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摘  要
         

         

计算机图形学主要以硬件设备的发展为基础，以应用需求为巨大的驱动力，两者相

互存在相互影响。由于软件水平的提高，计算机图形的绘制越来越依赖于图形硬件

的发展。另一方面，近年来由于导航仪、手机等消费性电子产品上对于三维绘图应

用需求的大量增加，如何在嵌入式系统上设计一个低成本的三维绘图加速硬件成为

一个重要的议题。嵌入式3D图形加速可以分为几何引擎和渲染引擎两个部分，本文

主要对3D图形加速方案中的几何引擎的几何变换、光照和裁剪等核心算法进行了基

础性研究。

本文首先回顾了3D图形加速的研究背景、3D图形加速的研究意义、应用领域和当前

国内外研究现状， 对几何引擎的核心算法从基本原理和算法上进行了较为详细的

介绍，并且给出了坐标转换、光照和裁剪的基本API，就实现的算法原理给予了数

学的解释。

其次，本文对几何引擎的核心算法几何变换、光照和裁剪的空间复杂度和时间复杂

度进行了分析，在此基础上分析了算法的优劣性，找出了影响算法效率的瓶颈函数

，并提出了流水型的并行结构。

最后本文对核心算法进行Handel-C移植，建立了基于Microsoft Visual studio和

Celoxcia DK的软硬件协同仿真环境，验证了移植的正确性；并采用Handel-C优化

机制对设计进行优化，吞吐率有较大提高；利用DK对Handel-C进行编译，输出的

HDL代码在modelsim下仿真，结果正确。
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Abstract
         

         

Computer Graphics is mainly based on the development of hardware devices, the

driving force is the application requirements in which there is an interaction with

each other.As the improvement of software, computer graphic drawing depends

on the development of graphic hardware. On the other hand, in recent

years,because of the increasing demand of 3D graphics applications for

navigation, mobile phones and other consumer electronics products, how to

design a low-cost 3D graphics acceletaion  hardware on embedded systems has

become an important project. The 3D graphic acceleration including geometry

graphic acceleration engine and rendering graphic acceleration engine.This text

mainly discusses the basic core algorithm of geometry graphics acceleration

engine such as transformationlighting and clip&culling.

First of all, it reviews the research background of 3D graphic accelerationthe

research significances applications and current research status of 3D graphic

acceleration, introduces the basic principles and algorithms of the core algorithms

in 3D graphic acceleration, elabourates the functions of the basic API, explains

the algorithms principles from mathematics.

Secondly it analyzes time complexity, space complexity and parallelism. By

consideration of the advantages and disadvantages of this algorithm., the

bottleneck functions of affecting algorithm efficiency are figued out, and the idea

of using firehose parallel architecture .is also raised.

Finally, it explants the core algorithms to handel-c,constitutes the software and

hardware cooperating simulating environment,the environment is based on

Microsoft Visual studio and Celoxcia DK which validates the correctness of the

algorithms;Then it optimizes the design by adoptting the Handel-C optimizing

mechanism, there is a great elevation;At last it compiles the Handel-C using DK,

the output datas is simaulated on the modelsim experimental platform, the
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correctness of the simulate datas is verified.
         

Keywords: 3D graphics geometry graphic engine3D accelerate

厦
门
大
学
博
硕
士
论
文
摘
要
库



参考资料
         
[1] 倪明田等.计算机图形学[M].北京：北京大学出版社,1999.

[2] 孙家广.计算机图形学（第三版）[M].北京：清华大学出版社,1999.

[3] 唐荣锡.计算机图形学教程[M].北京：科学出版社,1991.

[4] Alan Watt.3D计算机图形学第三版[M].北京：机械工业出版社社,2005.

[5] S.R.Buss.3D Computer Graphics[M].  Cambridege Unibersity Press,2003.

[6] 莫军,陈雷霆.基于嵌入式的3D游戏引擎技术的研究与实现[D].成都:电子科技大学,2006.

[7] 朱心雄.自由曲线曲面[M].北京：科学出版社,2000.

[8] Dave Shreiner,Mason Woo,Jackie Neider,Tom Davis,徐波译.OpenGL 编程指南第六版[M].  北京：机

械工业出版社,2008.

[9] 3D Computer Graphics[M].Addison Wesley Publishing Company Inc,2000.

[10]李颖,薛海滨,朱伯立等. penGL函数与范例解析手册[M].北京：国防工业出版社,2002.

[11]ExtremeTech 3D Pipeline Tutorial:

http://www.extremetech.com/article2/0,1697,9722,00.asp

[12]ExtremeTech 3D Pipeline Tutorial:

http://www.extremetech.com/article2/0,1697,9722,00.asp

[13]Munshi.OpenGL ES Common/Common-Lite Profile Specification[A].(1)：1-24,Nov.2004.

[14]Dave Shreiner, MasonWoo, and Jackie Neider. OpenGL Programming Guide: The OpenGL Guide to

Learning OpenGL, Version 2 (5th Edition). Addison-Wesley, 2005.

[15]Edward Angel.交互式计算机图形学-基于OpenGL的自顶向下的方法[M].清华大学出版社,2002.

[16]Mark Segal, Carl Korobkin, Rolf vanWidenfelt, Jim Foran, and Paul Haeberli. Fast shadows and lighting

effects using texture mapping. In Proceedings of the 19th annual conference on Computer graphics and

interactive techniques,ACM Press, 1992.

[17]M.Kass and G.Miller.ACM SIGGRAPH.Hierarchical Z-Buffer visibility:231-238,1993.

[18]Wolfe and D.B.Noonburg.  proceedings of the 32nd Annual ACM/IEEE International  Symposium on

Microarchitecture[J].  A Superscalar 3D Graphics Engine. (32):50-61,1999

[19]Kurt Akeley Real-Time Graphics Architecture[D], Stanford University CS488a Fall 2001

[20]David Blythe,Aaftab Munshi,Jon Leech.OpenGL ES Common/Common Lite Profile Specificatin

(1.1.12):26-48,2007.http://www.opengl.org/

[21]Segal and K.Akeley.  The OpengGL Graphicis System:A Specification[A].ver.2.0：Oct.2004.

[22]DirecX Developer Center:'"The Direct3D Trasformation Pipeline"

http://msdn.microsoft.com/en-us/library/bb206260(VS.85).aspx

[23]Khronos Group.OpenGL ES Overview.  http://www.khronos.or./opengles/

[24]Chen and C.-Y.Lee.  Inernational Conference on Image Processing[J].A Cost Effective Lighting Processor

for 3D Graphics Application, 1999.  (2):792-796.

[25]Armin Bruderlin and LanceWilliams. Motion signal processing. In Proceedings of the 22nd annual

conference on Computer graphics and interactive techniques, pages 97–104, 1995.

[26]James D. Foley, Andries van Dam, Steven K. Feiner, and John F. Hughes.Computer graphics: principles and

practice (2nd ed.). Addison-Wesley.Longman Publishing Co., Inc., 1990.

[27]Kari Pulli, Tomi Aarnio, Kimmo Roimela, and Jani Vaarala. Designing graphics programming interfaces for

mobile devices. IEEE Computer Graphics and Applications, 25(8), 2005.

[28]Eric Lengyel. Mathematics for 3D game programming & computer graphics,second edition. Charles River

Media, 2004.

[29]Karagiaizni and T.Stoarnitis.  IEEE International Symposium on Circuits and Systems[J].A vector processor

for 3D geinetrical transformations,2001.(4):482-485.

[30]Choi and W.-C.  IEEE Transactions on Computers[J].An effective visibility culling method based on cache

厦
门
大
学
博
硕
士
论
文
摘
要
库



block,2006.(3):8-55.

[31]Nikles Knutsson.An FPGA-based 3D Graphics System[D].Sweden:Linkoping University,  2005.5.

[32]Andrew C. Beers,Maneesh Agrawala, and Navin Chaddha. Proceedings of the 23rd annual conference on

Computer graphics and interactive techniques (SIGGRAPH).Rendering from compressed textures[J].pages

373–378.ACMPress, 1996.

[33]Michael D. McCool, et al. Proceedings Graphics Hardware[J].Incremental and Hierarchical Hilbert Order

Edge Equation Polygon Rasterization. 2001.

[34] The Mesa 3D Graphics Library. http://www.mesa3d.org/

[35]Lars Ivar Igesund ,Mads Henrik Stavang. Fixed function pipeline using vertex programs.2002.

[36]杨 益,方潜生.基于Handel-C语言FPGA设计[J].微机发展,2004,14(12):99-102.

[37]华力通,C语言FPGA开发工具-Celoxica's DK5[M/OL].

http://www.hwacreate.com.cn/chinese/product/qianrushi/celoxica.htm,2007-02

[38]Celoxica Handel-CLanguageReferenceManual[M].2003:11-14

[39]杜慧敏,赵全量.基于Verilog的FPGA设计基础[M].西安：西安电子科技大学出版社,2006.

[40]Holten-Lund.NORCHIP 2002 Proceedings.FPGA-based 3D graphics processor with PCI-bus

interface[J].316-324,2002.

[41]Xilinx,Virtex-5 FPGA User Guide[M],2009.

[42]Xilinx,Virtex-5 Family Overview---Product Specification[M],2009.

[43]S.Phatak.IEEE Transactions on Computers.a new algorithm for fast sine and cosine generation[J],(47):587-

602,1998.

[44]Kekoa Proudfoot,William R. Mark, Svetoslav Tzvetkov, and Pat Hanrahan. A real-time procedural shading

system for programmable graphics hardware. Proceedings of the 28th annual conference on Computer graphics

and interactive techniques[J], pages 159–170. 2001.

[45]Robert J.OpenGL ES 2.0,An Introduction to the programmable pipeline,Simpson Architect,ATI Research.

[46]Hugues Hoppe. Computer Graphics (SIGGRAPH ’99 Proceedings), Computer  Graphics Proceedings,

Annual Conference Series,Optimization of mesh locality for transparent vertex caching[J]. pages 269–276.

1999.

厦
门
大
学
博
硕
士
论
文
摘
要
库



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.

厦
门
大
学
博
硕
士
论
文
摘
要
库

http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

