also particularly complex. One major technical procedure of multistage fault interpretation is to restore the 

geological body step by step to the state of no fault from ancient times through structural restoration, that is, 

through reverse engineering of faults. If the geological body cannot be recovered, a broken order should be 

attempted again until the correct or a better order is achieved. 4) Interpretation of remote sensing stratum 

structure. Remote sensing image assisted formation interpretation is also a common method of remote sensing 

image technology adopted in geology. By using multi-spectral remote sensing data analysis, various physical 

and chemical property parameters of the surface are obtained for comparison, and the existing geological map 

and characteristic data are referred to delineate the stratum boundary and distinguish the geological origin and 

geological age. In this case, the remote sensing image shows the tectonic trace and spatial framework of the 

crustal movement in a real, vivid, and intuitive way, thus providing the tectonic landscape image of multi-

layer, multi-scale, and multi-information source for regional tectonic geology research. Remote sensing 

tectonics analysis is a regional tectonics analysis research method based on modern tectonics theory and 

image tectonics information. Its main characteristic is that it allows for comprehensive analysis of the regional 

structure from surface to deep, from static to dynamic, from single information to multi-disciplinary 

information. [1] The fusion of geological model and remote sensing image data is shown in Figure 11. 
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Figure 11. Fusion of geological model and remote sensing image data 

 

1.7 Artificial building, DEM, and geological body cutting technology 

The development and construction of cities has led to increased used of the underground space, which changes 

the shape of geological bodies. Therefore, to accurately describe the geological body and analyze and 

calculate the interaction between the man-made structure and the geological body, first, the cutting of the 

man-made structure on the geological body should be investigated. While many software models can cut man-

made structures and geological bodies separately, few can cut the two with precision. However, a software of 

geological deep exploration based on the new 3D modeling method can be developed. The geological grid 

model after cutting is shown in Figure 12. 

 

  
Figure 12. Geologic grid model after truncated by the main body of the building 
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The fusion of geological model and DEM data aims to solve the problem of mismatch between the precision 

of the geological model grid and DEM data. Overall, this refers to a problem of mismatch between high-

precision DEM data and low-precision geological model grid. The method employed to solve this problem 

involves cutting the geological mesh with high precision DEM surface and forming a new complex polyhedral 

mesh on the DEM surface and geological body mesh. 

2. Application research of large-scale three-dimensional geological model 

2.1 Overview 

The traditional large-scale 3D geological model can be adopted for simple long-time visualization because of 

its low precision. With the support of the new generation of 3D geological modeling technology, the 

application field of large-scale 3D geological modeling has been greatly expanded, enabling services for 

different needs on both macro and micro levels. 

2.2 Crustal stability analysis 

With the support of the new generation of 3D geological modeling technology, crustal stability analysis 

provides structural data of large regions and supports efficient structural information extraction. Integrating 

the monitoring data involved in the evaluation, analysis, and calculation of crustal stress stability into the 

geological model can provide not only intuitive stratigraphic correlation for crustal stability investigation, but 

support for crustal stress stability analysis and calculation mathematical model for stress simulation and 

prediction analysis. 

2.3 Evaluation of geological suitability 

The integral structure modeling technique plays an important role in supporting suitability evaluation in large-

scale engineering geology. Integration can be achieved under the foundation and architecture of the whole 

construction model. As an integrated platform for multidisciplinary staff collaboration, it can meet the needs 

of evaluation in both dimensions of scale and precision. Multi-source heterogeneous data processing 

technology provides an accurate geological model for the evaluation work. The establishment of an attribute 

model provides a large amount of spatial attribute data for the evaluation project and supports quantitative 

evaluation. 

2.4 Analysis and research of geological big data mining 

Remote sensing image data mining is used to discover and mine the information hidden in remote sensing 

image by using data image analysis, pattern recognition, artificial intelligence, geographic information system, 

and spatial data mining, among other methods. It is also an application of image data mining technology in the 

remote sensing field. This emerging technology involves several disciplines, such as image processing, spatial 

database, spatial data analysis, expression and visualization, spatial data mining, geographic information 

technology, information extraction, machine learning, and software design [43]. Geological big data mining 
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and analysis technology is a research hotspot in the field of geology. As machine learning technology has 

matured over time, its most fundamental requirement is currently to establish a set of deep neural networks. A 

deep neural network predicts the change in geological body movement and the distribution of underground 

minerals through the geological body structure and attribute distribution data. The attribute model provides a 

unified storage and management function for the geological body structure and attribute distribution data, and 

can well support various types of geological big data analysis. 

2.5 Study and application of seismically active faults 

Active fault is a major object of seismic research. However, scarce research on geological structure 

environment and deep strata movement would restrict further research on active faults. Most active areas have 

complex surface deformation patterns caused by a variety of natural factors (such as expansion, contraction, 

dike invasion, active fault, lateral instability, and landslide) and human factors (such as local uplift or 

subsidence) [44]. If the detailed data of active fault research can be applied to 3D geological modeling, the 

accuracy of active fault description of geological model can be greatly improved. The location, form, and 

geological risks of active faults receive considerable attention not only in earthquake research, but also in 

geological disaster prevention and control, urban planning, and construction activities. Over the past few 

decades, the quantity and quality of geodetic data have expanded and improved. These data have been 

increasingly applied to the study of both geological and man-made disasters [45-51]. As the carrier of 

geological information, the 3D geological model can not only effectively undertake the information fusion of 

overground and underground integration, but also provide services for users of active faults more effectively. 

For example, active faults have great influence on the formation and activity of debris flow. In the past, due to 

the concealed characteristics of the fault itself, there was a lack of research on the fault activity law and the 

difference of its influence on the surface. This makes it difficult not only to quantify the impact of active faults 

on debris flow, which represent the effect of earth’s internal forcings, but also to accurately and rationally 

consider the impact of active faults in the current debris flow risk assessment [52]. More accurate debris flow 

risk assessment results can be obtained by integrating the research results of active faults with the 3D 

geological model. 

3 An application example of 3D geological modeling in the Ya’an Area 

3.1 Overview 

The Ya'an area of Sichuan province is located in southwest China, spanning the Sichuan Basin and the 

Qinghai-Tibet Plateau. It comprises an extensive area and complex geological conditions. Ya'an city has 56 

types of known mineral species, with 620 mineral producing areas, in addition to 30 types of minerals with 

proven reserves of mineral resources. Considering the implementation of a major construction project in this 

area, the Ya'an section of Sichuan-Tibet Railway is expected to establish a large-scale, high-precision three-

dimensional geological model covering the Chengdu and Changdu maps based on existing geological data. 

The model can support the evaluation of geological adaptability of engineering construction, geological 
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environment protection, and geological disaster prevention and control in this area. 

3.2 Overview of the Modeling Scheme 

Three-dimensional geological modeling of the Ya'an Area was conducted with four angular coordinates (longitude: 

101.522194, latitude: 29.95286), (longitude: 103.008852, latitude: 29.95286), (longitude: 103.008852, latitude: 

28.007564), and (longitude: 103.008852, latitude: 28.007564). The new 3D geological modeling method was 

adopted in this modeling. Based on the theories of geology and related disciplines, the main structural features, such 

as topographical features, soil-rock interface, lithologic boundary, lithologic association, fault, fold, and structural 

plane, as well as the inland layer distribution and structural morphology within a certain depth range, were 

investigated and evaluated in the Ya'an area. The spatial distribution and variation of the surface and underground 

geological bodies were mastered in detail. Based on new research and development of 3D modeling methods of 

geological deep investigation software, more drilling, geological mapping, and remote sensing image data source 

integration, large-scale integrated modeling technology was adopted to construct in large-scale high precision and 

the whole geological model of multi-resolution modeling using grid subdivision and multi-attribute model is set up, 

in addition to a geological 3D visualization model of the Ya'an area for geological research, comprising geological 

suitability evaluation work with 3D geological data services. The technical route is shown below (Figure 13). 

 

Figure 13. Roadmap of new 3D geological modeling technology 
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3.3 Data source situation 

3.3.1 Borehole stratification data 

The modeling used stratified data, such as basic geological age and stratigraphic group, of nearly 1500 

borehole columns in the area, with borehole depths ranging from 20 to 650 meters. 

Table 2 Sample stratified data of boreholes 

 

3.3.2 Geological map data 

A 1:100,000 map of Chengdu and a map of Changdu were used in this modeling, as shown in Figure 14 below. 

The modeling area is in the mosaic area of two maps, as shown in Figure 15. The modeling area covers 311,04 

square kilometers belonging to the edge of Sichuan Basin, which has significant terrain differences and 

particularly complex structures. It is mainly composed of deep hills and mountains, with the elevation mostly 

between 1,000-3,000 meters and the relative elevation difference around 1,000 meters. 
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Figure 14. 1:100,000 scale geological map of Chengdu and Changdu 
 

Figure 15. Work area - geological map of Chengdu and Changdu 
 

3.3.3 Remote sensing image data 

High-precision remote sensing image data of the Ya'an area were adopted in this modeling, as shown in Figure 

16 below. It is used for modeling reference in the early stage and visualization of surface integration of 3D 

models in the later stage to assist the geological research in this area. Remote sensing images can objectively 

reflect the morphology, structure and spatial relationship of scenery and other features, so that people have a 
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macroscopic and overall understanding of ground objects. It is generally believed that the higher the spatial 

resolution, the better the data [53,54]. High quality land cover data products, such as high-resolution optical 

remote sensing images, are important data sources for surface information extraction [55-61]. At the same 

time, it can truly and objectively record and reflect the surface scene, which is an important data resource for 

3D terrain simulation. 

 

Figure 16. High precision satellite image data in Ya 'an area 

 

3.3.4 Data organization 

The borehole data are arranged into a unified data format, and the stratified points are arranged into three sets 

of stratified data according to generation, system, and period, respectively. It is used to build models with 

different ranges and precision to solve the problem of too large and too thin layers in the work area. The 

borehole position data is transformed from WGS84 coordinate system projection to China 2000 coordinate 

system, and the projection type is Gauss-Kruger projection. Regarding organization of map data, to ensure 

the consistency of the projection parameters with the borehole, the 1:100000 Chengdu and Changdu frames 

are projected into the Chinese coordinate system of 2000. As for organization of the furface elevation data, 

90 meters of resolution data were downloaded from the geospatial data cloud for cropping and thinning. The 

raster is rotated first, and then the data is projected to the Chinese 2000 coordinate system. After importing 

the surface elevation data and borehole data into the geotechnical deep exploration software, they are 

simultaneously displayed. The good match between them indicates that the projection is correct, as shown in 

Figure 17 below. After importing the surface elevation data, borehole data and map boundary data into the 
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geotechnical deep exploration software, the three data are well matched, indicating that the projection is 

correct, as shown in Figure 18 below. 

 

 
 

Figure 17. Surface elevation and borehole matching renderings 
 

Figure 18. Matching renderings of surface elevation, borehole and map boundary 

 

3.3.5 Difficulties 

First, the scale of work area is too large, which leads to the increase in the number of modeling grids, thus 

leading to a significant increase in computational complexity. Second, the horizontal and vertical proportions 
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are not coordinated, with 144,383 * 215,944 meters in the horizontal direction, while the thickness of the 

layers of the longitudinal borehole varies from several meters to ten meters, and the depth of the final hole is 

less than 4,000 meters. Third, the distribution of modeling data is not uniform, and the borehole data is 

concentrated in an internal minimal area, as shown in Figure 19. As a result, the regional layers where the 

borehole is concentrated are very steep, while the data constraints of other regional layers are not enough, 

resulting in problems such as layer penetration. Fourth, the coordinate system of data is not unified. 

Coordinate systems with different attributes are applied to the data: the borehole data is WGS84 coordinate 

system, while the Chengdu and Changdu maps are Beijing 54 coordinate system, and the projection type is 

Lambert isometric cone. Finally, in the same project, strata and intrusive rocks are alternately distributed in 

the same borehole. In the large model, the topmost strata data and the bottommost intrusive rocks data are 

used. 

 

 
Figure 19. Modeling borehole distribution diagram 

 

3.4 Project results 

3.4.1 Large scale and high precision model based on multivariate data 

Using a new 3d geological modeling method based on remote sensing technology, the overall structure 

modeling of the Ya'an area is carried out. The 3d geological modeling data used drilling, geological map, 

remote sensing and other data. After the four steps of multi-source heterogeneous data processing, large-scale 

high-precision modeling, grid subdivision and attribute modeling, the modeling accuracy reaches 50m grid 

precision and 50m fault grid. Because the modeling area is large, the modeling process adopts large-scale 
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overall high-precision modeling technology. First, it is divided into 4 pieces for independent modeling. Then 

the four independent models are seamlessly spliced together to complete the underground 3D geological 

model. Finally, through OpenGL 3D rendering technology and stacking inclined photographic model, a 3D 

geological model is built, as shown in Figure 20 below. 

 
 

Figure 20. Results of 3D geological model in Ya 'an Area 

 

3.4.2 Visual geological study of remote sensing image fusion 

Due to the complexity and irregularity of surface landscape, simple texture mapping technology is difficult to 

obtain satisfactory results. By processing remote sensing images and sticking them on the 3d terrain surface as 

texture images, the sense of reality of 3D terrain simulation can be greatly improved [7]. Using remote sensing 

image and DEM to apply surface texture mapping to 3D terrain simulation can effectively improve the sense of 

reality of simulation visualization. Superimposing DEM data and remote sensing image to generate 3D image 

can not only vividly reflect the terrain and geomorphological features of this region, but also reproduce the 

landscape features of this region. This has a good application prospect for 3d visualization in landscape areas 

with inconvenient traffic and sparsely populated [7]. Three-dimensional modeling in the Ya'an region 

combines remote sensing image and geological model as shown in Figure 21 below. It can provide interactive 

functions such as cutting and excavation for geological research. At the same time, it can provide support for 

judging whether the geological structure of the 3D model is reasonable, whether the division of sedimentary 

areas is accurate, whether the description of geotechnical properties is accurate and so on. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 January 2021                   



24 
 

 

Figure 21. Interaction study of remote sensing image fusion 
 

3.4.3 Constrained subdivision grid model based on structural model 

Based on the constraints of the structural model, the volume grid is subdivided and the grid is a truncated 

rectangular grid. Using this grid division technique, the grid model and the structural model are highly 

consistent in geometry, and the grids remain smooth at both the stratum and the fault layer, as shown below 

Figure 22. The grid model is a multi-precision model and supports multiple resolutions of grids, which can 

well support LOD pattern visualization. 

 

Figure 22. Grid model with structural constraints 

 

3.4.4 Multi-attribute model 

Based on the grid model and using the geostatistical interpolation method, the high-precision attribute models 

of lithology, porosity and permeability were established in some areas of this project based on the borehole 
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attribute information, as shown in Figure 23 below. 

 
Figure 23. Results of local high-precision attribute model 

 

The high-precision attribute model can support the query service of geological data (including attributes) in 

this area. It can provide detailed and authoritative data for regional planning, engineering construction, 

scientific research, underground resource assessment and other work. Another important advantage of the 

attribute model is the low cost of updating, unlimited extension of the attribute capacity, and long-term 

sustainable services. 

3.4.5 Remote sensing image interpretation of faulted structures 

After the spatial coordinate transformation, the large-scale high-precision model and the remote sensing image 

are fused seamlessly, and the two models are in perfect agreement. This indicates that the modeling accuracy 

is very high, and the results are shown below (Figure 24). 

 

 
 

Figure 24. Fusion of remote sensing images and geological models 

 

In this project, remote sensing images were used for fault interpretation, and new potential faults were found, 

as shown in Figure 25 red line. The potential fault structure starts at the point (longitude: 102.2267, latitude: 

28.5761) and ends at the point (longitude: 101.8865, latitude: 28.3011). 
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Figure 25. Remote sensing interpretation of fault structure 

 

Through the comparison of high-precision remote sensing elevation information, the average distance 

difference between the two sides of the potential fault is determined to be 95 meters, and the average fault 

distance of the potential fault is preliminarily determined to be 95 meters. Along the direction of the fault line, 

the north side is higher and the south side is lower. At the same time, by referring to the fracture tendency of 

the same strike nearby, it is preliminarily judged to be a reverse fracture with a southeast tendency of 45° dip 

Angle of 78°. This interpretation has been applied to the construction modeling of this project. 

3.4.6 Remote sensing image interpretation of stratigraphic structure 

In this project, remote sensing images are used to interpret the stratum and study the chromatogram of bare 

ground (the red circle part in Figure 26). The probability distribution of rock types in this area was obtained by 

comparing with the spectrum of rock and soil data in this area. The three rock types with the highest 

probability (medium sand 32%, silty mudstone 28%, fine sand 19%) were selected. Finally, the quaternary 

strata of the surface overburden in this area was determined. This result is finally reflected in the results of the 

3D geological model. 
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Figure 26. Remote sensing image stratigraphic interpretation 

 

3.4.7 Comprehensive application of remote sensing image interpretation and 3D geological model 

The results of remote sensing image analysis can be segmented and segmented by the 3D integral model 

constructed in this paper. It can not only see the geological subsurface structure and occurrence, but also 

verify whether the interpretation results of remote sensing images are correct. The comprehensive application 

of remote sensing and geological modeling technology has not only greatly promoted the progress of earth 

science, but also pushed the application of remote sensing technology to a new height. 

4 Summary and Prospect 

Remote sensing technology provides a new data source and a way to explore the earth for geoscience 

applications [1]. The whole structure modeling practice in the Ya'an area makes us deeply realize the 

importance of the new 3D geological modeling method based on remote sensing technology. The multi-source 

heterogeneous data modeling technology, especially the comprehensive application of remote sensing image 

data and remote sensing technology, not only greatly improves the application degree of geological data, but 

also maximally improves the accuracy of 3D geological model. This also lays a solid foundation for the 

application of geological model. It is convenient to realize the integration of geological data through large-

scale integral modeling technology and the establishment of model database. Through grid subdivision and 
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attribute modeling, the attribute model is established in this region for the first time. The attribute model can 

accommodate all kinds of geological attributes and provide discrete data support for quantitative big data 

geological research. Looking forward to the development of 3D geological modeling technology, it should 

focus on two centers. One is to reduce the cost of user modeling and improve the efficiency of modeling. The 

second is to improve the quality of the model to better and more comprehensively meet the needs of all kinds 

of users. 

In order to meet the first goal, artificial intelligence and machine learning technologies should be used to 

replace the artificial links (such as section interpretation model editing) that currently affect the efficiency of 

3D modeling. In addition, cloud computing and parallel computing technologies are introduced to reduce the 

time consumption and improve the efficiency of modeling. It is an important technical route to combine 

remote sensing interpretation with artificial intelligence. The existing geological maps, especially high-

precision geological maps and remote sensing data, are matched as the big data foundation of machine learning. 

On this basis, a deep neural network is established to characterize remote sensing image features and 

geological structure features, so as to expand remote sensing image data into an important data source for basic 

geological survey and regional geological survey. In order to meet the second goal, surface modeling algorithm, 

mesh generation technology and attribute modeling technology should be continuously improved. At the same 

time, numerical simulation methods suitable for large-scale geological models were developed, and more 

technologies were developed in the fields of ground stress simulation, groundwater seepage simulation, fluid 

pressure simulation and so on. 

The Physical Geological Data Center of Natural Resources has established a service platform for important 

geological borehole data, and has released 1.1 million important geological borehole data to the public through 

geological cloud. The 1.1 million drill holes have a total footage of 275 million km, covering 31 provinces 

nationwide. Combined with remote sensing images, this new modeling method can be used to draw a 

complete and detailed three-dimensional display of the national underground surface. This will make a great 

contribution to geologists and other researchers from all over the country and the world. For other problems 

encountered in the future, we will track improvement from the technical and method. 
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