
IJSRD - International Journal for Scientific Research & Development| Vol. 5, Issue 02, 2017 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 1594 

 Techniques of Voice Activity Detection: A review 

Sneha Mudaliyar1 Nikunj Tahilramani2 

 1Research Student 2Assistant Professor and Head 
1,2Department of Electronics and Communication Engineering 

 1,2Silver Oak College of Engineering & Tech, Ahmedabad, Gujarat, India

Abstract— In recent years speech communication in VoIP is 

becoming one of the challenging issue. Voice Activity 

Detector is a technique to determine voiced speech and 

silence parts in speech signal. In order to obtain better quality 

of speech and to reduce bandwidth complexity, VAD plays a 

major role in speech processing application like speech 

recognition, speech compression systems etc. In this paper, 

the methods of VAD is discussed in Time domain as well as 

frequency domain. 
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I. INTRODUCTION 

Voice Activity Detector (VAD) is a technique used in speech 

processing, which analyses and detects the availability of 

speech which might get degraded with respect to the 

background noise. In many mobile communication, when the 

conversation is taking place there is some silence period in 

the interval. This silence period can be neglected or rejected 

in the network to save data or bandwidth using VAD. If the 

frame in speech is detected it need not be transmitted [1]. It 

not only compresses the speech but also reduce the traffic in 

the network. 

VAD together with comfort noise generator 

achieves silence compression which allows the speech 

channel shared with other information thus allowing 

simultaneous application of voice and data.  The 

discontinuous transmission (DTX) mode, such as the global 

system for mobile communications (GSM), a VAD reduces 

cochannel interference, increasing the number of radio 

channels and power consumption in portable equipment. 

VAD can avoid unnecessary coding or transmission of 

silence packets in VoIP applications thus saving on 

computation and on network bandwidth [2]. 

For an ideal VAD need to be independent of 

background noise. But it becomes difficult because speech 

often gets degraded due to background noise and 

environmental factors. Thus VAD is used for improving 

speech detection robustness in noisy environment and 

performance in speech recognition system [3]. For stationary 

background noise, averaging the spectrum of noisy signal and 

computationally estimated. For non-stationary noise 

spectrum it becomes difficult as noise varies rapidly over time 

and hence needed to update continuously.  

In general, the basic principle of VAD algorithm is 

to extract features from the input signal and compare the 

value with threshold value. If exceeds the threshold value 

(VAD=1) indicates presence of speech otherwise (VAD=0) 

absence of speech. VAD algorithm takes a binary decision in 

frame by frame basis of 20-40ms in the output.   

 
Fig. 1: Basic Model of VAD 

Figure 1 shows the basic model of VAD. The input 

speech signal which is digitized and the processing of the 

inpu speech signal through which certain parameters are 

extracted as shown in figure1. The extracted parameters such 

as energy, zero crossing rate etc. which distinguishes the 

voiced part and silence part of the speech. According to the 

parameters the threshold value is set and the VAD makes 

decision if it satisfies the criteria of threshold value. 

Depending on the decision of VAD the voiced frame and 

silence frame can be segregated. VAD is used in speech 

processing applications such as speech enhancement, speech 

coding and speech recognition etc.  

Voice is differentiated into speech or silence based 

on speech characteristics. The VAD algorithm requires some 

good features such as: 

 Good Decision Rule 

 Adaptability to background Noise 

 Adaptability to background Noise 

In this paper the survey is mainly regarding the 

Voice Activity Detection techniques and the methods used to 

detect and makes decision of voice activity in speech signal. 

Thus the VAD method can also be used to develop many 

applications. Section II describes the VAD methods and 

techniques used for the performance of VAD. Section III 

consist of performance measuring parameters for VAD. 

Finally Section IV consist of conclusion.  

II.  VAD METHODS 

 
Fig. 2: Flow of VAD methods 
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A. Time Domain: 

1) Short Time Energy: 

The frame wise energy is calculated to classify voiced or 

unvoiced depending upon the energy. If the energy of frame 

is high, it is voiced and if it is low then unvoiced. The energy 

[8]is defined as 

(1) 

Where x(m) represents the sequence data and h(n) 

represents the hamming window: 

 
2) Zero crossing detection: 

It is another method used for detection. Zero crossing refers 

to the rate at which amplitude of the speech signal crosses the 

zero in a given time interval. Depending on the threshold 

value if the zero crossing rate is high it indicates the frame is 

unvoiced and if it is low, it zero crossing rate is low it 

indicates voiced frame. The equation [8] given as  

Zn= Σ │sgn[x(m)]- sgn[ x(m-1)] │w(n-m)  (2) 

         m=-∞ 

 where  sgn[x(n)] = 1 x(n)≥0 

                              = -1 x(n)<0 

And w(n) is the windowing function with a window 

size of N samples 

W = 1/2N 0≤n≤N-1                              (3) 

= 0 otherwise 

3) LED: Linear Energy-Based VAD: 

In the above two methods, the threshold value remains 

constant throughout the speech. But if background noise 

varies then adaptive threshold is used. The value of threshold 

is updated at every interval. Therefore Er is complex 

combination of old threshold and current noise update as [7].  

Er(new) (1−p)Er(old) pEsilence                       (4) 

Where Er(new) is updated value of the threshold, 

Er(old) is previous energy threshold, Esilence is energy of the 

most recent noise frame. 

The z-tranform of Eq[1] 

E (Z) (1- p)Z Er(Z) pEnoise(Z)       (5) 

The value of coefficient p is 0.2[9] 

4) ALED: Adaptive linear energy-based VAD: 

This method overcomes the problem of LED. The coefficient 

of p is limited to constant value and insensitive to varying 

noise statistics. This is solved by computing second order 

statistics of the unvoiced frames. The unvoiced frame is taken 

in buffer and when new frame is detected, it is added to buffer 

removing the old ones. The variance of buffer is given by [1] 

𝜎=VAR [silence]        (6) 

A change in background noise is calculated by 

comparing the energy of the new inactive frame with a 

statistical measure of the energies of the past inactive frames. 

5) PBD: Pitch Period Based detector: 

A pitch based detection is an algorithm designed to estimate 

the pitch or fundamental frequency of a quasi-periodic signal. 

This detectors are used in speaker identification, vocoders 

and verification systems [1]. The pitch period estimation is 

done using autocorrelation function. 

 Firstly, the speech signal is filtered in 900 Hz low 

pass analog filter and sampled at 10 kHz. Secondly, at every 

10ms interval it is segmented at 30ms length. Then, using 

clipping level it is clipped at 3 level clipper and is correlation 

computed over a range of pitch periods. Atlast, the largest 

value of autocorrelation function is located and peak value is 

compared with a fixed threshold value. Therefore if the peak 

falls below threshold value the segment is said to be unvoiced 

otherwise the segment is active. Active frames are transmitted 

and inactive frames can be compressed. 

B. Frequency Domain: 

1) LSED: Linear Sub-Band Energy Detector: 

Discrete cosine Transform is used for computation process. 

LSED uses reference energy threshold value in frequency 

domain. Decision is made by comparing the energy of frame 

with reference value. The frequency domain of frame is 

computed. The obtained spectrum of band is divided in four 

parts each of 1 KHz. The energy is calculated for each band 

[1]: 

𝐸𝑛[𝑓] = F ^2  (f n)   for nth band         (11) 

If the speech is present it satisfies this condition 

𝐸𝑛[𝑓] > 𝑘𝐸𝑛𝑡ℎ[𝑓]     for nth band           (12) 

The threshold value is computed for repeatedly for each band. 

For nth band [9]. 

𝐸𝑛(𝑛𝑒𝑤) = (1 − 𝑝)𝐸𝑛(𝑛𝑒𝑤) + 𝑝𝐸𝑛(𝑛𝑒𝑤)          (13) 

 
Fig. 3: Flow chart of LSED[1] 

Figure 3 shows the flow chart of LSED.  In this 

method the spectrum is obtained from speech frame and 

divided into four bands each of 1Khz.i.e 0-1Khz, 1-2Khz, 2-

3Khz,3-4Khz. The energy is calculated for each frame in 

frequency domain and is compared with reference energy 

threshold value. The energy of speech signal mostly lies in 

the lowest frequency band. Thus if low frequency band is 

active, the frame is said to be active and any two other bands 

is active from comparative analysis. 

2) SFD: Spectral Flatness Detector: 

This method is useful in low SNR. When voiced speech 

signal have non stationary spectrum in low frequencies and 

white noise containing flat spectral thus high variance is 

indicated as speech and low as noise. The variance of each 

frame is calculated and compared with the threshold variance 

[1].  

𝜎𝑖 = 𝑣𝑎𝑟{𝑋[𝑓]}   (14) 

 The decision is based on this condition 

If  (𝜎𝑖 > 𝜎𝑡ℎ) frame is active 

              Else                  frame is inactive 

The inactive frames is used to update the threshold 

value. 𝜎𝑡ℎ is updated using complex combination. 

𝜎𝑡ℎ(𝑛𝑒𝑤) = (1 − 𝑝)𝜎𝑡ℎ(𝑜𝑙𝑑) + 𝑝𝜎𝑖  (15) 
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3) CVAD: Comprehensive VAD: 

This VAD method identifies white noise as well as frequency 

selective noise thus obtaining better quality of speech. The 

decision rule is same as above discussed methods in 

frequency domain. 

 
Fig. 4: Flow chart of CAVD[1] 

In this figure 4, the frame of input speech is given to 

multi-band energy comparison. Instead of calculating zero 

crossing rate and spectral measure, if the multi-band energy 

comparison pass the test it indicates the active frame. 

4) WFD: Weak Fricatives Detector: 

Low energy phonemes are sometimes detected as silenced or 

undetected thus reducing the speech quality. This method 

overcomes the problem of misdetection. By using 

autocorrelation function in speech signal. The autocorrelation 

function equation[3,6] given as: 

𝐴[𝑥] = 1/𝑚 ∑ 𝑦[𝑛]𝑦[𝑛 − 𝑚]𝑁−1
𝑚=(𝑁−1)              (7) 

Where A(x) is autocorrelation vector, y(n) is vector 

considered and N is the frame length. Each frame energy of 

20ms time duration is calculated by this equation: 

𝐸𝑠𝑢𝑏𝑓𝑟𝑎𝑚𝑒 = ∑ 𝑥2∞
𝑖𝑛𝑑𝑒𝑥=1 ((subframe-1) x4+index)   (8) 

 

Where subframe consist of all the samples of 

incoming speech signal. For each frame values of 20 vector 

is calculated. 𝜌𝑗 is the frame and is calculated as in given 

equation 

𝜌𝑗 = 𝑣𝑎𝑟(𝐸(𝑗 − 1)𝑥20: 𝑗𝑥20)          (9) 

The autocorrelation variance vector (AVV) is determined by: 

𝜌𝑟𝑒𝑓 = 1/20 ∑ (𝐸(𝑗 − 1)20
𝑗=1  𝑥20: 𝑗𝑥20)          (10)                                    

Thus reference value for AVV is calculated by 

assuming first 20 frames as inactive frame. 

If 𝜌𝑖 > 𝑘𝜌𝑟𝑒𝑓 then frame is active 

Otherwise        frame is inactive 

III. DESIGN PARAMETERS 

A. Frame Duration: 

The choice of frame duration is one of the important 

consideration for VAD. The transmitted active frames are 

stored in a form of packet buffer in the receiver which allow 

the speech to continue playing even after any delay in 

network. 

Suppose, a buffer 4-5 packets in a VoIP system 

having frame duration of 10ms will allow the system to play 

after 30-40ms from the time the queue starts building up in 

the receiver’s end. For 50ms frame duration, there will be 

delay of 150-200ms which is not appropriate or unacceptable 

[1]. Therefore the frame duration must be set properly to 

avoid such circumstances. 

The specifications for toll quality encoding of 

speech for all 

VAD algorithms are [4]: 

 8 kHz sampling frequency 

 256 levels of linear quantization (8 Bit PCM) [5] 

 Single channel (mono) recording. 

B. Energy: 

The active frames are determined by the energy of frames. 

This is one of the important parameter in speech activity. Let 

u(i) be the ith sample of speech and length of the frame are L 

samples[10]. 

 
Then, the jth frame can be represented in time domain 

and frequency as;  

F(fj)=DCT{fj }                                              (17) 

The energy of jth frame is denoted by 

 

C. Initial threshold value: 

The VAD algorithm trained for small period that contains 

only prerecorded sample initial stage of threshold will track 

the background noise. Threshold values are considered from 

computing the mean energy of the samples of speech. For 

example if we consider initially 200ms of the samples does 

not contain any speech i.e Inactive frames. Thus care must be 

taken while deciding threshold value otherwise may lead to 

poor performance.  

IV. CONCLUSION 

In this paper voice activity detection methods used in time 

domain and frequency domain is discussed. Basically the 

VAD algorithm depends on the energy which gives less 

accuracy as sometimes, the low phonemes words leads to 

misdetection. So zero crossing detection was used to solve the 

previous problem. But in ZCD along with low phonemes it 

also picked up certain noise frames. In LED, the computation 

is less but provides poor quality of speech as speech 

compression is high. ALED improves the quality of speech 

and less compression. Pitch based detection is mainly for 

estimating pitch period and has better performance. In 

frequency domain CVAD has better performance than LSED 

and SFD. WFD detects weak fricatives which was missing in 

ZCD and thus provides better performance. Depending upon 

the application one may choose any technique or it is also 

possible to use combination of one or more techniques out of 

this described techniques. 
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