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ABSTRACT  

Flow analyzers are used to measure, monitor, and calibrate air or gas flow parameters 
in medical devices, especially ventilators. In VCV mode, the ventilator sets a fixed 
inspiratory volume for each breath of the patient. This study aims to develop a flow 
analyzer with Inspiratory Minute Volume (mVi) and Expiratory Minute Volume (mVe) 
parameters with Volume Control Ventilation (VCV) mode to precisely measure the 
volume of air inhaled and exhaled by the patient, so as to validate the performance 
of the ventilator according to clinical standards. Data collection was performed using 
the VCV mode and 6 trials were conducted at each setting. The ventilator was set with 
tidal volumes of 200ml, 300ml, 400ml, 500ml, and 600ml and with an I:E ratio of 1:2 
and a PEEP pressure of 5cmH2O. Based on the available data, the Minute Volume 
Expiratory (MVE) parameter showed the highest error in the tidal volume setting of 
300 mL with a value of -14.7%. After the module was adjusted, the 600 mL tidal volume 
setting had a mean error of 0.69 with a standard deviation of 1.351, while the 200 mL 
setting recorded the lowest mean error of -0.12. Module adjustments and manual 
calculations yielded more accurate information, indicating that lower tidal volume 
settings, such as 200 mL, can improve measurement accuracy on ventilators. Overall, 
this study shows that while higher volume settings can increase data variation, lower 
settings can provide more consistent and accurate measurement results. The use of 
the AFM 3000 sensor on the Flow Analyzer proved to be viable for airflow 
measurement on ventilators. This study is expected to create a low-cost flow analyzer 
capable of measuring MVi and MVe parameters, enabling medical personnel to 
ensure ventilators are functioning optimally, measuring airflow in and out of the lungs 
so as to ensure sufficient oxygen for metabolism and carbon dioxide can be 
discharged efficiently, supporting the care of patients with respiratory disorders, and 
contributing to the improvement of the quality of health services through the 
accuracy of ventilator measurement and calibration. 
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1. INTRODUCTION 

The respiratory system is essential for life, as it allows the 

body to absorb oxygen from the air and remove waste 

gases produced from cellular reactions[1]. Ventilators play 

an important role in helping and monitoring the breathing of 

patients suffering from respiratory diseases by providing 

certain air pressure settings [2][3][4]. Ventilators work by 

regulating the flow of air in and out of the patient's lungs 

[5]. The need for ventilators is increasing in urgency due to 

the COVID-19 pandemic which disrupts the respiratory 

system of patients [6][7][8]. Ventilator as a form of 

mechanical controller of gas flow and pressure whose 

gradient must be made is made between the ventilator and 

the lungs [9][10]. Ventilators are needed for patients with 

acute heart failure, severe respiratory infections such as 

pneumonia, chronic obstructive pulmonary disease, 

traumatic brain injury so that they can maintain their 

respiratory function[11]–[13] Mechanical ventilation is 

essential for maintaining oxygenation, but mechanical 

ventilation can cause lung injury by triggering excessive 

stretching and improper regulation can worsen pulmonary 

edema[14][15].The use of ventilators to support the 

patient's life is required to be able to operate properly and 

its nominal parameters must be tested regularly [16]. 
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Regular calibration of ventilators and anesthesia 

machines can reduce the risk of death as well as minimize 

respiratory symptoms in patients who use mechanical 

ventilation[17]. Calibration of the ventilator is essential to 

ensure the accuracy of the setting of these parameters. 

Calibration is performed to ensure that the ventilator 

delivers the right air volume, pressure, and gas mixture as 

per the patient's needs[18]  From the flow, important 

parameters on ventilators can be measured, including 

Minute Volume Ventilation (MMV) to ensure that patients 

get ventilation in one minute. This Minute Volume 

Ventilation (MMV) parameter is applied with a different 

working system on each brand of equipment, for example, 

preset minute ventilation compared to the patient's total 

minute ventilation (spontaneous and mechanical) every 24 

cycles, or carried out on a breath-by-breath basis. [10].  

Tidal Volume (VT) and Respiratory Rate (RR) are factors 

that affect overall minute volume. Tidal Volume (VT) refers 

to the amount of air inhaled or exhaled in each respiratory 

cycle, while Respiratory Rate (RR) is the number of breaths 

per minute that needs to be adjusted during mechanical 

ventilation to ensure the minute volume continues to meet 

the metabolic needs of the patient[5]. 

Inspiratory Minute Volume (mVi) and Expiratory Minute 

Volume (mVe) are the two main parameters in mechanical 

ventilation used to evaluate patient ventilation efficiency. 

Inspiratory Minute Volume (mVi) is the volume of air inhaled 

by the patient in one minute. This value is obtained by 

multiplying (Vti) tidal volume (air volume per breath) by 

respiratory rate (number of breaths per minute). mVi is 

displayed on the ventilator device and can be adjusted to 

ensure the patient receives adequate air volume during the 

ventilation process. Expiratory Minute Volume (mVe) is the 

volume of air exhaled by the patient in one minute. Just like 

mVi, mVe is calculated by multiplying (Vte) tidal volume by 

respiratory rate. The MVe value is displayed on the 

ventilator and plays an important role in monitoring the 

effectiveness of ventilation, as well as setting alarms when 

mVe falls below a set limit. These two parameters are very 

important in the management of non-invasive ventilation 

(NIV), the ventilator automatically adjusts mVi and mVe to 

compensate for leaks in the system, thus ensuring that the 

set inspiratory pressure and PEEP are maintained[19]. mVi 

serves to improve oxygenation by ensuring that the volume 

of air inhaled per minute is sufficient to meet the body's 

oxygen demand. Meanwhile, mVe functions to expel 

carbon dioxide (CO2) from the body, which is important to 

prevent the buildup of CO2 that can cause blood gas 

problems [20].  

Therefore, mVi and mVe serve as important indicators for 

monitoring the effectiveness of ventilation, which is also 

influenced by the Vti and Vte values measured during the 

ventilation process. Thus, monitoring of mVi and mVe, 

along with Vti and Vte, is critical to ensure that patients 

receive adequate and effective ventilatory support. mVi and 

mVe are key indicators of the airflow into and out of the 

lungs, which is critical to ensure that sufficient oxygen is 

available for metabolism and that carbon dioxide can be 

effectively removed [21]. mVi and mVe are very important 

parameters in healthcare, especially in mechanical 

ventilation for patients with respiratory distress. mVi is used 

to ensure that the patient receives adequate air volume 

during the inspiration process, while mVe serves to 

measure the volume of air expelled by the patient in one 

minute. mVe monitoring allows medical personnel to 

assess the effectiveness of ventilation and ensure that the 

patient is not hypoventilating or hyperventilating. Medical 

personnel can monitor mVi and mVe to adjust the ventilator 

settings according to the patient's individual needs. This is 

crucial, especially in neonatal and pediatric care, to 

improve outcomes while reducing the risk of complications 

due to inadequate ventilation [22]    

In 2021, Tomy Abuzairi et al. conducted research 

developing an open-source and low-cost ventilator testing 

device developed to calibrate the output of medical 

ventilators, including tidal volume, inspiration pressure, 

and oxygen concentration. The gas flow rate sensor that 

the GFS131 uses to measure the tidal volume. However, 

this study did not feature measurements of Inspiratory 

Minute Volume (mVi) and Expiratory Minute Volume 

(mVe) parameters [23]. 

In 2021, Alejandro et al. designed and compared low-cost 

emergency mechanical ventilators during the COVID-19 

pandemic in developing countries, particularly in Panama. 

Two types of ventilators were developed, one using the 

Bag-Valve (BVD) design and the other using the 

Intermittent Positive Pressure Ventilation (IPPV) design. 

MPX5010 sensors are used in both types of ventilators 

(BVD and IPPV) to detect the air pressure required during 

the ventilation process. Meanwhile, SFM3000 is used in 

IPPV ventilators to measure airflow with high accuracy. 

The test results show that both devices are working 

according to specifications with an error of less than 5%. 

However, this study did not discuss in more detail the 

measurement of Inspiratory Minute Volume (mVi) and 

Expiratory Minute Volume (mVe) parameters [24]. 

      In 2021, Jaafar Alsalaet et al. designed an instrument 

used in flow measurement or flowmeter on ventilators with 

a design using 3D printing. The flow meter designed is a 

laminar flowmeter and uses a MPXV7002 sensor to 

measure pressure. The study used the Arduino Uno to 

digitize the signal received from the pressure sensor and 

transmit the data in real time via USB. However, in this 

study there is no discussion on the measurement of 

Inspiratory Minute Volume (mVi) and Expiratory Minute 

Volume (mVe) parameters [25]. 

     Based on the problem identification and shortcomings 

of previous research, there are still few studies that discuss 
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flow analyzers with Inspiratory Minute Volume (mVi) and 

Expiratory Minute Volume (mVe) parameters as the main 

components in the measurement. In fact, this is very 

necessary to improve the accuracy of ventilator calibration. 

Therefore, the author proposed a research entitled 

“Measurement Analysis of Inspiratory Minute Volume (mVi) 

and Expiratory Minute Volume (mVe) Parameters Using 

Flow Analyzer Design with Volume Control Ventilation 

(VCV) Mode on Ventilator”. This study aims to develop a 

low-cost flow analyzer capable of measuring mVi and mVe 

parameters with Volume Control Ventilation (VCV) mode 

precisely, so as to validate ventilator performance 

according to clinical standards. The results of this study are 

expected to help medical personnel ensure that ventilators 

work optimally and according to specifications, support the 

care of patients with respiratory disorders, and add insight 

into the development of ventilator calibration devices that 

are still rarely studied. The implication is that this flow 

analyzer allows healthcare facilities with limited budgets to 

access advanced technology for ventilator calibration, 

while reducing the risk of setting errors that can lead to 

patient health complications. 

2. MATERIALS AND METHOD 

This research uses an AFM 3000 sensor to measure the 
air flow rate precisely, by converting the flow into digital 
data. The data is processed using an Arduino Uno 
powered by an 18650 battery, while the display uses a 
3.2-inch Nextion screen. Data were collected using a 
calibrated Hamilton type C2 ventilator for comparison, 
with an I:E ratio setting of 1:2 and tidal volumes (VT) of 
200 mL, 300 mL, 400 mL, 500 mL and 600 mL, each 
measured six times. This study also utilizes a bag valve 
mask as a substitute for the lungs to simulate breathing, 
in order to produce consistent and measurable airflow, 
making it easier to accurately test ventilator performance. 
The following block diagram is used to provide a clear 
visual description of the research flow, making it easier to 
understand the process and the relationship between the 
components involved. 

 

Arduino 

Atmega 328

Flow Sensor AFM 

3000 

Power Supply

LCD TFT Display

INPUT PROCESS OUTPUT

 

Fig. 1. Block Diagram Flow Analyzer 

In Fig. 1 above is a block diagram of the flow analyzer. 
Feedback is received from the AFM 3000 flow sensor, 

which measures the air flow rate. This data is then 
processed by the Arduino Atmega 328 microcontroller to 
calculate and obtain the desired parameters. After the 
data is processed, the results of the Minute Volume (mVi) 
and Expiratory Minute Volume (mVe) measurements will 
be displayed on the TFT LCD screen, so that users can 
see the information visually and in real-time. In addition, 
there is also a power supply that functions as the main 
power supply source. The following is the design of data 
collection on this research tool, from the proposed design 
can be seen in Fig. 2 below.  

 

Mikrokontro

ller

Flow Sensor

TFT LCD 

INLET OUTLET

Ventilator

Flow Analyzer

Test Lung

 
Fig. 2. Data Collection Method Using Ventilator 

In Fig. 2 is a data collection method carried out using a 
Hamilton C2 brand ventilator. This ventilator is installed on 
the test lung to simulate human lungs. A flow analyzer is 
installed in series with a flow sensor on the ventilator and 
a test lung. With this arrangement, the air flowing from the 
ventilator to the test lung can be read by the flow analyzer. 
This flow rate data can then be calculated to obtain the 
required parameters. 

In Fig. 3 is a flow chart of the flow analyzer. The process 
begins with a program to initialize the hardware, namely 
the flow sensor and TFT LCD. Once the initialization is 
complete, the program proceeds to the measurement 
stage. At this stage, the program checks whether the 
measurement process has started. If so, the program 
reads the airflow rate from the ventilator and processes 
the data obtained. This data processing aims to produce 
information that will be displayed at the next stage. If the 
measurement does not start, the program returns to the 
initialization step to ensure all hardware is ready for use. 
After the data is processed, the program displays the 
measurement value as well as a graph representing the 
airflow rate on the TFT LCD screen. The next step is to 
check if a reset is necessary. If a reset is required, the 
program returns to the airflow rate reading step to begin 
the remeasurement process. This cycle allows 
measurements to be repeated with the latest data each 
time a reset is performed. If no reset is required, the 
program will finish and stop all processes. 
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Fig. 3. Flow Analyzer Tool Flow Diagram 

 

A. Data Analysis 

In this study, measurements on each setting were made 

5 times. That way, the average of the measurements can 

be searched using equations (1): 

                            x =
x1+x2…+xn

n
                                (1) 

Where X indicates the mean (average) value for n-

measurement, X1 indicates the first measurement, X2 

shows the second measurement, and Xn indicates the n 

measurement. Then, the standard deviation (stdev) value 

that indicates the degree (degree) of data group variation 

or standard size deviation from the mean can be searched 

using equation (2):  

  𝑠𝑡𝑑𝑒𝑣 = √
∑ (𝑋𝑖−𝑋)2𝑛

𝑖=1

𝑛−1
       (2) 

Where xi indicates the amount of the desired values, x 

indicates the average of the measurement results, and n 

shows the number of measurements. The % Error shows 

the error of the system. The lower value Error is the 

difference between the mean of each data. The error 

value is an error value that can be searched with 

equations (3): 

 𝐸𝑟𝑟𝑜𝑟 % =
𝐷𝑎𝑡𝑎 𝑠𝑒𝑡𝑡𝑖𝑛𝑔−𝑎𝑣𝑒𝑟𝑎𝑔𝑒

𝐷𝑎𝑡𝑎 𝑠𝑒𝑡𝑡𝑖𝑛𝑔
 𝑥 100%      (3) 

Uncertainty Value (UA) indicating lack of definite 

knowledge of the measured value can be sought by 

equation (4): 

𝑈𝐴 =  
𝑆𝑡𝑑𝑒𝑣

√𝑛
                          (4) 

Where UA indicates the uncertainty value from the 

total measurement, SD shows the resulted standard 

deviation, and n shows the amount of measurement. And 

correction indicates the value added to compensate for 

the addition of errors can be searched with equations (5):  

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 = 𝑀𝑒𝑎𝑛 − 𝑑𝑎𝑡𝑎 𝑠𝑒𝑡𝑡𝑖𝑛𝑔              (5) 

 

3. RESULTS 

Data collection is carried out using the Volume control 
mode on the ventilator that has been installed as shown 
in Fig.2. The experiment was carried out 5 times with tidal 
volume settings of 200mL, 300mL, 400mL, 500mL, and 
600ml and with an I:E ratio of 1:2 and a PEEP pressure of 
5cmH2O. Subsequently, the module was readjusted and 
data was collected again with the results listed in Table 1 
and Table 2 below:   

 

 
Table 1.  The Results of Data Collection from The Module Compared to The Readings on The Ventilator on The 
mVi Parameter 

 

Inspiratory Minute Volume (mVi) 

No Setting I:E Tidal Volume 
Ventilator Module 

Mean Mean error Std UA Correction 

1 1:02 200 2.54 2.66 -0.12 0.028 0.012 0.12 

2 1:02 300 3.73 3.87 -0.14 0.162 0.072 0.14 

3 1:02 400 5.10 5.22 -0.13 0.077 0.034 0.13 

4 1:02 500 6.21 6.45 -0.24 0.118 0.053 0.24 

5 1:02 600 6.27 5.59 0.69 1.351 0.604 -0.69 
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Table 1 above shows the results of data collection from the module compared to the readings on the ventilator 
on the mVi parameter. Because the ventilator does not have this parameter, mVi is calculated manually with 
the formula mVi=VTI×Respiration rate. The highest average error was seen in the tidal volume setting of 600 
mL, with an error of 0.69. On the other hand, the lowest average error occurred in the 200 mL tidal volume 
setting, which showed an average error value of -0.12. In addition, the largest standard deviation was recorded 
at 1.351 in the 600 mL tidal volume setting, indicating that there was the most significant variation in the data. 

 

Table 2.  The Results of Data Collection from The Module Compared to The Readings on The Ventilator 
onThe mVe Parameter 

 

Expiratory Minute Volume (mVe) 

No Setting I:E 
Tidal 

Volume 

Ventilator Module 

Mean Mean error Std UA Correction 

1 1:02 200 2.26 2.27 -0.02 0.236 0.105 0.02 

2 1:02 300 3.10 3.16 -0.07 0.258 0.116 0.07 

3 1:02 400 4.50 4.56 -0.06 0.300 0.134 0.06 

4 1:02 500 5.33 5.56 -0.23 0.490 0.219 0.23 

5 1:02 600 5.65 5.65 0.00 0.478 0.214 0.00 

 

Table 2 above presents the results of data collection 

from the module compared to the readings on the 

ventilator based on the mVe parameter. The 500 mL tidal 

volume setting showed the highest average error, which 

was -0.23. On the other hand, the 600 mL tidal volume 

setting recorded the lowest average error, which was 0. In 

addition, the largest standard deviation, 0.490, was 

recorded for the 500 mL tidal volume setting, indicating 

that it had the most significant variation in data. 

 
Fig. 4. Comparison Chart of mVi on Ventilator 

and Module at Setting Tidal Volume 200-600 mL 
 

In Fig. 4 is a comparison graph of mVi on the ventilator 

and the module at Tidal Volume settings of 200-600 mL. 

based on the graph. The graph shows the comparison of 

Inspiratory Minute Volume (mVi) values between the 

ventilator and the Flow Analyzer module at various tidal 

volume settings (200 mL to 600 mL). At low tidal volume 

(200 mL), the module measurement results were almost 

identical to the ventilator, with a small average error of -

0.12. However, as the tidal volume increased from 300 mL 

to 500 mL, there was a greater difference, with the error 

reaching -0.24. At a tidal volume of 600 mL. 

 

 
Fig. 5. Comparison Chart of mVe on Ventilator 

and Module at Setting Tidal Volume 200-600 mL 

 
In Fig. 5 is a comparison graph of mVe on the ventilator 

and module at Tidal Volume settings of 200-600 mL. 

based on the graph. The graph shows the comparison of 
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Expiratory Minute Volume (mVe) values between the 

ventilator as a reference and the Flow Analyzer module at 

tidal volume settings (200 mL to 600 mL). At low tidal 

volume (200 mL), the module's measurement results 

were almost the same as the ventilator, with a very small 

average error of -0.02, indicating excellent measurement 

accuracy. However, at medium to high tidal volume 

settings (300 mL to 500 mL), there was an increasing 

difference between the module and ventilator results, with 

the average error reaching -0.23 at a tidal volume of 500 

mL. Meanwhile, at a tidal volume of 600 mL, the module 

mVe value was exactly the same as the ventilator (error 

0.00).  

 

 
Fig. 6. Interface Display of Flow Analyzer Module 

 

In Fig. 6 is the interface of the flow analyzer module. 

The display uses a TFT LCD screen on which graphs are 

displayed. In addition to the graph, this interface also 

displays a number of parameters, such as minute volume 

of inspiration (mVi) and minute volume of expiration 

(mVe). 

 

4. DISCUSSION  

The results showed that the tidal volume setting on the 
ventilator had a significant effect on the measurement 
accuracy of the tested parameters. The Inspiratory Minute 
Volume (mVi) parameter was calculated manually. The 
highest mean error for this parameter was recorded for 
the 600 mL tidal volume setting (0.69%), while the lowest 
mean error was found for the 200 mL setting (-0.12%). 
These results show that in this module, higher tidal 
volume settings tend to increase data variation, while 
lower tidal volume settings, such as 200 mL, are able to 
produce more accurate error values. The use of the AFM 
3000 sensor in the Flow Analyzer proved to be effective 
for measurements on the ventilator. This study shows that 
the AFM 3000 sensor has the potential to be used as a 
flow sensor in the Flow Analyzer module, especially for 
the measurement of mVi and mVe parameters. Based on 
the measurement results, the highest error obtained was 
0.23. This finding indicates that the sensor can be a key 
component in the development of a Flow Analyzer module 

at a more affordable cost, as done in this study.  
   Compared to the results of previous research by 
Abuzairi et al.[23], this research has the advantage that 
the display used is already in the form of a TFT LCD by 
displaying graphs and parameters. The parameters in this 
study also have mVi and mVe which previously did not 
exist in the study even though the parameters used in this 
study were fewer. Research by Jaroonrut Prinyakupt et al. 
developed a portable ventilator tester prototype by 
measuring parameters such as pressure, volume, and 
flow rate using an ESP-32 microcontroller and TFT LCD 
as the main display[26]. However, the study did not 
include Inspiratory Minute Volume (mVi) and Expiratory 
Minute Volume (mVe) parameters. In contrast, our study 
measured parameters such as PIF, PEF, VTi, VTe, 
respiration rate, and specifically mVi and mVe, although it 
did not include pressure measurements, I:E ratio, or 
parameter graphs. In this study, we used the AFM3000 
sensor which is more economical than the SFM3000 
sensor used in previous studies. Our research has 
limitations in handling data variations at high tidal volume 
settings and has not implemented testing using a 
standard flow analyzer. In addition, the parameters used 
are still limited to flow without involving pressure 
measurements. Therefore, future research is expected to 
focus on testing with a standard flow analyzer as well as 
adding parameters that are relevant for ventilator testing. 

 

5. CONCLUSION 

The This study highlights the significant effect of tidal 
volume settings on the accuracy of mVi and mVe 
measurements using the flow analyzer module that has 
been made. At a tidal volume setting of 600 mL, the 
average error was recorded as 0.69 with a standard 
deviation of 1.351, while a tidal volume setting of 200 mL 
showed the most accurate results with an average error 
of -0.12. This finding suggests that low tidal volume 
settings, such as 200 mL, provide more consistent and 
accurate measurement results, while higher tidal volume 
settings tend to increase data variation. The use of the 
AFM 3000 sensor proved effective as a flow sensor in the 
Flow Analyzer module, especially for the measurement of 
mVi and mVe parameters. The results of this study 
indicate that this sensor is well suited for the development 
of a more economical and accurate Flow Analyzer 
module, thus increasing the accessibility of this 
technology in clinical applications. 

This study provides a basis for further studies to 
overcome limitations, such as the high variation of data at 
higher tidal volume settings and the lack of testing with a 
standard Flow Analyzer. Development of the module by 
adding additional parameters, such as pressure, and 
validation of its applicability in real clinical settings are 
recommended. These steps may improve the reliability 
and usability of the Flow Analyzer module, as well as drive 
innovation in respiratory care and ventilator calibration.                            
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