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ABSTRACT Calibration is an activity to determine the conventional correctness of the value of measuring instrument and 

material by comparing them against the national or international standards. A sphygmomanometer is a device used to measure 

blood pressure, while suction pump is a tool to suck various types of fluid formed from the body's secretion process that need 

to be cleaned when it is under certain conditions. Furthermore, DPM (Digital Pressure Meter) is a tool for calibrating both 

sphygmomanometers and suction pumps. Therefore, it takes a calibrator device to calibrate both tools. The purpose of this 

study was to determine the sensor response and analyze the accuracy of the dual pressure calibrator (+ and -) that can be used 

for two devices at once (sphygmomanometer and suction pump) using one sensor (pss-C01V-R18 autonics). The research was 

conducted at the Campus of the Department of Electrical Engineering of the Ministry of Health Surabaya. In this case, the 

first data were taken from three different brands of sphygmomanometer and suction pump, the second data were taken using 

module calibrators, and the third data were taken from modules and comparison tools (DPM). Furthermore, this study 

successfully measured positive and negative pressure using autonics sensors, where the results obtained were accurate and in 

accordance with the results of standard tools. Therefore, the result of this tool can be used for dual pressure calibrators using 

autonics sensors. 

INDEX TERMS Autonics Sensor PSS-C01V-R18, Dual Pressure, Sphygmomanometer, Suction Pump. 

I. INTRODUCTION 

A sphygmomanometer or tensimeter is a device used to 

measure blood pressure that works manually or automatically 

in pumping or reducing pressure on cuffs with non-invasive 

systems [1][2][3]. Meanwhile, suction pump is a tool used to 

suck various types of fluids. A doctor will use this tool under 

certain conditions, such when there is fluid that can block the 

surgery process or cause emergency conditions that endanger 

the patient [4][5][6]. In order to maintain the accuracy of the 

measurement results on the Sphygmomanometer and Suction 

Pump, calibration is required to be done periodically. 

Calibration is the activity of determining the conventional 

truth of the value of measuring instruments and materials by 

comparing them against the national or international 

standards. In this case, DPM (Digital Pressure Meter) is a tool 

used for calibrating both the Sphygmomanometer and Suction 

Pump [7][8] [9]. 

Previous research carried out by Tiar Prillian has created an 

Arduino-based DPM that can calculate the average and correct 

value of calibration results equipped with storage. However, 

the results were only displayed on the LCD (Liquid Crystal 

Display) so the calibration officer still had to manually input 

the data to the excel worksheet. In addition to that, the storage 

still used EEPROM with low battery capacity [10][11][12]. 

Furthermore, in Ida Ayu's research, DPM has been designed 

with automatic data processing, where the measurement 

results were stored in an SD Card and the software processed 

the data into a calibration worksheet and performed 

calculations automatically. However, the process of 

calculating and calibrating the data analysis must wait for the 
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SD Card [13][14][15]. Furthermore, another previous research 

was carried out by Adi Pramudono, in which a tool with the 

accuracy analysis of data acquisition system in 

sphygmomanometer design has been made, but has not been 

equipped with negative pressure measurements yet [16][17]. 

In addition, Junia Dyah Permata Wibisono conducted a study 

in 2017 where she made DPM using vacum mode [18]. In the 

following year, Yosef Kurniawan also made DPM with two 

modes but with a vacum limit of -400 mmhg with two different 

sensors [19][20]. Furthermore, Abdul Cholid Ridwan in 2019 

made DPM with two modes equipped with temperature and 

humidity but with two different sensors as well [21][22]. In 

addition, in the following year, Ghassan Zafir Sasmita 

designed a digital pressure meter calibration tool equipped 

with a thermohygrometer in 2020 [23][24]. 

Based on the description above, the author analyzed the 

accuracy of the dual pressure calibrator (+ and -) design that 

can be used for two devices at once, namely the 

sphygmomanometer and suction pump using one sensor of the 

PSS-C01V-R18 autonics sensor. In this case, the positive 

pressure was used to calibrate the sphygmomanometer, while 

the negative pressure (vacuum) was used to calibrate the 

Suction Pump [25]. Then, the accuracy of the module was 

compared against the accuracy of the standard digital pressure 

meter which was also carried out to know the sensor response 

under negative positive pressure. 

The purpose of this study was to determine the sensor 

response and analyze the accuracy of the dual pressure 

calibrator (+ and -) design that can be used for two devices at 

once (sphygmomanometer and suction pump) using one 

sensor (PSS-C01V-R18 autonics). 

 
II.  MATERIALS AND METHODS 

A. DATA COLLECTION 

The research was conducted at the campus environment of 

Electrical Engineering. After the design was completed, the 

tool was tested through comparative tests to conduct 

measurements using both the modules and the standard tools. 

Then, the stability of the sensor was monitored in order to see 

the error of the sensor reading by recording the results for 4 

minutes. Therefore, the results of the pressure sensor reading 

can be analyzed by displaying the reading graph for 4 minutes. 

This study employed arduino uno microcontrollers to 

process the data transferred by ESP32used to read the output 

of sensors, autonics pss-C01V-R18 sensor which wasused to 

detect pressure exerted by the unit under the test, and Digital 

Pressure Meter used as a comparison tool when testing the 

modules. Furthermore, LCD TFT (Thin Film Transistor) and 

Sphygmomanometer / 

Suction Pump

Sensor Autonic

PSS–C01V–R1/8

Microcontroller

Data Processing

Program

Computer Display

MONITORING SCREEN

TFT Display

 

FIGURE 1. Block diagram of positive and negative pressure calibrators. The suction pump and sphygmomanometer were connected 
to the pressure sensor and the data were processed and displayed on the computer and tft screen. 
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PC (Personal Computer)/ Laptop were also used to display the 

module. 

After the design was completed, the tool was tested 

through comparative tests to conduct measurements using 

both the modules and the standard tools. Then, the stability of 

the sensor was monitored in order to see the error of the sensor 

reading by recording the results for 4 minutes. Therefore, the 

results of the pressure sensor reading can be analyzed by 

displaying the reading graph for 4 minutes. Furthermore, 3 

different brands of sphygmomanometer which work in 

accordance with the calibration method procedure were also 

employed to test the sensor at positive pressure. Therefore, it 

is necessary to analyze the accuracy of the dual pressure 

calibrator (+ and -) design that can be used for two devices at 

once, namely a sphygmomanometer and a suction pump, 

using one sensor. In this design, the positive pressure was used 

to calibrate the sphygmomanometer, while the negative 

pressure (vacuum) was used to calibrate the suction pump. 

Furthermore, the accuracy of the module was compared with 

the accuracy of the standard digital pressure meter, which at 

the same time, was conducted to know the sensor response 

when it gets negative positive pressure. 

B. DATA ANALYSIS 

Based on the monitoring and recording of the sensor readings 

at positive pressure for four minutes at the measurement 

point of 50 mmHg on three different tensimeter brands, the 

graph of the results was obtained. In this case, the highest 

and lowest ranges that the sensor readings produced was 7 

mmHg, where when converted to kPa units was about 0.9 

kPa. Monitoring and recording for four minutes on the 

sphygmomanometer allowed a fairly high leak to occur, 

resulting in a high difference between the top graph point and 

the bottom graph point. When viewed in mmhg units, the 

difference was quite high, but when converted to kPa units, 

the reading difference was only 0.9 kPa because the sensor 

used had kPa units according to the sensor datasheet. For the 

reading of the output voltage from the sensor at the 50 mmHg 

measurement point, it was stable at 2.841 V DC. 

FIGURE 1. shows that the system started working when 

the sphygmomanometer or suction pump put pressure on the 

PSS-C01V-R1/8 autonics sensor which was then processed by 

the microcontroller by entering the program used to give 

instructions to the microcontroller. After that, the results of 

data processing on the microcontroller were displayed on the 

TFT LCD. In ESP32, there was also wifi used to transmit data 

to the PC/ Laptop by first pairing them. In this case, the PC/ 

Laptop serves to receive and process data which was then 

displayed in the form of graphics.  

C. THE FLOWCHART 

FIGURE 2. shows the process starting from checking the 

connection between the sphygmomanometer or suction pump 

with the input module of the PSS-C01V-R1/8 autonics sensor. 

This checking was done through the installation of a 

sphygmomanometer hose or suction pump with pressure 

sensor input. If it is connected, then the next process of the 

pressure sensor is to get pressure from the unit under test. 

Furthermore, the results of pressure readings by the PSS-

C01V-R1/8 autonics sensor are displayed on the TFT LCD 

and the data on the module are sent to the PC/ laptop using the 

wifi. The process of reading the results of the pressure is 

complete. 

Data display on 

LCD TFT

Initialization

Pressure input 

from 

Sphygmomanom

eter / suction

 PSS-C01V-R1/8 sensor

reads pressure

START

END

PSS-C01V-R1/8 sensor 

reading processing

Convert  sensor data to 

numeric and graphic data

No

Yes

Data display on 

Web Server

 

FIGURE 2.  Flowchart measurement using Geiger Muller sensor for 
X-ray radiation measurement. 

III. RESULTS 

Three different brands of sphygmomanometer which work in 

accordance with the procedure of calibration were used to test 

the sensor at positive pressure. FIGURE 3. shows the entire 

module series. The schematic circuit consists of several 

components including PSS-C01V Sensor, ESP32, Arduino 

UNO, LCD TFT, Push button, and 12V adapter. The 12V 

adapter was connected to the VIN esp32 pin and +V PSS-

C01V sensor that serve as a voltage supply. The Vo sensor 

output pin was connected to the D32 ESP32 pin. Push buttons 

were connected to D4, RX2 and TX2 pins respectively. Pin 

D14 and D27 on ESP32 were further connected to the RX and 

TX pins on the Arduino UNO, the pin serves to transfer the 

sensor reading data so that it can be processed by Arduino 

UNO. 
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FIGURE 3. shows how the module tests at positive 

pressure. In this figure, there are a sphygmomanometer, 

modules, comparison tools, and a PC/Laptop. Based on the 

results of the module testing carried out, the results showed 

that the sensor readings for positive pressure work was 

according to their characteristics, namely producing Ua on the 

suction pump. 

 

FIGURE 3. Design of the module testing at positive pressure in the 
image, where there are a display on LCD TFT, PC/ Laptop as well as 
sphygmomanometer used for data retrieval on the tool. 

FIGURE 4. shows how the module tests at positive 

pressure. In this case, there are a sphygmomanometer, 

modules, comparison tools, and a PC/Laptop. Based on the 

results of the module testing carried out, the results showed 

that the sensor readings for negative pressure work is 

according to their characteristics, namely producing Ua on the 

suction pump. 

 

 
FIGURE 4. Design of the module testing at negative pressure in the 
image, where there are a display on LCD TFT and PC/ Laptop and a 
sphygmomanometer used for data retrieval on the tool 

TABLE 1 
Positive pressure measurement results with modules for parameters 1 

 

Brand Positive Pressure Parameters 1 

Setting 

(mmHg) 

Standard 

Deviation 
Error Ua 

50 0.164317 0.70 0.027386 

100 0.561249 0.95 0.093541 

150 0.602218 0.04 0.10037 

200 0.508593 -0.07 0.084765 

250 0.763544 0.30 0.127257 
 
 

 

FIGURE 5. A comparison radar graph between sphygmomanometer 
measurements with standards and research modules results 
positives pressure 

TABLE 1 shows the results of module tests conducted. 

Based on the table, it was found that the sensor readings 

against pressure has worked according to its characteristics, 

namely producing the largest Ua on the measurement of 250 

mmHg and the lowest Ua on the measurement of 50 mmHg. 

Based on the results of the module testing carried out, it was 

found that the sensor readings for pressure work was 

according to their characteristics, namely producing the largest 

Ua at 250 mmHg and the lowest Ua at 50 mmHg. 

 
TABLE 2 

Positive pressure measurement results with modules for parameters 2 
 

Brand Positive Pressure Parameters 2 

Setting 

(mmHg) 

Standard 

Deviation 
Error Ua 

50 0.613188 0.60 0.102198 

100 0.492612 1.07 0.082102 

150 0.477493 0.07 0.079582 

200 0.685322 -0.01 0.11422 

250 0.730525 0.13 0.121754 
 

 

FIGURE 6. The figure shows a comparison radar graph between 
sphygmomanometer measurements with standards and research 

modules results positives pressure 
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TABLE 2 shows the results of module tests conducted, 

and it was found that the sensor readings against pressure work 

was according to its characteristics, namely producing the 

largest Ua on the measurement of 250 mmHg and the lowest 

Ua on the measurement of 50 mmHg. Based on the results of 

the module testing carried out, it was found that the sensor 

readings for negative pressure worked according to their 

characteristics, namely producing the largest Ua at the 10 kPa 

measurement at the first suction pump and the lowest Ua at 80 

kPa at the second suction pump. 
 

TABLE 3 
Positive pressure measurement results with modules for 
parameters 3. 

Brand Positive Pressure Parameters 3 

Setting (mmHg) 
Standard 

Deviation 
Error Ua 

50 0.219089 3.00 0.036515 

100 0.438178 0.40 0.07303 

150 0.34641 0.60 0.057735 

200 0.383406 0.57 0.063901 

250 0.652431 0.43 0.108739 

 

 

FIGURE 7. The figure shows a comparison radar graph between 
sphygmomanometer measurements with standards and research 
modules results positives pressure 

TABLE 3 shows the results of module tests conducted, and 

it was found that the sensor readings against pressure has 

worked according to its characteristics, namely producing the 

largest Ua on the measurement of 250 mmHg and the lowest 

Ua on the measurement of 50 mmHg. Based on the results of 

the module testing carried out, it was found that the sensor 

readings for pressure has worked according to their 

characteristics, namely producing the largest Ua at 250 mmHg 

and the lowest Ua at 50 mmHg. 

 

 

TABLE 4 
Negative pressure measurement results with modules for 
parameters 1 

Brand Negative Pressure Parameters 1 

Setting (kPa) 
Standard 

Deviation 
Error Ua 

-10 0.225093 5.33 0.037515 

-20 0.116905 3.08 0.019484 

-30 0.121106 0.44 0.020184 

-40 0.075277 1.29 0.012546 

-50 0.08165 1.67 0.013608 

-60 0.147196 0.47 0.024533 

-70 0.075277 0.31 0.012546 

-80 0.150555 -0.21 0.025092 

-85 0.08165 0.43 0.013608 
 

 

FIGURE 8. The figure shows a comparison radar graph between 

sphygmomanometer measurements with standards and research 
modules results at negative pressure 

 
TABLE 5 

Negative pressure measurement results with modules for 
parameters 2 and 3 

Setting 

(kPa) 

Standard 

Deviation 
Error 

-10 0.141421 6.00 

-20 0.141421 3.50 

-30 0.075277 2.72 

-40 0.104881 2.88 

-50 0.063246 5.40 

-60 0.10328 2.72 

-70 0.08165 3.52 

-80 0.054772 2.19 

 

TABLE 5 shows the results of the module tests conducted, and 

the results showed that the sensor readings against negative 

pressures have worked according to its characteristics, 

resulting in the largest Ua measurement at the first Suction 

Pump Under Test (UUT) and the lowest at the measurement 

of 80 kPa on the second UUT suction pump. Based on the 

results of the module testing carried out, it was found that the 

sensor readings for negative pressure have worked according 

to their characteristics, namely producing the largest Ua at the 
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10 kPa measurement at the first suction pump and the lowest 

Ua at 80 kPa at the second suction pump. 

 
TABLE 6 

Positive pressure measurement results against the standards 

Setting 

(mmHg) 

Standard 

Deviation 
Error 

Standard 

Deviation 

50 0.17224 -0.43 0.13784 

100 0.294392 1.37 0.34448 

150 0.56006 0.72 0.361939 

200 0.240139 0.49 0.685322 

250 0.285774 -0.25 0.196638 

 

TABLE 6 shows the results of positive pressure 

measurements by standard. It was known that the largest Ua 

was on measurements of 250 mmHg and the lowest Ua was 

on measurements of 50 mmHg. 

 
TABLE 7 

Negative pressure measurement results against the standards 

Setting 

(kPa) 

Standard 

Deviation 
Error 

Setting 

(kPa) 

Standard 

Deviation 
Error 

-10 0.054772 2.50 -10 0.163299 6.33 

-20 0.104881 2.25 -20 0.13784 11.25 

-30 0.136626 2.11 -30 0.151658 4.17 

-40 0.08165 1.67 -40 0.104881 3.13 

-50 0.075277 0.57 -50 0.075277 3.37 

-60 0.075277 1.36 -60 0.22286 3.31 

-70 0.104881 -0.36 -70 0.13784 3.50 

-80 0.075277 -0.27 -80 0.075277 1.52 

-85 0.136626 -0.78    

 

TABLE 7 shows the results of negative pressure 

measurements against the standard. It was  known that the 

largest Ua was on the measurement of 600 mmHg on the third 

suction pump and the lowest Ua was on the measurement of 

10 kpa in the first suction. Furthermore, FIGURE 8. shows the 

results of monitoring and recording the sensor readings at 

positive pressure for 4 minutes at the measurement point of 50 

mmHg on three different brands of tensimeters. Based on the 

graph, it was seen that the highest and lowest range produced 

by the sensor readings were 7 mmHg, where when converted 

to kpa units then the result is approximately 0.9 kPa.  

Based on the results of monitoring and recording the 

sensor readings at positive pressure for four minutes at the 

measurement point of 50 mmHg on three different brands of 

tensimeters, it can be seen in the graph that the highest and 

lowest ranges produced by sensor readings are 7 mmHg, 

where when converted to kpa units, the results are 

approximately 0.9 kPa. Monitoring and recording on the 

sphygmomanometer for four minutes allows a fairly high leak 

to occur, resulting in a high difference between the top graph 

point and the bottom graph point. When viewed in mmhg 

units, the difference was quite high, but when converted to kPa 

units, the reading difference was only 0.9 kPa because the 

sensor used has kPa units according to the sensor datasheet. 

Furthermore, regarding the reading of the output voltage from 

the sensor at the 50 mmHg measurement point, it was stable 

at 2.841 V DC.  

IV. DISCUSSION 

In this study, researchers have made a tool and analyzed the 

accuracy of the design of a dual pressure calibrator (+ and -) 

that can be used for two devices at once, namely the 

sphygmomanometer and suction pump using one sensor, 

which is the PSS-C01V-R18 autonics sensor. The PSS series 

analog pressure sensor features a compact rectangular design 

(L 11.8 mm x T 29.3 x P 24.8 mm, including pressure port). 

The results of the tool testing can be seen in the TFT LCD on 

the tool and can also be seen on the PC/ Laptop. On the 

positive pressure measurement on the sensor reading module, 

the pressure works according to its characteristics, resulting in 

the largest Ua on the measurement of 250 mmhg and the 

lowest Ua on the measurement of 50 mmHg. Meanwhile, 

concerning the negatf pressure measurement in the module, it 

produced the largest Ua on the first 10 kpa suction pump on 

the first Suction Pump Under Test (UUT) and the lowest Ua 

on the measurement of 80 kpa on the second UUT suction 

pump. On standard positive pressure measurements, it was 

known that Ua was the greatest on measurements of 250 

mmHg and was the lowest on the measurements of 50 mmHg. 

Furthermore, on standard negative pressure measurements, it 

was known that Ua was the greatest on the measurement of 

600 mmHg on the third suction pump and lowest on the 

measurement of 10 kPa on the first suction. 

The results of monitoring and recording sensor readings 

at positive pressure for 4 minutes at the measurement point of 

50 mmHg on three different brands of tensimeters are seen on 

the graph of the highest and lowest range produced sensor 

readings. The results obtained were 7 mmHg where if it was 

converted to kpa units, it obtained approximately only 0.9 kPa 

with the output voltage of the sensor stable at 2.841 V DC. At 

the point of measurement of 100 mmHg, the highest and 

lowest range produced sensor reading was 14 mmhg, where if 

converted to kpa units then the result was approximately 1.8 

kPa with the output voltage of the sensor stable at 2.968 V DC. 

Furthermore, at the point of measurement of 150 mmHg, the 

highest and lowest range produced sensor readings were 9 

mmhg, where if converted to kpa units, then the result was 

approximately 1.18 kPa with a stable output voltage at 3.083 

V DC. At the measurement point of 200 mmHg, the highest 

and lowest range produced sensor reading was 20 mmHg 

where if converted to kPa units then the result was 

approximately 2.6 kPa with the output voltage of the sensor 

stable at 3.213 V DC. At the measurement point of 250 

mmHg, the highest and lowest range produced sensor reading 

was 70 mmHg where if converted to kPa units then the result 

is approximately 9.2 kPa with the output voltage of the sensor 

stable at 3.326 V DC. At the measurement point of -10 kPa, 

the graph range was 2 Kpa with the output voltage of the 

sensor stable at 2.528 V DC. At the measurement point of -20 

kPa, the graph range was -20 kPa with the output voltage of 
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the sensor stable at 2.352 V DC. At the measurement point of 

-30 kPa, the graph range was -30 kPa with the output voltage 

of the sensor stable at 2.165 V DC. At the measurement point 

of -40 kPa, the chart range was 0.7 kPa with the output voltage 

of the sensor stable at 2.008 V DC. At the measurement point 

of -50 kPa, the graph range was -50 kPa on the first suction 

and 1.4 kPa for the second suction with the output voltage of 

the sensor stable at 1.814 V DC. At the measurement point of 

-60 kPa, the chart range was 1.2 kPa on the first suction and 

0.7 kPa for the second suction with the output voltage of the 

sensor stable at 1.644 V DC. At the measurement point of -70 

kPa, the chart range was 1 kPa on the first suction and 1.1 kPa 

for the second suction with the output voltage of the sensor 

stable at 1.470 V DC. At the measurement point of -80 kPa, 

the graph range was 0.8 kPa with the output voltage of the 

sensor stable at 1.286 V DC. At the measurement point of -85 

kPa, the chart range was 0.7 kPa with the output voltage of the 

sensor stable at 1.203 V DC. At the measurement point of 500 

mmHg, the chart range was 13 kPa with the output voltage of 

the sensor stable at 1.528 V DC. 

Previous research conducted by Yosef Kurniawan has 

made DPM with two modes but with a vacum limit of up to -

400 mmhg with two different sensors [28]. In 2019, another 

research project was also done by Abdul Cholid Ridwan 

making a DPM with two modes equipped with temperature 

and humidity but with two different sensors as well [23]. 

Meanwhile, the current study successfully measured the 

sphygmomanometer and suction pump using the PSS-C01V-

R18 autonics sensor as a medium of positive and negative 

pressure readings using one sensor. This module produced a 

reading output that is close to the standard tool so it is 

considered to be accurate as a calibrator to calibrate the 

sphygmomanometer and suction pump according to the 

calibration working method. 

V. CONCLUSION 

The purpose of this study is to determine the sensor response 

and analyze the accuracy of the dual pressure calibrator design 

(+ and -) that can be used for two devices at once 

(sphygmomanometer and suction pump) using one sensor 

(pss-C01V-R18 autonics). This study successfully measures 

the sphygmomanometer and suction pump using the PSS-

C01V-R18 autonics sensor as a medium of positive and 

negative pressure readings using one sensor. This module 

produces a reading output that is close to the standard tool so 

it is considered accurate as a calibrator to calibrate the 

sphygmomanometer and suction pump in accordance with the 

calibration working method. Thoroughly, it can be concluded 

that the sesnsor response used is very responsive to positive 

and negative pressure readings. It is further suggested that the 

future research use a battery system so it does not always rely 

on adapter cables that are used continuously and look for other 

sensor references that can be used to read both positive and 

negative pressures with just one sensor and that have 

thoroughness in mmhg units. The results of positive pressure 

measurements by standard showed that the sensor readings for 

pressure worked according to their characteristics, which 

produced the largest error value of 0.87%, while the results of 

positive pressure measurements by standard obtained 11.25% 

results. 
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