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(57) ABSTRACT 

A system for performing visible object determination. Visu 
alization softWare running on a host processor represents 
space With a hierarchy of cones, and generates a hierarchy 
of bounding hulls from a collection of objects by recursively 
grouping clusters of objects. Each hull node in the hull 
hierarchy stores parameters Which characterize a bounding 
hull for the corresponding cluster or object. The visualiza 
tion softWare searches the cone and hull hierarchies starting 
With the root cone and the root hull. Before exploring a given 
cone-hull pair, a normalized cone size for the cone and a 
normalized hull size for the hull may be computed, and the 
sizes compared. If the cone size is larger than the hull size, 
subcones of the cone are explored With respect to the hull. 
Conversely, if the hull size is larger than the cone size, 
subhulls of the hull are explored With respect to the cone. 

502 
receive a cone pointer which points to a cone tree structure 

stored in a memory 

504 V 
receive a bound pointer which points to a bound tree structure 

stored in the memory 

506 \ 

search the cone tree structure and the bound tree structure to 
determine one or more nearest objects for a subset of cones 
of the cone tree structure, wherein, for a ?rst cone of the cone 
tree structure and a ?rst bound of the bound tree structure 

compute a cone size for the first cone §Q_8 

compute a bound size for the ?rst bound §i_Q 

compare the cone size and the bound size 5E 

search subbounds of the first bound with respect to the ?rst 
cone if the bound size is larger than the cone size 5H 

search subcones of the ?rst cone with respect to the first 
bound it the bound size is smaller than the cone size §1_5 

516 
transmit an indication of one or more graphical objects tor each of the 

subset of cones to a (software and/or hardware) rendering agent 
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502 
receive a cone pointer which points to a cone tree structure 

stored in a memory 

1 504 
\ receive a bound pointer which points to a bound tree structure 

stored in the memory 

i 
search the cone tree structure and the bound tree structure to 
determine one or more nearest objects for a subset of cones 
of the cone tree structure, wherein, tor a ?rst cone or‘ the cone 
tree structure and a ?rst bound of the bound tree structure 

506 

compute a cone size tor the first cone _5_Q_§ 

compute a bound size tor the first bound 51o 

compare the cone size and the bound size 5J2 

search subbounds of the ?rst bound with respect to the ?rst 
cone it the bound size is larger than the cone size §t_4_ 

search subcones of the ?rst cone with respect to the first 
bound it the bound size is smaiier than the cone size §t_5 

i 
516 
\ transmit an indication of one or more graphicai objects for each of the 

subset ot cones to a (software and/or hardware) rendering agent 
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SIZE CONDITIONED VISIBILITY SEARCH 
SYSTEM AND METHOD 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/214,843 ?led on Jun. 28, 2000 
titled “SiZe Conditioned Visibility Search System and 
Method”. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates generally to the ?eld 
of computer graphics, and more particularly, to the problem 
of determining the set of objects (and portions of objects) 
visible from a de?ned vieWpoint in a graphics environment. 

[0004] 2. Description of the Related Art 

[0005] Visualization softWare has proven to be very useful 
in evaluating three-dimensional designs long before the 
physical realiZation of those designs. In addition, visualiZa 
tion softWare has shoWn its cost effectiveness by alloWing 
engineering companies to ?nd design problems early in the 
design cycle, thus saving them signi?cant amounts of 
money. Unfortunately, the need to vieW more and more 
complex scenes has outpaced the ability of graphics hard 
Ware systems to display them at reasonable frame rates. As 
scene compleXity groWs, visualiZation softWare designers 
need to carefully use the rendering resource provided by 
graphic hardWare pipelines. 

[0006] A hardWare pipeline Wastes rendering bandWidth 
When it discards rendered triangle Work. Rendering band 
Width Waste can be decreased by not asking the pipeline to 
draW triangles that it Will discard. Various softWare methods 
for reducing pipeline Waste have evolved over time. Each 
technique reduces Waste at a different point Within the 
pipeline. As an eXample, softWare culling of objects falling 
outside the vieW frustum can signi?cantly reduce discards in 
a pipeline’s clipping computation. Similarly, softWare cull 
ing of backfacing triangles can reduce discards in a pipe 
line’s lighting computation. 

[0007] The Z-buffer is the ?nal part of the graphics pipe 
line that discards Work. In essence, the Z-buffer retains 
visible surfaces, and discards those not visible because they 
are behind another surface (i.e. occluded). As scene com 
pleXity increases, especially in Walk-through and CAD 
environments, the number of occluded surfaces rises rapidly 
and as a result the number of surfaces that the Z-buffer 
discards rises as Well. A frame’s average depth compleXity 
determines roughly hoW much Work (and thus rendering 
bandWidth) the Z-buffer discards. In a frame With a per-pixel 
depth compleXity of d the pipeline’s effectiveness is 1/d. As 
depth compleXity rises, the hardWare pipeline thus becomes 
proportionally less and less effective. 

[0008] SoftWare occlusion culling has been proposed as an 
additional tool for improving rendering effectiveness. A 
visualiZation program Which performs occlusion culling 
effectively increases the overall rendering bandWidth of the 
graphics hardWare by not asking the hardWare pipeline to 
draW occluded objects. Computing a scene’s visible objects 
is the complementary problem to that of occlusion culling. 
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Rather than removing occluded objects from the set of 
objects in a scene or frustum-culled scene, a program instead 
computes Which objects are visible and instructs the render 
ing hardWare to draW just those. A simple visualiZation 
program can compute the set of visible objects and draW 
those objects from the current vieWpoint, thus alloWing the 
pipeline to focus on removing backfacing polygons and the 
Z-buffer to remove any non-visible surfaces of those objects. 

[0009] One technique for computing the visible object set 
uses ray casting as shoWn in FIG. 1. RealEyes [SoWiZral, H. 
A., Zikan, K., Esposito, C., Janin,A., MiZell, D., “RealEyes: 
A System for VisualiZing Very Large Physical Structures”, 
SIGGRAPH ’94, Visual Proceedings, 1994, p. 228], a sys 
tem that implemented the ray casting technique, Was dem 
onstrated in SIGGRAPH 1994’s BOOM room. At interac 
tive rates, visitors could “Walk” around the interior of a 
Boeing 747 or eXplore the structures comprising Space 
Station Freedom’s lab module. 

[0010] The intuition for the use of rays in determining 
visibility relies on the properties of light. The ?rst object 
encountered along a ray is visible since it alone can re?ect 
light into the vieWer’s eye. Also, that object interposes itself 
betWeen the vieWer and all succeeding objects along the ray 
making them not visible. In the discrete World of computer 
graphics, it is difficult to propagate a continuum of rays. So 
a discrete subset of rays is invariably used. Of course, this 
implies that visible objects or segments of objects smaller 
than the resolution of the ray sample may be missed and not 
discovered. This is because rays guarantee correct determi 
nation of visible objects only up to the density of the 
ray-sample. FIG. 1 illustrates the ray-based method of 
visible object detection. Rays that interact With one or more 
objects are marked With a dot at the point of their ?rst 
contact With an object. It is this point of ?rst contact that 
determines the value of the screen piXel corresponding to the 
ray. Also observe that the object 10 is small enough to be 
entirely missed by the given ray sample. 

[0011] Visible-object determination has its roots in vis 
ible-surface determination. Foley et al. [Foley, J ., van Dam, 
A., Feiner, S. and Hughes, J. Computer Graphics: Principles 
and Practice, 2nd ed., Addison-Wesley, Chapter 15, pp.649 
718, 1996] classify visible-surface determination 
approaches into tWo broad groups: image-precision and 
object-precision algorithms. Image precision algorithms 
typically operate at the resolution of the display device and 
tend to have superior performance computationally. Object 
precision approaches operate in object space—usually per 
forming object to object comparisons. 

[0012] A prototypical image-precision visible-surface-de 
termination algorithm casts rays from the vieWpoint through 
the center of each display piXel to determine the nearest 
visible surface along each ray. The list of applications of 
visible-surface ray casting (or ray tracing) is long and 
distinguished. Appel [“Some Techniques for Shading 
Machine Rendering of Solids”, SJCC’68, pp. 37-45, 1968] 
uses ray casting for shading. Goldstein and Nagel [Math 
ematical Applications Group, Inc., “3-D Simulated Graphics 
Offered by Service Bureau,” Datamation, 13(1), February 
1968, p. 69.; see also Goldstein, R. A. and Nagel, R., “3-D 
Visual Simulation”, Simulation, 16(1), pp.25-31, 1971] use 
ray casting for boolean set operations. Kay et al. [Kay, D. S. 
and Greenberg, D., “Transparency for Computer Synthe 










































