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 Several patients who have overcome coronavirus disease (COVID-19) have 
been left with cardiovascular and pulmonary sequelae and most medical 

centers lack a remote monitoring system for each patient that notifies them of 

any complications during rehabilitation. The objective of this research was to 

implement a wearable that monitors the patient’s health and alerts in case of 
detecting any anomaly. For this reason, a wearable was developed that 

displays the patient’s heart rate, oxygen saturation (SpO2) level and body 

temperature on the light emitting diode (LCD) and the application mobile, 
sending an alert and geolocation message if anomalies are detected in vital 

signs. The standard deviation of heart rate, temperature and SpO2 was 

obtained, which was 1.4930, 0.1558, and 0.4364 in the rest stage, respectively, 

and 6.3442, 0.2365, and 0.9186 in the physical activity stage respectively with 
a maximum duration of 42 hours and 52 minutes of battery, managing to send 

alert messages and store the information in the cloud, which allows to 

conclude that the wearable can facilitate the management of the database and 

the location of the patient, that the measurement error increases with physical 
activity, and that battery life varies with the number of biosignal readings per 

hour. 
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1. INTRODUCTION 

The sequelae of COVID-19 can generate health complications, these are usually associated with 

changes in some physiological parameters of the human body that deviate from normal rates [1]. A significant 

proportion between 40% and 70% develop post-COVID-19 syndrome (PC19S) [2], which requires long-term 

longitudinal care for recovery. Despite the aforementioned, in some cases, hospital centers lack equipment that 

allows constant monitoring and requires medical personnel to manually measure vital signs at long random 

intervals, which does not allow detecting some anomalies in the readings, causing complications in patients 

with PC19S presenting with sequelae [3] such as dyspnea, which according to the research carried out by 

Goicochea-Ríos et al. [4] was the most frequent sequel with 84.4% and which can lead to the need for 

supplemental oxygen for persistent hypoxemia [5]. Another type of sequel is the cardiac one that has different 

magnitudes and implications for your health, sequels that can be tachycardia and heart palpitations [6]. 

https://creativecommons.org/licenses/by-sa/4.0/
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Therefore, it is important to develop innovative and affordable platforms for remote monitoring of patients’ 

biosignals during a healthcare crisis, which can be used from home [7] and that report valuable information 

about the patient’s health status to hospitals [8]. Technological advances during the COVID-19 pandemic have 

led to the production of a plethora of new non-invasive devices for remote monitoring [9], such as the one 

developed by Idris et al. [10] that allowed remote monitoring of patients with COVID-19 through the oximeter 

reading sensor using the ESP32 MAX30100 web server that stores the information in the cloud. Other research 

developed by Wisana et al. [11] focused on creating a wearable so that the patient can monitor the beats per 

minute (BPM) and oxygen saturation (SpO2) in real time, as well as provide notifications on smartphones and 

emails when the patient’s condition is abnormal. Then the cases of people with PC19S began to increase, for 

which reason ambulatory monitoring of these patients began to be developed, such as that developed by  

Davies et al. [12] where great relevance was given to the non-invasive estimation of blood SpO2 by pulse 

oximetry due to its clinical importance for the detection of sleep apnea and hypoxemia in the late post-

infectious phase of COVID-19. Finally, Wu et al. [13] used a minicomputer and monitoring terminal to provide 

real-time updates on the physiological parameters of PC19S patients and provide early warning functions for 

medical personnel in case of emergency. 

However, most of these devices focus mainly on the precision with which the biosignals are read or 

how interactive the platform where the biosignals are displayed is. Few studies focus on the use of geolocation 

and the sending of this information within alert messages, which becomes relevant when medical complications 

occur, especially in people with PC19S, of whom few studies focus despite being vulnerable and who are 

usually mobilizing in the rehabilitation stage. For this reason, in this research, a wearable was developed with 

the objective of monitoring the evolution of health and providing safety to patients with PC19S during the 

rehabilitation process using ESP32 to monitor their main biosignals for the control of their health, such as body 

temperature, SpO2 and heart rate remotely using the internet of things (IoT) with an application developed with 

APP inventor on the cell phone and from the Firebase database or locally by viewing the measurement values 

on the light emitting diode (LCD) of the wearable. In addition, the wearable will immediately alert the medical 

center with an alert message containing the parameters of the biosignals and the current geolocation of the 

patient, if any abnormality is detected in the biosignals or if the emergency button of the application is pressed. 

This investigation is subdivided as follows: section 2, which deals with methods and materials, is focused on 

the assembly and operation of the wearable in conjunction with the mobile application. The section 3 presents 

the experimental procedure, where the cases and conditions in which the wearable will work to collect 

information are mentioned. The section 4 presents and discusses the results obtained when using the wearable 

with the experimental procedure. In section 5 is the conclusions of the main findings of this study, then there 

are the acknowledgments and finally the references. 

 

 

2. MATERIALS AND METHODS 

2.1.  Materials 

In Figure 1, it can be seen all the implemented components. An ESP32 microcontroller featuring a 

low-cost, low-power 32-bit system on chip (SoC), operating an ESPRESSIF-ESP32 chipset 240 MHz Xtensa® 

single/dual-core 32-bit LX6 microprocessor, with 4 MB quad serial peripheral interface (QSPI) flash, 520 kB 

static random access memory (SRAM), Bluetooth v4.2 and wireless fidelity (Wi-Fi) connectivity, operates 

with a voltage between 2.5 V and 3.6 V, this microcontroller is of Chinese origin [14], as can be seen in  

Figure 1(a). A Max30102 consisting of an optical module of 5.6 mm×3.3 mm×1.55 mm of 14 and with double 

wavelength LEDs, that is to say a light of 660 nm (red) and 880 nm (infrared) from China [15], as can be seen 

in Figure 1(b). A Max30205 sensor with an accuracy of 0.1 ºC in the range of 37 to 39 ºC and sending data 

through an inter-integrated circuit (I2C) compatible interface from the United States from the city of  

Minnesota [16], as can be seen in Figure 1(c). A 1.8-inch TFT-LCD (thin film transistor liquid crystal display) 

with a resolution of 128 by 160 pixels, as well as a micro-SD slot [17], as can be seen in Figure 1(d).  

A subscriber identity module SIM7600SA-H which is a multi-band area/global system for mobile 

comunication (GSM)/general packet radio service (GRPS)/dual band long term evolution-frequency division 

duplexing (LTE-FDD)/evolved high-speed packet access (HSPA+)/time division synchronous code division 

multiple access (TD-SCDMA) module in a surface-mount technology (SMT) type. It has a robust extensibility 

with rich interfaces including UART, universal serial bus (USB2.zero), serial peripheral interface (SPI), I2C 

and general purpose input/output (GPIO) [18] from Shanghai City China provenance, as can be seen in  

Figure 1(e). A web development tool called MIT APP inventor, created by Massachusetts Institute of 

Technology, in which simple and complex applications can be created through mobile devices [19]. A lithium-

ion NCR18650B battery with the capacity of 1,500 mAh from Japan [20], as can be seen in Figure 1(f).  

The TP4056 battery charger module not only allows you to charge the battery, but also maintain a stable 

current, this module is from China, as can be seen in Figure 1(g). 
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Figure 1. Circuit implementation: (a) ESP32, (b) MAX30102, (c) MAX30205, (d) 1.8-inch TFT-LCD,  

(e) SIM7600SA-H, (f) TP4056, and (g) NCR18650B 

 

 

2.2.  Equipment description 

The ESP32 allows for easy IoT integration due to the native wireless modules, its use is therefore 

more appropriate considering the ease of development and use. The arduino integrated development 

environment (IDE) was used to program the ESP32, the board model was selected, adding a new library in 

board management [21]. The ESP32 connects device sensors and actuators via GPIO pins. EPS32 can 

communicate with other Wi-Fi and Bluetooth devices through its secure digital input/output (SPI/SDIO) or 

I2C/UART interfaces [22]. The two sensors, MAX30205 and MAX30102, are connected to an inter-integrated 

circuit (I2C) bus on the ESP32 that continuously receives data from all connected sensors, then processes the 

data and converts it to our known unit. All the sensor data will be sent to the user’s smartphone through a 

Bluetooth module of the ESP32 [23] that will display the values in the application. To facilitate the creation of 

mobile IoT applications, several visual components have been developed for a customized version of MIT APP 

inventor, as well as a set of extensions for its block-based programming language which allowed to design a 

fully functional application for smartphones [24]. In the event that any irregularity is detected in any of the 

health parameters, the ESP32 immediately activates an alert message through the global systems for mobile/ 

general packet radio service (GSM/GPRS) device to a close relative or a doctor. In addition, the bracelet will 

have an alert button that, when pressed, will directly send an alert message to the mobile phone of the family, 

doctor or caregiver through the SIM7006SA-H regardless of the measurement parameters [25]. This general 

equipment description can be seen in Figure 2. 

 

 

 
 

Figure 2. General system operation 

 

 

2.2.1. Description of the operation of the equipment 

The wearable initializes in the sensor stage where it collects the data and transforms it into a voltage 

variation that is then sent to the ESP32, once the data received on SpO2, heartbeat, and temperature is in the 

ESP32 stage will be transformed into numerical data with its corresponding unit, once transformed into 
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numerical data it will be compared with the ranges that were established in the programming, in the case of 

heartbeats these ranges are based on the study of [26] where the non-diseasing heartbeat range is 60 to 100 

times per minute, if the heart rate decreases, it is a heart attack called bradycardia or if it becomes faster,  

it means a tachycardia attack [27]. In the case of SpO2, patient supervision must be strict, especially if 

therapeutic exercise is prescribed [28]. 

In this case, the permissible range of SpO2 ≥92%, if it were lower after exercise, the patient’s 

admission to a hospital would be required and finally, a body temperature above 38°C indicates that there is a 

fever [29]. If the measurements obtained by the sensors are above or below these ranges, it is considered an 

anomaly that can cause damage to the health of the patient in the post-COVID-19 stage, if it is concluded that 

the measurement is not within within the normal ranges, this will activate a notification that will reach the 

application and the wearable to check the patient’s status if within the first 20 seconds this notification is not 

deactivated by pressing ok in the cell phone notification or by pressing a button that we will call “button of 

security” that is in the wearable within the first 20 seconds the alert message will be sent, this message contains 

the data of the temperature measurements, SpO2, heart rate of the patient and their geolocation that will 

continue to be sent for 30 minutes in an interval of 5 minutes while notifying the patient that a message has 

been sent, the messaging system will be deactivated by pressing the security button at any time or once these 

30 minutes have elapsed. After these 30 minutes, the consultation on the patient’s status is activated again, if 

the initial situation where the notification is not deactivated or the button is not pressed, it will be evaluated if 

there is position movement by means of global positioning system (GPS), if in If the GPS system detects that 

there is movement, it will limit itself to only displaying the values of the biosignals on the wearable Screen and 

in the application. 

Another way to activate the alert messaging system independently of the biosignal measurements is 

by pressing the other button that we will call the emergency button that sends a message with the same content 

as mentioned above. All the measurements obtained in this stage will be encrypted and sent to the application 

stage. In the application stage, the person can register by placing their personal data such as names, surnames 

and ID where, once this information is received, it will be displayed on the cell phone screen, but prior to that, 

the person who is in the application will have a button that will It will allow synchronizing the Bluetooth of 

the cell phone with the Bluetooth of the ESP32. Once this connection is achieved, the measurements obtained 

by the ESP32 will be displayed on the cell phone screen, in case the alarm is activated and the security 

notification is displayed on the screen, this will not it will be silenced and will disappear until “ok” is pressed, 

which will allow the measurements that will be sent simultaneously to the cloud to continue being displayed. 

In the cloud stage the information will be stored and it can be reviewed remotely from any other device with 

internet, the information stored will be the patient’s data, their temperature, SpO2, heartbeat and the coordinates 

of their location together with the time and date of that moment. The equipment operation flowchart can be 

seen in Figure 3. 
 

 

 
 

Figure 3. Flow chart of the system 
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2.3.  Software analysis 

The blocks in Figure 4 represents the programation of the Screen 1 (enter the personal data of the 

user). The blocks “ListPicker1” in the Figure 4(a) allows the users to select the bluetooth device to connect, 

being in this case the wearable of the article. The blocks in Figure 4(b) show the function “initialize global” 

that declarates the variables to be sent to the wearable and the cloud. The block “Button1” in Figure 4(c) has 

the function to send these variables with the data entry values (name, surname, identity number, and age) 

packing it into a list to the wearable and cloud, this also confirms the wearable to start with the sensing of 

biosignals. 

 

 

 
(a) 

 
(b) 

 

 
(c) 

 

Figure 4. Programming the entry of personal data and verification of bluetooth connectivity (Screen 1):  

(a) selecting wearable, (b) declaration initial variables to send, and (c) sending the data to wearable and cloud 

 

 

The blocks in Figure 5 represents the programation of the Screen 2 that captures instant values of 

biosignals and has also the option to return entry personal user data and the option to check graphs. The block 

“Clock1” in the Figure 5(a) allows capturing the biosignals instantly every minute by converting the bytes 

entered via bluetooth into a list to be interpretable in appinventor and displaying the biosignals of heart rate, 

SpO2 and temperature in the graphical interface, as well as showing the location on a minimap of the interface. 

In case of anomaly, the cell phone will play an alert sound and call a notification to confirm if the user is in 

good conditions or not. It also seen two small blocks that have the function of changing the screen, being 

“CHANGE_DATA” the button to return to the user’s personal data entry Screen 1 in Figure 5(b) and 

“GRAPHS” to the graph Screen 3 with the biosignal data in Figure 5(c). 

As can be seen in previous program figures, it was necessary to declarate global variables to send and 

receive the same information to another Screen or signals device. To program the Screen for the graphs of heart 

rate, SpO2 and temperature, the variables to be used for graphing must first be started as Figure 6 shows, in 

addition, this section captures not only the biosignals in real time, but also the location of the patient to 

subsequently send said data. 

The blocks in Figure 7 captures all the biosignals and the user’s location. The “Collecting_data.Timer” 

block in the Figure 7(a) has the function of extracting the biosignals sent by the wearable via Bluetooth, 

unpacking all the sensed signals in a list including the state of the user analyzed by the wearable, the variables 

mentioned in Figure 6 are stored in this block. In the second block (LocationSensor1) in Figure 7(b), the 

geolocation data is captured to send these information to the cloud and the relative in case of alert. 
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(a) 

 

 
(b) 

 
(c) 

 

Figure 5. Programming the extraction of biosignals instantly and alert message (Screen 2):  

(a) captures instant biosignals, (b) return to the entry personal data button, and (c) show graphs button 

 

 

 
 

Figure 6. Declaration of the variables to graph the biosignals and detect the user’s location (Screen 3) 

 

 

 
(a) 

 
(b) 

 

Figure 7. Programming of the extraction of biosignals to be graphed and location of the user (Screen 3)  

(a) biosignal data capture and (b) geolocation data capture 

 

 

The two blocks in the Figure 8 allow to establish limits to the graphs for a better interpretation of the 

biosignals, it is observed in the “Setting_graph_limit_x.Timer” block in the Figure 8(a) that the domain variable 

increases+1 (magnitude in minutes), this serves to later assign the domain of each sensed biosignal , while the 

“Setting_graph_limit_y.Timer” block in the Figure 8(b) the range of the ordinates is in a reasonable interval 

within human conditions. 
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(a) 

 
(b) 

 

Figure 8. Programming of the declaration of limits of the graphs generated on the Screen (Screen 3)  

(a) set absic limits and (b) ordinates limits 

 

 

Figure 9 show the functions to plot the biosignal entry data and the option to return to instant biosignal 

values Screen 2. The “Sending_data_to_the_cloud.Timer” block in the Figure 9(a) has the function to plot the 

data for its visualization, in addition to sending the biosignals and geolocation data to the Firebase cloud with 

its respective date, hour and minutes to have the aforementioned data recorded every minute. In the Firebase 

the geolocation will be sent as latitude and longitude. It also can be seen a “Button1” in Figure 9(b) button to 

change the visual on the user interface to instant biosignals values and position Screen 2. 

 

 

 
(a) 

 

 
(b) 

 

Figure 9. Programming to paint the biosignals on the graphs and sending the date, biosignals and location 

data to the cloud (Screen 3) (a) plotting biosignal data and (b) return to instant values interface 

 

 

2.4.  Experimental procedure 

In order to carry out the tests, the patient was informed that the wereable had to be placed on the wrist. 

In order to measure the heart rate and SpO2, the MAX30102 sensor will be placed on the index finger due to 

its large vasculature and the photoplethysmography (PPG) method will be used to measure the change in the 

absorbance ratio of red and infrared light, which can be estimate blood SpO2 and heart rate [12], [30]. Many 
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investigators have investigated the reliability and validity of portable devices for monitoring biosignals in 

comparison with industrial equipment [31]. For this reason, the mean absolute error (MAE) (1), the relative 

error (2), the standard deviation (3) and standard error (4) were calculated in both devices for different exercise 

intensities. Once this stage was completed, the patient was asked to use the wearable until the battery ran out 

on 6 occasions and then the duration time of the battery in use was averaged and compared with the theoretical 

value using (5) [32] to verify if it complied with what was established in the autonomy time. In addition, taking 

into account the research carried out by Herscovici [33] where they use wireless network technologies in health 

centers to monitor their patients remotely from the cloud, a remote test was carried out with the patient wearing 

the wearable who performed a tour of a park for 30 minutes while the biosignal data and its geolocation were 

sent to the cloud from where the researchers could access it remotely to view the data obtained in firebase. 

Finally, it will activate the emergency button to verify the arrival of emergency messages for 15 minutes. 
 

𝑀𝐴𝐸 =
1

𝑛
 ∑ |(𝑦𝑖 − �̂�𝑖)|𝑛

𝑖=1  (1) 

 

where 𝑀𝐴𝐸 is the mean absolute error, 𝑛 is the number of samples, 𝑦𝑖 and �̂�𝑖 represent the measurement made 

by the industrial device and the one made by the wearable for the ith sample. It is very useful when it is required 

to measure the forecast error in the same units of the original series; 
 

𝑟𝑒𝑒𝑟𝑟 =
|𝑇𝑟𝑢𝑒 𝑣𝑎𝑙𝑢𝑒− 𝑀𝑒𝑠𝑢𝑟𝑒 𝑉𝑎𝑙𝑢𝑒|

𝑇𝑟𝑢𝑒 𝑣𝑎𝑙𝑢𝑒
 (2) 

 

where re_err is the relative error, true value and measure value represent the calculated and actual values 

respectively, they can accurately reflect the credibility of a measurement [34]. This (3) will calculate the error 

that we make per unit of measurement of the measurements made by the wearable of each biosignal; 
 

𝜎 = √∑ (𝑥𝑖−�̅�)2𝑁
1

𝑁
 (3) 

 

where 𝜎 is the standard deviation, 𝑥 is the variable, 𝑥𝑖 as the observation number 𝑖 of variable 𝑥, 𝑁 number of 

observations and �̅� is the mean of the variable 𝑥. This (4) is useful if the values are close to the real 

measurements of the biosignals; 
 

𝑆𝐸 =
𝜎

√𝑛
 (4) 

 

where 𝑆𝐸 is the standard errror and 𝑛 is the number of samples. It is useful to use this equation to measure the 

spread of values in a data set, that is, it measures the variability of the sampling distribution, being in this case 

the measurement of the three biosignals; 
 

𝑇1 =
𝐵𝐶

𝐶
 (5) 

 

where 𝐵𝐶 is the battery capacity in mAh and 𝐶 is the total consumption of the device in mA, in order to obtain 

the time 𝑇1 in hours,  𝐶 must be considered as the total consumption in one hour. This equation reveals the 

theoretical performance of the wearable in each monitoring. 

 

 

3. RESULTS AND DISCUSSION 

3.1.  Energy consumption 

Considering that the wearable components are not constantly activated, there are two types of 

consumption, in active mode and sleep mode (SP), where in active mode the wearable consumes 144,524 mA 

and in SP mode it consumes 32,213 mA see Table 1. In order to find the consumption of the total current in 

one hour, we must make the sum of the current consumed in active mode multiplied by the time in active mode 

with the current consumed in SP mode multiplied by the time in SP mode in the interval of one hour, therefore, 

Table 1 is considered. The client was asked to perform 6 downloads for each monitoring interval of 60, 30, 15, 

10, and 1 minutes to the wearable to calculate the autonomy time in each download using the values of Table 

1 and (5) using a battery capacity of 1,500 mAh. The calculations of the battery autonomy are shown in Table 

2 where it can be seen comparison of the theoretical duration of the battery and the actual duration of the 

battery. 

With these results we can make the corresponding graphs that show us the comparison of theoric and 

real duration of the wearable, these 6 graphs are shown in Figure 10. Figure 10(a) show the comparison of the 



Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

Application of remote monitoring of biosignals and geolocation … (Santiago Linder Rubiños Jimenez) 

143 

first six discharges between theoric and real durations. Figure 10(b) show the comparison of the second six 

discharges between theoric and real durations. Figure 10(c) show the comparison of the third six discharges 

between theoric and real durations. Figure 10(d) show the comparison of the fourth six discharges between 

theoric and real durations. Figure 10(e) show the comparison of the fifth six discharges between theoric and 

real durations and Figure 10(f) show the comparison of the last six discharges between theoric and real 

durations. 

 

 

Table 1. Calculation of total current consumption in one hour 
Interval for 

monitoring time 

(minutes) 

Current consumption 

in active mode (mA) 

Current 

consumption in SP 

mode (mA) 

Time in active 

mode (seconds) 

Time in SP 

mode 

(seconds) 

Total current 

consumption in one 

hour (mA) 

60 

144.524 32.213 

30 3,570 33,149 

30 60 3,540 34,085 

15 120 3,480 35,957 

10 180 3,420 37,829 

5 360 3,240 43,444 

1 1,800 1,800 88,369 

 

 

Table 2. Comparison of theoretical battery life and real battery life 
Interval for 

monitoring time 

(minutes) 

Theoric 

duration 

(h) 

First 

discharge 

duration (h) 

Second 

discharge 

duration (h) 

Third 

discharge 

duration (h) 

Fourth 

discharge 

duration (h) 

Fifth 

discharge 

duration (h) 

Sixth 

discharge 

duration (h) 

60 45 h 15 m 42 h 52 m 41 h 58 m 41 h 42 m 41 h 13 m 40 h 55 m 40 h 52 m 

30 44 m 01 m 41 h 36 m 40 h 32 m 39 h 58 m 39 h 23 m 39 h 06 m 39 h 08 m 

15 44 m 43 m 39 h 28 m 38 h 09 m 37 h 28 m 37 h 35 m 36 h 59 m 37 h 04 m 

10 39 h 12 m 37 h 45 m 36 h 52 m 36 h 38 m 36 h 40 m 36 h 37 m 36 h 26 m 

5 34 h 31 m 32 h 32 m 31 h 46 m 31 h 31 m 31 h 18 m 31 h 16 m 31 h 09 m 

1 16 h 59 m 15 h 53 m 15 h 35 m 15 h 28 m 15 h 16 m 15 h 15 m 15 h 12 m 

 

 

   
(a) (b) (c) 

   

   
(d) (e) (f) 

 

Figure 10. Graphs of the theoretical and actual discharge of the battery at each monitoring interval:  

(a) first 6 discharges, (b) second 6 discharges, (c) third 6 discharges, (d) fourth 6 discharges,  

(e) fifth 6 discharges, and (f) sixth 6 discharges 
 
 

3.2.  Using the graphical interface and FIREBASE database 

The three screens in Figure 11 that must appear in order respecting the software procedure are 

displayed. On the “user data” Screen shown in Figure 11(a), the user’s personal data is entered, the Bluetooth 

device to be connected is selected by pressing the Bluetooth connection button and finally the SEND button 

sends this data to the wearable and to the cloud and takes us to the “instant values” Screen of Figure 11(b).  

On the “instant values” Screen you can see the heart rate, SpO2 and temperature data instantly, you can also 

see the customer’s location by extracting the Google maps link, you can also see two buttons, the change data 
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button allows you to go to the previous screen to change or correct personal data and the view graphs button 

that takes us to the “graphs” screen in Figure 11(c) that practically shows us the graphs of these biosignals in 

a dynamic way, since the function charts 2D of the inventor app allows us to manipulate the range of the 

domain to be able to observe each sensed point more clearly. This Screen also contains a button that allows us 

to return to the “instant values” screen. 

In Figure 12, we can observe the data that were extracted in the test, it can be seen the user’s personal 

data in a panoramic way. The three biosignals and the user’s condition collected from the wearable to the 

database through the mobile application that also sends geolocation data (latitude and length) packed in a list 

but easy to interpret. This data can be later exported to a JSON file, where it is possible to visualize all the data 

in a more dynamic way. 

 

 

   
(a) (b) (c) 

 

Figure 11. Graphical interface on the user’s mobile: (a) entry of personal data and selection of bluetooth 

device, (b) capture of instantaneous data of the biosignals and location of the user, and  

(c) graphs of biosignals 

 

 

 
 

Figure 12. Storage of programmed data in the Firebase database 

 

 

Personal data such as first and last name, instant biosignal data and geolocation data are also sent to 

the person in charge or the closest person via SMS. The particularity is that the geolocation data is sent with 

more detail for quick access to the user’s location as can be seen in Figure 13. A google map link is generated 

in which the current position of the user is reported just with the latitude and longitude variables captured by 

the wearable. 
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Figure 13. SMS messages sent being the wearable the sender and the person in charge the receiver 
 

 

3.3.  Data analysis 

The biosignals through the wearable were considered as approximate values (Va), these data were 

compared with the measurement of commercial instruments, considering these measurements as the real values 

(Vr). That being said, we also consider the existence of measurement errors such as the absolute errors Ae and 

the relative error Re, we used (2) to calculate these errors. Besides, two states of the user have also been 

considered to measure the biosignals, being at rest and physical activity, this to verify the changes of the data 

received as can be seen in Tables 3 and 4 respectively. 
 

 

Table 3. Theoretical and real values of the biosignals at rest 
Heart rate (BPM) Temperature (°C) SpO2 level (%) 

Vr Va Ae Re Vr Va Ae Re Vr Va Ae Re 

86 85 1 1.176 36.8 36.9 0.1 0.271 95.6 95.8 0.2 0.209 

85 86 1 1.163 36.9 36.9 0 0 95.7 95.6 0.1 0.105 

85 84 1 1.190 37.1 36.9 0.2 0.542 95.4 95.7 0.3 0.313 

86 85 1 1.176 37.0 37.2 0.2 0.538 95.4 95.5 0.1 0.105 

87 86 1 1.163 36.9 37.1 0.2 0.539 95.2 95.2 0 0 

87 86 1 1.163 37.1 36.9 0.2 0.542 95.0 95.3 0.3 0.315 

86 86 0 0 37.1 36.9 0.2 0.542 95.1 94.8 0.3 0.316 

85 84 1 1.190 37.0 37.0 0 0 95.0 94.7 0.3 0.317 

85 84 1 1.190 37.2 37.2 0 0 94.9 95.2 0.3 0.315 

83 83 0 0 37.1 37.1 0 0 94.9 94.7 0.2 0.211 

85 86 1 1.163 37.1 37.2 0.1 0.269 94.7 94.7 0 0 

85 86 1 1.163 37.4 37.4 0.2 0.535 94.8 94.6 0.2 0.211 

86 86 0 0 37.1 37.1 0.1 0.270 94.7 94.4 0.3 0.318 

84 83 1 1.205 37.3 37.3 0.2 0.536 94.6 94.9 0.3 0.316 

83 84 1 1.190 37.1 37.1 0.1 0.270 94.6 94.8 0.2 0.211 

82 81 1 1.235 37.1 37.1 0.1 0.270 94.7 94.7 0 0 

 

 

When comparing the measurements obtained in the wearable with an oximeter, thermometer and 

commercial pulsometer, it was found that in the absolute error the highest value of SpO2 is 0.3%, the 

temperature is 0.2 °C and the BPM is 1 in a state of rest and in the state of physical activity the maximum 

absolute error of SpO2 is 0.6%, temperature 0.3% and BPM is 2. In the relative error the maximum value in 

the rest stage of SpO2 is 0.318%, the temperature is 0.542% and BPM is 1.235%. While during physical activity 

the maximum relative error of SpO2 is 0.645%, that of temperature is 0.824% and the BPM parameter has the 

largest error value of 2.299%. 
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Table 4. Theoretical and real values of the biosignals in physical activity 
Heart rate (BPM) Temperature (°C) SpO2 level (%) 

Vr Va Ae Re Vr Va Ae Re Vr Va Ae Re 

85 85 0 0 36.2 36.3 0.1 0.276 95.2 95.7 0.5 0.525 

87 89 2 2.299 36.3 36.2 0.1 0.275 95.0 95.6 0.6 0.632 

90 88 2 2.222 36.4 36.1 0.3 0.824 94.6 95.2 0.6 0.634 

93 92 1 1.075 36.4 36.1 0.3 0.824 94.7 94.6 0.1 0.106 

93 92 1 1.075 36.5 36.7 0.2 0.548 94.3 94.3 0 0 

95 93 2 2.105 36.5 36.5 0 0 94.1 94.0 0.1 0.106 

96 96 0 0 36.6 36.6 0 0 94.1 94.3 0.2 0.213 

98 97 1 1.020 36.6 36.4 0.2 0.546 93.9 93.5 0.4 0.426 

98 97 1 1.020 36.5 36.2 0.3 0.822 93.7 93.7 0 0 

101 102 1 0.990 36.6 36.4 0.2 0.546 93.8 94.0 0.2 0.213 

101 99 2 1.980 36.6 36.6 0 0 93.3 93.6 0.3 0.322 

101 99 2 1.980 36.6 36.4 0.2 0.546 93.2 92.8 0.4 0.429 

102 103 1 0.980 36.7 36.5 0.2 0.545 93.2 92.6 0.6 0.644 

104 103 1 0.962 36.7 36.9 0.2 0.545 93.0 93.6 0.6 0.645 

106 105 1 0.943 36.8 36.7 0.1 0.272 92.9 93.4 0.5 0.538 

108 106 2 1.852 37 36.7 0.3 0.811 92.8 93.1 0.3 0.323 

 

 

We can make the graphs of each biosignal shown in Tables 3 and 4 and observe the difference between 

the value measured from a commercial device and the wearable when the user is at rest or in physical activity, as 

can be seen in Figure 14. Figure 14(a) show the comparison between theoric and real values of heart rate on rest. 

Figure 14(b) show the comparison between theoric and real values of heart rate on physical activity. Figure 14(c) 

show the comparison between theoric and real values of temperature on rest. Figure 14(d) show the comparison 

between theoric and real values of temperature on physical activity. Figure 14(e) show the comparison between 

theoric and real values of SpO2 on rest and Figure 14(f) show the comparison between theoric and real values 

of SpO2 on physical activity. 

 

 

  
(a) (b) 

  

  
(c) (d) 

  

  
(e) (f) 

 

Figure 14. Graphs of the values of the biosignals of the commercial device and the wearable: (a) heart rate on 

rest, (b) heart rate in physical activity, (c) temperature on rest, (d) temperature in physical activity,  

(e) SpO2 on rest, and (f) SpO2 in physical activity 
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The (3) and (4) are used to find the standard deviation and the standard error. Wich are considered to 

verify the progressive change of the data, as shown in Table 5 and the MAE with (1) to verify if the 

aforementioned conditions affect the sensing accuracy as shown in Table 6. It is worth mentioning that this 

article will focus more on the measurements of biosignals and their accuracy. 

 

 

Table 5. Standard deviation and standar error of biosignals 
Standart deviation Standard error 

Biosignal Resting Physical activity Resting Physical activity 

Vr Va Vr Va Vr Va Vr Va 

Heart rate 1.4142 1.4930 6.6017 6.3442 0.3535 0.3732 1.6504 1.5860 

Temperature 0.1154 0.1558 0.1927 0.2365 0.0288 0.0389 0.0481 0.0591 

SpO2 0.3525 0.4364 0.7597 0.9186 0.0881 0.1091 0.1899 0.2296 

 

 

From the results an acceptable level of precision is obtained in heart rate and temperature with a 

standard error of 1.5860 and 0.0591 respectively in comparison with the values obtained by Sakphrom et al. [7] 

where a standard error of 1.22 was obtained in the measurement of the frequency. heart rate and 0.13 in body 

temperature. We noticed that the wearable has a better precision when measuring body temperature. Regarding 

the precision when measuring SpO2 in the research carried out by Syaifudin et al. [35], the standard deviation 

of the highest value obtained was 0.87, which indicates a lower precision than the wearable, which obtained a 

standard deviation of 0.4364. 

 

 

Table 6. Mean absolute error of biosignals 
MAE 

Biosignal Resting Physical activity 

Heart rate 0.8125 1.2500 

Temperature 0.1186 0.1675 

SpO2 0.1936 0.3375 

 

 

Regarding the technologies that remotely alert any anomaly in the measurement of biosignals, the 

research of Narvaez et al. [32] is cited, who used the API Twilio5 to send alert messages, a page that provides 

various services for sending SMS, voice and notifications through the web, which could cause problems if the 

monitoring is to be carried out outside the home. On the other hand, the developed wearable has an application 

that allows monitoring for outpatients that sends the measurements of biosignals and geolocation in the alert 

message, having greater flexibility in the doctor’s interpretation of the situation and in the space that the 

wearable can be used by people who follow a rehabilitation program. 

 

 

4. CONCLUSION 

This system is flexible and efficient. The app works on smartphones. In addition to the sensors, the 

GSM module and ESP32 are integrated with Wi-Fi and Bluetooth modules, making it small and light allowing 

monitoring anytime anywhere. In addition, it can facilitate the management of databases through the cloud and 

safely and immediately communicate any anomaly that occurs with an alert message that contains geolocation. 

When observing the standard deviation of the wearable measurements in the different stages of activity, we 

notice that the standard deviation of heart rate, temperature and SpO2 in the resting stage is equal to 1.4930, 

0.1154 and 0.3525 respectively, it is lower in comparison with the means carried out in the physical activity 

stage where the standard deviation in heart rate, temperature and saturation was 6.3442, 0.2365 and 0.9186 

respectively. For this reason, it is concluded that the error in the mediations increases when the person performs 

physical activity, this is since the person is in motion, which destabilizes the contact of the sensors with the 

patient and that when perspiring a change is generated in the electrical conductance of the skin. It was 

concluded that the duration of the battery varied with respect to the number of readings per hour, in the case of 

1 reading per hour the System consumed 33,149 mA and the battery had a theoretical duration of 45 h and 15 

m while when 60 readings were performed per hour, a consumption of 88,369 mA was obtained and the battery 

had a theoretical duration of 16 h and 59 m, which indicates that the greater the number of readings, the greater 

the energy consumption and the shorter the battery life. 
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