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Abstract

Voice generation and modulation depend both on the geometry and the passive mechanical
properties of the soft phonation anatomic structures (mainly the vocal folds), and on the active
contribution of upper airway muscles involved in phonation. Treatment for voice dysfunctions
includes performing rehabilitation exercises when the phonation system is mechanically loaded to
positively modify its function. Here we present a novel device to apply either positive or negative
airway pressure to facilitate voice recovery. The device is based on the ability of a type of blower
specially designed to generate a pressure drop caused by their blades rotation. Application of
constant positive/negative pressure at the patient’s airway through a nasobuccal mask is achieved by
Arduino-controlling the blower speed from the pressure signal measured by a sensor. A set of 3-way
electrovalves configurates the blower as a positive or negative pressure generator (ranging from -50
cmH20 to +50 cmH20). The device feasibility was assessed in 10 voluntary subjects, who reported
easy use and subjective improvements in perceived vocal comfort. As the device is easy to build, low-
cost, small and portable, it is potentially applicable for voice rehabilitation both at healthcare facilities
and at the patient’s home.

Keywords: phonation; voice therapy; vocal folds; mechanical loading; positive airway pressure;
negative airway pressure; airway impedance; airway wall compliance

1. Specifications Table

Device for applying continuous positive or negative airway pressure for
Hardware name o
vocal training
Subject area Medicine
Hardware type Device for human biomedical rehabilitation
Closest commercial analog No commercial analog is available
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Open source license GPL v3

The total cost of the material for the device building is #290€ (=340 US$,
as of December, 2025).

Cost of hardware

Source file repository https://data.mendeley.com/xxxxxxxxx

2. Hardware in Context

Voice production is fundamental for human communication and social interaction, thus for
psychological health. Phonation, the process of producing voice, is the result of a complex mechanical
interaction between the upper airways, mainly the vocal folds, and the respiratory system (1). Indeed,
the expiratory flow generated by action of the respiratory muscles induces high-frequency air
vibrations (i.e. sound) when passing through the complex upper airway phonation structures (2).
Voice generation and modulation depend on the geometry of the resonant cavity, on the passive
mechanical properties of the soft phonation anatomic structures (e.g., stiffness, resistance, inertance),
and on the active contribution of upper airway muscles involved in phonation (1,2).

Unfortunately, the capacity for adequate vocal expression in many patients is reduced or even
made impossible because of inflammatory, tumoral or post-surgery alterations in the phonation
components (3). Treatments for voice recovery include rehabilitation and training exercises. One of
them consists of adding an impedance load to the vibrating elements in the airway during phonation,
for instance by asking the patient to speak or sing while the vocal tract is semi-occluded (namely, by
expiring through a straw-like tube) (4,5). This therapeutic approach is based on the hypothesis that
adding an external mechanical load positively modifies the high-frequency dynamic interactions
between the different anatomical elements involved in phonation hence improving voice recovery
6,7).

In this context, here we describe a novel device aimed at improving voice rehabilitation. It is
based on applying either a positive or a negative constant airway pressure by means of a nasobuccal
mask, starting at the end of inspiration (i.e. during expiration and thus phonation), and asking the
patient to produce specific sounds (letters, words, sentences or songs) while subjected to such
external airway pressures. The potential mechanisms involved in this approach for improving voice
rehabilitation are: i) positive/negative airway pressure tends to dilate/constrict the soft-walled upper
airway thus modifying their passive and active vibrational properties, and ii) positive/negative
airway pressure hinders/facilitates the production of expiratory flow and thus phonation.

As the device presented herein is easy to build, low-cost, small and portable, it is potentially
applicable for voice rehabilitation also at the patient’s home.

3. Hardware Description

The device to apply controlled positive/negative pressure (P) to the patient’s mask uses a small,
low-cost high-pressure blower (Figure 1). The shape of the blades and their enclosure in this type of
blower are designed to generate a considerable air pressure drop as the blades rotate against air
viscosity. These blowers are commonly used as the autonomous pressure source in medical devices
such as mechanical ventilators for patients with respiratory failure (8) and devices for applying
continuous positive airway pressure in sleep apnea patients (9). The device presented herein is based
on a blower, three 3-way ball electrovalves and an Arduino.
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Figure 1. (A) Diagram of the device to apply positive pressure (P) at the patient mask (in red), based on the
pressure drop (AP) induced by the rotating blades of a blower (in green) and 3-way ball electrovalves (1, 2 and
3; in blue). The green arrow represents the direction of air impulsion by the blower. (B) Same for negative

pressure application. (C) Setting of the electrovalve 3 for applying sham pressure (P=0) at the patient mask, for

both the positive (A) and negative (B) pressure modes. See text for explanation.

Figure 1A shows a diagram of the device with its electrovalves set to operate in positive pressure
mode. The blower takes room air (P=0) and the pressure drop (AP) induced by their blades rotation
is applied as a positive pressure to the patient’s mask. This pressure is controlled and kept constant
by a feedback loop that modulates the driving voltage applied to the blower according to the pressure
signal measured by a transducer. The diagram in Figure 1B shows how electrovalves 1 and 2 are set
to induce negative pressure at the patient’s mask. In this case, the output of the blower is connected
to room air (P=0) and thus the negative pressure from AP is connected to the patient’s mask.

For both the positive (Figure 1A) and negative (Figure 1B) modes, a sham pressure (P=0) can be
applied to the patient’s mask by setting the electrovalve 3 as shown in Figure 1C. In sham mode the
patient’s mask is directly connected to room air (P=0) and isolated from the pressure generator which
continues operating normally thus producing the same pressure as when actual pressure was applied
to the patient. Hence, in sham mode the patient hears the same operation sound from the device as
in the active mode but no pressure is applied to his/her airway.

The assembled device is portable and very simple to operate by the user, either a healthcare
professional or a patient using the device at home. Its use is straightforward since, in addition to a
connector for the flexible tubing to the mask, the device front panel only contains the switches, button

and a display for setting the desired pressure (Figure 2).
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Figure 2. General view of the device: (a) main power switch, (b) connector for the mask tubing, (c) switch to
select the positive/negative pressure modes, (d) potentiometer to set the target pressure, (e) push button to enable
pressure setting, (f) LCD, (g) switch to activate the sham mode.

4. Design Files Summary

All the design and software files necessary to build the device presented in this work are
distributed under the GPL v3 license and they can be found in the supplementary materials of this
manuscript at the following public repositories (DOI:10.17632/8dnbrx3s6h.IXXXXXXXXXXX):
https://data.mendeley.com/datasets/g896nz5gm6/1)

Table 1. Files summary.

Design file | . . ) )
File type Open source license Location of the file

name

Enclosures and | STL GPL v3 STL files folder

lids

Code ino file GPL v3 Arduino Code folder

PCB Layout png and jpg | GPL v3 Electronics folder
file

5. Bill of Materials Summary

Component | Unit | Cost/u Total Source of materials
S nit, Cost,
in€ in€
Pressure 1 6.21 6.21 https://www.digikey.es/es/products/detail/cfsensor
Sensor /XGZP6847 A100KPGPN/225307697srsltid=AfmBOo

qRL3_RGjJiTy9qmWZ-qCqLTWIvIR-
WnQ7qm1ukKGSufTfgtqU2ygw

Blower 1 55.47 55.47 https://www.amazon.es/RANRAO-

WS7040 peque%C3%Blo-purificador-centr%C3%ADfugo-
escobillas/dp/BOBB7M3MO9K/ref=sr_1_3?__mk_es_E
5=%C3%85M %C3%85%C5%BD%C3%95%C3%91&
crid=3TOA386QJ8AAZ&dib=ey]2IjoiMS]9.A7T-
2hs7K8C0Td8jAjqfYyoUFc05uXocsgi2ZHN9Yrle]d
drWXJmDc4pd4neYssTHkBaE9

3-way Ball 3 31.49 94.47 https://www.amazon.es/dp/B07BHJ5ZDD/ref=sspa

ElectroValve _dk_detail 0?pd_rd_i=B07BH]37Z1&pd_rd_w=bfx

s mfé&content-id=amznl.sym.9611{95a-c40b-4189-
92ca-0b4d34{94371&pf_rd_p=9611f95a-c40b-4189-
92ca-

0b4d34f94371&pf_rd_r=33J6WZ0ZZYQCXNNYY0
W7&pd_rd_wg=d6zmS&pd_rd_r=0868d6aa-d

Power 1 18.89 18.89 https://www.amazon.es/dp/B09FDZ897P/ref=sspa_
supply 24V dk_detail_4?psc=1&pf_rd_p=0c640cbd-b6e0-461d-
8cfc-
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a8934b5122df&pf_rd_r=DAX52BWEQ5NVECDA31
V8&pd_rd_wg=Dw4]4&pd_rd_w=Ma]WIl&content-
id=amzn1.sym.0c640cbd-b6e0-461d-8cfc-
a8934b5122df&pd_rd_r=569b8d48-9332-402f-be86

Voltage 2 0.10 0.56 https://www.amazon.com/-/es/TRUSTYIWE-
regulator 15Values-Voltaje-Transiste-
15V and 9V regulador/dp/B095JZ4C8B/ref=sr_1_1?__mk_es_US

=%C3%85M %C3%85%C5%BD %C3%95%C3%91&cr
1id=308GE7MIXNIRT&dib=ey]2IjoiMS]9.znIDygM
C1XHLG5JWDIh2rdh80HGOs41a4CIwIOS7kmI3vT
75cYu_BbOxhXXSxfBYKLNrh6TpVAQE

Connectors 5 0.11 0.55 https://www.amazon.com/cabeza-conector-cabezal-

prototipo-
Arduino/dp/BO8DVGCTKT/ref=sxin_17_pa_sp_sea
rch_thematic_sspa?_mk_es_US=AMAZON&conte
nt-id=amznl.sym.0c23c44b-a15d-4459-8a8b-
26{4b0b72963%3Aamznl.sym.0c23c44b-al5d-4459-
8a8b-26{4b0b72963&crid=ZOJJGKB
https://www.amazon.com/dp/BOFS1D5X15/ref=ssp
a_dk_detail 6?pf rd_p=7446a9d1-25fe-4460-b135-
a60336bad2c9&pf_rd_r=Y5825HVQCRC436AKQB
NN&pd_rd_wg=Ygpff&pd_rd_w=eOHhMé&conten
t-id=amzn1.sym.7446a9d1-25fe-4460-b135-
a60336bad2c9&pd_rd_r=d0b77a8a-3492-4e78-ba6d-
dde6

Capacitors 4 0.04 0.16 https://www.amazon.com/ALLECIN-surtido-
condensadores-electroliticos-
aluminio/dp/BOC1VBXCQM/ref=sr_1_1_sspa?__mk
_es_US=AMAZON&crid=05]YUBOHNKY2&dib=e
yJ2ljoiMS]9.ekYH7jx2EeGY{fnpDMKTUbA5_8nAZ
M5NXRF7ISTCDYRdiGRRate4MIrQd9ldvZs-
A_pzD-
zjApyYWkhjoUOgNALpVcJsc6DD3JHIReRoBexM
Oy5HnZgoPPDGKGQ7eKIroLYErlCkXUuGwYEH
o_DbuP4dZ3WHupx5R5NgErb4ax20-
0bVA56GPbf6 AHFWO0x2BVjzMCRqJcM72pPARXXI
ipVzthtF2eEvVnVx2o0axK]Jv7E.rax_WABdj5Kg3iZg
0-
DCwqXoqhX58FBhrXxgFDcFrrk&dib_tag=se&key
words=condensadores&qid=1749638632&sprefix=c
ondensadore,aps,169&sr=8-1-
spons&sp_csd=d21kZ2VOTmFtZT1zcFOhdGY &psc=
1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.0618.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 December 2025 d0i:10.20944/preprints202512.0618.v1

6 of 15

Arduino 1 3.69 3.69 https://www.amazon.com/-/es/Board-

Nano ATmega328P-Micro-controlador-compatible-
Arduino/dp/BO7G99NNXL/ref=sr_1_2?__mk_es_US
=AMAZON&crid=1ZYZ2L.C3IJZHé&dib=ey]2ljoiMS
J9.DuUAPNKOZx3V-
ph33HzyN3TVa4f1jG2BDdrlcCnXe_PQ8ZksukYZ7
XHzAYN4de4mQk1SHgMMjpMfiBhvzwxQUIRzy
7ymFWW

Resistors 4 0.0087 0.03 https://www.amazon.com/-/es/resistencias-valores-

ohmio-3-3-surtido-
pelicula/dp/BOSFD1XVL6/ref=sr_1_3?__mk_es_US=
AMAZON&crid=3A188LRVYN75T&dib=ey]2ljoiM
SJ9.BNJiYWYIJ8SO47xLLe9Pphq3BNGn-
svZzOaNMDOvXUOT_veXAPgEITx_lff§jwdnDGw
aHbbYmpR_loV8jIn3y63e3REWbQexkpVg

Switches 2 0.75 1.50 https://www.amazon.com/-/es/interruptor-palanca-

posicion-encendido-
miniatura/dp/B0799KM8T6/ref=sr_1_6?__mk_es_U
S=AMAZON&crid=93UBCKBJ1H3B&dib=ey]2ljoi
MS]9jAAAhRSHGdWscgKJuvZ_zXxHF0yU98y1£5d
65kCWU2wqx_qigGIWqS00F8jVOD16_ni_I4-
XkhgAOk8L2gO-yVhmghakwEouJoV]y

Power 1 0.69 0.69 https://www.amazon.com/interruptor-basculante-

switch encendido-precableado-
automoévil/dp/B07S2QJKTX/ref=sr_1_3_sspa?__mk_
es_US=AMAZON&dib=ey]2ljoiMSJ9.31 ANNzGEZ
Pr1gW5D4pSbjqLRMqGGfZWBTUPTZzhZS2{5Qm4
oEMOMKON;jOsq4ZxEJLKkD1YEPt_ZEaFeFvVdMa
mQD262nFsshdvLmnBWIJCxRjm8ol1

Push button 1 0.87 0.87 https://www.amazon.com/interruptor-

momentaneo-apagado-pre-soldados-R13-507-5C-
X/dp/BO8JHVLKS84/ref=sxin_28_pa_sp_search_them
atic_sspa?_mk_es_US=AMAZ(~)N&content—
id=amzn1.sym.3ee068ea-cd41-4d5d-b70d-
8ee4368d773b%3Aamznl.sym.3ee068ea-cd41-4d5d-
b70d-8ee4368d77

Potentiomete 1 0.40 0.40 https://www.amazon.com/HiLetgo-20pcs-

r Potenciémetro-Resistencias-
variables/dp/BOOMCK7JMS/ref=sr_1_2_sspa?crid=D
R8J2XKC2KBO&dib=ey]2ljoiMS]9.zWt35ZTdouFW
vQyoZqiNWD64tUQ6srnZLMuTG;j-bya-wK-Q-
nAAF0qzQ6199fik9wz7tBOQEqqfz-
ytgOQsEXdFaOGeX513PO0Tjqq0-P4eCLulDsyDV

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.0618.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 December 2025

7 of 15

Handle 1 11.39 11.39 https://www.amazon.es/dp/BOCC542D2R?ref=fed _
asin_title

Screen LCD 1 3.75 3.75 https://www.amazon.com/-/es/Hosyond-moédulo-

I2C pantalla-Arduino-
Raspberry/dp/BOBWTFN9WEF/ref=sr_1_3?crid=K3IE
1WNNV6LH&dib=ey]2ljoiMS]9.xYzwoFjr-
84e6rWaV3cwEF2jmcqH8DdSFmFppcF8N9iKioy T
CB-
ppR8U7MhFJa88cyg8qkM901CmKIZRuOE9jba6V8i
_1ZfT4QXE-ft28f A0mXz4c5dZnllazGr3w

PVC tubes | 1m 0.58 0.58 https://www.leroymerlin.es/productos/tubo-rigido-

220mm de-pvc-gris-de-20-mm-2-4-m-14003892.html

PVC Male | 9 0.99 8.91 https://www.amazon.es/QUARKZMAN-

Adapter for Adaptador-Conexion-Conectores-

pipe Selladora/dp/BODTYH84TY/ref=asc_df BODTYH84

connection TY?mcid=70df1287516b3f5e8deddf9a44bfbf01&tag=

220mm googshopes-
21&linkCode=df0&hvadid=747870783767&hvpos=
&hvnetw=g&hvrand=4356242575545812395&hvpon
e=&hvptwo=&hvqmt=&hvdev=c&hvdvemdl=&hvl
ocint=&hvlocphy=9198465&hvtargid=pla-
2418556470206&hvocijid=4356242575545812395-
BODTYHS84TY-&hvexpln=0&th=1

Three-Way 1 2.00 2.00 https://www.amazon.es/QUARKZMAN-

T-Shaped Deslizante-Acoplamiento-Construccion-

PVC Instalacion/dp/BOBZPDSHVZ/ref=sr_1_1?__mk_es_

Connector ES=AMAZON&crid=2YX4W849H4358&dib=ey]2ljo

220mm iMSJ9.vBRKFIAGu4xsTK3JiY5p]yvs6 DvCRDj1_UN
xszQfHS6FazHFcP0o6162ynn12QA71Mvm6FV0ycl3
L6v56pkTleiLkm8cq_SoCM6Ns9LjTeD20hOXxTDgD
26zwnlzyolJR6NaMD4a7fAzNEV_1EXeo0rC5mBu
GWXo03kzAjQZhOQUsC7pyipjh1Su9f4wzutsEL60z
InAmdZuQaU5g8POSe_KKxd8iXAJOHBODwrS30]
MLO.sPfPJ70aadrHBGNikSZTEUL9w-
cLgzM2kWsmT6XEY3A&dib_tag=se&keywords=T
+de+20mm+pve+gris&qid=1764594926&s=tools&spr
efix=t+de+20mm+pvc+gris,diy,49&sr=1-1&th=1

PVC 90° 10 1.00 9.99 https://www.amazon.es/QUARKZMAN-

Elbow Deslizante-Conectores-Acoplamiento-

Connector Instalacion/dp/BOBZNZPR8F/ref=sr_1_2?__mk_es_

220mm ES=AMAZON&ecrid=3GYABYDJHTMN6&dib=ey]2

IjoiMS]9.pj2ay4_WWXPFoNpqY_JrUnB9T9a58bK8c
xLy5b_qyC3KiiPmtQoLJNbPhS4Zz]s704lbBR1iLED
M6ePM]JDYPkn9RCgdt714Bjn3d552ZWS2q3fkLHG
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ZHO0GDbXjj7IgLAtnOrzWshyo]cl-
8clhyMXYmIIHj3AWu2cbG8Z500LpvKISyf12Npc
P3Mo093kuh1sCGaXh8QFzjYhq2KyPU8zg4uH9yKy
GTq790L54QuilHOM.aPnUKFfMILeQwri5_RHBIZB
J3AU_ed5GDocXk6_K-
RO&dib_tag=se&keywords=codo+de+20mm+pvc+gr
is&qid=1764594994&s=tools&sprefix=codos+de+20
mm+tpvctgris,diy,44&sr=1-2&th=1

Polylactic 1.21 58.68 71.00 https://es.farnell.com/ultimaker/1609/filament-pla-
Acid (PLA) | kg €/kg black-

filament for 750g/dp/2992628?gross_price=true&CMP=KNC-
3D printing GES-GEN-SHOPPING-Pmax-

High ROAS&gad_source=1&gad_campaignid=180
71281895&gbraid=0AA AAAD8yeHIKxiGMy79WCf
JWNBT_BsqP9&gclid=CjOKCQjw0qTCBhCmARIsA
Aj8C4b-IsF7T50luiyewkZV-

nNr8tDFVX0Vy55t76 HWuHNS5j-
02Z0rQICEaAhJBEALw_wcB

The total cost of the materials for building the device is 291.12 €. Most electronic components,
such as resistors, pin headers, and capacitors, were bought from a commercial assortment Kkit,
although only a few pieces were required to assemble a single unit.

6. Build Instructions

6.1. 3D Design and Printing

The blower we employed is originally designed to take room air from an open inlet and to expel
it through a outlet tube. Therefore, positive pressure air is obtained directly from the outlet tube. To
have a tube providing negative pressure, the blower was housed inside a sealed box open to the room
air through an inlet tube, as shown in Figure 3A.

Instead of solenoid electrovalves we chose 1/2” ball electrovalves (and 20 mm diameter tubing)
since they present lower resistance to air flow (Figure 3B), which is important to facilitate the
expiratory flow during patient’s phonation. The fact that ball valves are slower than the solenoid ones
is not a problem in this application where fast transitions are not required. Ball electrovalves tend to
be heavier than solenoid valves, but this is of minor importance here since the weight of the whole
device as currently implemented (Figure 2) remains small (3.4 kg).

The complete device is housed inside a custom 3D-printed enclosure measuring 270 x 230 x 195
mm, designed in Autodesk Fusion 360. The enclosure is composed of two parts - a lower base and an
upper top cover. All mechanical and electronic components, including the blower, valves, control
electronics, and wiring, are mounted within this structure (Figure 2 and 3B).
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EV 2

Blower
enclosure

Pressure

LCD sensor

Arduino

EV 1

Figure 3. A: Blower enclosure, open for view (left) and closed as to work (right). (a) blower driver, (b): outlet

tube, (), free air inlet (left) and inlet tube (right). B: Top view of the inner part of the device. EV: electrovalve.

6.2. Electronics

Figure 4 shows the complete electronic schematic of the control module designed to generate
and regulate the external airway pressure delivered to the patient. The circuit integrates four main
subsystems: power conditioning, digital control through a microcontroller, pressure
sensing and regulation, and user-interface inputs and display.
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Figure 4. Schematic.

The device is powered from an external 24 V DC supply, which is also used to power the 3-way
electrovalves. The input rail is stepped down through voltage regulators in two stages, first to +15 V
and then to +9 V, in order to distribute the power dissipation across the regulators and prevent
thermal overload. Each regulation stage is stabilized using capacitors to ensure low-ripple and stable
operation conditions.

The +9 V line is used to supply the Arduino Nano, which is the central processing unit of the
system and coordinates all control operations.

A PWM signal generated by the microcontroller drives the blower, which requires a stable DC
voltage. To achieve that, the PWM output is conditioned through a first-order RC low-pass filter,
which filter removes the switching components of the PWM signal and extracts its DC component

The device incorporates two mechanical switches: one that controls the electrovalves setting
thereby selecting between positive and negative pressure, and another that actuates the solenoid
valve responsible for enabling the sham mode (Figure 1). These switches operate at the hardware
level by re-routing the electrical lines of the electrovalves and the sham valve. At the same time, two
dedicated outputs from the switches are read by the Arduino, allowing the microcontroller to
determine their positions and identify the current operating mode.

To adjust the target pressure, the user must keep a dedicated push button pressed while
manipulating the front-panel potentiometer, whose analog output defines the desired airway
pressure, corresponding to blower speed. This requirement prevents accidental changes during
operation. When the push button is released, the set value is latched by the microcontroller and stored
as the new pressure set-point for the closed-loop control system.

Airway pressure is measured using an analog pressure transducer (XGZP6847A), which
provides a ratiometric voltage output proportional to the applied pressure and can be directly
sampled by the microcontroller's ADC, powered from the Arduino’s +5 V supply and electrically
decoupled by a 100 uF capacitor. The resulting pressure signal feeds the control loop, which
modulates the blower output to maintain the desired pressure by continuously adjusting the motor
drive voltage.
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A 4-pin I2C connector provides the communication interface to an external LCD module, which
displays either the programmed pressure or the actual measured pressure, depending on the state of
the front-panel push button.

6.3. Arduino Control

The firmware implemented on the Arduino Nano manages all real-time control and monitoring
functions of the device. It is structured around four core tasks: sensor calibration, pressure
acquisition, closed-loop blower speed control, and management of the operating modes and user
interface.

Upon startup, the system performs an automatic calibration routine to determine the pressure
transducer’s zero offset. The firmware acquires 91 consecutive measurements from the analog
pressure input and computes their average, which is stored as the baseline reference. A second
validation step follows, during which 50 additional measurements are taken; the system confirms
that the corrected pressure remains below 0.3 cmHO. If this criterion is not met, the calibration is
repeated.

During operation, the firmware continuously samples the analog pressure signal at high
frequency. Readings are accumulated and averaged over a fixed window (20 ms). After baseline
correction, the resulting value is converted into cmH,O using the transducer’s calibration factor.

The desired pressure is achieved by a PI controller, implemented using the standard Arduino
PID library. At each control cycle, the measured pressure serves as the input variable, while the
desired pressure set-point is provided to the controller. The PI output modulates the PWM drive
signal applied to the blower.

As previously mentioned, the pressure set-point is defined through a front-panel potentiometer
but is only sampled when the user maintains the push button pressed. This mechanism prevents
accidental changes during use. While the button is held, the firmware monitors the potentiometer
value, converts it into the corresponding pressure in cmH,O, and displays it on the LCD. After the
release of the button, the current value is latched and used as the new target pressure for the PI
controller.

Based on the switching architecture described in the previous section, the firmware continuously
monitors the corresponding digital lines to identify the current configuration. According to the
detected state, it updates the LCD with the appropriate mode indicator (e.g., “POSITIVE”,
“NEGATIVE”, or “SHAM”) and manages the transition of the electrovalves by introducing a brief
settling delay to ensure proper mechanical positioning.

A 16x2 I)C LCD provides real-time information to the user. During calibration, it displays
progress and error states; during operation, it shows both the mode and the instantaneous pressure.
To minimize processing overhead, the firmware updates static LCD fields only when the operating
mode changes.

The main loop interleaves pressure acquisition, PI computation, switch monitoring, and LCD
updates. After each control cycle, accumulator variables are reset to prepare the next sampling
window. Time synchronization is achieved through a microsecond-resolution timer, ensuring
deterministic control execution.

7. Operation Instructions

After the power is switched on and the sham switch is in the off position, the device is ready to
apply airway pressure. At any time, the user can select positive or negative pressure by the
corresponding switch. The value of target pressure (ranging from 0 to +50 cmH20) can be set at any
moment. To this end, the user should press the set button and while keeping it pushed, he/she can
modify the setting potentiometer until the desired pressure value is seen in the display. At any time
(with no interruption of pressure application), the user can check the value of the set pressure in the
display by just pushing the setting button. In case the user wants to change from positive to negative
pressure or vice versa, he/she simply must shift the mode switch. The change in mode will be effective
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after =6 s which is the time required to modify the electrovalves position (Figure 1). The pressure
value will remain the same (either positive or negative) until it is reset. Note that the airway pressure
is effectively applied only in case the mask is well-fitted to the patient.

During both positive and negative pressure modes, the user can activate the sham mode by the
corresponding switch. The only change will be that the electrovalve closer to the mask (3 in Figure 1)
will connect the mask directly to room air thus applying zero pressure at the airway. But the rest of
the device will operate with no other changes. Hence, the blower will continue to generate the
pressure currently set.

For any device setting, the patient maneuver should be the same. At the end of an inspiration,
he/she must place the mask on his/her face trying to avoid air leaks and then initiate a mild expiration
while producing the sounds (letters, words, sentences or songs) indicated by the phoniatrician either
in person or by written instructions (home rehabilitation). Immediately after finishing the voicing,
and before starting the next inspiration, the patient should retire the mask from his/her face and
breathe normally until the next exercise with the mask is performed.

At the beginning of the first rehabilitation session with the positive/negative airway pressure,
the patient must be informed that at the start of the expiration and phonation exercise wearing the
mask he/she will experience an external pressure tending to modify his/her lung volume. Thus, the
patient should be asked to activate his/her respiratory muscles to counteract the experienced external
pressure, trying to maintain the initial lung volume (10). Specifically, when subjected to a (positive)
pressure tending to increase lung volume, he/she must activate the expiratory muscles. On the
contrary, when experiencing a (negative) pressure tending to reduce lung volume, he/she must
activate the inspiratory muscles. Counteracting the external pressures applied by the device should
not be a problem for the patient taking into account that the normal maximum inspiratory and
expiratory pressures that can be produced by respiratory muscles (Miiller and Valsalva maneuvers,
respectively) are considerably higher than +50 cmH:O (11,12). In fact, application of such positive and
negative airway pressure values is clinical routine in conventional cough-assisting devices (13,14). It
is recommended to perform some initial adaptation and training maneuvers with increasing positive
and negative pressure values to familiarize the patient with the operation of the device.

8. Validation and Characterization

Two device validation tests were performed on the bench. First, we checked the adequacy of the
blower control loop. Figure 5 shows the response of the device when subjected to two steps in the
control setting: from 5 to 50 cmH20 and vice versa. The increasing pressure step, requiring active rise
in the blower speed, exhibited a mild and short initial overshoot and a stabilized steady-state
response. The decreasing pressure step was similar; the small differences observed were due to the
fact that pressure reduction should be achieved passively since the simple low-cost blower we
employed has no reverse mode.

The second bench test was aimed at measuring the actual impedance presented by the device to
patient’s breathing. This test was necessary since previous data on the resistance to breathing of the
type of blower we employed were measured when it was not working (15), and it is expected that
the non-linear airflow regime generating pressure inside the blower blades would increase its
effective airway resistance. To perform the test, the mask was connected to a patient simulator
(Pulmonary Waveform Generator System, MH Custom Design & Mfg. L.C., Midvale, Utah USA)
generating a pattern of typical spontaneous breathing consisting of a sinusoidal airflow of +0.5 I/s
amplitude at a frequency of 12 breaths/min. The effective device resistance experienced by the
simulated patient, which was computed from the peak-to-peak amplitudes of pressure and flow, was
5.8-7.3 cmH20-s/1 for mask pressures ranging from -50 to 50 cmH20. Given that the device is to be
used while the patient is producing the mild expiratory flow (<0.1 1/s) typically required to vocalize,
the corresponding load to the patient’s respiratory muscles for phonation would be negligible (< 1
cmH:0).
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Figure 5. Step response of the device. The dashed lines show the target pressure setting, and the continuous line

corresponds to the pressure actually generated by the device at the patient’s mask.

The technical validations described herein correspond to the specific prototype we built. Using
components different from (although similar to) the ones described here to replicate the device may
require technical adjustments or adaptations, and therefore the final performance of the resulting
device must be specifically assessed.

The real-life applicability of the device was preliminarily assessed in a phoniatrics center on 10
voluntary participants without vocal pathology. Each of them performed a 10-min session using the
device alternating positive and negative pressures while producing isolated words and phrases as
asked by the phoniatrician. Figure 6 presents examples of the airway pressure recorded at the mask
during the phonation maneuvers in one subject, showing that the device was able to apply constant
positive and negative pressures while the patient vocalized. The variations observed around the
applied constant pressures were caused by the patient’s phonation.
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Figure 6. Pressure recorded at the nasobuccal mask when positive and negative airway pressures were applied

to a volunteer performing phonation exercises.

At the end of the session, the subjects stated that the maneuvers could be well performed. They
also reported subjective improvement in perceived vocal comfort after the exercises with airway
pressures. This feasibility test paves the way for further well-designed clinical studies aimed at
assessing the therapeutic effectiveness of this simple and portable device for voice rehabilitation.

Supplementary Materials: The following supporting information can be downloaded at the website of this

paper posted on Preprints.org.
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