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Abstract—In this study, we propose a novel technique for automatic volume control (AVC). Contemporary AVC systems operate 

according to background noise level. This paper presentsan AVC system that adaptively updates the audio volumeconsidering the 

frequency characteristics of the background noise. From the experiments, we conclude that the developed techniques can be 

successfully used for various acoustic environments. 
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I.  INTRODUCTION  

Recent studies have proved that there are various 
advantages in adopting automatic volume control (AVC) in 
noise environment [1]. Conventional methods control the audio 
volume based on background noise level [1, 2]. However, 
human’s acoustic system is affected not only by the noise level 
but also by the noise frequency characteristics. Even though the 
noise level sound is same, people can feel differently 
depending on the frequency characteristics of the noise [3]. In 
this research work, we developedan algorithm that controls the 
signal volume according to the noise frequency characteristics 
[4].  

II. AUTOMATIC VOLUME CONTROL SYSTEM 

A. AVCalgorithm 

In the AVC system as shown in Fig.1, )(nx is 

aoriginalsignal and )(ny is a volume controlled signal. )(nz is 

abackground noise signal. ).( ikZ denotes the spectra of the 

noise signal with frequency index i  and frame index k . When 

)(ng is a gain, )(ny is given as follows: 

 

)()()( ngnxny                                  (1) 

 

B. Gain calculation 

Firstly, we analyzed the frequency characteristics of five 
kinds of noises: street, inside the car, outside the car, inside the 
subway, and subway platform [5, 6]. For each noise signals, 
32frequency bands are calculated based on 1/3 octave bandsand  
shownin Fig. 2. Eachbackground noise is added to the source 
signal. Then the noisy signalsare played for listeners. They 
ranked the backgroundnoise signals with scores. Based on 

these results, the )(ng iscalculated and shown inTable. 1. 

Secondly, we comparedthe frequency characteristics using 
a log-spectral distance (LSD)measure that is given by:  
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where M is the number of frames and𝑍𝑟𝑒𝑓  𝑖, 𝑘  is reference 

noise signal. We obtained the LSD values of the above-
mentioned five signals and the noise signals of the microphones. 
In addition, short-time Fourier transform was performed forthe 

signals of two seconds. The output signal )(ny  is obtained by 

multiplying a source signal )(nx  and gain )(ng . 

 

TABLE 1. The gain )(ng  

5 kinds of noise frequency )(ng  

Street 1.7 

Inside the car 1.2 

Outside the car 2.2 

Inside  the subway 1.5 

Outside the subway 1.9 

 

III. PERFORMANCE EVALUATION 

To evaluate the performance of the proposed AVC, we used 
a woman’s voice as the original signal. Also, each noise is 
divided into 3 parts for 5 seconds to analyze accurately. The 
audio file is sampled at 16 kHz and we normalized the energy 
of the audio file. There are 50 listeners participating in the 
experiment. The age of the listeners ranged from 14 to 80. We 
conducted the proposed AVC system to compare the original 
signal with the output signal.  

 
TABLE 2. Comparison results 

Unprocessed Processed 

3.7 5.2 

 
Fifty listeners gave the scores from 1 point to 10 points 

depending on how much they heard easily. The proposed AVC 
system obtained improved scores. From the experimental 
results, it is evident that the performance of the proposed AVC 
system is superior to that of the conventional methods.  

IV. CONCLUSION 

We described a novel volume control method for AVC 
system based on the frequency characteristics of background 
noises. The proposed method adaptively updates 
gainparameters to consider the various acoustic environments. 
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The experimental results showed that the developed techniques 
can be successfully used for the AVC system. 
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Figure 1.  Block diagram of the proposed method. 

 

 

Figure 2.   The frequency characteristics of background noise. 


