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In view of the complexity of mine geology, complex mountain structure, and strong concealment characteristics, the construction
of 3D visual model of mining engineering is of great significance for mine mining design, production, and residual ore remining.
Based on the comprehensive analysis of the development results of the existing 3D visualization software of ore body at home and
abroad and the actual needs of domestic mines, this paper determines the key technologies and solutions to be studied. Focusing
on the overall goal of real ore body visualization, relying on geology, mining, computer graphics CAD technology, and computer
software engineering develops a set of 3D visual modeling general components for 3D simulation software developers to realize
the 3D visual operation platform of ore body with independent intellectual property rights. By introducing the Shear-Warp
volume computer rendering technology into the underground 3D visualization analysis process of mining engineering, a three-
layer visualization platform structure based on hierarchical model is designed from the perspective of software engineering, which
effectively strengthens the low coupling of data and high cohesion of function of the system. The example analysis results show that
this method can accurately simulate the 3D structure and distribution of the actual ore body and make basic preparations for
reserve estimation, mining design, mining development, and prospecting prediction. At the same time, the general component of
3D visual modeling provided by the system is ready for the interface of 3D simulation involved in mining software development.

1. Introduction

According to the large amount of data information of
mining engineering and related data unified in the 3D co-
ordinate system, the modeling of mine plan design, pro-
duction management, and major event decision-making is
completed. Taking into account the actual needs of the
advanced Internet technology used in current mining, re-
sources can be developed reasonably and meet the needs of
safe production in mines [1]. The underground mining
model of 3D underground mining engineering can truly
simulate the actual operation situation and provide maxi-
mum service for the mining engineering. The 3D visuali-
zation technology is used, to construct the underground
mining roadways, mining areas, ore bodies, and 3D mine
models technology. The developed underground 3D

visualization technology of mining engineering is used to
construct the underground mining roadway, mining area,
ore body, and 3D mine models, which can truly show the
relationship between the mine roadways, the relationship
between the mine mountain body and the roadway, attri-
butes and characteristics of the mine body and the mine
from other angles, arbitrary positions, and proportions,
which have gradually attracted the attention of many mining
engineering scholars [2] At present, the Chinese visual
analysis system for mine tunnels is usually based on third-
party software. The constructed analysis system can com-
plete the effective design of the mining plan, but the sim-
ulation results of the 3D visualization model between the
mine tunnel and the ore body are not very good; it is im-
possible to truly give feedback about the close relationship
between the real-world situation of the mine and the
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roadway. Meanwhile, because the user cannot obtain the
source code, the system cannot analyze the complicated and
diversified rock distribution of the mine roadway. It is also
affected by software tools in the actual application envi-
ronment; it is of great significance for the study of 3D vi-
sualization technology in mining engineering.

For along time, mining and geological personnel hope to
intuitively and accurately delineate the ore body boundary,
understand the 3D shape of geological structure, accurately
interpret the underground geological body, and realize the
3D visualization of the deposit, so as to carry out accurate
reserve estimation and reasonable deposit mining design
and guide mining development and deep prospecting pre-
diction. An excellent 3D CAD mining modeling software has
become the focus and difficult problem of people’s attention.
Fortunately, as computer graphics, artificial intelligence
(AI), network communication, and other essential tech-
nologies continue to progress, it is possible to make 3D
intelligent design, physical property analysis, and dynamic
simulation of ore deposit. In recent years, the concept of
“digital mine” has been deeply rooted in the hearts of the
people. How to use information technology to transform
conventional mine production has become a key problem
for mine researchers. Because the mine itself is a true 3D
geographical environment, all mine production activities are
carried out in this true 3D environment, Hence, excellent
mine information construction (such as mine monitoring
and scheduling, production process control, and production
planning) is inseparable from the simulation of 3D envi-
ronment. Since the 1970s, computer graphics, Al, com-
munication technology, and simulation technology have
been further developed, and some new simulation theories
have emerged one after another, such as UG simulation
theory, image simulation theory, and virtual reality (VR)
theory. On the basis of these theories, many excellent 3D
modeling software programs have been produced, such as
3DMAX, AutoCAD, and photo3d. These software programs
provide relatively convenient 3D modeling function and
have been applied in mine geological modeling.

However, due to the randomness and imbalance of
geological phenomena, as well as the 3D problems in geo-
logical modeling (such as 3D simulation of 3D strata, ore and
rock mass, faults and roadways, automatic generation of
profiles, analysis of spatial topological relations, volume
computing of ore body, estimation of grade and reserves,
etc.), the above software cannot conveniently carry out
geological 3D visual modeling. In view of the above geo-
logical modeling problems, a large number of research
studies on 3D visual modeling technology of ore deposits
have been carried out at home and abroad. Foreign countries
started earlier and launched a series of 3D mining modeling
software. After years of improvement, these platforms have
good system stability and have been widely used in China’s
mineral generation design, but there is a certain gap with
China’s actual demand. Its mine management concept,
resource exploration, mining technology, and technical
standards are different from those in China. Coupled with
many factors such as localization, price, and service, its
popularization and application in China has great
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limitations. In addition, it is not a long-term plan to
completely rely on foreign software.

A 3D visualization analysis method of mining process is
proposed based on Shear-Warp computer rendering tech-
nology in this paper. This method mainly combines the
accurate location of the mining project space with the
physical properties of the mine rock, to provide the mining
project with detailed 3D real data information, which can
vividly display the spatial relationship between the mining
projects and make the mining project design more
reasonable.

2. Technology and Related Theories

2.1. Shear-Warp Volume Computer Rendering Technology.
A combination of interactive graphics and image processing
is used mainly by 3D visualization. It mainly obtains the data
information required by users from the database, completes
the representation, operation, and drawing of 3D visuali-
zation, and can mainly provide the data display for un-
derground 3D visualization, reflecting the complex internal
structure and constantly changing characteristics [3, 4]. The
current underground 3D visualization method of mining
engineering mainly adopts two methods. One is the screen
space ray projection method, which projects the under-
ground image of the mining engineering to any pixel on the
screen. It starts from the visual point of view and calculates
the method of interaction between the light and the 3D
visualization database according to the emitted light, to
obtain the color of the pixels corresponding to the accu-
mulated sample samples. The second is a database-based
unit projection method, by which each unit in the database is
projected onto the screen in a certain order and meanwhile
correspond to the range of pixels on the screen according to
each unit.

The memory computing-based Shear-Warp volume
computer rendering technology is basically characterized
by minimizing the I/O operations on the hard disk and
analyzing the relevant data on operations in the memory.
The median values obtained are stored in memory by
Hadoop’s MacReduce computing engine, and the previous
I/O request is stored externally in the subsequent com-
puting. As median values are directly stored and replicated
by Shear-Warp volume computer rendering technology in
the memory, it can shorten the data transmission time
compared with the previous MapReduce as a whole,
thereby ensuring the work efficiency of the task. Figure 1 is
a structural diagram of the Shear-Warp volume computer
rendering technology.

The core module of the Shear-Warp volume computer
rendering technology is to formulate the mission plan
through the directed acyclic graph. In turn, the Shear-Warp
volume computer rendering technology can have better
flexibility in processing tasks. Stream processing mode,
graph computing frame can be implemented; machine
learning library (Mllib) can be implemented in order to
provide Shark of distributed SQL query.

Berlius equation is used to assess the performance of
classification by each classifier, described as follows:
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FIGURE 1: Shear-warp volume computer rendering structure.

1/con (i) N-2
Zjll l/con(j) N

weight (i) = 1 - (1)

where N is classifier count, con (k) is the posterior proba-
bility of classification results by classifier k using the Shear-
Warp volume computer rendering technique, and weight (i)
is the weight of classifier k.

The equation has two features:

(1) Higher accuracy of classification indicates a higher
weight of decision tree

(2) Equation Z , weight (i) = 1 holds; i.e., all decision
trees comply w1th the normalization condition

The out-off-bag data can be used to analyze Shear-Warp
volume computer rendering. The results indicate that F1 is
smaller than that obtained by Bayes equation based on
verification probability calculated. Hence, the posterior
probability of classification results is discarded, and out-off-
bag F1 is used to determine the accuracy of classification.
Equation (1) is modified to obtain

1/00bF,

h -~
weight (i) = - Y1, 1/00bF, (j) @

where N is classifier count, oobF, (k) is out-of-bag F1 of
classifier k, and weight (i) is the weight of classifier i.

In general, industrial connections among firms are in a
vertical chain, in which upstream and downstream firms are
effectively connected by manufacturing links; their coop-
erative/competitive relationship is deemed as their center. It
is assumed that the SDA method is used to process set X with
n samples.

X ={x1, x5, ..., x,}. (3)
With p index, fuzzy clustering is conducted by category:
xkp}, xkj = [akj, bkj]’ 1 Sks]’l, 1 S]Sp

(4)

X ={Xk1,xk2, ey

U is used to indicate the relative matrix membership in
the model:

U={uz), (i=1,2,...

uy. is the membership of k sample in i category, which
complies with

,¢;k=1,2,...,n). (5)

{ D Uy = 1,Vk, 0 <y < 1, VK, i (6)
i=1
g; indicates the center of category i in the analysis:
gi :(gil’giZ’ e ’gip)’gij - [“ij’ﬂij]’ I<i<cl<j<p, (7)

where adaptive parameter A is introduced to indicate the
cluster weight:

A = (Mo s -5 Ap)- (8)

The expression of the comprehensive weight is
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Using the Lagrangian method to derive the aggregate
function, we can get
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The firm set effect is generally subject to natural resources,
geographical environment, process technology, and other fac-
tors. The preliminary combination mainly shows the partner-
ship among various firms in manufacturing and operation. In
essence, the geographical combination of firms allow matching
of their internal resources with the clustered firms based on the
competitive relationship and cooperative relationship, so as to
reduce trade costs and maximize profits as much as possible.

Shear-Warp volume computer rendering technology can
build the most serialized time series model and use it in



large-scale underground 3D visualization analysis process of
mining engineering. The N states that exist in the model can
be set as S ={S,,S,,...,S,}; then g, is the state at ¢ time;
A= {ai j} is the transition matrix between various states; the
following expressions can be obtained:

“ij(k):P[qu :Sj|Qt:Si])15i’jSN- (12)

In certain RFAMs, any state can access others in one
transition, while in other RFAMs, only transitions between
some states are allowed; i.e., a;; >0 for j in some i only.

The difference between RFAM and Shear-Warp volume
computer rendering technology chain lies in the fact that
only one external value is observed per state, with the ob-
servation vector correlated with the system state in a discrete
or continuous distribution.

M
bj (Vt) = Z wj,mN(ot’ A[/lj,m) Zj,m)’ (13)

m=1

where M is mixture Gaussian distribution count, w,, is the
weight of positive mixture, and N (o, 4;,,,, Zj,m) indicates
Gaussian distribution with n dimensions.

3. 3D Visualization Analysis of Underground
Mining Engineering

3.1. Parallel Optimization Strategy for 3D Visualization
Analysis of Mining Engineering. As the data acquired and the
node feature division are random, no connection will be
established between numbers determined. At the same time,
the 3D visualization analysis of mining engineering can be
used to make it characterized by initial parallelism. The 3D
visualization analysis method can be used to effectively give
teedback about the mining engineering visualization, node
visualization, and feature selection.

The 3D visualization analysis method of mining engi-
neering is used to visualize the mining engineering data,
which allows data computing of samples accordingly. I/O
operations can be stored through dispersing many computer
nodes to reduce the bandwidth occupation of the network as
compared to conventional identification methods with
single machine. 3D visualization analysis of mining engi-
neering is performed on data from parallel computing,
combined with the frame characteristics of the Shear-Warp
volume computer rendering technology, to design an
analysis model of mining engineering 3D visualization in
this paper.

3.1.1. Identifying Characteristic Sampling Cut-Off Point for
Statistics. The optimal mining project feature is identified as
required, and cut-off points are selected accordingly. Based
on the features of data distribution, sampling and analysis
are conducted on various features of the data and sum-
marized at the master node in the end. It is operated mainly
to perform computing at various nodes. However, at the
final integration phase, just a relatively low bandwidth is
required. Thus, relatively high bandwidth and I/O operation
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for the value of overall data feature should be avoided if
possible during data consolidation as the data acquisition
method can directly influence its accuracy [5, 6].

3.1.2. Training Samples by Layer. According to the single
sample mode, the deep optimization based on mining en-
gineering converted to priority strategy is the training focus.
For the purpose of training each layer in a distributed en-
vironment, various cycles of the same number should be
established at the maximum tree level. Moreover, parameter
statistics is performed in the cycle phase on the segmentation
points of nonleaf nodes, to judge the segmentation points
according to the characteristics.

In the past, the 3D visualization analysis algorithm of
mining engineering was mainly learned by using multiple
base classifiers mining engineering, based on the integrated
model of prediction samples [7]. The corresponding working
steps are as follows:

(1) Through the existence of samples returned to the
original data set, n samples are selected to form a new
training subset.

(2) In the sub-data set generated in step 1, all features are
sampled, and m features of the decision tree are
selected as separation nodes; the decision tree does
not undergo a paper-cutting process.

(3) Repeat steps 1 and 2 until a set with s decision trees is
obtained.

(4) Transfer the obtained data samples to step 3 to ex-
tract the decision tree for predictive analysis, record
in detail the prediction categories of different deci-
sion trees, and merge them simultaneously. The final
total number is the best method by selecting the
model.

During the sample training, the parameter that can
realize the classification of the mining engineering 3D vi-
sualization analysis method is most affected is the number of
features that are not generated in the feature parameters.
Hence, the value of k is the most important in the visual
analysis and training process of mining engineering, so the
value of k needs to be less than the total number of feature
values. In the application of the 3D visualization analysis
method of mining engineering, the method of combining
the verification set and the cross-validation method is
usually used to calculate the value of k before the sample data
training.

The 3D visualization analysis algorithm has more ex-
cellent results from data mining; on the other hand, it may
reduce the accuracy in data training. For the purpose of
addressing this issue, category 1 is determined by data
mining as the final results. However, it still cannot funda-
mentally solve the tie situation that the average value cannot
solve. This can effectively avoid the defects in the model.
Aiming at the problems caused by the conventional 3D
visualization analysis method of mining engineering, the
following improvement measures are proposed in this paper
[8]. The basic idea is as follows:
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(1) Before visualization processing, weight is given to the
decision tree according to the classification perfor-
mance of the decision tree

(2) If the classification result of the mining project is
obtained, the weight of the mining project will be
multiplied by the classification result

(3) Perform statistics on all weighted results, sort them
in descending order, and finally determine the
highest category as the classification result

3.2. Shear-Warp Training. According to the mining engi-
neering 3D visualization analysis algorithm, there is great
relationship between the results obtained and the prelimi-
nary parameters. After iteration, whether the transition
matrix is 0 is determined by initialization, and the obser-
vation sequence is defined as O = 0,0, --- 0y:

P(OJA) =P (O|M). (14)

The forward-backward algorithm is used to calculate
P(O|A). For parameters A in i state of Shear-Warp tech-
nology, forward probability «, (i) is defined as

o, (i) = P(0,0, - 01, q, = ilA), (15)

where «, (i) is the probability of A parameter generating
(0,0,---0,) sequence in o, state at t time.

The following forward algorithm can be used to calculate
P(OlA):

(1) Initialization:

@ (j)j=b;(0;), 1<j<N. (16)

(2) Recursion:

N
a, (i) =b; (ot)[z o (j)oc]-i:I,ZStsT,qsisN. (17)
j=1

(3) Termination:

N
P(OW) =) T (). (18)
j=1

Simultaneously, define f3, (i) and &, (i, j) as
B (i) = P(04410443 - - -0 g, = 1> 4),

(19)
&t (i, j) =P(qt =i,qt + 1 = jlO, 1),
where &, (i, j) in forward-backward computing is
s P(q =i,gp1 = jlOA)
&t(i, j) = PO
% (1)at; b, (0 + 1)By ()
- PO (20)

- o ()a;;b; (0¢41)Bes1 (1)
ol Zi\il o, (Db (011) B ()

Probability y, (i, m) of mixed component m of the system
in i state at ¢ time can be obtained:

a, (i)B, (i) H Ui mN(0ps tj s Zjs 1)
>

Zf\:rl a, (D), (i) %:1 wj,mN(Otn"lj,m’ 2j, m) .
(21)

Y, (i,m) = [

3.3. Shear-Warp Is Used for 3D Visualization Analysis.
First, different types of Shear-Warp are trained using the
training set labeled. Set the type that needs 3D visualization
analysis as k = {1,2, ..., K}, with A, as the model parameter
for each type. Posterior probability is maximized based on
maximum likelihood criteria with Bayes Warps considered
as follows:

_ P(O| )P (A
k = argmaxlsksKP (Ak|o) = argmaxlsksl(%

(22)

Let prior probability P (A,) per type be consistent. Since
P(O) is irrelevant to k, the decision can be ignored:

k = argmax;__ P (O|,). (23)

Due to the minimal value of P(O|A}), there may be
underflow of floating points (often logarithmic) in computer
operation. In case of several observation sequences, each
formula is weighed.

3.4. Visualization of Underground 3D Training in Mining
Engineering. Based on the characteristics of the Shear-Warp
volume computer rendering technology computing engine
and the conventional visualization process, the visualization
training of the 3D visualization analysis algorithm is divided
into four main steps combined with the improved point
analysis of the 3D visualization analysis algorithm in this
paper [9]:

(1) Obtain the characteristics of the samples distributed
on the nodes through random sampling, and carry
out the characteristic subcontainer operation

(2) Use the RDD of each mining project to construct a
visual random forest based on feature subspace and
bagging sampling

(3) Obtain the F1 value of each decision tree by pre-
dicting the out-off-bagging data

(4) Combine the deterministic trees generated in step 3
to synthesize an underground 3D model of complete
parallel mining engineering

In the current mining engineering space identification
industry, it is crucial to timely respond to and meet the
various demands of each firm. The mining engineering
includes two main aspects: development and design [10].
With comprehensive analysis on market demand variation,
the emerging mining engineering development process and
design cycle are analyzed to provide personalized services for



firms; meanwhile, customized design of mining projects is
conducted based on the practical demand of firms. Although
their goals differ from primary tasks, they are connected
inherently. Modularization and standardized design are
carried out during space identification of mining engi-
neering to lay a foundation for the process, where non-
segmented segments are converted to a VR model [11].
Additionally, the relevant expertise and corporate design
should be included to develop new mining projects based on
their demand.

The real-world scene developed based on VR is “en-
hanced” by Shear-Warp volume computer rendering tech-
nology through superimposing virtual objects, scenes, or
system prompts generated by computer. Virtual objects can
be introduced to the real-world environment by Shear-Warp
volume computer rendering; moreover, the position and
posture of the virtual objects are provided dynamically to
ensure virtual consistency between them and cultivate the
observation habit for more customized design and more
natural interactions based on Shear-Warp computer ren-
dering [12, 13]. Moreover, the real-world scene kept in
Shear-Warp volume computer rendering makes the output
more realistic. It allows the capture of real-world situation by
camera via video streams, in which each frame is processed
by tracking to calculate the real-world coordinates and states
by geometric computing and register the coordinates and
states of virtual objects in a real-world context to establish a
virtual scene. The system allows zoom-in/out by proportion
based on the design drawing of mining projects. When the
exterior wall of the mining project was realized, the solution
was to stick lines of consistent specifications. The overall line
of the mining project can be used to solve the problem of
scale according to the length/width of a line [14]. After the
coordinate system and scale are established, geometric ob-
jects in the virtual mining project indicate each line of the
mining project composed of a series of computing.

3.5. Realization of the 3D Visualization Model of Mining
Engineering. Through mining production, the metal ore is
transported from the working face to the ground and
transported to the channels for ventilation, drainage, and
safe transportation of workers. For the entire mine, visu-
alization is its core part. During the modeling process, first
import the mid-section engineering plane grid diagram into
the MapsGis software for coordinate correction, and after
conforming to the actual geographic coordinates, the vi-
sualized floor line is vectorized and saved in the form of DXI.
Figure 2 shows the modeling method and flow of the mining
process.

The following points should be paid attention to when
vectorizing the plan view of the middle section of the project:

(1) Connect and close the coil area in a multistage
manner, which cannot be connected with an arc
wire.

(2) Each line segment is inseparable in the vectorization

process, in this case; connect the line segments;
repair function.

Mobile Information Systems

(3) No duplicate points appear on the closed line. After
the vectorization is completed, the line error to-
pology check is performed to delete the duplicate
points.

(4) You must unify the special set of vectorized lines in
the same layer. Otherwise, an error will occur after
importing the DATMNE software.

In DATAMNE software, there are several ways to model
roadways:

(1) A method of drawing a single section on the center
line of the alley floor is adopted. Using this method,
first determine the shape (such as circle, square, arch,
etc.) and size of the cross section, and then generate a
visualization solid model along the center line of the
visualization base (Figure 3).

(2) The method of drawing multiple sections on the
center line of the alley floor: Specify the set section as
the desired centerline position, specify different
sections in the same centerline, and finally generate a
visual solid model between the sections (Figure 4).

(3) By vectorizing the top or bottom plate of the single-
contour road, a single contour of the ceiling or
bottom plate is obtained, and a value is assigned to
the contour line according to the visualization height
to generate a visual entity model [15].

(4) Obtain the contour lines of the desktop and the
bottom plate from the ground measurement data of
the 2-contour road, and generate the engineering
visualization solid model between the top line file
and the bottom line file. Although this method re-
quires a large amount of work in the early stage of
data acquisition and data processing, the modeling
accuracy is very high (as shown in Figure 5).

According to the existing ore production materials, the
single-contour method and the method of adding a single
section online on the visualization floor are adopted in order
to construct the visualization model of the mine. The en-
gineering drawing in the copper mine was vectorized using
MapsGis software. After format conversion, it was imported
into the mine digital software DATAMINE for 3D coor-
dinate conversion and correction, and then the above-
mentioned two line-frame modeling methods were used to
construct a visual entity model. Figure 6 is the puzzle of the
ore surface model and the three middle-section road
physical models of —380 meters, —260 meters, and —140
meters. Figure 7 is the five middle-section road physical
models (—380 meters, 320 meters, —260 meters, —140 meters,
and —100 meters).

The modeling of the goal is of great significance to the
recovery project of the mining area. Hence, the modeling
effect of the goaf directly affects the economic evaluation
results of the residual mine. With the continuous devel-
opment of Shear-Warp computer technique and advance-
ment of technical levels, many Shear-Warp-based mining
projects start to emerge. As one of the commonly used
visualization  analysis methods, underground 3D
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FIGURE 2: Mining engineering modeling method and process.

(b) (c)

F1GURE 3: Roadway model construction by adding a single section to the center line of the floor. (a) Section specification setting. (b) Center
line of roadway floor. (c) Entity model of roadway.

(b)

FIGURE 4: The method of adding multiple sections to the center line of the floor to build a roadway model. (a) Position of the section on the
centerline. (b) Roadway entities are generated between sections.

(a) (b)

FIGURE 5: Roadway model built by double contour method. (a) Measured contour line of top and bottom plate. (b) The roadway entity
generated by the connection between the roof and the floor.



FIGURE 7: Five middle-section roadway models.

visualization analysis of mining engineering has become a
focus of researchers in the country. However, it is a tre-
mendous challenge to trace the source of raw data in mining
engineering where the content is not clearly defined in
underground 3D visualization analysis of the mining pro-
cess, because the mining engineering is a time-sequencing
method by which the Shear-Warp volume computer ren-
dering with excellent visibility is applicable. The other
classification methods are simple, with inaccurate charac-
teristics of mining engineering. In this paper, the Shear-
Warp volume computer rendering technology is applied to
the underground 3D visualization analysis process of the
mining process. This method can be applied to the under-
ground 3D visualization analysis process of the mining
engineering as the current prior knowledge of the mining
engineering according to the spatial characteristics of the
mining engineering. For the purpose of obtaining the
mining engineering content, the weight of underground
space is analyzed by Shear-Warp volume computer ren-
dering. The information on the significance of mining en-
gineering and space with high similarity are combined to
establish a 3D visual analysis model of the mining engi-
neering, respectively. By constructing a random forest
spectral model system, model visualization greatly improves
efficiency and timeliness. Figure 8 is an automatically
generated cavitation area model. Figure 9 is a cavitation area
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FIGURE 8: The goaf model automatically generated.

FIGURE 9: Blank area model generated using control lines.

model generated using control lines. But in comparison, the
model in Figure 9 can reflect the real-world situation.

The Shear-Warp volume computer rendering technol-
ogy is used to conduct 3D visualization analysis of mining
engineering, and the optimal parameter for the proposed
model is obtained to improve the efficiency of 3D visuali-
zation analysis. By introducing Shear-Warp volume com-
puter rendering technology into the independent 3D
visualization analysis of mining engineering, accurate and
fast 3D visualization analysis can be realized. Meanwhile,
combined with the rhythm characteristics of mining engi-
neering, the accuracy rate of underground 3D visualization
of the mining process of the Shear-Warp model can be
enhanced. In order to solve this problem, parallel Boolean
operations and subtraction are required. Here, the obtained
pillar model is used as the actual model, and the Bell cross
computing of the pillar solid model and the goaf solid model
is used. Figure 10 is a group diagram of ore pillars and goaf
without Boolean crossover operation. One of the pillars is
located in the goaf and the ore pillar in Figure 11 is obtained
through Boolean crossover computing.

In underground mining projects, the shaft is an im-
portant channel connecting the surface and the work area,
such as main wells, auxiliary wells, storage wells, air wells,
etc. Compared with the above modeling, the modeling of the
well is relatively simple and the coordinates are relatively
single. If the 3D coordinates and cross-sectional shape of the
bottom of the well are determined, a solid model can be
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Figure 10: Pillars and goaf (transparent display).

FiGure 11: The pillars and empty area after Boolean cross operation
(transparent display).

quickly constructed. For ore, the comparative rules of cross
section size and shape are the method used for well type
modeling. Draw the centerline and individual sections of the
well to generate a solid model of the well. The well is not an
ideal straight tube, but is somewhat curving. The center line
of the well is determined according to the coordinate value of
the intersection of the well and the plane of each middle
section. Figure 12 shows the signals of the well model and
part of the visualization model.

In this research, physical modeling and numerical
simulation results of Shandong gold ore are combined on the
VR platform of VRP. The external whole is shown in Fig-
ure 13. The surface, ore bodies, faults, shafts, inclined roads,
and main visualization projects have been modeled by
3DMine software and introduced a VR system.

The construction of the VR system is helpful to for-
mulate the overall recovery plan of the ore, and it can also
guide the construction of the regional numerical computing
model and finally integrate the numerical computing results
into the VR system for comprehensive display.

The rock mass structural planes obtained from the on-
site scanning planes are grouped and displayed in different
colors according to the progress and trends, which promotes

FIGURE 12: Shaft model and partial roadway model.

earth’s surface

Laneway

Fault

Ore Body

FiGUure 13: The overall effect of the ore VR system.

observation and statistics. The scanned joint surface is in-
tegrated into the VRP editor, as shown in Figure 14, to
realize the 3D reconstruction of the rock structure surface.
Meanwhile, the results of the plane scanning of the acqui-
sition field and the visual structure are converted into digital
information as a quantitative basis for the rock mass.

According to the actual harvest sequence, the ore body
model is virtualized, data measurement is performed, and
the scene demonstration effect is displayed (as shown in
Figure 15). On the other hand, it can display the progress of
mining production and the overall design plan. On the other
hand, combined with different recovery stages, it can display
the force of the excavation field and the visualization project
in a specific state, so that it is convenient to adjust the ar-
rangement of mining production at any time.

The stress nephogram calculated by the FLAC numerical
simulation software and the key block information calcu-
lated by the Shape MetriX3D software are integrated and
displayed on the visualization model, as shown in Figures 16
and 17. According to information such as important blocks
and stress nephogram, there is a more scientific basis for
mine visualization and stope protection. The stress field data
obtained through numerical simulation is integrated in the
virtual scene. With the dynamic development of the mining
process, the formation of the goaf and visualization can be
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FiGure 14: 3D display of structural surface.

Scene demonstration

\

Data measurement

Model display,

FIGURE 15: The progress of ore body mining.

FIGURE 16: The external stress nephogram and key block infor-
mation of the roadway.

used to visually display the perturbation status of the original
in situ stress field in the surrounding rocks. The process of
ground pressure changes caused by deep mining is repro-
duced. On this basis, ore mining engineers can intuitively
obtain stress field information in the first time during the
production design process, which helps to improve the safety
of production decision-making.

As shown in Figure 18, the region of interest can be
domestically monitored, and the monitoring information
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FIGURE 17: The internal stress nephogram and key block infor-
mation of the roadway.

fajdkad
fajjdkad

F1GURE 18: Display of roadway displacement monitoring information.

can be displayed in the VR system in the form of a list.
This monitoring information can also be updated in real
time with mining production.

The somewhat ore VR system can be constructed to
provide real-time updates of stress nephogram, key blocks,
displacement monitoring data, and other information. On
the basis of promoting ore body recovery and visualization
engineering construction, it is convenient to determine the
entire mine and partial mining plans. The ore VR system is a
digital mine system with virtual roaming, data query, and
interactive control functions. According to the Shear-Warp
volume computer drawing technology, the engineering
geological conditions, ore body shape, visualization, and
location of the mining area in the mine production process, a
large number of 3D data sets such as mining progress are
used as a dynamic visualization 3D model, combined with
the numerical simulation of the surrounding rock stress
field, visual displacement monitoring, and other means; a
complete 3D visualization platform of the mine has been
constructed.

4. Conclusions

This paper studies the key technologies involved in 3D ore
body modeling, including program construction, data
storage and access, scene control, borehole data visualiza-
tion, graphics rendering, triangulation, solid rendering, solid
Boolean operation, solid automatic sectioning, storage and
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access of graphic files, and the release and deployment of this
kind of software, which can be used as a reference for de-
velopers. The use of Shear-Warp volume computer ren-
dering technology in the underground 3D visual analysis
process of mining engineering can effectively combine the
display of underground spatial position of the mine with the
attribute description corresponding to ore and rock mass
and provide accurate image information for mining engi-
neers in detail, realize the effective processing of different
rock mass pictures of the mine, and better understand and
master the hidden dangerous situations of the mine as a
whole, which has guiding significance for the design of
underground space and mining scheme of on-site mining
engineering. Based on the computer rendering technology of
Shear-Warp volume, a 3D visual analysis method of mining
engineering is proposed in this paper. Based on advanced
modeling software and operation skills, this method can
effectively improve operation efficiency and mining
accuracy.
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