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Abstract 
The paper puts forward the significance and feasibility of 
VR Technology and Artificial Psychology in Virtual Mine 
System, and then introduces the overall structure frame of 
design of the system, and the system is composed by three 
modules: the module of 3D model generating, the module 
of rendering the virtual scene and the module of stereo 
visualization and interaction. It describes the basic principle 
and key technologies based on VR technology, including 
importing model , self defining script, lighting and collision 
detection , and then states how to combine artificial 
psychology with the virtual mine system. At last, points out 
the application field of the Virtual Mine System. 
 

1. Introduction 

In recent years, with the development of the digital mine, 
virtual mine system has become the key of digital mine. 
Using virtual reality technology to create lifelike 
three-dimensional mine environment, people can more 
deeply understand the actual mining work environment, do 
the  risk forecasting and analysis of mine accidents and 
reproduction, training for miners about production and 
safety and so on. This technology will improve coal mine 
production safety, miners’ security awareness and system 
optimization design. 
Virtual reality is a new integrated information technology 
raised in end of the 20th century, it is a computer system 
which can create and experience the virtual world. Its 
foundation and the core is how to create and experience a 
realistic virtual scene, and can conduct a good 
human-computer interaction, so as to establish a 
harmonious human-computer environment. Since the birth 
of virtual reality, it has played an irreplaceable role in the 
aerospace, military, nuclear industry and other sectors. As 
to the development of China's mining industry in recent 
years, digital mine building is an inevitable trend, therefore, 
VR technology will play a very important role. 
Artificial psychology can be considered the expansion of 
artificial intelligence; it uses information scientific methods 

to achieve the psychological activities more 
comprehensively once again by artificial machines 
(computers, model algorithm, etc.)[12].The main users of 
the virtual mine system is the ultimate trained workers, thus 
it’s very necessary to study their psychological states, their 
feelings and emotions and then design a personalized 
training system in a targeted manner. Therefore, artificial 
psychology has very broad application prospects in this 
field. 

2.  Framework of the System 

Virtual Mine system is mainly composed of three modules, 
as shown in Figure1: 3-D model generation module, virtual 
scene rendering module and interactive three-dimensional 
display modules 
In this paper, we take DirectX as the graphics API, VC++ 
as the development environment to create a virtual mine 
system. Microsoft DirectX is a Windows platform for 2D 
and 3D animation of the rapid introduction of a set of 
system development, based on the Windows operating 
system for most of the users, DirectX technology is a wise 
choice [1]. 

Figure 1: Framework of the Virtual Mine System 
 
In the virtual scene, fidelity and speed for the generation of 
3-D graphics and images is two key indicators to decide it 
is "real" or not. In the virtual reality system, it’s required to 



generate and show more than 30 frames each second, no 
less than 10 frames. Otherwise, there will be a serious 
un-continuous and beating; participants may be fatigue, 
irritate and even nausea [2]. This shows that it has put 
forward a very high demand for the two key indicators in 
the virtual scene. 
Taking into account the complexity of the virtual mine, if 

odule is in charge of drawing the 

module with some equipment, such as 

3. Key Techniques in Implementation 
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all the models are generated by DirectX, first of all, realism 
will be lower, and, it is difficult to achieve real-time effects. 
Therefore we decide: For some models, using the third 
software (such as 3dmax) generated and then imported to 
the scene; other models, using DirectX to achieve a better 
effect of the interaction. 
Virtual scene rendering m
realistic graphics, through a series of VR technology, such 
as: light and material, texture mapping, geometry 
transformation and collision detection  to enhance the 
realistic of the scenes, to create immersive feeling, and 
users can achieve real-time interaction with virtual 
environment. 
3-D display 
circular-screen and 3D glass can produce 3D vision; users 
can use a joystick or steering wheel to control the specific 
object in the scene, so as to enhance interaction and 
immersion of sense. 

1 Model Import 

To enhance the realistic 
we decide to use professional 3D modeling software to 
construct some complex models. 3DSMAX is the most 
widely used three-dimensional model design software, and 
DirectX provides a good support for the models generated 
by 3DSMAX [3]. Models created in 3DSMAX can be 
exported as .X file by a plug-in (XskinExp.dle) [5], and 
then it is easier to load and render in DirectX.  
The system supports 2 kinds of models to im
models and dynamic models. As Figure2 shows, the scene 
is a virtual roadway, which is static, and there’s a virtual 
man which is dynamic, it is actually a .X file and loaded by 
the system. It has different action, such as walking and 
waving hands as the figure shows.  
Thus we can see it’s feasible to crea
software and then import to the scene. It 
‘s also an effective method to improve the
 
 
 
 
 
 
 
 

3.2 Self Defining Scripts 

The sense of self defining script is making the scene edit 
transparent. Users can edit and update the virtual scenes 
conveniently and flexibly by editing the script file even 
without hard coding. So this technology can relieve people 
from complicate programming, make the system easy to 
master. 
We defined two types of script file, App script and Scene 
script. App script contains some initial information and 
models’ information in all scenes. Scene script contains the 
constructing information of the current scene, for example, 
position and orientation of model, model numbers and 
name in the current scene. They are both with TXT format 
and have simple syntax like C language. We can learn 
about both types of script files in Figure3.We can see that 
the App script file contains information of the WINDOW, 
MODEL_POOL and SCENE_GROUP. As in the example, 
the virtual environment has two scenes, after running, both 
of them are loaded but the default scene to display is 
“changjing1” and there are 24 models in total. We can also 
see the scene script, which includes information about 
CAMERA, MODEL_GROUP and LIGHT_GROUP. There 
are 20 models in “changjing1”, such as mine and man, their 
orientation and position information are included. The 
“CAMERA_MODEL  1” means the camera is binding 
with No.1 object (index form 0)—the man. So we can 
walkthrough in the house guiding by the man. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: An example of self defining scripts 

3.3 Illumination 

Illumination is the most important means to enhance 
object’s realistic [4]. It’s necessary to introduce light to 
make the virtual mine true to nature. In realistic graphics, 
Light between objects isn’t considered in simple 
illumination model, but it’s usually very dark under the 
mine, so at this time light between objects seems to be 
more important. So we use whole illumination model and 
the ray tracing algorithms to calculate the reflection, 
transmission light intensity between objects recursively. 

(a) Walking action                (b) Waving hands action
Figure 2: Import dynamic models 

Light intensity of point P can be calculated by the 
following Formula:  



                        （1） ttssC IKIKII ++=
Ic represents for the light intensity from the light source 
directly, which can be calculated using  simple 
illumination model; Ks, Kt represent for the object's surface 
reflectivity and transmission coefficient respectively, 
relative to objects’ own material; Is represents for the 
reflect or transmission light of other objects from the 
reflection direction of the sight direction; It represents for 
the reflect or transmission light of other objects from the 
transmission direction of the sight direction. 
According to the idea of light tracking algorithm, Is, It can 
be obtained following formula (1), in this way a light 
tracking tree is formed. There are various conditions to 
terminate the recursion, for the sake of simplicity, we set 
the condition as: When the depth of the light tracking tree 
is bigger than a given threshold, stop tracking. 

3.4 Collision Detection 

We adopt improved Oriented Bounding Box (OBB) 
algorithm to realize the collision detection. The Oriented 
Bounding Box is a popular algorithm to realize collision 
detection, you can learn more about it in literature [7, 8, 
13]. 
The basic thought of this algorithm is discretization, which 
is to do collision detection in each discrete point instead of 
do it during the whole continuous moving procedure. We 
will discuss it in other papers.  
We focus on another algorithm, improved ray algorithm to 
simulate the collision detection between the moving objects 
and land surface. 
Land is very special, it’s up and down. If a moving object is 
collided with a bump on the land (such as a hill), it 
shouldn’t stop but go along the trend of the bump. But the 
common OBB can’t resolve this problem. In order to 
simulate this movement correctly, the engine support the 
collision detection between object and the land. We 
propose a ray algorithm to realize it enlightened by the 
thought of height graph in geography.  
When object collides with land, we can record the land 
height of this point, and then let the object moves up H 
(might be minus) to adjust its position to the collision point 
on the vertical direction. Combined with the discretization 
method mentioned above, we can do the adjustment at each 
discrete point, the more the points are, the more realistic 
and accurate the algorithm is.  
The acquisition of H and the adjusting procedure is 
asFigure.4 shows:  
(1) Suppose object A moves from B to C, the horizontal 
plane L ( ) is located just above the land mesh and 
no intersection.  

0yy =

(2) Casting a ray down in the vertical direction from 
starting point B, intersecting with land mesh at point E, the 
distance between B and E is represented by ;  1h
(3) Casting a ray from point C and get the distance with 
the same method;  

2h

(4) 21 hhH −= , which is the distance that object A should 
move upward.  

 
Figure 4: Diagram of collision detection between object and land 

4. Application of Artificial Psychology in 
Virtual Mine System 

Virtual Mine system is applied mainly in staff training, 
including production and safety training. We consider using 
some psychological theory and technology to acquire 
staff’s emotion signals and then after the analysis and 
assessment to identify the emotion, then taking 
corresponding measures of training. 
In this paper, we use phobotaxis degrees and focus degree 
to determine the user's facial expression, and infer the 
user's emotional state according to the expression. The 
specific implementation process will be involved in other 
papers. 
In addition, we set up a teaching agent in training system, it 
can give users appropriate guide and tips and adjust the 
training task based on the user's emotional reaction, which 
can improve the training system's efficiency. 

5. Application Fields of Virtual Mine System 

5.1 Application in the coal mine disaster prevention and 
relief 

When accident happens, the relief conductor needs to grasp 
the situation accurately and understand the development 
trend of the accident, sometimes even remote command [6], 
this can be realized by VR combined with other simulation 
techniques. Virtual mine constructed by VR technology can 
simulate the actual mine and reproduce some incidents such 
as gas, fire, roof collapse and flooding. In addition to 
provide information for relief conductor, a very important 
role of virtual mine is training miners [9]. For example, 
miners can firstly choose the type of accident, then the 
corresponding virtual disaster scene is displayed, the 
miners could walkthrough in the scene and judge the 
hidden danger, the probability it happens, its severity 
degree and the final measures: escape wait for rescue. 
Through such training, it avoids people in real dangerous 
situation and unnecessary casualties, improves relief staff 's 
decision-making level. 



5.2 Application in Security Training 

Virtual Mine system can also be applied to mine security 
training in production. First of all, users can set mining 
field as the basis of testing and training, such as the 
roadway. Then, the user can select a virtual vehicle with 
dynamic behavior (such vehicles are based on actual 
vehicles with the creation of the device and reducer); After 
the basic scene is identified, various risks will be 
introduced, such as set large rock on the transport road, 
damaged traffic signs, or speeding, brake failure, divers can 
be trained and tested by the various risks. 
AIMS Institute of the University of Nottingham has 
developed a lot of mining and industrial safety training 
system by VR, as detailed in the literature [10-11]. 

6. Conclusions 

With the development of computer graphics, virtual mine 
system developed by VR technology can reproduce the 
circumstances of the mining environment true to nature and 
have wide prospective in risk assessment, staff education, 
technical training and accidents simulation. VR technology 
will play an important role in the mining system. 
According to current development of the mining industry in 
our country, we can adopt different levels of approach 
according to specific circumstances to study VR system, 
preliminary studies may be less expensive hardware and 
software systems, such as a mouse for input, a monitor for 
output, using OpenGL, DirectX and other free software for 
system development. 
To establish mine training system true to nature, it’s 
necessary to consider various graphics technologies, such 
as: multi-texture mapping, effective collision detection 
algorithm, the generated algorithm of water, flame or fog. 
In addition, basing on the idea of "people-oriented", we 
should make full use of some advanced theory and 
technology, such as artificial psychology, artificial 
emotions to make the human-computer-interaction more 
natural and more harmonious. 
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