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ABSTRACT 

This paper presents the HRTF based experimental approach to figure out why the human auditory 
perception on the interior noise source including the directional tonal components does not well 
match with the dominant features extracted from recorded acoustic signals in terms of psycho-
acoustics. Since the general objective evaluation models for tonalness among various sound 
attributes are a function of width, frequency, excessive level of tonal components respectively, the 
directional tonal components cannot be properly evaluated without considering the effects of head-
related transfer function on the binaural auditory perception. Thus, the directivity of source is 
additionally considered to prevent the erroneous conclusions from the same sound source in the 
process of source identification. The signal synthesis technique is used to solve a little difficulty in 
measuring all of desired acoustic signals for jury evaluation. The sound attributes of synthetic 
acoustics signals are analyzed to roughly predict the results of jury evaluation in advance by using 
sound quality factors such as loudness, sharpness, roughness, fluctuation strength and tonality. The 
jury evaluation is carefully conducted based on the recommended guideline suggested by N. Ottoet 
al. Each sound is respectively evaluated by selecting a value between -2 and 2 in intervals of 0.2 
point. Through above procedure, based on the results of jury evaluation, it is confirmed that serious 
problems can be caused in the process of analyzing the dominant sound attributes in terms of 
psycho-acoustics according to the type of a microphone and a playback system. 
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Fig. 1 Definition of directional noise source on human 
binaural auditory system 

 
Fig. 2 Definition of excessive level on perceived tonalness 

Fig. 2
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Fig. 3

Table 1 Directional gain values of HRTF at 1000Hz 
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Fig. 4 Table 1

 

Fig. 3 Schematic diagram of sound localization  

Fig. 4 Directional radiation pattern of HRTF at 1000Hz  
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Table 1
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Fig. 5 Flowchart of generating synthetic acoustic signals 
for jury evaluation on source directivity 
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Table 2 SQ Factors of binaural background noise 

Table 3 Effect of prominence ratio on tonalness 

 
Table 4 Effect of source directivity on tonalness 
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Table 3

Ai

Table 4

Table 5 Results of jury evaluation for prominence ratio 

Table 6 Results of jury evaluation for source directivity 
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Fig. 6 Mean response and ± standard deviation with 95% 
confidence for synthetic acoustic sounds ; (a) Rating Group 
#1, (b) Rating Group #2 
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Fig.6 (a) Table 5

Fig. 6 (b) Table 6 
Table 2
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