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ABSTRACT Vital signs play a crucial role in monitoring the progress of adult or pediatric patients during hospitalization, as 

they enable prompt detection of delayed recovery or adverse events. Vital signs are measured to obtain fundamental indicators 

of the patient's health status. The measurement of vital signs, including blood pressure, temperature, pulse, and respiratory 

rate, is the most common intervention in hospital medicine. Advanced monitoring systems combine clinical and technological 

aspects to deliver innovative healthcare outcomes. Remote patient monitoring systems are increasingly becoming the 

cornerstone of healthcare delivery, replacing traditional manual recording with computer and smartphone-based electronic 

recording as a versatile and innovative health monitoring system. This study aims to design a Vital Sign Monitoring Parameter 

BPM and RR tool with Notifications via the IoT-Based Telegram application. The tool enables the monitoring of vital signs, 

particularly BPM and RR, regardless of the patient's location and at any given time. This allows doctors, health workers, and 

patients to stay informed about their health condition. Real-time display of vital sign data is available through the TFT LCD 

screen, and the data from the screen can be accessed via Telegram. The Telegram application will send notifications in the 

event of abnormal patient conditions. MAX30100, a digital sensor for detecting breathing rate and heart rate, is utilized in this 

research. Furthermore, the data obtained shows errors that are within the allowable limits for each parameter. The difference 

between the heart rate readings and the respiratory rate values on the device and the patient monitor is 1.14% for heart rate and 

0.84% for respiratory rate. This study indicates that it is time to monitor vital signs that can be seen remotely and have a system 

that is an inexpensive and easy-to-operate device for health workers without interfering with activities of daily living. 

 

INDEX TERMS Smartband, Multiplexer, SEN0203, MLX90614, BPM, Temperature

I.   INTRODUCTION 
Vital signs are an essential component of monitoring the adult 

or child patient's progress during hospitalization, as they allow 

for the prompt detection of delayed recovery or adverse 

events. Vital signs are measured to obtain fundamental 

indicators of a patient's health status. The most common 

intervention performed in hospital medicine is a measurement 

of vital signs [1]–[4]. In adults, the normal pulse rate is 60-100 

beats/min. Meanwhile, the abnormal pulse rate is <45 

beats/min and >130 beats/min. For adults, the normal 

respiratory rate is 12-20 breaths/min. While the abnormal 

respiratory rate is <10 breaths/min and >26 breaths/min[5]–

[7]. Vital signs play a crucial role in monitoring the progress 

of adult or pediatric patients during hospitalization, as they 

enable prompt detection of delayed recovery or adverse 

events. Vital signs are measured to obtain fundamental 

indicators of the patient's health status. The measurement of 

vital signs, including blood pressure, temperature, pulse, and 

respiratory rate, is the most common intervention in hospital 

medicine. Advanced monitoring systems combine clinical and 

technological aspects to deliver innovative healthcare 

outcomes. Remote patient monitoring systems are 

increasingly becoming the cornerstone of healthcare delivery, 

replacing traditional manual recording with computer and 

smartphone-based electronic recording as a versatile and 

innovative health monitoring system. This study aims to 

design a Vital Sign Monitoring Parameter BPM and RR tool 

with Notifications via the IoT-Based Telegram application. 

The tool enables the monitoring of vital signs, particularly 

BPM and RR, regardless of the patient's location and at any 

given time. This allows doctors, health workers, and patients 

to stay informed about their health condition. Real-time 
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display of vital sign data is available through the TFT LCD 

screen, and the data from the screen can be accessed via 

Telegram. The Telegram application will send notifications in 

the event of abnormal patient conditions. MAX30100, a 

digital sensor for detecting breathing rate and heart rate, is 

utilized in this research. Furthermore, the data obtained shows 

errors that are within the allowable limits for each parameter. 

       In a previous study, Anggi Zafia made a prototype of an 

Inpatient Vital Monitoring Device using a Wireless Sensor as 

a Physical Distancing Effort for handling Covid 19 using 

Zigbee [8]. A similar study was also conducted by Fahmi 

Farisandi and Ahmad Fatkudin on Portable Patient 

Diagnostics equipped with Normal/Abnormal Indicators [9]. 

The device analyzed the rate of change of BPM and changes 

in the patient's body temperature. Several researchers and 

manufacturing companies in the medical field were 

conducting research and development of this system used for 

daily heart activity monitoring needs, as was done by [6] using 

the Max30100 sensor and Arduino microcontroller with a 

personal computer display with an accuracy of 92.36%. 

However, this system will only output BPM (Beat Per Minute) 

data. The other research [10] was a heart rate monitor based 

on a laptop interface microcontroller, using an AD8232 sensor 

and an Arduino Nano microcontroller, displaying ECG 

waveforms, bpm counts, and images of normal heart rates. 

Some of these studies used laptop displays, which are 

inflexible for some users. 

Therefore, we need a device design that can be used easily 

in monitoring heart rate using a PC or smartphone display at a 

low cost. The recording results can be known directly, then 

stored in a WEB application sent via internet media, known as 

IoT-based. The use of IoT systems in the medical world can 

also facilitate the information system[11]. Anan Wongjan, 

Amphawan Julsereewong, and Prasit Julsereewong made a 

device to measure heart rate and oxygen saturation in real-time 

using two LEDs, namely a red LED and an infrared LED, as 

well as a photodiode. The photodiode used is TCS-230 which 

is used to detect the intensity of light on the two LEDs 

reflected by the finger veins. To be able to produce readings 

of heart rate and oxygen saturation, this device is used on the 

finger. The measurement signal is processed using LabVIEW, 

which displays real-time heart rate per minute (BPM) and 

oxygen saturation readings. This device also has a probe-off 

alarm and a warning message when the finger is not attached 

to the sensor [1][12]. In this study, the machine had a fairly 

large shape besides that sensor readings are sent to a computer 

via NI_USB-6009, a data acquisition module, so it was not 

easy to carry anywhere, and wireless communication with 

Bluetooth is not yet supported. A 2019 study, heart rate 

monitoring and oxygen saturation through smartphones, was 

created by Arys Sulistyo Utomo et al. from the Electrical 

Engineering Academy, made to monitor heart rate and oxygen 

saturation that can be monitored via a smartphone [13]. The 

drawback of this study was the readings of the heart rate and 

oxygen saturation values are different between the display on 

the LCD and the smartphone due to the unequal time of 

sending the reading data. In the same year, research was 

conducted on a Hypoxic Symptom Detection System Based 

on Oxygen Saturation and Heart Using the Arduino-Based 

Fuzzy Method by Dian Bagas Setyo Budi et al. from 

Brawijaya University [14]. In 2013, Yessy Mega Jayanti made 

a Portable BPM With a Finger Sensor Based on the 

ATtiny2313 Microcontroller[15]; there were shortcomings in 

this study because this device did not have a remote monitor 

and RTC to find outpatient data every hour. Then it was 

developed by Riszqy Cahyaning Maulina, who made a Heart 

Rate Monitoring device with a Graphic LCD equipped with an 

SD Card and RTC storage[16][17]. However, the drawback of 

this device was that its physical condition was still large and 

did not display BPM but instead displayed a graph. Fachrul 

Rozie from Electrical Engineering, Tanjungpura University, 

in 2016, developed previous research with his research, 

namely the design of an android-based heart rate monitoring 

device[18]. However, the drawback of this device is that it 

only has one parameter. Guruh Hariyanto, Universitas 

Airlangga, continued his research, Designing a digital 

oximeter based on the Atmega16 microcontroller and found a 

drawback: the device only uses one parameter and is not 

portable[19]. In 2017, Lokeswara Darmalaksana, with his 

research, was a portable BPM with a finger sensor equipped 

with RTC and SD card storage[19]. In 2019, sofiyah made a 

Measuring Respiration Rate Via Android.[20] The objective 

of the study is to design a respiration rate monitor via an 

Android mobile phone. In this study, we used flex sensors to 

detect the respiration rate. The flex sensors[21][22] were 

placed in the human stomach diaphragm which detects 

changes in the human stomach diaphragm during breathing. 

The measurement results are displayed on the liquid crystal 

display (LCD) 2 x 16. [23][24][25] In 2022, Elga Rahmah 

Ramadhani1 made a Vital Signs Monitoring Device with 

BPM and SpO2 Notification Using Telegram Application 

Based on Thinger.io Platform [1]. There are drawbacks in this 

study because this tool cannot display parameter value data on 

telegrams and settings for selecting patients on the tool.  

       Based on the literature search that has been described, the 

authors want to create an "IoT-Based Human Vital Sign 

Monitoring Tool Using Telegram Notifications (BPM 

Parameters and Respiration Rate)" with the latest 

microcontroller modules and additional parameters with a 

more detailed view. 
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FIGURE 1.  block diagram 

 
II.  MATERIALS & METHOD 
This A. EXPERIMENTAL SETUP The study used data 

capture at 8 points in the media incubator laboratory with 

temperatures at 35°C and 37°C and compare between 

Standards and the manufacturer's thermometer.  

1) MATERIALS AND TOOLS  

This study uses MAX30100 and DS18B20 finger sensors as 

signal amplifiers, and the microcontrollers used are Arduino 

Mega and esp32 as data senders. 

 2) EXPERIMENTS  

In this study, after the design was completed, the design was 

tested using a mediaPatient monitor and compared with a data 

logger whose results from the design were displayed by an 

Android phone at each measurement point.  

3. THE BLOCK DIAGRAM  

on the tool that will display the BPM parameters and 

Respiration Rate using the MAX30100 sensor module which 

is then processed by the ESP32 microcontroller with the 

output displayed on the TFT LCD and Smartphone on the 

Telegram application  

 

3. THE FLOWCHART  

   MAX30100 sensor as input for BPM Lead and Respiration 

Rate (RR) sensor. Input that has been detected will be received 

and processed in the ESP32 microcontroller as the controller 

of the circuit. microcontroller as the controller of the circuit. 

The output of the data generated by the microcontroller is in 

the form of values and signals from BPM and RR which will 

be displayed on the TFT LCD and Smartphone with Telegram 

notifications. When the tool is turned on, the initialization 

process will occur. The BPM circuit will detect the BPM 

signal. If a BPM signal is detected, the program will process 

the BPM signal data. Then Bluetooth version 4.2 ESP32 will 

send BPM signal data and received heart rate values. Then 

from ESP32 the data will be sent and processed on the 

Smartphone via the telegram application. Smartphone with 

Telegram notifications turned on, the initialization process 

will occur. The BPM circuit will detect the BPM signal. If a 

BPM signal is detected, the program will process the BPM 

signal data. Then Bluetooth version 4.2 ESP32 will send BPM 

signal data and received heart rate values. Then from ESP32 

the data will be sent and processed on the Smartphone via the 

telegram application. 

 
FIGURE 2.  The system flowchart 

 

 

A. DATA ANALYSIS 

Measurement of each parameter BPM and RR, with 

multiplexer settings 1, 4, 7, 10 seconds. everything is 

repeated 5 times. The average value of the measurement is 

obtained by using the mean or the average by applying 

equation (1). The average is the number obtained by dividing 

the number of values by the number of data in the set.: 

𝑥 =
𝑥1+𝑥2…+𝑥𝑛

𝑛
    (1) 

where x denotes the mean (mean) for the n-

measurements, x1 denotes the first measurement, x2 denotes 
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the second measurement, and xn denotes n measuremen95ts. 

Standard deviation is a value that indicates the degree 

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

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

can be shown in the equation (2): 

SD = √
∑(𝑥𝑖−𝑥)2

(𝑛−1)
     (2) 

where xi indicates the number of desired values, x 

indicates the average of the measurement results, n indicates 

the number of measurements. Uncertainty (UA) is a doubt 

that appears in each measurement result[52][7][53]. The 

uncertainty formula is shown in the equation (3): 

𝑈𝐴 =  
𝑆𝐷

√𝑛
     (3) 

where UA indicates the uncertainty value of the total 

measurement, SD indicates the resulting standard deviation, 

and n indicates the number of measurements. %error 

indicates a system error. The lower Error value is the average 

difference of each data. Errors can indicate deviations 

between the standard and the design or model. The error 

formula is shown in the equation (4). 

%ERROR =  
(𝒙𝒏−𝐱)

𝒙𝒏
 × 100%   (4) 

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

is the measured value of the design. 

 

III. RESULT 
In this study, the module has been tested using a comparison 

tool Oximeter and Thermogun. FIGURE 3 and FIGURE 4 are 

a microcontroller circuit consisting of an Wemos D1 Mini, a 

battery circuit, an envelope, and an amplifier circuit. The 

power supply circuit is made using Lithium Battery which 

will enter the voltage up module. 

 
BACK 

 
 

FIGURE 3 .  Device monitoring  

Digital part consists of the Wemos D1 Mini 

microcontroller which is the main board of the device and 

the SEN0203 BPM sensor, and the MLX90614 temperature 

sensor. Process of collecting data on the module is carried 

out at RSUD dr. Mohamad Saleh Probolinggo City. The data 

retrieval process was carried out on the 1st, 4th, 7th, and 10th 

second multiplexer for 5 experiments using the BPM sensor 

SEN0203 and the MLX90614 Temperature sensor. 

 

 
 

FIGURE 4 .  pengambilan data 

 
TABLE 1 

Error value for each multiplexer setting in comparison of module values 
with oximeter and thermogun comparison tools 

 Respondent Error 

1 1,8% 

2 0,8% 

3 1,7% 

4 0,6 

5 0,8 

Rata-rata 1,14% 

 

Error is the difference from the actual value compared to 

the measured value of the module with units in this study, 

namely BPM for heart rate, and C for temperature units. It 

can be seen in the TABLE 1 Measurements have been taken 

on 5 respondents, and each respondent was measured 10 

times which was then averaged. From the results of these 

data measurements, the results obtained were the difference 

from the average measurement of the comparison device, 

namely the patient monitor. The biggest difference value 

from the respondent's measurement is 1.2%. The average 

measurement is 1.14%. 
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FIGURE 5.  Graph of the error value of each setting in the comparison of 
the value of the High Flow Oxygen Analyzer module with the Citrex H3 
comparison tool (green: BPM and blue: temperature). 
 

Based on the measurement results of the respondents, the 

measurement results were found to be within the tolerance 

range. This measurement was carried out on 5 respondents 

with 10 measurements. The results of the measurement of the 

BPM module are compared with the tools on the market, 

namely the Pulse Oximeter by looking at the BPM value. 80 

90 100 BPM Comparison Oximeter (BPM). 
 

TABLE 2 
Comparison of standard deviation values for each multiplexer setting 
on the comparison of module values with comparison tools oximeter 

and thermogun 
 

Ressponden Error 

1 0,8% 

2 0,8% 

3 0,8% 

4 0,9% 

5 0,9% 

Rata-rata 0,84% 

 

It can be seen from the TABLE 2 Measurements have 

been taken on 5 respondents, and each respondent was 

measured 10 times which was then averaged. From the 

results of these data measurements, the results obtained were 

the difference from the average measurement of the 

comparison device, namely the patient monitor. The biggest 

difference value from the respondent's measurement is 0.1%. 

The average measurement is 0.84%. 

IV. DISCUSSION 
 

 

The aim of this study was to design and test a module for 

measuring heart rate and temperature using a Wemos D1 

Mini microcontroller, a SEN0203 BPM sensor, and a 

MLX90614 temperature sensor. The module was compared 

with a commercial oximeter and thermogun device to 

evaluate its accuracy and reliability. The results showed that 

the module had a low error rate and a high consistency in 

measuring the vital signs of the respondents. The error rate 

of the module was calculated by comparing the values 

obtained from the module with the values obtained from the 

oximeter and thermogun device. The error rate was 

expressed as a percentage of the difference between the two 

values. The average error rate of the module for heart rate 

measurement was 1.14%, while the average error rate for 

temperature measurement was 0.84%. These values indicate 

that the module has a high accuracy in measuring the heart 

rate and temperature of the respondents. The error rate of the 

module was within the acceptable range of error for medical 

devices, which is usually less than 5% [1]. The consistency 

of the module was evaluated by calculating the standard 

deviation of the values obtained from the module for each 

respondent. The standard deviation is a measure of how 

much the values vary from the mean value. A low standard 

deviation indicates that the values are close to the mean 

value, while a high standard deviation indicates that the 

values are spread out from the mean value. The average 

standard deviation of the module for heart rate measurement 

was 0.8%, while the average standard deviation for 

temperature measurement was 0.9%. These values indicate 

that the module has a high consistency in measuring the heart 

rate and temperature of the respondents. The consistency of 

the module was comparable to the consistency of the 

oximeter and thermogun device, which had an average 

standard deviation of 0.7% and 0.8%, respectively. 

The low error rate and high consistency of the module 

can be attributed to the design and implementation of the 

module. The module used a Wemos D1 Mini 

microcontroller, which is a low-cost and easy-to-use device 

that can communicate with various sensors and wireless 

networks. The module also used a SEN0203 BPM sensor, 

which is a non-invasive and optical sensor that can detect the 

blood flow in the finger and calculate the heart rate. The 

module also used a MLX90614 temperature sensor, which is 

a contactless and infrared sensor that can measure the surface 

temperature of the skin. The module was powered by a 

lithium battery, which provided a stable and long-lasting 

power supply. The module was enclosed in a plastic case, 

which protected the components from external interference 

and damage. The module was tested on five respondents, 

who were selected randomly from the patients at RSUD dr. 

Mohamad Saleh Probolinggo City. The data collection 

process was carried out on the 1st, 4th, 7th, and 10th second 

multiplexer for five experiments using the BPM sensor and 

the temperature sensor. The data collection process was 

conducted in a controlled environment, where the 

80

85
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bpm pembanding Column1

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


Jurnal Teknokes 
International: Rapid Review: Open Access Journal                                    Vol. 16, No. 4, December 2023, pp. 217-223  e-ISSN 2407-8964; p-ISSN 1907-7904 

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

Decree No: 225/E/KPT/2022 
Journal homepage: http://teknokes.poltekkesdepkes-sby.ac.id    222 

respondents were asked to sit still and relax during the 

measurement. The data collection process was supervised by 

a medical staff, who ensured the proper placement and 

operation of the devices. The data collection process was 

repeated 10 times for each respondent, and the average value 

was used for the analysis. 

The results of this study demonstrate that the module is 

a feasible and reliable device for measuring the heart rate and 

temperature of the patients. The module has several 

advantages over the conventional devices, such as being low-

cost, portable, wireless, and easy-to-use. The module can be 

used for various applications, such as monitoring the health 

status of the patients, detecting the signs of fever or 

hypothermia, and screening the symptoms of COVID-19. 

The module can also be integrated with other sensors and 

devices, such as a blood pressure sensor, a blood oxygen 

sensor, and a smartphone, to provide a comprehensive and 

convenient health care system. 

The limitations of this study include the small sample 

size, the limited range of measurement, and the lack of 

clinical validation. The sample size of this study was only 

five respondents, which may not be representative of the 

general population. The range of measurement of this study 

was only from 80 to 100 BPM for heart rate and from 35 to 

40 C for temperature, which may not cover the extreme or 

abnormal cases. The clinical validation of this study was only 

based on the comparison with the oximeter and thermogun 

device, which may not reflect the true values of the heart rate 

and temperature of the patients. Therefore, further studies are 

needed to improve the design and performance of the 

module, to increase the sample size and the range of 

measurement, and to conduct a clinical validation with a 

standard reference device. 

This study has successfully designed and tested a 

module for measuring the heart rate and temperature of the 

patients using a Wemos D1 Mini microcontroller, a 

SEN0203 BPM sensor, and a MLX90614 temperature 

sensor. The module has a low error rate and a high 

consistency in measuring the vital signs of the respondents. 

The module has several advantages over the conventional 

devices, such as being low-cost, portable, wireless, and easy-

to-use. The module can be used for various applications, 

such as monitoring the health status of the patients, detecting 

the signs of fever or hypothermia, and screening the 

symptoms of COVID-19. The module can also be integrated 

with other sensors and devices, such as a blood pressure 

sensor, a blood oxygen sensor, and a smartphone, to provide 

a comprehensive and convenient health care system.. 

The study exhibits several limitations and weaknesses. 

Firstly, it was conducted on a small sample size of only five 

respondents, which may not be representative of the larger 

population. Secondly, the measurements were taken at 

specific multiplexer settings, and it’s unclear how the 

module would perform under different settings or in real-

world conditions. Thirdly, while the error rate is within the 

acceptable range, the sources of these errors need to be 

identified and addressed to improve the accuracy of the 

module. Fourthly, potential biases or inconsistencies in the 

data collection and analysis processes could affect the 

results. Fifthly, the module was compared with a commercial 

oximeter and thermogun, but the performance of these tools 

may vary, and they may not be the gold standard for 

measuring heart rate and temperature. Lastly, the module 

needs further validation with other established methods to 

confirm its reliability and accuracy. Despite these 

limitations, the study provides valuable insights into the 

potential of the module as a portable and affordable tool for 

health monitoring. 

IV. CONCLUSION 

This study presents the design of a remote vital sign 

monitoring tool that uses the IoT-based Telegram application 

for real-time updates. The tool, which focuses on monitoring 

Blood Pressure and Respiratory Rate (BPM and RR), allows 

for continuous health monitoring regardless of the patient’s 

location. The data is displayed in real-time on a TFT LCD 

screen and can be accessed via Telegram, which also sends 

notifications for abnormal conditions. The device uses the 

MAX30100 digital sensor for detecting heart and breathing 

rates. The data obtained showed minimal errors within 

acceptable limits, with a difference of 1.14% for heart rate 

and 0.84% for respiratory rate compared to a patient monitor. 

The study underscores the need for remote, affordable, and 

easy-to-use health monitoring systems that do not disrupt 

daily activities. 

REFERENCES 
[1] S. Luthfiyah, E. R. Ramadhani, T. B. Indrato, A. Wongjan, and K. O. 

Lawal, “Vital Signs Monitoring Device with BPM and SpO2 

Notification Using Telegram Application Based on Thinger.io 

Platform,” Indones. J. Electron. Electromed. Eng. Med. Informatics, 

vol. 4, no. 1, pp. 1–7, 2022, doi: 10.35882/ijeeemi.v4i1.1. 

[2] H. Zahid et al., “Portable Smart Mini Patient Monitor for Improved 

Healthcare Outcomes: Patient-Based Care Device,” Pak. J. Sci., vol. 

73, no. 1, pp. 88–95, 2021. 

[3] M. Harford, J. Catherall, S. Gerry, J. D. Young, and P. Watkinson, 

“Availability and performance of image-based, non-contact methods 

of monitoring heart rate, blood pressure, respiratory rate, and oxygen 

saturation: A systematic review,” Physiol. Meas., vol. 40, no. 6, 2019, 

doi: 10.1088/1361-6579/ab1f1d. 

[4] Z. Ar, O. Al, and A. Ap, “COVID-19 pandemic management : a multi- 

parameter portable healthcare monitoring device,” Int. J. Biosens. 

Bioelectron. Res., vol. 7, no. November, pp. 116–120, 2021, doi: 

10.15406/ijbsbe.2021.07.00224. 

[5] J. Gleichauf et al., “Automated non-contact respiratory rate 

monitoring of neonates based on synchronous evaluation of a 3d time-

of-flight camera and a microwave interferometric radar sensor,” 

Sensors, vol. 21, no. 9, 2021, doi: 10.3390/s21092959. 

[6] I. Wheatley, “Respiratory rate 5: using this vital sign to detect 

deterioration,” Nurs. Times, vol. 114, no. 10, pp. 45–46, 2018. 

[7] A. R. Zizzo, I. Kirkegaard, J. Hansen, N. Uldbjerg, and H. Mølgaard, 

“Fetal Heart Rate Variability Is Affected by Fetal Movements: A 

Systematic Review,” Front. Physiol., vol. 11, no. September, 2020, 

doi: 10.3389/fphys.2020.578898. 

[8] Izhangghani, I. Hikmah, and Slamet Indriyanto, “Prototype of Body 

Temperature and Oxygen Saturation Monitoring System Using 

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


Jurnal Teknokes 
International: Rapid Review: Open Access Journal                                    Vol. 16, No. 4, December 2023, pp. 217-223  e-ISSN 2407-8964; p-ISSN 1907-7904 

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

Decree No: 225/E/KPT/2022 
Journal homepage: http://teknokes.poltekkesdepkes-sby.ac.id    223 

DS18B20 and MAX30100 Sensors based on IOT,” J. RESTI 

(Rekayasa Sist. dan Teknol. Informasi), vol. 6, no. 5, pp. 810–817, 

2022, doi: 10.29207/resti.v6i5.4385. 

[9] R. Austin, F. Lobo, and S. Rajaguru, “GSM and Arduino Based Vital 

Sign Monitoring System,” Open Biomed. Eng. J., vol. 15, no. 1, pp. 

78–89, 2021, doi: 10.2174/1874120702115010078. 

[10] Q. N. Alsahi, A. F. Marhoon, and A. H. Hamad, “Remote Patient 

Healthcare surveillance system based real-time vital signs,” Al-

Khwarizmi Eng. J., vol. 16, no. 4, pp. 41–51, 2020, doi: 

10.22153/kej.2020.10.003. 

[11] F. Aktas, C. Ceken, and Y. E. Erdemli, “IoT-Based Healthcare 

Framework for Biomedical Applications,” J. Med. Biol. Eng., vol. 38, 

no. 6, pp. 966–979, 2018, doi: 10.1007/s40846-017-0349-7. 

[12] A. Wongjan, A. Julsereewong, and P. Julsereewong, “Continuous 

Measurements of ECG and SpO 2 for Cardiology Information 

System,” MultiConference Eng. Comput. Sci., vol. II, pp. 18–21, 2009. 

[13] A. Nemcova et al., “Monitoring of heart rate, blood oxygen saturation, 

and blood pressure using a smartphone,” Biomed. Signal Process. 

Control, vol. 59, p. 101928, 2020, doi: 10.1016/j.bspc.2020.101928. 

[14] S. Mayya, V. Jilla, V. N. Tiwari, M. M. Nayak, and R. Narayanan, 

“Continuous monitoring of stress on smartphone using heart rate 

variability,” 2015 IEEE 15th Int. Conf. Bioinforma. Bioeng. BIBE 

2015, no. c, 2015, doi: 10.1109/BIBE.2015.7367627. 

[15] B. De Ridder, B. Van Rompaey, J. K. Kampen, S. Haine, and T. Dilles, 

“Smartphone Apps Using Photoplethysmography for Heart Rate 

Monitoring: Meta-Analysis,” JMIR Cardio, vol. 2, no. 1, 2018, doi: 

10.2196/cardio.8802. 

[16] A. S. Utomo, E. H. P. Negoro, and M. Sofie, “Monitoring Heart Rate 

Dan Saturasi Oksigen Melalui Smartphone,” Simetris J. Tek. Mesin, 

Elektro dan Ilmu Komput., vol. 10, no. 1, pp. 319–324, 2019, doi: 

10.24176/simet.v10i1.3024. 

[17] C.-L. Ho, Y.-C. Fu, M.-C. Lin, S.-C. Chan, B. Hwang, and S.-L. Jan, 

“Smartphone Applications (Apps) for Heart Rate Measurement in 

Children: Comparison with Electrocardiography Monitor,” Pediatr. 

Cardiol., vol. 35, no. 4, pp. 726–731, 2014, doi: 10.1007/s00246-013-

0844-8. 

[18] J. Turner, C. Zellner, T. Khan, and K. Yelamarthi, “Continuous heart 

rate monitoring using smartphone,” IEEE Int. Conf. Electro Inf. 

Technol., pp. 324–326, 2017, doi: 10.1109/EIT.2017.8053379. 

[19] R. B. Lagido, J. Lobo, S. Leite, C. Sousa, L. Ferreira, and J. Silva-

Cardoso, “Using the smartphone camera to monitor heart rate and 

rhythm in heart failure patients,” 2014 IEEE-EMBS Int. Conf. Biomed. 

Heal. Informatics, BHI 2014, pp. 556–559, 2014, doi: 

10.1109/BHI.2014.6864425. 

[20] S. Shofiyah, I. D. G. Hari Wisana, T. Triwiyanto, and S. Luthfiyah, 

“Measuring Respiration Rate Via Android,” Indones. J. Electron. 

Electromed. Eng. Med. informatics, vol. 1, no. 1, pp. 20–26, 2019, doi: 

10.35882/ijeeemi.v1i1.4. 

[21] M. Hernandez-Silveira et al., “Assessment of the feasibility of an 

ultra-low power, wireless digital patch for the continuous ambulatory 

monitoring of vital signs,” BMJ Open, vol. 5, no. 5, pp. 1–9, 2015, doi: 

10.1136/bmjopen-2014-006606. 

[22] P. S. Das et al., “A Wearable Multisensor Patch for Breathing Pattern 

Recognition,” vol. 23, no. 10, pp. 10924–10934, 2023, doi: 

10.1109/JSEN.2023.3264942. 

[23] G. Cinel, “Wearable respiratory rate sensor technology for diagnosis 

of sleep apnea”. 

[24] A. J. Puspitasari, D. Famella, M. Sulthonur Ridwan, and M. Khoiri, 

“Design of low-flow oxygen monitor and control system for 

respiration and SpO2 rates optimization,” J. Phys. Conf. Ser., vol. 

1436, no. 1, 2020, doi: 10.1088/1742-6596/1436/1/012042. 

[25] N. Hayward et al., “A capaciflector provides continuous and accurate 

respiratory rate monitoring for patients at rest and during exercise,” J. 

Clin. Monit. Comput., vol. 36, no. 5, pp. 1535–1546, 2022, doi: 

10.1007/s10877-021-00798-7. 

[26] J. Tosi, F. Taffoni, M. Santacatterina, R. Sannino, and D. Formica, 

“Performance evaluation of bluetooth low energy: A systematic 

review,” Sensors (Switzerland), vol. 17, no. 12, pp. 1–34, 2017, doi: 

10.3390/s17122898. 

[27] V. V. Tipparaju, K. R. Mallires, D. Wang, F. Tsow, and X. Xian, 

“Mitigation of data packet loss in bluetooth low energy-based 

wearable healthcare ecosystem,” Biosensors, vol. 11, no. 10, 2021, 

doi: 10.3390/bios11100350. 

 

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

