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  Abstract: The aim of the study is the recognition on the voice-prints of vocal vowels
using instrument and control engineering method in order to utilize for CIM, security
system, the evaluation of the vocal training and the voice compensation for voice
handicapped persons. The five stages evaluation on the vocal voice is decided by a
professor of the department of music for the lived voice and output of DFT. The
authors obtain three dimensional diagrams composed of the frequency, the spectrum
and time using DFT.
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1   INTRODUCTION
  The aim of this study is the recognition on the voice-prints using instrument and control engineering
methods in order to utilize for Computer–Integrated-Manufacturing ( CIM ), security systems, the
evaluation of the vocal training and the voice compensation for voice handicapped parsons is requires.
M.Takasu (1993) in [1] evaluated the vocalness of female voice as singing formant and I.R.Titze et al
(1994) in [2] evaluated the acoustics of the tenor high voice using Fast Fourier Transform ( FFT ) on a
‘resonant voice’, respectively.
  The authors evaluated the frmale and male vocal voices evaluated by the professor of the
department of music using three dimensional discrete Fourier Transform ( 3D FFT ) on formant
f1~f4 and the ‘resonant’ fr1~fr4.

2   TEST CONDISIOS AND EQUIPMENTS
2.1  Test Condition
�The five stage stages ( 5, 4, 3, 2, 1 ) evaluation on the vocal voice was classified by the professor of
the department of music for A, B and C components of the resonant excellent vocal voices.  A, B and
C show breathing, making resonant voice, using ‘vocal chords’ of wind pipe of human body,
respectively.  The evaluation was decided by a professor of the department of music in our university
for the lived voices and output of Digital Audio Tape ( DAT ).
   The vocal voices of /a/, /e/, /i/, /o/, and /u/ per five seconds were gathered in 0 ~ 20 kHz micro phone
of DAT and converted to AD converter for a personal computer ( PC ).  The voices were displayed for
0 ~ 10 kHz on the 3D display on the frequency, the spectrum and the time using a discrete Fourier
Transform ( DFT ).

2.2  Equipments
   The authors selected NEC PC-9801RA, analyzing software ERMEC’s SAS-01, EC-6600 and AD
and DA boards with the accuracy of 0.1 % full scale in 0 ~ 20 kHz.  The efforts of the analyzing the
vocal voices were displayed for 0 ~ 10 kHz based on Shannon7s sampling theorem on the 3D display
on the frequency, the spectrum and time using DFT.

3 THE EFFORTS OF TEST
   The authors obtained three dimensional diagram composed of the frequency, the spectrum and the
time using DFT for the total vocal voices and made the DFT for each 51.2 mill seconds of the top in
400 ~ 900 mill seconds of the sampled voice.  The data in 0 ~ 10 kHz were utilized for the evaluation
based on Shannon’s sampling theorem as 1/2 of gathered data in 0 ~ 20 kHz.A 3D display on vocal
voices for /a/, /e/, /i/, /o/ and /u/ for five second of the voice with a continuous resonant is shown in
Figure 1. The horizontal axis means the frequency 0 to 10,000 Hz.  The vertical axis means the
spectrum of sound level. The top is 100 dB ( 0 in Figure 1 ) and 0 dB (-100 in Figure 1 ).  The third
axis means time 0 to five seconds.
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Figure 1  3D display on vocal voices with continuous resonant

A sample of the DFT for the 3D display is shown in Figure 2. It is found out the excellent voice has the
additional spectrum in 2 ~ 4 kHz. The spectrum as a ‘resonant voice’ fr1 ~ fr4 for the formant f1 ~ f4.

Figure 2  DFT display on vocal voices with continuous resonant
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    The explanation on the resonant voice is shown in Figure 3.  It is found out the resonant voice will
be depend on the fluctuation of the peak and the frequency of the first formant and the resonant voice
is classified as continuous, discontinuous and weak discontinuous resonant.

Figure 3  Explanation on the resonant voice

    The comparison table on the classification using continuous, discontinuous and weak discontinuous
resonant voice is shown in Table 1.  The evaluation on the excellent resonant voice by a professor for
vocal training is equal to the authors’ a simple evaluation based on arithmatic mean for the
compornents of A, B and C for fifteen female and male students.
Table 1  Comparison table between the efforts and the evaluation by a professor

* :The authors’ a simple evaluation based on arithmatic mean for the compornents of A,B and C.
Ï , ∆ and ×  are excellent, good and poor, respectively.

4 CONCLUSIONS
 The efforts of the the analysis for vocal vowels are as follows:
4.1  The excellent evaluated vocal voices have four peaks as a continuous or discontinuous resonant

voices that are 0 ~ 70 % of the sound level of the fundamental frequency in 2.0 ~ 4.0 kHz.
3.2 The center frequency and the sound level of the peaks are fluctuated in the time duration.
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No.of The evaluation and No.of Samples
A B C *

Samples No. 5 4 3 2 1 5 4 3 2 1 5 4 3 2 1
1 •• •• •• Ï

Continuous 4 2 •• •• •• Ï
Resonant 3 •• •• •• ∆∆

4 •• •• •• ∆∆
5 •• •• •• ×
6 •• •• •• ×
7 •• •• •• Ï

Discontinuous 9 8 •• •• •• Ï
Resonant 9 •• •• •• ∆∆

10 •• •• •• ∆∆
11 •• •• •• Ï
12 •• •• •• ×
13 •• •• •• ∆∆

Weak Discontinuous 2 14 •• •• •• ×
Resonant 15 •• •• •• ×
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5  FUTURE STUDY

5.1 The neural network method will be applied.

5.2 The relation between this evaluation and the evaluation by a professor for vocal training will be
studied.
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