PAGE  

The IEEE International Conference Artificial Intelligence Systems IEEE AIS'02

Session: Advanced Information Technologies 
THE REAL WORLD VIRTUAL MODELS 
Dr.A. A. Sholomitski, Dr S. G. Dzhura  
Donetsk National Technical University, 58 Artyom Street, Donetsk 83000, Ukraine 
Tel. +38 (062) 337-32-66 E-mail: sholomitskij@gis.dgtu.donetsk.ua  and  ovs@dgtu.donetsk.ua 

Abstract
The principles and technology of creation of the real world virtual models are examined in the paper. It is done on the example of open cast mining (OCM) modeling. The most advanced and quickly developed 3D-models and their stereoscopic presentation are emphasized. The implementation is done within the context of object oriented design in the automated system of the OCM survey support.  
INTRODUCTION 
The virtual world having become an investigator’s major instrument is constantly extended and improved, and solves more complicated problems. It is impossible to overestimate these model capabilities. They not only introduce the great element of realism into the computer art, cinema-and-video industry, but also influence the way of our communication with the machine that makes it possible to solve new type tasks which were unsolved earlier.
The interest paid to the 3D graph objects can be explained by their high information capacity. The information the image contains is presented in the most concentrated form, and a user having even little special knowledge is able to perceive it. The majority of the information is obtained visually. Everybody knows it. And a person is able to classify and analyze this information. The investigation object visual presentation defines the view on the problem, investigation process, and results

The computer technology development influenced mining survey where specialized geoinformation systems (GIS) have wide application. The systems make it possible to solve all the practical tasks that were solved and are being solved with the help of paper survey plans and maps. Electron maps widen the traditional idea of a map as the mathematically defined, generalized, reduced image of the Earth surface made on the plain within the chosen system of conventional signs which reflect topographic objects and their characteristics.

Synthetic sign maps are applied in mining survey up to present. To read the maps and solve practical tasks based on them a person should have special qualification, very often rather a high one. 
From the other hand, the Internet information channels give limitless possibilities to present map information and make the access of a large number of users to it unrestricted. The contradiction between the growing access to the map information and the necessity for the users to have rather a high qualification arises. 
The modern level of computer technology development, the necessity to make the information accessible for people and corresponding to their ability to think with the three-dimensional space categories lead to the following fact: the map information can be and should be presented not by conventional sign models, but by similar to the reality virtual three-dimensional models with full- value imitation of the objects and their behaviour. 

But in fact it is impossible to achieve the model absolute similarity. However, if the aim of the model creation and tasks to solve are specified it is possible to define the final range of factors which should be reflected in details and adequately with the reality for the given model as well as those which are auxiliary. In this case the user sees the reality model on which important characteristics necessary to solve particular problems are emphasized. 
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М – the real world model; 
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 - the real world attribute range; 
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- the finite set of meaningful attributes which are modeled in details and help to solve applied problems; 
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 - the finite seto of auxiliary attributes the reflection of which is simplified and made in fragments and which improve the visual perception of the i>k model.

1 General requirements to the system of the real world virtual reflection 
To create the real world modeling systems the following characteristics are required: 

Object oriented approach to the system creation. That is the system should generate objects, make them function and erase them. But unlike the programming object oriented systems this system’s objects reflect the reality objects behaviour in the “real time”. 

The reality objects and their virtual models have bi-directional control communications. That is virtual models can not only reflect the reality objects characteristics and behaviour but control them.
· The system should have the differential mechanism of generation of the events and messages passing. To reflect changes taking place in the outward things the system should have the mechanism of generation of the events in the system which are passed to all the system objects, a group or a separate object to control their virtual models. Besides, the objects have a chance to generate messages for their interaction within the system. 
· The system and the objects should be self-taught. The model is always in progress. It is created with the goal to know more about the real world. That is we can speak about the following iteration scheme: the descriptive model is transferred into the mathematical one through the knowledge formalization. Further on this computer model becomes the computer programme after passing the programming stage. The results of the programme operation give new knowledge about the first approximate model. It is specified and thus the iteration process is taking place. New object classes are added to the model. The objects should gain new characteristics and methods for the model existence new conditions should be developed. The system having the self-taught subsystem and being the combination of the artificial intellect different elements can assume a part of the functions. The processes which are difficult (and sometimes practically impossible) to find the algorithms for are left to be solved by a person within the HMI (human – machine interface) system. 
Thus the system of the reality virtual models creation should provide the system interface with the real world and the objects within the system and the users (fig.1). 

The mechanism of similar reflection of the objects within the virtual model (VRML-interface) is the distinctive feature of the system. It provides the users massive access to it.
2. The virtual models implementation within the ASSP 

This system practical implementation was made as the automated system of survey provision of open cast mining (ASSP) [1,2,3]. At present only the situation is reflected on the survey plans (even on the electron ones). To support the control it is very important to show the object models of technology equipment, transport etc. on the OCM digital model. This model can ease to a great extent the process of solving multiobjective badly formalized tasks, which remains a person’s prerogative. These intellectual models can replace or widen to a great extent the traditional presentation of mining and engineering information and ease the perception of complicated information flows
As far as genesis is concerned the open cast mining digital model objects can be divided into the finite set of real and artificial objects.  
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where Mes – the real objects set which includes the geological objects subset, Mis – the artificial objects subset to which all mining and other open cast mining objects can be referred. 
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All the OCM artificial objects can be divided into static and dynamic ones
Where 
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 - characterizes the object form,   
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 - the object coordinates, defines its situation within the model,
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- the object attributes group, characterize its peculiarities, direction, state etc. The static object doesn’t change its position within the model for a long time. 
The dynamic model is characterized by the following: 
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where 
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 - the position of the object at the present moment, is the time function, that is the change of the position or state within the real time is peculiar for the dynamic object; 
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 - the list of the events and actions connected to them. All classes of objects on open cast mining are generated from the abstract static or dynamic objects. The separate list of events and actions connected to them is formed for every object class. The object state change, which can generate another event, can be an activity. Subclasses and instances can be generated from classes. 
VRML (Virtual Reality Modeling Language - http://web3d.org/technicalinfo/specifications/ vrml97/index.htm - ISO/IEC 14722), which is the virtual reality modeling language, is chosen to reflect the open cast mining, technology and process objects tree-dimensional models [3] within the ASSP. It allows giving high level description of the object elements, combining them into groups, lending them characteristics, behaviour and the reaction towards the events etc. At present it is one of the most developed tools of reflection of three-dimensional objects. 
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Figure 1 Reflection of the real world into the virtual models within the ASSP 

The following problems are solved within the ASSP:

· Creation of the three-dimensional models of open cast mining;
· Creation of three-dimensional models of static and dynamic objects which imitate the operation of real technology facilities (a dumper, a digger,  a bulldozer, a drill etc.); 
· Interaction of the models to imitate the flow process. 

2.1 Creation of the three-dimensional models of the objects 
Creation of the 3D-objects can be defined as the process of mathematical modeling of geometrical forms and characteristics of the objects and the methods of their visualization and control. 

3D-object is the cubic body which has its length, width, and depth-the characteristics which the computer images didn’t have within a long period of time. In fact the 3D objects exist only within the computer memory and are reflected on the flat surface of the screen in accordance with the perspective and photogrammetric laws to make stereoscopic presentation. The form and the surface texture characterize the three-dimensional object. . 
The form is the object’s geometry which, in the simplest case, is described by a set of points and polygons interconnected within the three-dimensional space. Moreover, the modern computer capacity is so high now that it is possible to reflect the textured surfaces practically in the real time. The creation of the static and dynamic object three-dimensional models was made with the software of the company ParallelGraphics (www.parallelgraphics.com) which gave us the following programming products on the basis of the collaboration agreement: 

Internet Space Builder (ISB) –a designer of the virtual worlds which allows to make the operations of addition and subtraction by drag-and-drop method. It has the library of prepared objects and textures and allows combining and editing them etc. 

Internet Scene Assembler (ISA) – a programme which allows to collect scenes of the objects which already exist, specify their location, create animation for them, build new schemes of the objects interaction. 

To imitate the technology process in the OCM model the technology mechanisms virtual models were created. The main stages of the VRML objects creation are as follows: creation of geometry, light, and cells; binding of the material textures to the objects; animation; the auxiliary VRML objects insertion; export into the VRML. 

Let’s examine the process on the example of creation of the model of the Dumper BelAz. The structural elements singled out within the hierarchic structure of the created model are shown in the figure 2.

The cabin and the platform have rather a complicated form that is why to shape them it was impossible to use only primitives or the texture. For these reasons it was necessary to use the forms manipulating by which allowed to have required shape.

The forms are cubic convex geometric configurations for which the operations of addition and subtraction to or of the cubic bodies present in the virtual worlds are specified. The form addition creates the full body corresponding to the added form within the empty space. The parts of the added form coming to the occupied space do not create new bounds or boundaries there. Under the form subtraction only the space parts corresponding to the subtracted form are deleted from the body. The new surfaces limiting the volume occupied by the body are formed. Thus the forms play the role of tools under the virtual world creation.
The wheels are cylinders with the planes with the textures overlaid on them in the end (for more realistic impression). The ISB capacity to specify the texture movement made it possible to create the movement effect. 

Other dumper components (the platform, fuel tanks, axles etc.) were created out of the primitives. The model The Dumper BelAZ created within the ISB is shown on the fig. 2. 
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Figure 2. Creation of the model of the object The Dumper BelAZ in the 

programme Internet Space Builder
To have the full imitation of the model it was necessary to foresee the movements the objects make. Thus the dumper’s platform with the carbody goes up and down imitating the rock unloading. The initial and final angle values specifying is visualized within the ISA programme.

First the objects, their parts or mechanisms with their movements should be imported into the ISA. The interpolators and special units of the VRML language specify the process of movement itself (animation). They are as follows:

 RotationInterpolator (the angle value interpolator);

 PositionInterpolator (the location coordinate value interpolator) 

To move the object along the model it was necessary to specify the movement path rotation angle points, the object longitudinal axis orientation in the space. The browser with the VRML client (such as Cortona 3.1) will make movement through other values interpolation. 

The virtual models of other technological mechanisms such as bulldozer, drill, excavator etc. applied at open cast mining were created in the analogous way. The model making is a creative process, which requires high qualification as the objects have the complicated structure and interaction. 
2.2  The object interaction mechanism 
It is possible not only to animate the created models but also to assemble the finite model out of the existing objects within the ISA programme:

· The movement path specifying; 
· The object interaction. 
To create the imitation model of the technological process of deposits open cast mining it is necessary to combine all movements of every object of technological equipment into one event chain. The simplified scheme of the 3 object interaction, their events and actions consecution are shown in the figure 3.
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Figure 3. The object interaction scheme 
The object model interaction takes place on the event level. Each model generates initial events during the operation stages. The events signal the start the movement of another object or the same objects next operation beginning. These operations are incoming for the secondary models. The general imitation model of the technological process of mineral deposits open cast mining can be created by combination of each outgoing event of one model with the incoming event of another one.  
The virtual models of static and dynamic objects built in ISB can be placed on the geological, mining and technical objects within the ASSP. Thus the open cast mining virtual model can be created as it is shown on the figure 4.

Reductive example models of  open-cast mine with cyclic inter-object events and without external events you can see at site of chair of geoinformatic and geodesy of Donetsk National  Thechnical University: http://gis.dgtu.donetsk.ua 
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Figure 4. OCM virtual model in ASSP 
The user can choose any necessary object out of the object library within the dialogue mode, specify its scale coefficient and show the exact location on the OCM model with the help of the mouse. Besides, it can be done within the stereoscopic mode.
CONCLUSION 
The real world models can be built technically and technologically at the present stage. These are realistic virtual models, which give the user information of their structure, object composition and functioning. This doesn’t depend on the user’s education and qualification. 

The virtual models, which reflect the real world changes within the real time mode, facilitate the managing decision taking in the data domain. 

The VRML language is a powerful mean of the data spatial presentation, which can be applied both to open cast mining, and visualization of any data of experiments, which require spatial and dynamic presentation.  

The stereoscopic presentation strengthens the virtual models cognitive characteristics and gives them three-dimensional measurability, which allows the models to solve the project and design tasks on the new level.
On our opinion, the creation of the virtual reality models is a very efficient task as to the training process. Geography, history, mathematics, physics, chemistry, mechanics, architecture – practically all the disciplines have the information spatial and time presentation. Only virtual models make it possible to show the thing all around not paying attention to not important details, demonstrate its functioning main regularities, stimulate the user’s self studying of the discipline. 
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