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ABSTRACT

People infected with COVID-19 can experience trouble breathing since the
virus primarily attacks the lungs. It is a highly contagious virus that can be transmitted
easily. Leading to high numbers of hospitalised patients, and hospitals can become
overwhelmed. Ventilation is the primary source of treatment in severe cases,
shortages of equipment can occur leading to a high death rate. The present paper
aims to design and develop a low cost, user-friendly and automated bag valve mask
ventilator capable of supplying oxygen to a patient. During the pandemic, we were
using traditional intensive care ventilators since manual ventilation prompt to some
serious health risks. The device is using a simple hardware device such as Arduino.
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INTRODUCTION

COVID-19 is an infectious disease caused by a novel coronavirus. It is a highly
contagious disease that began in Wuhan in China at the end of December 2019
(lyengar, Bahl, Raju Vaishya & Vaish, 2020). Coronavirus disease 2019 (COVID-19)
led to increased mortality rates by overwhelming medical infrastructure at the regional
level. Mechanical ventilators, which are essential for treating both influenza and
COVID-19 patients in severe acute respiratory failure, are in critically short supply in
some locations. During pandemics, intensive care units (ICUs) do not have sufficient
ventilators to treat all the patients requiring them which forces triage and rationing This
is despite national stockpiles of proprietary, mass-manufactured ventilators, which are
simply not numerous enough due to prohibitive costs to service society during an
extreme pandemic (Petsiuk et al., 2020).

MATERIALS AND METHOD
i. Hardware Design
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For the hardware parts as illustrated in the Figure 1, the mechanical concept
replaces the action of a human pressing the bag. Manual ventilation with excessive
volume and pressure can cause severe complications for patients, particularly
vulnerable patients suffering from Acute Respiratory Distress Syndrome (ARDS),
including those infected with COVID-19. Since acute care facilities are currently
treating large numbers of COVID-19 patients, understanding the implications of poor
BVM techniques among this insurgent population (Culbreth & Gardenhire, 2021). The
design of the compressing mechanism is a crucial stage in development.

Figure 1: 3D drawing of the Bag valve mask ventilator

ii. Electrical Design
To simplify the cost of equipment we opted for cheap but reliable devices. The
main electrical component is the Arduino board. In this application we used a
Controllino (Figure 4) which is an industry-grade PLC with open-source software, fully
compatible with Arduino. We are using a brushless DC motor (Figure 3), and to control
the speed, we have a speed controller (Figure 2). Raspberry Pi is used here to improve
our software architecture. The integration of these components is shown in Figure 5.
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Such Examples of low-cost designs can be found in (Chang et al., 2021). Such
example is the Masi ventilator that could be rapidly and manually manufactured. The
ventilator has the capabilities to manage COVID-19 patients with severe acute
respiratory distress syndrome (ARDS). Most COVID-19 patients who develop acute
respiratory distress syndrome (ARDS) often require prolonged mechanical ventilation.
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Figure 4: Controllino bo
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Figure 6: Scaler with different component

Figure 6 shows the scalar and its main part which are limit switches that helps
stop the motor from both positions. We have a scaler that will be moving following the
movement of the motor and speed. Our goal is to deliver oxygen to a patient. But
patients have different needs. The figure below expresses the clinical breath per
minute required for each kind of patient.
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- 60 breaths per minute

- 40 breaths per minute

- 35 breaths per minute

- 30 breaths per minute

- 26 breaths per minute

- 20 breaths per minute

- 12 breaths per minute

Figure 7: Different breath per minute (BPM)

RESULTS AND DISCUSSION

The different Breath Per Minute for each age group is shown in Figure 7. As we
observe there are different breath per minute (BPM) rates. The algorithm is supposed
to correct or implement the correct BPM required. We are achieving this by varying
the speed and the position of the motor on the scaler. This is achieved by the magnetic
encoder shown in Figure 8 below. An Incremental Magnetic Encoder provides an
integrated solution for angular detection within a complete 360° rotation. The use of
magnetic technology for motion control and sensing activities eliminates mechanical
contact and enables this device to be free from mechanical wear and tear. The three-
channel output provides an additional index channel for every full rotation or revolution
of 360°. An additional advantage is that the encoders near the upper limit switch
rotational speed limits are typically only limited by the application's bearing speed.
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Figure 8: Interaction between different components.
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Figure 8 represents how the different components interact. The Controllino
board is the controlling component. Our goal is to make the Ambu bag deliver oxygen
automatically using a motor. This is achieved by setting different speeds controlled by
the speed controller at different positions controlled by the magnetic encoder. To get
a better picture, a magnetic encoder works through a set of pulses that represent the
rotation of the motor. This means each rotation corresponds to a pulse. For a certain
number of pulses, the motor will rotate, and this will be interpreted as a point that the
scaler has reached. The breath cycle is made up of two main phases, inspiration, and
expiration. The scaler has an upward movement and a downward movement which is
decompressing or (Expiration). The algorithm will use those two, major concepts to
successfully represent those movements. The objective here is to study the required
number of pulses to reach a certain position corresponding to a certain volume of air
supplied. The speed is a factor of breath per minute, which means the number of
breaths that can be supplied to a patient under certain conditions.

Since this a medical device it is necessary to have a testing phase to see if it
follows the standard to be used by health professionals. As shown in Table 1, MIT
describes that the apparatus required for testing ventilators are:

Table 1: Apparatus required for testing ventilators
Apparatus Function
Multimeter Monitors current during cycle and monitors the thermocouple

Thermocouple, ThermalMonitor component temperature, including motor, gearbox &
camera, Thermal gun |motor drive

Stopwatch & Counter |Used to manually verify system timing. Consulting the
pressure or volume trace from the pressure transducer and
spirometer or breathing simulator will provide greater fidelity.
Pressure Transducer &Monitors pressure profile in breathing circuit throughout the
Data Logger cycle

Spirometer Records airflow and tidal volume Example: Vernier
Spirometer.

Video / Digital camera |Used to record test sequences, including sounds and specific
observations

White sheet Used to collect particles debris under the mechanical device.

Breathing Simulator These are hospital-grade systems used to validate ventilator|
operation

The South African Health Product Regulatory Authority (SAHPRA) is the body
in charge of regulating and certifying medical devices in the country. The device must
be approved by SAPHRA. Therefore, the device would also need to comply with the
ISO standards below:
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« Conformity assessment and certification of the quality management system (as
per
1ISO1348515:2016) and testing of products to meet the specified standard is

also important.

o SO 13485 for good manufacturing Practice (GMP).

e IS0 10651-5:2006 specifies the requirements for resuscitator sets.

o S0 10651-3: 1997. specifies requirements for portable lung ventilators designed
for use in emergencies and transport.

e [ISO 80601-2-80:2018, medical electrical equipment — Part 2-80:

Requirements for basic safety and essential performance of ventilatory support

equipment for ventilatory insufficiency.

Protection of Personal information Act (POPIA) requirements

CONCLUSION

COVID-19 caught the world by surprise and did not allow for much preparation.
While the pandemic is ongoing, we remember the peak of the pandemic where
hospitals were overcrowded due to high infection rates. The main problem was how
to treat everyone without enough ventilators. The easiest solution is to use a manual
oxygen supplier (i.e., Ambu bag) but this solution is not recommended over the long
term since human misuse could occur. We proposed to supply hospitals and health
workers with a fully automated device. The main aspect was to make it affordable,
easy to use and to develop a working algorithm that will make it perform as traditional
ventilators. Software like python and open-source devices and hardware, like Arduino
were selected.
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