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Pre-emphasis/Framing/Windowing

10-20ms frames

Pre-emphasis Framing Windowing
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Reduces the edge effect when taking the FFT
Improves spectral estimate accuracy

Used to boost the
signal spectrum
approximately
20dB/decade
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Speech Cepstrum procedure
For LPC based Mel Cepstrum
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LPC Spectrum
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Reduces the spectrum variance
Eliminates various source information
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Mel Spectrum

Mel
Filter BankFFT or LPC Spectrum s(k)

Mel Filter bank
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Mel Filter bank frequency table
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Mel Filter bank

1

∑

N/2 points

2
∑

L=20 points
L<N20 ∑

Multiply the power spectrum with each of the triangular Mel weighting filters 
and add the result Perform a weighted averaging procedure around the Mel 
frequency, similar to a weighted Daniel periodogram



Mel Filter bank
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Mel spectrum plots

0 1000 2000 3000 4000
0

0.5

1

1.5

2

2.5

3
x 10

-4 FFT bas ed S pectrum

A
m

pl
itu

de

Frequency (Hz)

0 1000 2000 3000 4000
0

20

40

60

80
LP C bas ed S pectrum

A
m

pl
itu

de

Frequency (Hz)

0 1000 2000 3000 4000
0

0.2

0.4

0.6

0.8

1
Mel-FFT bas ed S pectrum

N
or

m
al

iz
ed

 A
m

pl
itu

de

Frequency (Hz)

0 1000 2000 3000 4000
0

0.2

0.4

0.6

0.8

1
Mel-LP C bas ed S pectrum

N
or

m
al

iz
ed

 A
m

pl
itu

de

Frequency (Hz)

•BW of the peak expands
because of the loss of
resolution in Mel scale

•Peaks that are not located
exactly at the center Mel 
frequency of their
corresponding filter
may move to center on
the Mel frequency
e.g.
110Hz peak 100Hz



Mel spectrum plots
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•Loss of resolution

•Maintains prominent
peaks



Mel spectrum plots

0 1000 2000 3000 4000
0

0.05

0.1

0.15

0.2

0.25
FFT bas ed S pectrum

A
m

pl
itu

de

Frequency (Hz)

0 1000 2000 3000 4000
0

5

10

15

20
LP C bas ed S pectrum

A
m

pl
itu

de

Frequency (Hz)

0 1000 2000 3000 4000
0

0.2

0.4

0.6

0.8

1
Mel-FFT bas ed S pectrum

N
or

m
al

iz
ed

 A
m

pl
itu

de
Frequency (Hz)

0 1000 2000 3000 4000
0

0.2

0.4

0.6

0.8

1
Mel-LP C bas ed S pectrum

N
or

m
al

iz
ed

 A
m

pl
itu

de

Frequency (Hz)

•Small peaks close to
large ones are lumped
into one main peak
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Speech Cepstrum parameterization
Mel

Cepstrum

Log() DCT
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Mel Scaled Cepstral Coefficients
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Why the DCT?

• The signal is real with mirror symmetry
• The IFFT requires complex arithmetic
• The DCT does NOT
• The DCT implements the same function as 

the FFT more efficiently by taking 
advantage of the redundancy in a real 
signal.  

• The DCT is more efficient computationally



Conclusions

• LPC approximates speech linearly at all 
frequencies

• LPCC are more robust and reliable than 
LPC alone

• Mel-scaled LPCC and Mel-scaled FFT-CC 
are robust and also take into account the 
psychoacoustic properties of the human 
auditory system
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