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Summary 

The work developed for the Master Thesis explained in this document is about the 

development of a monitorization system for patients with cardiac diseases, to heal at 

their homes after surgery, once they do not need primary attention services. 

The approach consists on the development of sensor terminals, that acquire data from 

the real world, such as temperature, heartbeat or electrocardiogram data, among others, 

manages them, puts them in dashboards and makes decisions. Afterwards, those data 

are sent to the cloud.  

An edge device gathers data from the sensor nodes, pre-process that and it is also in 

charge of triggering alarms. This device sends data to the cloud platform periodically. 

The cloud platform that is being used is Microsoft Azure. 

The master thesis has been developed using several hardware platforms, such as TTGO 

and Raspberry Pi (or similar), as a sensing platform and an edge platform respectively, 

and Microsoft Azure as cloud platform. And different means of communication, such as 

MQTT, HTTP and LoRa, are also involved in the system. 
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Until now there was not a clear solution for some daily problems. Nowadays technology 

has evolved hugely, and it is possible to develop systems with plenty of functionalities 

for monitoring systems in the extent of the Internet of Things.  

In the eHealth field there is still a long way for improving. The target of this project is to 

design a system and carry out a prototype for monitoring people after having heart 

surgery to make it possible for them to heal at their homes, instead of spending long 

terms in hospital, that may led in longer recovery periods than if people could heal at 

their homes safely. 

This development has been done by using technological concepts, such as “big data” to 

manage great amounts of data from many different patients, “model of data” to acquire 

meaningful datasets properly organized to aggregate data easily, “ubiquity” to make data 

available anywhere and anytime in clouds, “edge computing” to allow better use of 

resources while quicker response in case of alarm, use different means of 

communication to ensure optimal service in most situations, or computation tools to 

better analyse data, and even learn from them in order to forecast possible health harms 

and aid doctors to make better diagnoses. 

This document describes in detail the targeted system as well as the results obtained: 

• Charter number 2 shows the social contexts that motivates the designed 

system targeted in this Master Thesis. 

• Chapter number 3 describes the system architecture chosen for the 

design, as well as the components chosen. 

• Chapter number 4 is about the experiments carried out to the system, and 

the results obtained 

• Chapter number 5 is a table that contains the budget for the project. 

• Chapter number 6 talks about the conclusions from the project. 

• Chapter number 7 is the set of bibliographic references used for the 

development of the project. 
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2.1. Motivation. 

Death hazard in patients with heart surgery decreases with time, and doctors do not have 

consensus about the optimal period during which to asses mortality related to cardiac 

surgery. 

According to some studies conducted by the Netherlands’s Association for 

Cardio-Thoracic Surgery (NVT) considering the results from 34094 adults operated in 

the Netherlands from 1st of January 2007 to 31st of December 2010 in different 

hospitals, results show similar tendency on survival rate and hazard, although hazards 

for some kinds of surgery decrease sharper than others. For example, isolated coronary 

artery bypass grafting (CABG) surgery shows a sharper decrease of hazard in shorter 

time, than other kinds of heart surgeries (see Figure 1), while others, such as CABG and 

valve, although decrease significantly after 60 days from surgery, it still remains high for 

more than 180 days after surgery. [1]  

Figure 1. Death hazard vs days after surgery. 

In the other hand, according to some studies, one in three hospitalized patients show 

symptoms of depression, and this fact potentially affects their clinical outcome. [2] 

According to this study 33 percent out of 22 patients studied on depression screenings 

in hospitals, had symptoms of depression such as feeling down, hopeless, having little 

interest in doing things, and had significant changes in sleep and appetite. This low mood 

in patients, made them more likely to not taking their medications and not attend to their 

outpatient appointments. This could lead to delayed recovery; longer hospital stays and 

greater chance of hospital readmissions. 
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Doubtlessly, the following days after surgery, patients need primary attentions in 

hospitals, but once they are clinically stable, it is better for them to stay at home for the 

following reasons: 

One day bed may be translated into up to 1% of muscle loss, related to the age of the 

patient. This adds difficulties for healing after surgery. 

Sleep is even more important after a serious injury or illness, since it is the time that the 

body uses for rebuilding, restore and rejuvenate. Even when patients are staying in 

single bedrooms, most of the time hospitals are busy places, this cause long-term sleep 

deprivation and hence, longer terms needed for recovery. 

Patients are prone to get infections from bacteria or fungi in hospitals, such as urinary 

tract infection or pneumonia. 

Being with beloved, family and friends is indicated for mental wellbeing, and avoiding 

depression, as seen before. 

Considering the health care systems, it is not clear the economic advantage of healing 

at home against healing at hospitals. According to [3]: 

Despite increasing interest in the potential of hospital at home services as a cheaper 

alternative to in-patient care, this review provides insufficient objective evidence of 

economic benefit. Early discharge schemes for patients recovering from elective surgery 

and elderly patients with a medical condition may have a place in reducing the pressure 

on acute hospital beds, providing the views of the carers are taken into account. For 

these clinical groups hospital length of stay is reduced, although this is offset by the 

provision of hospital at home. 

Other studies show an average cost per day for similar treatments in different countries 

during the year 2015, that varies from around 4663 € in the United States, followed by 

Switzerland with 4271 €, and the cheapest would be Spain 378 €. [4]  

https://www.ncbi.nlm.nih.gov/pubmed/16034853
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Figure 2. Average cost per day per countries. 

Although Spain is the cheapest country per day at hospital according to this study, it is 

not only a matter of price, but also of availability. Hospital resources, both human, space 

and equipment are limited, and allowing a safe way for people to heal at their homes, 

would reduce mortality rate because resources would be better used, and improve the 

service that hospitals could provide to all patients. 

 

2.2. Expected solution for improving 

Due to the fact that it is difficult to know the optimal amount of time to ensure no early 

readmissions in hospitals, or even early death after cardiac surgery, and taking 

advantage of the good things for patients to heal at their homes, such as minimizing the 

risk of taking bacteria or fungi, suffer from depression and many other things explained 

in the previous section, it is proposed a system to monitor patients at their homes, based 

on several sensors that patients can wear, to track their vital signs and detect when a 

situation can become hazardous for the patient’s life. 

The integration of the Internet of Things (IoT), cloud computing, and big data 

technologies in healthcare have led to the term “smart health.” Smart health is an 

emerging concept that refers to the provision of healthcare services for prevention, 

diagnosis, treatment, and follow-up management in a ubiquitous way, this is, at any time 

or any place by connecting information technologies and healthcare.  
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As a significant breakthrough in smart healthcare development, IoT-enabled smart 

devices allow medical centres and hospitals to carry out preventive care, diagnosis, and 

treatment more competently. [5] 

Nowadays, Internet of Things (IoT) allows to build platforms of sensors with several years 

of battery autonomy, and patients to be tracked by medical teams by taking those data 

and sending them to the cloud. All these things may be done without changing their way 

of life, only by wearing some sensors attached to their bodies. 

The system under study in this Thesis should act according to the severity of the incident. 

For example, in case of free fall detected, the patient may have fainted, so the system 

should immediately send a notification to a doctor. Other situations such as low blood 

oxygen, or too high heartrate, low temperature, or a mix of several parameters in a 

certain range of values inferred as life hazard, may generate an alarm giving instructions 

to the patients or their relatives. 

 

2.2.1. Edge computing. 

Due to the severity of the application area of this project, it was decided to get advantage 

of the “edge-computing”. 

The approach of edge computing is based on the analysis of data locally in edge nodes, 

instead of sending them directly to the cloud, and make treatments and aggregations in 

the cloud.  
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Figure 3. Edge computing approach representation1. 

Edge computing reduces the latency introduced by servers too far from where data were 

generated, alarms can be generated and process in real time, and it is needed less 

communications bandwidth, since data are previously treated, and it can be chosen to 

send only some interesting data to the cloud. In this way, the energy consumption would 

be lower, and would make our system safer, because although cloud systems have a lot 

of security systems implemented, the more the data sent to the cloud, the bigger the 

vulnerability of the system. 

Moreover, it can be used algorithms of artificial intelligence in the edge node to be able 

to learn from the different kinds of data acquired from sensors according to the patients’ 

situation and infer life hazards in advance.  

Anyway, the use of the cloud is still a key part in any IoT system, especially for analysing 

great amounts of data, since edge nodes usually do not have great capabilities of 

computation. 

 

                                                

 

 

 

1 https://www.talari.com/glossary_faq/edge-computing/ 

https://www.talari.com/glossary_faq/edge-computing/
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2.2.2. IoT platform. 

In order to be able to make a good decision about the sensors that we want to install in 

our platform, first thing to know are the symptoms previous to a cardiac arrest or attack, 

so as to know the kind of parameters that should be tracked and integrate sensors to 

measure those parameters in our design. 

 

Figure 4. IoT platform with edge computing 

Another issue would be the kind of communications that the system will use. It has to be 

taken into account that this system has to be accessible to any person, no matter their 

age or economic situation. 

Moreover, the design must be easily integrated in the daily life of the patients. It does not 

make sense to make a design of a wearable platform that limits the way the patient 

makes his or her life, by for example making a design that reduces the movement area 

of the patients to some square meters, or by making a too bulky design, not comfortable 

to wear for the patient during day and night, that would end up by not using it, so not 

useful data would be acquired. 

Cardiac affections are abrupt losses of heart functions, breathing and consciousness. 

This condition usually leads to an electrical disturbance in the heart that affects its 

pumping action and stops blood from flowing through the body. 

Main symptoms previous to a serious cardiac accident are: 

• Chest pain or discomfort 

• Heart palpitations 
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• Rapid or irregular heartbeats 

• Unexplained wheezing 

• Shortness of breath 

• Fainting or near fainting 

• Lightheadedness or dizziness 

Some of these parameters cannot be easily measured, but it can be tried to infer from 

the blood oxygen saturation, body temperature, or the beats per minute, as an example. 

Other means of detecting risk of heart accident that required blood samples with complex 

laboratory analysis, or taking measurement of blood pressure, would require more 

sophisticated sensors, that are not object of the extent of this project final work. 

2.3. Internet of Things for e-Health 

According ITU-T, Internet of Things (IoT) is defined to be A global infrastructure for the 

information society, enabling advanced services by interconnecting (physical and virtual) 

things based on existing and evolving interoperable information and communication 

technologies. 

1. Through the exploitation of identification, data capture, processing and 

communication capabilities, the IoT makes full use of things to offer 

services to all kinds of applications, whilst ensuring that security and 

privacy requirements are fulfilled. 

2. From a broader perspective, the IoT can be perceived as a vision with 

technological and societal implications. 

Due to the improvement of processing capabilities, decrease of cost of embedded 

platforms, together with the huge community of people using them around the world, the 

amount of information and tutorials in the Internet about how to develop almost anything 

that can be imagined, Internet of Things has rocketed in the last years, and it is forecast 

that by 2020 there will be more than 30.000 million of connected devices. 
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It has to be considered also, that not only the improvement of embedded platforms, but 

much enhanced sensors in terms of accuracy and need of calibration are being 

developed in the last years, at much more competitive price than some years ago. 

Telecommunications companies are from some years to now providing services related 

to IoT communications. Moreover, the deployment of 5G is starting now to be a reality 

more than ever. 

Added to all these things, the most important companies worldwide are developing cloud 

systems oriented to manage huge amount of data from different sources. 

For all these reasons, the IoT has rocketed in quite a short period of time, because it is 

comprising many other technologies, and can be used to add value to any field of 

everyday’s life, such as agriculture, industry, logistics, human resources or control of 

buildings among others. 

The application area targeted for this project is the e-Health. Many other developments 

have been done previously; those are listed below [6]: 

• Cancer treatment. CYCORE is a set of sensors for patients with head or 

neck cancer. Its aim is to take measurements of weight and blood 

pressure, every weekday, apart from a symptom-tracking application, to 

send to doctors updates of the symptoms and response to treatments 

almost real time. Patients that used this method suffered less during the 

healing. 

 

Figure 5. Test system for cancer treatment effectiveness. 



STATE OF THE ART 

15 
 

• Continuous glucose monitoring (CGM) and insulin pens. Diabetes is a 

good area to apply IoT. First CGM devices appeared in 1999, and 

nowadays they can send data to caregivers to monitor patients remotely. 

• Closed-loop automated insulin delivery. The main difference of this 

closed-loop automated insulin deliverer with the CGM is that apart from 

measuring the amount of blood glucose, it also calculates the amount of 

insulin that should be provided and delivers it to the patient. 

 

Figure 6. Closed-loop insulin dispenser. 

• Connected inhalers. The company Propeller created a sensor that can be 

attached to an inhaler or spirometer, that send data to an application, and 

help patients to understand the cause of their symptoms, track uses of 

rescue medication, and provide allergens forecasts. 

• Ingestible sensors. Electronic pills have been created to detect disease or 

causes of malfunction in digestive apparatus. Another approach created 

by the company Proteus Digital Health, is to track if patients with psychotic 

medication have had their pills as directed by doctors. This is 

accomplished by generating a small impulse in a wearable sensor when 

the patient has had his medicine. 

• Connected contact lenses. The amount of blood glucose can also be 

measured in tears, capable to detect this parameter, and send to an 

application. Other contact lenses designs can solve sight problems or 

detect glaucoma in its early stage by measuring size changes in the parts 

of the eye. 
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Figure 7. Contact lenses that detects glaucoma in its early stage. 

• Depression monitor. The company Apple has developed an application 

that can assess and monitor patients with Major Depressive Disorder 

(MDD) based on the heartrate of the person and a mood report provided 

by him or her. Although it is still in an early stage, it has been 

demonstrated the potential for wearable technology even for mental 

diseases to be tracked real time. 

• Coagulation test. Developed by Roche laboratory in 2016. It is a gadget 

with Bluetooth communication capabilities, that provides information 

about the coagulation clot of blood is within the therapeutic limits, lowering 

the possibility of stroke or bleeding and the frequency to visit doctors. 

• Parkinson and other nervous system disease research. Apple has 

developed a research kit that uses the sensors of the Apple Watch or 

iPhone to track symptoms fluctuations of some diseases such as 

Parkinson, epilepsy or even arthritis. 

• Asthma monitor. Developed by the company ADAMM, that make the 

person who wears this sensor to be aware of an impending asthma attack. 

Integrated has an algorithm that learns from the patient about the normal 

parameters for him or her. It allows to enter medication reminders. 

 



 

 

3 Functional 

system description 
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Along this section, it will be explained the project from the functional point of view. 

As explained in the previous section of this document, it is an e-health platform to 

measure parameters to monitor patients with heart troubles, that have recently had heart 

surgery, and want to make the heal period at their homes once primary aid cares are not 

needed, in a safe way for them. 

3.1. Parameters to be measured. 

Due to the application of the system, that is indicated for people’s healing after heart 

surgery, the parameters that are integrated in the project are oriented to sense related 

parameters to heart crisis. 

Some symptoms of heart attacks are: 

1. Chest pain or discomfort 

2. Nausea, feeling light-headed or unusually tired 

3. Feeling pain or discomfort in the jaw, neck or back 

4. Feeling pain or discomfort in the arm or shoulder 

5. Shortness of breath. 

Some of these symptoms, such as chest pain, feeling light-headed or feeling pain, are 

not measurable parameters, there are no sensors able to measure pain, for example. 

Anyway, these symptoms most of the times, are the result from any other cause that is 

actually a measurable parameter. For example, some of these feelings like being 

unusually tired are probably related to an increase of the body temperature, being light-

headed may be related to a decrease of blood oxygen, heart disorders like arrythmia 

may be the cause of having pain in the arm or shoulder, that can be followed in 

electrocardiograms, and so on. 

Having a look around the Internet, it was found that there are plenty of e-health platforms 

with different costs, all of them from 95 € to 500 €, designed to work with common 

platforms, such as Arduino or Raspberry pi.  
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Figure 8. Example of eHealth platform for IoT. 

For this reason, we wanted to add value to this project, by installing the edge computing, 

that adds to the system quick response capabilities or low bandwidth needs, among 

others, from the data acquired from basic heart monitoring sensors.  

Other possibilities that wanted to be developed under the umbrella of this project, is the 

possibility to alert by mobile phone to medical staff or patients’ beloved from unexpected 

low or high heart rate, or the possibility of faint by free fall detection.  

These alerts should be processed even when patients are out of their homes, either 

when they have gone to have a walk, to the doctor or drugstore, in order to make it 

possible for them to return to their daily lives as soon as possible, in a safe way. To have 

this possibility, the system should have long range communication capabilities, so as to 

process alarms even some distance from patient’s homes. 

Moreover, this alarm generation allows quick response in case of patient’s life threat, in 

either to know that something is going wrong, even before having physical signs of 

trouble. 

In next sections of this document it will be explained the sensors used for the 

development of this project. 

3.1.1. Body temperature 

High body temperature may be due to presence of infection. Temperature higher than 

37º C are critical specially for people with heart or lungs affections, since changes the 

normal operation of heart, that can lead to arrythmia, and makes people to breathe more 

often.  
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The temperature sensor chosen for this development is model DS18B20. It is a sensor 

that can measure temperature precisely. It is a digital thermometer with 9 to 12 digits of 

precision. Its package is waterproof, so this model of sensor is indicated to measure 

human body temperature. 

 

Figure 9. Temperature sensor. 

 

3.1.2. Accelerometer 

The aim of this accelerometer is to detect free fall of patient.  

These sensors allow to measure the acceleration of a body, by measuring the inertial 

force to an internal mass when it is affected by speed changes. 

If the sensor captures a freefall event, it may mean that he has fainted and has fallen to 

the floor. When freefall is detected, the system generates an alarm for the patients’ 

beloved to be aware of the event and aid the patient.  

The accelerometer chosen for this development is ADXL345. It is a low power, 3-axis 

accelerometer with 13 bits of resolution. It can communicate either by SPI or by I2C 

digital interface. 
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Figure 10. Accelerometer. 

3.1.3. Pulse oximeter 

The pulse oximeter is a sensor that attached to one of the patient’s fingers or ear lobes 

can give a value of oxygen saturation in blood, and his or her heartrate.  

These kinds of sensors measure in an indirect way the amount of oxygen in blood, by 

measuring a parameter known as oxygen saturation, or SpO2. 

SpO2 is the measure of the percentage of haemoglobin molecules added to oxygen. 

Haemoglobin is the main protein for oxygen transportation in blood, and changes its 

colour when joined to oxygen, thus, by using sensors that detect changes in blood colour 

due to the movement of haemoglobin together with oxygen, it can be measured in an 

accurate way the breath-function of patients. 

The sensor chosen for this aim is model MAX30100. It is an optical heartrate and SpO2 

monitor with a red and IR LEDs integrated as sensing parts. 

Its performance is based on the positioning of the sensor in areas of the body with thin 

skin, such as hand fingertip or ear lobes, in order to detect the difference in absorption 

of light of different wavelengths, mainly red, around 650 nm, and infrared around 950 

nm.  

Heart rate can also be estimated with this kind of sensors, by measuring the light 

reflected by the body with a photodetector 



FUNCTIONAL SYSTEM DESCRIPTION 

23 
 

 

Figure 11. Pulseoximeter MAX30100. 

 

3.1.4. Electrocardiogram (ECG) 

Electrocardiogram (ECG or EKG) is the graphical representation of the electrical activity 

of the heart by time, that is obtained from the body surface, in the chest. 

This is the main device for cardiologists and has a very relevant role in cardiovascular 

diseases detection, metabolic disorders and predisposition to sudden death. It is also 

useful to know the cardiac cycle. 

3.1.4.1. Cardiac cycle 

The cardiac cycle is the cycle during which the human heart makes electrical and 

mechanical movements to pump blood in the human body. 

This cycle consists of two periods: 

• One during which the heart muscle relaxes and fills with blood, this is 

called diastole 

• One during the heart is contracted and pumps blood to the body, this is 

called systole. 

These two periods are repeated continuously. After contracting, the heart relaxes again 

and expands to receive another amount of blood coming from the organs of the body, 

the contracts again, and so on. 
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A normally performing heart must be fully expanded before efficiently pumping again. 

Assuming a healthy heart and a typical rate of 70 to 75 beats per minute, each cardiac 

cycle, or heartbeat, takes around 0.8 seconds to complete the cycle. 

 

Figure 12. Cardiac cycle. 

One heart cycle is composed by P wave, QRS wave and T wave. 

During P wave, we can take useful information about the propagation time of the impulse 

to both atria. Then it is followed with a flat trend called PR segment, which is the 

consequence of propagation of the electric impulse from atria to ventricles. 

This is followed by the QRS wave, which is the composition of three small waves (Q 

wave, R wave and S wave).  

This composition gives information about the ventricular systole in consequence of the 

impulse propagation to the ventricles (Q wave), and the transmission to the whole tissue 

is caused by de R and S waves. 

This QRS composition of waves gives information about fibrillation and arrhythmias. It is 

helpful to analyse heart attacks. Then ST interval, that follows the S wave, can point out 

ischemia occurrences. It represents the period during which ventricles are contracting, 

which is the las stage of the heart cycle. The T wave allows to have information about 

the cardiac hypertrophy, heart attacks, and ischemia. Moreover, other intervals such as 

QT for example, allow characterization of other pathologies. 
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Figure 13. PQRST waves. 

The table below shows the normal duration parameters for each wave in the cycle shown 

in Figure 13: 

WAVE 
Amplitude 

(mm) 
NORMAL 

DURATION 
(seconds) 

DISEASES 

P 0-2.5 0.08 - 0.10 

• Voltage increase suggests right 
atrial hypertrophy 

• increased duration suggests left 
atrial hypertrophy 

• If the P wave contour changes 
between beats it could mean that 
there is an ectopic atrial focus 

PR 

 

0.12-0.20 

• greater than 0.2 sec, then an AV 
block is present 

• <0.12 sec when associated with 
prolonged QRS should prompt 
evaluation for Wolff-Parkinson 
syndrome (WPW). 

QRS 

 

0.08-0.12 

• Prolonged: Bundle branch blocks, 
drug toxicity, electrolyte imbalance 

• Shortened:  WPW 

• Shape variation: ectopic foci 

Q 0 – 3 <0.04 • Larger than 0.04s indicate 
presence of infarct 

R 6 – 21 - - 
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S 0 – 6 - - 

T 0 – 5 0.10 – 0.25 - 

ST 

 

 

• Elevation: pericarditis, Prinzmetal’s 
angina 

• Depression: Ischemia, 
subendocardial injury 

QT 

 

0.35-0.43 

• Slightly longer for females. 
Increases with age 

• Prolonged: Quinidine toxicity, 
hipocalcemia 

• Shortened: hypocalcaemia 

Table. I. Typical PQRST waves duration and possible diseases. 

The AD8232 is an integrated signal conditioning block for ECG and other biopotential 

measurement applications. It is designed to extract, amplify, and filter small biopotential 

signals in the presence of noisy conditions, such as those created by motion or remote 

electrode placement. This design allows for an ultralow power analog-to-digital converter 

(ADC) or an embedded microcontroller to acquire the output signal easily 

 

 

Figure 14. Location of sensor pads in the body. 
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3.2. Architecture of the system. 

All IoT systems follow similar architectures that are based in a first stage of data sensing, 

a second stage of data acquisition, A/D conversion, concentration and aggregation, a 

third stage of data analytics and pre-processing, and the last, fourth stage for data 

storage. 

 

Figure 15. Typical architecture of IoT system. 

The architecture chosen for this project is similar to the one shown in Figure 17. 

An overview of the whole architecture of the system: 

1. Sensors: The parameters that are going to be sensed are the temperature, the 

blood oxygen, electrocardiogram data, free fall and GPS. GPS values are to 

geolocate the patient in case of alarm detected, otherwise, it is not used. 

2. Sensors’ node: Connects the sensors to an embedded platform. In our case, we 

have divided the sensors node into two different platforms 

a. Sensors and alarms generation node 

This node is in charge of taking data from the sensors of heartrate, blood 

oxygen saturation, and temperature. This node also generates alarms in case 

bio values are out of range or free fall is detected, so there is no need to send 

data very often. In the other hand, the platform can take data even when the 

patient is out from home. To achieve this functionality, it was chosen LORA 

as communication mean for this node. 
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b. Heart parameters node 

This node is in charge of taking the electrocardiogram (ECG) values from the 

patient. Due to the fact that it is necessary to take samples very often in order 

to be able to have enough accuracy for the analysis, it was decided to use 

MQTT to send the data taken from this node, to the edge node. 

 

Figure 16. System architecture. 

3. Edge node 

This node is in charge of sending notifications, taking and processing the data from 

the sensors’ node and the heart node. It has a LORA communication module 

embedded. The software resources necessary for the performance of this application 

are: 

• Mosquitto broker to send ECG data from the heart parameters node to the 

edge node 

• Geany for making LoRa communication and sending data to the serial port 

• Node red to take data from the serial port, aggregation alarms management 

and send data to the cloud 

• Jupyter for ECG signal treatment 

• Bash commands 
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4. Cloud 

The edge node sends the data taken to the cloud. It was decided to use the cloud of 

Azure due to its enhanced data security, that is a key issue for the nature of the data 

managed for this project. These data can also be shown in a dashboard. 

Next sections will explain in detail the purpose of each of these parts in the architecture. 

 

3.2.1. Heart parameters sensors node 

This node is in charge of taking data from the electrocardiogram. 

The sensors’ node should use a mean of communication quick enough to pass data from 

the node to the edge at least every 10 milliseconds. Only communication means such 

as Bluetooth or MQTT for example work properly for this aim, due to low latencies 

needed. 

For this reason, it was chosen the embedded platform for this node, a WEMOS D1 mini, 

to use MQTT, by using the integrated ESP32. 

3.2.1.1. Hardware 

This module is composed by the sensor AD8232, where the healthy pads are connected 

via a 3.5 mm jack. This module is connected to the Wemos D1 mini as shown in the 

Figure below. 

 

Figure 17. Connection of the sensor to the platform. 
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The sensor available in this node, and their connection to the Wemos D1 mini are shown 

in the table below. 

SENSOR Pins Connection to Wemos D1 mini 

ECG 
AD8232 

OUTPUT A0 

LO- D2 

LO+ D8 

3.3V 3V3 

GND GND 

Table. II. Connection of the sensors in the sensor’s node. 

3.2.1.2. Software 

The Wemos D1 mini can be programmed with the Arduino IDE, so it was use this 

environment for the development of the program. 

This program need to have the possibility to take the data from the sensor in one hand, 

and to take the output data (analog input) in the other hand. 

The flow of this program is shown in the diagram below: 
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3.2.2. Alarms node 

In order to add value to this project, compared with other offered in the general market, 

it was decided to implement alarms related to some parameters.  

This node, apart from determining alarm situations, is also in charge of taking pulse, 

blood oxygen and temperature values, and register free fall situations by an 

accelerometer. 

All these data are processed by the embedded platform, that send them through LORA. 

The reason why it was decided to use LORA instead of LORAWAN, was because it is 

critical data, and we wanted to avoid the dependence of third’s server. Moreover, LORA 

provides long ranges of cover, that allows to collect data from the patient even when he 

is some kilometres away. 

When alarms are fired, it is sent a notification to medical staff or patients’ beloved. 

Causes that make alarms to fire are: 

• Freefall detection 
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• Low heart rate 

• High heart rate 

The pulse, blood oxygen and temperature values are taken every 2 seconds. Maximum, 

minimum and mean values are calculated, and sent through LORA to the edge node. 

3.2.2.1. Hardware 

The embedded platform chosen for the system was the TTGO LORA WIFI 32. It is a 

powerful platform that has LORA; WIFI and Bluetooth low energy (BLE) capabilities. 

For the design of this module we are using two I2C modules, those are the accelerometer 

and the pulse oximeter, as well as another digital input for the temperature sensor. 

The connection of the sensors to the embedded platform are shown in the Figure below. 

 

 

 

 

 

 

 

 

 

Figure 18. Connections in the alarms’ node. 

Below, the table of connections of the sensors to the embedded platform. 

 

SENSOR Pins Wifi 32 LORA TTGO 

VCC 3V3 
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Acelerometer 
ADXL345 

GND GND 

SDA 4 

SCL 15 

Temperature 
DS18B20 

1 3V3 

2 23 

3 GND 

Pulseoximeter 
MAX30100 

SDA 4 

SCL 15 

VIN 3V3 

GND GND 

Table. III. Connection of the sensors to the alarms’ node. 

3.2.2.2. Software 

The program environment used to program the embedded platform chosen for this node 

is the Arduino IDE.  

It is programmed in a way that pulse, oxygen and temperature data are acquired every 

2 seconds. Maximum, minimum and mean data are calculated from those data, and then, 

sent to the edge every 15 minutes through LORA. 

The free fall event triggers an interruption in the processor when fired. 

Next diagram shows the flow of the alarms’ node: 
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3.2.2.3. Data models 

Data models are abstract models that organize elements of data and standardizes how 

they relate to one another and to properties of the real-world entities. For this reason, 

apart from having telemetry data sorted, data models make it easier to parse data in the 

edge node. 

It should be taken into account that LORA payloads are 222 bytes, but the longer they 

are, the sensitive they become to interferences.  

For this project, it has been defined three different models of data: 

• Pulseoximeter datamodel:  

{"hrmean": xx,"hrmax": xx,"hrmin": xx,"oxmean": xx,"oxmax": xx,"oxmin": xx} 
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This data model is filled with the data numbers acquired and processed from the 

pulseoximeter sensor. 

• Temperature data model 

{"Temp": xx} 

This data model is filled with the number of the temperature measured. 

• Alarms data model 

{"a":”xx”} 

This data model is filled with the value of the alarm detected, it can have the values of 

“ff” when freefall, “highhr” when heartrate is over the maximum threshold, and “lowhr” 

when heartrate is below the minimum threshold. 

The maximum payload length tested that keeps interference immunity for a standard 

spreading factor of SF7, is the one of the pulse oximeter data model. 

3.2.3. Edge 

The edge node receives packets of data from the sensors’ node and from the alarms 

node and send them to the cloud.  

The edge developed for this project is based on a Raspberry Pi 3b+, that process all the 

data, send them to the cloud of Azure and makes decisions according to the results.  

The benefits of having an edge node, among others, are that it makes possible to have 

the cloud near the place where data are generated, this fact allows the system to 

generate quicker response from the data taken. 

Moreover, due to the computation capabilities of the edge, lower network bandwidths for 

data transfer are enough, since all data generated may not be transferred to the cloud.  

In the other hand due to the storage capabilities, huge amount of data can still be 

processed in the cloud rather than in peripheral nodes. 

3.2.3.1. Hardware 

The edge node is based in a Raspberry Pi model 3B+. To add LORA communication 

capabilities, added to the Raspberry Pi was installed a LORA shield called Dragino Pi. 
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Figure 19. Raspberry Pi 3B+ integrated with Dragino Pi Hat. 

The Dragino LoRa shield is a long-range transceiver on an Arduino shield, hence it is 

based in an open source library.  

This shield allows to send data through LORA, to reach extremely long ranges at low 

data rates. It provides ultra-long-range spread spectrum communication and high 

immunity with very low power consumption. 

The communication transceivers that this shield uses are SX1276/SX1278, Semtech’s 

patented LORA. 

The edge node interfaces the nodes and the cloud, by taking the data from the nodes in 

one side and sending them to the cloud after processing. 

3.2.3.1. Software 

Installed in the edge node are the Mosquitto [8] broker to allow MQTT communication 

from the heart data node and the edge. The topic used to send these data is named 

“ECG”. 

Other program environments used in the Raspberry Pi are Geany, to develop programs 

in C/C++, Node Red and Python. 

Geany and Python were installed by default with the operating system of the Raspberry 

Pi [9].  

Node Red can be easily installed in the Raspberry Pi by commands line. During the 

development of the application software it was necessary to install some libraries, such 

as node-red-dashboard, node-red-contrib-azure or node-red-contrib-ui-led. 
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The application software programs developed for this node are: 

3.2.3.1.1. LoRa communication 

This development is coded in C/C++. The purpose of this program is to configure LoRa 

communication for packets reception, take LoRa packet from the telemetry nodes, and 

make them available in the serial port of the Raspberry Pi. Below, it can be seen the flow 

of the program in charge of performing these tasks. 

 

Figure 20. Partial code reading serial port data. 
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3.2.3.1.2. Data treatment, alarms generation and 

send to the cloud 

This program is coded in node-red. It can be divided into several parts. All the parts of 

this code are explained along this section. 

 

Figure 21. General View of the program. 

• Serial port data read 

This part of the code uses the exec node, that executes commands in the same 

way as in the commands line. It also provides information about the number of 

process assigned to this execution. 

The command that makes the serial port read is ~$ sudo cat /dev/ttyS0.  

Afterwards, the characters are joined into a string by the node named “Serial Out 

Joined”. 
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Figure 22. Serial port read. 

• Alarms evaluation 

This part of the code is in charge of evaluating the alarms and send the 

notification through If This Then That (IFTTT) by making an http request. 

 

Figure 23. Alarm evaluation and notifications send 

The “Alarms” node generates the code to make the http request (POST) to IFTTT. 

   

 

Figure 24. Nodes configuration. 
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In the above figure, the configuration for the alarm compare node, Alarms node 

and http request node are depicted respectively in the left, right and bottom hand side. 

• Send data to the cloud 

The nodes shown in the figure below are in charge of making the data in the 

format required and sending them to the cloud of Azure. 

 

Figure 25. Send data to the cloud 

The node “set msg. payload” is in charge of adding the data received in JSON 

format, and adding other data related to the communication with the cloud, such as the 

device connection string. This node returns a JSON string. 

 

Figure 26. Data string generation pattern for Azure. 

• Data representation 

The system has a dashboard for data representation, the nodes in charge of the 

representation of data are shown in the Figure below. LEDS for alarms notification in the 

left, and for data taken representation in the right. 
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Figure 27. Data representation 

• Read data arrived to the IoT hub of Azure 

This part of the code is in charge of checking in the data are reaching the IoT hub 

of Azure. 

 

Figure 28. Data reception in the IoT hub 

 

3.2.3.1.3. ECG data acquisition 

ECG data are acquired through MQTT. The heart data node publishes these data 

in a topic named “ecg”. To take these data, the broker of our edge has to be subscribed 

to this topic in order to collect them. 

All samples are saved to a file for later analysis or upload to cloud. 

 



FUNCTIONAL SYSTEM DESCRIPTION 

42 
 

Figure 29. ECG data from MQTT in the edge node 

3.2.4. Artificial intelligence. 

According to plenty of recent research papers ([10] and [11] for example), deep learning 

algorithms are very powerful tools, since they can be applied to large datasets of ECG 

and can identify abnormal heart rhythms and mechanical dysfunction. For these reasons, 

these methods could aid doctors in taking healthcare decisions. 

Nowadays, there are many people developing experimental software to train algorithms 

for heart disorders early detection, such as https://github.com/mondejar/ecg-

classification Code for training and test machine learning classifiers on MIT-BIH 

Arrhyhtmia database or other, that detect the PQRST patterns, such as 

https://github.com/c-labpl/qrs_detector Python Online and Offline ECG QRS Detector 

based on the Pan-Tomkins algorithm. 

The picture below shows the result of applying an algorithm of QRS detector applied to 

a file generated by the heart parameters node, described in this document. 

This finds the index of maximum values, algorithm plots signals as taken, filtered, 

differentiated and squared. 

 

https://github.com/mondejar/ecg-classification
https://github.com/mondejar/ecg-classification
https://github.com/c-labpl/qrs_detector
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Figure 30. Resulting data from applying QRS detector. 

Although adding artificial intelligence is out of the extents of this project, the system is 

designed to have both computational capabilities and storage enough to host these 

algorithms. 
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3.2.5. Cloud. 

For the development of this project it was chosen the cloud of Azure because it is one of 

the more powerful Clouds nowadays. Moreover, it allows many possibilities, such as 

edge computing, and enhanced security properties that others do not. 

The enhanced security of Azure is a key aspect in this kind of system, since personal 

data are taken. 

In the other hand, the Universidad Politécnica de Madrid has an agreement with 

Microsoft, so students can take advantage of some credit for their developments. 

 

Figure 31. Azure cloud stack. 

The role of the cloud in this project is to store meaningful data, after the edge 
node aggregation, to be accessible for sanitary staff.  



 

 

4 Experiments 
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This section outlines the experiments performed. It aims at showing the whole path of 

data generated along the whole way from the alarms’ node, to their storage in the cloud. 

4.1.1. Data acquisition in the alarms’ node 

First stage of the experiment is to check that data are being acquired properly by the 

embedded platform of the node.  

This embedded platform allowed to be programmed using the Arduino IDE, so the 

program was created to write the acquired data in the serial port while they are being 

taken. Those data are the ones that are sent through LoRa. 

 

Figure 32. Serial output of the alarms’ node code. 

In the figure below it is shown, in the terminal window, the data received by LoRa. This 

program is executed in a transparent way, so node-red cannot use those data, unless 

they are transferred to the serial port of the Raspberry Pi. 

The embedded platform sends the payload of the pulseoximeter values: 

{"hrmean": xx,"hrmax": xx,"hrmin": xx,"oxmean": xx,"oxmax": xx,"oxmin": xx }, and half a 

period after, it sends the temperature payload {“temp”:xx} 
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By reading the serial port in node red, data can be processed and sent to Azure. 

 

Figure 33. LoRa reception data in the edge node 

By entering the address http://localhost/ui in a webbrowse, it can be seen the edge node 

dashboard with the evolution of data along the time. 

 

Figure 34. Edge node dashboard. 

Last step of the experiment would be to check that data generated are being stored in 

blobs in Azure properly. Data stored in the cloud can be accessed by doctors 

ubiquitously. 

http://localhost/ui
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Figure 35. Storage container for the device alarms node 

 

Data in the cloud can also be represented in graphs, to see the evolution of the 

parameters along the time. 

 

Figure 36. Representation of data in the cloud 
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4.2. Alarm generation 

With this experiment, it wants to be shown that when one of the events configured 

happen, it is sent a notification to the mobile phone. 

For this experiment, it was fired a freefall event. The date in which event was fired 

matches with the date of the notification. 

 

 

Figure 37. Edge node dashboard when an event is fired. 
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Figure 38. Screenshot of an event notification in a mobile. 

4.3. Electrocardiogram data acquisition 

With this experiment, it wants to be shown the whole path of the data from the heart data 

node to the edge. 

The ECG data are measured in the heart parameters node and sent to the edge node 

through MQTT. 

Due to the fact that the embedded platform used in this node can be programmed using 

the Arduino IDE, the ECG can be represented in the serial plotter of this node. 

 

Figure 39. ECG serial plotter. 
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File generated in the edge node from the data of ECG received through MQTT in the 

topic named “ecg”. 

  

Figure 40. ECG data stored in a file. 

Once the data are stored in a file, it can be analysed with tools for ECG analysis. 

 

Figure 41. ECG in excel for data analysis. 
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5.1. Budget 

This budget is divided into four different concepts: 

1) Materials: These are the embedded platforms, the sensors and shields 

2) Man/Hour: Wage of a Master Postdegree Engineer, stated as 

40.000€/year, divided into de time needed for the development of this 

project, 3 months. 

3) Azure subscription: This is the price of the subscription to Azure for the 

services that we are going to need for the project during the development. 

CONCEPT 
UNITARY 

PRICE (€) 

UNITS 

NEEDED 
PRICE 

MATERIALS 

Raspberry Pi 

3B+ 
35 1 35 

SD card 

128GB 
12 1 12 

WiFi LoRa 32 

TTGO 
20 1 20 

Wemos D1 

mini 
7 1 7 

Dragino Pi 38 1 38 

MAX30100 5 1 5 

DS18B20 2 1 2 

ADXL345 2 1 2 

AD8232 and 

probes 
4 1 4 
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AZURE 3 

MONTHS 

SUBSCRIPTION 

Storage 

Account 
17.48 (month) 3x17.48 52,44 

IoT Hub 0 0 0 

Stream 

analytics 
67.72 (month) 3x67.72 203,16 

1 MASTER POSTDEGREE 

ENGINEER 

40000€/12= 

3333,3€ 
3 x 3333,3 9999,9 

TOTAL   10380,5 
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In the frame of this project an eHealth system to monitor patients with heart problems 

has been developed. 

The main target of the developed system is to make possible for people that have had 

heart surgery, to heal at home once the first aid cares period has been elapsed. 

According to several studies, the health risk after heart surgery follows a similar tendency 

for most heart surgery types.  

In most cases, it takes two months of first aid cares, but after that period of time, the 

probability of setback decreases exponentially up to the third month. Although the 

probability decreases after the first aid period, the health risk is still high, and many 

doctors do not consider safe to discharge patients.  

Long stays at hospitals have some drawbacks for the patients, for the economy and for 

the availability: 

1. Patients start to feel depressed when they have to be long terms in hospitals. 

Moreover, the probability to get bacteria or infection is higher in hospitals. 

2. Services and rooms in hospitals can be better used due to the improvement of 

availability if patients’ health can be followed remotely. 

3. Due to the improvement in hospitals’ means and services use, more patients can 

be followed. Both the ones healing at their homes, and the ones at hospitals. This 

would be translated into the necessity of more job positions. 

4. The greater the number of patients, the better for the hospital economy, that 

would make it possible to provision more equipment and improve services. 

For all these things, in order to try to improve the situation by using the possibilities that 

technologies like Internet of Things allow nowadays, and using the tools that learnt during 

the master, the tasks carried out for the development of this project are: 

• Design an architecture of system able to provide a quick response in case of 

alarm. Due to the fact that the system takes biological signals and is targeted for 

people that may have heart trouble, the system was designed taking into account 

that it must provide a very quick response in case of alarm situation, and alert 

medical staff about a possible life-harm in the patient. The system designed is 

able to acquire heart rate, blood oxygen, temperature and electrocardiogram. 
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These data are taken every 2 seconds, or for ECG signals, every 10 ms. All those 

data are treated and sent to the edge and then to the cloud every 10 minutes. 

Alarms such as free fall are triggered immediately after detection. The average 

time that takes to an ambulance to attend to a place in a big city like Madrid is 25 

minutes, this system allows to predict life harm situations and alert medical staff 

in 10 minutes worse case. 

• Safety: The cloud system chosen for the design, Azure, offers a good multilayer 

safety in data centres. This fact is critical for this development due to personal 

data protection. 

• In order to make it possible for patients to recover their daily lives and due to the 

fact that it is indicated to take walks to heal better and quicker, the system is 

equipped with long range communication modules (LoRa). 

• Management of data and representation: Data are processed in the edge node, 

then sent to the cloud. In this way it is needed shorter bandwidth. Both the edge 

and the node allow to track data thanks to dashboards that allow data 

representation in order to make it easier to track patients’ healing. 

• Low cost and quick recovery of investment: All the materials used for the 

development are cheap, and once the development has been done, it can be 

replicated. The cloud of Azure allows to track great number of patients in the 

same time. 

• Prototype construction and validation: The prototype has been constructed and 

validated its functionality according to the specifications. 

In order to keep improving in the line of this project, it may be developed a way to make 

ECG analysis real time and make those analysis results available in the cloud. 

Another research line may be related to the use of artificial intelligence algorithms to be 

able to predict heart accident even before having symptoms, by training algorithms with 

the data taken by the sensors’ nodes. 

When 5G network will be completely deployed, it would be a good approach to replace 

the currently available communication means used in this work, these are LoRa and 

MQTT, by NbIoT, in order to get global coverage, less latency, faster communication and 

bulk connections. 
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