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The emergency of the healthcare device unit, such as a ventilator, has been 
experienced during the COVID-19 pandemic in 2020. Therefore, ventilator 
usage is not hard suggested anymore for COVID-19 patients compared to the 
outbreak beginning. Despite that, it is still essential to have the ventilator ready, 
if possible, in each house, for the upcoming respiratory syndrome outbreak. 
Therefore, in this paper, a digital ventilator development is presented. The 
digital ventilator is comprised of three main parts, such as respiration 
mechanism (I), controller Internet of Things (IoT) module (II), and website 
application (III). The developed digital ventilator has been tested by comparing 
the measurement of respiratory data between the developed digital ventilator 
and gas flow analyzer. Results show that the respiratory data, such as 
Pressure Peak (PPeak), Positive End Respiratory Pressure (PEEP), 
Inspiratory Expiratory Ratio (IE Ratio), Breath per Minute (BPM), and Tidal 
Volume can be monitored and controlled both directly and online via website 
application consistently (standard deviation around 10%) with PPeak absolute 
error of 1.35 mbar, the PEEP absolute error of 0.16 mbar. Furthermore, the 
average time response of the digital ventilator to the input command from the 
website application is 0.23 s. Therefore, it is safe to assume that the doctor can 
use the website application to control the digital ventilator remotely. 

 
1. Introduction 

The World Health Organization (WHO) declares COVID-19 as a global pandemic outbreak on March 11, 2020 
[1][2][3][4]. The COVID-19 often be categorized with SARS (severe acute respiratory syndrome) and MERS (Middle 
East respiratory syndrome) since the viruses attack the human respiratory system. The common symptoms are 
coughing, fever, sneezing, losing taste bud, and losing the smelling ability. The virus can transmit rather easily via the 
droplet from coughing and sneezing. Even chitchat with the transmitted human can already spread the viruses to the 
other person. Because of the easy transmission, which is like influenza, the number of COVID-19 victims increased 
exponentially in the world, including Indonesia [5]. The Indonesian government took the countermeasure to prevent the 
virus transmission from man to man and decrease cases. The countermeasure is the 3M policy, which consists of 
wearing a mask, social distancing, and washing hands regularly [6]. Despite that, the transmission rate is still hardly 
under control. For instance, the COVID-19 cases number still increased by 14518 cases in late January, after a big 
scale of social distancing for the past two respective weeks [7]. 

The victims' number keeps increasing. Some of them are symptomless and can be treated by doing self-isolation 
for at least 14 days. Meanwhile, the other victims are in an authoritarian state that they need a ventilator for breathing. 
The number of ventilators available in the hospital cannot cope with the increases of COVID-19 patients, as reported 
by [8]. If the patient cannot find the much-needed ventilator in the hospital, the patient must be transported to another 
hospital with an available ventilator. The emergency of health care devices, such as the ventilator, motivates people 
worldwide to build their ventilators. In Indonesia, the ventilator development has been initiated by universities, such as 
Institut Teknologi Bandung [9], then followed by Universitas Gadjah Mada [10], and Institut Teknologi Sepuluh 
November [11]. The goal is to increase the number of ventilator units by developing it so that the ventilator unit number 
can cope with the COVID-19 cases number. 

The ventilator helps the patient to breathe normally by providing mechanical ventilation. There are several 
ventilation modes in the ventilator, such as full control mode, patient trigger mode, and CPAP mode [12]. The minimum 
specification of an emergency ventilator for COVID-19 cases is CPAP mode ventilation. In this mode, the constant 
pressure is given to the lungs, so there is minimum pressure during the expiration, usually called Positive End Expiratory 
Pressure (PEEP). Maintaining the PEEP helps the COVID-19 patient keep the oxygen a bit longer in the lungs, 
increasing the probability of absorption by the body. However, later in late 2020, the ventilator is declared unnecessary 
for COVID-19 patient. The reason is not only the mechanical ventilation can cause lung trauma, but it also increases 
the humidity inside the COVID-19 patient lung due to the extra oxygen [13]. Then, the moisture causes mucus inside 
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the lung, which reduced the oxygen absorption instead. The ventilator, which is intended to support the patient 
respiratory, burdens the respiration process instead. The mucus problem can be solved using a nebulizer to suck the 
mucus first before respiration interference using the ventilator.  

Researchers have developed the use and manufacture of emergency ventilators. The aim of this research is that 
the makers can easily replicate the tool [14]. Researchers have also developed pneumatic ventilators that can be made 
cheaply and quickly [15]. In addition, there is also a gas pressure regulator and can be controlled by a mechanical 
modulator [16][17]. However, the developed emergency ventilators [15][16][17] have limited electronic control 
challenges in the market. Medical personnel need notifications to find out the function of the device and monitoring 
patient health.  

The ventilator usage is not hard suggested anymore for COVID-19 patients compared to the outbreak beginning 
because of the pros and cons. Despite that, it is still important to have the ventilator ready, if possible, in each house, 
for the upcoming respiratory syndrome outbreak. Some patients who do not require ventilators are suggested to do self-
isolation because the hospital is fully occupied. However, in case of emergency, patients should also have a ventilator 
unit in their own house because the hospital is fully occupied. Furthermore, the patient also needs to inform the doctor 
about their condition when using the ventilator. The pandemic has revolutionized IoT management and led to its future 
application, particularly in E-health [18]. Therefore, a digital ventilator with the Internet of Things (IoT) is developed for 
this research current and upcoming outbreak. A digital ventilator is created using a component available in the market 
to be easily replicated later. IoT is also embedded in the developed digital ventilator to be monitored and controlled at 
a distance through website applications. Therefore, the patient can stay at home while treated by the digital ventilator, 
and the doctor can do remote monitoring and controlling the patient's respiration using the digital ventilator. 

 
2. Research Method 
2.1 Digital Ventilator design 

The digital ventilator consists of three main parts, such as respiration mechanism (I), controller IoT module (II), 
and website application (III), as shown in Figure 1. The developed digital ventilator is a pneumatic type. Although the 
most popular emergency ventilator is the Ambu bag type [19], the pneumatic type is chosen to be developed because 
of the ability to control the airflow without an additional hand robot mechanism. Furthermore, fully control mode 
respiration is adopted because the target patient is a COVID-19 patient in an emergency state unable to breathe by 
themselves [20]. Also, the digital ventilator controls respiration based on lung pressure (pressure control method). 

The respiration mechanism consists of a mixer chamber, electrical valves (EV), pressure sensors (PS), airflow 
sensor, vacuum pump, and breathing circuit. The mixer chamber function is to mix the compressor air with oxygen 
before being supplied to the patient. Inside the mixer chamber, there is also an oxygen sensor beside the PS. Therefore, 
the pressure and oxygen fraction inside the chamber can be controlled. The electrical valves control the airflow of the 
mixer chamber and also the lung respiration. The flow rate of inspiration and expiration is measured using the airflow 
sensor for each inspiration and expiration channel. The inspiration air flow is controlled based on the pressure from the 
mixer chamber. Meanwhile, there is a vacuum pump at the expiration channel to control the expiration flow. 

The controller IoT module controls the actuators (EV and vacuum pump) timing based on the measurement from 
the sensors. The controller IoT module respiration information is sent to the cloud storage, which can be accessed via 
a website application in a mobile gadget or personal computer. Input to the controller also can be sent from the website 
application, such as the start and stop respiration assistance command. Because of this feature, the developed digital 
ventilator can be monitored and controlled remotely. The digital ventilator is created using an available component in 
the market to be easily replicated later. Website application consists of two parts, such as monitoring display and control 
setting. In the monitoring display, the lung pressure, airflow rate, and tidal volume are shown. In addition, there is also 
an indicator of mixer chamber pressure and oxygen fraction. 

Meanwhile, the control setting comprises respiratory parameters, such as peak pressure (PPeak), positive end-
expiratory pressure (PEEP), maximum tidal volume, breath per minute (BPM), and the ratio of inspiration-expiration (IE 
ratio). Although the pressure control method is adopted, the maximum tidal volume is still necessary for the controller, 
where it acts as the alarm threshold. Lastly, the respiration assistance can be started using the start-stop button to start 
and end the respiration assistance. 

 
2.2 Hardware development 

The respiration mechanism components are shown in Table 1. The mixer chamber is custom-made with 20cm x 
30cm x 20cm made from stainless steel, which can stand up to 2 bar air pressure. There are two types of electrical 
valves, such as solenoid valves and proportional valves. The solenoid valves control the air pressure of the mixer 
chamber, one for the oxygen inlet and one for the air compressor inlet. The proportional valves are installed at the 
inspiration and expiration channels. The respiration channel used a proportional valve to regulate the flow rate smoothly. 
The lung pressure can be controlled nicely with an additional actuator, such as the 14V DC vacuum pump with an air 
debit of 60 SLPM. Sensors used are pressure sensor MPX5010 that measures the lung pressure up to 100 mbar, 
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pressure sensor MPX5500 that measures the mixer chamber pressure up to 5 bar, and oxygen sensor KE-25 that 
measures the mixer chamber fraction oxygen (FiO2). There are also air flow sensors that measure the respiration flow 
rate in each channel up to 70 SLPM. Meanwhile, the breathing circuit is reusable, which is made from silicone material.  

There are also supporting components, such as motor drivers, relay, snubber circuit, current rectifier, voltage 
regulator, and pressure regulator. Motor drivers regulate the current to proportional valves and vacuum pumps, while 
the relay activates the solenoid valves. The back electromotive force (EMF) caused by the inductive actuators are 
filtered using a snubber circuit and current rectifier. 12 VDC supplies the digital ventilator. Therefore, there are 3.3 V 
and 5 V voltage regulators to enable the sensors and relay. The pressure regulator restricts the output air pressure from 
the mixer chamber to 1 bar, so the inspiration pressure does not break the maximum pressure limit of the proportional 
valves. Figure 2 shows the appearance of the developed digital ventilator from the outside and inside. 

 

 
Figure 1. The Digital Ventilator Design: (a) Respiration Mechanism, (b) Controller IoT Module, (c) Website Application 

 
Table 1. Respiration Mechanism Components 

No. Item Type Quantity Specification 

1. Mixer chamber Custom made 1 

Material: Stainless steel 
Max pressure: 2 bar 
Inlet: 2 (6mm tube) 

Outlet: 1 (6mm tube) 

2 Solenoid valves 
NPT Pneumatic Solenoid 

Valve 
2 

Operating voltage: 12VDC 
Operating current: 540mA 

Power: 6.5 watt 
Inlet-outlet: 6mm tube 

3 Proportional valves SMC PVQ31-6G-40-01 2 

Type: Normally closed 
Operating voltage: 12 VDC 

Current control: 0 to 330 mA 
Max pressure: 1.2 bar 
Inlet-outlet: 6mm tube 
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4 Pressure sensors 1 MPX 5010 1 

Operating voltage: 5VDC 
Signal type: analog 

Maximum pressure: 100 mbar 
Inlet-outlet: 6mm tube 

5 Pressure sensors 2 MPX 5500 1 

Operating voltage: 5VDC 
Signal type: analog 

Maximum pressure: 5 bar 
Inlet-outlet: 6mm tube 

6 Airflow sensor. 
MEMS Flow Sensor 

D6F-70AB71D-000-0 
2 

Operating voltage: 3 to 3.6 
VDC 

Signal type: digital I2C 
Maximum flow rate: 70 SLPM 

Inlet-outlet: 6mm tube 

7 Vacuum pump Z712-1503-5000 1 

Power: 32W 
Operating voltage: 12VDC 

Maximum suction: 60 SLPM 
Vacuum: -75 kpa 

Pressure: 150 kpa 

8 Breathing circuit Hamilton breathing circuit 1 
Material: silicon 

Accessories: condensation 
trap 

  

  
(a) (b) 

Figure 2. The Digital Ventilator Appearance Outside (a) and Inside (b): (1) LCD Touchscreen; (2) Power Button; (3) 
Handle; (4) Power Inlet; (5) Respiration Line; (6) Pressure Line; (7) Cover; (8) Mixer Chamber; (9) Solenoid Valve; 

(10) Proportional Valve; (11) Vacuum Pump; (12) Relay; (13) Air Flow Sensor; (14) Voltage Driver; (15) Arduino; (16) 
Raspberry Pi; (17) Pressure Sensor 

 
2.3 Ventilation Control Algorithm Development 

The control algorithm's purposes are to control the ventilation and to send the data to the cloud. Figure 3 shows 
the flowchart of the control algorithm. First, raw respiration data are received from the pressure sensors and airflow 
sensors. Then, the algorithm interprets the data so lung pressure, flow rate, and tidal volume can be displayed both 
offline in the ventilators monitor and online in the website application. Lung pressure value is obtained by converting 
the analog signal from the pressure sensor to cmH2O. The flow rate is displayed in Liter per minute unit, where the 
value is further processed to obtain the tidal volume in a milliliter. The controller then waits for the "start ventilation" 
command. If the command says yes, then the controller controls the ventilation and continues displaying the ventilation 
data. Meanwhile, if the command says no, then the controller stops controlling the ventilation. Instead, the controller 
checks the power status. If there is still power supplied, then the controller will continue to display the respiration data. 

The control of the ventilation process is a finite state machine, as shown in Figure 4. One respiration cycle 
consists of four states, such as S1, S2, S3, and S4. In S1, the ventilator does the inspiration until the lung pressure 
equals more than the PPeak. The state moves to S2, where the respiration is held to maintain the plateau pressure. If 
the inspiration time is over, then the state moves again to S3. Here, the ventilator does expire, so the lung pressure 
decreased until the PEEP. In S4, the ventilation is held once again until the expiration time is over. The inspiration time, 
It is shown in Equation 1. 
 

𝐼𝑡 =  
60𝐼

𝐵𝑃𝑀(𝐼 + 𝐸)
 

 

(1) 
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and expiration time, Et is shown in Equation 2. 
 

𝐸𝑡 =  
60𝐸

𝐵𝑃𝑀(𝐼 + 𝐸)
 (2) 

 
Are calculated based on IE ratio and BPM setting, where I is the inspiration ratio, E is the expiration ratio, and 

BPM is the breath per minute value. Both It and Et are calculated in the second unit. Meanwhile, the valve opening is 
controlled during the inspiration and expiration process. 
 

 
Figure 3. Flowchart Algorithm of the Developed Digital Ventilator 

 
The valve was controlled based on the difference between the current lung pressure and target lung pressure. 

The proportional valve is fully open until the pressure difference is five mbar. Then, for each one mbar, the valve is 
closed by half of the previous opening before fully closed on zero mbar pressure difference. Therefore, the valve is 
open by 50% when the pressure difference is 4, 25% when the pressure difference is 3 mbar, 12.5% when the pressure 
difference is two mbar, 6.75% when the pressure difference is one mbar, and 0% when the pressure difference is 0 
mbar. Spike pressure can happen if the proportional valve is fully closed suddenly. Closing the valve step by step avoids 
the unwanted pressure spike. Meanwhile, the vacuum pump also follows the same rule as the expiration proportional 
valve during the S3. It started from maximum suction, and then the suction power decreased step by step. 
 

 
Figure 4. Finite-State Machine Diagram of Ventilation Process Control 
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2.4 IoT and Website Application Development 
The controller IoT module is a combination of Arduino microcontroller and Raspberry Pi. The Arduino collects 

the data from the sensors (pressure sensors and airflow sensors) and controlling the actuators (valve and pump). The 
data from sensors are initially floating data types for calculation purposes. The data type was then changed intro string 
data, sent to the Raspberry Pi via serial communication. The data was arranged in a one-line in print code, where a 
hashtag separates each data. The information is stored in the raspberry pi memory using MySQL, which the website 
application can access. Therefore, the digital ventilator can be monitored and controlled by typing the address in the 
internet browser of any device. The website application is also available in the Raspberry Pi, displayed by a touch 
screen LCD, so onsite monitoring is possible. Meanwhile, the command from the website application, such as 
respiratory parameter and start/stop ventilation button, are also received by the Arduino via serial communication. The 
incoming data is a string data type and translated into float data type for further processing by Arduino. 

 
2.5 Evaluation and Testing of the Developed Digital Ventilator 

The digital ventilator was tested using a gas flow analyzer provided by Balai Pengamanan Fasilitas Kesehatan 
(BPFK) Surabaya. The gas flow analyzer did not have a data logger, so manual observation had to be done. BPFK 
suggested a typical respiration setting of COVID-19 patient condition to evaluate the ventilation control. The setting was 
PEEP 5, PPeak 20, BPM 15, and I:E ratio of 1:2. A test lung by Macquet was used to simulate the human lung with a 
maximum capacity of 1L air. Figure 5 shows the testing of the digital ventilator using the test lung. On the other hand, 
the performance of the website application is measured from the response of the ventilation to the website application 
input command.           
 

  
(a) (b) 

Figure 5. Digital Ventilator Testing using Test Lung: (a) Test Lung Expanded During Respiration; (b) Test Lung 
Retracted During Expiration 

 

3. Results and Discussion 
3.1 Respiratory Control 

The lung pressure, airflow, and air volume data when the digital ventilator did the ventilation is shown in Figure 6 
and Table 2. From the ten samples, it can be seen that the lung pressure follows the requirement from the respiration 
setting. The PPeak overshoot during inspiration is 21.82 ± 1.05 mbar, and the PEEP is consistent around 5 mbar, which 
is 4.73 ± 0.32 on average. The BPM and I:E ratio is the most consistent parameter, 16.61 ± 2.27 and 1:2.12 ± 0.08, 
respectively. Meanwhile, the airflow measurement of the digital ventilator is not too uniform, which is reflected in the 
tidal volume measurement. The cause of the inconsistent airflow and volume measurement lies in the fact the code 
obtains the volume increment by multiplying the measured airflow with the period of each cycle. During the active 
respiration cycle, the airflow may change and not being recorded, which explains the inaccurate measurement of the 
tidal volume (the recorded inspiration is only 131.62 ml on average). In this paper, the measured tidal volume is 
calculated based on a difference of the lowest lung volume and highest lung volume in one cycle, as shown by the 
double side arrow in Figure 6. In the future, a Bernoulli equation should be used to obtain the current tidal volume 
directly based on the lung pressure, but not the volume increment to calculate the tidal volume from time to time. 
Meanwhile, the developed digital ventilator controls the lung pressure rather than the tidal volume. Therefore, the 
controller is not affected by the airflow and tidal volume measurement. 

 
Table 2. Respiratory Data Measured by the Digital Ventilator 

Data 
Ppeak 
(mbar) 

PEEP 
(mbar) 

BPM 
IE ratio 

(1:x) 
Tidal volume 

(mL) 

1 23.03 4.46 22.55 2.16 158.09 
2 21.7 4.47 18.23 2.13 131.05 
3 21.59 4.75 15.87 2.17 144.55 
4 20.7 4.52 16.48 2.25 143.83 
5 21.03 5.32 15.87 2.17 89.05 
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6 23.14 4.72 15.30 2.11 131.85 
7 23.03 4.78 15.58 2.05 149.11 
8 21.03 4.38 15.30 1.94 146.18 
9 20.37 5.22 15.30 2.11 87.40 

10 22.58 4.69 15.58 2.05 135.18 

AVG 21.82 4.73 16.61 2.11 131.62 

STD 1.05 0.32 2.27 0.08 24.30 

STD% 4.81 6.70 13.66 3.98 18.46 

 
(a) 

 
(b) 

 
(c) 

Figure 6. The Respiratory Data of 10 Cycles of Respiration Measured by the Digital Ventilator: (a) Lung Pressure in 
cmH2O, (b) Airflow in SLPM, and (c) Tidal Volume in mL 

 

Despite that, the measurement of the ventilation by using the gas flow analyzer at BPFK shows a consistent 
result. From 10 observations with the settings as mentioned above, the PPeak is 23.17 ± 2.32 mbar, PEEP is 4.57 ± 
1.03 mbar, BPM is 14.95 ± 0.05, I:E ratio is 1:1.97 ± 0.02, and tidal volume is 282.77 ± 33.75 mL, as shown in Table 3. 
An example of the measurement data from the gas flow analyzer is shown in Figure 7. Meanwhile, the comparison 
between average respiratory data measured by digital ventilator and gas flow analyzer is shown in Table 4. The gas 
flow analyzer data is important because the data says that the developed digital ventilator can produce a consistent 
result based on the pressure only (standard deviation is around 10%). The next thing that can be improved is airflow 
and tidal volume measurement since the error of tidal volume calculation is very large. Therefore, controlling the 
ventilation accurately, the digital ventilator also provides information clearly to the user. In this case, the target user is 
the doctor who monitors the patient respiratory remotely. 
 

Table 3. Respiratory Data Measured by the Gas Flow Analyzer 

Data 
Ppeak 
(mbar) 

PEEP 
(mbar) 

BPM 
IE ratio 

(1:x) 
Tidal volume 

(mL) 

1 26.3 5 15 1.99 323.8 
2 21 4.8 14.9 1.98 264 
3 21.5 2.8 15 1.94 261.7 
4 25.3 5.8 15 1.97 317.3 
5 21.8 5.1 14.9 1.98 258.3 
6 25.9 3.4 14.9 1.96 323.6 
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7 21.1 5.1 14.9 1.95 249.9 
8 21.4 3.2 15 1.97 252.8 
9 25.9 5.2 15 1.94 321.9 

10 21.5 5.3 14.9 1.98 254.4 

AVG 23.17 4.57 15 1.966 282.77 

STD 2.33 1.03 0.05 0.02 33.75 

STD% 10.05 22.62 0.35 0.90 11.94 

 

 
Figure 7. Sample of Respiration Data Obtained from the Gas Flow Analyzer 

 
Table 4. Respiratory Data Comparison of Digital Ventilator and Gas Flow Analyzer 

 Ppeak 
(mbar) 

PEEP 
(mbar) 

BPM 
IE ratio 

(1:x) 
Tidal volume 

(mL) 

Digital ventilator 21.82 4.73 16.61 2.11 131.62 
Gas Flow Analyzer 23.17 4.57 14.95 1.966 282.77 

Absolute error 1.35 0.16 1.66 0.144 151.15 

 
3.2 Online Control and Monitoring 

Figure 8 shows the website application. First, the website displayed the room number, such as Mawar 1, Mawar 
2, and Mawar 3. Then, if a room is chosen, the website application will show the bed number. The room and bed number 
can be adjusted accordingly to the real situation at the hospital, for instance. The website application then offers the 
digital ventilator monitoring dashboard of the corresponding bed. The lung pressure (PAW) is displayed in the range of 
-20 to 60 mbar. The airflow is displayed in the range of -100 to 100 standard liters per minute. The tidal volume is shown 
in the range of -20 to 1000 mL. The chamber pressure (CP) is displayed in the bar unit. Meanwhile, the oxygen fraction 
is expressed in the percentage. The dashboard also has an input interface. The Ppeak is displayed in mbar unit, which 
can be adjusted by a unit of one. Available PEEP settings are 0, 5, 10, and 15 mbar. The maximum BPM is set to be 
30, which can also be adjusted by one unit. I:E ratio can be chosen between the two options, such as 1:2 and 1:3. The 
tidal volume can be set to a maximum of 800 mL by a unit of 50 mL. Lastly, the start/stop button is available at the 
bottom left. If the start button is pressed, then the digital ventilator starts the ventilation. If the stop button is pressed, 
then the digital ventilator stops the ventilation. The button is the only one where it changes appearance when being 
pressed. For instance, the button shows the "start" button when the respiration is stopped and vice versa. The digital 
ventilator average response to input of the website application can be seen in Table 5. The time response is fast enough, 
with an average time of 0.23 s. Based on the result, it is safe to assume that the developed website application can 
control the digital ventilator well from a far distance. 
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(c) 

Figure 8. The Digital Ventilator Website Application: (a) Room Selection; (b) Bed Selection; (c) dashboard Monitoring 
 

Table 5. Input Button Response of the Web Application to the Digital Ventilator  
Trial (s) Average 

(s) 
 

1 2 3 4 5 6 7 8 9 10 

Response time 0.266  0.21  0.282 0.268 0.21 0.248 0.206 0.214 0.242 0.282 0.2434 

 
Therefore, if the digital ventilator developed in this study is implemented in the hospital, the doctor can monitor 

patient ventilation from his own room. In case of different setting is necessary after seeing the monitored ventilation, 
then the doctor can also change the ventilation setting easily and remotely. This type of technology, the ventilator with 
IoT feature is not common in Indonesia. Several ventilators with IoT have been reported in Indonesia local news, such 
as ventilator developed by Universitas PGRI Semarang [21] and Universitas Gunadarma [22]. The reported ventilators 
had additional camera instead of respiratory sensor only, thus by standing in front of the camera, the doctor can also 
see the patient's condition. However, the application is restricted to only one ventilator. Meanwhile, the digital ventilator 
presented in this study offered a website application that can monitor and control several ventilators on demand. Fast 
forward, the application of the developed digital ventilator can also reach patient homes instead of hospital rooms only. 
 
4. Conclusion 

In this paper, the development of a digital ventilator is presented. The digital ventilator is comprised of three main 
parts, such as respiration mechanism (I), controller IoT module (II), and website application (III). The components are 
available in the market so that a digital ventilator can be made affordably. The developed digital ventilator has been 
tested by comparing the respiratory data with the gas flow analyzer from BPFK as the gold standard. The result shows 
that the developed digital ventilator can produce a consistent result based on the pressure only (standard deviation is 
around 10%). The absolute PPeak error is 1.35 mbar, the PEEP error is 0.16 mbar, the BPM error is 1.66, and I:E ratio 
error is 0.144. The absolute error result shows that the digital ventilator successfully controls respiration based on lung 
pressure (pressure control ventilation). However, in terms of tidal volume, the absolute error is significant, which is 
151.15 mL. Therefore, an improvement in the measurement of airflow and tidal volume should be made in the future. 
Thus, controlling the ventilation accurately, the digital ventilator also provides information clearly to the user. In this 
case, the target user is the doctor who monitors the patient respiratory remotely. Lastly, the performance of the website 
application is measured based on the response time of the digital ventilator to the input command. The average time 
response is 0.23 s. It is safe to assume that the doctor can use the website application to control the digital ventilator 
well from a far distance. 
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