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HOW TO NORMALIZE YOUR OWN VOWEL SYSTEM 

by 

J. S.C. van Dijk 

INTRODUCTION 

One of the methods used in descriptive phonetics of representing vowels 
is by n-tuples consisting of formant frequencies. These frequencies are 
to be found in the speech signal by certain measurina procedures. In 
order to show differences between vowels within a special vowel system 
or to compare characteristics of different vowel systellls, simple graphs 
in the plane (F1, F2 - plane) or the space (F1, F2, F3 - space) are 
often used. In this article a procedure is proposed to normalize one's 
own vowel system. This in order that after normalization relative 
behaviour of properties within the system can be compared with corres­
ponding properties within the normalized systems of one's fellow­
creatures. 

THE NORMALIZED VOWEL SYSTEM 

Let S represent a vowel system consisting of N different vowels 

(I) 

Each vowel in S is characterized by an n-tuple consisting of n ordered 
numbers. These numbers are formant frequencies. Therefore we write 

(2) . . . . . . . . .. ... ' 

with 

< • • •  -• • •  i = l, 2, • • • • • •  , N. 
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Select from the set S the r-th element, 1 � r � N. We shall call the 
specimen Vr the reference vocal, In agreement with (2) the reference 
reads 

(3) 

with 

< 

. . . . . . . . . ' Fr ) , 
n 

N • • h 1 Vi • N 1 ext we J01n to eac v<:>we , 1 = i, · 2, • • • • • • • , a new n-tup e con-
sisting of n ordered numbers: the so-called vowel indices. These numbers 
are defined by 

(4) I� = 
J 

i r F. - F. 
J J 
F� 

J 

, .. J. -, 1,' 2' . . . • . . . .  ' n. 

In terms of vowel indices the vowel Vi reads 

(5) . . . . . . . ' i = i, 2, • • • • • •  , N. 

We shall call the vowel system (1) normalized with respect to the 
reference (3) if each element of (I) is written in the shape (5). 

THE REFERENCE VOCAL vr 

Estimates for formant frequencies of vowels can be obtained using 
appropriate chosen models of the vocal tract (Fant 1960; Mol 1970; 

Bonder 1979). The simplest vocal trc...::t model which represents a vocal 
in geometrical characteristics is the cylindrical tube, closed at one end. 
Natural frequencies of that tube are 

(6) F = (2m - i) � m 4� 
m = 1, 2 , . • . . . •  

in which c denotes the velocity of sound propagation in the tube and l 

the length of the model. The first n natural frequencies of (6) are 
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estimates for the first n formant frequencies of this 'straigh.t tube' vowel. 
We shall select this vowel as the reference vocal Vr. So, (3) takes the 
f?hape 

(7) Vr = ( 
c c 

4,t ' 3 41" , . • • . • . . . • • • • . , ( 2n-1) c 
4R, ) 

so that the vowel indices ( 4) of the i -th vowel read 

(8) I� 
F� 

= _J_ l with F1:° (2j-1) c - = 41" J F1: J 
j = 1, 2, . • . . • • • , n. 

J 

In practice a reference of the kind (7) is not at hand. Therefore we 
shall determine (7)in a constructive manner. This can be accomplished as 
follows. In terms of vowel indices the distance of the i-th vowel of the 
system to the reference (7) is 

(9) Di = { E ( I� ) 2 } � 
i=l J 

i = 1, 2, • • • • • • •  , N. 

Let us define the norm D of the system (I) as the root mean square 
value of the N distances in (9). Then we have 

(I 0) D = { � N 
I: 
i=l 

From (8), (9) and (10) follows that D2 is quadratic in t. In consequence 
of this it is easy to minimize D. We shall select as the reference vowel 
that 'straight-tube' vowel with tube length t for which (10) is minimal. 
A simple calculation shows that in this case 

N 
E 

( 11) Fr c i=l = 4I = 1 N 
E 

i=l 

n 
I: 

j=l 
n 
t 

j• 1 

( 

i 2 F. 

J ) (2j-1) 

(11) determines the reference vowel (7) completely. Addition of this 
artificial reference vowel to the system (J) makes it possible to normalize 
the system S according to the proposed procedure • 
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EXAMPLE 

The second and third column of table I comprise the first two measured 

tormant frequencies of the vowel system of a trained male Dutch speaker 

(Koopmans-van Beinum, 1980) . The vowels originate from monosyllabic words. 

From these data the reference vowel (7) has been calculated by application 

of (11). Using (8) the first two vowel indices have been determined with 

(8). In order to make a graph in the 11, 12 - plane unit lengths along the 

separate axes have been chosen. These lengths are denoted with d1 and di , 

respectively,and represent the standard deviations in the 11 and 12 

direction. The values of 11 in units d1 and 12 in units d2 are given in 

the third and fourth column. Fig. I is the graph of the normalized vowel 

syst�. 
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F 1 (Hz) 

·3d8 

407 

506 

657 

717 

296 

372 

451 

292 

385 

392 

605 

F2 (Hz) 

809 

817 

959 

1266 

1437 

11:361 
:'..) 

1614 

1446 

2470 

2156 

2129 

1741 

Table 1 

I1(d1) lz(dz) 
-1 .39 -I. 51 Fr 

= 537 Hz 
l 

-0. 78 -1. 51 

-0.19 -I. 23 dl = 0.31 

+0.71 -0.65 

+1. l 0 -0.34 dz = 0.32 

-1 .45 +0.49 

-1 .00 +0.01 

-0.52 -0.31 

-1. so +l. 63 

-1 .07 +1.05 

-0.87 +I • 11 

+0.42 +0.25 
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