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Problem in spectral envelope estimation

Current situation

A single frame of DFT transform is commonly used.

Can we exploit multiple frames to improve the accuracy?

Multiple Frame Analysis (MFA) has already been suggested [1,2].
Consecutive neighbor frames [2], or non-consecutive among a corpus [1].

Though, often with excessive complexity and without results used in current applications.

We suggest to

Start with a simple and very controlled context:
Sustained segments of singing voice with vibrato.
(stationary VTF, varying f0: ideal case for MFA!)

Study very simple MFA-based envelope estimation methods.

[1] Y. Shiga and S. King “Estimation of voice source and vocal tract characteristics based on
multi-frame analysis,” Proc. EUROSPEECH, 2003.
[2] T. Wang and T. Quatieri “High-pitch formant estimation by exploiting temporal change of
pitch” IEEE TASLP, 2010.
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Method: Simplified Discrete Cepstral Envelope for MFA
(SDCE-MFA)

The envelope model is the same as in SFA:

E (f ) = c0 + 2
P∑

n=1

cn cos(n2πf /fs) (1)

With c = [c0 · · · cP ]T the traditional solution is [1]:

BTBc = BTa (SFA) (2)

And the MFA solution suggested by Shiga et al.[2]:

( K∑
k=1

BT
k Bk

)
c =

K∑
k=1

BT
k (ak − dkuk) (MFA) (3)

[1] M. Campedel-Oudot, O. Cappe, E. Moulines “Estimation of the spectral envelope of voiced
sounds using a penalized likelihood approach,” IEEE TSAP, 2001.

[2] Y. Shiga and S. King “Estimation of voice source and vocal tract characteristics based on

multi-frame analysis,” Proc. EUROSPEECH, 2003.
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Method: Simplified Discrete Cepstral Envelope for MFA

In this paper, we have shown that the frame alignment dk impacts only
the overall envelope gain, but not its shape.
i.e. The estimation of the shape is independent of the frame alignment!

Procedure for the SDCE-MFA

1 Compute: c =
∑K

k=1

(∑K
l=1 B

T
l Bl

)−1

·
(
BT

k ak
)

2 Align the resulting shape on the peaks of the central frame
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Method: MFA Linear interp. + Cepstral liftering
(Linear-MFA-LIFT)

Procedure for the Linear-MFA

Procedure for the Linear-MFA-LIFT

1 Align the frames using the energy

2 Linear interpolation of all the peaks among all frames (used in [1])

3 Low-pass lifter the result according to a cepstral order P

[1] T. Wang and T. Quatieri “High-pitch formant estimation by exploiting temporal change of

pitch” IEEE TASLP, 2010.
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Evaluation: Methods compared
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Evaluation: Quefrency bands
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Evaluation: Numerical evaluation using synthetic signals
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Experimental data

1000 samples of 2s

f0 ∈ [80, 800]Hz

Vibrato extent ∈ [0, 150]cents

Vibrato freq ∈ [4, 6]Hz

Source Dirac impulse

Random AM of std= 0.5dB

Convolved by a random VTF
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Estimation setup

Window length for MFA:
2 periods of vibrato ⇒ ∼400ms

We take advantage of the MFA
by boosting the cepstral order:

P = 1.4 · 0.5fs
f0
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Absolute cepstral error:

εn,i =
1

M

M∑
m=1

∣∣c∗n,i − cm,n,i

∣∣ (4)

c∗n,i the reference sample i ; M the
number of frames in i

Cepstral Variance:

σ̄n =
stdi (c̄n,i )

stdi (c̄∗n,i )
c̄n,i =

1

M

M∑
m=1

cm,n,i

(5)
c̄n,i the average cepstrum over M;
stdi (.) the standard-deviation over i

G. Degottex, L. Ardaillon, A. Roebel (Ircam) Simple MFA in Singing Voice January the 26th 2016 16 / 22



Evaluation: Numerical evaluation using synthetic signals

−4 −3.8 −3.6 −3.4 −3.2 −3 −2.8 −2.6 −2.4

−1.6

−1.4

−1.2

−1

−0.8

Quefrency [log10 ms]

A
b
so

lu
te

 C
ep

st
ra

l 
E

rr
o
r 

[l
o
g
1
0
]

−4 −3.8 −3.6 −3.4 −3.2 −3 −2.8 −2.6 −2.4
−0.8

−0.6

−0.4

−0.2

0

0.2

0.4

0.6

Quefrency [log10 ms]

C
ep

st
ra

l 
V

ar
ia

n
ce

 [
lo

g
1
0
]

 

 

TE

DCE

Linear−MFA−LIFT−UOF1.4

SDCE−MFA−UOF1.4

Safe band Critical
band

Weak band

Critical
band

Weak bandSafe band

Results

In safe band: MFA almost divides
the error by 2

In safe band: High absolute error
explains the higher variance

In the critical band: The variance
drops quickly
Averaging effect!
(without any statistical modeling!)

MFA methods better recover the
variance
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Evaluation: Listening tests about pitch scaling
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Comparison Mean Opinion Score (CMOS)

 

 
Female singer

Male singer

Experimental setup
2 voices (female and male) (proof of concept!)

15 sustained French vowels + natural vibrato

Up and down pitch scaling (x0.75, x1.25)

Dropped DCE-SFA to keep test duration low

Each listener assessed 4 random vowels

Web-based sent to mailing-lists

Samples accessible at:

http://gillesdegottex.eu/Demos/

DegottexG2016mfaenvsing/
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Results (31 listeners)

MFA methods clearly preferred

Linear-MFA-LIFT very good
improvement
(and very efficient computationally!)

SDCE-MFA shows better improvement
for the female voice
(might be due to the better variance reconstruction)

Samples accessible at:

http://gillesdegottex.eu/Demos/

DegottexG2016mfaenvsing/
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Conclusions: Points worth remembering

With MFA, the filter response is fully covered above some freq.
⇒Need to reconstruct only the low frequencies.

Numerical evaluation shows error reduction by factor ∼2

Cepstral variance drops quickly above the lowest cepstral order
(averaging effect at features’ estimation level!)

Linear-MFA-LIFT is very simple and efficient

MFA-based methods seem to improve pitch scaling

Journal article just accepted!

G. Degottex, L. Ardaillon, A. Roebel “Multi-Frame Amplitude Envelope Estimation for

Modification of Singing Voice”, IEEE TASLP, accepted 2016.
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Evaluation: Numerical evaluation using synthetic signals
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What about speech?

Same experiment using TIMIT
database to build f0 and AM

MFA window length: 30ms
⇒ Less disparities of errors

f0 ∈ [80, 500]Hz
⇒ Less disparities of variance
⇒ Variance of SFA similar to MFA

For MFA we need:

var(VTF)
var(f0)

as small as possible

Small enough for speech?
Doesn’t seem to be the case :(
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