
ABSTRACT 

 

The vision system is one of the most substantial sensors in 

robotics, which is used to acquire information about the world, to be able to 

navigate in it. A stereoscopic system lets the robot to readily determine the 

distance of the target in its nearness by using two 2D scenes of the same 

object to derive 3D depth datum about the scene. 

Stereoscopic 3D remodel is a significant algorithm in the field of 

computer vision, with a diversity of applications in embedded and real-time 

systems, and since the complex three-dimensional graphics rendering is 

computationally very intensive process, hardware solutions are required, so 

this work builds as a part of a complete stereoscopic rendering system on 

FPGA devices. 

The 3D stereoscopic rendering system was built using perspective 

projections and specifically two-center projection or off-axis method to 

calculate stereo pairs by capturing separate graphic images of the same 

object from slightly different angles at one fixed viewpoint. 

The first projection image of the left eye is red while the second 

one of the right eye is blue. The difference between projection images is very 

small and depends on mathematical equations for two-center projection (off-

axis) method. Fusion of these two graphics images gives stereoscopic vision 

by using Anaglyph. 

The software part is done using OpenGL, which is the most 

famous library function in the computer graphics field, and it is a tool that 

can be characterized by its efficiency, which enables the programmer to 

generate image for 3D objects. In this work, the basic rendering operations 

are programmed using the library of (OpenGL) to test their performance. 

A hardware system, using FPGA, is developed and implemented 

so that it can perform the basic rendering operations defined for handling 

wireframe three-dimensional graphic models, focusing on off-axis method.  



This hardware consists of video graphics array (VGA) controller 

to display the 3D scene image after reading it from the designed frame buffer, 

which is connected, also to a graphics-processing unit where all the graphics 

algorithms are processed on 3D model to perform the three dimensional 

graphics rendering operations. Also, a block RAM is used as a frame and 

accumulator buffer due to the speed of accessing the BRAM, which is critical 

for the performance of the graphics system. 

The system performance was debugged using many tools like ISim 

simulator which test both Post-Place & Route Model and Behavioral Model 

signals. In addition, all the hardware outputs are compared to those results 

produced from OpenGL for verification. 

In this work, the designed graphic hardware system is 

implemented successfully using Spartan-3E XC3S500E FPGA kit that can 

render 2424 M Pixel per second. The execution time for this design is 589 

faster than OpenGL time.  




