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Abstract
BACKGROUND: The increasing prevalence of patients with shortness of breath due to asthma and chronic 
obstructive pulmonary disease requires the development of a nebulizer design that is easy, fast, inexpensive, and 
has reusability for sufferers in the community.

AIM: This study aims to design and assemble a prototype of a portable smart nebulizer for patients with respiratory 
disorders.

METHODS: The research design used an experimental approach with the design and assembly of a nebulizer which 
aims to analyze the operating results of the prototype of a portable smart nebulizer device with standard health 
calibration test equipment, and compare it with a mesh nebulizer as a control.

CONCLUSIONS: The prototype of the portable smart nebulizer had met the expected standard calibration of the 
instrument with the functioning of the component features of the device smartly, although it still requires improvement 
of the tool when used on patients. 
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Introduction

Since the first case of the COVID-19 pandemic 
in February 2020, it has caused more than 1.2 million 
cases and 3200 more deaths that occurred in various 
countries with respiratory infections, cough, increased 
temperatures, and life-threatening shortness of breath [1]. 
This has a very serious impact on the management and 
care of patients suffering from comorbid asthma [2] and 
chronic obstructive pulmonary disease at home with a 
high increase in cases [3] so that it requires appropriate 
political strategies and policies to prevent the spread 
of the virus and protect public safety in the community 
dealing with the COVID-19 pandemic [4].

Treatment management of patients with 
respiratory system disorders such as shortness of 
breath, coughing, and excessive accumulation of 
mucus using the principle of evaporation and fumigation 
using a nebulizer in the era of the COVID-19 pandemic 
is urgently needed in health services for patients in 
hospitals and families. Purpose of giving nebulizer 
therapy is to smooth the airway due to the accumulation 

shortness of breath, increase patient comfort and 
improve lung function in chronic obstructive pulmonary 
disease [5]. Studies and evaluations of the use of drugs 
and nebulizer therapy for patients are mostly carried out 
as an effort to increase the effectiveness and efficiency 
of the function of drugs and nebulizers for the recovery 
of patients, especially those who experience recurrence 
of asthma symptoms and chronic obstructive pulmonary 
disease [6], [7].

The current model of nebulizer tools is a 
nebulizer with an air compressor (nebulizer compressor) 
and a nebulizer that utilizes ultrasonic waves (ultrasonic 
nebulizer). The working principle of a nebulizer with an 
air compressor (nebulizer compressor) is to provide 
air pressure from the pipe to the lid (cup) containing 
liquid medicine. Air pressure will break the liquid into 
the form of small vapor particles that can be inhaled into 
the respiratory tract. The weakness of using a nebulizer 
compressor is because the tool does not use a timer 
control that is needed for patient safety and makes it 
easier for users to operate on patients.

The application of new drug innovations in 
nebulizer therapy such as the use of bronchodilators [8], 
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corticosteroids, metered-dose inhalers [9], and adaptive 
aerosol development [10] plays an important role in 
the management of respiratory disorders in cases 
of chronic obstructive pulmonary disease during the 
COVID-19 pandemic. The development of the design 
of the nebulizer is useful for increasing the comfort of 
the patient in meeting the basic needs of the patient’s 
respiratory function with asthma, and long chronic lung 
disease. This type of jet nebulizer is expensive [11]. 
However, in its use, there are obstacles to the drug 
evaporation process which is not controlled with a 
humidity indicator humidistat or hygrometer. In general, 
inhaled corticosteroid drugs mixed in an ultrasonic 
humidifier for long periods can cause side effects 
to patients, such as dry air, irritation, dry mouth, and 
sore throat from health facility services. At present, the 
development of nebulizer design has transformed into 
an effective and efficient nano nebulizer compared to 
jet nebulizer technology nebulizers.

The increasing use of nebulizer tools during the 
COVID-19 pandemic in hospitals and the community 
requires cheap and affordable nebulizer prices for 
families who cannot afford nebulizers. The development 
of smart portable nebulizer design with complete control 
features of temperature sensor, humidity or humidistat, 
flowmeter, and timer which expected to provide 
convenience and comfort effectiveness of drug function 
and low price is expected to provide smart solution for 
patients with respiratory disorders in the future.

The current model of nebulizer tools is a 
nebulizer with an air compressor (nebulizer compressor) 
and a nebulizer that utilizes ultrasonic waves (ultrasonic 
nebulizer). The working principle of a nebulizer with an 
air compressor (nebulizer compressor) is to provide 
air pressure from the pipe to the lid (cup) containing 
liquid medicine. Air pressure will break the liquid into 
the form of small vapor particles that can be inhaled into 
the respiratory tract. The weakness of using a nebulizer 
compressor is because the tool does not use a timer 
control that is needed for patient safety and makes it 
easier for users to operate on patients.

The application of new drug innovations in 
nebulizer therapy such as the use of bronchodilators [8], 
corticosteroids, metered-dose inhalers [9], and adaptive 
aerosol development [10] plays an important role in the 
management of respiratory disorders in cases of chronic 
obstructive pulmonary disease during the COVID-19 
pandemic [11]. Including the development of the design 
of the nebulizer function as a useful tool for liquefying 
mucus due to accumulation of airway obstruction in 
people with asthma and chronic obstructive pulmonary 
disease. This type of jet nebulizer is expensive [12]. 
However, in its use, there are obstacles to the drug 
evaporation process which is not controlled with a 
humidity indicator humidistat or hygrometer. In general, 
inhaled corticosteroid drugs mixed in an ultrasonic 
humidifier for long periods can cause side effects 
to patients, such as dry air, irritation, dry mouth, and 

sore throat from health facility services. Currently, the 
development of nebulizer design has transformed into 
an effective and efficient nano nebulizer compared to 
jet nebulizer technology nebulizers.

The increasing use of nebulizer tools during the 
COVID-19 pandemic in hospitals and the community 
requires cheap and affordable nebulizer prices for 
families who can’t afford nebulizers. Smart portable 
nebulizer with complete features of the temperature 
sensor, humidity/humidistat, flowmeter, and control timer 
which is expected to ensure safety, the convenience 
of use and effectiveness of medicine as well as low 
price tools for people with respiratory disorders such 
as asthma and chronic obstructive pulmonary disease.

Methods

This study uses an experimental research 
approach with the design and assembly of a nebulizer 
which aims to analyze the results of the operation of a 
portable smart nebulizer with standard health calibration 
test equipment and compare it with a mesh nebulizer as 
a control. The research stages consist of the hardware 
design process and software design.

Hardware tools

Tool hardware design by making prototype 
designs for portable smart nebulizer tools and research 
instrument equipment with parameters including the 
suitability of air humidity, temperature, and flow meter 
requirements. Testing of the portable smart nebulizer 
tool was carried out in the PT Surya Medical Service 
Surabaya laboratory by assessing, analyzing, and 
evaluating the results of using the tool by identifying the 
shortcomings and limitations of the tool.

Software tools

The device software consists of programming 
temperature, air humidity, and airflow monitoring tools 
to control the suitability of drug therapy needs and the 
effectiveness of drug work for patients to get maximum 
results in reducing shortness of breath complaints in 
patients.

Calibration test

The calibration test is a process of checking 
and setting the accuracy of the portable smart nebulizer 
tool by comparing standards referring to the Regulation 
of the Minister of Health of the Republic of Indonesia 
Number: 54 of 2015 concerning Testing and Calibration 
of Medical Devices [13]. Calibration is necessary to 
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ensure that the results of measurements or inspections 
carried out by the instrument are accurate and consistent 
with other instruments. Medical devices for which testing 
and/or calibration are performed are equipment used for 
diagnosis, therapy, rehabilitation, and medical research, 
either directly or indirectly, and have parameters of 
appointment, output, or performance. The aim is to 
ensure the availability of medical devices following 
service standards, quality requirements, security, 
benefits, safety, and suitability for use in health service 
facilities and other health facilities and to increase 
accountability and service quality of health facility testing 
centers and health facilities testing institutions in testing 
and medical device calibration.

Results

Design of smart portable nebulizer for 
patients

A controller is a tool that functions to control a 
device in the form of a microcontroller that uses Arduino 
Nanotechnology which is small and simple, making it 
easier for patients to use the nebulizer (Figures 1-3). 
The temperature sensor is a sensor that functions to 
monitor the air temperature in degrees Celsius when 
the airflow evaporates the drug from the nebulizer when 
it enters the nostril of the patient who uses a nasal 
cannula or mask. There is an LCD screen to display 
information about the state of temperature, humidity, 
airflow, and battery status (Figure 4).
Table  2: Comparative test results of the temperature and 
humidity calibration of the smart portable nebulizer with a 
mesh nebulizer (control)
Nebulizer type Temperature Air humidity
Mesh nebulizer (control) ‑ ‑
Nebulizer portable 
smart

27.2°C 52%

Standard nebulizer temperature is 27°C and humidity 50%.

The humidity sensor section is a monitoring 
tool to control the state of the humidity of the air flowing 
from the nebulizer. The airflow sensor is a sensor used 
to monitor the flow rate or volume of air in liters/minutes 
that flow from the nebulizer. There is an LCD screen 
to display information about the state of temperature, 
humidity, airflow, and battery status (Figure 4). 
Ultrasonic humidifier is a water vapor generator utilizing 
ultrasonic waves in the form of bursts of evaporation 
from the heating effect or warming a mixture of medicine 
and water. Air heater is a heater to heat the air from the 
nebulizer to fit the needs. The air pump is to pump air to 
flow with a discharge that can be adjusted to the needs.

Asthma medicines and sterile water mixers are 
medicines for asthmatics prescribed by doctors and 
water injection/aqua bikes as a medicine mixer that 
is inserted into a container connected to an ultrasonic 
humidifier and a micro-universal serial bus port that can 
be connected to a power bank so that it can be used at 
any time outside the reach of a power source.

Nebulizer test result with calibration

Based on Table 1, the average results of the 
calibration test for water pressure for/steam flow of both 
nebulizer tools have met the minimum standard above 
0.3 liters/minute.

Standard nebulizer temperature is 27°C and 
humidity 50%

Based on Table  2, it is found that the small 
nebulizer does not have temperature and humidity 
indicators so that the results cannot be observed. The 
result of temperature calibration measurements on a 
smart portable nebulizer are 27.2°C and humidity is 
52%.

Figure 1: Component design of a portable smart nebulizer tool [26]

Discussion

The incidence of recurrent attacks of asthma 
with symptoms of shortness of breath occurs on average 
2.56/1000 people per year. These cases are increasing 
in children under 10 years of age with an incidence rate 
of 4.38/1000 people per year [14]. This can be risky in 
the initial treatment of shortness of breath away from 
health-care centers such as community health centers or 
hospitals. Meanwhile, the use of nebulizers is currently 
increasing during the COVID-19 pandemic and is not 

Table  1: Comparative test results of air flow pressure/steam flow calibration of the smart portable nebulizer tool with a mesh 
nebulizer (control)
Nebulizer Type 1st min 2nd min 3rd min 4th min 5th min Average Unit
Mesh nebulizer (control) 0.4 0.4 0.3 0.4 0.3 0.36 liter/minute
Portable smart 0.6 0.6 0.6 0.6 0.5 0.58 Liter/minute
Standard nebulizer calibration water flow pressure is at least 0.3.
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sufficient for the general public [15], [16]. In general, the 
provision of therapy using a nebulizer is mostly given to 
asthmatics who need continuous care during an attack of 
shortness of breath. The frequency of administration can 
be done 6 times a day of nebulizer therapy. The type of 
jet nebulizer is the type most widely used in the treatment 
of shortness of breath in asthma, but the nebulizer is 
still in the category of expensive and less efficient for 
the use of certain drugs [17]. This situation can worsen 
and threaten the patient’s safety when an attack occurs 
because of the limitations of nebulizer equipment and the 
unaffordability of prices for people with low economies.

The main health problem in patients with 
asthma is the ineffectiveness of the airway which is 
characterized by a hypersensitive response which is 
characterized by the patient experiencing excessive 
mucus production of the respiratory tract which causes 
shortness of breath [18]. The occurrence of sudden 
shortness of breath can occur outside the reach of health 
services such as hospitals and can pose a risk to the 
patient’s safety. The prevalence of shortness of breath 
is increasing by 10% in the patient care population at 
home and nursing homes. The impact of the prevalence 
of shortness of breath causes a decrease in meeting 
the needs of daily activities such as going, drinking, 
bathing, movement, and socialization [19].

Figure 3: Assembly of the portable smart nebulizer tool components 
(rear view). (1) Changer module: 18650. Battery charger component. 
(2) Step up module: Battery voltage booster component from 3.7 V 
to  5 V. (3) 18650 battery and holder: 3.7 V 18650 battery and 
holder. (4) Ultrasonic mist maker module: Component of ultrasonic 
fumigation mist maker [26]

The development of designs such as the 
OMRON A3 nebulizer model has provided good 
efficacy and reusability to produce aerosols in the 
treatment of asthma patients with particle diameters of 
2–4.5 m, 4.5–7.5 m, or >7.5 m in the case of children 
aged 5–4.5 m [20].

Figure 5, the prototype of this smart portable 
nebulizer is designed as a nebulizer that is easy, 
safe, and fast using component features that increase 
reusability for sufferers and first aid in the event of a 
sudden attack. The presence of a temperature and 
humidity sensor component on the device helps the 
user to monitor the suitability of the heat needs of the 
ultrasonic stream that flows into the sufferer’s nose. 
The temperature and humidity of the air outside the 
body can increase the hypersensitivity response 
to the occurrence of shortness of breath attacks. 
The prototype of a smart portable nebulizer which is 
equipped with control and regulation of air temperature 
and humidity helps improve the function of the mucous 
membrane in regulating the humidity of the air flowing 
in the respiratory tract so that it can increase the effect 
of the drug and the comfort of the patient sufferer.

Figure  4: Liquid crystal display readings of temperature, humidity, 
and airflow [26]

Humidity sensors are very important to 
determine the suitability of the outside and inside 
air, the warmth of the air temperature when it enters 
the patient’s nose which can have a positive effect 
on people with dyspnea, such as those who are 
hypersensitive to changes in cold air, allergens, or the 
patient’s psychological state so that they can adapt to 
physiology and psychology responses. Some models 
of nebulizer products are not equipped with a humidifier 
sensor control as a humidity measuring device, such as 
a humidistat or hygrometer [11]. This makes us need 
to check the humidity in the room manually so that the 
humidity is maintained in the body. Complaints of dry 
mouth and sore throat can occur in the use of a saline 
nebulizer so it needs to be monitored [21].

The control of the steam air flow meter on the 
smart portable nebulizer is very necessary according to 
the patient’s needs. In general, patients have their own 
sensitivity and comfort in receiving air volume pressure, 
sometimes too large a flow can make the patient 
uncomfortable with his needs with a nebulizer so that 

Figure 2: Assembling the components of the portable smart nebulizer 
tool (add the front) (1) The main board of the tool: The main board 
where all the components are installed. (2) Arduino nano: Device 
controller. (3) 0.96-inch OLED Display: LCD viewer with 128 × 64 pixels. 
Resolution (4) DHT22 sensor: Temperature and humidity sensor. 
(5) Tactile button 1. (6) Tactile button 2. (7) Fan: A fan to regulate the 
flow of heat in the nebulizer channel. (8) Heater connector: A connector 
for the air heater in the nebulizer duct. (9) Ultrasonic mist maker plate: 
Ultrasonic fumigating mist making plate [26].
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the patient can control the volume flow requirement 
according to the patient’s wishes. This needs to be done 
to ensure that the equipment installation can function 
properly as expected by the needs of the drug and the 
user. The components of the smart portable nebulizer 
have convenience features for patients such as a 
flow meter control, temperature and humidity display, 
medicine holder and battery charger energy. The use 
of a nebulizer must consider the infection prevention 
aspect, considering that non-hygienic nebulizer 
treatment causes the development of microorganisms 
that can spread infectious germs to patients [22], thus 
requiring training, adherence to procedures and care 
for patients and their families [23], [24].

In the results of the calibration trial, the portable 
smart nebulizer prototype with a mesh nebulizer 
(control) meets low-pressure standards and can be 
used for therapy in patients with respiratory problems, 
especially for initial help in the family or community. 
The airflow pressure in the smart portable nebulizer 
is stronger with an average of 0.58 > 0.3 liters/minute 
per minute, while the mesh nebulizer (control) has an 
average airflow pressure of 0.36 > 0.3 liters/minute. 
While the results of temperature and humidity calibration 
are still not following the standard, considering that 
the portable smart nebulizer has not yet been printed 
on the packaging or box, so that it is possible to have 
the influence of temperature and humidity from the 
surrounding air, so it requires repairs to do a temperature 
and humidity calibration test again. In addition, it still 
requires improvement of the temperature and humidity 
program settings again to suit the needs.

This is very important considering that the output 
temperature and humidity of the nebulizer equipment are 
following the physiological needs of respiration, which 
greatly helps the adaptation of the respiratory process 
environment and helps improve the function of nebulizer 
drugs to dilute and remove airway obstructions in the 
throat and bronchi due to secretions or excessive mucus 
production. In the future, this smart portable nebulizer 

tool needs to be tested, such as in the management 
of combination prescribing drugs using a nebulizer 
in various cases of lung disease. Many cases of lung 
disease have been developed to help reduce shortness 
of breath in patients by considering the negative effects 
and benefits of drugs for sufferers [11], [20], [25].

Thus, the prototype of this smart portable 
nebulizer is expected to be able to help practically, 
effectively, and efficiently as first aid for patients who 
experience shortness of breath or airway disorders due 
to accumulation of mucus secretions in the airways due 
to inflammation or allergic hypersensitivity at home or 
in the community.

Conclusions

The prototype of the smart portable nebulizer 
has met the expected standard of tool calibration 
with the functioning of the component features of the 
tool smartly, although it still requires tool refinement 
when used on patients. In the future, the innovation of 
developing these tools needs to be tested on patients 
with shortness of breath or respiratory problems while 
still referring to the doctor’s prescription.
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