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1. Introduction
Underground mining has the characteristics such as complex mining technology, poor
visibility and sightlines, bad work condition and frequent geological disasters. It is the
inevitable trend for the development of mining to innovate traditional mining industry by
using modern high technologies to mitigate the deficiency. Virtual mine is the main part of
digital mine, it is a new expression of mine and plays an important role in the construction
of mine informatization. Virtual reality (VR for short) technology is considered as one of the
three most promising technologies in the 21st century, and it has three characteristics:
immersion, interactivity and imagination. Virtual reality technology can provide users with
lively virtual mining environment in three-dimension, allowing users to not only immerse
in the virtual mine scene but also interact with the mining equipment real-timely, which the
traditional CAD design and pre-rendering three-dimensional animation can’t achieve.
Virtual reality technology has been got a wild range of applications and made remarkable
achievements in many areas, such as virtual city, military simulation, aerospace simulation
etc. It is a kind of innovation to support mine planning, mining design, disaster warning
and disaster inversion by using VR technology in the field of mine.
Currently, the application research of mine VR simulation system has got rapid
development at home and abroad, but only has little research on underground mining
project VR simulation system. VR simulation system for underground mining project will
enable users to get all-around perspective and real–time activity interaction in a virtual
mine. At the main time, it has a positive meaning for virtual mining design, mine safety
education and training, mining technology projects demonstration, mine production
visualization management, disaster simulation and inversion etc. In this paper, Kafang
polymetallic ore deposit in YunNan province of china was taken as the research object, the
development process of VR simulation system for underground mining project was
discussed in detail.

2. System general design
2.1 System analysis
According to the characteristics of virtual reality technology and currently needs of Kafang
polymetallic ore deposit, the VR simulation system is used to realize deep immersion and
achieve real-time interaction with objects in virtual mine, allowing users to roam arbitrary in
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the virtual scene and interact with the mining equipments. So, VR simulation system is
designed for two parts.
1. Construct virtual mine scene
Virtual scene is the core of the whole virtual reality simulation system. So, not only the
terrain and surface industry field but also the orebody, development and transportation
system under the surface should be displayed. According to the development system form
and mining method of Kafang polymetallic ore deposit, the virtual mine scene must have
mine’s terrain, mining equipments, orebody, shaft, tunnel, adit, ramp and other objects. The
virtual scene should be lively, and users can feel that they are just like in the real mine.
Virtual scene of Kafang mine is shown in fig.1.
2. Simulate mining process
The mining method of Kafang mine is “ reconstruct mining environment and continuous
caving afterwards filling mining method” . It is a new continuous caving method by
reconstructing the mining environment. That is, using high efficiency, high recovery rate
mining technology, and high performance for trackless mining equipments. The procedure
is to construct new mining environment using backfill body framework constructed by
cemented stone by grouting since the stope is finished for the purpose of the creation of
mining technology on continuous mining. The process of drilling, blasting, ore removal and
filling should be displayed, and the most important is that users can interact with mining
equipments real-timely.

Terrain

Shafts and tunnels

Dunn bass

Orebody

Fig. 1. Virtual scene of Kafang mine
2.2 System development environment
1. Hardware environment：Graphics workstations, three-channel 120 degree passive 3D
display system, single-channel active 3D display system and stereos.
2. Software environment：Windows XP Professional sp2, 3DMine, Surpac Vision V5.2,
OpenSceneGraph (OSG for short) and VS 2005.
OSG is a cross-platform C++ API built on OpenGL for scene management and graphics
rendering optimization, and most important is that it is open source multi-threaded and
multi-display. However, OSG has nothing to do with the window system, providing no
interaction way and interface management, so, the VR simulation system is take the VS
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2005 as the development platform, and call the OSG library functions to realize the
system function.
Network environment: Gigabit LAN.

2.3 System module analysis
Mining project VR simulation system is divided into five modules:
1. Display modes module: it is used to control the model’s appearance. For example, to
clearly see the polygonal structure of a model, go to wireframe mode, and disable
texture mapping and lighting. Some of the commonly used commands are listed below:
•
Polygon mode—cycle between wireframe, point, and filled polygon rendering
mode.
•
Texture mapping—toggle between textured and nontextured.
•
Lighting—disable and enable lighting.
•
Backface culling—toggle backface culling.
•
Fullscreen mode—toggle between fullscreen and windowed rendering.
2. Special effect module: it is used to enhance the 3D virtual scene realism and simulate
rain, fog, snow and storm by using particle system of OSG platform
3. Roaming module: it includes manual roaming and automatic roaming. Manual roaming
means that users can use mouth and keyboard to adjust the location and direction of
viewpoint. Automatic roaming supplies the function of recording and replaying menroaming paths.
4. Mining process simulation module: it is used to simulate the Kafang polymetallic ore
deposit mining process which consists of development, cutting, stoping, filling and
ventilation.
5. Stereoscopic display module: this module is to display the mine scene in 3D way,
inputting it with “ three-channel passive 3D display +3D stereo” mode and “ singlechannel active 3D display +3D stereo” mode. At the mean time, it can be used to
increase or decrease the parallax to ensure the visual comfort of roaming process.

3. System development process
The development process of mining project VR simulation system in underground mine is
shown in Fig.2.
3.1 Data management
Data management which is prepared for the total virtual scene is the foundation of VR
simulation system. There are many kinds of data, terrain data, geological data, shaft and
tunnel data, equipment data are prepared to model terrain, orebody, shaft, tunnel and
mining equipment. They are from CAD design paper, including contour maps, orebody
section line drawings, development system blueprints, equipment structure diagrams etc.
Image data taken by digital camera and high resolution satellite is used to map the texture
on mine 3D geometric model. The texture include of terrain photographs, rocks and mining
equipment pictures, these pictures should be corrected by picture processing software and
converted into .JPEG and .RGBA format. In order to make the virtual mine scene be more
believable, it is necessary to add audio data such as mine environment stereo sound and
mining equipments working sound to virtual mine scene. The sounds are recorded by
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recording equipment and clipped by professional software. Attribute data includes name
and geographical coordinates of development project, ore grade, location of mining
equipment, size and shape of tunnel cross-section.

Data management

Geometric modeling
Texture mapping
LOD model

Virtual scene

Visualization

Roaming

Interaction

Simulation

Stereoscopic display
Fig. 2. The development process of VR simulation system
3.2 Scene modeling
Scene modelling is used to construct various models for VR simulation system. It is the key
step in the establishment of the whole system and control the success of VR simulation
system or not.
The characteristics of Underground mining scene modelling are in following three aspects:
(a) shapes and types of the models for underground mining scene are different and opulent,
and most of them are irregular. So, plenty of complex and completely different models need
to be constructed. (b) The objects of virtual mine scene are divided into two categories: static
objects and dynamic objects. In underground mining project VR simulation system, there
are terrain models, orebody models, shaft models, tunnel models and ramp models etc,
these irregular models belong to static objects. The main dynamic objects are mining
equipment models such as tramcars models, LHD models and jumbo models. (c) The data of
terrain model and shaft, tunnel models are too big. So, under the premise of meeting the
requirements of project and visual sense, models should to be simplified properly to
increase models display speed in VR system.
Scene modelling process contains three steps of geometric modelling, texture mapping and
LOD models. The modelling process of VR simulation system is shown in fig.3.
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Fig. 3. The modelling process of VR simulation system
3.2.1 Geometric modelling
At present, many kinds of commercial software can meet the requirements of modeling
mine models. Mine large project software (such as Surpac Vision, DataMine, Mircomine,
3DMine and DiMine) provides powerful modeling tools and modules based on geological
database in the deposit modeling area. In Surpac Vision software, DTM model of terrain can
be generated directly by contour, orebody model can be formed by connecting orebody
section line, shaft models, tunnel models and ramp models are created by the central line
and section of roadway. Fig.4 shows some solid models of Kafang polymetallic ore deposit
which are created by CAD design paper.

Slope

1900mL

1870mL

Orepass 1800mL

a) CAD design paper
Fig. 4. Some solid models of Kafang polymetallic ore deposit
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The traditional CAD software (such as AutoCAD, 3DMax and Maya) has the characteristics
that are easy to operate, intuitive, easy to learn, make models realistic and so on. So, it was
used to produce mining equipment models which need to be sophisticated and realistic. At
last, all the models should be converted into .3ds or .flt or .x data format for texture
mapping and LOD models production in professional virtual reality software (such as
Multigen Creator). Note that: the format should be to minimize the conversion between
models so that model will have a serious distortion. Table 1 lists the common VR software
and platform and the data format they support.
Data format
Sort

Name
Input data format

Mine large project
software

Surpac

.dwg, .dxf, .dtm, .dm

3DMine

.dwg, .dxf, .dtm, .dm, 3dm,
.dwg, .dxf, .dm, 3dm, .stl
.shp

AutoCAD
Traditional CAD
software
Professional VR
software
3D model
conversion
software
VR system
VR development
platform

Export data format

3DMax
MultiGen
Creator

dwg, .dxf, .dm, .dtm, .wrl

.dwg, .dxf

.dwg, .dxf

.3ds, .dwg, .dxf, .obj, .stl
, .shp, .wrl

.3ds, .dwg, .dxf, .obj, .stl.,
.wrl

.3ds, .dxf, .obj, .stl

.flt, .dxf, .obj, .stl, .wrl

Deep
.3ds, .obj, .geo, .flt, .x, .stl, .wrl, .ma, .mb, .dwg, .dxf
Exploration
InTouch

.dwg, .dxf, .dtm, .dm, .x, .shp

CyberMaker .3ds, .obj, .geo, .flt, .osg, .ive
OSG

.3ds, .obj, .geo, .dae, .shp, .flt, .osg, .ive

Table 1. The common VR software and platform and the data format they support
3.2.2 Texture mapping
Texture mapping is a technology that maps the pixel value of 2D image bitmaps to the
corresponding peak of 3D solid models. It is used to enhance the realistic and reduce the
complexity of solid models. Three kinds of texture mapping technology are used in this
system.
1. Projection texture mapping: texture image is projected directly onto three-dimensional
geometric model to obtain surface texture coordinates of models, mining equipment
models are mapped by using this technology, texture mapping of tramcars models is
shown in fig.5.
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Texture
mapping

Fig. 5. Texture mapping of tramcars models
2.

3.

Transparent texture mapping: It is achieved by texture technology and integration
technology. For example, the simulation of trees needs only one face. The advantage of
this technology is that speed is fast and visual effects are good when you observe in the
plains. Drawback is that if the rapid rotation around the bulletin board area, the surface
can be seen in turn, and visual effects look bad from the high altitude. Through the
bulletin board technology, roaming system allows users to add plants data in
interactive way. At the main time, based on this idea, you can also increase the figure as
well as that figure pictures are handled by transparent air technology and replaced by
plants texture images.
Opaque one-sided texture mapping: it is simple and convenient, the sky ball and terrain
are mainly used this method to map textures. By using satellite picture, texture
mapping of Kafang polymetallic ore deposit terrain is showed in fig.6.

Mine road

Terrain

Tailings pond

Fig. 6. Texture mapping of Kafang polymetallic ore deposit terrain
4.

Texture splicing: texture is spliced continuously and repeatedly by a fundamental
element splicing unit which is a small piece of representative and re-splicing texture
unit. Shaft models, tunnel models and ramp models are taken in this way.
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3.2.3 LOD model
LOD (level of detail) technology can not only ensure the visual effect of virtual scene, but also
increase the frame rendering speed of scene and change the complexity of scene real-timely.
When the viewpoint comes closer to objects, the object models are changed from simple to
complex. At the main time, it is important to join the smoothing technology to reduce the
mutation of level of detail. There are two main methods to produce LOD model in mining
project virtual reality simulation system development, and one is making continuous
approximation similar geometric models, and the other is reducing texture resolution. The
mining equipment models and the terrain model (as the following fig.7 shows) are taken the
first method, the orebody, shaft and tunnel models are used the second method.

T: 6804

T: 2520

T: 4862

T: 756

Fig. 7. LOD model of terrain (” T” means the number of the triangle)
3.3 Virtual scene
Virtual scene is the core of the whole virtual reality simulation system and collection of all
visual objects in system. Under the support of virtual reality technology, scene visualization
and interaction are used to build the virtual mine scene which has deep immersion and high
interaction, Virtual mine is a complex system definitely, so the virtual reality simulation
system is developed by object-oriented programming method based OSG and VS 2008
platform.
3.3.1 Visualization
Visualization is responsible for building a virtual mine environment of deep immersion. It is
used to realize the functions, such as light, materials, geometry changes, transparent display
and viewpoint attachment. Virtual scene should be set light and materials correctly.
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Geometry change includes translation, rotation, scaling and other geometric operations.
Transparent display can offer a way to users to observe a number of objects at the same
time. For example, if the tunnels are semi-transparent, on one hand, it shows that tunnels
are existent; on the other hand, it also represents the transport scheduling of mining
equipments. Viewpoint attachment can make users have the feeling of driving car in the real
mine when users roam in the tunnels (fig.8).
3.3.2 Scene roaming
Scene roaming can allow users to observe in virtual mine scene freely. Roaming is a process
of moving viewpoints or changing sight line direction continuously to produce threedimensional animation.

Fig. 8. Roaming in the tunnel
There are two kinds of roaming way in the virtual reality simulation.
1.

2.

Manual roaming: The location and direction of viewpoint are controlled by using the
mouse and keyboard. In this virtual reality simulation, the operation “ Ctrl+ left mouse
button” controls the viewpoint movement of left or right, the operation “ Ctrl+ right
mouse button” controls the viewpoint movement of up or down, the operation “ Ctrl+
middle mouse button” controls the viewpoint rotation.
Automatic roaming: Automatic roaming supplies a fixed roaming path to display
virtual mine scene for users. The path is recorded in a notepad file where path
information is interpolated, and then the path is played back. First of all, it is essential
to record the initial viewpoint, rotation angle and elevation of sight line around the Z
axis and so on; then, each continuous keyboard operation command is recorded with
the format of “ movement type, initial position, incremental movement, duration, and
movement acceleration” for the purpose of interpreting the whole manual roaming
process as the roaming command sequence; Thirdly, read the initial parameters from
notepad files and set the system by using these parameters; At last, read the manual
roaming operation command sequence and call the corresponding command
processing functions for processing.
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3.3.3 Interaction operation
In the system, interaction operation is mainly controlled by using the mouse for the
scheduling of mining equipments. In mining equipments models management module, the
car can be selected out of right-mouse menu and interacted with suspension, opening and
reverse operation. At the same time, the car objects can added in the virtual mine scene.
In addition, it is important to develop a friendly man-machine interface (fig.9). System is
divided into system control program interface and mine virtual reality simulation program
interface. System control program interface is used to set up single-channel and multichannel mode, and parameters of parallax, window size, render nodes and threedimensional mode. Mine virtual reality simulation program interface is consisted of menu

Fig. 9. One running window of VR simulation for underground mining project
and panel. Menu simulation running, roaming management, view, and help menu; panel
which has the main operation function of the simulation program includes model
management, viewpoint management and safety administration.
3.3.4 Simulation
Mining project simulation is not only a static scene simulation, but also a dynamic mining
working environment for reproduction. There are four steps for mining technology in
underground mine, such as: drilling, blasting, ore loading, ore removal and filling, so
mining project simulation is mainly including the drilling simulation of drilling jumbo, the
blasting simulation of rock, the ore loading process of tramcars, ore removal process of
LHD, and grouting filling simulation. There are two ways to simulate the mining process,
one is manual simulation, and the other is automatic demonstration. Users can drive the
mining machines to control the process of drilling and ore removal in the virtual scene
through manual simulation way. Automatic demonstration use the double buffer
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technology of OSG to set system clock, then order the animation together in accordance with
the time to form the whole mining process. Besides, collision detection system is based on
the level of AABB bounding box and blasting simulation is based on the osgParticle
namespace of OSG platform. The result of mining process simulation is shown in fig.10 and
explosion implementation procedures are as follows:
osg::Group *root= new osg::Group();
/ / set the speed of wind
osg::Vec3 position(0, 0, 0);
/ / application of explosive
osgParticle::ExplosionEffect*explosion = new osgParticle::ExplosionEffect(position, 1.0f);
/ / application of explosion debris
osgParticle::ExplosionDebrisEffect*explosionDebri=new
osgParticle::ExplosionDebrisEffect(position, 1.0f);
/ / set smoke model
osgParticle::SmokeEffect* smoke = new osgParticle::SmokeEffect(position, 0.5f);
/ / set fire model
osgParticle::FireEffect* fire = new osgParticle::FireEffect (position, 1.0f,5.0);
/ / set the wind effect
explosion->setWind(wind);
explosionDebri->setWind(wind);
smoke->setWind(wind);
fire->setWind(wind);
/ / join in scene node
root->addChild(explosion);
root->addChild(explosionDebri);
root->addChild(smoke);
root->addChild(fire);

Zoom in

Fig. 10. Mining process simulation
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3.4 Stereoscopic display
Stereoscopic display is divided into stereoscopic visual performance and stereoscopic sound
performance. Stereoscopic visual performance can supply two view scenes for left eye and
right eye separately by using virtual reality equipments firstly, such as professional DLP
projector, receive the left eye and right eye video images through left eye and right eye
respectively by drawing on three-dimensional glasses and form three-dimensional scene in
users’ brains finally. Stereoscopic sound performance can output stereo sound and video
image through three-dimensional sound machine synchronously. In this VR simulation
system, stereoscopic sound is realized by using OpenAL API in OSG platform. First of all,
create a buffer. Second, load WAV data. “ CreateBufferAndLoadWav” member function calls
“ COpenALBuffer” instance member function to create a buffer and load WAV data. In of
“ CreateSource” member function, source is created and buffer area is associated by calling
“ COpenALSource” instance member function.
The combine of stereoscopic visual performance and stereoscopic sound performance
support very important deep information for virtual mine scene, and thus to improve its
fidelity, reality and immersion. Three-channel passive 3D display is shown in fig.11 and
single-channel active 3D display is shown in fig.12 and its implementation procedures are as
follows:
osg::Group *root= new osg::Group();
/ / add model nodes
root->addChild( osgDB::readNodeFile("terrain.3ds"));
root->addChild( osgDB::readNodeFile("orebody.3ds"));
root->addChild ( osgDB::readNodeFile ("development. 3ds"));
viewer.setSceneData(root);
/ / set stereo
osg::DisplaySettings::instance()->setStereo(true);
/ / set eye separation
osg::DisplaySettings::instance()->setEyeSeparation (0.08);
viewer.realize();
viewer.run();

4. Conclusion
The virtual reality simulation system represents the mine’s terrain, development and
transportation system, orebody occurrence condition and underground mining process
successful in 3D model, and then it can work well in three-channel passive 3D display mode
and single-channel active 3D display mode. The virtual mine scene provide user with a very
lively sense of immersion, and users can roam freely in the scene. At the same time, the
system has a friendly man-machine interface, and users can interact with the mining
equipments. All in all, the system basically meets the requirements of mining management
expectation. Through the development of underground mining project VR simulation
system, the system implementation method and process are studied and the result shows
that this idea is reasonable and feasible.
Nevertheless, the VR simulation system still has the following disadvantages for future
study: firstly, the tool for human-computer interaction which merely using keyboard and
mouse is not enough, further research is necessary to develop professional virtual reality
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Fig. 11. Three-channel passive 3D display

Fig. 12. Single-channel active 3D display
input device (3D mouse, Steering wheel, and data gloves, etc.) interface to enhance the
interaction with the virtual mine scene; Secondly, the system don’t have the function for
data query and analysis module for 3D objects to realize the VR GIS function etc. At main
time, virtual reality technology will play a greater advantage and role in mine ventilation
simulation, numerical simulation and mine fire simulation etc. With the continuous
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development of virtual reality technology, VR is bound to have far-reaching effect to the
mine future modernization.

5. References
Wu

Lixin (2008), Progress of Digital Mine in China, GEOMATICS WORLD, 10(5),
6-13
Gu Desheng, Li Xibing (2006). Modern metal deposits science and technology Exploitation, Bei
Jing, Metallurgy industry Press
Wang Deyong, Wu Zilian and Du Weixin (2006), Application of virtual reality technology in
mine production simulation system, Coal Mine Machinery,27, 172-173
Hong Bingrong, Cai Zesu and Tang Haoxuan (2005). Virtual reality and Its Application, Bei
Jing, National defense industry Press
Wu Lixin, Zhang Ruixin (2002), 3D Geoscience Modelling and Virtual Mine System, Acta
Geodaetica et Vartographica SiniCa, 31(1), 28-32
HOLLAND R, DENBY B, et al. SAFE2VR(1999), A Virtual Reality Safety Training System,
Golden Computer Application in the Minerals Industry, Colorado : Colorado School of
Mines , 787
Li Jiangzhong, Chen Hongzhang and Sui Gang (2007), Study on Simulation System of Fully
Mechanized Mining Face Based on Virtual Reality, Journal of System Simulation,19,
4164-4167
Wu Di, and Huang WenQian (2002), The development process and research of virtual
reality technology, Hydrographic surveying and charting, 22, 15-17
Hua Zhen, Fan Hui, Li Jinjiang and so on (2003). Virtual reality-based study on the controll
ability and visibility of mine ventilation system, Metal Mine, 325, 53-56
Zhao Jianzhong, Duan Kanglian and Hu Yaoqing (2003). Application of OpenGL in virtual
reality system, Journal of TaiYuan University of Technology, 34, 39-42.
Yu Yan, Zhang Jinshan and Zheng Bangdong (2006). Simulation system based on VR for
training technicians and workers in surface mining, Express information
of Mining Industry, 442, 31-33
Wang Yongtian (2006). Augmented Reality-based digital reconstruction of Yuanmingyuan
site, Technology Review, 24(3), 36-40
Li Lijun, Guan Tao and Wang Cheng(2006). Augmented Reality-based Virtual Town
Planning Key Technology, Computer Engineering and Design,27(19), 3604-3608
Zhong Huijuan, Liu Xiaolin and Wu Xiaoli(2008). Augmented reality system and its key
technology, Computer Simulation, 25(1), 252-255
P. J. Foster and A. Burton (2006). Modelling potential sightline improvements to
underground mining vehicles using virtual reality, Mining Technology, 115,
85-90
Zhou Keping, Zhu Heling, Xiao Xiong and Chen Qingfa (2008). Control and simulation of
ground pressure evolutional process based on reconstructed mining environment
and continuous caving method, Journal of Central South University (Science and
Technology) ,39, 417-422

www.intechopen.com

Virtual Reality Simulation System for Underground Mining Project

629

Yu Yan, Zhang Jinshan and Zheng Bangdong (2006), Simulation System Based on VR for
Training Technicians and Workers in Surface Mining, EXPRESS INFORMATION
OF MINING INDUSTRY, 442,31-33
Li JianZhong, Nie Qisheng and Ma Baoming (2002), Application of Virtual Reality on mine
industry, Coal, 11(5),33-34
Zhang Ruixin, Ren Tingxiang, Schofield D, Denby B, Williams M (1998), Virtual Reality and
Its Application on Mining, Journal of China University of Mining & Technology, 27(3),
230-234
Gao Zhiwu, Qin Dexian, Deng Mingguo (2004). Application of virtual reality in Mineral
Deposit, Metal Mine, 1, 287-289
Song Shucai, Yang Kejian, Wen Xiumei and so on (2005). Virtual Reality Technology and
Its Application in teaching, FU Jian Computer, 5, 39-40
Hua Zhen, Fan Hui, Li Jinjiang and so on (2004), Application of virtual reality technology in
mine ventilation system, Coal Science and technoloty, 32(3), 44-48
Liu Xiaoyan, Lin Hui, Zhang Hong (2003). Virtual city construction principles and methods,
Bei Jing, Science Press
M. KIZIL (2003). Virtual reality applications in the Australian minerals industry,
South African Institute of Mining and Metallurgy
P. Foster and A. Burton (2004). Virtual reality in improving mining ergonomics, The Journal
of The South African Institute of Mining and Metallurgy, 3,129-133
Zhou Zhiyong, Chen Jianhong and Zhou Keping (2004). Application of Surpac Vision
software in deposit modeling, Mining Enginerring, 2, 31-33
Zhou Keping, Guo Mingming, Yang Niange and Chen Qingfa (2008). Study on VR
Simulation System of Development and Transportation for Underground Mine,
Computer system & application, 17, 6-10
Wang Ruiling, Chen Zhengming and Li Jiejun (2006). A virtual navigating system based on
3D scene model, Computer Applications and Software, 18, 427-429
Guan Wei, Cai Xiaoling and Chen Hai (2007), Application of Level of Detail Technique in
Scene Modeling, Journal of System Simulation, 19, 4164-4167
Seng Dengwen and Wang Hongxia (2005). Study and implementation of real time
navigation system based on OpenGL, J . Zhejiang Wat. Cons & Hydr. College, 19,
63-65
Jia Huizhu (2002), The research and implementation of virtual reality Three-dimensional display
technology, Da Qing(China), Da qing oil colleage, 22-31
Grigore C.Burdea and Philippe Coiffet (2005). Virtual Reality Technology, Bei Jing, electrciy
industry Press
Gillies A.D.S., Wu H.W., Wala A.M. (2005). Australian Mine Emergency Exercises Aided by
Fire Simulation, Archives of Mining Sciences, 50(1)
William R.Sherman, Alan B.Craig(2004). Understanding Virtual Reality-Interface, Application,
and Design, Bei Jing, electrciy industry Press
A.P. Squelch (2001). Virtual reality for mine safety training in South Africa, The Journal of The
South African Institute of Mining and Metallurgy, 7, 209-216
Vega LynX User’s Guide(Version 3. 6). Multigen-Paradigm, Inc.2005

www.intechopen.com

630

Virtual Reality

Li, Qing Han, Ke Qi.Shen and Yan Chun (2002). Research on controllable Visualization of
mine surface Plant and development of virtual environment, Journal of China
University of Mining & Technology, 1,27-29
Cullen, ET; Camm, TW; Jenkins, FM; and Mallett, LG(2006), Getting to zero: the human side
of mining, NIOSH Information Circular 9484, 14-16.
KIZIL M.S., HANCOCK M.G., and EDMUNDS O.T (2001). Virtual Reality as a Training
Tool, Proceedings of the Australian Institute of Mining and Metallurgy Youth Congress,
Brisbane, Queensland, 2(6), 9–12
Guo Mingming, Zhou Keping (2009); Virtual Reality Simulation System for Underground
Mining Process, 2009 4th International Conference on Computer Science & Education,
1013-1017
Lu Hao, Luo Zhouquan and Yang Biao (2007), On Virtual Reality Technology and its
Application in Mining, China Tungsten Industry, 22(4),22-25
Zhao Fezhi and Yu Lianlian (2006). Designing and implementing of Oil Field Security
Operation Simulation System Based on Virtual Reality technology, Computer system
& application, 11, 6-9
Wei Jing (2008), Research on Virtual Mining System based on VR, Wu Han(China), Wu Han
Science and Technology University
Wu Qidi (2002), System Simulation and Virtual Reality, Bei Jing, Chemisitry industry Press
Mao Shanjun, Xiong Wei (2005), Design and primary implementation of coal mine virtual
environment system, Journal of China Coal Society, 30(5), 571-575
Zhao Jianzhong, Chen Hongzhang and Sui Gang (2007). Study on Simulation System of
Fully Mechanized Mining Face Based on Virtual Reality, Journal of System
Simulation, 9(18), 4164-4167
Zhou Zhiyong, Chen Jianhong and Yang Libing (2008). 3D visualization modeling on
geological and mining engineering in a large-sized mine, J. Cent. South Univ.
(Science and Technology), 39(3), 423-426
Rao Hongliang (2004), Study and Implement of Open Pit GIS System Based on
Virtual Reality Technique, Wu Han (China), Wu Han Science and Technology
University
Zhao Jianzhong, Chen Hongzhang (2006). Study on Virtual Scene’s Modeling of Fully
Mechanized Mining Face, Journal of System Simulation, 8, 274-279
Luo Zhouquan, Liu Xiaoming and Su Jiahong (2006). Building of Three-Dimensional Models
of Deposit Based on Surpac, Metal Mine, 358(4:33-36
Chen Wei, Xue Qingpo and Zhao Yang (2007). The current international evaluation of the
more popular mining software, Non-ferrous metals, 59(4), 22-25
Wang Yongtao (2008). Reserch and Realization on the visualization Technology in DaXin
Manganese Mine, Nan Ning(China), Guang Xi University
Gao Wenshu, Gao Xuan and Wang Lili (2008), The Application of solid mineral
reserve estimation Based on 3D geological modelling and visualization of
technology Micromine software, Land & Resource, 32 (6), 28-31
Fang Zhiheng, Wang Liguan and Feng Xinglong (2008). The Research and Practice of True
Three-Dimensional Mining Method Design On DiMine Software, China
Molybdenum Industry, 136-137

www.intechopen.com

Virtual Reality Simulation System for Underground Mining Project

631

Wang Ruiling, Chen Zhengming and Li Jijun (2007). A Virtual Navigating System Based On
3D Scene Model, Computer Application and Software,24(7), 123-125
Liu Huanming (2005). Research on Technology of Level of Detail Model Simplification, Wu Han
(China), Wu Han University of Technology
Xu Miaozhong (2003). Research on Multi-resolution Representation and Visualization for Terrain
Model inVirtual Reality, Wu Han (China), Wu Han University
Zeng Qintian (2007). Study of Poly-metallic Complex Deposit Visual Simulation and
Technology of Three- dimensional Mining Design, Chang Sha (China), Central South
University
Cao ChuanFen (2004). Study of Three- dimensional Method and Theory of Virtual City, Chang
Sha (China), Central South University
Zeng Wei (2005). Delaunay Triangulation and Application Study of Polygonal Domains, Ji Nan
(China), Shan Dong University
Tao Songlin (1995). Drilling and Blasting, Metallurgy Industry Press
Liu Xiaoming (2007). The Research and Application of Relevance Technology Based on the Cavity
Monitoring System, Chang Sha (China), Central South University
Li Qing, Han Keqi and Shen Yan (2002). Research on Controllable Visualization of Mine
Surface Plant and Development of Virtual Environment, Journal of China University
of Mining & Technology, 31(1), 27-29
Hou Xiang (2006). Research of Visual Reality 3D modeling Technology, Chong qing (China),
Chong Qing University
Fu Yongming, Wang Yunjia (2004). Mine three-dimensional scene Navigation System
Design and Implementation, Modern Surveying, 27(5), 11-14
Wan Gang, Xia Qing, Chen Gang and Wu Zhigang (2001). The Technique of Terrain
Features’ Geometry Modelling Used in Virtual Terrain Environment, Journal of
System Simulation, 13, 73-76
Shang Jianga, Liu Xiuguo and Zheng Kun (2003). Research and Implementation of
Interactive Walkthrough in 3D Scene, Computer Engineering, 29(2), 61-62
Jia Huizhu (2002). The Research and realization of Three-dimensional virtual reality display
technology, Da Qing (China), Da Qing Petroleum Institute
Zhang Zhaoyan, Duan Xinhui and Wang Xinwu (2008). Application of
Visual Simulation System in Simulation of Substation, Computer Simulation,25(2),
252-255
Shen Yanchun, Zhu Youhong and Caoli (2007). Design and Implementation of 3D
Simulation Platform Based on OSG, Computer Simulation, 24(6), 207-211
Wen Zhuanping, Shen Yanchun(2009). Design and Implementation of Visual Campus
Ramble System Based on OSG, Computer Technology and Development, 9(1), 217-220
Paul Martz (2008). OpenSceneGraph Quick Start guide
Yang Shixing, Cao Mingliang(2007). Step Into OpenSceneGraph, Zheng Zhou University
Virtual Reality Laboratory.
Xu Ling (2008). Wu Han (China), Research and Implementation of Roaming
System Based on OpenSceneGraph Engine, Wu Han (China), Wu Han University of
Technology
FreeSouth (2008). OpenSceneGraph Program Design, www.osgChina.org

www.intechopen.com

632

Virtual Reality

Tomas Akenine-Moller, Eric Haines (2004). Real-time computer graphics, Beijing, Beijing
University Press
Liu Hongyu (2005). Application Research on Virtual Reality System of Fully Mechanized Coalface,
Su Zhao (China), Su Zhou University

www.intechopen.com

Virtual Reality

Edited by Prof. Jae-Jin Kim

ISBN 978-953-307-518-1
Hard cover, 684 pages
Publisher InTech

Published online 08, December, 2010

Published in print edition December, 2010
Technological advancement in graphics and other human motion tracking hardware has promoted pushing
"virtual reality" closer to "reality" and thus usage of virtual reality has been extended to various fields. The most
typical fields for the application of virtual reality are medicine and engineering. The reviews in this book
describe the latest virtual reality-related knowledge in these two fields such as: advanced human-computer
interaction and virtual reality technologies, evaluation tools for cognition and behavior, medical and surgical
treatment, neuroscience and neuro-rehabilitation, assistant tools for overcoming mental illnesses, educational
and industrial uses In addition, the considerations for virtual worlds in human society are discussed. This book
will serve as a state-of-the-art resource for researchers who are interested in developing a beneficial
technology for human society.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:
Keping Zhou and Mingming Guo (2010). Virtual Reality Simulation System for Underground Mining Project,
Virtual Reality, Prof. Jae-Jin Kim (Ed.), ISBN: 978-953-307-518-1, InTech, Available from:
http://www.intechopen.com/books/virtual-reality/virtual-reality-simulation-system-for-underground-miningproject

InTech Europe

University Campus STeP Ri
Slavka Krautzeka 83/A
51000 Rijeka, Croatia
Phone: +385 (51) 770 447
Fax: +385 (51) 686 166
www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai
No.65, Yan An Road (West), Shanghai, 200040, China
Phone: +86-21-62489820
Fax: +86-21-62489821

© 2011 The Author(s). Licensee IntechOpen. This chapter is distributed
under the terms of the Creative Commons Attribution-NonCommercialShareAlike-3.0 License, which permits use, distribution and reproduction for
non-commercial purposes, provided the original is properly cited and
derivative works building on this content are distributed under the same
license.

