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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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2.1 Sound tracing 

 
 

Figure 2 : Sound tracing pipeline 
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Figure 3 : Sound propagation paths 
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Figure 3 : Sound propagation paths 
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Figure 4 : Reflection of sound in indoor and outdoor 

 
Figure 5 : Reflection of sound in a partially open indoors and  

outdoors surrounded by objects 
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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 Depth1 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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3.2 Frame coherence  
 

Figure 7 : The average number of frames for which a valid reflection 
path was found by each depth 
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Figure 8 : Proposed Sound Propagation Flow chart 
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Figure 9 : SetupProcessing Mode 
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Figure 10 : Proposed Algorithm Flow chart 
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Figure 11 : The effective path number during 100 frames when the 
sound source was in the room without adjusting the depth 

 
 

Figure 12: The effective path number during 100 frames when the 
sound source is outdoors without adjusting depth 
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Figure 13 : The effective path number when the depth was 
adjusted and the sound source was indoors. 

 

 
 

Figure 14 : The effective path number when the depth was 
adjusted and the sound source was outdoors. 
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Figure 15: The depth adjustment value when the sound source was 
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Figure 16 : The depth adjustment value when the sound source was 

outdoors 
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• ‌�2001년~2003년 연세대학교 컴퓨터과학과 

연구교수

• ‌�2003년~현재 세종대학교 컴퓨터공학과 교수

• ‌�관심분야: GPU 하드웨어 구조, 실시간 

그래픽스, 컴퓨터 구조

정 우 남

• ‌�2000년 연세대학교 컴퓨터과학과 학사

• ‌�2002년 연세대학교 컴퓨터과학과 석사

• ‌�2011년 연세대학교 컴퓨터과학과 박사

• ‌�2011~2017년 ㈜실리콘아츠 책임연구원

• ‌�2017년~현재 세종대학교 컴퓨터공학과 

수석연구원

• ‌�‌�관심분야: GPU 하드웨어 구조, 실시간 

   그래픽스, 컴퓨터 구조, 전역조명

김 영 식

• ‌�1993년 연세대학교 컴퓨터과학과 학사

• 1995년 연세대학교 컴퓨터과학과 석사

• 1999년 연세대학교 컴퓨터과학과 박사

• ‌�1999년~2005년 삼성전자 System LSI 

책임연구원

• ‌�1999년~2005년 삼성전자 System LSI 

책임연구원

• ‌2013년 University of Pittsburgh 방문교수

• ‌�2005년~현재 한국산업기술대학교 교수

• ‌�관심분야: 게임기구조, 컴퓨터구조, 3차원 

그래픽 가속기, 임베디드 시스템
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