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The quality of images produced by Discrete Ray-Tracing voxel spaces is highly dependent on 3d grid resolution. The huge amount of memory needed to store such grids often discards discrete Ray-Tracing as a practical visualization algorithm. The use of an octree can drastically change this when most of space is empty, as such is the case in most scenes. Although the memory problem can be bypassed using the octree, the performance problem still remains. A known fact is that the performance of discrete traversal is optimal for quite low resolutions. This problem can be easily solved by dividing the task in two steps, working in two low resolutions instead of just one high resolution, thus taking advantage of optimal times in both steps. This is possible thanks to the octree property of representing the same scene in several dierent resolutions. This article presents a two step Discrete Ray-Tracing method using an octree and shows, by comparing it with the single step version, that a substantial gain in performance is achieved. Keywords:
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1. Introduction



Even though many eorts have been made to accelerate Ray-Tracing in many dierent ways it still has the reputation of being a high time consuming process, despite the fact of being widely accepted as a very powerful and simple tool for rendering realistic scenes. This reputation is justi ed by the fact that 90% of the time is consumed in intersection calculations between rays and objects [25], worsening for complex scenes since for each valid intersection new rays are created that can potentially intersect other objects and create even more rays. Computational time grows exponentially with the complexity of the scene. This is the reason why many acceleration methods always try to reduce the number of intersections between rays and objects. One way is using bounding volumes [19], grouping objects inside boxes or spheres, and ignoring the bounding volumes not crossed over by rays, thus eliminating (hopefully) most of the objects. A better approach for this method is organizing them hierarchically, since more objects can be eliminated with less calculation. Although a serious disadvantage is that for the best eÆciency of these hierarchies they should not be created automatically. However there are methods for calculating tighter bounding volumes automatically [18], but properly grouping bounding volumes into hierarchies remains a diÆcult task and intelligent methods can be very time consuming. Another way is decomposing the space into subspaces, maintaining a list of objects present in each subspace, and making rays to traverse only the subspaces where each ray passes through [7, 9, 4, 20,  grants
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23, 21, 26, 8]. This is the same principle as the previous method, but non-crossed subspaces and their included objects are discarded without any computation. This advantage diminishes when most of the objects are concentrated in just few subspaces for regular subdivisions. The octree [9] contours this problem, and has the the dual advantage of being simple and bounding objects into hierarchies automatically. Another asset of space subdivision is that objects are detected in the exact order they occur along a ray, thus eliminating regions not yet reached by the ray automatically. Many other original methods have been suggested like Beam Tracing [12] and Ray-Tracing with Cones [2], where several rays can be treated at once inside a beam. Another good example is ray undersampling [1], where less rays are shot and the illumination is hopefully most of the time interpolated. The disadvantage of these methods is that their performance are very often dependent on the kind of objects modeled and/or the complexity of the scene. Methods that subdivide space require a preprocessing phase to rasterize the scene, called voxelization [15, 16, 17, 11, 6, 22], where objects' contours are assigned to voxels into a 3D grid or octants into an octree. In this process only parts of the geometry that pierce the voxels or octants are assigned. An advantage of the octree in this context is that certain subdivision methods require octree-like recursive space partitioning. One particularly interesting is proposed in [14] and [5], for implicit functions. An eÆcient acceleration method based on space subdivision was proposed in [26]. It is called Discrete or Raster Ray Tracing, because it works entirely in 3D voxel space. The big advantage of this method is that no intersection calculation between rays and objects is needed, allowing a very fast Ray Tracing. The big disadvantage is that a high resolution 3D voxel grid is needed to achieve good quality images. This grid is then limited to the machine memory size. The grid resolution in [26] is 2563 to a 80 Mb machine. The maximum resolution was 3203 to a 128 Mb machine. This easily denotes the diÆculty to run this method in a normal workstation. It is also evident that these resolutions are not enough for getting good quality images. Considering this problem, we suggest in this paper an implementation of the Discrete Ray Tracing using an octree. Using the octree suggested here the utilization of the method will not be dependent on the machine memory, but on the number of occupied voxels. In this way simple scenes can be generated in machines limited in memory. On the other hand, it allows to use higher resolutions necessary to get good quality images, which is impossible currently by using 3D grids directly. Nevertheless as stated in [26] most of method's processing cost falls in the discrete traversal algorithm, namely the three-dimensional DDA. In [26] a 26 connected DDA was created to reduce this time. This solution is not suÆcient in high resolution 3D grids. It is a known fact that its eÆciency is optimal between the fth and the sixth levels of the octree [7, 23]). We suggest a two step process to bene t for its optimal performance in both steps. This allows us to visualize quite huge 3D grids in short time. On the other hand, the algorithm precision is very important for the correctness of this approach. The reason is that the transition between the two levels is calculated in oating point arithmetics. Our DDA is similar to the one shown in [7] but the mapping of oating point values in xed point using integer variables, oers, at the same time, eÆciency, accuracy and multiple precision



exibility. Two step methods have been used before [24, 13], by using a regular 3D grid in the rst step. We use only one octree for both steps. Therefore, our approach is more exible, since the rst and second step resolution can be dynamically adjusted without modifying the data neither moving it; more compact, since the empty space is not represented; and more eÆcient to skip empty volumes, since our three-dimensional DDA procedure loops while inside them, not needing to consult cells. Our skip procedure remembers Sung's "SimpleSkipParent" procedure [23] but in our case it's more eÆcient and two steps approach eliminates the need of "ComplexSkipParent" procedure, the main problem in Sung's algorithm. We compare our two steps approach with the same program implemented with a single step. Results show that we achieved a ve fold reduction in time.



2. Octree Traversal



The method's ow control is done by the octree traversal algorithm presented in Fig.1. The octree uses spatial enumeration in xed sized blocks, which we call cells. A cell, which represents an octant, is a simple array of eight elements, each one identifying a sub-octant and containing a pointer to a descendent cell or a null pointer if sub octant is empty. The algorithm describes what we call the " rst step" traversal since it considers only octree upper levels. initialize 3DDDA;



/* Algorithm Fig. 4 */ /* Initialize XYZ and mask as follows (each square is a bit) */



0 x x ... x 0 y y ... y 0 z z ... z 0 1 0 ... 0 0 1 0 ... 0 0 1 0 ... 0 cell=octree root cell address; push(cell); i c=0; /* Index of last changed coordinate */ end condition=mask 
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