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[Abstract]

In this paper, we propose a new GPU-based framework for quickly calculating adaptive and
continuous SDF(Signed distance fields), and examine cases related to rendering/collision processing using
them. The quadtree constructed from the triangle mesh is transferred to the GPU memory, and the
Euclidean distance to the triangle is processed in parallel for each thread by using it to find the
shortest continuous distance without discontinuity in the adaptive grid space. In this process, it is shown
through experiments that the cut-off view of the adaptive distance field, the distance value inquiry at a
specific location, real-time raytracing, and collision handling can be performed quickly and efficiently.
Using the proposed method, the adaptive sign distance field can be calculated quickly in about 1
second even on a high polygon mesh, so it is a method that can be fully utilized not only for rigid
bodies but also for deformable bodies. It shows the stability of the algorithm through various

experimental results whether it can accurately sample and represent distance values in various models.

» Key words: Compute unified device architecture, Adaptive distance field, Data visualization,
Collision handling, Rendering
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I. Introduction
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(a) Adaptive SDF : tree depth 8 (b) Regular grid : 512x512

Fig. 2. Comparison of distance field quality of adaptive
tree and regular grid : discontinuity problem[10].
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II. Preliminaries

1. Related work
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III. The Proposed Scheme

1.1 CUDA-Based Parallel Signed Distance Field
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Fig. 3. Adaptive SDF structure : (a) 1D primal tree,
with each node containing an index to the nearest
primitives of (b) a composite object.
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struct Node {
double divPos;
unsigned int divAxis : 2;
unsigned int isileaf : 1;
unsigned int isRLeaf : 1;
unsigned int left : 30;
unsigned int right : 30;
s

struct Leaf {
double min[3];
double max[3];
unsigned int numOfPolygon;
unsigned int polygonlndex;

b

Fig. 5. Node structure.
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3. CUDA-Based Construction of Primal Tree
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Fig. 6. Node sampling strategy in primal tree.
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IV. Results
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Fig. 8. Adaptive signed distance field with our method
(input mode : Stanford happy buddha, tree depth : 8,

error tolerance : 6.25x10 °).
Table 1. Performance
. k-d tree k-d tree
Model # of tri. (CPU) (GPU)
Bunny 1,500 1.3 sec 0.29 sec
Bunny 69,666 12.01 sec 1.19 sec
Dragon 100,000 11.27 sec 1.24 sec
Buddha 100,000 12.19 sec 1.24 sec
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Fig. 7. Adaptive signed distance field with our method
(input mode : Stanford dragon, tree depth : 8, error
tolerance : 6.25x107°).
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Fig. 9. Real-time raytracing with sphere
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