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Abstract: This study is about sound localization based on deep neural network (DNN) using interaural cross-correlation 
coefficients and interaural level difference (ILD) as feature parameters. Especially, we propose a synchronized ILD that 
eliminates the difference of interaural arrival time. The proposed method shows better performance than the conventional 
method through various experiments in clean and noisy environments. 
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I. INTRODUCTION 
 
This paper deals with the improvement of feature 
parameters in sound localization based on DNN. In 
general, the feature used for sound localization is the 
interaural time difference (ITD) and the interaural 
level difference (ILD) of the sound reaching both ears 
[1]. In recent years, studies have been conducted to 
replace ITD with interaural cross-correlation 
coefficients (CCF) [2]. This study proposes a 
synchronized ILD that eliminate the difference of 
interaural arrival times. 
 
II. SYNCHRONIZED ILD 
 
There is a difference in attenuation amount of sound 
energy reaching each ear depending on the position of 
the sound source. Conventional ILD uses the level 
difference that occurs due to the difference in 
attenuation. Let s(n)  be the sound source and s (n)  
and s (n) the signals reaching the left and right ears. 
The two signals s (n)  and  s (n)  are obtained by 
convolution of the sound source s(n) with h (n) and  
h (n). 
 
s (n) = s(n) ∗ h (n), s (n) = s(n) ∗ h (n)      (1) 
 
Then compute the ILD of the decibel unit by 
comparing the frame-specific energy E  and E  of the 
signal reaching the left and right ears as shown in 
Equation (2) below [3, 4, 5]. 
 
ILD = 10log                            (2) 
 
Conventional ILD has the problem of finding the 
energy difference based on different original sound 
signals due to the time difference reaching each ear. 
The synchronized ILD developed in this study 
obtains the ILD based on the energy per frame by 
removing the difference of the interaural arrival time 
of the signal reaching each ear. In this time, the 
difference obtains based on the cross-correlation 

between the two signals s (n)and s (n) reaching each 
ear. 
 
III. DNN-BASED SOUND LOCALIZATION 
 
In this study, DNN is set to input a feature vector 
consisting of cross-correlation coefficients that are 
normalized so that correlation at zero lag is 1.0 and 
one synchronized ILD. As shown in the figure below, 
in the training phase, the two signals s (n)  and s (n) 
are obtained by convolution of the sound source s(n) 
with h (n) and h (n), respectively. CCF is obtained 
from the above two signals, and the feature vector is 
composed of CCF and Synchronized ILD. This 
feature vector is used as the input of the DNN. The 
output nodes consist of uniform sample angles in a 
360 degree plane. In the test phase, the azimuth is 
estimated by using a feature vector composed of the 
CCF and the synchronized ILD obtained from the 
clean or noise mixed signal as inputs to the DNN [2]. 

 
Figure 1:  Schematic diagram of the proposed system. 

 
IV. EXPERIMENT AND RESULT 
 
To verify the performance of the developed Sound 
Localization Technique, Centre for Speech 
Technology Voice Cloning Toolkit (CSTR VCTK 
Corpus) and three noises were used. This CSTR 
VCTK Corpus includes speech data uttered by 109 
native speakers of English with various accents. Each 
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speaker reads out about 400 sentences. All speech 
data were recorded using an identical recording setup: 
an omni-directional head-mounted microphone (DPA 
4035), 96kHz sampling frequency at 24 bits and in a 
hemi-anechoic chamber of the University of 
Edinburgh. All recordings were converted into 16 bits, 
downsampled to 16 kHz based on STPK, and 
manually end-pointed. To distinguish between the 
training and test phase, CSTR VCTK Corpus speech 
data was divided in about 400 sentences [6]. 
The inputs of the DNN are one synchronized ILD and 
33 CCFs with a delay range of ± 1 ms. There are two 
hidden layers, each consisting of 128 nodes. The 
output nodes are set with 72 azimuths obtained by 
dividing 360 degree by 5 degree on the horizontal 
plane. Table 1 shows the comparison results in 
accuracy between conventional ILD and the proposed 
ILD. Experimental results show the higher accuracy 
of the proposed ILD. Table 2 shows the experimental 
results in noisy environments. In the test phase, noise 
signals of Siren, Factory, and Car horn are added to 
clean signal. Experimental results show the frame 
accuracies for each SNR. The accuracies of the sound 
localization are improved except when the SNR is 
0dB. This is because of that it difficult to find the 
difference of the interaural arrival time in heavy noise 
environments. 
 

Table 1 
Sound Localization Accuracy in Clean Environment 

Method Accuracy (%) 
Frame Sentence 

Conventional 60.16 95.69 

Proposed 64.17 98.06 
 

Table 2 
Sound Localization Accuracy in different Noisy environments 

SNR 
(dB) Method 

Frame Accuracy (%) 

Siren Factory Car 
Horn 

0 Conventional 24.14 20.98 19.45 
Proposed 24.09 20.76 19.08 

10 Conventional 37.48 35.08 33.37 
Proposed 38.17 35.61 34.12 

20 Conventional 46.41 44.93 44.09 
Proposed 47.8 46.10 45.51 

 
CONCLUSION 
 
In this paper, we proposed synchronized ILD feature 
for deep learning-based sound localization. The 
proposed method shows better performance than the 
conventional method through various experiments in 
clean and noisy environments. 
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