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Introduction
With the changes of the times, computer graphics is also constantly developing. Computer graphics technology is the most widely cited in animation and video games. The computer graphics technologies used in video games are all imperfect. The research and development process of these technologies is just like the great nautical era. Humans need to slowly explore and discover these new technologies. Therefore, the challenges faced by the previous generation of video game graphics technology will be the basis for the development of new technologies. This article will analyze the definition, challenges and future development of computer graphics technology based on the development of the video game industry.











2 The development of computer graphics technology
2.1 The development of graphics technology
[image: 绿色的钟表

中度可信度描述已自动生成]“In October 1958, Physicist William Higginbotham created what is thought to be the first video game. “This Month in Physics History October 1958: Physicist Invents First Video Game: APS NEWS,cited in Tretkoff (2008). This is a news report about the world's first game, written by Trekoff. This game is a tennis game that can only be run on an oscilloscope. Due to the limitation of computer performance, all images can only be produced in the form of dots and lines, resulting in a very crude picture. The figure in the screen has only two straight lines and one dot. Picture 1: The first video game
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描述已自动生成][image: QR 代码

描述已自动生成]With the improvement of computer hardware performance, new games are slowly entering people's field of vision, and the most well-known of these games is Atari's "Pac-Man". Pac-Man has a resolution of 320*240 and 8 colors, which is undoubtedly an epoch-making advancement in computer graphics. Pac-Man attracted many loyal fans with its cute graphics and rich gameplay, but its popularity ended with the collapse of Atari. The next game with excellent graphics technology appeared in 1985, and this game was Super Mario. Picture 3: Super Mario
Picture 2：Pac-Man

The excellent performance of the Nintendo SFC game console gives this game a better picture than all contemporary games. Its resolution can reach 512*478 pixels and it can display 256 colors on [image: 图形用户界面

描述已自动生成]the same screen, which makes its picture very cute. 
In 1992, a 3D game "Wolfenstein 3D" made by the talented programmer (John D. Carmack) attracted a lot of attention, and this game became the originator of 3D games in the future. John D. Carmack applies ray tracing algorithms and 3D scenes to his video game（Wolfenstein 3D）for the first time. Although the characters in the game are only 2D pictures, the pictures of 3D games have begun to take shape. (Summers,2012)Picture 4: Wolfenstein 3D
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低可信度描述已自动生成]In the next four years, John (John D. Carmack) developed two games, DOOM3D and Quake, and the graphics of the new games became more and more realistic. Doom adds multiplayer online gameplay on the basis of Wolfenstein 3D, while Quake is a real 3D game. All scenes, objects and characters in the Quake game have complete 3D modeling, which was an epoch-making progress at the time. Quake's research and development is a major breakthrough for humans in the field of 3D graphics, just like the first footprints of humans on the moon. Since then, the exploration of the field of 3D graphics has entered a new era. When people obtain more realistic pictures, they also face more challenges.Picture 5: Quake



2.2 Challenges Faced by Computer Graphic Design
From the day the Quake game was developed, the development of graphics technology in video games has entered a new era. (Summers,2012)
In this era, the computer performance is not enough to run smoothly 3D games with complex scenes and fine graphics, so game developers have to face more challenges than before. They need to spend a lot of time to optimize their games, so that those games have more realistic graphics and take up less hardware resources.
The first challenge facing researchers is how to make the model in the game more realistic. Due to the limited computer performance at that time, the number of facets of the game's character model was limited to about 500 quadrilaterals, which greatly increased the difficulty of research and development. For example, in the Ready Player One in a famous movie, the number of sides of each character's model is in millions, so it is very difficult to make a character with only 500 sides look more real in a computer game. In order to make up for the shortcomings in the details of the model, soon after the efforts of generations of developers, a new rendering technology is about to be born.
2.3 The development of graphics technology
[bookmark: OLE_LINK1][bookmark: _Hlk81577162]With the continuous development of graphics technology, the first technological innovation that appears is ray tracing technology. Ray tracing technology uses a unique algorithm to simulate the path of light to calculate the color of the object, which makes the graphics rendered by the computer reach a very realistic point. 
[image: 图示

描述已自动生成]Ray tracing consumes a lot of hardware resources. The principle is to reversely calculate the lighting path for vertex coloring, which will cause each pixel on the screen to require a lot of calculations for coloring, so in the early stage of the development of graphics technology, this technology will only be used for cutscenes. (Liu, 2013)Picture 6: Principles of ray tracing

Liu Yichang mentioned this technique in his PhD thesis. The detail of principle is to emit rays from each pixel on the screen to the objects in the screen, and then calculate the multiple reflections and refractions of the rays, and finally those rays that hit the light source will transmit color information to the pixels. The disadvantages of this technology are also obvious. If the rays are reflected multiple times and do not hit the light source, noise will be formed on the screen, and this will also consume a lot of hardware resources. Often the pictures rendered using ray tracing technology can be true to nature, but the rendering speed of each picture is as long as several hours, which cannot meet the real-time rendering requirements of the game. 
[image: 黑暗中的灯光

描述已自动生成]Until now, ray tracing technology has only been used for cutscenes and CG in games. When technicians found that ray tracing technology could not be applied to video games in the current era, rasterization rendering technology was also developed.
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描述已自动生成]Rasterization rendering technology allows the texture of 3D objects to be divided into many pipelines, and each pipelines represents a physical property, which is the basic color, metallicity, roughness, normal map, transparency, and light pipelines. When an object is displayed on the screen, the computer will render each pipelines separately and superimpose it to output an image. The advantage of this technology over ray tracing technology is that it does not need to calculate light reflection data, and only vertex coloring of objects with multiple textures, which can greatly increase the rendering speed while ensuring the reality of the picture. For a long time, this rasterization rendering technology has been the first choice of game makers. But this technology also has disadvantages, because the core of rasterization rendering is the texture, rather than the surrounding environment and lighting, which will cause the color of the object to be rendered and the actual lighting color to be very different.Picture 7: The principles of rasterization rendering
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描述已自动生成]“Nowadays, with the use of modern high-end GPU it is now possible to perform ray tracing along with rasterization stage and maintain real-time characteristic of application.” Heuristic based real-time hybrid rendering with the use of rasterization and ray tracing method，cited in Walewski, P., Gałaj, T. & Szajerman, D. (2019)
Picture 8: Hybrid ray tracing principles

This technique is mentioned in detail in an article written by Walewski and Szajerman. In order to facilitate readers' understanding, here is an official image of Nvidia's hybrid ray tracing technology. In the figure, the rendering pipeline of the object is divided into eight, and each rendering pipeline will be allocated different hardware resources to achieve the overall resource balance. This new technology will not over-occupy a certain type of hardware resources while outputting better images.
The principle of hybrid ray tracing is to split and color the texture pipelines needed for rasterization, perform ray tracing rendering on the textures of some pipelines, and then superimpose and render with the textures in other pipelines. 
The most significant effect of this technological innovation is to allow objects to have more natural lighting colors, while maintaining the real-time nature of game rendering. This new technology is applied in the game Cyberpunk 2077 released by CDPR in 2020. This allows the game’s graphics engine to not only render ordinary light and dark details, but also to render more realistic effects, such as light scattering and reflection. Although this technology is still immature and unexpected bugs may appear when using it, in the not-too-distant future the game image may really can be as real as the Ready Player One.












Conclusion
In summary, with the continuous development of computer graphics technology, people can also play more and more realistic games. Game developers have encountered various challenges before, and they are also experiencing various challenges now and in the future. Currently, the more widely used technologies in games are rasterization rendering and hybrid ray tracing. These two technologies are of great help to the effect of graphics rendering, but people still have not solved the problem of the model's restriction on the number of quadrilaterals. In the future, solving the problem of resource occupancy of high-precision models will also become the primary research direction. When researchers develop a new algorithm to solve this problem, coupled with the new VR technology, it is possible to allow people to enter the virtual world described in the movie " Ready Player One ".
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