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ABSTRACT Disadvantages of the old HFNC device design include oxygen flow can only be monitored manually making it 

vulnerable to aerosol transmission from HFNC to patients and staff, besides that leaking errors in HFNC devices often occur 

due to leaks in the hose or mismatching the oxygen flow setting value with the output given to the patient. The development 

of HFNC is equipped with an alarm if there is a decrease or increase in the flow of oxygen and a remote monitoring system is 

needed when continuous oxygen therapy is given to patients. This study aims to analyze errors in HFNC which cause a 

decrease in oxygen flow using a flow sensor as sensor to detect leaks or other flow errors from the HFNC output hose and 

overcome if there is a blockage through IoT in the form of notifications. This research method uses a pre-experimental with 

the After Only Design type where the independent variable in this study is the HFNC error condition and the dependent 

variable in this study is the data stream read by the sensor, IoT notifications, and device status showing error leaks. The tool 

module design uses the MPX5700GP pressure sensor and the SEN0343 Differential Pressure sensor as an oxygen flow sensor. 

This study has been tested at a pressure setting of 30-60lpm and the average error result when a leak occurs is 89.225%, the 

error value before a leak occurs is 4.325% which indicates the stability value of the module before a leak occurs. With this 

research, it can reduce the burden on medical personnel in treating Covid-19 patients, it can also minimize transmission 

between officers and patients due to high aerosol production by HFNC devices, this is because HFNC device monitoring 

alarms can be monitored in the nurse's room via the internet technology.  

INDEX TERMS HNFC, Flow Fault, IoT

I. INTRODUCTION 

The High Flow Nasal Cannula (HFNC) is a non-invasive 

ventilation system that has been shown to provide a lot of 

promise in a number of patient conditions requiring 

emergency respiratory assistance.[1]. However, it is feared 

that the aerosol produced by HFNC will have a high impact 

on transmission to other patients, especially medical 

personnel treating these patients.[2]. So wearable technology, 

telemedicine with the IoT system play an important role in 

minimizing the risk of contracting health workers because it 

minimizes closeness to patients[3][4]. 
The workload of medical personnel in handling COVID-19 

is quite high due to limited manpower so medical personnel 

who are taking a break are tasked with always being ready 

with additional working hours thereby increasing the 

physical and mental burden. Exposure to infection for nurses 

causes instability in the number of workers[5]. Close 

monitoring and clinical monitoring of the use of HFNC is 

necessary during therapy for patients with poor saturation[6]. 

When HFNC is not able to provide sufficient support, the 

patient will be in a dangerous condition in the form of 

respiratory failure, so that monitoring is not simple/specific 

during the use of this HFNC.[7]. We know that HFNC (High 

flow Nasal Cannula) is a method of administering 

supplemental oxygen to patients with acute respiratory 

failure.[8][9]. The use of HFNC in recent years has been 

highly recommended as a solution to provide supplemental 

oxygen to patients[10][11]. This is because in recent years 
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there has been a virus that attacks the lungs and causes 

patients to experience respiratory system failure, namely a 

condition where there is fluid or softening in the patient's 

lungs, making it difficult for the body to maintain oxygen 

concentration in the lungs. blood, the virus is COVID-

19[12]. Covid-19 has become a virus that has become a 

world pandemic and this virus has caused mass deaths 

because medical personnel have difficulty treating patients 

when oxygen levels in the blood have fallen to critical levels. 

Several solutions to increase oxygen in the blood have been 

successfully carried out, including the use of a 

ventilator[13][14]. However, because the number of patients 

continues to increase, the availability of ventilators is very 

limited to be given to all patients who need it. Therefore, 

several studies were conducted to provide a solution to this, 

one of which was recommended in this study was the use of 

HFNC to support the body in maintaining oxygen 

concentrations in the blood, so that patients do not enter a 

critical period. Point.[10][11]. 

The use of HFNC is considered to be able to help patients 

to increase blood oxygen levels, although there is still debate 

about the side effects of aerosols given to patients.[2]even 

though I have used the mask properly[15]However, HFNC 

has been shown to increase oxygen levels in the blood, and 

ease lung performance[16]. Administration of HFNC to 

COVID-19 patients begins at a flow range of 30-50 LPM 

with an oxygen concentration of 92%[11]. Humidity will 

also have an effect when the airflow velocity in HFNC 

increases[17]The use of HFNC must be closely monitored by 

the nurse because if the patient is in the same condition or 

worsens, the nurse is required to increase the flow rate given 

to the patient, this monitoring is carried out every hour so 

that the nurse can find out the results of the examination. 

HFNC administration and if the patient's condition remains 

then the flow given to HFNC will be 

increased[18][16]Therefore, during the administration of 

oxygen therapy using HFNC it must be monitored carefully, 

so that the dose of oxygen administration to the patient does 

not decrease or does not stop.[19]. 

In the HFNC device there are several errors that occur in 

the administration of therapeutic oxygen, including leak 

errors where there is a leak in the hose or a mismatch between 

the HFNC setting and the output given to the patient.[20]. 

which causes the oxygen flow to the patient to decrease, 

when this condition occurs the device will provide 

information and an alarm to the nurse so that the nurse will 

immediately respond to provide corrections to the device, but 

in current conditions there is a condition where the patient 

increases, nurses sometimes do not know the alarm and 

warning given by the device, therefore it is necessary to 

continuously monitor oxygen delivery which can provide 

direct notification to the nurse if an error occurs so that the 

error does not worsen the patient's condition 

Some of the research used as reference material in this 

research is the creation of a portable mobile real time oxygen 

monitoring auto ventilation system[21], this designed tool 

functions to ensure that the flow of oxygen supply to patients 

can be monitored in real time, thus facilitating the process of 

monitoring oxygen therapy to patients, in this study the 

researchers concluded that mobile monitoring applications 

can improve services to patients and can speed up handling 

when something goes wrong. . In addition, the design of an 

Arduino and website-based fluid flow monitoring and 

control system was also carried out, the tool designed has 

succeeded in determining the number of successful 

monitoring of fluid flow and controlling valves, and no errors 

were found to use the website as a medium for storing and 

displaying data. flow,[22], this study aims to test the use of 

piezoresistive as a substitute for flow sensors to measure 

microfluids with the aim of cutting sensor manufacturing 

costs, in this study researchers succeeded in making 

microflow sensors using the piezoresistive concept and 

cutting sensor manufacturing costs by up to 90%, further 

research to examine sensors is expected add data for further 

use of this sensor. 

Air flow sensors can be used to measure flow rates in 

heating, ventilation and air conditioning systems. The 

transducer requires a device material that is strong and 

flexible. Due to the interaction with the fluid flow, the 

transducer generates a signal that can be measured 

electrically[23]. In addition, the air flow sensor can also 

detect flow velocity with high accuracy and resolution[24]. 

Micro-type air sensor produces a determined airflow velocity 

by measuring resistance changes with high sensitivity 

results[25]. 

The HFNC precision flow system incorporates a vapor 

transfer module, oxygen analyzer, oxygen analyzer, blender 

and electronic mass flow sensor. Precision flow systems use 

a unidirectional gas flow which the analyzer calibrates prior 

to testing in each flow[26]. Thermal airflow sensors use the 

difference between exhaled and ambient air temperatures to 

estimate airflow and detect mouth breathing[27]. 

Patient Management in Intensive Care Units utilizing IoT 

devices seeking to collect physiological data is a critical care 

treatment to improve timeliness and quality of care through 

the provision of IoT-based healthcare[28]. 

Wearable technology the IOT system plays an important 

role in minimizing the risk of contracting health workers 

because it minimizes closeness to patients, one of which in 

this case is patients with HFNC oxygen therapy 

devices.[3]thereby reducing mortality, especially for 

geriatrics[29]and reduced nosocomial effects in studies of 

transmission effects on coughing distance[30]. Monitoring 

with IoT technology is also very necessary for monitoring to 

identify failures on HFNC devices due to the low risk of 

intubation, nosocomial infection and patient comfort.[1]. 

Based on the background and review of previous 

research, we raise the following title "Monitoring Alarm 

Occurrence in IoT-Based HFNC With Analysis of Signal 

Drop Before Leaking and Different Flow Errors (Parameter 

Flow)" which will analyze several faults in HFNC that cause 

a decrease in flow delivery in HFNC, this analysis will aim 
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to be able to provide notifications and warnings to nurses 

before an increasingly fatal error occurs, therefore 

researchers will create a tool to monitor oxygen therapy to 

patients and provide notifications in the form of telegram 

messages to notify nurses directly when something happens 

. errors, so that nurses can provide direct treatment before the 

patient's condition worsens due to these errors. This research 

aims to analyzed faults in HFNC that cause a decrease in 

HFNC flow. 
 

II. METHODOLOGY 

This research was conducted at Bhakti Dharma Husada 

Hospital in Surabaya using HFNC. The research design used 

in making the module is Pre-experimental with the After Only 

Design type. In this design the researcher only uses one group 

of subjects and only looks at the results without measuring and 

knowing the initial conditions, but there is already a 

comparison group. 

The independent variable in this study is the error condition in 

HFNC. the dependent variable is the pressure data read by the 

pressure sensor. and the variable being controlled is the 

microcontroller board used, namely ESP32. 

 

A. DATA ANALYSIS 

Measurement of each parameter, flow from 30 – 60 LPM, 

and pressure were all repeated 5 times. The average 

measurement value is obtained using the mean or average 

using equation (1).: 

𝑥 =
𝑥1+𝑥2…+𝑥𝑛

𝑛
    (1) 

where represents the mean (mean) for n-measurements, x1 

represents the first measurement, x2 represents the second 

measurement, and xn represents the n measurements. The 

standard deviation is a value that indicates the degree 

(degree) of variation in a data set or a measure of the standard 

deviation of the mean. The standard deviation formula (SD) 

can be shown in equation (2):𝑥 

SD = √
∑(𝑥𝑖−𝑥)2

(𝑛−1)
    (2) 

where xi denotes the number of desired values, x denotes the 

average of the measurements, n denotes the number of 

measurements. Uncertainty (UA) is the doubt that arises in 

every measurement result. The uncertainty formula is shown 

in equation (3): 

𝑈𝐴 =  
𝑆𝐷

√𝑛
          (3) 

where UA denotes the total measurement uncertainty value, 

SD denotes the resulting standard deviation, and n denotes 

the number of measurements. %error indicates a system 

error. The lower error value is the average difference of each 

data. Errors may indicate deviations between a standard and 

a design or model. The error formula is shown in equation 

(4). 

%ERROR =  
(𝒙𝒏−𝐱)

𝒙𝒏
 × 100%   (4) 

where xn is the measured value of the engine calibrator. X is 

the measured value of the design. 
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FIGURE 1. Block Diagram of HFNC Module 

The block diagram above in Figure 1 has 3 main parts, 

namely the input and output processes, the input consists of 

the Differential Pressure Sensor SEN0343 which is the input 

data source on the microcontroller, the process part consists 

of the microcontroller which functions to receive data from 

the sensor and process it so that the sensor value can be 

calculated. displayed on the display, in the output process 

there is a display and notification of data via IoT. 

 

Start

Initialization

Reading Flow 

Sensor

Output Flow 

HFNC 

!= setting.?

End

Setting output 

HFNC

NO

Notification IOT

Send data to IOT

 
FIGURE 2. Flow Chart of HFNC Module 
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III. RESULTS 
In this study the module has been tested. Module design is 

shown in Figure 3. 
 

 
 

FIGURE 3. The Design of HFNC Module 

The digital part consists of the ESP32 microcontroller which 

is the main board of the device and the DFROBOT Flow 

sensor. Where is the design of this module as seen in Figure 

4. 

 

FIGURE 4. Hardware HFNC Module 

Retrieval of module data at Bhakti Dharma Husada Surabaya 

Hospital using the HFNC device. In collecting this data, 

settings are used for Flow parameters 30, 40, 50, and 60 

LPM.  
TABLE 1. 

Error Comparison Value of Each HFNC Setting with the Condition 
Before and After Leaking 

Flow Settings Flow Before Error Flow In Process 

30 2.0 88.0 

40 1.5 89.0 

50 0.8 89.6 

60 1.0 90.3 

 

From the module test, the error value is obtained from the 

difference in the actual value compared to the measured 

value of the pressure parameter with the Leakage Error 

condition. It can be seen in the table below that the lowest 

error value during flow before processing is when setting 

flow at 50 lpm with a value of 0.8%. While the lowest error 

value when flow is in progress is when setting flow at 30 lpm 

with a value of 88%. then for the highest error value during 

flow before processing is when setting flow at 30 lpm with a 

value of 2.0%. While the highest error value when flowing 

in the process is when setting flow at 60 lpm with a value of 

90.3%. This can be seen in TABLE 1 which explains the 

comparison of the Error Value for Each HFNC Setting with 

the conditions before and after the leak.  

 

The standard deviation obtained from measurements with the 

HFNC module has a good value because the standard 

deviation value does not exceed the average value of the 

HFNC module measurements and the standard deviation 

value for each parameter has the same value for each 

parameter, namely 0.548. The standard deviation above 

proves that the standard deviation value of the entire device 

is at the flow setting of ±0. This can be seen in TABLE 2 

which conveys the standard deviation comparison value for 

each flow setting before leaking. 
 

TABLE 2 
Standard Deviation Comparison Value For Each Setting Flow Before 

Leaking 

Flow settings 

(lpm) 

SD stream 

before error 

(lpm) 

SD flow in 

process 

(lpm)  

30 0.548 1817  

40 0.548 2,702  

50 0.548 1924  

60 0.548 2,864  

Flow measurement results on leaking error conditions. 

Where the experiment was carried out for 5 repetitions at 

each flow setting of 30 – 60lpm. In the experiment with a 

flow setting of 30lpm, the average value of the output flow 

before the error was 30.6, the average value of the pressure 

in the process was 3.6 and the average value of the pressure 

after the error was 0. The average value of the error time was 

1.46 seconds with an average time telegram notification 1.3 

sec. In the telegram notification and the condition of the tool 

shows the condition of the leaking error. As shown in Figure 

5. 
 

 
FIGURE 5. Flow and Pressure Measurement Results in 30LPM Leak 

Error Conditions 

In the 40lpm flow setting, the average output flow before 

the error is 40.6, the average pressure in the process is 4.4 

and the average pressure after the error is 0. The average 

error time is 1.52 seconds with an average notification time. 

telegram 1.38 sec. In the telegram notification and the 
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condition of the tool shows the condition of the leaking error. 

This can be seen in Figure 6. 

 

FIGURE 6. The Results off Flow and Pressure Measurements at 40lpm 
Leaking Error Conditions 

In Figure 7 is the result of pressure measurement in the 

leak error condition at 50lpm setting. At a flow setting of 

50lpm the average value of the output stream before the error 

is 50.4, the average value of the pressure in the process is 5.2 

and the average value of the pressure after the error is 0. The 

average value of the error time is 1.6 seconds with an average 

the average telegram notification time is 1.5 seconds. In the 

telegram notification and the condition of the tool shows a 

leak error condition. 

 

FIGURE 7. Results of Flow and Pressure Measurements in 50LPM 
Leaking Error Conditions 

In FIGURE 8 is the result of pressure measurement in the 

leak error condition at 60lpm setting. At the 60lpm flow 

setting, the average value of the output stream before the 

error is 60.6, the average value of the pressure in the process 

is 5.8 and the average value of the pressure after the error is 

0. The average value of the error time is 1.64 seconds with 

an average the average telegram notification time is 1.9 

seconds. In the telegram notification and the condition of the 

device shows a leak error condition.  

 

 

 

 
 
FIGURE 8. Results of Current and Pressure Measurements in 60LPM 
Leaking Error Conditions 

Figure 9 and Figure 10 are Graphs of Analysis of Decrease 

in Flow Signals and Pressure Signals before leaking, during 

the leaking process and after leaking at 60 Lpm Flow Setting. 

Here it can be seen that when Error Leaking, both flow and 

pressure, the shape of the signal is reduced in the same way. 

 

FIGURE 9. Graph Analysis of The Decrease in Flow and Pressure 
Signals During Leakage Errors 

FIGURE 10. Graph Analysis of Decrease in Flow and Pressure Signals at 
the Time of Leakage Error on Thinger Io 

IV. DISCUSSION 
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After testing the results, data collection and analysis was 

carried out to determine the accuracy of the output value of 

the MPX5700GP pressure sensor and the SEN0343 

Differential Pressure sensor as a flow sensor. 

After conducting experiments on research to get the pressure 

value and flow value before the error, during the process, and 

at the time after the process. then the results obtained in the 

module are as follows: 

In the 30lpm experiment, the error value when a leak occurs 

is 88.0%, the error value before a leak occurs is 2% which 

indicates the stability value of the module before a leak 

occurs. The error flow value in this large process causes 

leakage. In the 40lpm experiment, the error value at the time 

of the leak was 89.0%, the error value before the leak 

occurred was 1.5% which indicated that the module value 

was stable before the leak occurred. The error flow value in 

this large process causes leakage. In the 50lpm experiment, 

the error value at the time of the leak was 89.6%, the error 

value before the leak occurred was 0.8% which indicated that 

the module value was stable before the leak occurred. The 

error flow value in this large process causes leakage. And in 

the 60lpm experiment, the error value at the time of the leak 

was 90.3%, the error value before the leak occurred was 

1.0% which indicated that the module value was stable 

before the leak occurred. The error flow value in this large 

process causes leakage. And if analyzed, it can be concluded 

that when there is a decrease in the flow value during the 

process and a decrease in pressure before the error and 

pressure during the process, the HFNC and the module will 

issue a leak error notification. 

The implications of this study can be concluded that the 

Alarm Occurrence Monitoring tool on IoT-Based HFNC 

With Signal Derivation Analysis Before Leaking and 

Different Flow Errors (Parameter Flow) has been 

successfully created and can be used properly. This means 

that the tool can apply the use of Flow sensors and the 

Telegram application in monitoring the occurrence of alarms 

when there is a signal drop in Leaking Error conditions. 

Due to various factors, the modules made by the author are 

still far from perfect, both in terms of planning, 

manufacturing, and how the module works. So that there are 

several shortcomings that have been analyzed from the tool 

that the author made. The resistance of the flow sensor to 

humidity has not been known after using a humidifier. The 

stability of the flow sensor is unknown when the leak process 

begins. So that the selection of sensors that are resistant to 

high enough humidity produced by this HFNC tool should 

be carried out 

 

IV. CONCLUSION 

The purpose of this study is to monitor the occurrence of 

alarms on HFNC via IoT by analyzing signal degradation 

before leaks and different flow errors. At the time before the 

leak, the module had good and stable results when compared 

to the setting on the HFNC tool. Which means the module 

can run properly and can be used. When a leak occurs and is 

not immediately handled by the officer, the flow value will 

decrease at a certain point so that the HFNC tool will sound 

an error alarm, and the module will immediately send a 

notification to the telegram that a leak error has occurred. 

This module has fairly good accuracy, but future research 

should select flow and pressure sensors that have high 

resistance to humidity produced by water vapor from this 

HFNC humidifier. 

REFERENCE 
[1] J. Rondón-Carvajal, F. Rodríguez-Vega, L. Pérez-Lugo, K. 

Madera Gutiérrez, and F. Clavijo-Tinoco, “Coincident 

Discovery of a Mediastinal Mass in a Patient with a 

Confirmed Diagnosis of Moderate to Severe COVID-19: 

Case Report ,"Front. Medical Case Reports, vol. 01, no. 05, 

p. 1–8, 2020, doi:10.47746/fmcr.2020.1508. 

[2] J. Li, A. A Alolaiwat, L. J Harnois, JB Fink, and R. Dhand, 

“Reducing Fugitive Aerosols During Aerosol Delivery via a 

High Flow Nasal Cannula Device,”respirator. care, vol. 67, 

no. 4, p. 404–414, 2022, doi:10.4187/respcare.09589. 

[3] MM Islam, S. Mahmud, LJ Muhammad, MR Islam, S. 

Nooruddin, and SI Ayon, “Wearable Technology to Assist 

the Patient Infected with Novel Coronavirus (COVID-

19),”SN Comput. science., vol. 1, no. 6, p. 1–9, 2020, 

doi:10.1007/s42979-020-00335-4. 

[4] G. Choudhari, P. Wagh, V. Choudhari, A. Gawade, R. 

Gadhave, and C. Bobade, “Wearables and mHealth: 

Significant Applications in the COVID 19 Pandemic,”J. 

Pharmacy. res. int., Not. May, p. 9–20, 2022, 

doi:10.9734/jpri/2022/v34i21b35843. 

[5] S. LNU and R. Kumar, “Promoting Nurse Mental Health 

During the Coronavirus Pandemic: Will Rapid Deployment 

of Nurse Training Programs During COVID-19 Increase 

Self-Efficacy and Reduce Anxiety?”Cureus, vol. 13, no. 5, 

2021, doi:10.7759/cureus.15213. 

[6] JW Hewitt, "American Journal of Emergency 

Medicine,"Headache diet Appears. patient, vol. 5, no. 1, p. 

351, 1987, [Online]. Available: 

http://ovidsp.ovid.com/athens/ovidweb.cgi?T=JS&NEWS=

N&PAGE=fulltext&AN=3593503&D=med2 

[7] M. Nishimura, "High-flow nasal cannula oxygen therapy in 

adults: Physiological benefits, indications, clinical benefits, 

and side effects,"respirator. care, vol. 61, no. 4, p. 529–541, 

2016, doi:10.4187/respcare.04577. 

[8] MS Alshahrani, HM Alshaqaq, J. Alhumaid, AA Binammar, 

and KH Alsalem, “Treatment of High Flow Nasal Cannula in 

Patients with Acute Hypoxemic Respiratory Failure COVID 

19: A Prospective Cohort Study,” 2021, doi: 

10.4103/sjmms.sjmms . 

[9] J. Frat, R. Coudroy, N. Marjanovic, and AW Thille, “High-

flow nasal oxygen therapy and noninvasive ventilation in the 

management of hypoxemic respiratory failure.acute,” vols. 5, 

no. 14, p. 1–8, 2017, doi:10.21037/atm.2017.06.52. 

[10] ZP Sullivan, L. Zazzeron, L. Berra, DR Hess, EA Bittner, and 

MG Chang, “Noninvasive respiratory support for COVID-19 

patients: when, for whom, and how?”J. Intensive Care, vol. 

10, no. 1, p. 1–10, 2022, doi:10.1186/s40560-021-00593-1. 

[11] D. Chiumello, “pandemic. In severe de novo acute 

hypoxemic respiratory failure, high-flow nasal cannula 

oxygen (HFNC) improves oxygenation and _,” vol. 4, p. 

1299–1300, 2020, doi:10.1164/rccm.202005-2007LE. 

http://teknokes.poltekkesdepkes-sby.ac.id/


Jurnal Teknokes 
International: Rapid Review: Open Access Journal                       Vol. 16, No. 1, March 2023, pp. 37-43        e-ISSN 2407-8964; p-ISSN  1907-7904 

 
Accredited by Ministry of Education, Culture, Research, and Technology, Indonesia  

Decree No: 225/E/KPT/2022 
Journal homepage: http://teknokes.poltekkesdepkes-sby.ac.id    43 

[12] D. Giustivi, F. Bottazzini, and M. Belliato, "Bedside 

breathing monitoring in covid-19 patients,"J. Clin. Medical, 

vol. 10, no. 21, p. 1–7, 2021, doi:10.3390/jcm10214943. 

[13] L. Roesthuis, M. Van Den Berg, and H. Van Der Hoeven, 

“Advanced respiratory monitoring in COVID-19 patients: 

Reduce use of PEEP!”Critics. care, vol. 24, p. 1–4, 2020, 

doi:10.1186/s13054-020-02953-z. 

[14] NT Hamahata, R. Sato, and EG Daoud, “Going with the flow 

– The clinical importance of flow curves during mechanical 

ventilation: A narrative review,”can. J. Respirators. there, 

vol. 56, no. July, p. 11–20, 2020, doi:10.29390/cjrt-2020-

002. 

[15] DS Huiet al., “Dispersion of exhaled air during high-flow 

nasal cannula therapy versus CPAP through different masks,” 

Eur. respirator. J., vol. 53, no. 4, 2019, 

doi:10.1183/13993003.02339-2018. 

[16] A. Knowing, S. Direct, P. Hfnc, and T. Hfnc, “Literature 

review,” 2020. 

[17] Y. Chikataet al., “The humidification performance of two 

high-flow nasal cannula devices: A bench study,” Respir. 

Care, vol. 59, no. 8, p. 1186–1190, 2014, 

doi:10.4187/respcare.02932. 

[18] P. High-flow and I. Katarina, “Health and health magazine,” 

vol. 3, no. 1, p. 21–27, 2021. 

[19] S. Díaz-lobato, J. Manuel, C. Perales, A. Iñigo, and S. 

Mayoralas, “Critical Care and Emergency Medicine Points to 

Remember in High-Flow Therapy: As Always, The Devil Is 

In the Details,” vol . 4, no. 2, p. 1–8, 2018, 

doi:10.23937/2474-3674/1510048. 

[20] Q. Manual, “AirvoTM2". 

[21] ED Dijemeni and R. Dickinson, “Portable mobile real-time 

oxygen monitoring auto-ventilation system Portable Real-

time Oxygen Monitoring Automated Ventilation System,” 

no. August 2016, 2013, doi:10.109/EHB.2013.6707383. 

[22] LO Pressure and F. Sensing, “Piezoresistive Conductive 

Microfluidic Membranes for Low-Cost On-Chip Pressure 

and Flow Sensing,” 2022. 

[23] T. Glatzl, H. Steiner, F. Kohl, T. Sauter, and F. Keplinger, 

“Development of air flow sensors for heating, ventilation and 

air conditioning systems based on printed circuit board 

technology,”Sensor Actuators, A Phys., vol. 237, p. 1–8, 

2016, doi:10.1016/j.sna.2015.11.016. 

[24] MM Sadeghi, RL Peterson, and K. Najafi, “Microhydraulic 

structures for high performance biomimetic airflow sensor 

arrays,”Tech. Dig. - Int. Device Electrons Meet. IEDM, p. 

673–676, 2011, doi:10.1109/IEDM.2011.6131638. 

[25] YH Wang, CY Lee, and CM Chiang, "Air flow 

sensorMEMS-based freestanding microcantilever structure,” 

Sensor, vol. 7, no. 10, pp. 2389–2401, 2007, 

doi:10.3390/s7102389. 

[26] KR Nielsen, LE Ellington, AJ Gray, LI Stanberry, LS Smith, 

and RM Diblation, “Effect of high-flow nasal cannula on 

expiratory pressure and ventilation in infant, pediatric, and 

adult models,” Respirators. Care, vol. 63, no. 2, p. 147–157, 

2018, doi:10.4187/respcare.05728. 

[27] A. Sabilet al., "Comparison of apnea detection using an 

oronasal thermal airflow sensor, nasal pressure transducer, 

respiratory inductance plethysmography, and tracheal sound 

sensor," J. Clin. Sleep Medicine., vol. 15, no. 2, p. 285–292, 

2019, doi:10.5664/jcsm.7634. 

[28] GB Rehmet al., “Utilizing IoT and Machine Learning for 

Patient Diagnosis and Ventilation Management in the 

Intensive Care Unit,” IEEE Pervasive Comput., vol. 19, no. 

3, p. 68–78, 2020, doi:10.109/MPRV.2020.2986767. 

[29] YS Hau, JK Kim, J.Hur, and MC Chang, "What if you 

actively use telemedicine during the COVID-19 

pandemic?"J.Med. syst., vol. 44, no. 6, 2020, 

doi:10.1007/s10916-020-01580-z. 

[30] NHW Lohet al., “Effect of high-flow nasal cannula (HFNC) 

on coughing distance: implications of their use during the 

novel coronavirus disease outbreak,” Can. J. Anesth., vol. 67, 

no. 7, p. 893–894, 2020, doi:10.1007/s12630-020-01634-3. 

 

 
 
 

http://teknokes.poltekkesdepkes-sby.ac.id/

