11

Figure A.5: Activity in a pipelined rendering system ......................209 Figure A.6: Pipelining and low latency by low utilisation...............209 Figure A.7: Overlapping pipeline stages in an immediate mode system ...........................................................................210 Figure A.8: Pipeline activity in a pipelined retained mode system ...........................................................................211 Figure A.9: Temporal distortion due to serial scan-out ...................225 Figure A.10: Jagged edges caused by spatial aliasing .......................226 Figure A.11: Loss of primitives due to spatial aliasing......................227 Figure A.12: A coverage mask...........................................................229 Figure B.1: The GLprof main window.............................................234 Figure B.2: A GLprof hardware activity display..............................235 Figure B.3: GLprof statistical output ...............................................237 Figure B.4: Dataflow from application to simulators ......................239 Figure B.5: Output of PSPlay for one very thin triangle.................240 Figure B.6: The AVS network used to display the Z buffer, triangle ID, and depth complexity information ............244

10

Figure 5.5: A bedroom in the Division dVs house............................95 Figure 5.6: A scene from the Jack package.......................................96 Figure 5.7: A scene lit using a radiosity algorithm ...........................97 Figure 5.8: Triangle areas in rendered order .....................................99 Figure 5.9: NPSNET scene showing the effect of texture ..............101 Figure 5.10: A scene with and without shadows...............................103 Figure 5.11: A mixture of transparent and opaque primitives ..........106 Figure 5.12: Octree encoding ............................................................112 Figure 5.13: Simple polygonal occlusion..........................................116 Figure 5.14: Polygonal occlusion - a more complex case.................117 Figure 5.15: Rendering pipeline with cull stage................................118 Figure 5.16: Loss of culling due to highly sloping occluder.............119 Figure 5.17: Depth complexity comparison using the vertex cull algorithm on sorted data ...............................................121 Figure 5.18: Culling lost due to an insignificant occluder - C ..........125 Figure 6.1: The architecture of the Silicon Graphics VGX graphics subsystem .......................................................129 Figure 6.2: The Pöpsel and Tikwinski Multipurpose hardware shader ............................................................................135 Figure 6.3: The architecture of the Vialls rendering system ...........139 Figure 6.4: A block diagram of the GLiNT™ 3D Graphics Processor.......................................................................155 Figure A.1: A Surface of revolution.................................................195 Figure A.2: A simple traversal method ............................................204 Figure A.3: A more advanced traversal algorithm...........................205 Figure A.4: Activity in an unpipelined rendering system ................208

9

List of Figur es

Figure 1.1: An image generated using the CADCentre design software...........................................................................22 Figure 1.2: The ‘Jack’ system...........................................................23 Figure 1.3: A Typical Virtual Reality System...................................27 Figure 3.1: The rendering pipeline ....................................................47 Figure 3.2: A hierarchical model.......................................................49 Figure 3.3: A cylinder represented by a series of triangles ...............51 Figure 3.4: Three tessellations of a sphere ........................................52 Figure 3.5: Cube with surface normals .............................................54 Figure 3.6: The view frustum ............................................................55 Figure 3.7: Perspective projection.....................................................58 Figure 3.8: Splitting a triangle into trapezia......................................64 Figure 3.9: Splitting a trapezium into spans......................................65 Figure 3.10: A flat shaded teapot ........................................................67 Figure 3.11: A Gouraud shaded teapot................................................68 Figure 4.1: Images of a rotating wheel - with potential for temporal aliasing.............................................................72 Figure 4.2: The effects of latency in augmented reality....................75 Figure 4.3: A stereoscopic viewing pipeline .....................................79 Figure 5.1: The CADCentre test model.............................................92 Figure 5.2: The CADCentre plant model ..........................................93 Figure 5.3: Depth complexity map of the CADCentre plant model ..............................................................................94 Figure 5.4: The Division house model ..............................................95