
This document is downloaded from DR‑NTU (https://dr.ntu.edu.sg)
Nanyang Technological University, Singapore.

Effect of masker orientation on masking efficacy
in soundscape applications

Ong, Zhen Ting; Hong, Joo Young; Lam, Bhan; Ooi, Kenneth; Gupta, Rishabh; Gan,
Woon‑Seng; Chong, Shyh Hao; Feng, Jing

2017

Ong, Z. T., Hong, J. Y., Lam, B., Ooi, K., Gupta, R., Gan, W.‑S., et al. (2017). Effect of masker
orientation on masking efficacy in soundscape applications. 46th International Congress
and Exposition on Noise Control Engineering (INTER‑NOISE 2017), 4916‑4922.

https://hdl.handle.net/10356/88227

© 2017 The Author(s) (Institute of Noise Control Engineering (INCE)). This paper was
published in 46th International Congress and Exposition on Noise Control Engineering
(INTER‑NOISE 2017) and is made available as an electronic reprint (preprint) with
permission of Institute of Noise Control Engineering (INCE). The published version is
available at:
[http://www.ingentaconnect.com/contentone/ince/incecp/2017/00000255/00000003/art00108]. One
print or electronic copy may be made for personal use only. Systematic or multiple
reproduction, distribution to multiple locations via electronic or other means, duplication
of any material in this paper for a fee or for commercial purposes, or modification of the
content of the paper is prohibited and is subject to penalties under law.

Downloaded on 23 May 2023 10:57:39 SGT



 
 

   

Effect of masker orientation on masking efficacy in soundscape 

applications 

 

Zhen Ting ONG1; Joo Young HONG2; Bhan LAM3; Kenneth OOI4; Rishabh GUPTA5;  

Woon-Seng GAN6; Shyh Hao CHONG7; Jing FENG8 

1,2,3,4,5,6 Digital Signal Processing Lab, School of Electrical & Electronic Engineering, 

Nanyang Technological University, Singapore 

7,8 Housing & Development Board, Building & Research Institute, Singapore 

ABSTRACT 

Adding desired sounds, also known as auditory masking, to the sonic environment is one of the practiced 

soundscape implementation strategies. At present, soundscape researchers are evaluating the perceived 

improvement in pleasantness of the soundscape in the presence of pleasing sounds through listening tests in 

controlled environments. So far, investigation has been limited to a fixed masker orientation (collocated with 

the noise source), which is not representative of the real scenario where listeners experience maskers from 

different orientations in the sonic environment. Hence, to understand the effects of adding wanted sounds to a 

noisy environment at various orientations, visual stimuli are reproduced in immersive Virtual Reality (VR) 

headsets paired with open-backed headphones. The visual stimuli for VR are recorded with an 

omni-directional video camera rig, which was designed in-house, consisting of six cameras. Acoustic stimuli 

are recorded with an ambisonic microphone attached to the video camera rig. Subjective evaluation to 

determine the effects of various masker orientations is conducted under controlled laboratory conditions. 
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1. INTRODUCTION 

 Soundscape quality in urban environments depends on the spatial composition of the sound 

sources because the acoustic environment is experienced in a three-dimensional space. Soundscape 

practitioners have introduced pleasant sounds into the acoustic environment in an effort to improve the 

perceived quality of the soundscape. Based on the psychoacoustic masking concept,  the perceived 

loudness of unpleasant sounds can be reduced by introducing pleasant sounds to ‘mask’ the existing 

noise source (1).  

 Most studies involving auditory masking in the soundscape research field has been focused on the 

energetic masking (also known as frequency masking) approach (2–6). The phenomenon of energetic 

masking occurs when a ‘masking’ sound (e.g., bird song) renders a target sound (i.e., noise) inaudible 

or less loud above signal-to-noise ratio thresholds at specific frequency bands in the physical receptors 

of the inner ear (7). Another masking method that leverages on the attentional effect of a sound’s 

noticeability, occurs at higher levels of auditory processing. At present, the complex mechanisms 
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behind this phenomenon (known as informational masking (7–9) or attentional masking (10)) is still 

not fully understood.  

 In a separate field of acoustics, the concept of energetic and informational masking forms the 

basis to understand the ‘cocktail party effect’ (11). Masking in soundscape can borrow from the 

‘spatial release from masking (SRM)’ phenomenon, where speech intelligibility of a target talker 

increases with spatial separation of masking talkers in a reverberant environment  (12). Since both 

energetic masking and informational masking is present in both SRM and sound noticeability (7), 

studies take into account the combined effects of these two phenomenons.  

 Although with pure tones as the masker and noise sources, the masking effect is strongest when 

both the masker and noise source are collocated (13), auditory signals in the real acoustic environment 

are hardly tonal and warrants further investigation. Therefore, this preliminary investigation seeks to 

understand the perceived masking efficacy by introducing maskers at different spatial orientations. 

2. METHODS 

Audio-viusal stimuli that represents the ambient noise environment in the subjective tests are 

recorded in a garden situated on the roof of a public multi-storey carpark. The ambient noise 

environment is presented visually via VR head-mounted display (HMD) and the acoustic stimuli is 

played through open-back headphones. The pre-processing and calibration process is detailed in 

Section 2.1. Acoustic stimuli of the masking sounds are dry recordings that are presented through 

calibrated loudspeakers with the details of calibration explained in Section 2.2. The types of the 

audio-visual stimuli and the experimental design is shown in Section 2.3 and 2.4 respectively.  

 

 
(a) 

 
(b) 

Figure 1 – (a) Omni-directional audio-visual recording system deployed in situ for recording. (b) A snapshot 

of the stitched equirectangular panorama. 
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2.1 Audio-visual recording 

An omni-directional audio-visual recording system, which was designed in-house, is shown in 

Figure 1(a). The system consist of an ambisonic microphone (Core Sound Tetramic) attached to a 

recorder (Zoom F8 Multi-Track Field Recorder) and six action cameras (YI 4K Action Camera) 

mounted on a 3D printed rig. The rig is placed on a tripod at a height of 1.7 m from the ground, 

measured from the base of the rig. Windscreens were used to minimise interference from wind noise as 

shown in Figure 1(a). The recording system when deployed in situ, is depicted in Figure 1(a).      

The recorded videos were stitched into equirectangular panoramas (Autopano Video Pro) and 

post-processed (Adobe Premier Pro CC 2017) into spherical projections in a VR HMD. A snapshot of 

the stitched equirectangular panorama is shown in Figure 1(b). The ambisonic tracks were downmixed 

to binaural using KEMAR small pinnae head-related transfer functions (HRTF). The audio and video 

tracks were synchronized by audio via synchronization cues made with a clapper at the start of each 

recording session.  

 

2.2 Calibration of playback system 

In the subjective tests, the recorded ambient acoustic environment is played through open-back 

headphones (Beyerdynamic DT 990 Pro). The A-weighted equivalent sound pressure levels, LAeq, 

were calibrated through a head and torso simulator (Brüel & Kjær 4128-C-002) in a quiet room. 

Due to facility constraints, the experiments were conducted in a general laboratory. To 

compensate the effects due to the room response, the loudspeakers (Genelec 8320A Smart Active 

Monitor) were calibrated with the Genelec Loudspeaker Manager (GLM) software. One example of 

the calibrated frequency response for one speaker is shown in Figure 2. 

 

2.3 Audio-visual stimuli 

The audio-visual environment of a rooftop garden shown in Figure 1(b), which is exposed to high 

traffic noise from neighboring expressways, was captured using the audio-visual recording equipment 

described in Section 2.1. Ten seconds of road traffic noise was excerpted from the audio recording to 

represent the ambient noise source in urban environment for the laboratory experiment. For the 

pleasant maskers, 10-s of bird (sparrow) and water (stream) sounds were selected, which obtained 

higher pleasantness scores in a previous study (14). 

In terms of temporal characteristics of acoustic stimuli, traffic noise and stream sound were 

stationary, whereas the bird sound has great temporal variability. The A-weighted sound pressure level 

for traffic noise used were fixed at 65 dB. The Masker-to-Noise Ratio (MNR) between the road traffic 

noise and natural sounds was set to -3dBA, namely 62 dB, based on a previous study since this was 

found to be the most preferable MNR between the road traffic noise and natural sounds (2). Ten 

seconds of spherical panoramic video recorded at the rooftop garden was used as the visual stimulus.  

 

 

Figure 2 – Frequency response of one speaker before (red line) and after (green line) calibration with the 

GLM software. The blue line shows the compensation. 



 

 

2.4 Experimental design 

Perceived loudness of noise and pleasantness of soundscape were examined at six spatial 

orientations of azimuth angle: 0°, ±45°, ±90°, and 180°. The traffic noise was played through an 

open-back headphones and the natural sounds were presented via six loudspeakers. The loudspeakers 

are placed 2 m from the listener, as illustrated in Figure 3. A VR HMD (Pimax 4K VR Headset) was 

used to play the recorded spherical panoramic video. 

The experiment comprises of two sessions: audio-only session and audio-visual session. For the 

audio-only session, the participants were only asked to wear the open-back headphone with the 

speakers playing the masker at different angles in random order. For the audio-visual session, the 

participants were required to wear the open-back headphones and VR HMD.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

To quantify the perceived loudness of noise, the magnitude estimation (ME) method was 

employed. In the ME method, the participants were asked to judge the loudness of each sound by 

assigning numbers in proportion to loudness. The participants were asked to assign a number of 100 

for the first stimulus (road traffic noise stimuli at 65 dB), and then for succeeding stimuli at different 

angles, assign other numbers in proportion to their loudness of traffic noise with natural sounds (bird 

or water). In addition, the overall soundscape quality for the acoustic stimuli at different angles were 

evaluated using an 11-point scale (0: not at all pleasant and 10: extremely pleasant). In total, 12 cases 

(2 types of maskers × 6 angles) were created and presented to the participants in a random order in each 

session. During the experiments, the participants were allowed to replay the acoustic and visual s timuli 

as many times as required to answer the questions.  

 

3. RESULTS 

3.1 The effect of spatial separation of maskers on perceived loudness of noise 

All magnitude estimates were geometrically averaged for each experimental sound stimulus and 

displayed as a function of azimuthal separation as shown in Figure 3. Overall, the perceived loudness 

reductions of the traffic noise were small in the audio-only session. At maximum, approximately 5 % 

reduction in perceived loudness of noise was achieved at the azimuth of -90° for both bird and stream 

sounds. In the audio-visual session, the perceived loudness of the traffic noise was greater than those 

in the audio-only session. This implies that dual-modal perception significantly affects the auditory 

perception of noise. 

In terms of masker types, the stream sound was found to be a better masker for traffic noise than 

bird sound over the all the azimuthal positions. Adding stream sounds resulted in around 10% 

reduction in perceived loudness of traffic noise. It is reasonable to conclude that the broadband nature 

of stream sounds can energetically mask traffic noise better than bird sounds.   

 

 

Figure 3 – Schematic illustration of the experiment set-up 



 

 

For the stream sounds, there were small differences in the reduction of the perceived loudness of 

noise across the spatial orientations. However, the masking effect of the bird sound for traffic noise 

varied across the spatial orientations. Interestingly, the lowest masking effec t of the bird sound was 

found when the bird sound was presented at 0°, which is contrary to the collocation conclusion by 

Oberfeld et. al (13). As discussed here and from literature, the spectral nature of bird sounds is the 

cause of ineffective energetic masking, and thus, informational masking was predominant in the study. 

Moreover, the higher frequencies in the bird sound (as compared to the stream sound), increases the 

perception of directivity, which allowed listeners to discern the masker directions with ease.  

 

3.2 The effect of spatial orientation of maskers on pleasantness of soundscape 

The mean rating scores for pleasantness of soundscape over the six different spatial seperation are 

plotted in Figure 5. Overall, the traffic noises with the bird sounds were evaluated as more pleasant 

than those with the stream sound over the all spatial orientations in both audio-only and audio-visual 

sessions. In addition, the pleasantness rating scores for the traffic noise with both bird and stream in 

the audio-visual session were significantly higher those in the audio-only session. This supports the 

findings that congruence between sound and visual environment can enhance soundscape quality in 

previous studies (15–17). Regarding the spatial separation of the masker sources, there were no 

significant difference in pleasantness scores for bird and stream. This indicates that spatial separation 

of maskers may not influence the evaluation of soundscape quality. 

 

 

Figure 4 – Perceived loudness of road traffic noise as a function of azimuthal separation between traffic noise 

and masker source 



 

 

 

Figure 5 – Mean pleasantness score of the soundscape as a function of azimuthal separation between traffic 

noise and masker source 

 

4. CONCLUSIONS 

The effects of natural sounds through variation of spatial orientation (azimuthal) on the perceived 

loudness of noise and pleasantness of soundscape were explored based on the laboratory experiments. 

It was found that presenting audio-visual environment can lead to more significant reduction in 

perceived loudness of traffic noise and enhancement of soundscape quality. Stream sounds was judged 

to be a better maksing source than bird sound to mask traffic noise, while bird sounds could better 

improve soundscape quality than stream sound. Notably, the spatial separation between traffic noise 

and bird sound can achieve more reduction in perceived loudness of the traffic noise than spatial 

co-location between them.  
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