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ABSTRACT 
In this paper, we propose a “voice” instrument based on vocal tract 
models with a soft material for a 3D printer and an electrolarynx. In 
our practice, we explore the incongruity of the voice instrument 
through the accompanying music production and performance. With 
the instrument, we aim to return to the fact that the “Machine speaks 
out.” With the production of a song “Vocalise (Incomplete),” and 
performances, we reveal how the instrument could work with the 
audiences and explore the uncultivated field of voices.  
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CCS Concepts 
• Applied computing → Sound and music computing; Performing 
arts;  

1. INTRODUCTION 
What is an instrument of “voice”? A classic form of a voice 
instrument is Von Kempelen's talking machine [4]. Modeling a 
human oral organ for creating speech is a starting point for showing 
that synthetic speech is a technique to reproduce each state of the 
vocal organs [2]. When the phonograph was released, the audience 
felt a sense of incongruity with the fact that the machine gave a 
speech. [8] When Vocoder by Homer Dudley came out in 1928 [5], 
there was a problem with the pitch; it was difficult to say that it was a 
human voice; it was a very disgusting sound. Dudley also invented a 
manual talking machine, Vodar, in 1939 [6]. It utters consonants and 
vowels with a pitch-modulator-like function [12]. Again, people 
considered it equally impractical to a vocoder until their applications 
in music and entertainment after military use. After that, such 
incomplete voices turned into technologies that reconfirm the identity 
of voice to the listener in the field of music.  
 For over a century after the VOCALOID [9] came out, there was 
another criticism that the mechanical singing voice is harsh and 
uncomfortable, though it is exciting with a niche demand [15]. 
Otamatone, by Meiwa Denki1, has gained popularity due to another 
approach, with its cute appearance and tone-deafness caused by the 
difficulty of pitch control. Masahiro Miwa and Nobuyasu Sakonda 

                                                                    
1 Otamatone, Meiwa Denki, 

https://www.maywadenki.com/otamatone/ 
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3 Vocal tract model, Arai Lab, Sophia University 

http://splab.net/Vocal_Tract_Model/ 
 
 

 
 

formed the Formant brothers2 in 2000. By developing the Brother’s 
Button-to-Phoneme Transfer Standard for International languages 
[11] and many other experimental works, they explored 
philosophical, aesthetical, musical, and, technical raison d'être of 
machine singing in the 21st century. 
 By following the genealogy of the incongruity of “voice” 
instruments, we propose an instrument based on vocal tract models 
with a soft material for a 3D printer and an electrolarynx. The 
instrument aims to be free from restrictions of specific age and 
gender based on our previous research [16]. Through the 
accompanying music production and performance, we explore the 
incongruity of “Machine speaks out” to people habituated to 
synthesizing speech [14]. 

2. A “VOICE” INSTRUMENT  
Based on the influence of previous practices, we produce a “voice” 
instrument based on vocal tract models with a soft material for a 3D 
printer and an electrolarynx.  

2.1  Vocal tract models 
A vocal tract model is the path of the human voice in a sound tube. 
Because the characteristics of sound change with resonance on the 
vocal tract, it produces various sounds by changing its shape [7]. 
Chiba and Kajiyama measure the vocal tract shape for the five 
Japanese vowels and realize a vocal tract model with oil clay [3]. 
Arai restored the model with acrylic resin [1] in two types, viz., pipe 
and plate, with similar sound quality [10]. For our instrument, we use 
the 3D data of the model3 with their permission. For the ease of 
performing and carrying, we chose the pipe type for the building. As 
an instrument of “voice,” we hypothesize that the primitive shapes 
and vowels of the model could lead us to a root of the discomfort of 
“Machine speaks out.” 

Figure 1. Vocal tract model of the five Japanese vowels with 
the soft material. 

                                                                    
4 Karaoke with an electrolarynx with a pitch frequency control 
function https://www.youtube.com/watch?v=uuyJUrnPITk 
 

411



 For building the instrument, we employ a soft material, a flexible 
resin for the Form2 SLA 3D printer to produce the five Japanese 
vowels (Fig.1). Instead of the rigid material used for a standard 3D 
printer, the material allows us to reconfigure the vowel shape, like the 
Otamatone, which cannot be attained by the vocal tract of a human 
being. With the ambiguity of the voice, we aim to realize “the 
incongruity of voice.” 

2.2 Electrolarynx  
We use an electrolarynx with a pitch control function [13] 
“Yourtone” to actuate the soft vocal tract models. An 
electrolarynx is a substitute vocalization device for people who 
have had a laryngectomy surgery mainly due to laryngeal 
cancer. Though there are difficulties in the use of the device, 
there are people who appreciate Karaoke with the device4. In 
our practice, we regard the difference with the vocal cord and 
the electrical vibration as an essential character of the 
instrument. 

2.3 How to perform 
To perform with the instrument, we use our dominant hand to 
operate the slide switch and use the reverse hand to operate the 
vocal tract models. During a performance, we change the mode 
(i.e., conversation and singing), and the presence of intonation. 
We also deform the vocal tract model by applying a force from 
various directions to utilize its softness fully. We adjust the grip 
from grasp to squeeze to produce diverse ranges of voices. 

3. MUSIC PRODUCTION AND 
PERFORMANCE 

3.1 Music production 
For the instrument, one of the authors composes “Vocalise 
(Incomplete).” This is an electronic acoustic work composed for 
synthesized speech to make full use of the voices of our instrument. 
Based on an “Incomplete” foundation with various voice colors of 
VOCALOID, the performance overlaps improvisations with several 
“voice” instruments, including Pocket Miku, Otamatone, the “voice” 
instrument, a voice of the performer with Electrolarynx, and the 
performer herself to bear an adjusted “complete” music. “Vocalise” 
originally means a singing law without lyrics in classical music, in 
which the skill of a singer is tried. In the piece, we followed the 
original concept by limiting the voice of all the instruments entirely 
to vowels. With the limitation, we aimed to make the listeners 
sensitive to the perception of the voice itself, to be aware of the 
difference between expression and experience, as it is an instrument 
producing sounds different from the voice of a living person. 

3.2 Performance 
We conducted three performances of “Vocalise (Incomplete)” at 
FREQ2018 - Sounds and Music in the Early 21st Century on March 
30, 2018, Tsukuruto! vol.5 on July 15, 2018, and COPY CONT 
ROLL 03 on November 29, 2018. 

4. DISCUSSION 
In the second and third performance, we have found high interest for 
the vocal tract models among the audience. In the last one, a spectator 
(@emarikko) reacted on Twitter as follows: 
“The performer firstly used Otamatone, then played with 
Electrolarynx. I cannot explain this easily in my vocabulary ... The 
attempt itself was quite interesting. The vowel-shaped object (what I 
was talking about ...) was also very intriguing. In order to make a 
difference between ‘A’ and ‘Ka’, I need elements other than shape.” 
 The last sentence raises a question regarding the handling of 
consonants, which applies to all the voice instruments, as we 
previously mentioned.  

 Through the practice of instrument building, music production, and 
performance, the utilization of a vocal tract model facilitates the 
primitive simulation of human organs with changes in voice colors, 
as we could observe in “Von Kempelen's talking machine.” The 
results suggest that the listener could notice an occurrence where the 
“Machine speaks out.” At the last performance, the combination of 
two voices, an electrolarynx with the performer's vocal trait and the 
performer's voice itself, points out an alternative incongruity of 
“voice” in which two different pitches of voice came from a vocal 
tract.  
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Video from the latest performance on November 29, 2018.  
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