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ABSTRACT The Positive End Expiratory Pressure (PEEP) parameter is a parameter that must be considered in the process 

of determining the patient's condition, a safe threshold, and must be in accordance with the settings. However, the PEEP value 

on the ventilator often does not match the settings so that the measuring instrument capable of detecting PEEP on the ventilator 

is the Flow Analyzer. The purpose of this study was to design a Flow Analyzer using the MPX2010 sensor to analyze the 

stability of the PEEP parameters on the ventilator. The main contribution of this research is the design of a simple Flow 

Analyzer device with stable monitoring of PEEP parameters and the availability of many required setting options. This study 

used PEEP settings of 0, 5, 8, 11, 14, 17, 20, 23, 26, and 29 cmH2O. In this case, data were collected using a ventilator with 

VCV (Volume Control Ventilation) and PCV (Pressure Control Ventilation) modes. The tool used for reference from standard 

measurements was the Standard Flow Analyzer tool. The results of this study indicated that the measurement accuracy of 

PEEP parameters with the Flow Analyzer module at each PEEP setting had the smallest error of ±0% at 0 cmH2O setting so 

that it also had the smallest value of 0 by standard. deviation and uncertainty (UA) value 0 at each setting. Meanwhile, the 

Flow Analyzer measurement module had the largest error in the 5 cmH2O setting, which was ±13.2% with the largest 

correction value of 0.77. Based on the data obtained, the monitoring of the PEEP parameter was considered quite stable even 

though the value was still out of tolerance. Therefore, the monitoring of PEEP stability parameters can be implemented during 

the ventilator calibration process in order to analyze damage and reduce the time of damage to the ventilator. 

INDEX TERMS PEEP; Calibration; PCV Mode; VCV Mode; Stability. 

I. INTRODUCTION 

Positive End Expiratory Pressure (PEEP) is a parameter on the 

ventilator for oxygenation of patients by giving positive 

pressure at the end of breathing to keep the pulmonary alveoli 

from collapsing so that the lungs do not experience atelectasis. 

PEEP is useful so that the diffusion of oxygen and carbon 

dioxide can still take place in the pulmonary alveoli. In 

addition, another impact of using PEEP is a decrease in venous 

return or filling of the heart [1][2]. This pressure acts as a 

buffer (stent) that keeps the small airways in the lungs open at 

the end of expiration [3]. In this case, the recommended PEEP 

setting value is 5 - 25 cmH2O [4][5]. The use of higher PEEP 

values can increase alveolar recruitment, reduce stress, lung 

strain, and prevent atelectrauma in some patients [6][7][8]. 

However, the application of high-pressure PEEP can also 

increase the risk of alveolar overdistention and pulmonary 

vascular resistance [9][10]. The monitoring of PEEP 

parameters on the ventilator must be carried out strictly in 

order to determine the patient's condition, evaluate the safe 

threshold, and must comply with the setting values [11][12]. 

The PEEP value of patients monitored on a ventilator often 

does not match the setting value [13]. The occurrence of 

damage to the ventilator in the inspiratory and expiratory 

control sections can result in disrupted service to patients and 
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losses from the use of other ventilators. Research on the 

stability of the pressure sensor on the PEEP parameter will 

help analyze equipment damage and reduce the breakdown 

time of the ventilator so that services for patients with 

respiratory failure can be provided properly and quickly. 

In 2020, Paolo Marchionni et al. conducted a study to find the 

optimal PEEP value by looking at the SpO2 value. This study 

used an experimental method involving 5 patients with 

different PEEP settings so that the optimal PEEP value was 8 

CmH2O with a median SpO2 value of 98% [14]. 

In the same year, M. Jaber et al. carried out a study on the 

development of a computational model to study the impact of 

different ventilation modes, employing  Simulink/MATLAB 

[15]. 

In 2012, Göran Cewers et al. studied the ventilator control 

to deliver gas flow and relate the gas flow from the user's 

airway to the barrier provided in the line between the pressure 

sensor and the patient in such a way. In this case, the first 

volume was determined in the line between the first valve and 

the limiter. Meanwhile, the second volume was determined in 

the line between the patient and the restrictor. The flow of gas 

expelled from the expiratory limb was limited by using the 

exhaust valve for the need to maintain a certain pressure in the 

patient's lungs at the end of expiration which is called Positive 

End Expiratory Pressure (PEEP) [16]. This research still needs 

to develop a monitoring system for graphs of flow rate and 

pressure variations during the breathing cycle of constant flow 

rate in real-time. Furthermore, in 2015, Pu Zhang et al. 

designed a calibrator to increase the accuracy of the latest 

integration ventilator testing, which involved a calibration 

module with static parameters (gas flow rate and pressure) and 

dynamic parameters (tidal volume, peak airway pressure, and 

positive end-expiratory pressure (PEEP)) [17]. This study 

developed a system that can track the results of calibration or 

verification of ventilator testers with high accuracy and used 

the appropriate software for its function. However, this study 

did not mention the type of each sensor and the measurement 

error value of each parameter. In 2018, Sara Zulfiqar et al. 

designed a prototype low-cost portable ventilator with a breath 

control feedback path from two self-calibrating sensors. In this 

case, users can enter setting data via the Graphical User 

Interface (GUI) on the touch screen module. In addition, it also 

functions to display the signal being controlled. Data from the 

sensor were optically isolated and converted into a PWM 

signal for precise readings. The system was controlled 

digitally with various settings so that it can be adjusted to the 

patient's needs. The air pump used a DC piston, with a 

modified converter as speed controller, and PID tuned so that 

it can be replaced with a similar pump. The pressure sensor 

used MPX4250DP for negative and positive pressure 

parameters such as PEEP, while  the airflow rate sensor used 

AWM720P1 for the respiratory rate per minute (BPM) 

parameter [18][19]. However, this study did not explained the 

results of measuring tools with comparison tools so that the 

error value for each parameter measurement was not yet 

known. 

In 2020, H. Y. Al-Hetari et al. conducted a study using a 

single-compartment lung model VCV mode during real-time 

mechanical ventilation using pressure signals. This 

mathematical model described lung volume and compliance 

correctly by considering positive end-expiratory pressure 

(PEEP) values. The model was implemented using the 

LabVIEW tool and can be used to monitor volume, flow, and 

fit as output from the model. Two trials were carried out on the 

proposed lung model in three volume input scenarios (400, 

500, and 600 ml), where each trial taking into account the 

PEEP value [20]. 

Furthermore, R. Nadeem et al. in 2019 conducted a study 

of the maximum tolerable PEEP in mechanically ventilated 

patients with PEEP parameter settings of 0, 5, 8,11, 14, 17, 20, 

23, 26, 29 cmH2O. Based on this study, it was concluded that 

under controlled conditions, higher PEEP levels were well 

tolerated and the PEEP setting of 29 CmH2O was the highest 

PEEP setting that could be tolerated in patients [21][22]. 

Based on the identification of the problems above, this study 

designed a Flow Analyzer using the MPX2010 sensor to 

analyze the stability of the PEEP parameter on the ventilator 

by displaying a graph of the respiratory rate in real-time on 

the TFT LCD. Therefore, in this research, it is expected that 

readers will know: 

a. Monitoring the stability of the patient's respiratory rate in 

real-time clearly and easily. 

b. The design can be used as a ventilator calibration tool, 

especially for the PEEP parameter. 

c. Monitoring of PEEP stability parameters can be applied 

during the ventilator calibration process which needs to 

be carried out to analyze damage and reduce the time for 

ventilator damage. 

This study produced a Flow Analyzer design using the 

MPX2010 sensor to analyze the stability of the PEEP 

parameters on the ventilator with settings of 0, 5, 8, 11, 14, 

17, 20, 23, 26, and 29 cmH2O. Meanwhile, the data analysis 

was conducted using a ventilator with VCV (Volume 

Control Ventilation) and PCV (Pressure Control Ventilation) 

modes showing that monitoring of PEEP parameters was 

quite stable. 

 
II. MATERIALS AND METHOD 

A. SETTING TEST 

This study used a standard ventilator and Flow Analyzer 

which was connected to a module using a Y-Piece. Sampling 

was carried out with VCV (Volume Control Ventilation) and 

PCV (Pressure Control Ventilation) modes with 5 times data 

collection. 

1) MATERIALS AND TOOLS 

This study used the MPX2010 sensor as a pressure sensor 

given from the ventilator. The MPX2010 sensor is a silicon 
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piezoresistive pressure sensor with an excellent, accurate, and 

linear voltage output directly proportional to the applied 

pressure [23]. Meanwhile, the microcontroller used to process 

the data was Arduino UNO R3. Arduino Uno is an 

ATmega328 based microcontroller board. Arduino has 14 

input/output pins of which 6 can be used as PWM outputs, 6 

analog inputs, a 16 MHz crystal oscillator, a USB connection, 

a power jack, an ICSP header, and a reset button [24]. In order 

to send the data sending data, Nextion Enhanced Thin Film 

Transistor was used to display graphs and PEEP values. This 

Nextion has a touchscreen feature that can present various 

information on the screen, as well as control, analyze, and 

collect data by several sensors [25]. 

 

2) EXPERIMENT 

In this study, after the design is complete, a test is carried out 
on the response of the MPX2010 pressure sensor to detect the 
PEEP value. The ventilator will be set to VCV or PCV mode 
and then the PEEP value will be set to be tested. The PEEP 
settings used are 0, 5, 8, 11, 14, 17, 20, 23, 26, and 29 cmH2O. 
Furthermore, the ventilator will apply pressure to the standard 
Flow Analyzer tool and the module simultaneously via a Y-

Piece connection. The standard Flow Analyzer tool will 
detect the PEEP value as a reference and comparison of the 
PEEP value as well as the pressure graph detected from the 
Flow Analyzer module which will be displayed on the Thin 
Film Transistor Liquid Crystal Display in real time. The data 
obtained from the Flow Analyzer module will be analyzed 
based on the average value, standard deviation, error, 
uncertainty (UA), and correction. 

 

 

Choose Modes:

1. PCV (Pressure Control Ventilation)

2. VCV (Volume Control Ventilation)
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FIGURE 1. Block Diagram of Flow Analyzer Module 
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B. BLOCK DIAGRAM 

The system works according to FIGURE 1. The system starts 

working when the appliance is ON (ON). The Arduino Nano 

Microcontroller IC will initialize the connected hardware 

including the Thin Film Transistor Liquid Crystal Display, and 

the pressure sensor. The pressure sensor will measure how 

much pressure is given by the ventilator to the patient's lungs 

which has been adjusted by setting the PEEP parameter. This 

pressure sensor works Arduino Uno Microcontroller IC 

processes the pressure sensor readings and displays it on the 

Thin Film Transistor liquid crystal display in the form of 

numbers and graphics. 

C. FLOW CHART 

The program that was built based on the flowchart as shown 

in FIGURE 2. created a module on the Y-piece that was 

connected to the Flow Analyzer and Test Lung, then sets 

PEEP and other parameters on the ventilator. In order to start 

the system, press the ventilation start button on the ventilator, 

the pressure sensor then detected the pressure on the hose in 

the form of voltage which was then converted into pressure 

(cmH2O). The result of the conversion was further displayed 

in the form of PEEP values and graphs on the Thin Film 

Transistor liquid crystal display. 

Data Processing

Start

Data Reading From 

Pressure Sensor

Displaying Values and 

Graphs on TFT LCD

Reset

End

NO

YES

Hardware Initialization : 

TFT LCD, 

Pressure Sensor

 
 

FIGURE 2 Flow Chart of Flow Analyzer Module 
 
III. RESULT 

In this study, the ventilator has been tested using the Standard 

Flow Analyzer and the Flow Analyzer module. The flow 

analyzer module design can be seen in FIGURE 3. Here are 

the results of the study: 

 

FIGURE 3. Flow Analyzer Module Design 

1) DESIGN 

Based on FIGURE 3, the system circuit consists of a power 

supply circuit in part D as a voltage source for the entire 

circuit, the MPX2010 sensor circuit as in part C which was 

connected to the AD620 IC to amplify the difference in part 

B, and the PSA circuit to condition the signal output of the 

AD620 IC so that it matches the input voltage range for the 

microcontroller. Microcontroller in part A, the Arduino 

UNO R3 was used to process the circuit output to be 

converted into cmH2O and send the output data to be 

displayed on the Thin Film Transistor Liquid Crystal Display 

in the form of a graph and PEEP value.  

2)  LISTING PROGRAM CONVERSION VALUE CMH2O 

In this study, the microcontroller used was Arduino UNO R3 

which consists of a program to change the analog voltage 

value read from the sensor connected to pin A2 to be 

converted into digital data and displayed with cmH2O 

pressure units. In addition, the data were also converted and 

visualized with graphs which can view the stability of the 

sensor, and detect the value of the PEEP measurement. The 

program to convert values to cmH2O pressure units was 

intended for Program Listing 1, namely the voltage value 

measured on the sensor (analog voltage) calculated from the 

sensor value multiplied by the maximum ADC value of 5.0 

Volts divided by the value of 10 data bits (1023.0). 

Meanwhile, the pressure value (kPa) can be calculated by the 

formula ((measured pressure value/ maximum stress value 

(5.0))-0.04)/0.09. Meanwhile, the formula for converting the 

kPa pressure value to cmh2o units is (pressure value 

(kPa)*10.1972) + 6.83 based on the provisions. This 

program also consists of an Arduino initialization program 

and a smoothing program to make it more stable. 
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Program Listing 1. Conversion Value cmH2O Program 

void setup()  

{ 

Serial.begin(9600); 

NexSerial.begin(9600); 

pinMode (A2,INPUT); 

for (int thisReading = 0; thisReading < numReadings; 

thisReading++) { 

    readings[thisReading] = 0;} 

delay (0); 

}   

void loop()  

{ 

  sensorValue = analogRead(inputadc); 

  tegangan = (sensorValue *(5.0/1023.0)); //konversi 

ADC ke Volt 

  kpa = ((tegangan/5.0)-0.04)/0.09; //konversi Volt ke 

kPa 

  konversi_cmh2o = (kpa*10.1972)+6.83; //konversi kPa 

ke cmH2O dan adjustment  

  if(konversi_cmh2o>19){ 

    konversi_cmh2o=konversi_cmh2o-6.3; 

    } 

 

int grafikvalue = konversi_cmh2o; 

  total = total - readings[readIndex]; // read from the 

sensor: 

  readings[readIndex] = grafikvalue; // add the reading 

to the total: 

  total = total + readings[readIndex]; // advance to the 

next position in the array: 

  readIndex = readIndex + 1; // if we're at the end of 

the array... 

  if (readIndex >= numReadings) { // ...wrap around to 

the beginning: 

   readIndex = 0;} 

average = total / numReadings; // calculate the average 

3)  LISTING OF TFT LCD DISPLAY CHART PROGRAM 

The listing program to display graphics on the Thin Film 

Transistor Liquid Crystal Display was displayed in Program 

Listing 2. This program consists of a program for sending 

data to be displayed in graphical form on the Thin Film 

Transistor Liquid Crystal Display in real time which was read 

from the sensor. The Thin Film Transistor Liquid Crystal 

Display also displays the cmH2O Converted Value Program. 

Monitoring PEEP values will be easier. 

Program Listing 2. Chart Display Thin Film Transistor 

Liquid Crystal Display Program 

  NexSerial.print("add 6,0,"+String(average)); 

//Pengiriman grafik nextion 

  NexSerial.write(0xff); 

  NexSerial.write(0xff); 

  NexSerial.write(0xff); 

delay(1); 

4)  LISTING DISPLAYS PEEP ON TFT LCD PROGRAM 
The listing program for displaying the PEEP value on the 

Thin Film Transistor Liquid Crystal Display is shown in 

Listing Program 4. which consists of a program that displays 

the PEEP value in real time. 

Program Listing 4. Listing Displays PEEP on Thin Film 

Transistor Liquid Crystal Display Program 

 Nexserial.print("t1.txt=\"");  //perintah untuk nextion di t1 

 Nexserial.print(PEEP);         //memunculkan hasilPEEP 

 Nexserial.print("\""); 

 Nexserial.write(0xff); 

 Nexserial.write(0xff); 

Nexserial.write(0xff); 

5) PEEP READING PROGRAM LISTING FROM CHART 

The listing program for detecting the PEEP value of the 

entire data is shown in Listing Program 3. which consists of 

the program detecting the PEEP value. 

 

Program Listing 3. PEEP Reading Program Listing from 

Chart 

if (flag==0&&konversi_cmh2o>datasave){ 

  datasave=konversi_cmh2o; 

} 

if (flag==0&&konversi_cmh2o<datasave){ 

  flag=1; 

  datasave=konversi_cmh2o; 

 } 

if (flag==1&&konversi_cmh2o<datasave){ 

  datasave=konversi_cmh2o; 

 } 

if (flag==1&&konversi_cmh2o>datasave){ 

  PEEPa=datasave; 

  flag=2; 

 } 

if (flag==2&&PEEPa<konversi_cmh2o){ 

  PEEP=PEEPa; 

  flag=2; 

} 

if (NexSerial.available()>0){ 

   String Received = NexSerial.readString(); 

   if (Received[0] == 'r' ){konversi_cmh2o=0;flag=0; 

    } 

 } 

6) PEEP PARAMETER MEASUREMENT RESULTS WITH 
VCV (VOLUME CONTROL VENTILATION) AND PCV 
(PRESSURE CONTROL VENTILATION) MODES 
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FIGURE 4 shows that the measurement was carried out 5 

times (X axis) at each PEEP parameter setting of 0, 5, 8, 11, 

14, 17, 20, 23, 26, and 29 cmH2O (Y axis), obtaining that it 

has a stable output. However, there are differences in the 

output value of the module with the settings on the ventilator. 

The value of the difference is still within the allowable 

tolerance limit of 10% of the measurement results. 

 

FIGURE 4. PEEP Parameter Measurement Results with VCV Mode. 

 

FIGURE 5. PEEP Parameter Measurement Results with PCV Mode. 

FIGURE 5 shows that after 5 measurement attempts (X axis) 

at each PEEP parameter setting of 0, 5, 8, 11, 14, 17, 20, 23, 

26, and 29 cmH2O (Y axis), it has a stable output. There was 

a difference in the output value of the module with the 

settings on the ventilator. Based on these differences, there 

were 2 data settings that are out of range, namely the 5 

cmH2O setting of 13.2% and 8 cmH2O of 10.87%. In 

addition, the value of the difference was still within the 

tolerance range of 10%. FIGURE 4 and FIGURE 5 prove 

that the PEEP parameter setting measurement had a stable 

output using the MPX2010 pressure sensor based on the 

mode applied, namely VCV (Volume Control Ventilation) 

and PCV (Pressure Control Ventilation) on the Ventilator 

System. 

7)  ERROR ANALYSIS, STANDARD DEVIATION, 
UNCERTAINTY (UA), AND FLOW ANALYZER MODULE 
CORRECTION 
The measurement of the Flow Analyzer module was carried 

out using VCV (Volume Control Ventilation) and PCV 

(Pressure Control Ventilation) modes with PEEP settings of 

0, 5, 8, 11, 14, 17, 20, 23, 26, and 29 cmH2O in each mode. 

The following are the results of the comparison of errors in 

VCV and PCV modes which are shown in Table III. In terms 

of the ventilator, the standard deviation is shown in Table IV, 

the uncertainty (UA) is in Table V, and the correction values 

are shown in Table VI. Flow Analyzer module measurement 

error in TABLE 1 shows that the highest measurement error 

is 6.6% in the VCV mode, which is at the 5 cmH2O settings, 

while in the PCV mode it is 13.2% at the 5 cmH2O settings. 

Meanwhile, the lowest error value from both VCV and PCV 

measurements is in the 0 cmH2O setting, which is 0%. 

Meanwhile, if we look at the average error of the two modes, 

it can be seen that the error value in VCV mode is 2.45% 

lower than PCV mode, which is 3.16%. 

 
TABLE 1 

Comparison of PEEP parameters error value between VCV and PCV 
mode. 

Setting PEEP 

(cmH2O) 

Mode Ventilation 

VCV (%) PCV (%) 

0  0 0 

5  6.6 13.2 

8  1.12 10.875 

11  4.81 0.0227 

14  4.43 2.27 

17  1.35 1 

20  3.85 1.9 

23  1.96 0.130 

26  0.038 0.38 

29  1.24 1.82 

Average (𝑋)̅̅ ̅ 2.54 3.16 

The standard deviation of PEEP measurements with setting 
values of 0, 5, 8, 11, 14, 17, 20, 23, 26, and 29 cmH2O as 
shown in TABLE 2 shows that each setting in VCV and PCV 
modes is 0 and does not exceed the average value. So, it can 
be concluded that the flow analyzer was good. 
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TABLE 2 
Comparison of the standard deviation of the PEEP parameter between 

the VCV and PCV modes. 

Setting PEEP 

(cmH2O) 

Mode Ventilation 

VCV PCV 

0  0 0 

5  0 0 

8  0 0 

11  0 0 

14  0 0 

17  0 0 

20 0 0 

23  0 0 

26  0 0 

29  0 0 

Average (𝑋)̅̅ ̅ 0 0 

TABLE 2 also shows the uncertainty value (UA) of the PEEP 

parameter setting of 0, 5, 8, 11, 14, 17, 20, 23, 26, and 29 

cmH2O to see how much deviation (accuracy) the Flow 

Analyzer module has in reading the PEEP value. Relative 

uncertainty is closely related to measurement accuracy, 

which can be stated if the smaller the uncertainty, the higher 

the accuracy. The same deviation and UA values are 

obtained for each PEEP setting with a small value of 0.  

TABLE 3 

Comparison of the standard deviation of the PEEP parameter between 
the VCV and PCV modes. 

Setting PEEP 

(cmH2O) 

Mode Ventilation 

VCV (%) PCV (%) 

0  0 0 

5  0.33 0.66 

8  0.09 0.87 

11 0.53 -0.25 

14  0.62 0.29 

17  0.23 0.17 

20  0.77 0.38 

23  0.45 0.03 

26  -0.01 0.1 

29 -0.36 0.53 

Average (𝑋)̅̅ ̅ 0.284 0.212 

The existence of a correction value indicates an error in the 

system. So, the closer the correction value is to 0, the better 

the tool will work. Based on TABLE 3, the correction value 

for measuring the PEEP parameter with the settings 0, 5, 8, 

11, 14, 17, 20, 23, 26, and 29 cmH2O, the largest in the VCV 

mode was found in the PEEP setting 20 cmH2O, which is 

0.77. As for the PCV mode, the setting is 8 cmH2O, which 

is 0.87. For the smallest correction value in the VCV and 

PCV modes, it is at the 0 cmH2O setting, which is 0. 

VI. DISCUSSION 

The MPX2010 sensor will read the pressure value on the 

Ventilator Servo-I when the ventilator is working. The 

function of the pressure sensor is to read the pressure value 

data that will be displayed via a graph and read the PEEP value 

from the entire data. In VCV (Volume Control Ventilation) 

mode, the PEEP value was stable. The setting value which has 

the lowest error value of 0% is at 0 cmH2O setting and the 

highest error value at 5 cmH2O is 6.6%, while the distribution 

of data in each set is the same, with a standard deviation value 

of 0 which also produced an uncertainty of 0. An uncertainty 

value of 0 means that the stability of the results was good 

because there was no change in each measurement. 

Meanwhile, the correction value was also considered good 

with the highest value of 0.77 at the PEEP setting of 20 

cmH2O which means the measurement accuracy was still 

fairly good. Furthermore, in PCV (Pressure Control 

Ventilation) mode, the setting value which has the lowest error 

value of 0% is 0 cmH2O setting and the highest error value at 

5 cmH2O is 13.2%, while the distribution of data in each set 

is in PCV mode (Pressure control ventilation). the same as the 

standard deviation of 0 which also produces an uncertainty of 

0. An uncertainty value of 0 can be interpreted if the stability 

of the results is good because there is no change in each 

measurement. Meanwhile, the correction value is still said to 

be good with the highest value of 0.87 at the PEEP setting of 

8 cmH2O which means the measurement accuracy is still 

fairly good. These results indicated that the measurements on 

the module are fairly stable, with a fairly good level of 

accuracy with the highest error value of 13.2% at the PEEP 

setting of 5 cmH2O and the largest correction value of 0.87 at 

the PEEP setting of 8 cmH2O. This is different from the study 

conducted by Paolo Marchionni et al., which obtained results 

when the optimal PEEP value was at 8 cmH2O. For each 

setting, the PEEP value setting in each mode is in accordance 

with research conducted by R. Nadeem et al., namely 0, 5, 

8.11, 14, 17, 20, 23, 26, 29 cmH2O [18]. 

This research has a problem in using the reset button on the 

TFT LCD which was less sensitive so it needs to be pressed 

many times. We recommend using another program that 

makes the reset button more sensitive so it does not need to be 

pressed repeatedly. Another problem experienced by the 

author is that the higher the conversion value, the further the 

difference. We recommend using another sensor that only uses 

1 output so that it can be processed directly with the 

microcontroller without the need to add another circuit that 

can affect the value of the circuit output data and the effects of 

using 1 input or 2 inputs. In addition, the value and conversion 

formula as well as the type of sensor used and the function of 

each part need to be studied further because the discussion of 

the conversion formula to cmH2O units and others is not 

discussed in the study. 

VII. CONCLUSION 

This study aims to design a Flow Analyzer using the 

MPX2010 sensor to analyze the stability of the PEEP 

parameters in the VCV (Volume Control Ventilation) and 

PCV (Pressure Control Ventilation) modes on the ventilator. 

Based on the data obtained, the PEEP reading value is close 

to the Standard Flow Analyzer measurement, namely the 

PEEP setting of 0 cmH2O with an error value of 0%. This 

applies to both VCV and PCV modes. Likewise, the value of 
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the standard deviation and uncertainty (UA) in all PEEP 

settings is 0. Meanwhile, the smallest correction value in 

VCV mode is found in the 26 cmH2O PEEP setting, which is 

0.01, and in PCV mode, it is found in the 23 cmH2O PEEP 

setting, which is 0.03. In the future, the authors hope that this 

research project can be developed by adding additional 

monitoring of the Inspiratory and Expiratory Ratio (I:E 

Ratio), Oxygen Fraction (FiO2) parameters and others which 

are useful for calibrating and detecting damage to the 

ventilator. 
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ATTACHMENT 
1. The Circuit of Flow Analyzer 
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2. Program Listing 

- Inisialisasi Program Arduino 

#include <SoftwareSerial.h> 

SoftwareSerial NexSerial(9,10); //RX, TX arduino 

const int numReadings = 5; 

int readings[numReadings];      // the readings from the analog input 

int readIndex = 0;                     // the index of the current reading 

int total = 0;                             // the running total 

int average = 0;                        // the average 

float inputadc = A2;                 //INPUT 

float sensorValue,tegangan,kpa,konversi_cmh2o; 

float datasave; 

float PEEP,PEEPa; 

int flag=0; 

 

- Program Awal yang Dijalankan Arduino 

void setup()  

{ 

Serial.begin(9600); 

NexSerial.begin(9600); 

pinMode (A2,INPUT); 

for (int thisReading = 0; thisReading < numReadings; thisReading++) { 

    readings[thisReading] = 0;} 

delay (0); 

} 

- Program Konversi 

void loop()  

{ 

  sensorValue = analogRead(inputadc); 

  tegangan = (sensorValue *(5.0/1023.0)); //konversi ADC ke Volt 

  kpa = ((tegangan/5.0)-0.04)/0.09; //konversi Volt ke kPa 

  konversi_cmh2o = (kpa*10.1972)+4.53; //konversi kPa ke cmH2O dan adjustment  

  if(konversi_cmh2o>19){ 

    konversi_cmh2o=konversi_cmh2o-3.7; 

    } 

int grafikvalue = konversi_cmh2o; 

  total = total - readings[readIndex]; // read from the sensor: 

  readings[readIndex] = grafikvalue; // add the reading to the total: 

  total = total + readings[readIndex]; // advance to the next position in the array: 

  readIndex = readIndex + 1; // if we're at the end of the array... 

  if (readIndex >= numReadings) { // ...wrap around to the beginning: 

   readIndex = 0;} 

   average = total / numReadings; // calculate the average 

 

- Program Menampilkan Grafik Pada LCD TFT 

  NexSerial.print("add 6,0,"+String(average)); //Pengiriman grafik nextion 

  NexSerial.write(0xff); 

  NexSerial.write(0xff); 

  NexSerial.write(0xff); 

  delay(1); 

 

- Program Pembacaan Nilai PEEP dari Grafik 

if (flag==0&&konversi_cmh2o<datasave){ 

  datasave=konversi_cmh2o; 

 } 
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if (flag==0&&konversi_cmh2o>datasave){ 

  flag=1; 

  datasave=konversi_cmh2o; 

 } 

if (flag==1&&konversi_cmh2o>datasave){ 

  datasave=konversi_cmh2o; 

 } 

if (flag==1&&konversi_cmh2o>datasave){ 

  PEEPa=datasave; 

  flag=2; 

 } 

if (flag==2&&PEEPa<konversi_cmh2o){ 

  PEEP=PEEPa; 

  flag=2; 

} 

if (NexSerial.available()>0){ 

   String Received = NexSerial.readString(); 

   if (Received[0] == 'r' ){konversi_cmh2o=0;flag=0; 

    } 

 } 

 

- Program Menampilkan Nilai PEEP Pada LCD TFT 

NexSerial.print("t1.txt=\"");  //perintah untuk nextion di t1 

 NexSerial.print(PEEP);         //memunculkan hasilPEEP 

 NexSerial.print("\""); 

 NexSerial.write(0xff); 

 NexSerial.write(0xff); 

 NexSerial.write(0xff); 
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