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Abstract : A new speech analysis method based on 

source-filter model using multivariate empirical mode 
decomposition (MEMD) is proposed. The proposed 
decomposes log spectra of adjacent frame of speech 
signals into intrinsic mode functions (IMFs). The IMFs 
are divided into two groups using common mode 
alignment property of MEMD. The first group 
characterized by spectral fine structure is used to estimate 
the fundamental frequency (F0) based on ACF whereas 
the second group characterized by the frequency response 
of the vocal-tract filter is used to evaluate formant 
frequencies by the peak picking technique. The proposed 
method automatically separates the glottal-source and the 
vocal-tract filter. The results show that the proposed 
method could provide high accuracy of F0 estimation and 
correct formant frequencies of vocal-tract. 
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1. Introduction & Motivation 
 Existing speech analysis methods still have limitations. 
Most of them can analyze two important information such as F0 
and formant frequencies. Thus, development of new speech 
analysis method is important. We aim to proposed MEMD-based 
speech analysis method. 
 
2. Multivariate signal and common mode 

A multivariate signal can be formed by multi-channel or 
single-channel. Important information which is common to all sub 
signals, 𝑥𝑥𝑗𝑗(𝑡𝑡), as shown in Fig. 1 in the red box can be extracted 
by multivariate empirical mode decomposition (MEMD) into IMF, 
𝑧𝑧𝑖𝑖(𝑡𝑡), such that 𝑥𝑥𝑗𝑗(𝑡𝑡) = ∑ 𝑧𝑧𝑖𝑖(𝑡𝑡)𝐾𝐾

𝑖𝑖=1 . 

  
Figure 1. Multivariate signal and common mode extraction. 

 

3. Proposed method 
Log spectra of speech signal are decomposed into IMFs. They are 
divided into two groups corresponding to glottal-source, 
log|𝐸𝐸(𝜔𝜔)|, and vocal-tract filter, log|𝑉𝑉(𝜔𝜔)|. The value of M is of 
Eq. (3) is determined by the location of common mode of glottal-
source using correlation coefficient as shown in Fig. 2. 

𝑠𝑠(𝑡𝑡) = 𝑒𝑒(𝑡𝑡) ∗ 𝑣𝑣(𝑡𝑡)                (1) 
log|𝑆𝑆(𝜔𝜔)| = log|𝐸𝐸(𝜔𝜔)| + log|𝑉𝑉(𝜔𝜔)|       (2) 

log|𝑆𝑆(𝜔𝜔)| = ∑ 𝑧𝑧𝑖𝑖(𝜔𝜔)𝑀𝑀
𝑖𝑖=1�������
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

+ ∑ 𝑧𝑧𝑖𝑖(𝜔𝜔)𝐾𝐾
𝑀𝑀+1�������
𝑓𝑓𝑖𝑖𝑓𝑓𝑓𝑓𝑠𝑠𝑠𝑠

       (3) 

 
Figure 2.  IMFs, common mode, and source-filter separation. 

 
After IMFs separation, the first group is used for F0 estimation 
and the second group is used for formant estimation. The result 
are shown in Fig. 3. 
 

 
Figure 3.  Results of F0 and formant frequencies estimations. 

 
4. Conclusion 
 MEMD can be used for speech analysis method for voiced 
speech signal as well as LP and cepstrum techniques. The results 
indicate the efficiency of the proposed method. 
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