
Ray-tracing with selective visibilityAndrei SherstyukDepartment of Computer ScienceMonash UniversityAugust 15, 1997AbstractWe propose a simple yet e�ective extension of ray-tracing algorithm that allows selective visibility ofobjects for speci�c rays. Typically, rays are clas-si�ed as pixel, shadow, re
ected and transmitted.We suggest adding a visibility mask to material de-scriptions, which controls how these rays interactwith the material. This addition can be incorpo-rated seamlessly into any ray-tracer and may helpto generate visually interesting images.1 IntroductionThe general ray-tracing paradigm incorporates hid-den surface removal, re
ection, refraction andshadow computation in a single framework. Theprice of this generality are the simplistic modelsof light propagation and light/surface interactions,which leaves out many interesting phenomena suchas dispersion, caustics, iridescence and others.Ray-tracing employs the linear model of lightpropagation { a ray represents an in�nitesimallythin path of light energy that obeys the laws ofgeometrical optics. Also, rays normally carry theinformation about intensity of the light and itsspectral characteristics. Therefore, rays have bothgeometrical and photometrical properties. Simi-larly, the environment is modeled geometrically bya number of primitives and photometrically viaspeci�cations of materials and a lighting model.The overall success of a particular implementa-tion of a ray-tracer largely depends on the versatil-ity of these two models. The more details about theprocesses of light/surface interaction are accountedfor, the more realistic resulting images are. It isusually implied that visual realism is a measure ofimage quality and the ultimate goal of computer-

generated imagery.We suggest shifting the focus of attention frompursuing realism in ray-tracing to exploring thehidden capabilities of the existing ray-tracing con-cept. Working with light and objects via theirmodels, we are able to change the rules of theirinteractions in a way that best suits the currenttask. These rules must not mimic the actual lawsof physics, therefore, ray-tracing may be used as a
exible modeling tool.We introduce a visibility mask and visibilityweights as means of additional control over inter-section and shading processes, respectively. Also,we provide a number of examples that demonstratethe modeling capability of this technique and dis-cuss some situations when it may be used.2 Visibility maskTypically, the geometrical part of ray-object in-teractions is controlled by a simple `hit-or-miss'scheme. All rays, regardless of their type, attemptto intersect all objects in the database. In the spe-cial case of shadow rays, the �rst hit with a non-transparent object terminates the traversal of thedatabase. Even if penumbrae are supported, the`hit-or- miss' strategy still holds for each individualshadow ray. We propose to include a third alterna-tive, `ignore', into this scheme. Rays are allowed toignore certain objects, if the material of these ob-jects is said to be undetectable by rays of speci�ctypes.In most ray-tracers, there are four types of rays:pixel, shadow, re
ected and transmitted. There-fore, every material used in the model may bemade selectively visible for each type of ray. Afour-wise visibility mask yields 16 possible waysthe objects may behave during �nding the location1



of the surface and during shading. In the follow-ing examples, zeros and ones represent visibility forpixel, shadow, re
ected and transmitted rays, leftto right:Mask Object appearance1111 Conventional fully visible objects0000 Completely undetectable objects1000 Objects can be seen normally, but theydo not cast shadows, cannot be re
ectedand cannot be seen through a glass wall0100 Objects are invisible, but they castshadows0010 Objects can be seen only if re
ected in amirror. No shadows.0001 Objects can be seen only if put behind atransparent substance. No shadows.In the beginning of the ray-object intersectiontest, the ray type is checked against the visibilitymask of the material associated with the object. Ifthe result is positive, the test proceeds normally,otherwise the object is rejected. The object is as-sumed to have a reference to some material. Thismay not be true for complex objects, like grids,lists and octrees. In this case, the visibility test ispostponed till the the reference to the material isavailable.3 Visibility weightsThe visibility of objects can also be controlled byreal-valued weights. These weights may be ar-ranged in some array W [4], one value for each raytype. It is convenient, but not necessary, to as-sume that weights range from 0 (fully invisible) to1 (completely visible).Unlike bitwise masks, visibility weights W [i]must be used during photometrical resolution only(shading). The ray-object intersection test cannotignore the object, because non-zero partial visibil-ity requires calculation of the surface location.For color-bringing rays (pixel, re
ected andtransmitted), the shading routine scales the dif-fuse, re
ected and transmitted color componentsby V = W [i], where i is the type of the incidentray. Then one more ray is �red from the hit-pointin the direction of the incident ray. The amountof color the new ray brings is scaled by T = 1� Vand added to the resulting color. The pseudo-codefor this process is shown in Figure 1.

determine diffuse color Cdif material reflects lightfind reflected color Crfiif material transmits lightfind transmitted color Ctfi/* check visibility of the material */V = material->W[incident_ray->type]if V <> 1/* partial visibility: trace a new ray */new_ray.origin = hit_pointnew_ray.direction = incident_ray.directionnew_color = trace(new_ray)T = 1 - Vtotal_color = V * (Cd+Cr+Ct) + T * new_colorelse/* full visibility */total_color = Cd + Cr + Ct;fiFigure 1: Algorithm for shading partially visible ob-jects.This type of scaling allows smooth blending ofthe object with the background (including all ob-jects that are located behind), because the lightenergy is conserved along the incident ray. Us-ing di�erent scaling values T may produce inter-esting e�ects, for example, light ampli�cation forT > 1� V . The new ray behaves very much like atransmitted ray and allows to see through objectswith partial visibility.For shadow rays, visibility weights result intransparent shadows. That may slow down theshadow calculations, because intersection with anopaque object does not terminate the process. In-stead, the ray continues traversing the database,until accumulated opacity reaches some criticalvalue, usually 1.4 ResultsTo demonstrate the above technique we computedseveral pictures. In Figure 2 two types of visibil-ity masks were used. The word SOFT is modeledwith a material, undetectable by re
ected rays, soit is not re
ected in the mirror plane. Similarly,the word DRINK is invisible for pixel rays. Bothobjects occupy the same physical space, but be-cause their visibility masks have no common bits,they do not interfere with each other. The glassand the mirror plane are modeled with unmaskedmaterials.The visibility masks of two human charactersin Figure 3 are complementary: materials of themale character are detectable by all rays except2



shadow rays while the female object is detectableby shadow rays only. Again, both objects overlapin physical space.Figure 4 shows four frames from animated se-quence "Mirage in Louvre", computed with visi-bility weights. The material of Nefertiti's bust be-comes gradually invisible for re
ected rays. Noticethat the mirrors do not change their properties {the rest of the scene is re
ected normally.5 ConclusionsWe have presented a method to create visually in-teresting e�ects by manipulating the visibility ofobjects in four di�erent planes, corresponding tofour ray types. This method requires little compu-tational e�ort and allows greater control over ob-ject appearance. We have shown that ray-tracingas a rendering technique has its own modeling ca-pabilities to create and render unusual optical phe-nomena.Besides modeling optical e�ects, selective visibil-ity may be used in the following situations:� Rendering light sources made of transparentmaterials, such as an electric bulb. Normally,ray-tracing of such objects requires a compu-tationally expensive support for shadows oftransparent objects. Using selective visibilitymask, these objects may be rendered more ef-�ciently { it su�ces to specify that glass ma-terial is undetectable by shadow rays.� Selective shadows. In certain situations it isuseful to disable shadows, completely or par-tially. This can be achieved by using `non-shadowed' light sources, which a�ect the wholescene. Using visibility masks or weights pro-vides local control over shadows of individualobjects.� Non-signi�cant re
ections/refractions. Some-times it is possible to estimate which parts ofthe scene are unimportant for secondary rays.For example, dark objects are almost invisiblein dim mirrors, so these objects may be ex-plicitly made undetectable by re
ected rays.Another example is described in "The Invisi-ble Man" by H. G.Wells: glass can not be seenwhen put in the water. In other words, ma-terials of close optical density and high trans-

parency may be safely ignored by transmittedrays.6 AcknowledgementsThanks to Peter Tischer for for a critical readingand discussion. The model of a male character inFigure 3 was provided by ViewPoint Datalabs andthe model of the female character was provided byTomwoof. The author would also like to acknowl-edge the contribution of an anonymous referee whomade a number of useful suggestions which helpedto improve the presentation of the paper.
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Figure 2: Ray-tracing 'wrong' re
ections with visibil-ity masks.
Figure 3: 'Wrong' shadows (two extended lightsources).
Figure 4: "Mirage in Louvre". Visibility weights, leftto right: 1, 0.5, 0.25, 0. 4


