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This article details the design of an open source emergency gentle ventilator (gentle-vent)
framework that can be used in periods of scarcity. Although it is not a medical device, the
system utilizes a wide range of commonly-available components that are combined using
basic electronics skills to achieve the desired performance. The main function of the gentle-
vent is to generate a calibrated pressure wave at the pump to provide support to the
patient’s breathing. Each gentle-vent permutation was tested using a DIY manometer as
it would be utilized in the field in low-resource settings and validated with an open source
VentMon. The most rudimentary implementation costs less than $40.
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Hardware in context

The COVID-19 pandemic [1] created temporary shortages of medical equipment like ventilators in the U.S. [2] and in Eur-
ope [3] as well as personal protective equipment (PPE) locally [4-6]. With the recent maturation of distributed manufactur-
ing [7] in the context of small businesses [8], fab labs and makerspaces [9,10], and even in the home [11-14] there appears to
be an opportunity for distributed manufacturing of medical hardware during pandemics [15] and can outlive for future use,
especially when needed for short term management [16]. Thus, not only was there a global interest in ventilator production
using conventional methods [17-19], but also for distributed open source ventilators with various degrees of success [20-27].
World economies, however, were being shocked by supply line shortages [28], which leave both commercial and open
designs more difficult to reproduce [29,30]. Even if the open designs of conventional ventilators were easily reproducible
there is evidence to suggest that ventilators are not necessarily the correct response to COVID-19 symptoms, and instead
a gentle ventilation is required [31-33]. The main function of the gentle-ventilator approach is to generate a calibrated pres-
sure wave to provide support to the patient’s breathing. It is non-invasive and needs to be calibrated to ensure the maximum
pressure is below the threshold to damage the user. The problem is a low-cost open source gentle ventilation easily adapt-
able design is needed for emergency situations where full medical equipment is unavailable.

This objective of this article is to provide a flexible design family of gentle ventilators (gentle-vents), which utilizes com-
monly available components. It is hypothesized that by using repurposed hardware, the design can be replicated at little to
no cost with common household items in most of the world. Although there are other specific gentle ventilator designs avail-
able this approach is novel, because it provides a method to fabricate a functional gentle vent even when specific compo-
nents are unavailable (e.g. during supply chain disruptions, emergencies, or in isolated communities). The design outlined
in this article is also original because it is specified such that a wide range of parts can be combined to achieve the desired
end product. It is thus more than a single design, but a library or family of designs that can be understood following the pro-
cess in this article. It should be stressed, however, that it is not a medical device.

The gentle-vent can be replicated using very basic electronics skills and (depending on your hardware availability) can be
constructed on a breadboard. The firmware is programed in the Arduino Integrated Development Environment (IDE) [34],
using the prolific low-cost Arduino Nano. The firmware’s main function is to generate a calibrated pressure wave at the
pump to provide support to the patient’s breathing.

COVID-19 poses a great risk to citizens of nations that do not have enough medical equipment to support all of the poten-
tial patients generated from the pandemic [35]. The gentle-vent can help provide support for impoverished citizens with sick
loved ones who have been turned away by their medical providers. Those who have underlying respiratory conditions, those
with acute respiratory syndrome, or atelectasis are subject to a more severe case of COVID-19 and similar diseases. Thus, a
gentle-vent is geared towards them. A mechanical ventilator, or breathing machine, can be too much for someone with these
circumstances due to the forceful distribution of air in their lungs. A standard ventilator pushes in air at a rhythmic pace. If
the patient does not breath at the same rhythm as the ventilator, the lungs receive unwanted pressure from excessive oxy-
gen, thus damaging tissue within and around the lungs [36]. Mechanical ventilators are also meant for someone who needs
assistance in the long-term, thus raise speculation and concern for more health issues problems to occur, such as pneumonia
or vocal cord damage.
Hardware description

The gentle-vent design follows open hardware design protocols [37,38], which consists of a flexible hardware configura-
tion inspired by an existing open source design by Lee [39] and firmware, which can be suited to many hardware
configurations.
Hardware

The mechanical system consists of a direct connection of a mouthpiece to an air pump via a short length of tube, which
can be seen in Fig. 1.

In order to demonstrate the flexibility of this design, three different air pumps are tested in conjunction with differing
electronic control setups.

Like similar projects, 3-D printing is useful for specialty components during a pandemic [39]. The mouthpiece [40] is
printed from polylactic acid (PLA) using an open source Ender 3 3-D printer [41]. The part is sliced using open source Cura
[42] with a layer height of 0.2 mm and a completely solid infill. The part has a mass of 23 g and costs about US$ 0.21 to print
from commercial filament.

Parametric adaptors, which can also be 3-D printed [43], can be used to connect varying sizes of hose to output ports on
pumps. The adaptor can be printed using the same settings as were used for the mouthpiece. It has a mass of 12 g and costs
US$0.14 to print.
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Fig. 1. System overview of the open source gentle-vent library. Each component can be replaced by several options depending upon circumstance and
availability.

Fig. 2. a) Rendering of the mouthpiece, b) 3-D printed mouthpiece.
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Electronics

In this implementation an Arduino Nano is used for pump control, as it is the least expensive option and easiest to inte-
grate [34]. Any other devices in the Arduino family (other common and compatible options are listed in Table 2) could be
used as a controller, as long as a single pulse width modulation (PWM) output pin is available.

Any NPN or N-Type transistor (Table 3) will work as a switching device, and in this implementation a TIP 120 Darlington
pair transistor is used. Additionally, switching devices such as solid-state relays (SSR) will also function effectively. Mechan-
ical relays, however, are not capable of PWM control and cannot be used for this application.

A single momentary switch can be used to signal to the Arduino to switch pressure-states. A resistor divider connected to
a digital input can be used to monitor the PWM signal on the output end of the switching device. A complete schematic of the
device is shown in Fig. 4.
Table 1
Key characteristics of the tested pumps.

Name Voltage (VDC) Max Pressure (in H2O) Cost (USD) URL

Pump 1 12 6.5 $11.99 https://www.amazon.com/dp/B07F3QF4B4
Pump 2 6.25 $19.59 https://www.amazon.com/dp/B074NZY3SQ
Pump 3 22.25 $62.99 https://www.amazon.com/dp/B000OF92KA

Table 2
Examples of compatible controllers.

Name Type Cost (USD) URL

Controller 1 Arduino Nano $3.60 https://www.amazon.com/dp/B07RQ8S1LG
Controller 2 Arduino Uno $23.00 https://www.amazon.com/dp/B008GRTSV6
Controller 3 Arduino Mega $19.99 https://www.amazon.com/dp/B01H4ZLZLQ
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The device can be prototyped on a breadboard, but the connections can be easily broken and in many cases the traces are
not rated for the max current of the pump [44]. Though in extreme cases of scarcity, a breadboard can be implemented for
long-term use if the cables for the power supply and pump are well secured. An image of the controller implemented on a
breadboard can be seen in Fig. 5. The bill of materials (BOM) can be seen in Table 4 (total cost US$5.93).
Table 3
Switching devices utilized in this experiment.

Name Type Cost (USD) URL

Switch 1 TIP 120 Transistor $0.44 https://www.amazon.com/dp/B07LG2C3MY
Switch 2 40A DC SSR $12.99 https://www.amazon.com/dp/B079BGGVYX

Fig. 3. a) Rendering of the hose adaptor, b) 3-D printed hose adaptor.

Fig. 4. Schematic for a TIP120-based pump controller.
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Fig. 5. Transistor-based controller implemented on breadboard.

Table 4
BOM for transistor-based implementation on breadboard.

Qty Description Cost (USD) URL

1 Breadboard $1.50 https://www.amazon.com/dp/B07PCJP9DY
2 ft Wires $0.16 https://www.amazon.com/dp/B07TX6BX47
1 Button $0.07 https://www.amazon.com/dp/B01N6GU7TA
4 10 k Resistors $0.30 https://www.amazon.com/dp/B0185FIOTA
1 10nF Capacitor $0.05 https://www.amazon.com/dp/B07KG3F6M3/
1 1 N4007 Diode $0.25 https://www.amazon.com/dp/B00W17LOBO/
1 Arduino Nano $3.60 https://www.amazon.com/dp/B07RQ8S1LG
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An improved and more robust, yet still easily improvised implementation can be done on a perf-board, which will require
basic soldering as shown in Fig. 6. The bill of materials (BOM) can be seen in Table 5 (total cost US$4.89).

If a circuit milling machine [45] is available, a single-layered board can be milled using the design files available on [43].
Additionally, this design could be mass-produced via third-party board manufacturing services. The implementation
Fig. 6. An image of the transistor-based controller implemented on a perf-board. Note that terminal blocks are not required – the leads of the pump can be
cut and soldered directly as a cost saving / availability measure.

5

https://www.amazon.com/dp/B07PCJP9DY
https://www.amazon.com/dp/B07TX6BX47
https://www.amazon.com/dp/B01N6GU7TA
https://www.amazon.com/dp/B0185FIOTA
https://www.amazon.com/dp/B07KG3F6M3/
https://www.amazon.com/dp/B00W17LOBO/
https://www.amazon.com/dp/B07RQ8S1LG


Table 5
BOM for transistor-based implementation on perf-board.

Qty Description Cost (USD) URL

1 Perf-board $0.29 https://www.amazon.com/dp/B07FFDFLZ3
2 g Solder $0.17 https://www.amazon.com/dp/B075WB98FJ/
2 ft Wires $0.16 https://www.amazon.com/dp/B07TX6BX47
1 Button $0.07 https://www.amazon.com/dp/B01N6GU7TA
4 10 k Resistors $0.30 https://www.amazon.com/dp/B0185FIOTA
1 10nF Capacitor $0.05 https://www.amazon.com/dp/B07KG3F6M3/
1 1 N4007 Diode $0.25 https://www.amazon.com/dp/B00W17LOBO/
1 Arduino Nano $3.60 https://www.amazon.com/dp/B07RQ8S1LG
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requires basic soldering. A rendering of the controller implemented on a printed circuit board (PCB) can be referenced below
in Fig. 7. The BOM can be seen in Table 6 (with a total cost of US$5.61).

Regardless of the implementation, any 12 V DC supply can be used (given it has sufficient current to run the selected
motor). Four different supplies are tested (Table 7).
Fig. 7. Rendering of transistor-based controller implemented on a PCB.

Table 6
BOM of transistor-based implementation on a PCB.

Qty Description Cost (USD) URL

1 Copper Clad Board $0.69 https://www.amazon.com/dp/B01MCVLDDZ/
2 2-position Terminal Blocks $0.32 https://www.amazon.com/dp/B01MT4LC0F
2 g Solder $0.17 https://www.amazon.com/dp/B075WB98FJ/
2 ft Wires $0.16 https://www.amazon.com/dp/B07TX6BX47
1 Button $0.07 https://www.amazon.com/dp/B01N6GU7TA
4 10 k Resistors $0.30 https://www.amazon.com/dp/B0185FIOTA
1 10nF Capacitor $0.05 https://www.amazon.com/dp/B07KG3F6M3/
1 1 N4007 Diode $0.25 https://www.amazon.com/dp/B00W17LOBO/
1 Arduino Nano $3.60 https://www.amazon.com/dp/B07RQ8S1LG
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Table 7
Key characteristics of power supplies.

Name Voltage Max Current Cost (USD) URL

Supply 1 12VDC 8 A $17.69 https://www.amazon.com/dp/B07G5BQGYD
Supply 2 5 A $15.59 https://www.amazon.com/dp/B073QTNF9F
Supply 3 5 A $12.99 https://www.amazon.com/dp/B078RY6YY3
Supply 4 6 A $89.99 https://www.amazon.com/dp/B07H8F5HYJ
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Firmware

The firmware is written in the Arduino IDE, and has all key parameters easily adjustable. The flow chart of the firmware
operation is shown in Fig. 8. The code is relatively simple including spacing and comments is only nine pages. There are 3
pressure level targets that can be specified, which are toggled through by pressing the button. Additionally, the turn-on pres-
Fig. 8. Flow chart of firmware operation.
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sure can be set. Normally the turn-on pressure will be ‘‘000, however, in cases where a button is not available, this pressure
should be set to the normal operating pressure.

On start-up, the firmware validates if the calibration array has been input. If the array is not detected, the calibration pro-
cedure is triggered in which the pump is driven by varying PWM signals and the user must measure and input the resultant
pressure via the serial monitor. Once the calibration procedure has completed, the resultant array will be outputted to the
serial monitor, and normal operation will begin. The array must be copied and pasted into the firmware and re-uploaded to
the device.
Applications

Use cases

This gentle-vent can be used in cases where a medical professional deems that the patient is unable to intake the required
amount of oxygen to supply to the body and brain [50]. This may include patients who get sick and smoke, have atelectasis,
or any respiratory problem. When a patient shows that they are having difficulty breathing, the medical professional typi-
cally recommends introducing a ventilator to aide in the breathing process. A gentle-vent may also be used during surgery
when a patient undergoes anesthesia [36].

There is an alternative to the tube insert that allow for a non-invasive option, especially those that are vulnerable to the
damage from this. This can also be of high impact for those in low- and middle-income countries, where this was done
through the use of a nasal mask and the non-invasive mask counterpart [51]. This non-invasive approach is made available
through readily-available materials and can be easily accessed by many all over the world.
Reuse potential and adaptability

This design is among many ways the use of engineering is being use to battle COVID-19 [39,52-55]. The open source nat-
ure of this family of devices empowers the user to make adaptations, which is line with many other areas of applications, for
example, Arduino enabled data acquisition, monitoring and control [39,56,57]. The device could be for example. Upgraded to
include a graphical user interface (GUI)for visualizing the main parameters of the device. Also it would be straight forward to
replace the typical AC adapter and have the device be cordless using an embedded power supply. So thus, for example, if it
were battery powered a remaining breathing percentage or time could be displayed.

The gentle-vent is also highly reusable. If the device is used on multiple patients, the pump and hose should be sanitized
with ethylene oxide if made of silicone materials [58,59] or steam for fluoroplastics [60]. As 3-D printed components are very
porous [61], they can be hard to sanitize fully, and therefore a new mouthpiece should be used for each patient unless
printed in high-temperature plastics that can be sterilized with heat [62].

The gentle-vent design does not involve destructive use of the reclaimed components, and therefore many of them can
again be repurposed after the constructed device is no longer needed. This is especially important when it comes to sustain-
ability and usability of the make-up of the gentle-vent. As items are repurposed, the waste of the gentle-vent is reduced,
which, in turn, reduces its environmental impact.

The design’s simplistic implementation allows for a wide range of components to be utilized. The parametric hose con-
verter allows for the adaption of any hose to any nozzle (Fig. 3).

The most important constraints to select components around is electrical compatibility. The following terms must be
met:

� The pump operation voltage must be less than or equal to the voltage of the power supply.
� The pump must draw less current (at the desired pressure) than the power supply’s max capacity.
� The switching device must be able to withstand the supply voltage AND the max current.
� The switching device’s gate (or coil) must be within the maximum output capability of the microcontroller.

Since microcontrollers current outputs are typically small, it is best to utilize a solid-state switching device, as they can be
triggered with small voltages and currents [44].

This hardware can be utilized by:

� Acting as a baseline for a low-cost ventilator design
� Acting as a life support mechanism in cases of extreme scarcity
� Be repurposed as a low-cost pressure controller

Design files summary

All design files are available on OSF [43] under the GNU GPL License, Table of Specifications.
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Design File Name
 File Type
 Open Source License
9

Location of the File
Electrical/SSR/
 KiCAD PCB
 GPL 3.0
 https://doi.org/10.17605/OSF.IO/UV9MZ

Electrical/SSR/Gerbers
 PCB Fab Files
 GPL 3.0
 https://doi.org/10.17605/OSF.IO/UV9MZ

Electrical/Transistor/
 KiCAD PCB
 GPL 3.0
 https://doi.org/10.17605/OSF.IO/UV9MZ

Electrical/Transistor/Gerbers
 PCB Fab Files
 GPL 3.0
 https://doi.org/10.17605/OSF.IO/UV9MZ

Firmware/GentleVent.ino
 Arduino Firmware
 GPL 3.0
 https://doi.org/10.17605/OSF.IO/UV9MZ

Mechanical/Adaptor.scad
 OpenSCAD
 GPL 3.0
 https://doi.org/10.17605/OSF.IO/UV9MZ

Mechanical/Mouthgaurd.stl
 STL
 GPL 3.0
 https://doi.org/10.17605/OSF.IO/UV9MZ
� Electrical/SSR/: KiCAD PCB design files for an SSR based Gentle-Vent.
� Electrical/SSR/Gerbers: Gerber files for PCB manufacturing via either mill or commercial manufacturer
� Electrical/Transistor/: KiCAD PCB design files for an Transistor based Gentle-Vent.
� Electrical/Transistor/Gerbers: Gerber files for PCB manufacturing via either mill or commercial manufacturer
� Firmware/GentleVent.ino: The generic and default Arduino-based firmware for the Gentle-Vent
� Mechanical/Adaptor.scad: An OpenSCAD parametric tube adaptor
� Mechanical/Mothgaurd.stl: A 3D-printable mouthpiece

Bill of materials summary

Note that the bill of material may consist of various permutations across Tables 1–7 (with ample room for substitutions).
Therefore, a BOM for the most inexpensive iteration will be given as a condensed example.
Designator
 Component
 Number
 Cost per unit -
currency
Total cost -
currency
Source of materials
 Material type
Pump 1
 12 V
Vacuum
Pump
1
 $11.99
 $11.99
 https://www.amazon.com/
dp/B07F3QF4B4
Mechanical
Component
Controller 1
 Arduino
Nano
1
 $3.60
 $3.60
 https://www.amazon.com/
dp/B07RQ8S1LG
Electrical
Component
Switch 1
 TIP 120
Transistor
1
 $0.44
 $0.44
 https://www.amazon.com/
dp/B07LG2C3MY
Electrical
Component
Perf-Board
Based
Perf-board
 1
 $0.29
 $0.29
 https://www.amazon.com/
dp/B07FFDFLZ3
Electrical
Component
Perf-Board
Based
Solder
 2 g
 $0.08 / g
 $0.17
 https://www.amazon.com/
dp/B075WB98FJ/
Electrical
Component
Perf-Board
Based
Wires
 2 ft
 $0.08 / ft
 $0.16
 https://www.amazon.com/
dp/B07TX6BX47
Electrical
Component
Perf-Board
Based
Button
 1
 $0.07
 $0.07
 https://www.amazon.com/
dp/B01N6GU7TA
Electrical
Component
Perf-Board
Based
10 k
Resistors
4
 $0.07
 $0.30
 https://www.amazon.com/
dp/B0185FIOTA
Electrical
Component
Perf-Board
Based
10nF
Capacitor
1
 $0.05
 $0.05
 https://www.amazon.com/
dp/B07KG3F6M3/
Electrical
Component
Perf-Board
Based
1 N4007
Diode
1
 $0.25
 $0.25
 https://www.amazon.com/
dp/B00W17LOBO/
Electrical
Component
Perf-Board
Based
Perf-board
 1
 $0.29
 $0.29
 https://www.amazon.com/
dp/B07FFDFLZ3
Electrical
Component
Supply 3
 12 V 5A DC
Supply
1
 $12.99
 $12.99
 https://www.amazon.com/
dp/B078RY6YY3
Electrical
Component
MouthPiece
 Mouth piece
 1
 $0.21
 $0.21
 https://doi.org/10.17605/
OSF.IO/UV9MZ
PLA
Tube
 6 ft CPAP
Tube
1
 $6.99
 $6.99
 https://www.amazon.com/
dp/B087BC5PLK/
Mechanical
Component

https://doi.org/10.17605/OSF.IO/UV9MZ
https://doi.org/10.17605/OSF.IO/UV9MZ
https://doi.org/10.17605/OSF.IO/UV9MZ
https://doi.org/10.17605/OSF.IO/UV9MZ
https://doi.org/10.17605/OSF.IO/UV9MZ
https://doi.org/10.17605/OSF.IO/UV9MZ
https://doi.org/10.17605/OSF.IO/UV9MZ
https://www.amazon.com/dp/B07F3QF4B4
https://www.amazon.com/dp/B07F3QF4B4
https://www.amazon.com/dp/B07RQ8S1LG
https://www.amazon.com/dp/B07RQ8S1LG
https://www.amazon.com/dp/B07LG2C3MY
https://www.amazon.com/dp/B07LG2C3MY
https://www.amazon.com/dp/B07FFDFLZ3
https://www.amazon.com/dp/B07FFDFLZ3
https://www.amazon.com/dp/B075WB98FJ/
https://www.amazon.com/dp/B075WB98FJ/
https://www.amazon.com/dp/B07TX6BX47
https://www.amazon.com/dp/B07TX6BX47
https://www.amazon.com/dp/B01N6GU7TA
https://www.amazon.com/dp/B01N6GU7TA
https://www.amazon.com/dp/B0185FIOTA
https://www.amazon.com/dp/B0185FIOTA
https://www.amazon.com/dp/B07KG3F6M3/
https://www.amazon.com/dp/B07KG3F6M3/
https://www.amazon.com/dp/B00W17LOBO/
https://www.amazon.com/dp/B00W17LOBO/
https://www.amazon.com/dp/B07FFDFLZ3
https://www.amazon.com/dp/B07FFDFLZ3
https://www.amazon.com/dp/B078RY6YY3
https://www.amazon.com/dp/B078RY6YY3
https://doi.org/10.17605/OSF.IO/UV9MZ
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Build instructions

Mechanical construction

The mouthpiece can either be 3-D printed (Fig. 2), or be improvised by cutting from a soda bottle (Fig. 9).
Makers should connect the mouthpiece to the output of the pump via an available tube. If the available tube does not fit

on the mouthpiece or pump, the adaptor (Fig. 3) can be customized in OpenSCAD and 3-D printed. Alternatively, Teflon tape
can be wrapped around the exterior of a surface to mate the components.
Electrical construction

Users should construct the electronics in the best possible form following the rules above. A maker should cut and strip
the connector of the power supply and connect it to the power input of the electronics. Finally, the maker cuts and strips the
connector of the pump and connects it to the power output of the electronics.

An example of a completed gentle-vent is shown in Fig. 10.
Availability of materials and methods

This design is specified to be executed using common readily-available materials. The hardware configurations explored
in this paper are not the only components that can be used to implement this design. Components can be salvaged from
existing devices, such as a power supply from a television, a pump from an air mattress, a hose from a vacuum cleaner, etc.

When considering global availability, the microcontroller and switching device are the least-available components.
Almost any microcontroller development board can be used to control the switch. Given moderate programming knowledge,
the Arduino firmware can be converted over to work with other types of microcontrollers. Switches (specifically transistors)
can be salvaged from old electronics [63]. The TIP120 is commonly used in many devices.
Fig. 9. A heavily improvised mouthpiece.
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Fig. 10. A completed permutation of the gentle-vent system.
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Ease of build

Once all components are procured, assembly is approximately 30 min. If the electronics are soldered together in a dead-
bug style or on perforated board, the design will take an additional 30 min to assemble.

Programming the Arduino Nano takes minimal programming knowledge to modify parameters for whatever pump is
used. Basic measurement skills are need for calibration.

Operating software and peripherals

The firmware is programmed around the Arduino Nano – which has limited functionality compared to the Arduino family
of development boards [34]. Therefore, the firmware should be suitable to run on nearly anything that can be programmed
by the Arduino IDE.

Dependencies

Besides for the reliance on the Arduino IDE (which is an open source tool [34] the project has no dependencies. The pro-
ject is inspired and compatible with an existing design available on Github [40].
Operation instructions

Safety

The device has no overcurrent protection. The pump should be specified such that it draws less current than the power
supply so that the gentle-vent can rely on the power supply’s built-in current protection.

Proper calibration of the device is paramount to the safety of the target patient’s lungs, as there is a risk of permanent
lung damage if the pump outputs a pressure greater than 12.5 InH20 [46]. This upper limit must be carefully followed.

Although, this is a emergency device, the gentle-vent should only be used under the supervision of a trained medical pro-
fessional, who has verified that the tested and calibrated performance of the device poses no risk to the patient and the
patient should be under intermittent (once an hour) observation [47]. The authors and publisher assume no liability for users
developing their own version(s) of the device.

An important note of caution: When implementing any of the versions of the gent-vent discussed in this article, it is
important to critically evaluate the reliability and safety of the design on a case by case basis. While many of the versions
of the designs have been extensively tested and verified, others are not and it is likely that in an emergency situation the user
may only have untested combinations of components available. While this is important in all aspects of free and open hard-
ware, it becomes imperative when considering medical applications and those to be used on humans. The user should con-
sider this for research and include careful reference to regulations on control software when it is applicable [63]. It is highly
probable, that the use of these designs in a clinical setting is prohibited by local regulations. In the, US, for example the fab-
11
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rication of any medical device, even those approved by the FDA, must be manufactured in a facility that is also FDA approved.
In an emergency situation it is unlikely to have access to such facilities.
Calibration

One end of the hose is connected to the pump outlet, while the other is suspended in air. � 500 ml of water are poured
into the hose to create a manometer (Fig. 11). The base level (at atmosphere) is marked, and then the firmware will begin
sweeping through PWM values. The height of the water is measured and entered into the firmware at each PWM, and the
resultant PWM – pressure curve is generated.

A typical response should look like Fig. 12. Additionally, an open source VentMon [48] can be used to validate measure-
ments (Fig. 13).
Fig. 11. A simplified illustration of the setup used to find the PWM-pressure calibration curve.

Fig. 12. Pressure responses of each pump during calibration.
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Fig. 13. Typical pressure measurements during calibration on VentMon.
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Risks

There are risks associated with the use of any ventilator including: pneumonia, from excessive use. Blood clot or bed sores
can also occur if one does not move enough from lying in bed or sitting in a wheel chair. Fluid buildup in alveolar sacs can be
produced when on a ventilator for an extended period of time. The strength of the patient’s diaphragm weakens when on the
ventilator from the lessened use of manual breathing. The vocal cords can also sustain damage from the tubing of the ven-
tilator, leading to hoarseness and trouble speaking. Damage primarily occurs in developing children [36].
Operation instructions

Assuming the device has been calibrated properly the following steps must be carried out.

1. Place the mouthpiece firmly in / around the patient’s mouth.
2. Plug in the power supply.
3. Depending on the configuration of the firmware, the mode button may need to be pressed to initialize a pre-configured

flow. Use a laptop to verify the pressure mode via USB.
4. Once an hour, perform a wellness check on the patient [47].
5. To remove – Unplug the supply, then remove the mouthpiece. Continue to monitor the patient even after the device is

removed.

Validation and characterization

The calibration procedure effectively validates the general function of the device. The only remaining test is to validate
the endurance of the gentle-vent, which is the primary limitation to this study. As the pump heats up, the pressure may vary
[44]. In order to measure the pump for consistency over time, the pump is run continuously for 2 h, with pressure measured
in 10-minute increments. All permutations of Tables 1 and 6 tested successfully. An example run can be seen in Fig. 14. In
some cases of prolonged use, the pump and supply may resonate causing the Arduino to reset. If this occurs, the resonation
spikes can be removed by adding a 10uF capacitor (or greater) to the supply input to the control circuit.

Additionally, the VentMon paired with a resuscitator bag [49] can be used to demonstrate operation on a set of simulated
lungs as shown in Fig. 15.

Each gentle-vent permutation that was tested was able to accurately hold a desired setpoint for at least 2 h. The most
rudimentary implementation using found mechanical components and perf-board can cost as low as US$37.80, and can
potentially be less expensive with resourceful electronics scavenging. The proposed gentle-vent framework can be used
in periods of scarcity when no other options are available.

Future work includes implementing the design using controllers other than the Arduino, along with different pumps,
hoses, switches and power supply combinations. In addition, the effectiveness of the device for aiding COVID-19 and other
patients can be tested and documented.
Fig. 14. An example 2-hour stress test with Pump 1 and Supply 1.
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Fig. 15. Illustrated example of pressure measurements and rate recognition taken with the VentMon. Blue line – airway pressure; Orange line –
extrapolated exhale / inhale; Red dot – temperature; Blue dot – H2O content. (For interpretation of the references to colour in this figure legend, the reader
is referred to the web version of this article.)
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Conclusions

The COVID-19 pandemic created temporary shortages of medical equipment like ventilators throughout the world.
Recent medical research also indicates a gentle ventilation may be more appropriate for many patients. This article detailed
the design of an open source gentle ventilator (gentle-vent) framework that can be used in periods of scarcity when no other
options are available. The system utilizes a wide range of commonly available components that are combined using basic
electronics skills to achieve the desired end product although it is not a medical device. The firmware is programed in
the Arduino IDE using any Arduino compatible microcontroller. The main function of the gentle-vent is to generate a cali-
brated pressure wave at the pump to provide support to the patient’s breathing. Each gentle-vent permutation was tested
using a DIY manometer as it would be utilized in the field in low-resource settings. These measurements were also verified
with an open source VentMon. All permutations were able to accurately hold a desired setpoint for at least 2 h. The most
rudimentary implementation using found mechanical components and perf-board costs less than $40. The results indicate
that an open source approach can be used to make breathing support accessible in most contexts.
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