Hardware Accelerated Ray Tracing
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Crytek Sponza
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ZENvidiaBIRTXR 5 B R R AY LB BRRE4FRT Coreth 243 BSLIR 1 1. Ray Traverse 2. Triangle Intersection

Hardware Acceleration Replaces Software Emulation

Turing SM Shaders RT Core Box
Intersection
-, Evaluators
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Ray/triangle
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https://developer.nvidia.com/blog/nvidia-turing-architecture-in-depth/
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RT Engine: An Efficient Hardware Architecture for Ray Tracing
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Algorithm 1: BVH Ray Tracing Algorithm

Input: ray, rootNode of the BVH

N N . > N Vo vaaliEN _ ;
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2 curNode +— rootNode

3 Stack + ¢
. . PaZaahy * T
E T 1xHbinary-based BVH Traverse &% s while curNode # ¢ do
5 while curNode is a internal node do
R SR e ME/— & A< R 6 for each child in curNode do
X TJ_ W EE e %{TAABB__@_ E/] ?lzxfﬁﬁ 7 if curRay hits curNode.left and does not hit curNode.right then
° Xﬂ' D‘l‘ T ,'\5\ . S(TI T ,‘{J\_\ W E/\]: % }Fj*ﬁ& B |_ Traverse(curRay, curNode.left)
9 if curRay hits curNode.right and does not hit curNode.left then
10 | Traverse(curRay, curNode.right)
11 if curRay hits curNode.right and curNode left then
12 if hit_distance_right < hit_distance_left then
13 Traverse(curRay, curNode.right)
14 Stack.push(curNode.left)
15 if hit_distance_right > hit_distance_left then
16 Traverse(curRay, curNode.left)
17 Stack.push(curNode.right)
18 if curRay does not hit curNode.right or curNode.left then
19 L curNode = Stack.pop
2w | while curNode is a leaf node do
2 for triangles in the node do
22 hitnode+— Intersection(ray,traiangle)
2 if hit then
24 L return closest fiif
25 break
26 curNode + Stadk.pop()
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3. Approximation Method for Reciprocal

Algorithm 1: BVH Ray Tracing Algorithm
Input: ray, rootNode of the BVH
Output: intersection results

1 hit + false

2 cirNode + root Node
3 Stack + ¢
4 while curNode # ¢ do

5 while curNode is a internal node do

6 for each child in curNode do

7 if curRay hits curNode.left and does not hit curNode.right then

8 |_ Traverse(curRay, curNode.left) Ray Traversal (3)

a if curRay hits curNode.right and does not hit curNode.left then (6) Ray Tl'aversal

10 |_ Traverse(curRay, curNode.right)

1 if curRay hits curNode.right and curNode.left then

12 if hit_distance_right < hit_distance_left then StaCk Ma negeme nt (8) I

13 Traverse(curRay, curNode.right) I L

14 Stack.push(curNode left) (7) * -

15 if hit_distance_right = hit_distance_left then LUT

16 Traverse(curRay, curNode left) (9) St k
17 Stack.push{curNode.right) ac

18 if curRay does not hit curNode.right or curNode.left then

19 |_ curNode = Stack.pop
20 w_hile curNode is a leaf node do

n for triangles in the node do ( 10) ( 11 ) ( 1 2)

n hitnode+— Inte rsection(ray,traiangle) IS T 1 1 ISTQ 1 IS T3
E5) if it then

24 L return closest hit

25 | break ( 1 3)
26 curNode + Stack.pop() . .

i | Triangle Intersection




215 Triangle Intersection

I = 5xXtskxnEdiE

20 | while curNode is a leaf node do

21 for triangles in the node do

22 hitnode+ Intersection(ray,traiangle)
23 if it then

24 L return closest hit

25 break

26 curNode + Stack.pop()

IST1: (a)iI & HIMI & S =B FFT
AT HEREHEHR S
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Triangle intersection test.
(a) Ray-plane test, (b) barycentric test and (c) final hit point calculation.
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Algorithm 1: BVH Ray Tracing Algorithm

Input: ray, rootNode of the BVH
QOutput: intersection results

1 hit « false

2 curNode « rootNode

3 Stack « ¢

4 while curNede # ¢ do

while curNode is a internal node do

6 for each child in curNode do
7 if curRay hits curNode.left and does not hit curNode.right then
8 L Traverse(curRay, curNode.left)
9 if curRay hits curNode.right and does not hit curNode.left then
10 I_ Traverse(curRay, curNode.right)
11 if curRay hits curNode.right and curNode.left then
12 if hit_distance_ rzgh! < hit_distance_left then
13 ’ .right)
14 Stack.push(curNode.left)
15 if hit_distance_right = hit_distance_left then
16 Traverse(curRavy, curNode left)
17 Stack.push(curNode.right)
15 if curRay does not hit curNode.right or curNode.left then
19 L curNode = Stack.pop
20 | while curNodeisa leaf node do
21 for triangles in the node do
22 hitnode+ Intersection(ray,traiangle)
2 if hit then
2 |_ return closest hiit
b break
26 |curNode «+ Stack.pop() |
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Table 7. Performance comparison against previous approaches.

Acceleration

Performance

Performance/

Clock Rate Structuse (MRPS) Area (mm=) Process (nm) Area {MERF"S
fmm=)
Té&l engine

SIGCRAPH'11 500 MHz Kd-tree 1958 9.04 65 21.90
[17]
SGRT

SIGCRAPH'13 500 MHz BVH 154 7.2 65 25.56
[18]

RayCore ; =
TOG'14 [19) 500 MHz Kd-tree 193 18 28 10.72
Two-AABB

SIGGRAPH 14 500 MHz BVH 297.6 6.82 28 43.63

[21]

HART . : - -
TVCG'15 [20] 500 MHz BVH 602 7.68 65 78.39
STRaTA : : = - _
CGF'15 [22 1 GHz BVH 365.6 57.1 65 6.40

MBVH
SIGCRAPH'14 500 MHz BVH 88 312 45 28.21
23]

Dual Streaming, - : e e =
HPG'17 [24] 1 GHz BVH 345.6 57.1 65 6.05
Mach-RT = . . o

TVCG'20 [25] 2 GHz BVH 284.25 52 65 547

RT engine 850 MH=z BVH 9274 0.48 28 193.21

AMESERLL BRI ARITRNES.



https://blogs.nvidia.com/blog/2019/12/10/rtx-autodesk-maya-arnold/
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RTNN: Accelerating Neighbor Search Using Hardware Ray Tracing 0
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Condition 1 ’ Condition 2

Fig. 2. Two conditions for ray-AABB intersection.

(a) Original neighbor
search for query Q. (b) Reversed neighbor search.
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&7~ . NVIDIA Vulkan Ray Tracing Tutorials
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https://zhuanlan.zhihu.com/p/41269520
* https://github.com/nvpro-samples/vk raytracing tutorial KHR
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https://www.cnblogs.com/timlly/p/11471507.html
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