
EE 2          ECTURE ON ACOUSTIC TUBE MODELS

N.M                                                                                13.1

                                                     

P
E Spring,1999
25D                                                                                                                                                                                                                                                     L

ORGAN / B.GOLD                                                                                                                      LECTURE   13                                        

                                          

University of California
Berkeley

College of Engineering
Department of Electrical Engineering

and Computer Sciences

rofessors : N.Morgan / B.Gold
E225D

Acoustic Tube Models 

Lecture 13



EE 2          ECTURE ON ACOUSTIC TUBE MODELS

N.M                                                                                13.2

be model. 
25D                                                                                                                                                                                                                                                     L

ORGAN / B.GOLD                                                                                                                      LECTURE   13                                        

Introduction :  

Acoustic Tube Models of English Phonemes      2 tu

Assumptions :

- Plane waves

- Lossless tubes

- Rigid walls

- Friction

- Thermal effect



EE 225D                                                                                                                                                                                                                                                              LECTURE ON ACOUSTIC TUBE MODELS

N.MORGAN / B.GOLD                                                                                                                      LECTURE   13                                                                                                                       13.3

Vocal tract area for four vowel sounds
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Vocal tract areas for four vowel sounds.

1. Tube response vs. area function.

2. Discrete-time-space version.

3. Example - 2 tube representation of vowels.

i - Tongue is High.

e - Tongue is a little Lower.

u - Tongue is very Low.

o - Togue is somewhat low.
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P rob lem  for Today :

D evelop  a 2  tube m odel to  derive a frequency respo

approx im ates som e vow els.

B y  so lv ing  a com p licated  w ave equation , the frequen

L ook  up  equation  in  R  &  S .
x∂

∂p– ρ
t∂

∂ u A⁄( )=

t∂
∂u–

1
ρc2
-------

t∂
∂ pA(=

 found.
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ch  P roduction.

R adiation  
  M odel 

R z( ) PL n( )
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V iew graph  2 : G eneral D iscrete-T im e M odel for Spee
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A ssum ption in  th is M odel : 

Vocal Tract M odel - T im e vary ing

R ad iation  M odel - M ay be tim e vary ing

G lo tta l Pu lse M odel - U sually  considered  independ

m odel, bu t la ter w e’ll exam ine 

u x t,( ) u  + t x
C
----– 

  u  – t x
C
----+ 

 –=

p x t,( ) Zo u  + t x
C
----– 

  u  – t x
C
----+ 

 +=

p l t,( ) 0 : open tube=

u  + t l
C
----– 

  u  – t l
C
----+ 

 –=

u l t,( ) 2u  + t l
C
----– 

 =



EE 2          ECTURE ON ACOUSTIC TUBE MODELS

N.M                                                                                13.8

Vocal Tract
25D                                                                                                                                                                                                                                                     L

ORGAN / B.GOLD                                                                                                                      LECTURE   13                                        

M odel of 
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flec tion is positive

Pressure 

O pen 

flection  is negative

2u  + t l
C
----– 

 
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A ir pressure

Vocal cords
A rea function

L ips

C losed Tube

from  lungs

R e

R e

u l t,( ) 0=

 so      u  + t l
C
----– 

  u  – t l
C
----+ 

 –=

- G iven  A rea F unction  w e can com pute Spectrum
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F igure 11 .1: X -ray  tracing  and  area function fo r
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F igure 11.2: S ing le section of d ig ital w ave g
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F igure 11.3: Tw o section  d ig ital w ave gu ide
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F igure 3.24 A rea function  and  frequency 
response for the R ussian  vow el /e/

F igure 3.25 A rea fun
response for the R u
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a)

A1 A2 A3 A4 A5

x∆
x∆

x∆ ∞
x∆

b)
1 r 1+( ) 1 r 2+( ) 1 r 3+( )

1 r 3–( )1 r 2–( )1 r 1–( )

uG n( )

r 1– r 1
r 2– r 3–r 2 r

M ore C om plex Tube S tructure



EE 2          ECTURE ON ACOUSTIC TUBE MODELS

N.M                                                                               13.16

o  tube m odel
25D                                                                                                                                                                                                                                                     L

ORGAN / B.GOLD                                                                                                                      LECTURE   13                                         

F igu re 11 .4  F orm ants 1  and  2  ob ta ined from  tw


