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Abstract

In this paper, we use Sound-tracing, a 3D sound technology based on ray-tracing that uses geometric method as auditory technology
to enhance realism. The Sound-tracing is costly in the sound propagation stage. In order to reduce the sound propagation cost, we
propose a method to calculate the average effective frame number of previous frames using the frame coherence property and to adjust
the depth according to the space based on the calculated number. Experimental results show that the path loss rate is 0.72% and the
traversal & Intersection test calculation amount is decreased by 85.13% and the frame rate is increased by 4.48% when the sound
source is indoors, compared with the result of the case without depth control. When the sound source was outdoors, the path loss was
0% and the traversal & Intersection test calculation amount is decreased by 25.01% and the frame rate increased by 7.85%. This
allowed the rendering performance to be increased while minimizing the path loss rate.
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Figure 1 : Head Related Transfer Function based VR 3D sound

system
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Figure 2 : Sound tracing pipeline
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Figure 6 : (a) : Concert hall — 24k triangle, (b) : Sibenik - 75k triangle
(c) & (d) : Bootcamp(Inside) & Bootcamp(Outside) — 130k triangle

Table 1 : Reflected average ray number per each depth

of reflection path
Scene Depthl | Depth2 | Depth3 | Depth4
Sibenik 992 989.8 | 986.44 | 989.22
Concert hall 992 991.92 | 991.8 991.2
Bootcamp(Inside) 992 991.12 | 975.72 | 959.02
Bootcamp(Outside) 992 671.63 | 297.13 186.6
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Figure 7 : The average number of frames for which a valid reflection

path was found by each depth

Table 2 : Probability that the current valid frame equals the previous

valid frame for 100 frames
Scene Depthl Depth2 Depth3
Bootcamp(Inside) 70.71% 90.91% 86.87%
Bootcamp(Outside) |  96.97% 100.00% 100.00%
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Table 4 : Comparison of the number of ray according to presence or

absence of depth control and environment

Depthl Depth2 Depth3

Inside 99220 83937 66469

ADC + Inside 99220 46441 42460

Outside 99220 83937 66469

ADC + Outside 99220 18002 14731
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Table 5 Comparison of the frame time according to presence or

absence of depth control and environment

Frame time(ms)
Inside 110419
ADC + Inside 105472
Outside 110496
ADC + Outside 101814
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5.6 ADCoJ| u}-2 Sound Propagation ©HA'H 7+~ -&

Table 6 : Sound propagation step-by-step performance reduction
rate according to presence or absence of Depth (Source Outside)

Non-ADC(ms) ADC(ms) | x}0](%)
SetupProcessing 35.68 24.84 43.63
RayGeneration 78.49 46.89 67.37
T&l 674391 3642.82 85.13
HitPointCalc 117.90 66.18 78.16
PPV&RGC 149315.58 146747.40 1.75
PathReverbIRCalc 18.75 11.89 57.73
SPOutBuffer 16.43 9.90 65.93

Table 7 : Sound propagation step-by-step performance reduction rate
according to presence or absence of Depth (Source inside)

Non-ADC(ms) ADC(ms) | z}o](%)
SetupProcessing 37.08 32.69 1343
RayGeneration 84.07 67.69 24.20
T&l 7375.99 6020.72 2251
HitPointCalc 135.64 112.59 2047
PPV&RGC 148240.78 147070.74 0.80
PathReverbIRCalc 20.07 16.95 18.38
SPOutBuffer 18.29 15.02 21.82

Table 63} Table 7-2 depth ZZ o] w2 Sound propagation
GAE s FAaeS HoFa Qo) 4 -2 Bootcamp(Source
Inside & Outside) 272 AH&3}91 32 100 frame AF= Al E 3 -S
At AR} depthE 2E S wl & 24 342 kS ol
GAEE A AIZS 7153k A3 27} Source Outside A
w] = SetupProcessing+= 29.03%, RayGeneration += 42.21%, T&I 2
4740%, HitPointCalc=  89.85%, PPV&RGC+=  5.59%,
PathReverbIRCalc= 45.11%, SPOutBuffer:= 45.35% Al59]
Z}o] & K It} Source Inside € w]+= SetupProcessing©] 13.43%,
RayGeneration©] 24.20%, HitPointCalc+= 20.47%, PPV&RGC+=
0.80%, PathReverbIRCalc+= 18.38%2] A% o] & X g}
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