
A Spectrum Smoothing Method for Speaker Verifica-
tion 

Zhaofeng Zhang*, Jing Deng†, Longbiao Wang*, Xiong Xiao# 

* Nagaoka University of Technology, Nagaoka, Japan 
E-mail: {s147002@stn, wang@vos}.nagaokaut.ac.jp   

†ZingTech. Co. Ltd, Beijing, China 
E-mail: dengjing02@tsinghua.org.cn 

# Nanyang Technological University, Singapore 
E-mail: xiaoxiong@ntu.edu.sg 

 
Abstract—In speech processing, speech signal is usually 

processed frame by frame due to the non-stationary characteris-
tic of speech. In this paper, a frequency-domain averaging based 
frame smoothing method is proposed. Besides the conventional 
frame shift, we introduce a short time shift to create several 
frames around current frame. Then we take the average of pow-
er spectrum for these frames.  The average will be treated as a 
new frame instead of current frame. The new frame is consi-
dered to retain more integrated phonetic information than con-
ventional frames. An experiment on speaker verification task 
showed that this method could improve the performance of 
speaker verification. The evaluation tasks performed on the 
NIST SRE 2008 database showed that our proposed method 
could achieve a better verification performance when compared 
with the conventional framing methods. 
Index Terms: speaker verification, frame smoothing, PLDA, i-
vector 

 

I. INTRODUCTION 

The speaker verification techniques have been researched for 
many years. Appropriate and effective feature selection af-
fects the accuracy of speaker verification. Several features 
such as spectral feature [1], glottal waveforms [2], phase in-
formation [3, 4, 5], and prosodic feature [6] have been re-
searched. Typically, spectral feature are used in most tasks 
due to their robust performance in various environments.  

For spectral feature extraction, the first thing is to frame sig-
nal to short segments with given analysis window. This fram-
ing method is devoted to capturing a stable representation of 
phonetic information. A phoneme usually lasts for 40 to 400 
ms. In a typical analysis window method, the frame length 
was set as 20-30 ms, which is based on assumption that the 
speech signal can be assumed to be quasi-stationary within a 
frame. However, this assumption does not hold all the time 
because the actual portion of the inherent heterogeneous 
speech signal that can be deemed stationary depends critically 
on the underlying speech sound characteristics. Hence the 
frame shift was introduced to create the overlap between each 
frame. The overlap between two frames will compensate the 
phonetic information which is not accurately captured by one 
frame. The length of frame shift is usually set by half of frame 
length. Previous research [7] showed the performance of 
speaker verification could be increased with shorter frame 

shift. While this performance increasing was not unlimited, 
the performance dropped after a certain point [8]. Meanwhile, 
we considered that simply decreasing the frame shift to in-
crease frame number may add redundant information to new 
features, and additional frames bring more computation costs. 
This drawback motivates us to develop an improved method 
in this paper. 

In previous research, a phonetic information based frame se-
lection method has been proposed [9]. This method varied the 
frame shift according to phonetic information, aimed to cap-
ture quasi-stationary phonetic information in each frame. As 
feature selection computations were necessary here, it would 
take additional computation cost.  

Recently, a multi-taper based feature extraction method was 
successfully applied on speaker verification task [10]. Spec-
trum estimated using one window periodogram usually has a 
large variance [11]. MFCC feature computed from this spec-
trum also has high variance. In multi-taper window periodo-
gram method, multi-taper means that the spectrum is esti-
mated by using multiply time-doming window functions or 
tapers than a single one in regular [12]. Then the spectrums 
with different taper are used to construct a new spectrum for 
MFCC extraction. 

In this paper, we propose a method using the current and 
“neighboring frames” to construct a new frame. The “neigh-
boring frames” means frame taken near current frame with a 
short time shift. The new frame used the power spectrum 
mean of current frame and neighboring frames. Then the new 
frame can be treated as the same way of conventional frame 
without additional computational cost.  

One possible reason make this method work is that new 
frame will achieve more stable phonetic information represen-
tation than conventional method. Meanwhile the phonetic 
information of frame remains valuable, because speaker-
distinctive information varies according to phonetic informa-
tion in speaker verification tasks [13]. Therefore a stable re-
presentation of phonetic information can achieve a better 
speaker recognition performance. Our method was evaluated 
on the NIST SRE 08 [14] dataset with the i-vector [15] PLDA 
[16] based back-end processing. The speaker verification 
achieved a better performance than regular framing method in 
all test conditions. 

This paper is organized as follows. Section II introduces our 
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proposed method. Evaluation experiment is shown in Section 
III. At last, Section IV summarizes this paper. 

II. GENERAL INSTRUCTIONS 

The speech signal continuously changes due to articulatory 
movements; hence we broke the signal down to short frames 
to recognize the periodicity changing then to extract meaning-
ful information from them. 

In speech processing, short-term spectral feature can cap-
ture the speech phonetic information during 20-30ms, and a 
frame shift is fixed about half of the frame length to make 
sure the overlap between two frames. Even though a phoneme 
usually lasts longer than frame length, the analysis window of 
frame setting contributes to capture some quasi-stationary 
information of phoneme. Only with that, the spectrum of a 
frame can capture a specific characteristic of a phoneme or 
speaker.  While this setting may not hold effective for all the 
time, because in certain cases, a quasi-stationary information 
can span the transition between two frames, or last longer 
than a typical frame length, blurring the spectral properties of 
the two frames, which may lead to poor discrimination in pat-
tern recognition problems [9]. Hence a more stable represen-
tation of frame is necessary. 

Conventional research indicated that simply decrease of the 
frame shift to get more frames can improve the recognition 
performance in speaker verification tasks. Some variable scale 
frame selecting method also can achieve a better recognition 
performance [13, 17]. While these methods need to use more 
frames for back-end processing or use some data driven tac-
tics to choose appropriate frames, more computation cost is 
needed in frame estimation stage, which is less attractive for 
practical speaker recognition applications. 

In this paper, we simply used the power spectrum average 
of several neighboring frames as a new frame. These “neigh-
boring frames” means taking frames which is near current 
frame with a short time shift.  They use the same frame length. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

We consider one possible function of this method is these 
neighboring frames take different parts of phoneme duration. 
Even though some of them will take an unstable spectrum part, 
as the problems mentioned above, most of them will take a 
quasi-stationary frame. The average of these frames shall mi-
tigate the variance occurred by unstable frame and guarantee 
quasi-stationary information can be captured in each new 
frame. Effectiveness of phoneme representation can affect the 
speaker characterization presentation [8]. Hence the phonetic 
information is valuable and can affect the performance in 
speaker verification tasks. 

The difference between our proposed frame method and 
regular processing method is introduced in Fig. 1. The Fig. 2 
presents the processing from speech signal input to MFCC 
extraction. 

 
 
 
 
 
 
 
 
 
 

 
 
 

In a regular speech segmenting method, the analysis win-
dow of each frame is estimated with given frame length 
L and frame shift K . Then the speech can be segmented to 
many frames. With pre-processing and FFT performing, we 
can achieve the power spectrum of these frames 1 2 I, ,...,F F F . 

In our proposed method, the new frame is calculated by the 
mean power spectrum of current and neighboring frames. The 
neighboring frames are taken by a small time shift s  which is 
shorter than K . Given s , we can calculate the power spec-
trum of iF ’s neighboring frame. The frame length of these 

neighboring frames are set as same as current frame iF  for 

computational convenience. Totally N  neighboring frames 
are taken. Then we can compute the power spectrum of them 
and achieve the frame series 1 2, ,..,i i iNf f f given current 

frame iF  . The mean of the frame series and current frame 

are used for reconstructing new frame iF  as shown in Eq. (1). 
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Where the ( )inf t ns+  is the power spectrum of neighbor-

ing frame of iF  at time t ns+ , and t  is the start time of 

frame iF . All , ,F F f  keep the same frame length of L . 

Figure 1: The comparison of conventional and proposed frame 
method. In conventional frame method (left), signal after pre-
processing is broken into frame with analysis window and power 
spectrum is calculated. While in our proposed method (right), 
many frames with a short time shift is used for power spectrum 
computing, and new frame is the average of them. 

Figure 2: A block diagram for multi frame smoothing based 
MFCC extraction. The blue block is our proposed framing 
method. The detail is presented in Fig. 1 
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The new frame iF  can be applied for the back-end processing 
of speaker recognition task.  

The new frame iF  smoothed the regular frame iF  with the 
same frame length. The total number of frames for back-end 
processing (processing after power spectrum estimation) does 
not change a lot. The additional computation cost is only oc-
curred at power spectrum estimation stage. Unlike some vari-
able scale frame selecting method [13, 17] the proposed me-
thod use the fixed length and shift, hence prior processing and 
training for frame length estimation is not needed. These me-
rits mean that our proposed method can be easily imple-
mented in a speaker recognition system for practical applica-
tions. 

III. EXPERIMENTS 

A. Development experiment 
In order to determine the frame setting of our proposed me-

thod, we design development experiments to estimate the pa-
rameters. We need to estimate two parameters: 1. How many 
frames shall be selected for smoothing (frame number n  in 
Eq. (1)) and 2. How long the short time shift ( s  in Eq. (1)) 
shall be set. The two parameters are determined empirically 
and two experiments are performed jointly. 

In the first experimental setting, the frame number n for 
smoothing is fixed at 12. We change the time shift s  from 
3.125 ms to 18.750 ms with a step of 3.125 ms. In second 
experiment, we adjust the frame number n to achieve the best 
performance. The frame number of n  was set from 2 to 47 
with a varied step. The time shift s  was fixed at the best value 
of the first experiment. The parameters of development expe-
riments are shown in 2nd column of Table 1 and 2. 

With fixed parameter of smoothing, we can obtain the power 
spectrum of new frame. It can be used for the following-up 
processing. 

 An energy based voice active detection was performed. We 
extracted MFCC with 36 dimensions ( 12+Δ+ΔΔ ) as the 
feature for back-end phase. In addition, the cepstral mean 
subtraction (CMN) method was applied to remove the channel 
effect.  

I-vector [15] and PLDA [16] based speaker verification sys-
tem was performed to get the final results.  In an i-vector-
PLDA based speaker verification system, after we trained the 
universal background model (UBM), total variance matrix (T 
matrix), probability linear discriminant analysis model 
(PLDA) by training data sets. The utterance set consist of 
enrollment-test need to be tested whether be the same speaker 
or not.   

The same frame estimation method is performed both on 
training and test data sets.  The training set contains speech of 
NIST Speaker recognition evaluation (NIST SRE) 2004 2005 
and 2006 database [14], which was used for training UBM [1], 
total variance matrix and PLDA model. After we train these 
models, development experiment was performed on NIST 
SRE 2008 male sets with the enrollment condition of short2 

and test condition of short3 (short2-short3) [18]. Only tele-
phone-telephone trial is used. The equal error rate (EER) and 
Minimum decision cost function (MinDCF) are used for eval-
uation. The result of the first experiment is shown in Table 1. 

Table 1. The result of 1st development experiment: Find the ap-
propriate short time shift by changing s , the S1, S2.. mean differ-
ent parameter settings 

Experiment 
Description  

Setting of short time shift s 
in 1st experiment (ms) 

EER 
(%) 

MinDCF 

Regular 
method 

0 6.80 0.0710 

S1 3.125 6.41 0.0608 
S2 6.250 5.90 0.0565 
S3 9.375 6.18 0.0643 
S4 12.500 5.95 0.0582 
S5 15.625 5.95 0.0582 
S6 18.750 5.95 0.0589 

 

Table 2. The result of 2nd development experiment: Find the ap-
propriate frame number by changing  n  , the N1, N2.. mean dif-
ferent parameter settings 

Experiment 
Description  

Setting of frame number 
n in 2nd experiment 

EER 
(%) 

MinDCF 

Regular me-
thod 

0 6.80 0.0710 

N1 2 6.18 0.0610 
N2 5 6.41 0.0606 
N3 11 5.90 0.0565
N4 17 6.18 0.0602 
N5 23 5.94 0.0579 
N6 47 7.07 0.0643 

 
When the short time shift s is set at 6.250 ms, we achieve 

the minimum EER. This setting will be used for next experi-
ment. In next experiment, we fix the frame shift to find best 
frame number. The result of this experiment is shown as Ta-
ble 2. We obtain the best result of frame number nof 11 and 
frame shift s of  6.250ms.  

From the development experiment, we find that the EER of 
each condition is not a monotonic changing along with para-
meter changing. Some setting even achieves a worse result 
than regular method. This may due to the smoothing method 
can capture more quasi-stationary part of each frame, while it 
also may decreases the frequency resolution of the analysis at 
the same time. How to trade off them shall be investigated in 
the future. In this study, we use empirical based method to 
determine them. 

 

B. Evaluation experiments 
With using parameters determined in develop experiment, 

where the short time shift s  in equ. (1) is 6.250ms and frame 
number n  is 11, we further test the proposed method on data 
set NIST SRE 08. The tasks of 10sec-10sec, short2-short3 
and short2-10sec are tested on both male and female set.  
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Table 3. The speaker verification task on NIST 08 with conven-
tional and proposed spectral frame estimation method. 

Test condi-
tion 

Conventional 
Method 

Proposed 
Method 

EER 
(%) 

Min 
DCF 

EER 
(%) 

Min 
DCF 

Male set 
10sec-10sec 22.41 0.2181 21.03 0.2080 
short2-short3 6.80 0.0071 5.90 0.0061 
short2-10sec 12.27 0.1174 11.81 0.1065 

 Female set 
10sec-10sec 24.76 0.2016 22.53 0.2055 
short2-short3 7.81 0.0652 6.58 0.0601 
short2-10sec 14.81 0.1518 12.13 0.1273 

 
The training set is the same as that for development experi-

ment. Data set of NIST SRE 2004, 2005, 2006 are used to 
train UBM and i-vector PLDA model. We use 1024 mixtures 
of UBM with diagonal covariance matrix and an i-vector ex-
tractor of 400 dimensions. The UBM and PLDA model are 
trained separately on male and female sets. The verification 
system can automatically judge the gender of object speech 
by UBM and using corresponding speaker model to compute 
verification scores. 
  We compare our proposed method with regular spectral 
frame estimation method. In regular frame estimation setting, 
the frame shift and frame length is set by 10ms and 25ms, and 
no power spectrum mean is performed. The result of evalua-
tion experiment was shown as Table 3.  

Note that the extent of improvement is different for each task. 
The error reduction rate for female sets is better than that for 
male sets. For test trails of short2-short3, the error reduction 
rate is better than the other two groups (10sec-10sec, short2-
10sec). It could be considered that our proposed method is 
more efficient in long time speaker verification tasks. 

The proposed method improved speaker verification per-
formance in all experiment settings. The reason for this im-
provement is not proved in theory yet. One hypothesis is that 
our proposed frame smoothing method could not only capture 
the current spectral, with an additional short time shift and 
spectral average, the new frame can capture more quasi-
stationary part of each short time speech, it can be a phoneme, 
event sound and others which is helpful for speaker verifica-
tion. However the frequency resolution will decrease at the 
same time which goes against to our goal.  How to trade off 
them is decided by parameter setting. 

 

IV. CONCLUSION AND FUTURE WORKS 

In this paper, we proposed a simple but efficient frame 
smoothing method. This method uses the power spectrum 
average of current and neighbor frames to construct a new 
frame. We suppose that new frame can capture more quasi-
stationary short time sound information which is helpful for 
speaker verification task.  We evaluated our proposed method 
on NIST SRE 08 speaker verification task. Our method out-
performs conventional method in all selected tasks. Mean-

while, additional computational cost is only occurred before 
spectrum computation.  

However, there are still many unsolved problems in this 
topic. We assume that the method of conventional frame may 
lead to some distortion for capturing phonetic information in 
one frame, while our method can only mitigate this distortion, 
not preventing it. The parameter setting for smoothing is de-
termined empirically. We do not quantify that how much dis-
tortion of phonetic information is prevented either. Some data 
driven technique can be applied to find the best parameters in 
future work. 
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