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Evaluation of Frequency Warping Based Features and Spectro-Temporal Features

for Speaker Recognition
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ABSTRACT

In this paper, different frequency scales in cepstral feature extraction are evaluated for the text-independent speaker
recognition. To this end, mel-frequency cepstral coefficients (MFCCs), linear frequency cepstral coefficients (LFCCs), and
bilinear warped frequency cepstral coefficients (BWFCCs) are applied to the speaker recognition experiment. In addition, the
spectro-temporal features extracted by the cepstral-time matrix (CTM) are examined as an alternative to the delta and
delta-delta features. Experiments on the NIST speaker recognition evaluation (SRE) 2004 task are carried out using the
Gaussian mixture model-universal background model (GMM-UBM) method and the joint factor analysis (JFA) method, both
based on the ALIZE 3.0 toolkit. Experimental results using both the methods show that BWFCC with appropriate warping
factor yields better performance than MFCC and LFCC. It is also shown that the feature set including the spectro-temporal
information based on the CTM outperforms the conventional feature set including the delta and delta-delta features.

Keywords: speaker recognition, GMM-UBM, JFA, MFCC, LFCC, BWFCC, delta feature, cepstral-time matrix
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Figure 2. Comparison of filter bank configurations for
extracting MFCC and LFCC
(a) Mel-frequency filter bank for extracting MFCC
(b) Linear frequency filter bank for extracting LFCC
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Figure 3. The effect of formant frequency according to vocal
tract length difference[7]
(a) Schematic of vocal tract (b) Simple acoustic tube model for
vocal tract (c) Variation of formant frequency according to
vocal tract length

Warped Frequency(kHz)

D‘E ‘1 1‘5 2‘ ZjE é 3‘5 4
Frequency(kHz)

1% 4. Bilinear ¥ %ol 93k F3b 9 54J[13]

Figure 4. Frequency warping property according to
bilinear transform[13]
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Figure 5. Extraction process of TDCT feature[9]
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Figure 6. Delta and DCT basis functions[10]
(a) Delta basis function(A=2) (b) DCT basis function(Z =>5)
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Table 1. Speaker recognition performance according to frequency
warping based features in GMM-UBM method (EER %)

Feature Score normalization method
parameters No norm.| z-norm | t-norm | zt-norm
MFCC 16.68 16.73 15.59 15.81
LFCC 14.25 14.75 12.62 13.46

a=-01 14.67 15.21 13.51 13.70
a=0.1 14.42 14.71 12.57 12.95
BWFCC | a=0.2 14.00 14.59 12.84 13.18
a=0.3 15.00 15.72 13.91 14.21
a=0.4 16.60 16.64 15.42 15.67

3 2. JFA Bl M o] Fab 95 79 S0l wt
3% (EER %)
Table 2. Speaker recognition performance according to frequency
warping based features in JFA method (EER %)

CRDE

i

Feature Score normalization method
parameters No norm.| z-norm | t-norm | zt-norm
MFCC 10.83 10.39 11.59 10.98
LFCC 11.38 10.46 11.88 11.27

a=0.1 10.94 10.09 11.25 10.56
a=0.2 10.41 9.64 11.06 10.56

BWFCC

3. ofe) 7P FAE A S0l e sl AE
(EER %)
Table 3. Speaker recognition performance according to various
spectro-temporal features (EER %)

. Score normalization method
Feature parameters | # dim.
No norm. t-norm
TDCT [9] 180 16.76 16.41
MFCC+A+A A 60 16.68 15.59
MFCC + CTM 60 15.57 14.79
CTM only [15] 60 16.32 16.26

E 4. GMM-UBM 2jell A 9] Fat Azt E7o &
3421214 A% (EER %)
Table 4. Speaker recognition performance according to
spectro-temporal features in GMM-UBM method (EER %)

Score normalization method
Feature parameters

No norm. t-norm

+ A+ AA 16.68 15.59

MFCC + CTM 15.57 14.79
+ A+ AA 14.25 12.62

LFcC + CTM 13.33 12.43
BWFCC + A+ AA 14.42 12.57
(a=0.1) + CTM 13.26 12.07
BWEFCC + A+ AA 14.00 12.84
(a=0.2) + CTM 13.22 12.43
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Table 5. Speaker recognition performance according to
spectro-temporal features in JFA method (EER %)

Score normalization method
Feature parameters
No norm. z-norm
+ A+ AA 10.83 10.39
MF
e + CTM 10.30 9.71
+ A+ AA 11.38 10.46
LFCC + CTM 10.41 9.33
BWFCC + A+ AA 10.94 10.09
(a=0.1) + CTM 10.25 9.26
BWFCC + A+ AA 10.41 9.64
(a=0.2) + CTM 9.97 945
4. A&
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