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Abstract: This paper introduces an algorithm that extends traditional 2D projection and rasterization to 4D space for fast soft
shadow rendering. First, the rectangular area light source is seen as a point light source that translates with two degrees of
freedom. As the point light source moving, the projections of the triangles and the output image samples on the projection plane
are also moving. The locus of the projection is called the 4D projection. 4D projections are rasterized, and a conservative set of
output image sample/triangle pairs can be obtained. The set is then examined to derive light mask for each sample. Since all
potentially blocking triangles are considered, the algorithm is an accurate algorithm. And, the algorithm does not require any type
of precomputation, so it supports fully dynamic scene. We have tested our algorithm on several scenes to render complex soft
shadows accurately at interactive rates.
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Algorithm 1 4D-rasterization for fast soft shadow rendering
Input: 3D scene SCE modeled with triangles, light rectangle Z,
output view F, light discretization resolution m * n, 4D
rasterization framebuffer resolution w * A

Output: SCE rendered from V with an m x n occlusion mask of L
for each output sample s.

1. STEP 1: render output image without shadows

2. Render SCE from V to preliminary image 7

3. STEP 2: define frame buffer for 4D rasterization
4. Define plane P for 4D rasterization frame buffer /B
5. for each pixel s in [/ do

6. FB. aabb = FB. aabb U Projd(s. xyz, L, P

7. STEP 3: assign output image samples to 7B pixels
8. for each output image sample s in [/ do

9. s. aabb = Proj4(s. xyz, L, FB)

10. for each FB pixel p in s. aabb do

11. p. sampleSet = p. sampleSet U {s}

12. STEP 4: assign triangles to /B pixels

13. for each triangle ¢ in S do

14. t.aabb = Proj4(t. w, L, FB U

15. Proj4(t.w, L, FB) U Proj4(t.w, L, FB)

16. for each FB pixel p in t. aabb do

17. p. triangleSet = p. triangleSet U {t}

18. STEP 5: computation of light occlusion masks

19. for each FB pixel p do

20. for each triangle ¢ in p. triangleSet do

21. for each output sample s in p. sampleSet do

22. for 7 =1 to mdo

23. for =1 to n do

24. s. mask; |= Occlusion(Li;, ¢, s. xyz)
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Algorithm 2 STEP 3 optimization

1:  STEP3: assign output image samples to FB pixels
2:  for each output image sample s in 7 do

3:  p=Proj(s xyz, L, FB

4:  p. sampleSet = p. sampleSet U {s}
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Algorithm 3 STEP 5 optimization

1: STEP 5: computation of light occlusion masks
for each FB pixel p do

for each triangle ¢ in p. triangleSet do
for each output sample s in p. sampleSet do
if Proj4(s. xyz, L, P) & t.aabb then
continue

P, = Plane (s. xyz,
P, = Plane (s. xyz,
9: P, = Plane (s. xyz,
10: for i =1 to m do
11: if ((Liulw N P) = Li) = @ then
12: My = P(L:;) > 0 2 0xFFFF: 0x0000
13: else

14: k= LilLik/ LiiLis;

15: temp = (1<<k)-1

16: M= P(Li)> 0 ? temp: ~temp

17: s. mask; |= M & M, & M
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