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Abstract
In the process of oil drilling, well kick or even blowout will occur if it is not well controlled, which will bring huge losses to national property and people's lives. Therefore, the development of drilling simulation training system, the design of realistic drilling scenes and its application to the pre drilling training of drilling technicians are the key links to ensure the safe production of drilling. Using the drilling simulation training system to train the trainees to skillfully, comprehensively and systematically master the operation skills and solve the possible well control problems in the drilling process has become the top priority of the drilling work. Drilling simulation training requires real-time demonstration of various drilling processes, such as normal drilling, single connection, tripping of drilling tools, overflow shut in and downhole accident treatment. However, the existing drilling simulation training system is very different from the real environment, which can not make students master the hardware operation of the drilling well site. With the rapid development of simulation application of virtual reality technology in various industries, the application of virtual reality technology in drilling simulation training will enhance the interactivity and immersion of the system.
In order to further improve the real-time, interactive and authenticity of the existing drilling simulation training system, 3dsmax is proposed
Combine with unity3d virtual reality platform to develop interactive 3D virtual drilling scene. First, in 3dsmax software
Using different modeling methods and related technologies, as well as novel next-generation modeling ideas, the virtual equipment models of derrick, hydraulic and gas Tong, top drive, rotary table, slip, drill pipe and faucet in the well pad are constructed. Then, the virtual equipment model is imported into the U3D platform to build the well site virtual scene. Finally, the drilling model in the virtual scene is optimized and classified, the interactive operations such as translation, rotation and stretching of the drilling equipment model are realized by c# language programming, and the scene effect is optimized by using key technologies such as rigid body collision, angle transformation and sound effects, so as to vividly reproduce the real scene of the drilling site.
The simulation of drilling process flow and non sequential simulation operation show that the designed drilling scene can be rendered in real time
It has good effect and strong interaction, and can meet the relevant requirements of drilling simulation training system.
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[bookmark: _Toc30689]CHAPTER 1: INTRODUCTION 
In the process of oil drilling, various emergencies may occur, especially the safety accidents caused by improper operation in the process of drilling and well control, which will not only cause fire and explosion at the drilling site, damage drilling equipment, produce environmental pollution, and even cause casualties. Although there is a certain understanding of underground information during drilling, the information transmitted is usually fuzzy, uncertain and random , which may cause oil drilling workers to make some wrong operations and judgments, and cause a series of well control accidents in serious cases. The occurrence of many well control accidents will not only cause serious social impact, but also cause huge losses to the national economy. Therefore, only by constantly getting the feedback of downhole conditions in the drilling process can we fundamentally solve the errors of judgment and operation, reduce the occurrence of safety accidents as much as possible, save drilling costs, and provide great help for staff to complete their work tasks safely.
Therefore, how to minimize the occurrence of accidents in the drilling process is the primary task to be solved urgently. With the rapid development of drilling technology, the relevant operations in the drilling process are becoming more and more perfect. How to make the on-the-job workers quickly complete the relevant operation training through pre job training and quickly put into their jobs is a problem that every oil drilling company must pay attention to it.
There are two traditional drilling simulation training methods, one is to conduct simulation training through the established drilling model in the training room, and the other is to directly operate the equipment on the drilling site for training . The disadvantage of the first method is that the time and manpower required to build the drilling model in the early stage are too huge, the production cost is uncontrollable, and limited by the fixation of the equipment model, the training can only be carried out in a fixed place, and the training time of different trainers is difficult to adjust, resulting in low training efficiency . The disadvantage of the second method is that the use of field equipment for training will inevitably lead to the lag of drilling progress and the loss of equipment and instruments, which will aggravate the increase of economic cost. Moreover, the trainers are not familiar with relevant operations during training, which will lead to accidents and safety problems in the training process. In addition, this training method can only be trained through some safe and controllable operations, which can not involve the emergence of some complex underground accidents. The trainers lack the experience in dealing with underground accidents, so they can not correctly deal with emergencies in actual operation. Such training can not achieve the envisaged goal . Therefore, based on the consideration of safety and not affecting normal production, employees in each oilfield are required to operate on the virtual simulation system before they can go to the site for actual operation after obtaining the qualification certificate.
With the rapid development of simulation application of virtual reality technology in various industries, the application of virtual reality technology in drilling simulation training will enhance the interactivity and immersion of the system. As the latest technology in the virtual reality engine, unity3d engine is paved by other engines, which has the advantages of easy learning and use, high performance and powerful function. Therefore, this paper applies unity3d technology to the design of interactive 3D drilling scene, in order to further improve the real-time, interactive and authenticity of the existing simulation training system.
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(1) R. P. Gupta and S. C. Srivastava. "A Distribution Automation System Simulator for Training and Research". International Journal of Electrical Engineering Education 45.4(2008): 336-355. 
This paper presents the design and development of a scaled down physical model for power Distribution Automation (DA) system simulation. The developed DA system simulator is useful in providing hands-on experience to utility engineers/managers to familiarise themselves with the DA system and gain confidence in managing the power distribution system from the computer aided distribution control centre. The distribution automation system simulator can be effectively used to carry out further research work in this area. This also helps undergraduate and graduate students to understand power distribution automation technology in the laboratory environment.
(2)Marcelo de Paiva Guimarães et al. "Graphical High Level Analysis of Communication in Distributed Virtual Reality Applications". Procedia Computer Science 51.C(2015): 1373-1382. 
Analysing distributed virtual reality applications communicating through message-passing is challenging. Their development is complex, and knowing if something is wrong depends on the states of each process, defects (bugs) cause software crashes, hangs, and generation of incorrect results. To address this daunting problem they specify functional behavior models (for example, using synchronization barriers and shared variables) for these applications that ensures correctness. They also developed the GTracer tool, which compares the functional behavior models developed with the messages transmitted among processes. GTracer checks for violations of these models automatically and displays the message traffic graphically. It is a tool made for libGlass, a message library for distributed computing. They have been able to find several non-trivial defects during the tests of this tool.
(3)Wang Wu Li and Wang Yan Jiang. "Modeling of Multi-Agent System for Drilling Simulation". Advanced Materials Research 383-390.383-390(2011): 1555-1561. 
In view of the characteristics of the oil drilling process and the existing problems of traditional simulation system, a new distributed drilling simulation model was established based on Multi-Agent system (MAS) technology. By means of autonomous, cooperative and reactive characteristic of Agent, the drilling laws and phenomenon can be reflected promptly and accurately under any circumstances. The MAS modeling for oil drilling simulation, the structure and knowledge representation of each Agent and the communication among Agents are described in detail. Finally, an Agent-based normal drilling well control simulation training example was given. The simulation results show that the simulator based on Multi-Agent system has better performances than traditional drilling simulators, and enhances the integrated training function of the drilling simulation system.
(4)Patnode Jason. Character Modeling with Maya and ZBrush:Professional polygonal modeling techniques. Taylor and Francis;CRC Press,2012. 
This book taught me how to use Maya and ZBrush. With the help of these two software, I can make models skillfully and efficiently. This book also has supporting electronic courses, which is very convenient for me to learn knowledge.
(5)Chunxiao Li et al. "Sketch-based 3D modeling by aligning outlines of an image". Journal of Computational Design and Engineering 3.3(2016): 286-294. 
In this paper they present an efficient technique for sketch-based 3D modeling using automatically extracted image features. Creating a 3D model often requires a drawing of irregular shapes composed of curved lines as a starting point but it is difficult to hand-draw such lines without introducing awkward bumps and edges along the lines. They propose an automatic alignment of a user׳s hand-drawn sketch lines to the contour lines of an image, facilitating a considerable level of ease with which the user can carelessly continue sketching while the system intelligently snaps the sketch lines to a background image contour, no longer requiring the strenuous effort and stress of trying to make a perfect line during the modeling task. This interactive technique seamlessly combines the efficiency and perception of the human user with the accuracy of computational power, applied to the domain of 3D modeling where the utmost precision of on-screen drawing has been one of the hurdles of the task hitherto considered a job requiring a highly skilled and careful manipulation by the user. They provide several examples to demonstrate the accuracy and efficiency of the method with which complex shapes were achieved easily and quickly in the interactive outline drawing task.


[bookmark: _Toc43040067][bookmark: _Toc11707]CHAPTER 3: RESEARCH AND/OR DEVELOPMENT METHODOLOGY
For the design and development of this system, the author carefully studies the previous articles and popular technologies, especially virtual simulation. On the basis of summarizing others' experience and visiting professional laboratories, I designed the research ideas and methods of this system.
(1) Literature analysis. Literature method is a widely used method in theoretical research and the most basic method of research. Although the literature of next-generation game research is seriously insufficient, as a research, actively collecting existing research data plays an irreplaceable role in grasping the current situation and development trend of research problems. Grasp the current research status of virtual teaching system, on the basis of affirming and grasping the previous research, infer the shortcomings of the research, and put forward effective suggestions and methods to solve the problems.
(2) Case analysis. Since the development of virtual simulation, there have been a large number of practical cases. Although you can't directly ask questions involving trade secrets, you can still go to the experimental center as an experimenter to watch virtual reality products. In the experience of "VR live view", "virtual inspection of power grid", "K12 English virtual teaching system", many interesting VR and PC virtual reality products enjoy the beautiful scenery, experience the magical journey and feel the vivid game images. The high-end technology detonates the visual feeling of virtual reality, which is shocking and aftertaste for a long time, The analysis of these science fiction and advanced virtual reality products is conducive to intuitively grasp the artistic expression of virtual reality.
(3) Comparative research method. Comparison is the most effective way to find problems, and the existence of differences is where the problems exist. This paper combs and compares the development of virtual reality technology at home and abroad. For the implementation of some models and material mapping technology, it also compares the advantages and disadvantages of different methods.
(4) Development practice method. The author participated in the enterprise practice in the game industry, understood and learned the next generation game model and material mapping technology in the game field, summarized the trade-offs of the Next generation modeling production technology at this stage in the Next generation modeling development, and created and developed a drilling teaching system in line with the teaching content and artistic effect.
Finally, according to the theory summarized from theory to practical operation, through practical activities, verify its rationality, mainly combined with the personal creative practice process, summarize some technical problems that can be improved in the current virtual reality products, and then put forward some personal experience-based solutions for developers who encounter the same problems.


[bookmark: _Toc11733]CHAPTER 4: DESIGN AND IMPLEMENTATION
[bookmark: _Toc16102]4.1. Overall design of virtual simulation system
This paper designs the drilling simulation system based on virtual reality technology. Firstly, collect the original data of the well pad as the basic work, establish the virtual 3D visualization model according to the real-time data of the well pad, then package and export the FBX file, and then import the exported FBX file into unity 3D software, use c# programming to add animation effect adjustment; After creating the internal equipment of the scene, establish the virtual well site environment, set the UVW map by using the picture texture of real things, render the texture map and material of the built model by using PS (photo shop) and SP (substance painter) software, and finally add a camera, adjust the light and import audio files, The overall design flow chart of the simulation system is shown in Figure 4-1.
[image: ]
Fig. 4-1 overall design flow chart of simulation system
[bookmark: _Toc18432]4.2 Drilling scene modeling scheme
4.2.1 Main technical indicators of modeling
Whether the model is established or not will directly affect the quality of the whole virtual reality system. Some researchers even say that building a perfect model is the most important element to reflect the reality of virtual reality system. Therefore, to establish a good virtual environment, we should have a more detailed understanding of the main technical indicators of modeling.
Technical indicators for evaluating virtual environment modeling include:
· Accuracy. It is an index to measure the accuracy of the model to represent real objects.
· Display speed. Many applications have large restrictions on display time. In interactive applications, we hope that the shorter the response time, the better. Too long the response time will greatly affect the availability of the system.
· Ease of use. Creating an effective model is a very complex work. The creator must express the geometric and behavior model of the object as accurately as possible. The modeling technology should create and develop a good model as easily as possible.
· Universality. The universality of modeling technology refers to the range of objects it can represent. Good modeling technology can widely provide geometric modeling and behavior modeling of objects.
· Operation efficiency. In the process of practical application, the display of the model, the behavior of the motion model and the collision detection in the virtual environment with multiple moving objects are all operations with high frequency, which must be realized efficiently.
· Real time display. In the virtual environment, the display of the model must be above a minimum frame rate, which often requires fast display methods and model simplification algorithms.
4.2.2 Scene modeling software: 3dsmax
3dsmax is the abbreviation of 3D Studio MAX, a 3D modeling software. The 2018 version is used in this paper. With the update of the version, there are great differences in the use methods and functions of 3dsmax software. 3dsmax is a 3D animation rendering and production software based on PC system developed by discreet company, which was later acquired by autodest company. The emergence of 3dsmax lowered the threshold of CG technology. At first, it was only used for computer games, film and television animation, and later used for visual effect production of simulation. 3dsmax has become one of the most frequently used modeling software in the world because of its advantages of easy learning and understanding, powerful function, good expansibility and smooth cooperation with other software . 3dsmax software has improved iterative process, fast graphics core and new toolkit, which can maximize the work efficiency of relevant 3D staff . 
It also improves the combination with post production software, so that modelers can more intuitively create art, fully show innovative ideas and design better works. 3dsmax is widely used in model building, scene rendering, animation production and special effects, and plays a leading role in the fields of effect drawing production, film and television animation, product modeling and so on. In the field of industrial modeling and simulation, 3dsmax can accurately express the structure and shape of the model, and can also give different materials to the model. Coupled with the lighting and rendering functions, the texture of the model is more realistic. 
Through animation demonstration, it can also simulate the action of the model and show the dynamic changes of the model delicately; In the field of film and television advertising special effects, 3dsmax can record the attributes, changes, shape, material and other parameters of the model as animation, and accurately move through the animation controller, which makes 3dsmax gradually become the preferred software in this field; In the field of game development, the bone system of 3dsmax is used to realistically simulate the deformation and motion of the model under the action of external forces, combined with the functions of rigid body and soft body, so as to create game scenes with different effects.
4.2.3 scene modeling method
3dsmax provides various modeling methods, and different methods are suitable for describing the detailed characteristics of different spatial objects [41]. The main methods of 3dsmax software modeling are: Standard primitive modeling, composite object modeling, polygon modeling, patch modeling, NURBS modeling, etc. Here are some common modeling methods:
1. Standard primitive modeling
The standard primitive modeling method is simple and convenient in operation and simple in model. It is the simplest and fastest modeling method in 3dsmax, but it is not suitable for building complex models. During modeling, you only need to click the corresponding button and move the mouse in the view to create the corresponding model, and then modify the start-up model by transforming the corresponding parameters in the "modify" window. Generally, some basic objects can be modeled with standard primitives.
2. Composite object modeling
Composite object modeling method is used to establish some models that are more complex than standard primitives. This kind of model can be basically composed of two or more standard primitives, which can be the combination of three-dimensional model and three-dimensional model, or the combination of two-dimensional plane graphics and three-dimensional model. In addition, creation commands such as deformation, connection and merging are provided in the creation window.
3. Polygon modeling
Polygon modeling is the most important and classic modeling method in 3dsmax. Polygon modeling is similar to mesh modeling. When modeling, you can create a complex three-dimensional model by editing polygon points, lines, faces and elements. Its essence is to use polygons to simulate surfaces. It is a more flexible modeling method. Polygon modeling method is also the most common 3D modeling method in virtual reality production and virtual building production. A large number of small patches are constructed through polygons to simulate and establish any surface. Polygon modeling method is not only simple and easy to learn, but also can change and modify the model arbitrarily, which can fully express the modeler's imagination and establish a more real three-dimensional virtual model
4. Patch modeling
The essence of patch modeling is the collection of patches, and the handle of nodes can control the shape of adjacent patches [42]. Patch modeling is an ideal way to create smooth surfaces. When you add an edit patch edit modifier to it, you can edit its sub objects as you edit mesh objects to create complex models. Using patch modeling can save system resources and speed up computer operation.
5. NURBS modeling
NURBS modeling is the abbreviation of non uniform rational B-splines modeling. It is a modeling form similar to patch modeling. The modeling method takes the patch as the unit to represent the contour and shape of the three-dimensional model. It can be established efficiently under the condition of low accuracy of the three-dimensional model to ensure efficient operation.
Users can select the optimal modeling combination according to the characteristics of modeling objects. In this design, polygon modeling method is the best modeling method.
4.2.4 How to model polygons
Polygon modeling is the most widely used modeling method at present, and can play a good role in game character, film and television, industrial modeling, indoor and outdoor model production . Polygon modeling is more flexible in editing and has low requirements for hardware. Unlike mesh modeling, it has no requirements for the number of faces of the editing model, which is more suitable for the production of complex models. All polygon objects are converted (collapsed) from existing models. There are four ways to convert objects to polygons:
(1) Select an object and click the polygon modeling button in the modeling option in the upper left corner of the interface. All creation parameters of this converted polygon will be lost.
(2) Select the object, right-click the mouse and select "convert to → convert to editable polygon", and all the converted polygon creation parameters are lost.
(3) Select an object in the modifier stack and click the editable poly command, and the converted polygon creation parameters will also be lost.
(4) Load the edit polygon modifier for the object, which preserves the converted polygon creation parameters.
The five levels of vertex, edge, boundary, polygon and element are the sub object classification of the editing model, that is, a basic object can be edited from different levels to make it the complex object model we need. When using polygon modeling method, the system provides a large number of tools and methods. Some of these methods are used in many model building processes. These common tools include:
(1) Slice plane tool at the edit geometry level: separate the mesh model with a plane. Similarly, there is a quick slicing tool for accurate slicing.
(2) Chamfering tool under the edit edge hierarchy: This is one of the most frequently used tools, which can chamfer selected edges to produce smooth edges and corners (fillets).
(3) Connection tool: it can create a new edge between the two selected edges, which is effective in thinning and creating edge loops.
(4) Create shape from selection: you can select edges to create spline shapes, including "smooth" and "linear".
(5) Extrude tool under edit multi deformation level: you can extrude polygons, extrude outward when the extrusion height is positive, and extrude inward when the extrusion height is negative.
(6) Chamfer tool: you can extrude and chamfer polygons to add smoothing effect to the extruded part.
The use of various polygon modeling tools can help us build the required complex model quickly and accurately. However, in practice, the cooperation mode and use order between different tools will have a great impact on modeling. How to avoid the conflict and interaction between modeling tools is a problem we must consider in modeling.
4.2.5 New idea of scene modeling: next generation modeling
In terms of model making, due to the limitation of software, traditional model making uses very few model faces to show the final game effect, basically about 1000-3000 triangular faces. The production method is obtained by editing polygon model with the mouse, and the software is 3ds Max and Maya. At present, the number of faces of the next generation role model is basically about 10000-30000 triangular faces, or even higher. The production method is to get the high model from the low model through digital engraving, and get the final game characters suitable for the Next generation modelings according to the high model topology. The software is 3ds max, Maya, ZBrush, topogun, etc.
It can be seen that the traditional game model has few support surfaces, and the model can only shape the large outline of the model, lacking details, such as the character's facial features, skin texture and so on. The low model of the Next generation modeling uses more faces to better represent the physical structure of the character, and uses the normal baking method of high-low model to provide high-detail visual effects for the low model of the Next generation modeling (Fig. 4-2)
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Figure 4-2 Comparison between traditional modeling and next generation modeling
In terms of material mapping, the traditional mapping is hand-painted mapping. When entering the game engine, the character material mapping will not change due to the change of the surrounding environment. The map size is generally 256 * 256 pixels or 512 * 512 pixels, and a color map is used to represent the texture of the model. The mapping software is Photoshop, bodypainter and other software. 
The traditional character production process is basically low mode - developing UV - drawing mapping. At this stage, the next generation character material map uses various maps such as normal map, solid color map, roughness map and metallicity map to comprehensively represent a character model. After entering the engine, the character material map will change with the surrounding environment, reflecting higher details and more realistic visual effects. The material map size is generally 1024 * 1024 pixels or 2048 * 2048 pixels. The production software is Photoshop, crazybump, substance painter and other software. The basic process is low mode - high mode - topological low mode - developing UV - making map.
It can be seen that the traditional map requires a map to represent the color, texture, texture and light shadow relationship of the model. The overall three-dimensional sense is weak, the details will not change due to the change of light source direction, and the map pixel size is small, which has a poor effect on the performance of map details and texture. The Next generation modeling material map size is large, you can see that the character has clear texture details and real material texture. Through the comprehensive performance of multiple maps, it can change with the change of the light source direction of the game engine.
The effect is basically close to the film and television level. It needs to be more flexible in production, and the difficulty is more complex than the tradition (Fig. 4-3).
[image: ]
Fig. 4-3 mapping comparison between traditional modeling and next generation modeling
4.2.6 Model making process in Next generation modeling development
(1) Engraving high mode from low mode
The project process of the Next generation modeling is generally to build the basic model in the traditional 3D software, such as 3ds Max or Maya, and then transfer to the engraving software for high model production.
High model is an essential link in the production of next-generation games, which directly affects the baking of normal maps. Generally, triangular surfaces rarely appear in high models, and quadrilateral surfaces are mostly used. The final rendering of computer algorithm is still calculated according to triangular surfaces. The triangular surface in the high mold is generally placed on the flat surface. If there is a triangular surface at a large turning point, it will affect the smoothness of the model. The high mold is often completed by ZBrush engraving software, or it can be finished by blank pressing and line clamping with traditional 3D software and then smooth (Fig. 4-4).
[image: ]
Fig. 4-4 change from low mode to high mode
(2) High mode topology low mode
After the completion of high mold engraving, the model needs to be further adjusted. The main work is to optimize the number of faces of the model, because each Next generation modeling project has the limitation of the number of faces of the model, and realize the structural performance of the model with as few faces as possible on the premise of the number of faces. Only after the high model topology is transformed into a low model can it be really imported into the game engine and finally meet the players. The way of topology low-mode can use the graphite tool in Maya's net or 3ds max, the engraving software ZBrush can also carry out low-mode topology, and some software specially used for low-mode topology, such as topogun and 3dcoat. Compared with traditional software, professional low mode topology software is more convenient and faster to use and occupies less resources. In the process of low mode topology, we should constantly fine tune the structure of the model and compare the silhouette to achieve the best effect (Fig. 4-5). For some burden accessories outside the main body, such as wristbands, gloves, bandages, etc., try to fit with the body.
[image: ]
Fig. 4-5 High mode topology low mode
(3) UV splitting and placement
UV is the coordinate point information of the model texture map. These points correspond to the position of the map. When mapping, it can ensure the perfect fit between the map and the body texture without deformation. There are special software for UV splitting, such as UV layout unfoud3d and so on. When placing UVs, pay attention to the rational use of UV pixel box resources to ensure the maximization of UV pixel values in different parts (Fig. 2-6).
[image: ]
Fig. 4-6 UV splitting
(4) Map making
Baking map is to show the texture features of high model on low model. Generally, baked maps include normal map and AO map .
The normal map represents the bump change formed by the light and shadow of the model. In addition to baking, the normal map optimizes and supplements the details of the original normal map through PS, xnormal, crazybump, etc. and small programs written by some companies in the later color map.
The Ao map mainly provides a suitable smooth shadow effect for the model, just like the global light for the object in real life, but the actual Ao map does not provide a light source, but carries out algorithm simulation through the shadow generated by the unobstructed light and the blocked light. Ao mapping can well solve the disadvantages of unclear performance of gaps, folds and small objects in the scene, further improve the details, make the character model more hierarchical and realistic, improve the sensitive contrast of the picture, and enhance the artistry of next-generation game production.
Other commonly used maps are color maps, which contain information about the changes of model color, texture and surface details; Highlight map reflecting the texture of the model to control the reflection intensity, reflection color and surface texture of the object; There are also a series of mapping methods to enhance the artistic expression of the model, such as luminous mapping, diffuse mapping, ambient mapping and so on. The self luminous map is used to simulate the effect of halo and add some mysterious special atmosphere to the character. Generally, the self luminous map area is not affected by the light in the scene and does not accept shadows. The self luminous map forms the luminous effect by affecting the intensity of the surface of the luminous area. Generally, the luminous intensity of the white map is the largest, The black map completely blocks the glow. Transparency is a very important material expression in object properties. For example, transparent glass can reflect the image of the scene in front of you. If the model in the game can simulate the effect of transparency, it will undoubtedly increase the expressiveness of the model. The transparency map realizes the transparency degree through pixels. The white transparency map indicates that the object does not have the nature of transparency, while the pure black transparency map indicates that the object is completely transparent (Fig. 4-7).
[image: ]
Figure 4-7 display of three maps
4.2.7 problems to be avoided in the creation of next generation game model
In the process of creating the next generation game model, the taboos are also different. To avoid these problems and pave the way for the production of material mapping in the future, so as to achieve the best artistic effect of visual picture.
Specifically summarize the following situations avoided in the model creation stage:
(1) Extra points. The so-called redundant points generally refer to two situations. One is that the line is deleted due to wiring, but the corresponding point on the line is still retained. This point is usually attached to the line. One more point is added to the model into the engine, which is automatically connected with the adjacent points to form unnecessary faces and waste game resources (Fig. 4-8). Second, the model needs to be copied back and forth in the manufacturing process, and a point is omitted when deleting the copied model. Such points generally exist alone, and only the points have no faces in the three-dimensional space (Fig. 4-9).
[image: ]
Figure 4-8 Redundant points            Figure 4-9 Missing points
(2) There is no closed geometry. It means that an independent model is not sealed. After entering the game engine, the number of faces of the model will increase, wasting game resources. Because the model enters the game engine to open the double-sided display effect, the face engine on the back of the model will automatically pick up and add it to the actual number of faces. On the contrary, a closed model will only calculate the outer surface of the closed object. For example, a fully sealed hexahedron has 12 triangular faces, and a notched pentahedron has 20 triangular faces (Fig. 4-11).
[image: ]
Figure 4-11 No closed geometry
(3) Redundant superimposed faces. It refers to two faces with the same attributes, and each vertex is on the same world axis, which results in superposition. In this case, after the game model enters the engine, the computer will read the information of two faces at the same time. After the engine is added with light and shadow, the faces at the overlapping positions flash. One is to cause poor player experience, and the other is to waste the computer reading information and resources.
(4) Too sharp point. It means that in the manufacturing process, it is inevitable that some lines converge into a vertex, such as the tip of the sword. The treatment method is to treat the tip as a face. In this way, there will be no broken surface during later high mold production (Fig. 4-12).
[image: ]
Figure 4-12 Sharp point comparison
(5) Interspersed objects shall be minimized. If a model of the object itself can be made, try to avoid interleaving, because making an object can facilitate later action production and improve the computer operation speed.
[bookmark: _Toc26240]4.3 Implementation of next generation game material mapping technology
The quality of a next-generation game accounts for a large proportion of the visual performance effect of the game screen, and the material map is one of the important core parts in the production of the game art team. In the game art industry, there is a saying called "three mold and seven paste". 
Therefore, it can be seen that in the art production process, the skillful application of material mapping will increase the performance effect of game visual art. Material mapping refers to the visual representation information used to describe the surface of objects in the real world environment. Therefore, material mapping is also the most effective means to obtain the real feeling of the objective world. The visual characteristics of different material maps will bring players different feelings.
Excellent material mapping can truly simulate objects, so that the character model is more expressive. In general, the three-dimensional model determines the shape information of an object, while the material map reflects the surface information of the object. The two complement each other and are indispensable.
4.3.1 The type of next generation modeling material map and normal map baking technology
4.3.1.1 The type of next generation modeling material map 
In the development process of the next generation game, due to the limitation of engine performance, the models use low-precision models. For models with low precision, most of the details of the character model are presented by material mapping to achieve the visual art effect of "confusing the false with the true". At this time, the material mapping of the model is particularly important. The enhancement of character model shape and the performance of texture are the main contents of material mapping. Making material mapping in game development is generally divided into the following common types:
Diffuse color is a means to reproduce the real color of visible objects in life. The color tendency of objects under sunlight is called solid color. Solid color is the embodiment of the human eye's intuitive impression of things, such as red flowers and green leaves. Solid color plays an important role in distinguishing the attributes of things, Solid color occupies most of the area in the overall color proportion of the object, so the treatment of solid color on the model can ensure the best effect of color. The solid color of general objects is mainly concentrated in the middle part of the light surface and backlight surface of the model. The color of this part of objects is the place least affected by the external lighting environment, and the color saturation is the highest. The color is mainly reflected in the changes of lightness and hue. If there is no solid color map in the model, all models are unified colors, which can only show the physical characteristics of the model. If the color expression is lost, the model will also lose artistic expressiveness and appeal. Before making the solid color map, we must pay attention to the analysis of the color matching according to the character's style, and the different colors of different materials such as metal, leather and wood. Only when we grasp the overall color relationship of the model, can the solid color map of the model be made according to the Department. As shown in Figure 4-13, the left figure represents the solid color map of the next generation character model. The figure represents the display of solid color map applied to character model in engine matte mode effect.
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Figure 4-13 Diffuse color map
Normals map is used to represent the concave convex detail texture information of the model surface, which can enhance the stereoscopic feeling of the object surface without changing the shape of the model. The essence is to change the normal inclination angle of the object surface by using the spatial coordinates (x, y, z) direction or the channels in the pixels (R, G, b). During light and shadow irradiation, different visual effects will be displayed according to different normal inclination directions (Fig. 4-14).
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Figure 4-14 Comparison of normal mapping effects
AO map (ambient occlusion) is generally called environment occlusion map in Chinese. It is a kind of gray-scale map that is not affected by any lighting and is generated by the mutual influence of the spacing between objects. It is the most practical map for the next generation game character model. By calculating the mutual shadow relationship between objects, we can see the structure of the model and strengthen the three-dimensional sense of the model. During computer calculation, it emits information according to the normal inclination direction of the object itself. When this information touches the object, it will get the feedback information, showing black gray to mark the nearby information, while the surface that does not receive the feedback information will show white to make this mark (Fig. 4-15).
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Figure 4-15 Comparison of AO mapping effects
Roughness map and metallic map mainly reflect the material effect of the object. Their function is to distinguish different light intensity areas through different reflection of light on the object. If the reflection of the object is good, it needs to be treated brighter, while if the reflection of the object is weak, it needs to be treated darker. They are formed by using the latest PBR technology to replace the traditional highlight map with roughness map and metallicity map in the development of next-generation games in the market. They have the same effect as traditional highlight maps, but the effect has changed greatly. A good material performance requires close cooperation between the two. During the mapping process, the darker the roughness map color, the smoother the object surface, and the whiter the area, the rougher the object surface. The darker the color of the metallicity map, the lower the metal texture of the object, and the whiter the color, the higher the metal texture of the object (Fig. 4-16 and Fig. 4-17).
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Figure 4-16 Roughness Map               Figure 4-17 Metallic Map
In the next generation game development, the above maps are the most important character model maps. In addition, there are other auxiliary types of maps such as transparency map and emissive map. In the next generation game development, the above materials and maps will be reasonably used to jointly complete the next generation character production according to the needs of the project, Finally achieve the best visual art effect. According to the technical principles of the above mapping, the final effect of the following next generation character material mapping is obtained(Figure 4-18).
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Figure 4-18 A model that blends multiple maps
4.3.1.2 normal mapping principle of next generation modeling
The concept of "normal": a normal is a dotted line (a vector of this plane) that is always perpendicular to a plane. When lighting, the computer will render and calculate the height and brightness information of the plane. The brightness information fed back by a plane is also related to the angle of light irradiation. The more vertical the irradiation light is, the brighter the plane feedback information will be. 
If a plane finds that the directions are consistent, the brightness information fed back by the plane is the same, so it presents the characteristics of a plane visually. However, if some changes are made to the normal information of the plane to make them face different directions, the computer rendering will feed back the brightness and brightness of the plane, giving people a visual sense of unevenness. Therefore, in game development, "normal map" can be used to record the normal information of each point on the object surface. As shown in Figure 4-19, it can be seen that the orientation of the object surface is different, and the orientation of the normal is different.
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Figure 4-19 Normal reflection diagram
As the name suggests, the normal map is the normal information saved on the map, which is represented by the color RGB. The RGB color is regarded as a spatial coordinate system (therefore, the RGB color presented by the normal map is different with different spatial information). The purpose is to use a map to change the normal of the model surface in order to provide more details on the model surface. It will not really change the vertex normal information of the model, but make the model look uneven visually, so as to form the detail information of the model surface. It is derived from the early bump map. 
The bump map mainly uses the height value of each pixel to show the bump changes of the object, while the normal map contains more detailed surface information, which can show more complex appearance shapes. The advantage of normal mapping is that the resources of a map can replace the huge resources of high modulus. The details of high modulus can be represented by the model with fewer faces and the normal. The reflection of the model surface can be calculated by providing a light source position. This way of using normal mapping can greatly reduce the resource utilization and improve the computer rendering speed. As shown in Figure 4-20, low modulus additive line map can be well used to represent complex texture structure in the game.
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Figure 4-20 Application of normal map
In fact, normal maps can be divided into three categories: normal map in world space, normal map in model space and normal map in tangent space. The three can play different roles according to different project requirements.
The world space normal map, it has the advantage that the decompressed map can be used directly. It is very efficient and suitable for a large number of static models in game scenes. Because the normal in world space is fixed in world coordinates, once the position and angle of the object change, the model surface information is wrong, resulting in the previous world normal map can not be used. However, in game development, when PBR material is made with substance painter software, the world space normal has its place. When making the material map of the model, you can use the fixed world space position to calculate the space position of the model from top to bottom, so as to make better use of the automatic calculation function of substance painter software to efficiently make other material maps of the model (Fig. 4-21).
Object space normal map is the normal information of the vertices of the model itself. The general production method is to generate a normal map in model space from the modified model. Compared with the normal map in world space, objects can rotate, shift, etc. But it also has some limitations. It can be seen that it depends on the model itself, and the normal is relatively regarded as "absolute position". If the model itself is deformed, this kind of map is a calculation error and is not suitable for animated objects in the game (Fig. 4-22).
Tangent space normal map is most used in game development. It has its own tangent space for each vertex information on the model surface, which essentially solves the problem of model deformation and does not depend on the model itself and the world coordinate system in which the model is located. To put it simply, make a high mode and a low mode, and use the low mode to pick up the normal information on the high mode. When the low mode normal information and the high mode normal information are in the same direction, the map will show light blue (the RGB space coordinates are {0.5, 0.5, 1}, and the color values are R128, G128, B255). If the high mode normal direction is inconsistent with the low mode normal direction, the normal angle will be generated, resulting in color values that are not {0.5, 0.5, 1} on the tangent normal map (Fig. 4-23).
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Figure 4-21The world space normal map   Figure 4-22Object space normal map
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Figure 4-23 Tangent space normal map
There is no doubt about the importance of normal mapping, which determines the details of the final model and the basis of other mapping. Therefore, when making normal map, we should make or modify it understandably according to its principle, and avoid mechanical making or modification. Only in this way can we achieve the perfect presentation of character visual art in the development of next generation games.
[bookmark: _Toc20873]4.4 research on implementation technology of normal mapping of next generation modeling
Normals map: generally, the normal map is mapped through three-dimensional software, such as surface sample in Maya and render to texture in 3ds max, comparing the high model with the low model, and then baking the details of the high model onto the normal map and overlaying it on the low model. The other is nvtools provided by NVIDIA plug-in in Photoshop, Convert the information provided by bump map into normal, that is, PS to normal. The height in the bump map represents the light part information, and the low part represents the dark part information. The relative height of each pixel is converted by the height relationship, and then the normal angle is calculated according to the surface formed by the height relationship, and then converted into normal.
At present, in the development of next-generation game characters, the latest normal baking method is carried out in substance painter, which ensures that the high modulus and low modulus have the same coordinate axis, and is imported into substance paint for calculation and baking. By constantly adjusting the baking value, the correct normal mapping effect can be achieved. Compared with the traditional baking software, the advantage is intuitiveness, Traditional baking only bakes a map, which needs to be continuously linked with the model before viewing. The intuition of substance painter is that the baked normal map will be automatically attached to the model for real-time viewing, eliminating the traditional step of linking normals back and forth.
In the process of making normal map, the relationship between smooth group and UV should be avoided by all means. If it is not handled well, it will affect the beauty of the model. The smoothing group refers to the attribute information of the model surface. Models are generated from faces, and each face has different information data. If the smooth groups of two faces are the same, all faces in this group are smooth and consistent. When the smooth groups of each face are different, the effect of edges and corners will appear. As shown in Fig. 4-24, each face of ball a in the left model is the same smooth group information, and ball B is different smooth group information for each face.
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Figure 4-24 The different between same smooth group and different group
The author summarizes some experience in baking normals between smooth groups and UV relations. When baking normal maps, the UVs between low model faces and faces with different smooth groups should be disconnected, but it is not easy to have too many UV seams when dealing with UV splitting, so as to avoid a large number of normal seams. On the contrary, the smooth group information in the same UV should be consistent, otherwise the normal black line problem will occur. As shown in Figure 4-25, the UV at the smooth group between the model surfaces is not disconnected, so the baked normal has normal traces, which affects the beauty of the object surface. As shown in Figure 4-26, the UVs of different smooth groups are broken one by one, and the baked normal effect is significantly improved compared with the UV without breaking effect, without normal trace. However, due to too many UV breaks, there are too many normal seams.
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Figure 4-25 the UV at the same smooth group
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Figure 4-26 the UV at the different smooth group
Therefore, the above two situations should be avoided as far as possible. When baking normal maps for next generation game characters, you should pay attention to the following points:
① The UV seams shall be as few as possible, the UV shall be stretched a little, and the UV between different smooth groups shall be disconnected. The UV of the same smooth group shall be kept as one as possible to reduce UV seams.
② When baking normals, keep the integrity of the model and avoid baking half of the model. If symmetry is not an integrated model, you can overlap UVs and make the best use of the UV pixel box. When baking normals, the symmetrical model tries to ensure that the UVs do not overlap and translate the UVs of the symmetrical model.
③ If two objects are close to each other, try to separate them, bake normals in different times, and finally combine different normal maps into one map.
④ When baking the normal map, you can use the low mold with a higher number of faces to bake, so that the normal information is relatively fine, and then optimize the number of faces of the low mold, but pay attention to ensure that the UVs cannot be seriously stretched.

[bookmark: _Toc8444]4.5 technical principle and advantages of PBR technology for making material map
4.5.1 PBR technical principle analysis
PBR is a rendering technology based on physical rules. This technology uses realistic shadow lighting model and model parameter values to complete the real simulation of real things. At present, the market often uses substance painter software for PBR production in game development. The core of PBR technology is natural reality, which maximizes the goal of rendering authenticity of next-generation games, achieves the perfect combination of material and light and shadow in the final effect, and greatly improves the player's experience of the game.
PBR technology put forward the technical prototype as early as the siggraph conference in 2011. With the unity5 engine being used to produce CG level lens pictures in the film and television animation industry, especially when Pixar announced to change the RenderMan architecture due to adapting to PBR technology, PBR technology really attracted people's wide attention and use.
The advantage of PBR technology is that the control of model material and lighting can be adjusted according to the reference standard. On the one hand, it gets rid of the inconvenience of parameter adjustment by feeling. On the other hand, unlike the traditional material lighting, which needs to be completed by other components of the design team, PBR integrates the traditional material parameters into a gloss parameter, When making maps, the author does not need to consider the separate parameters such as color, position and intensity, but only need to formulate the type of material to generate the model light and shadow effect of comprehensive performance of various maps in one step. PBR technology has existed in the game pre rendering renderer as early as now, but with the enhancement of computer graphics processing ability and the improvement of graphics card performance, it is widely used in real-time rendering.
PBR technology seems to be the representative of engine real-time rendering, and also represents a judgment standard of next generation games. Through it, we can show corroded metal, heavy leather and fine texture in next generation games, and restore a more colorful world. Since PBR technology pursues authenticity, the realization of PBR technology first needs to understand all aspects of real life
The material reaction of two things, and then it is divided into the implementation of PBR technology according to its characteristics. The light source of the natural world is the comprehensive expression of all kinds of light, including direct luminous light source and reflected light source. Generally, when the light shines on the object, the light will be reflected on the surface of the object, or refracted and absorbed internally. The reflectivity of the surface of the non-metallic object is low, and most of the light will enter the sub surface of the object and be absorbed, so as to change the original spectrum and weaken the light intensity. The surface reflectivity of the metal and conductor is the highest, and the light will be specular reflected on the metal surface, At the same time, it is affected by the diffuse light of other objects in a complex environment.
Diffuse reflection is the most common light movement phenomenon in life, because it is difficult to have objects with completely smooth and flat surface in reality. Generally, the surface of objects is uneven and has a certain roughness, which can be decomposed into countless micro surfaces. The angle of light entering each micro surface is different, so the direction of reflected light is also different, resulting in soft diffuse light (Fig. 4-27, FIG. 4-58, FIG. 4-29).
[image: ]
Figure 4-27 Object roughness contrast
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Figure 4-28 Effect of objects of the same color under different reflectivity
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Figure 4-29 Effect of objects with the same reflectivity under different smoothness
4.5.2 comparative analysis of PBR technology and traditional technology
The traditional material mapping technology is to "imitate" the complex lighting in the real world through a limited number of ideal light sources and reflection maps. The PBR material mapping technology reflects the lighting principle of the real world. It uses the physical "law of energy conservation" to calculate the algorithm between the energy of the incident light of the object and the light reflected on the surface of the object and absorbed by the object material, which is quantifiable and makes the object achieve the unity of the overall effect in different environments, It ensures the actual response of the object material to light and meets the physical laws of the real world.
The biggest difference between PBR technology and traditional technology is that it is affected by the environment. If different environments are used under PBR production technology, the object surface will reflect the surrounding information and can be well integrated with the surrounding environment. For the traditional technology, there are only basic parameters such as light color and brightness. Compared with PBR real rendering based on physical planning, it is very different in technology. As can be seen (Fig. 4-30), in different environments, objects reflect different information around them, and the final effect is also different.
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Figure 4-30 Effectsof objects using PBR technology in different environments
[bookmark: _Toc5226]4.6 3D modeling of drilling scene equipment
After learning the above next generation modeling technology, advanced mapping and PBR technology, I did a lot of experiments. On this basis, I have mastered advanced modeling knowledge, and I will apply what I have learned to complete the modeling and mapping of the drilling platform.
4.6.1 3D model of derrick
Derrick is one of the important components of drilling scene equipment. The main function of derrick is to place top drive, elevator and drill pipe equipment. The main components of the derrick include derrick body, derrick stairs, racking platform and storage setback platform. In the model making, the derrick is mainly composed of rectangular columns and columns. The process of creating the model is relatively simple, but the derrick has many components and the construction process is relatively complex. A large number of rectangular columns and cylinders in derrick fabrication can be created by moving and copying, such as steel columns of derrick outer frame, support columns of derrick, etc. Because the derrick frame body is mainly composed of four steel columns and presents a tower type, in the process of reproduction, the copied steel column needs to use the angle capture tool to tilt the frame body at the same angle. The racking board and the storage riser platform on the derrick are created using cuboids, and the fence on the platform can be directly created using the railing in the creation panel. The derrick stair is created by using 3dsmax existing stair model, and then zoom and adjust the created stair to make the stair the same height as the derrick support column. Finally, the position of each component of derrick is adjusted and the 3D model of derrick is constructed. The 3D model of derrick is shown in Figure 4-31.
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Figure 4-31 3D model of derrick
4.6.2 3D model of drill pipe
The drill pipe is the main equipment in the drilling process. The drill pipe used in the drilling is 30-40m long. During the drilling process, with the continuous drilling, the drill pipe needs to be spliced, so the two ends of the drill pipe are threaded. In the production process of drill pipe, the more complex is the production of thread. The body of the drill pipe is a cylinder. Create a cylinder and modify the parameters according to the size of the drill pipe. The threads at both ends of the drill pipe are different, one is external thread and the other is internal thread. Create a cylinder, and then use the twist modifier to create the effect of external thread. Before creating the internal thread of drill pipe, copy the created external thread, and use the difference set operation with the external thread to create the internal thread. After completing the thread production, adjust its position and merge with the drill pipe body to complete the production of the drill pipe, and then copy the required drill pipe with the copy command. The 3D model of drill pipe is shown in Figure 4-32.
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Figure 4-32 3D model of drill pipe
4.6.3 3D modelof slip
There are two slips and one safety slip on the operating platform, which are the main tools to clamp the drill pipe for making up and breaking out during drilling operation. The slip is a three piece structure with a conical shape. When creating it, you need to create a 1 / 3 cone and a 2 / 3 cone, then create three handles, and finally combine them. The two incomplete cones can be obtained by slicing, convert the circular tube into an editable mesh, enter the modification panel, select the fixed point, and gradually reduce the area of several faces to achieve the taper effect. The handle is simple in structure and can be regarded as a combination of circle and cylinder. The complex cylinder is combined with the ring by using the method of complex modeling. Finally, the position of the cone is adjusted to form a complete slip 3D model. The safety slip can be regarded as a combination of a series of cylinders and cuboids, create a cylinder and convert it into an editable polygon, adjust part of the lines of the polygon to form a thread like shape, then compound with the cuboid, copy and adjust the angle for many times to form a hinge link, and finally create a cylinder bolt structure, After combination, a complete 3D model of safety slip is generated. Figure 4-33 shows the 3D model of slip and safety slip.
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Figure 4-33 3D model of slips
4.6.4 3D model of hydraulic tong
Hydraulic tong is a special tool for making up and breaking out. The composition of the hydraulic tong is relatively complex. When creating, you can first divide the hydraulic tong into several independent parts, and then create it. In this way, you can use the standard geometric modeling method to build the model. The cylinder in front of the hydraulic tong has an opening, which is created through the difference set operation of Boolean operation. The upper part of the hydraulic tong is hung on the derrick through a steel wire. The creation of the steel wire rope needs to be realized by using the twist modifier. First create a cylinder, add a twist modifier to it, modify the parameters to twist the cylinder, and continue to adjust the parameters until the effect position close to the steel wire rope is obtained. The column at the connection between the steel wire rope and the tong is similar to the Mitsubishi column, but there are two more parts at the bottom, which is troublesome to create. First, convert the prism into an editable mesh, reduce the upper surface to make it appear the shape of small at the top and large at the bottom, and then reduce the lower mesh accordingly to remove some meshes, so as to achieve outstanding results. Finally, the created parts are combined to form a complete 3D model of hydraulic tong. Figure 4-34 shows the 3D model of hydraulic tong.
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Figure 4-34 3D model of hydraulic tong
4.6.5 3D model of Winch model
The structure of the winch is complex. This paper uses the polygon modeling method to create many basic rule models, which are combined into one composite model after a variety of command operations, and then spliced and combined one composite model. Figure 4-35 shows the winch model.
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Figure 4-35 3D model of Winch model
[bookmark: _GoBack]4.6.6 3D model of drilling fluid purification equipment
Drilling fluid purification equipment is an important part of drilling equipment. Through observation and appearance analysis, the polygonal modeling method is adopted to build the purification equipment model, including vibrating screen model, desilter model and degasser model, as shown in Figure 4-36.
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Figure 4-36 3D model of drilling fluid purification equipment
[bookmark: _Toc6783]4.7 Preliminary preparation after drilling scene import
After importing the 3D drilling scene into unity3d, drag the. FBX model file in assets into hierarchy so that the model can be presented in scene. There are more than 2000 models in the drilling scene model, and some omissions are inevitable. Therefore, the first task after import is to modify some wrong materials and maps in the model and repair some missing materials and maps, so as to make the model appear perfectly in unity3d.
In the model, there are fixed parts that do not need to be designed, and there are also parts that need to be designed. The part of action design is subdivided into mobile design and rotation design. Before the action design of the model, in order to simplify the later work, the imported model needs to be classified first. The specific operations are as follows: right click the blank space in the hierarchy, select create empty, rename the new GameObject, repeat the above operations three times, and create three blank objects in the hierarchy, which are used to store the model that does not need design, the model that needs mobile design and the model that needs rotation design.
In the drilling scenario design, C # is used for script programming. The running environment of c# script in unity uses mono technology, and all related classes of. Net can be used in unity. However, the use of C # in unity is still different from the traditional C #: all classes in scripts attached to objects in unity must inherit the monobehavior class; The class name in the c# script needs to be written manually, and the class name should be consistent with the file name, otherwise an error will be reported on the console when the script is mounted on the object; The code used to initialize the script must be placed in wake and start methods; The debugging of c# code in unity is different from the traditional c# debugging. Unity comes with a perfect debugging function. Unity displays the debugging information in the console without developers writing the code about the display information, which provides convenience for debugging the code.
In unity, a separate folder is usually created for the code for later modification. The specific steps are as follows: right click assets and select Create → folder. This folder is usually named scripts. It should be noted that all naming under unity must be in English to avoid loading failure due to unidentification of unity; Only one code file can be added to each model, and multiple code files cannot be added. When adding the code of the model later, you need to find the established code file to add, but you cannot re-establish a code file.
[bookmark: _Toc5652]4.8 Integration and derivation of virtual drilling engineering simulation model
When the 3D model is built, the model built by 3ds Max is exported to FBX format, and relevant settings such as name, unit, axis, map and file type are required. Import unity 3D software to realize the construction of later virtual drilling environment.
(1) Name setting
The name of 3D software model must be named in English characters, and the material name should correspond to the name of the model as far as possible. It is recommended to also use English characters to prevent unnecessary errors in the later stage.
(2) Unit setting
Unity 3D engine supports the import of a variety of external resources to prevent the model size imbalance after 3ds Max model is imported into unity 3D. Before exporting the 3ds Max model, select: Custom - unit setting, and change the imperial unit to the metric unit "cm" to fit unity.
(3) Pivot setting
In order to prevent the 3ds Max model from deviating from the model axis when importing unity, and its coordinate axis is inconsistent with the object center, you need to set the axis. Through Ctrl + a → utilities → reset Xform → reset the selected content, right-click at the X transformation to collapse all. All models to be exported must be editable polygons; Finally, set the overall model where the coordinate axis position is (0, 0, 0) for import into unity.
(4) Map export settings
Considering, in order to prevent the loss of maps after importing unity 3D into 3D model. Check the embedded media check box to export the embedded media together, which means that the maps used in the 3D model are exported together, and the map data is saved in the FBX format file by default;
(5) Coordinate system settings
Considering that after the simulation model made by 3DS MAX software is imported into unity3d, its default coordinate orientation changes.
Therefore, when exporting, select advanced options → axis conversion → y-up (in the unity program, the world coordinate is y-up).
(6) FBX format file settings
FBX file is a format supported by both 3ds Max and unity 3D software. It is imported in 3ds Max software
Export and save. When imported into the assets folder of the unity project, map, model and other resources will be automatically imported together
Copy to avoid manually importing resources into unity, which reduces the workload. CTRL + a → click file → export the selected object, name the file as a letter combination (unity 3D recognizes the letter file by default), and select the. FBX grid and save.
[bookmark: _Toc11530]4.9 Construction of virtual scene of drilling well site
We have realized the construction and optimization of the simulation model in the virtual drilling engineering simulation system, and derived the model of the whole drilling engineering. This part will realize the construction of drilling engineering virtual scene, introduce the advantages of unity 3D software and the creation process of virtual well pad environment using the software, and introduce in detail the production of material rendering, preset body, rigid body, collision body, animation effect and fluid effect in scene design.
4.9.1 unity 3D engine
Unity 3D engine is a professional virtual interactive engine released by unity technologies, which plays a significant role in the development of immersive interactive functions of visual simulation system. After a large number of literature research and previous recommendations, unity 3D engine is selected as the development platform of virtual drilling engineering simulation system. In the development of unity project, the properties and other parameters of scene objects can be edited in detail through interface operation, and multiple view function windows can be switched in real time. The unity 3D operation interface is shown in Figure 4-37.
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Figure 4-37 Unity3d operation interface
Compared with other engines, unity 3D has many characteristics. The engine can automatically load game resources, render materials, develop scripts, develop GUI interfaces, publish on multiple platforms and communicate with developers.
(1) The external resource package can be automatically imported into the project and updated in real time. It supports a variety of virtual reality software, such as 3ds max, substance painter, blender, Maya, C4d, etc.
(2) All rendering in the project needs to be completed by shader, including many rendering methods, including bump map, screen space environment occlusion, reflection map, parallax map, etc.
(3) It supports two scripting languages, c# and JavaScript, and integrates the open source script editor MonoDevelop, which is easy to use and cross platform.
(4) Using a fairly mature ugui system and its powerful visual editor, it not only ensures to meet various GUI production requirements, but also improves the efficiency of GUI development.
(5) It supports 23 platforms such as windows, Mac OS X, Android, IOS, chrome, web GL and web player. Users can deploy multiple platforms with one click by completing one development.
4.9.2 Creation of virtual well site environment
The design of virtual well site environment plays an important role in the development of the whole visual drilling engineering simulation system. Combined with the actual well pad layout and considering the actual characteristics of the drilling engineering site, when creating the drilling virtual well pad environment, in addition to the drilling engineering tools and well pad models constructed in the previous chapter, it is also necessary to create scenes such as terrain, landform, trees and vegetation to make the scene more realistic. The specific creation process of the virtual well site environment is as follows.
(1) Creation of scene terrain and landform
1) Execute the aeests → import package → environment command to import environmental resources, and then execute the game object → 3D objet → terrain command successively. By default, a terrain instance is generated in the hierarchy view.
2) On the hierarchy panel, preliminarily set the size of the terrain. With the help of the raise / lower terrain tool and smooth terrain tool in the terrain editor, according to the details of the actual terrain and landform, paint texture → edit textures → add textures to draw the texture of the terrain and mountains, as shown in Figure 4-38.
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Figure 4-38 Terrain
(2) Effect of adding trees, vegetation and streams
1) Add tree resources. On the inspector panel, successively execute the commands edit trees → add tree → select game object, select the tree resources to be added among many tree resources for drawing, and plant trees of different sizes by adjusting the values of brush size and tree density.
2) Add a grass resource. On the inspector panel, execute the commands edit details → add grass texture → detail texture successively, determine the sparsity of grass by setting relevant parameters, and then select the grass to be added
Grass resources, plant grass on the ground.
3) Add stream water resources. On the project panel, execute the commands assets → standard assets → environment → water successively, select the water resource to be added in the prefabs folder, and drag the water effect preset to the concave of the terrain in the scene view. The scene effect of trees, vegetation and streams is shown in Figure 4-39.
[image: ]Figure 4-39 Environmental effect
(3) Add scene environment effect
1) Add skybox effect. Execute asset → import package → custom package to import skybox resource package, and then execute window → lighting → scene to select the appropriate skybox through the select material dialog box.
2) Add fog effect. Execute window → lighting → scene in turn, check the fog check box to turn on the fog effect, and adjust the fog color, mode and distribution density as needed.
3) Add lighting effects. Select the GameObject → light command, select the required light source class, and adjust its position and direction with the main camera. The specific effect is visible in the scene view.
4) Add sound effects. Import sound effect resources in the project view, create an empty GameObject in the hierarchy view and name it audio, add audio source components by selecting Add component → audio sourse, edit in the inspector view, and use 3D sound files to produce near large and far small sound effects.
(4) Import of 3ds Max model assets
Import the simulation model established by 3ds Max 2018 into unity. The specific steps are as follows.
1) Make a series of settings using the simulation model established in 3ds Max 2018 in the above section. An FBX format file containing model, material and animation information is exported and saved. By default, the map is also exported, and the map file is in the format supported by Max and unity;
2) Open the unity project, create a new FBX folder in the project panel, drag the FBX format file to this folder, and drag the 3D model in the FBX folder into the hierarchy view. Then, you can edit the position, angle and other parameters of the 3D model on the inspector panel;
3) Unity will automatically generate a folder for storing the supporting maps of the FBX model, and import the maps made in the photo shop software and the materials in the substance painter software into the material folder under the assets file by dragging the mouse;
4) Shader editing and mapping are performed on the scene model. Finally, the import effect of 3ds Max model resources is shown in 4-40. 
[image: ]
Figure 4-40 Schematic diagram of drilling site
[bookmark: _Toc29046]4.10 Fluid effect
According to the search data and literature, it was initially determined to select unity's own particle system to complete the simulation of water flow. In the actual fluid production process, the fluid effect produced by using particle system is not ideal. Not only does it not have enough realistic fluid effect, but also takes up too much system resources in the production process, which slows down the running speed of the computer and may cause the problem of jamming. Therefore, the method of making fluid effect is re determined, and the best 3D fluid plug-in matched with unity - oid future is selected through analysis.
(1) Parameter settings of OBI fluid plug-in
Obi fluid is a well-known advanced fluid simulation plug-in. It uses the physical effects of particles to realize the creation of simulated fluid, which can achieve the desired fluid with realistic effects. In the unity project, it can make real fluid effects more conveniently and quickly. Important parameter settings of OBI fluid plug-in are as follows:
1) Obi particle renderer is used to render particle effects and preview whether reasonable and ideal fluid effects are obtained in the scene. Its core attributes are as follows:
① Render: indicates whether the shader is displayed; When checked, the particle ball fluid effect can be seen in the scene view; When unchecked, the ideal fluid effect is obtained through camera rendering;
② Particle color: indicates the color state of the fluid obtained in the rendering process of the camera;
③ Radius scale: indicates the size proportion of a single particle to be simulated. Considering how much resources fluid rendering takes, it is usually less than 3000.
2) Obi emitter
It is used to emit fluid particles into the scene and create them by executing GameObject → 3D object → Obi → Obi emitter commands in turn. Its core attributes are as follows:
① Solver: add a custom calculation method to adjust different effects of particles;
② Emitter material: add an emitter material;
③ Num particles: represents the total number of particles emitted. If the value exceeds 1000, the frame may be stuck;
④ Speed: represents the emission speed of fluid, and fluid particles are affected by gravity;
⑤ Lifespan: represents the time when the fluid effect obtained by camera rendering exists in the process of particle simulation fluid;
⑥ Random velocity: the random offset velocity of particles. The larger the value, the greater the influence of fluctuation.
(2) Fluid production in drilling engineering
Firstly, Obi fluid belongs to a third-party editor plug-in, so it needs to download the plug-in before it can be imported and used. In unity 3D software, execute the command window → asset store in turn, search and download the Obi fluid plug-in in the asset store window, and save the resource package of the plug-in in. Unitypackage format; Then, import the plug-in file into the unity project, and all resources of the plug-in will be automatically imported by default; Then, in unity project, select the imported Obi fluid plug-in, set a series of important parameters of the plug-in, and design and make ideal fluid effect particle effect, as shown in figure 4-41.
[image: ]
Figure 4-41 Particle system diagram
[bookmark: _Toc21759]4.11 Collision detection technology
Collision detection technology refers to judging whether two three-dimensional objects in the same virtual environment collide at the same time point, and feeding back the collision detection results to the user in real time to indicate and remind the user's actions or operations in the virtual environment. When users conduct simulation operations in the virtual environment, the touch between devices must comply with objective physical laws, that is, two devices cannot penetrate each other or occupy the same three-dimensional space. At the same time, collision detection makes the virtual environment have better authenticity and interactivity, enables users to experience a stronger sense of immersion and realism when they interact in the virtual environment, and provides users with a better operation experience. Real time and accuracy are important criteria to judge the quality of this kind of technology. Good real-time and accuracy can ensure the immersion and reality of virtual interactive operation.
Hierarchical bounding box method is a commonly used collision detection method. Its essence is to build a regular geometry to include the detected three-dimensional objects, then project the geometry of each object on the three-dimensional coordinates, and finally determine the collision by judging whether their projection boundaries on the XY, XZ and YZ planes intersect and overlap. Hierarchical bounding boxes are mainly divided into the following types:
(1) Axis aligned bounding box
Axis aligned bounding boxes [32-34] are also referred to as AABB (axis aligned bounding boxes). Axis aligned bounding box is one of the earliest and most widely used bounding boxes. The AABB of a three-dimensional object is the smallest box containing the three-dimensional object and each side is parallel to the three-dimensional spatial coordinate axis. Coordinate axis parallel means that AABB is parallel to all coordinate axes in three-dimensional space, and also means that each face of AABB is perpendicular to one coordinate axis. The plan diagram of AABB enclosure is shown in 4-42 (a).
AABB is characterized by simple test calculation, less information and good real-time performance. Through the comparison of coordinate values, the rapid intersection test of multiple AABB bounding boxes is realized. When the three-dimensional object moves or rotates, the AABB bounding box of the three-dimensional object is reconstructed by recalculating two extreme points among the eight bounding box vertices. Because the AABB bounding box can only be constructed in the direction parallel to the three-dimensional coordinate axis, when the three-dimensional object is not parallel to the coordinate axis, the tightness of the bounding box will become worse.
[image: ]
Figure 4-42 (a)AABB       (b)Surround ball          (c)OBB                  (d)K-DOPs
(2) Surround ball
The definition of bounding sphere is the smallest sphere containing a given three-dimensional object. The bounding sphere can be constructed by only two scalar sphere centers and radii. The plane diagram is shown in 4-42 (b). In order to construct the bounding sphere of object s, first calculate the average values of X, y and Z coordinates of all vertices in object s, so as to determine the spherical center s of the bounding sphere, and the maximum distance between the spherical center and each vertex is the radius r of the bounding box. The intersection test of surrounding ball mainly uses the center and radius of the ball. Assuming that there are two different bounding spheres (S1, R1) and (S2, R2), when the distance between the centers of the two spheres is less than the sum of their radii, i.e. | S1-S2 | < (R1 + R2), it can be determined that the two bounding spheres intersect, otherwise they do not intersect. A good characteristic of bounding sphere is that when 3D objects often rotate, its bounding sphere does not need to be updated. Therefore, when the user frequently rotates the three-dimensional object, if the bounding ball is used as the bounding box of the object, it can achieve better results, but in general, its poor compactness will lead to lower detection efficiency.
(3) OBB bounding box
Direction bounding box OBB  is defined as the smallest regular hexahedron that can surround a given three-dimensional object in any direction relative to the coordinate axis, as shown in Figure 4-42 (c). It can be seen that the main feature of OBB is the arbitrariness in the direction of the bounding box. OBB can closely surround a given object according to its state. Its tightness is good, but the construction process is complex.
OBB intersection detection is based on the principle of separation axis. If the projection of OBB of two three-dimensional objects on one axis does not overlap, the axis will be taken as the separation axis of two objects. When a separation axis exists between two obbs, it can be judged that the two bounding boxes do not intersect, otherwise they must intersect. The intersection calculation of OBB bounding box is complex and has poor real-time performance.
(4) K-DOPs bounding box
Directed polyhedron k-DOPs bounding box [38] is a convex polyhedron. Its specific definition is to surround a given three-dimensional object, and the normal vector of each face originates from a convex hull in a fixed direction, as shown in Figure 4-42 (d).
The intersection detection method of k-DOPs bounding box is similar to that of AABB bounding box. By judging the two-dimensional projection on the K / 2 direction axis, it can be determined that the two k-DOPs do not intersect as long as the projection does not overlap on one direction axis. The process of constructing k-DOPs bounding box is complex and requires a large amount of calculation, and the tightness of the bounding box is closely related to the K value. 
Through the detailed comparative analysis of the above four kinds of bounding boxes in all aspects, it can be seen that the structure of AABB bounding box is relatively simple and easy to update; The tightness of the surrounding ball is the worst; OBB bounding box has good compactness, but the construction is relatively complex and the amount of calculation is large; The construction of k-DOPs bounding box is complex, and its construction calculation and tightness are related to K value. Therefore, the research of collision detection technology in this paper mainly adopts the axis aligned bounding box method, which can well realize collision detection in 3D scene.
[bookmark: _Toc29161]4.12 Animation effect 
In this paper, in the unity project, the action changes of some scene objects in the scene view can easily simulate the action change process of the scene object in the form of animation. Unity 3D engine provides rich animation technology for the development of virtual reality system, mainly including animation production and animation control.
Animation is to use the animation view to create and edit the relevant animation parameters of scene objects in the unity project. Open the animation view window and make animation by executing the window → animation command in turn. The specific production methods of animation are as follows:
(1) Click the "animation recording run" button to name and save the scene object to be animated, which means that the animation recording starts and all the motion of the scene object can be recorded;
(2) Click the "add curve" button to add attributes such as the object to be animated, components on sub objects and component parameters;
(3) Click the "red line in the timeline" and drag to adjust, which is used to set the time point of action change;
(4) On the inspector view panel, record the motion state of the object by editing the components and component parameters that need to move or move in the scene, and then save the recorded animation;
(5) Click the "animation play" button to demonstrate the preliminarily completed animation, and then make secondary modifications for unreasonable animation to achieve the most ideal animation effect. The animation view in the unity project is shown in Figure 4-43.
[image: ]
Figure 4-43 Animation panel
Animation control is aimed at scene objects with multiple actions. It is necessary to preview and set a series of animations of the object with the help of Animator (animation controller). These animations are laid out and linked in the animator view by successively executing window → animator command and combining code control program. The animator view in the unity project is shown in Figure 4-44.
[image: ]
Figure 4-44 Animation controller panel
[bookmark: _Toc30408]4.13 Action design of model
In the action of the model, there are the linear translation action of XYZ axis of top drive, slip and safety slip, as well as the rotation design of hydraulic tong, and even more, such as drill pipe and lifting ring. In the action design, translation and rotation seem the same, but they are different. The following are the design of several actions.
4.13.1 translation design
In the scene design, the translation design of the model is divided into three types: up and down, left and right, front and back movement. There are two ways to design the translation of the model in unity. One is to add a rigid body to the model and control the movement of the model by controlling the movement of the rigid body; The other is to control the position of the model by directly modifying the model coordinates. The second method is used in the scene design. Taking the slip translation as an example, the slip movement on the operating platform involves XYZ three axes. The slip not only needs to move left and right, back and forth on the operating platform, but also needs to move up and down according to the drill pipe. The moving speed in the process needs to be changed at any time, and the slip movement needs to be stopped at any time.
4.13.2 rotation design
In this scene design, the rotation design of the model only rotates forward and reverse around the Y axis. Similar to the movement of the model, the rotation design is also divided into two ways: one is to control the rotation of the rigid body to realize the rotation of the model, and the other is to modify the angle of the model to realize the rotation. The second method is used in the scene design. The reason why the control rigid body is not selected for moving and selecting is that inputmanager is built in unity to manage the input, so each action of controlling a model needs to copy the data in inputmanager, which is cumbersome and easy to be confused. The second method can bypass inputmanager and directly modify the initial coordinate data of the model, which is simple.
4.13.3 Model stretch design
At the oil drilling site, the top drive drilling device is connected with the top of the derrick through a pulley. With the continuous drilling of the top drive device, the pulley moves downward, and the cable between the pulley and the top of the derrick becomes longer. On the contrary, when the top drive device rises, the cable becomes wound between the pulleys. In the scene design, the process of cable lengthening is simulated by stretching the cable model to produce deformation. The specific design process is as follows: change the localscale of the cable to realize the stretching of the model, change with the change of the top drive device, the top drive decreases, the localscale value increases, the top drive increases, and the localscale value decreases. Because the stretching of the cable is only in the y-axis direction, you only need to modify the y-axis value. For stretching in other directions of other models, you need to modify the value in the corresponding direction. Figure 4-45 shows the shape comparison of the cable before and after stretching.
[image: ]
Figure 4-45 The tubing is stretched


[bookmark: _Toc43040070][bookmark: _Toc32456]CHAPTER 5: RESULTS AND DISCUSSION / EVALUATION
The realization of virtual drilling teaching system is the key content of this paper, mainly including login page, menu page, loading page, roaming system operation interface and drilling teaching page.
[bookmark: _Toc26271]5.1 Loading page
The loading interface is used to dynamically simulate the background loading of the computer. The development of the loading interface adds flexibility to the system. The effect diagram of the loading interface is shown in figure 5-1. In its development process, the loaded background picture material. PNG file is designed, produced and saved through PS software. In unity project, the picture material is copied, modified and controlled by adding relevant scripts.
This page uses an asynchronous loading algorithm. Algorithm idea: in 3D programs, it is inevitable to use a large number of scene switching functions, but in program operation, if the scene switching is not handled properly, the program response will be slow or even crash. From figure 3-23, we can see why it is easy to cause program crash during scene switching. Assuming that the memory space occupied by the first scene is 500m and the memory space occupied by the second scene is 400m, the system will generally wait for the second scene to load the text before deleting the resources of the first scene. If the maximum available memory of the system is 600m, During the loading process, it will lead to the phenomenon of insufficient memory. When loading the second scenario, the occupation of computer resources will be very amazing, and the final peak is 900m, which is unbearable for computer memory resources.
The solution is to use an intermediate scene as the switching object. When the intermediate scene is loaded, the system memory peak is 510m. After loading the intermediate scene W, the system will automatically clean up the resources of the first scene, and the memory space will become 10m.
At this time, the second scenario will be loaded again. At this time, the peak loaded system memory is 410m. In this way, completing the whole loading will not cause too much problems to the use of system memory.
[image: ]
Figure 5-1 Loading page
[bookmark: _Toc9347]5.2Roaming page
Roaming system is to realize well site roaming of well control personnel. The first person perspective is used to control the forward, backward, left and right movement of the perspective, so as to realize the independent viewing of local well pad equipment and resources. The roaming system interface is shown in Figure 5-2.
The implementation of first person roaming is used to enter the well pad from the first perspective, and input "W", "S", "A" and "D" through the keyboard to control the forward, backward, left and right of the perspective respectively; Control the visual field interaction effect through the flexible use of the mouse; Use the space bar to jump the viewing angle, but you can only view the operation of the well pad within the line of sight of the current position.
After entering the first person roaming interface, the user will roam the whole well pad from the first person's perspective. Well control personnel can hear birds singing in the mountains and forests in the designated area.
[image: ]
Figure 5-2 View of roaming
[bookmark: _Toc27603]5.3 Drilling page
Rotary table drilling is the most commonly used drilling method in various oilfields. Rotary table drilling rig is used for rotary table drilling, and the rotary table is used to drive the drilling tool in the hole through Kelly. Rotary table drilling can reduce labor intensity and is conducive to production safety. Its disadvantage is that additional pressurization is required during drilling. Here, the normal drilling of rotary table is taken as an example to demonstrate the process of 3D scene reproduction drilling technology. During the normal drilling of the rotary table, the rotary table is used to drive the Kelly to continuously drill a single pipe, then the Kelly is buckled with a single pipe in the mouse hole, and then a single pipe is connected to continue drilling. The brief operation process is shown in Fig. 5-3,4,5.
[image: ]
Figure 5-3 Lift Kelly

[image: ]
Figure 5-3 Setting clamp

[image: ]
Figure 5-3 Bucking with hydraulic tong






[bookmark: _Toc43040071][bookmark: _Toc12125][bookmark: _Hlk56527034]CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS  
The main work of this paper is as follows:
(1) The feasibility of application in drilling simulation training is discussed, and the significance and application scope of this paper are put forward.
(2) This paper introduces the application of 3D animation technology in various fields, 3dsmax software and its application in 3D modeling, as well as the advantages of next generation modeling and PBR technology, which are applied to this system development. Taking hydraulic and gas Tong, top drive, slip and drill pipe as examples, the process of building three-dimensional drilling scene model under 3dsmax is introduced in detail.
(3) The traditional modeling and next generation modeling are studied in detail, the effects of the two theories in various cases are compared, and their advantages and disadvantages are analyzed.
(4) Under unity3d, c# programming is used to realize the translation, rotation and stretching of the model, and key technologies such as collision detection, animation and sound effects are added to optimize the real-time rendering effect of the drilling scene and increase the fidelity of the drilling scene.


[bookmark: _Toc43040072][bookmark: _Toc767][bookmark: _Hlk56526967]CHAPTER 7: REFLECTION 
This paper studies several key problems existing in drilling simulation training, but there are still some technical problems to be improved:
(1) The rigid body collision mechanism of equipment models in the current drilling scene design is not perfect, which makes the collision between equipment models in the scene not smooth and realistic enough;
(2) At present, when the particle system is used in the scene, the real-time rendering ability of the scene is significantly reduced. In the next step, we need to improve the particle system and reduce the memory occupation of the particle system when it is running;
(3) At present, only drilling sequencing simulation is realized, and the non sequencing simulation of equipment model in drilling scene needs to be further developed to further improve the random control ability of scene design, so as to achieve the purpose of simultaneous control of multiple objectives.
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