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Abstract

The emergence of high-performance desktop GPU has enabled ray tracing techniques to be widely used in real-time rendering,
including 3D gaming applications. However, applying real-time ray tracing on moblie devices remains challenging due to power
consumption, thermal constraints, and limited resources. In this paper, we developed a Vulkan-based optimized renderer for
real-time ray tracing on mobile platforms and analyzed its performance. The renderers are categorized into two types: a full ray
tracing renderer and a rasterization-based hybrid ray tracing renderer. To achieve optimal implementation, we applied the ray
tracing pipeline and ray query extension to each renderer and evaluated their performance. Furthermore, to reduce the shading
cost caused by shadow rays in scenes with multiple lights, we adopted an optimization technique that restricts the shading based
on the extent of each light’s influence. In this context, maintaining the light’s influence as small as possible while preserving
appropriate intensity is critical. To this end, we propose a new attenuation function and assess its performance when applied.
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Table 1:

List of developed renderers

TR P4 22 A [2fol]

Ray tracing pipeline

Full ray tracing [RTP-FRT]

Hybrid ray tracing [RTP-HRT]

Hybrid ray tracing with
shadow mapping [RTP-HRT-SM]

Ray query feature

Full ray tracing [RQ-FRT]

Hybrid ray tracing [RQ-HRT]

Hybrid ray tracing with
shadow mapping [RQ-HRT-SM]
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Algorithm 1 Alpha texture process using ray query

1: procedure ISOPAQUE(rQuery)
> Get the geometry index of intersection.
2: uint geomIdzr = GETINTERSECTGEOMIDX(rQuery);

> Check whether it is opaque or not.

if ISOPAQUEFRAGMENT(geomIdx) then
return true;

else
return false;

end if

end procedure

A A

9: procedure PROCESS OF EACH BOUNCE OF RAY
> Find an intersection.
10: rayQueryEXT rQuery;

11: while PROCEED(rQuery) do

12 if GETINTERSECT(rQuery) == Triangle then
13: if ISOPAQUE(rQuery) then

14: CONFIRMINTERSECTION(rQuery);

15: end if

16: end if

17: end while

> If an intersection exists, compute shading.

18: if ExistConfirmedIntersection then
19: Compute local shading.

20: continue;

21: else

22: break;

23: end if

24: end procedure
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Figure 2: Rendering results of existing attenuation function
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Table 2: Sizes of example 3D scenes

ZH Cornell Box  Sponza  Sun Temple Bistro
A 10,887 229,940 569,427 2,929,933
A7+ 17,648 304,310 608,406 2,829,226
3¢ 1 1 32 48
2 PN 12 71 103 406
BVH 27| (MiB) 3.0 47.0 94.0 439.0
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(a) Cornell Box (b) Sponza

(¢) Sun Temple (d) Bistro

Figure 4: Tested views of example scenes
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Table 3: Instruction cost and total latency comparison

ZrH ray-gen traversal closest-hit any-hit miss
ComellBox instruction cost (%) 2.31 79.66 9.49 7.95 0.59
total latency (clks) 13,672,557 472,367,692 56,284,792 47,149,415 3,482,236
Sponza instruction cost (%) 0.62 79.73 5.26 14.39 0.00
hit A.a P total latency (clks) 11,824,336 1,519,432,700 100,211,922 274,197,693 0.00
any-hit -5
Sun Temple instruction cost (%) 0.48 80.72 7.72 11.04 0.04
p total latency (clks) 7,528,461 1,268,385,673 121,310,608 173,487,690 652,947
Bistro instruction cost (%) 0.26 86.33 3.9 9.5 0.0
total latency (clks) 3,395,776 1,111,100,736 50,178,084 122,266,480 23756
CornellBox instruction cost (%) 6.27 63.89 28.24 0.00 1.61
total latency (clks) 11,476,644 117,013,208 51,714,499 0.00 2,942,533
Sponza instruction cost (%) 2.71 73.87 234 0.00 0.02
hit 1] 2 8 P total latency (clks) 12,887,548 350,896,858 111,131,870 0.00 75,019
any-hit H|5-5
Sun Temple instruction cost (%) 1.51 71.89 26.51 0.00 0.1
P total latency (clks) 9,656,437 461,127,769 170,039,365 0.00 648,344
Bistro instruction cost (%) 0.72 85.03 14.24 0.00 0.01
total latency (clks) 7,492,994 881,970,189 6,477,980 0.00 46,459

Table 4: Cost of any-hit shader in RTP-FRT

©+9]: FPS(ms)

2 RTP-FRT RTP-HRT
Cornell Box 9.7 (106.1) 24.7 (41.1)
any-hit % Sponza 4.1 (242.0) 8.3 (122.5)
Sun Temple 3.1 (321.6) 4.9 (205.4)
Bistro 2.2 (469.6) 2.9 (398.9)
Cornell Box 26.7 (38.5) 73.2 (14.0)
. Sponza 14.0 (71.7) 30.8 (32.8)
_ Qe
any-hit T]2-8 o Temple 9.0 (112.0) 19.2 (52.9)
Bistro 8.8 (127.0) 6.1 (191.5)
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Table 5: Performance comparison of ray tracing renderers

=+2]: FPS(ms)

Scene RTP-FRT RTP-HRT RTP-HRT-SM RQ-FRT RQ-HRT RQ-HRT-SM
Cornell Box 26.7 (38.5) 73.2 (14.0) 180.3 (5.6) 109.0 (9.7) 144.9 (7.1) 204.3 (5.0)
Xelinse 950 Sponza 14.0 (71.7) 30.8 (32.8) 29.8 (33.6) 46.2 (21.8) 45.8 (22.0) 29.6 (33.8)
P Sun Temple 9.0 (112.0) 19.2 (52.9) 17.5(57.2) 29.8 (33.9) 32.2(31.4) 18.3 (54.5)
Bistro 8.8 (127.0) 6.1 (191.5) 8.3 (130.8) 16.4 (74.2) 7.2 (161.2) 8.5 (126.8)
Cornell Box - - - 162.1 (6.6) 162.5 (6.3) 550.7 (1.9)
Sponza - - - 55.7 (18.1) 62.4 (16.2) 85.0 (11.8)
Adreno 830 Temple - . . 37.4(26.9) 43.8 (22.9) 46.4 (21.6)
Bistro - - - 23.7 (59.0) 16.5 (73.8) 36.6 (28.9)
Table 6: Duration and percentage of two pipelines in RTP-HRT Figure 6= 9 9] 71-4] g3} ghrof| A Z} @1219] Zhof| 2 g4
o] @& A7HA 0 2 e Aolth. 7} gh4o] dle e Avke
Rasterization pipeline Ray tracing pipeline . = — .
Soone | e WP Figure 794 31919 5 qlet A0, 4] G -
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Table 7: Performance comparison of adaptive shadow ray
©+9]: FPS(ms)

Scene RQ-FRT RQ-HRT
_ Sum Temple 4.7(213.3) 4.6(219.1)
Fixed .
Bistro 1.4(797.2) 1.3(847.0)
B=0.6y=005
Sum Temple 29.0(34.7 31.6(31.9 . . . . .
Adaptive . P (34.7) (31.9) Figure 7: Adaptive control of proposed light attenuation function
Bistro 16.5(73.9) 7.1(164.6)
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