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In this paper, robust sound sourc
surveillance system is presented. In par
an algorithm for abnormal acoustic 
using non-negative matrix factorizatio
bin weighting. Based on the abnorm
localization experiments in real acoust
proposed algorithm’s excellent streng
terms of representative performance me
the conventional method. 
 

1. Introduction 
Finding abnormal acoustic event loca

active research area with applicatio
systems [1-3] . In recent years, it becam
in surveillance systems related to acous
as sudden noise detection and localizatio
scream detection [1-2]. Among the v
Generalized Cross Correlation (GCC) b
popularly used because of their simp
[4-6].  

For a real environment, the abnor
localization algorithm has to be robust
noise source and low SNR. In GCC bas
only desired signal-dominant frequ
avoiding noise-dominant bins is re
reliable estimation performance. 

 Previous investigations use speech
noise estimating methods for noise 
Denda et al. proposed weighted - Cro
Phase (CSP) coefficients based on 
spectrum [5]. Ichikawa et al. proposed a
based weighting method for robu
localization [6]. Both of these methods h
in source localization for speech sour
designed for speech sources, however, t
for non-speech acoustic events such a
alarm sounds. 
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in this study [7]. After recognizing the
one of the pre-defined abnormal events,
was determined based on the reconstruc
spectrogram. Finally, source localiza
based on the weighting function, which
the direction of an abnormal acoustic ev

The GCC of the l-th and q-th microp
 

 
 

where   is the Time Delay Of Arriva
the l-th and q-th microphones when 
degree. The θ that has maximum amp
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Short Time Fourier Transform (ST
microphone input signal in the t-th fra
and  denotes a weight function. The
defined as  
however, is insufficient since some of 
may not contain any desired abnorma
improving algorithm, equation (2) can 
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(matrix multiplication of desired signal bases  and   
denoting amplitude of each desired signal basis used in 
each time frame). 

 In previous research [9], they modified equation (6) to 
updating ,  separately, but in this work we observed 
experimentally that equation (6) performs better. There had 
been some previous work of factorization methods based 
on multi-microphone [8]. However in this work, we use 
average magnitude of spectrograms from microphones for 
simple NMF, since number of sources and transfer function 
between each microphone and source have little 
significance for finding desired signal dominant frequency 
bins. Finally, we derived GCC weight   by 
normalizing elements of reconstructed spectrogram  

 .  
 

                    (7) 

4. Experiments  
For the purpose of evaluation, we used street 

environmental noise for surveillance camera system. We 
consider the direction of abnormal event as that 
corresponding to the highest GCC value. The room for the 
experiment is 10m x 10m x 10m and a Uniform Linear 
Array (ULA) consisting of 4 microphones with 
inter-spacing distance of 20cm to each other is located at 
the center of the room. The database was created with a 
desired abnormal event source at DOA of 30˚ at 1m from 

the ULA and stationary street noise sources [10] at 60˚ and 

non-stationary noise sources (car horn [11]) at 0˚. We set 
the same two abnormal events and the database from Choi 
[7] as shown in Table 1. The test database composed of 
noise level corresponding to SNR 0, 5, 10dB, respectively, 
in 16kHz sampling rate were used here. We used the 
abnormal event of the data base for the pre-training and 
division rate for train/test set was 3:1.  

The performance was evaluated with two metrics, 
namely Root Mean Squared Error (RMSE) and Probability 
Of Success (POS). Each utterance was considered a success 
if the estimated DOA is within an angular tolerance of 10˚. 
Figure 7-10 show the direction estimation performance in 
terms of RMSE and POS under each experimental 
environment. It shows that the proposed method attained 
excellent performances under the non-stationary noise 
environment. In stationary noise condition, the 
performance is shown comparable. The conventional 
method shows good performance in high SNR, but the 
performance drops when SNR is lowered, especially in 
non-stationary noise environment. This is because the 

conventional methods used not only desired signal 
dominant frequency bands but also inadvertently captured 
noise concentrated frequency bands.  

 
 
 
 
 
 
 
 

 
 

 
Figure 3: Direction estimation performance in terms of RMSE and 

POS (Scream in Street [10] environment) 
 

 
Figure 4: Direction estimation performance in terms of RMSE and 

POS (Glass breakage in Street [10] environment) 
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Method 
Total 

Number 
Total 

Duration 
[sec] 

Scream 
(Male, Female) 414 888 

Breakage of Glass 127 182 

Table 1. Abnormal acoustic event DB information.
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Figure 5: Direction estimation performance in terms of 

RMSE and POS (Scream in Street [10] + Car horn [11]) 

 

Figure 6: Direction estimation performance in terms of 
RMSE and POS (Glass breakage in Street [10] + Car horn 

[11]) 

5. Conclusions 
This paper proposes a noise robust sound source 

localization using an NMF based weighting function. A 
high level of DOA accuracy was possible by establishing 
and incorporating weights of desired abnormal event 
frequency bins over those bins dominated by noise. The 
direction estimation experiments confirm that the proposed 
method is robust under surveillance camera environment, 
and expected to perform well in non-stationary noise 
environment. 
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