










Excitation Source – Voiced Speech 

Impulse train: 

 e(n) = δ(n-PK) ,  k=0,1,2… 

E(z) = Z{e(n)} 

 𝑒 𝑛 𝑧−𝑛𝑛=+∞
𝑛=−∞  =  𝑒(𝑛)𝑧−𝑛𝑛=+∞

𝑛=0  
𝐸 𝑧 = 1 + 𝑧−𝑝 + 𝑧−2𝑝 +⋯ 

𝐸 𝑧 =  
1

1 − 𝑧−𝑝
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Glottal Pulse Shaping Model 

21)1(

1
)(




ze
zG

cT
Where, c: speed of sound 

BUT,    cT   <<  1, so   1cTe

21)1(

1
)(




z
zG For voiced speech, G(z) = 1 for unvoiced speech 

11 1

1
.

1

1
)(

 


zz
zG Two first-order LPF cascaded 







0 

g1(n) 

)(1 jweG

t 

w 

One Glottal pulse and its spectrum 
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Exercise: Glottal pulse and spectrum plot 

The following expression can be used to model the glottal pulse. 
Write a Matlab script to plot the pulse and its spectrum. 
 
(Assume N1= 40 and N2=10) 
 
 
 

g(n) = 

0.5(1 − cos
π𝑛

𝑁1
, 0 ≤ 𝑛 ≤ 𝑁1

cos
π 𝑛−𝑁1

2𝑁2
, 𝑁1 ≤ 𝑛 ≤ 𝑁1 + 𝑁2

0 , 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

 



Excitation Process 

• The ‘’energy’’ of the sound is modeled by a 
gain factor. 

• Typically, gain factor of the voiced speech (Av) 
is about 10 times that of unvoiced speech 
(Auv). 

• Thus the signal coming out of the complete 
excitation process will be: 
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Discrete-time Model for Voiced speech Production 
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Overall Speech Production Model 

Excitation 
Model 

Glottal Pulse 
Model G(Z) 

Vocal Tract 
Model V(z) 

Lip Radiation 
Model R(z) e(n) s(n) 

Speech signal 

S(z) = E(z) G(z) A V(z) R(z) 
 
Transfer Function:  
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Overall Transfer Function 
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 For Voiced Speech: 



Overall Transfer Function 
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 For Unvoiced Speech: 



Overall Transfer Function 
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 Clearly, for EITHER form of speech sound, the model exhibits a 
transfer function of the form: 

 It is simply a matter of selecting the order of the model (q) 
such that it is sufficiently complex to represent both voiced 
and unvoiced speech frames  

 
Typical values of q used are 10, 12, or 14 





Use of the Vocal Tract Model 

The model of the vocal tract which has been 
outlined can be made to be a very accurate model 
of speech production for short (10-30 ms) frames 
of speech samples. 

 It is widely used in modern low bit rate speech 
coding algorithms, as well as speech synthesis and 
speech recognition /speaker identification systems. 

 It is necessary to develop a technique which allows 
the coefficients of the model to be determined for 
a given frame of speech. 

The most commonly used technique is called 
Linear Prediction coding (LPC) 



Model for Speech analysis 
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Vocal Tract Model 

It is possible to combine the components into one all pole model as 
shown previously 



Refinement of this Model 
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Parameters of this model: ak , G, T, v/uv classification 
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Vocal Tract Model 

• We have already deduced the transfer 
function of the vocal tract excitation function 
to the speech signal 

 

















q

k

k

q

k

k

k

nGuknsans

za

G

zU

zS

1

1

)()()(

1
)(

)(
































