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Abstract

In this thesis, the main stages of three dimensional (3D) graphics
pipeline are modified and accelerated on GPU to deal with millions of
vertices in real-time interactive manner. Importing 3D models is the task

of the first unit that feeds the pipeline with the extracted vertices.

The first implemented stage is the vertex transform unit which is
essential for viewing, animation, and interactive graphics. It requires
many matrix operations that are needed to be performed in a real time.
Two parallel architectures GPU and multi-core MCCPU, or even both,
are used, where all vertices are transformed using one concatenated
matrix simultaneously by assigning each vertex attribute to a thread and
multiplying them as Single Instruction Multiple Data (SIMD). This
implemented stage can be considered as a general design that is capable
of processing multiple geometric transformations in any order, in

addition to the special rotation about any axis.

The second implemented stage is 3D clipping which is the most
complicated one among others. In this work, the Cohen-Sutherland
algorithm is modified by adding more cases for early decision as well as
for the special cases that can occur in clipping operation. Two granularity
sizes are used for parallelism, edge-parallel, and triangle-parallel, the first
method considers edges (represented by two vertices each) as a
processing element, and the other assigns a triangle to each processor to

be clipped simultaneously.

The third implemented unit, that precedes displaying objects, is the
voxelization unit. The acceleration of this stage is achieved by using a
modified 3D Digital Differential Analyzer (DDA) algorithm for line



voxelization that gives better results in parallel implementation than the
standard Bresenham algorithm. The scan-line and the edge-function
algorithms are parallelized and implemented for triangle filling; the latter

one has been executed at a higher speed than the other one.

These algorithms are implemented in a parallel fashion using GPU.
LabVIEW, visual Studio and OpenGL platforms are used to realize the
complete implementations with parallel programming language by
applying Compute Unified Device Architecture (CUDA). The
performance of the designs is evaluated by measuring the execution time

and throughput for processing different object sizes.

The experimental results showed that a significant speed-up is
gained in comparison with the sequential implementation and with the
parallel OpenGL implementation on the same GPU device. The
maximum throughput of 1.04G vertex/sec is obtained in 3D
transformation, while the throughput in the clipping unit reached 250 M
triangle\sec using the triangle-parallel approach that outperforms the
edge-parallel method. Finally, the acceleration factor of parallel 3D DDA
was about 4352x faster than the OpenGL implementation, and the edge-
function approach outperforms the scan-line approach which is capable
of voxelizing about 4500 M vertex/sec with 4238x speedup factor with

respect to OpenGL execution.
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