
Department of Computer Sienes Graphis { Fall 2005 (Leture 20)Visibility Algorithms I:

Visible Surfae Determination:We are given a olletion of objets (represented, say, by a set of polygons) in 3-spae, anda viewing situation, and we want to render only the visible surfaes. Eah polygon faeis assumed to be at (although extensions to hidden-surfae elimination of urved surfaesis an important problem). We may assume that eah polygon is represented by a ylilisting of the (x; y; z) oordinates of their verties, so that from the \front" the verties areenumerated in ounterlokwise order.Output:1. generate the set of pixels that form the �nal image.2. generate a olletion of polygons in the plane, whose interiors do not interset, and whihtogether form the �nal image.
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Department of Computer Sienes Graphis { Fall 2005 (Leture 20)Bak-fae ulling

For eah polygonal fae, we assume an outward pointing normal an be omputed. Ifthis normal is direted away from the viewpoint, that is, if its dot produt with a vetordireted towards the viewer is negative, then the fae an be immediately disarded fromonsideration.On average this quik test an eliminate about one half of the faes from further onsideration.
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Department of Computer Sienes Graphis { Fall 2005 (Leture 20)In OpenGL, the ommand glEnable(GL CULL FACE) an be used to enable this test.
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Department of Computer Sienes Graphis { Fall 2005 (Leture 20)Depth-Sort Algorithm

A fairly simple visible surfae determination algorithm is based on the priniple of paintingobjets from bak to front, so that more distant polygons are overwritten by loser polygons.Sort all the polygons aording to inreasing distane from the viewpoint, and then sanonvert them in reverse order (bak to front). This depth-sort algorithm is sometimes alledthe painter's algorithm beause it mimis the way that oil painters usually work (paintingthe bakground before the foreground).Compute a representative point on eah polygon (e.g. the entroid or the nearest pointto the viewer), projet these points saving the �1=z distane information we used in ourtransformation, and then sort by dereasing order of distanes, and draw in this order.Unfortunately, just beause the entroids or nearest points are ordered, it does not implythat the entire polygons are ordered. Worse yet, it may not be possible to order polygons, asshown in the following �gure.
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Department of Computer Sienes Graphis { Fall 2005 (Leture 20)

In these ases we may need to ut one or more of the polygons into smaller polygons so thatthe depth order an be uniquely assigned. Also observe that if two polygons do not overlapin x, y spae, then it does not matter muh what order they are drawn in.Depth-Sort AlgorithmWe begin by sorting the polygons by depth. For example, the initial \depth" estimate of apolygon may be taken to be the losest z value of any vertex of the polygon. Let's take thepolygon P at the end of the list. Consider all polygons Q whose z-extents overlaps P 's.Before drawing P we make the following tests. If any test is passed, then we an assume Pan be drawn before Q.The University of Texas at Austin 6



Department of Computer Sienes Graphis { Fall 2005 (Leture 20)1. Do the x-extents not overlap?2. Do the y-extents not overlap?3. Is P entirely on the opposite side of Q's plane from the viewpoint?4. Is Q entirely on the same side of P 's plane as the viewpoint?5. Do the projetions of the polygons not overlap?If all the tests fail then we split either P or Q using the plane of the other. The new utpolygons are inserting into the depth order and the proess ontinues.In theory this partitioning ould generate O(n2) individual polygons, but in pratie thenumber of polygons is muh smaller.
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Department of Computer Sienes Graphis { Fall 2005 (Leture 20)Depth-bu�er AlgorithmThe depth-bu�er algorithm is one of the simplest and fastest visible surfae algorithms. Itsmain drawbaks are that it requires a lot of memory, and that it only produes a result thatis aurate to pixel resolution and the resolution of the depth bu�er. Thus the result annotbe saled easily and edges appear jagged (unless some e�ort is made to remove these e�etsalled \aliasing"). It is also alled the z-bu�er algorithm.This algorithm assumes that for eah pixel we store two piees of information:1. the olor of the pixel,2. the depth of the objet that gave rise to this olor.This is alled the depth-bu�er (or z-bu�er, sine z is the axis used to store depth information).Initially the depth-bu�er values are set to the maximum depth value.Suppose that we have a k-bit depth bu�er, implying that we an store integer depths rangingfrom 0 to D = 2k � 1. After applying the perspetive-with-depth transformation, we knowthat all depth values have been saled to the range [�1; 1℄. If this depth is less than orThe University of Texas at Austin 8



Department of Computer Sienes Graphis { Fall 2005 (Leture 20)equal to the depth at this point of the bu�er, then we store its RGB value in the olor bu�er.Otherwise we do nothing.This algorithm is favored for hardware implementations beause it is so simple and essentiallyreuses the same algorithms needed for basi san onversion. The only problem that remainsis how to interpolate the depth values for the pixels in the triangle. This is a simple exeriseinvolving baryentri oordinates.Let P0, P1, and P2 be the verties of the triangle after perspetive-plus-depth transformationhas been applied, and the points have been saled to the sreen size. Let Pi = (xi; yi; zi)be the oordinates of eah vertex, where (xi; yi) are the �nal sreen oordinates and zi isthe depth of this point.
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Department of Computer Sienes Graphis { Fall 2005 (Leture 20)Warnok's Algorithm

The area-subdivision algorithm developed by Warnok subdivides eah area into four equalsquares. In the reursive-subdivision proess, four relations of polygon projetions our to ashaped square area element (see Figure):
(a) Surrounding (b) Intersecting (c) Contained (d) Disjoint

1. Surrounding polygons ompletely ontain the (shaded) area of interest.2. Interseting polygons interset the area3. Contained polygons are ompletely inside the area4. Disjoint polygons are ompletely outside the area.� Disjoint polygons learly have no inuene on the area of interest.The University of Texas at Austin 10



Department of Computer Sienes Graphis { Fall 2005 (Leture 20)� Part of an interseting polygon that is outside the area is also irrelevant.� Part of an interseting polygon that is interior to the area is the same as a ontainedpolygon.
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Department of Computer Sienes Graphis { Fall 2005 (Leture 20)In eah of the following four ases, a deision about an area an be made easily, so the areadoes not need to be divided further to be onquered:1. All the polygons are disjoint from the area. The bakground olor an be displayed in thearea.2. There is only one interseting or only one ontained polygon. The area is �rst �lledwith the bakground olor, and then part of the polygon ontained in the area issan-onverted.3. There is a single surrounding polygon, but no interseting or ontained polygons. Thearea is �lled with the olor of the surrounding polygon.4. More than one polygon is interseting, ontained in, or surrounding the area, but one isa surrounding polygon that is in front of all the other polygons. Determining whether asurrounding polygon is in front is done by omputing the z oordinates of the planes ofall surrounding, interseting, and ontained polygons. The entire area an be �lled withthe olor of this surrounding polygon.Cases 1, 2, and 3 are simple to understand. Case 4 is further illustrated in the followingFigure.
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Department of Computer Sienes Graphis { Fall 2005 (Leture 20)� In part (a), the four intersetions of the surrounding polygon are all loser to the viewpoint(whih is at in�nity on the+z axis) than are any of the other intersetions. Consequently,the entire area is �lled with the surrounding polygon's olor.� In part (b), no deision an be made, even though the surrounding polygon seems to be infront of the interseting polygon, beause on the left the plane of the interseting polygonis in front of the plane of the surrounding polygon. After subdivision, only ontained andinterseting polygons need to be reexamined: Surrounding and disjoint polygons of theoriginal area are surrounding and disjoint polygons of eah subdivided area.Up to this point, the algorithm has operated at objet preision, with the exeption of theatual san onversion of the bakground and lipped polygons in the four ases.These image-preision san-onversion operations, however, an be replaed by objet-preision operations that output a preise representation of the visible surfaes: either asquare of the area's size (ases 1, 3, and 4) or a single polygon lipped to the area, along withits Boolean omplement relative to the area, representing the visible part of the bakground(ase 2).
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Department of Computer Sienes Graphis { Fall 2005 (Leture 20)What about the ases that are not one of these four?One approah is to stop subdividing when the resolution of the display devie is reahed.Thus, on a 1024 by 1024 raster display, at most 10 levels of subdivision are needed. If,after the maximum number of subdivisions, none of ases 1 to 4 have ourred, then thedepth of all relevant polygons is omputed at the enter of this pixel-sized, indivisible area.The polygon with the losest z oordinate de�nes the shading of the area. Alternatively, forantialiasing, several further levels of subdivision an be used to determine a pixel's olor byweighting the olor of eah of its subpixel-sized area by its size. It is these image-preisionoperations, performed when an area is not one of the simple ases, that makes this animage-preision approah.
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The above �gure shows a simple sene and the subdivisions neessary for that sene'sdisplay. The number in eah subdivided area orresponds to one of the four ases; in anunnumbered area, none of the four ases are true. An alternative to equal-area subdivision,shown in the following Figure, is to (adaptively) divide about the vertex of a polygon (ifthere is a vertex in the area) in an attempt to avoid unneessary subdivisions.
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Department of Computer Sienes Graphis { Fall 2005 (Leture 20)Reading Assignment and News

Pages 260 - 262, 361 - 363, of Reommended Text.Please also trak the News setion of the Course Web Pages for the most reentAnnounements related to this ourse.(http://www.s.utexas.edu/users/bajaj/graphis25/s354/)
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