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ABSTRACT

In recent years, a lot of research has been carried out to study on how feasible
it is to implement GPU on FPGA. Besides that, fixed pipeline GPU has been the
main choice for the graphic card vendor nowadays for example nVidia and AMD,
and it has been a driving force for us to come out with the idea to have fixed pipeline
GPU as a method of implementation into FPGA. In this project, a fixed pipeline
GPU has been implemented on Altera Cyclone 1l FPGA. A fixed point of 12
coordinates undergo a series of fixed pipeline transformation to obtain a 3D Pyramid
like polygon. One of the strong points for this project is on the rasterization module,
where it does not require any buffer and hence extra buffer can be used to perform
other tasks for daily usage. The floating point implementation is being done by using
fixed point binary. Furthermore, we are able to prove that FPGA implemented GPU
is able to outperform software rendered Direct3D in term of the FPS rate. The final
result of the project is a rotation of 3D polygon where we are able to perform

translation, rotation speed control, eye point control and look to point control.
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ABSTRAK

Semenjak kebelakangan ini, terdapat banyak kajian untuk membuktikan
keberkesanan pengaplikasian GPU ke dalam FPGA. Selain daripada itu, GPU
berteknologi saluran paip tetap adalah teknologi yang digemari oleh pembekal-
pembekal kad grafik yang ternama, seperti AMD dan nVidia. Fenomena ini telah
menjadi pendorong utama untuk kita mendapat idea untuk memilih GPU
berteknologi saluran paip tetap untuk diimplikasikan ke dalam FPGA. Dalam project
ini, GPU bersaluran paip tetap diaplikasikan ke dalam Altera Cyclone Il FPGA. 12
koordinat akan mengalami siri transformasi saluran paip tetap untuk memperolehi
sebuah poligon 3 dimensi yang merupai piramid. Salah satu unsur yang paling
penting dalam project ini adalah dalam modul raster. Modul raster FPGA ini tidak
memerlukan buffer. Oleh itu, buffer yang ada dalam sistem ini boleh digunakan
untuk tujuan lain. Dalam sistem ini, binari titik tetap digunakan untuk pelaksanaan
arimetik floating point. Secara keseluruhannya, kami dapat membuktikan bahawa
GPU FPGA mampu menghasilkan FPS dengan lebih cepat berbanding dengan
teknologi pemprosesan 3 dimensi grafik perisai yang menggunakan Direct3D. Hasil
di akhir projek ini adalah sebuah putaran poligon 3 dimensi di mana kita mampu
melakukan penterjemahan, pengawalan kelajuan putaran, pengawalan ke titik
penglihatan mata dan pengawalan melihat ke titik objek.
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CHAPTER 1

INTRODUCTION

1.1 Project Background

In this era, 3D technology is becoming increasingly important in all kind of
aspect, as more and more applications are using 3D technology ranging from medical
devices, entertainment, portable devices down to specific types of research
application. In order to get a good 3D processing throughput, various methods of
GPU has been developed for example, cell based GPU (Intel’s Larabees and PS3)
and parallel fixed pipeline GPU which is widely being used by NVIDIA and AMD.

Fixed pipeline 3D GPU is a very common technique used by most current
graphics cards today, although the number of pipeline stages varies among the
graphics card, however, the fundamental concept remains the same. By definition,
3D pipeline is a series of processes that must be executed on a collection of model to

generate 2D representation of the scene.

FPGA or field programmable Gate Array can be designed to behave just like
a GPU. Due to the cost of FPGAs, it is still considerable expensive compared to
common graphics cards. However, as the technology advances, the cost of the FPGA
is becoming more affordable. By using FPGA, performance can be scaled up
tremendously with the cost of more complex design and longer development time,

not to mention that we can now get FPGAs that are relatively affordable.



In this project, we are targeting to design a 3D fixed pipeline transformation
or in order word a simplified version of GPU into FPGA. By doing this, we are
targeting to be able to speed up the 3D transformation speed as compared to a
software rendered transformation by using a PC.

1.2 Problem Statement

3D transformation on software is found to be often slow and time consuming.
Thus, hardware acceleration for 3D transformation is crucial. In this work, an
accelerated 3D transformation hardware based on GPU will be developed to increase
the performance of 3D rendering when compared to software rendering. The
hardware design is to be implemented on FPGA so that it can be implemented on

other system-on-chip.

1.3 Objectives

The objective of this project is to implement a fixed pipeline GPU on Altera
DEII FPGA board, the end result is to be displayed on a display monitor. Below are
the three main objectives of this project.

i.  Toimplement 3D transformation capabilities on Altera DEIl FPGA board.
ii.  Final result is to be displayed on a display monitor.
iii.  To speed up the 3D transformation algorithm using the Altera DEII board
compared to the software rendering of Direct3D.

1.4 Scope of Study

This project requires an in-depth understanding on the 3D transformation

pipeline and its process. It also requires a very good knowledge on verilog and FPGA



code in order to implement it successfully on FPGA. Basically, the scope of this

study can be categorized as below:

1. Design a fixed pipeline GPU consisting of world transformation -> view
transformation -> projective transformation -> screen-space transformation ->

rasterization,

2. Implement the 3D transformation algorithm using Verilog that consists of the

unit module and scheduler.

3. To be able to display the end result of the 3D transformation polygon on a
display monitor, in order to archive this, a VGA controller needs to be created

and implemented on the FPGA.
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