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ABSTRACT

The most common registers discussed in the singing are chest
and head register. The proficiency of singers is measured by
how smoothly they cross from one register to another, the
more smoothly transition is the best the singer is. The purpose
of this study is to investigate the acoustic characteristics of the
chest-to-head register transition region. In addition, to
describe in objective terms the acoustic mechanisms
employed by singers during transition region. Therefore,
spectral features that reflects voice quality were used, these
features are: the first four harmonic amplitudes H1, H2, H3,
H4. In addition, vocal tract formants F1 and F2 were used.
However, there are many drawbacks for measuring spectral
features especially for singing voices, due to, it is sensitive to
different pitches and sensitive to different vowel qualities. To
overcome these problems a feature extraction scheme was
proposed. To validate the proposed method, a singing
database of singing utterances for vowel [a] recorded by three
groups of singers; Altos, Mezzo, and Soprano was used.
Singers sung each utterance such that they start with sung
vowel [a] using chest voice then change to head voice at the
end. Extracting the 6 features and observing the change
happened near the transition area. It was found that, near the
higher edge of the chest register, the characteristic feature for
vowel [a] is: Tuning of F1 on H2 and of F2 on H4. Thus, H2
and H4 are the prominent harmonics of the chest register's
range. During the register transition, the tuning of F2 shifts
from H4 to H3, leading to a characteristic reduction of the
level of H4, together with an increase in that of H3 in the head
register.
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1. INTRODUCTION

Registers in the singing voice have been considered a series of
consecutive and homogeneous tones going from low to high
[1], produced by the development of the same mechanical
principle, and whose nature differs essentially from another
series of tones equally consecutive and homogeneous
produced by another mechanical principle [2, 3, 4]. Thus,
register is a sequence of tones produced by a particular
vibratory pattern of the vocal folds in the human voice [5].
Therefore, all the tones within the same register are
subsequently of the same nature. To sum up, vocal registers
are perceptually distinct regions of vocal quality which can be
sustained over some ranges of pitch [6, 7].

Registers may be recognized by the production mode, by
perception of listeners, and often in the singer 's self-

perception [8]. The changing in pronunciation for voice
quality in vocal register breaks leads to perception of different
vocal registers. The change could be smooth, or sudden. [9,
10,11] Classical educated singers are characterized by smooth
change, because they use mixing of nearby registers. In this
case, the smooth change is challenging to be perceived.
While, abrupt change happens in some cases such as modern
style singers, or non-singers. The best instances for register
breaks are vocal jumps in young men suffering from voice
mutation.

The most common registers discussed in singing are chest
register, and head register [12]. The chest register is usually
used in normal speech and encompasses lower frequencies.
Head register is used to sing notes with FOs much higher than
that of normal speech [13], in the range of 400-800 Hz.
Singing in head register leads to the perception of a lighter,
softer voice quality.

In order to realize if the singers learn how to use different
register without register breaks, it is very important to
distinguish sudden, or smooth change. The goal of this
research is to investigate the acoustic characteristics of the
register transition between chest-to-head register in a singing
voice. To achieve this task, it is important to describe in
objective terms the acoustic mechanisms employed by singers
during this transition region.

The rest of this research paper is organized as follows. Section
2 introduces some related works, section 3 explains
motivation and objectives. Moreover, section 4 presents the
sinning dataset. Then section 5 gives the proposed method for
investigating the characteristics of register transition. In
section 6 the results of our method are introduced. Finally,
section 7 describes our conclusions.

2. RELATED WORK

In the Western classical music tradition, discussing the proper
transition between chest and head register is essential. This
transition is required to reach the higher pitches by passing
from the lower part to the upper part of the male full singing
voice. Most untrained singers exhibit noticeable timbre
differences when moving from tones from a lower range to a
higher range and vice versa. The perceptible differences in
register stem from physiological differences in production
configuration that affect both airflow and the nature of vocal
fold vibration during phonation.

The upper vocal tract, from the vocal folds to the lips, has
several resonances (F1, F2,---, Fi) i.e. formant frequencies
which, in normal speech, produce spectral peaks. Values of
the frequencies of the first two or three of these are associated
with different vowels [14]. Taff [15] found that formant
frequencies of vowels do change near the register transition
[16]. These changes varied significantly in degree depending
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on vowels being sung and singers. For example, the baritone
and tenor voices usually produced comparable results with the
transition point being commonly a one third lower for
baritones than for tenors. Moreover, the transition points open
vowels (e, 0, and a) were found to be slightly higher than for
closed vowels (i and u) for in both voices [15].

In the early last century, the sound homogeneity of a register
was already recognized as depending on definite acoustic
features. It was assumed that these features are caused by
particular mechanisms of tone production as vocal fold
vibration, glottal shape, and airflow, and that neighboring
registers may intersection to a definite degree. Accordingly,
for long period the source of registers was regard as
principally to the larynx. Integrated theory on registers in
1970 was based on acoustic phonetics and spectrum analysis
took into concern that not only adjustments of laryngeal, but
also adjustments of additional resonance characterized the
register transitions.

3. MOTIVATION AND OBJECTIVES

In order to answer the research question of this paper, the
perceptive  classification can be accompanied by
measurements of voice source parameters such as glottal open
quotient [1, 15, 14]. Vocal breaks at register transitions
usually associated with amplitude jumps and pitch [3, 4]. In
spite of broad experimental examinations using acoustic
signals; [19] and wvarious problems concerning register
transitions still open: what is the objective characterization of
register transition region? This could be obtained only by
measurements of acoustical parameters. To achieve this goal
this study, try to investigate what kind feature should be used?
Answering this could help us to know if the trained singer
could pass this region smoothly, do a violation during it.
Voice quality is the best choice to study the change happened
in this region.

4. SPEECH MATERIAL

A singing database of total 20 singing utterances for vowel [a]
was collected from 6 singers; four Altos, one Mezzo, and one
Soprano. These singing utterances contain trials of sustained
pitches on vowel [a], from 440 Hz to their highest sustainable
note. To check the recoded singing utterance, two listeners;
one male and one female were asked to detect the register
transition point between the chest and head register for the
whole database. Using a listing experiment subjects were
asked to determine time tO of the transition point, the steps of
listening experiment is presented in Fig. 1.

Subjects were asked to listen and try to find the location of the
transition point. They can listen to any utterance two or three
times, until they can distinguish the transition point. Finally,
after detecting the transition points for each utterance in the
database. To concentrate on the transition point it is important
to focus our analysis on a short speech segment. Therefore, in
this study, a speech segment of 3 second length that contains
the transition point in the middle was used, i.e. the transition
point t0 is the middle of this segment. The first half of this
segment is the chest register which starts at the beginning of
the segment to the middle and the second half is the head
register which start from the middle and ends at the end of the
used segment.

The purpose of this experiment is to collect a dataset of
singing utterance such that the transition point in the middle to
apply some analysis and see the effect of the middle region.
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Dataset

Speech utterance

®

When the register transition occurred? What time?

]

| Register transition time t; (ms) ‘

l
‘ Cut the speech segment of 3s: [t;-150, t,+150] ‘

Speech segment (3s)

Fig. 1: Steps for the experiment to prepare the dataset,
listening test to detect the register transition point.

Figures 3-4 show the spectrogram for a three segments taken
from the three singer groups: Altos, Mezzo, and Soprano. It is
clear from these figures that; the first half is chest register and
the second half is head register. The transition region is
located between chest and head register. The blue dotted line
shows the register transition point. It is clear from the
spectrogram that this region has its specific characteristics.

5 Chest register.,

Head register.. g 50

.
.
g
. —_
i 3
—_ ;

4 faz <
T B . o
X~ i : Z
~— i I >
53 : : S
g l . 100 @

! I \. =]
So . g
| ] £
o . 3
(g g

o

T " 1 g
L AN RS0 YR 1 PP

-150

0.5 1 1.5 2 25
Time (s)

Fig. 2: Spectrogram for one sample from Altos group of
singer, left half is chest register, right half is head register.
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Fig. 3: Spectrogram for one sample from Mezzo singers,
left half is chest register, right half is head register.
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Fig. 4: Spectrogram for one sample from Soprano singers,
left half is chest register, right half is head register.

5. PROPOSED METHOD

This section introduces the proposed method for determining
the characteristics of the transition region between chest and
head registers. In this section, the proposed analysis method
is presented. It is important to employ the most related
acoustic features for register transition. Pitch, duration and
loudness are acoustic features of vocal sound that are fully
developed in music. Register is not included among these
parameters, but belongs rather to sound quality, which is
physically represented in spectral makeup, the balance of the
various overtones of a given sound. Voice quality conveys
both linguistic and paralinguistic information and can be
distinguished by acoustic source characteristics. Therefore,
the voice quality is explained in more details in the next
subsection.

5.1.  Voice quality related features

The register transition in sinning voices is reflected in the
singer vocal utterances. Listeners know this and can recognize
this transition based on vocal cues alone. Voice quality is
primarily associated with the spectral properties of the speech
signal. Spectral measurements can provide cues to relevant
aspects of voice quality, such as H1-H2 where H1, H2 are the
amplitudes in (dB) of the first harmonic, the second harmonic.
Fig. 5 shows the speech spectrum and the positions for
harmonic amplitudes H1, H2 and format frequencies F1, F2.

ISl
Hy _
H,

AL

Fig. 5: Speech spectrum |S(f)|in dB, showing harmonic
amplitudes: H1=|S(F0)|, H2=|S(2F0)| in dB, and format
frequencies F1, F2 in Hz.

H1-H2 is an indicator of the relative length of the opening
phase of the glottal pulse. H1 and H2 are related to the open
quotient (OQ) using Eq. as reported by Fant in [20, 21, 22].

H1- H2 = -6 + 0.27exp(5.5x0Q) @)

It is expected that H1-H2 to be small and positive or negative
for creaky voices, large positive for breathy voices. Moreover,
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formants make a significant impact on the acoustical power of
a tone, if one of the harmonics falls adjacent to its center
frequency, brought about a change in this understanding of
registers. Utilizing these findings, the formant frequencies F1,
F2, and the first four harmonic amplitudes: H1, H2, H3, H4
were used as a spectral features of the singing voices. These
features reflect voice quality to investigate the physical
characteristics of the register transition from chest-to-head.

5.2.  Acoustic features extraction

The analysis for acoustic characteristics was done for each
register individually i.e. for chest and head register,
respectively. As mentioned in the introduction of the study,
formant and harmonic amplitudes are the most important
acoustic feature for understanding the register transition. Fig.
6 presents the proposed method for feature extraction. Firstly,
formant frequencies F1 and F2 were measured by using Snack
Sound Toolkit [17], using as defaults the covariance method,
pre-emphasis of .96, window length of 25 ms, and frame shift
of 1 ms. Moreover, the first four harmonics frequencies FO,
2F0, 3F0, and 4F0 in Hz, and their magnitudes H1, H2, H3,
and H4 in dB, were measured.

i
‘ Pre-Emphasis ‘

g

| Framing |

J

I Hamming Window |

2 ¥ J

FO extraction by FFT Formant estimation
using STRIGHT Snack Sound Toolkit

| e !
[ FO, HI, H2, W3, Ha |
4 J

| FO, H1, H2, H3, H4, F1, F2 |

Fig. 6: Diagram of the proposed feature extraction method

Then, FO was extracted by using STRIGHT [18]. Then,
harmonic amplitudes were computed pitch-synchronously, to
find the maximum of the spectrum level nearby the peak
locations as estimated by FO, the standard optimization
techniques were used. Finally, spectral analysis using FFT
was used to determine harmonic structure. Thus, H1, H2, H3
and H4 are calculated through integer multiplication of the FO
value obtained from the STRIGHT.

6. RESULTS AND DISCUSSION

The acoustic characteristic for singing voice around the
transition point was analyzed and extracted as described in the
previous section. The trajectory of the first four harmonic
amplitudes were shown in Fig. 7. This figure, shows the
trajectories for H1, H2, H3, and H4, where the horizontal axis
is the time in ms and the vertical axis is the harmonic
amplitude in dB. The experimental results reveal that, the
tarnation point is characterized by sudden decrease in the
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amplitude of both H2 and H4. Moreover, and a sudden
increase in H1 amplitude, and gradually increase of H3.

Fig. 8 displays the first four harmonic frequencies in the left
panel and the first two formant frequencies in the right panel.
From this figure, we can easily observe that in the chest
register F1 is approximately equal 2F0 i.e. F1 tuning in H2
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and also, F2 is approximately equal 4F0 i.e. F2 tuning in H4.
While in the head register F1 decreased and no longer tuning
H2 which make the amplitude of the second harmonics
decreasing, and the amplitude of the first harmonics
increasing at this point. Moreover, F2 and H4 have similar
characteristics.

— Trajectory of H2

m : : ;

Z

(%)

0 14

2

o

5 12

[%)]

(]

o

o 10

©

c

>

o 8 . ‘ ‘ ‘ .

S 500 1000 1500 2000 2500 3000
Time (ms)

—_ Trajectory of H4

m 10 : : :

2

5 °

>

D o0

()

5 -5

[%)]

@ -10

()

—

Q 15

2

S -20

0 . ‘ ‘ ‘ .

Do 500 1000 1500 2000 2500 3000
Time (ms)

Fig. 7: The whole trajectories for the first four harmonic amplitudes: H1, H2, H3, H4 in dB for singers passing from chest to
head register.
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Therefore, we can conclude that the second harmonic H2 is
the dominant harmonic in the chest register the reason behind
this is because the first formant F1 supports the second
harmonic H2. On the other hand, in the head register we
found that the first formant is decreased and no longer support
the second harmonic and begin to support the first harmonic
therefore, H1 become the dominant harmonic in the head
register.

The difference between the first formant frequency (F1) and
the second harmonic frequency (2F0); Distance(F1,2F0), as
well as the distance between the frequencies of the second
formant and the fourth harmonic Distance(F2,4F0), were
calculated at every time t in the speech segment as shown in
Fig. 9. It is clear from this figure that the characteristics of the
chest register is completely different from that for the head
register. In order to extract the difference between the chest
and head register, the average value for this distance was
calculated for each register individually.

Let F1(t) be the value of first formant frequencies at time t in
the speech segment, t=1,2,---,T, T=3000 ms is the length of
the speech segment, t,=1500 ms is the register transition point
in the middle of the speech segment. Moreover, 2F0(t) be the
value of second harmonic frequencies at time t in the speech
segment.

Then the average value of the distance between the first
formant and the second harmonic in the chest register
Av_chest can be determined by the following equation:

Yo |F1(t) — 2F0(D)| 2
Av_chest = ==L © 2)
to
Distance between F1 and 2F0
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Fig. 9: The distance between the first formant frequency
F1 and the second harmonic frequency 2F0(above), the
distance between F2 and 4F0 (below).

In a similar way, the average value of the distance between
the first formant and the second harmonic in the head register
Av_head can be determined by the following equation:

Yloty41l F1() — 2FO(1)| 3)

Av_head =
to

The most important finding from our investigation is the
average distance, Av_chest, Av_head for all speech segments
for all singers, it is observed that there is common
characteristic for each group Altos, Mezzo, and Sopranos. For
example, for most of Altos, we found that Av_chest, Av_head
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in both cases Distance(F1,2F0) and Distance(F2,4F0) are very
close. In case of Distance(F1,2F0). It is found that the mean
value for Av_chest is 1 Hz and this mean value is decreased in
the head register to -165 Hz. While in case of
Distance(F2,4F0), the mean value is decreased from -126 Hz
in the chest register to -386 in the head register.

Table 1. The mean value for the average distance between
the first formant frequency F1 and the second harmonic
frequency 2F0, for chest and head register.

Singer Group | Chest Register | Head Register

Altos 1 -165
Mezzo -461 -532
Soprano -613 -671

Table 2. The mean value for the average distance between
the second formant frequency F2 and the fourth harmonic
frequency 4F0, for chest and head register.

Singer Group Chest Register Head Register
Altos -126 -386
Mezzo -977 -1147

Soprano -1245 -1350

Finally, to show the effectiveness of the proposed method for
acoustic feature analysis and see all different changes in all
harmonic amplitudes. Therefore, mutual trajectories for the
first four harmonic amplitudes H1, H2, H3, H4 in dB are
drawn in the same figure as shown in Fig 10.
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Fig. 10: : mutual trajectories for the first four harmonic
amplitudes H1, H2, H3, H4 in dB.

7. CONCLUSIONS

The aim of this study is to find objective characteristics of the
register transition region between chest and head registers.
Therefore, six features were used as follows: the first two
formants frequencies F1, F2 and the first four harmonic H1,
H2, H3 and H4.
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This study confirmed the existence of definite spectral
features, for open back vowels, that characterize chest and
head registers and the transition between them. In chest H2
resonated F1 and H4 resonated F2. The singers’ intuitive
adjustments to maintain an optimal resonance are reflected in
a tendency of the F1 and F2 frequencies to increase with
rising pitch in order to keep being tuned on H2 and H4. F1
follows the rising FO only until a critical time where a register
transition must be done; otherwise the highest tones cannot be
reached.

During the register transition the spectral energy of H2 is
reduced since it drops the resonance of F1, whereas now F2 is
tuned to H3. Simultaneously, H4 decreases its amplitude due
to it is not supported by F2 any longer. This pattern is not
gotten in register violation's case, where F1 and F2 keep
following H2 and H4.
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