
Department of Computer Sienes Graphis { Fall 2005 (Leture 23)Image Compositions

� Compositing of images | ombining images to reate new images.� With ompositing1. one portion of the image needs alteration, the whole image does not need to beregenerated2. some portions of an image are not rendered but have been optially sanned intomemory instead, ompositing may be the only way to inorporate them in the image3. speial e�ets (fog, transpareny et)4. meta-bu�er (parallel image rendering)
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Department of Computer Sienes Graphis { Fall 2005 (Leture 23)�-Channel Compositing

A pixel's value in the omposited image is taken from the bakground image unless theforeground image has a nontransparent value at that point, in whih ase the value is takenfrom the foreground image. A blending of two images, the resulting pixel value is a linearombination of the value of the two omponent pixels.Consider a pixel lying on the edge of the bak red polygon but inside the front (transparent)blue polygon? If we olor it red only, aliasing artifats will result. If we know that the bakpolygon overs 70 perent of the pixel, we an make the omposited pixel 70 perent redand 30 perent blue and get a muh more attrative result.
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Department of Computer Sienes Graphis { Fall 2005 (Leture 23)
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Compositing operations near an edge: How do we olor the pixel?The University of Texas at Austin 3



Department of Computer Sienes Graphis { Fall 2005 (Leture 23)The olor assoiated with eah pixel in the image is given an � value representing theoverage of the pixel.We need tha � information at eah pixel of the images being omposited. Assume that,along with the RGB values of an image, we also have an � value enoding the overage ofeah pixel. This olletion of � values is often alled the � hannel.How do � values ombine? Suppose we have a red polygon overing one-third of the areaof a pixel, and a blue polygon that, taken separately, overs one-half of the area of the pixel.How muh of the �rst polygon is overed by the seond? How do we ompute the olor ofthe pixel resulting from 60{40 blend of these 2 pixels?0:6(13)(1; 0; 0) + 0:4(12)(0; 0; 1) = (0:2; 0; 0:2)

The University of Texas at Austin 4



Department of Computer Sienes Graphis { Fall 2005 (Leture 23)

Non overlap Total overlap Proportional overlapThe ways in whih polygons an overlap within a pixel. In image omposition, the �rst twoases are onsidered exeptional; the third is treated as the rule.
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Department of Computer Sienes Graphis { Fall 2005 (Leture 23)Areas and possible olors for regions of overlap in ompositingRegion Area Possible olorsneither (1� �A)(1 � �B) 0A alone �A(1 � �B) 0, AB alone �B(1� �A) 0, Bboth �a�b 0, A, BWhenever we ombine a pixels, we use the produt of the � value and the olor of eah pixel.This suggests that, when we store an image (within a ompositing program), we should storenot (R, G, B, �), but rather (�R, �G, �B, �) for eah pixel, thus saving ourselves thetrouble of performing the multipliations eah time. When we refer to an RGB� value for apixel, we mean exatly this.
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Department of Computer Sienes Graphis { Fall 2005 (Leture 23)How many possible ways of oloring this pixel are there?A over B, A in B, and A held out by B.operation quadruple diagram FA FBlear (0; 0; 0; 0) 0 0A (0; A; 0; A) 1 0B (0; 0; B;B) 0 1A over B (0; A; B;A) 1 1� �AB over A (0; A;B;B) 1� �B 1A in B (0; 0; 0; A) �B 0B in A (0; 0; 0; B) 0 �A
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Department of Computer Sienes Graphis { Fall 2005 (Leture 23)

operation quadruple diagram FA FBA held out by B (0; A; 0; 0) 1� �B 0B held out by A (0; 0; B; 0) 0 1� �AA atop B (0; 0; B;A) �B 1� �AB atop A (0; A; 0; B) 1� �B �AA xor B (0; A;B; 0) 1� �B 1� �AFA(FB) denotes the fration of the pixel from image A (B), resulting olor will beFAA + FBB. Quadruple in above table indiates the olors for the \neither", \A", \B",and \both" regions.
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Department of Computer Sienes Graphis { Fall 2005 (Leture 23)

darken(A; �) := (�RA; �GA; �BA; �A) 0 � � � 1;fade(A; Æ) := (ÆRA; ÆGA; ÆBA; Æ�A) 0 � Æ � 1opaque(A; !) := (RA; GA; BA; !�A):
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Department of Computer Sienes Graphis { Fall 2005 (Leture 23)Alternate Compositing Methods1. First is to omposite images in ompressed form, by doing very simple operations (Aover B, A and B, A xor B) on the ompressed forms.2. Other frame-bu�er hardware to implement ompositing.Entry number Entry number Contents of look-up table(deimal) (binary) (deimal)0 0 0 0 01 0 0 1 02 0 1 0 03 0 1 1 04 1 0 0 75 1 0 1 76 1 1 0 77 1 1 1 7viewing �! Image2 Image1 Image0 0 = blak7 = whitelook-up table to display an image de�ned by the high-order bit of eah pixelThe University of Texas at Austin 10



Department of Computer Sienes Graphis { Fall 2005 (Leture 23)

Entry number Entry number Contents of look-up table(deimal) (binary) (deimal)0 0 0 0 01 0 0 1 22 0 1 0 23 0 1 1 44 1 0 0 25 1 0 1 46 1 1 0 47 1 1 1 6viewing �! Image2 Image1 Image0look-up table to display a sum of three 1-bit images3. To use the look-up table to store a weighted sum of the intensities of two images, reatinga double-exposure e�et. If the weight applied to one image is dereased over time asthe weight applied to the other is inreased, we ahieve the fade-out, fade-in e�et alleda lap-dissolve. The olors displayed during the fade sequene depend on the olor spaein whih the weighted sum is alulated.The University of Texas at Austin 11



Department of Computer Sienes Graphis { Fall 2005 (Leture 23)

Entry number Entry number Contents of look-up table(deimal) (binary) (deimal)0 0 0 0 0 no image present1 0 0 1 3 image 0 visible2 0 1 0 5 image 1 visible3 0 1 1 5 image 1 visible4 1 0 0 7 image 2 visible5 1 0 1 7 image 2 visible6 1 1 0 7 image 2 visible7 1 1 1 7 image 2 visibleviewing �! Image2 Image1 Image0look-up table to assign piorities to three 1-bit images.
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Department of Computer Sienes Graphis { Fall 2005 (Leture 23)Generating � Values with Fill Mehanisms

What if an image is produed by sanning of a photograph or is provided by some othersoure laking this information? Can it still be omposited? If we an generate an � hannelfor the image, we an use that hannel for ompositing. Even if we merely assign an � valueof zero to blak pixels and an � value of 1 to all others, we an use the preeding algorithms,although ragged-edge problems will generally arise.
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Department of Computer Sienes Graphis { Fall 2005 (Leture 23)Atmospheri Attenuation

To simulate the atmospheri attenuation from the objet to the viewer, many systemsprovide depth-ueing. In this tehnique, whih originated with vetor-graphis hardware,more distant objets are rendered with lower intensity. Also attempt to approximate the shiftin olors aused by the intervening atmosphere.Front and bak depth-ue referene planes are de�ned in NPC; eah of these planes isassoiated with a sale fator, sf and sb, respetively, that ranges between 0 and 1. Thesale fators determine the blending of the original intensity with that of a depth-ue olor,Id�. The goal is to modify I� to yield depth-ued value I 0� that is displayed. Given z0,the objet's z oordinate, a sale fator s0 is used to interpolate between I� and Id�, todetermine I 0� = s0I� + (1� s0)Id�:
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Department of Computer Sienes Graphis { Fall 2005 (Leture 23)
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DepthComputing the sale fator for atmospheri attenuationIf z0 is in front of the front depth-ue referene plane's z oordinate zf , then s0 = sf . Ifzo is behind the bak depth-ue referene plane's z oordinate zb, then so = sb. Finally, ifzo is between the two planes, thenso = sb + (zo � zb)(sf � sb)zf � zb
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Department of Computer Sienes Graphis { Fall 2005 (Leture 23)Blending and Compositing in OpenGL

The mehanis of blending in OpenGL are straightforward. We enable blending byglEnable(GL_BLEND);OpenGL has a number of blending fators de�ned, inluding the values 1 (GL_ONE) and0 (GL_ZERO), the soure � and 1 � � (GL_SRC_ALPHA and GL_ONE_MINUS_SRC_ALPHA),and the destination � and 1 � � (GL_DST_ALPHA and GL_ONE_MINUS_DST_ALPHA). Theappliation program spei�es the desired operations and then uses RGBA olor.The major diÆulties with ompositing are that the order in whih we render the polygonsa�ets the image. For example, many appliations use the soure � as the soure blendingfator and 1� � for the destination fator. The resulting olor and opaity are(Rd0; Gd0; Bd0; �d0) = (�aRs + (a� �s)Rd; �sGs + (1� �s)Gd;�sBs + (1 � �s)Bd; �s�d + (1� �s)�d):The University of Texas at Austin 16



Department of Computer Sienes Graphis { Fall 2005 (Leture 23)This formula ensures that both transparent and opaque polygons are handled orretly andthat neither olors nor opaities an saturate. However, the olor and � values depend onthe order in whih the polygons are rendered.A more subtle but visibly apparent problem ours when we ombine opaque and transluentobjets in a sene. In a sene with both opaque and transparent polygons, any polygonbehind an opaque polygon should not be rendered, but transluent polygons in front ofopaque polygons should be omposited but their depth information not registered. Thereis a simple solution to this problem that does not require the appliation program to orderthe polygons. We an enable hidden-surfae removal as usual and an make the z-bu�erread-only for any polygon that is transluent. We do so byglDepthMask(GL_FALSE);When the depth bu�er is read-only, a transluent polygon that lies behind any opaquepolygon already rendered is disarded. A transluent polygon that lies in front of any polygonthat has already been rendered is blended with the olor of the polygons of whih it isin front. However, beause the z-bu�er is read-only for this polygon, the depth values inthe bu�er are unhanged. Opaque polygons set the depth mask to true and are renderednormally.The University of Texas at Austin 17



Department of Computer Sienes Graphis { Fall 2005 (Leture 23)Fog A�ets Ahieved by Compositing

Let f denote a fog fator, and let z be the distane between a fragment being renderedand the viewer. If the fragment has a olor Cs and the fog is assigned a olor Cf , then wean use the olor Cs0 = fCs + (1� f)Cfin the rendering. If f varies linearly between some minimum and maximum values, we havea depth-ueing e�et. If this fator varies exponentially, then we get e�ets that look morelike fog. OpenGL supports linear, exponential, and Gaussian fog densities. For example, inRGBA mode, we an set up a fog-density funtion f = e�0:5z2 by using the funtion allsGLfloat folor[4℄ = { ... };glEnable(GL_FOG);glFogf(GL_FOG_MODE, GL_EXP);glFogf(GL_FOG_DENSITY, 0.5);glFogfv(GL_FOG_COLOR, folor);Fog DensityThe University of Texas at Austin 18
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Department of Computer Sienes Graphis { Fall 2005 (Leture 23)Reading Assignment and News

See Compositing Tehniques in 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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