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Department of Computer Sienes Graphis { Fall 2005 (Leture 1)� Coordinate Systems{ MCS: Modeling Coordinate System{ WCS: World Coordinate System{ VCS: Viewer Coordinate System{ NDCS: Normalized Devie Coordinate System{ DCS or SCS: Devie Coordinate System or, equivalently, Sreen Coordinate SystemKeeping the oordinate systems straight is an important key to understanding a renderingsystem.� Pipeline stages: Transform -> Clip -> Projet -> Rasterize{ Convert primitives in the MCS to primitives in the WCS.{ Add derived information: shading, texture, shadows.{ Remove invisible primitives as onvertion to VCS.{ Projet primitives from VCS to NDCS{ Convert primitives into the DCS (from NDCS) to pixels in a raster image.� Transformations: Coordinate system onversions an be represented with matrix-vetormultipliations. Matries are of size 4x4 for 3D graphis
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Department of Computer Sienes Graphis { Fall 2005 (Leture 1)Rendering Primitives

Models are typially omposed of a large number of geometri primitives. The only renderingprimitives typially supported in hardware are� Points (single pixels)� Line segments� Polygons (usually restrited to onvex polygons).Modeling primitives inlude these, but also� Pieewise polynomial (spline) urves� Pieewise polynomial (spline) surfaes� Impliit surfaes (quadris, blobbies, et)� Other...A software renderer may support these modeling primitives diretly, or they may be onvertedinto polygonal or linear approximations for hardware rendering.The University of Texas at Austin 3



Department of Computer Sienes Graphis { Fall 2005 (Leture 1)Algorithms

A number of basi algorithms are needed:� Transformation: onvert representations of primitives from one oordinate system toanother.� Clipping/Hidden Surfae Removal: Remove primitives and parts of primitives that are notvisible on the display.� Rasterization: Convert a projeted sreen-spae primitive to a set of pixels.Later, we will look at some more advaned algorithms:� Piking: Selet a 3D objet by liking an input devie over a pixel loation.� Shading and Illumination: Simulate the interation of light with a sene.� Texturing and Environment Mapping: Enhaning the realism� Animation: simulate movement by rendering a sequene of frames.The University of Texas at Austin 4



Department of Computer Sienes Graphis { Fall 2005 (Leture 1)Appliation Programming Interfaes

� Appliation Programming Interfaes (APIs) provide aess to rendering hardware:{ Xlib: 2D rasterization.{ PostSript: 2D transformations, 2D rasterization{ GL, OpenGL: 3D pipeline�� APIs hide whih parts of the rendering are atually implemented in hardware by simulatingthe missing piees in software, usually at a loss in performane.� For 3D interative appliations, we might modify the sene or a model diretly or just theviewing information.� After eah modi�ation, usually the images needs to be regenerated.� We need to onsider how to interfae to input devies in an asynhronous and devieindependent fashion. APIs have also been de�ned for this task; we will be using X11through Glut
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Department of Computer Sienes Graphis { Fall 2005 (Leture 1)Devie Independene

In this module, we� Consider display devies for omputer graphis:{ alligraphi devies{ raster devies{ CRTs{ diret vs. pseudoolor frame bu�ers� Disuss the problem of devie independene:{ window-to-viewport mapping{ normalized devie oordinates
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Department of Computer Sienes Graphis { Fall 2005 (Leture 1)Calligraphi and Raster Devies

� Calligraphi display devies draw polygon and line segments diretly:{ plotters{ diret beam ontrol CRTs{ laser light projetion systems� Raster display devies represent an image as a regular grid of samples.{ Eah sample is usually alled a pixel or, less ommonly, a pel.{ Both are short for piture element.{ Rendering requires rasterization algorithms to quikly determine a sampledrepresentation of geometri primitives.
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Department of Computer Sienes Graphis { Fall 2005 (Leture 1)How a Monitor Works

� Raster Cathode Ray Tubes (CRTs) are the most ommon display devie today.{ apable of high resolution{ good olor �delity{ high ontrast (100:1){ high update ratesAn eletron beam is ontinually sanned in a regular pattern of horizontal sanlines.� Raster images are stored in a frame bu�er.� Frame bu�ers are omposed of VRAM (video RAM).� VRAM is dual-ported memory apable of{ Random aess.{ Simultaneous high-speed serial output: A built-in serial shift register an output anentire sanline at a high rate synhronized to a pixel lok.At eah pixel loation in a sanline, the intensity of the eletron beam is modi�ed by thepixel value being shifted synhronously out of the VRAM.
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Department of Computer Sienes Graphis { Fall 2005 (Leture 1)� Color CRTs have three di�erent olors of phosphor and three independent eletron guns.� Shadow masks only allow eah gun to irradiate one olor of phosphor.
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Department of Computer Sienes Graphis { Fall 2005 (Leture 1){ diretly, using three independent intensity hannels, or{ indiretly, using a olor lookup table (LUT).In the latter ase, a olor index is stored in the frame bu�er.
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Department of Computer Sienes Graphis { Fall 2005 (Leture 1)Window to Viewport Mapping

� Start with 3D sene, but eventually projet to 2D sene.� 2D sene is in�nite plane. Devie has a �nite visible retangle. What do we do?� Answer: map retangular region of 2D devie sene to devie.{ Window: retangular region of interest in sene.{ Viewport: retangular region on devie.{ Usually, both retangles are aligned with the oordinate axes.
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Department of Computer Sienes Graphis { Fall 2005 (Leture 1)� Window point (xw; Yw) maps to viewport point (xv; yv).{ Window has orners (xwl; ywb) and (xwr; ywt);Viewport has orners (xvl; yvb) and (xvr; yvt);{ Length and height of the window are Lw and HwLength and height of the viewport are Lv and Hv� Proportionally map eah of the oordinates aording to:�xwLw = �xvLv�ywHw = �yvHv� To map xw to xv: xw � xwlLw = xv � xvlLv) xv = LvLw(xw � xwl) + xvland similarly for yv.The University of Texas at Austin 12



Department of Computer Sienes Graphis { Fall 2005 (Leture 1)� If Hw=Lw 6= Hv=Lv the image will be distorted.These quantities are alled the aspet ratios of the window and viewport.
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Department of Computer Sienes Graphis { Fall 2005 (Leture 1)Normalized Devie Coordinates

� Where do we speify our viewport?� Could speify it in devie oordinates, BUT, suppose we want to run our program onseveral di�erent hardware platforms or on di�erent graphi devies.� Two ommon onventions for DCS:{ Origin in the lower left orner, with x to the right and y upward.{ Origin in the top left orner, with x to the right and y downward.� Many di�erent resolutions for graphis display devies:{ Workstations ommonly have 1280 � 1024 frame bu�ers.{ A PostSript page is 612 � 792 points, but 2550 � 3300 pixels at 300dpi.{ And so on...� Aspet ratios may vary...
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Department of Computer Sienes Graphis { Fall 2005 (Leture 1)� If we map diretly from WCS to a DCS, then hanging our devie requires rewriting thismapping (among other hanges).� Instead, use Normalized Devie Coordinates (NDC) as an intermediate oordinate systemthat gets mapped to the devie layer.� Will onsider using only a square portion of the devie.Windows in WCS will be mapped to viewports that are spei�ed within a unit square inNDC spae.� Map viewports from NDC oordinates to the sreen.
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Department of Computer Sienes Graphis { Fall 2005 (Leture 1)Reading Assignment

Chapter 1 pages 1 - 36, of Reommended Text(Reommended Text: Interative Computer Graphis, by Edward Angel, 4th edition, Addison-Wesley)Please trak the News setion of the Course Web Pages for the most reent Announementsrelated to this ourse.(http://www.s.utexas.edu/users/bajaj/graphis24/s354/)
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