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Resum 
 

En aquests últims anys hi ha hagut un creixement de les tecnologies mòbils degut a l'avanç i 

desenvolupament tant dels dispositius com dels seus respectius sistemes operatius, el que 

ha promogut un creixement exponencial del nombre d’aplicacions disponibles. Una de les 

temàtiques que ha guanyat més rellevància per a la investigació en el camp de les 

aplicacions mòbils és el de la salut. L’objectiu d’aquestes aplicacions és el de predir 

mitjançant sensors, ja siguin interns del propi dispositiu o externs, quin és l’estat de salut de 

l’usuari. Tot i que ja existeixen aplicacions que realitzen aquesta tasca, la majoria es 

focalitzen en un sol usuari, i les poques aplicacions que estan pensades per equips no solen 

fer us de sensors externs. Aquest treball té com a objectiu crear una aplicació mòbil que 

pugui connectar-se a múltiples sensors Bluetooth de ritme cardíac de manera simultània, 

mostrar, enregistrar i guardar totes les dades rebudes per finalment processar-les. Per tal de 

complir aquests objectius he utilitzat el sistema operatiu iOS juntament amb una 

programació nativa en Objective-C. L'aplicació permet a l'usuari crear sub-usuaris i equips 

d’entrenament per tal de poder fer una millor gestió dels recursos, assignar de forma 

dinàmica els sensors a cada un dels sub-usuaris i reutilitzar un mateix set de sensors per als 

diferents equips. Un cop realitzada l'aplicació he estudiat el seu comportament davant les 

múltiples connexions Bluetooth, analitzat les dades provinents dels sensors per acabar 

dissenyant un algoritme de correcció d’artefactes i finalment he calculat els indexes de HRV 

associats a cada un dels sub-usuaris implicats. 
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Resumen 
 

En estos últimos años ha habido un auge en las tecnologías móviles como resultado del 

avance en el desarrollo tanto de dispositivos como de sus respectivos sistemas operativos, 

lo que ha propiciado un crecimiento exponencial en el número de aplicaciones disponibles.  

Una de las temáticas que ha ganado mayor relevancia para la investigación en el campo de 

las aplicaciones móviles es la salud. El objetivo de estas es predecir mediante sensores, ya 

sean del propio dispositivo o externos, cuál es el estado de salud del usuario. A pesar de 

que ya existen aplicaciones que realizan esta tarea la mayoría están focalizadas en un solo 

usuario, y las pocas que están pensadas para equipos no suelen usar sensores externos.  

 

Este trabajo tiene como objetivo crear una aplicación móvil que pueda conectarse a 

múltiples sensores Bluetooth de ritmo cardíaco de forma simultánea, mostrar, registrar y 

guardar todos los datos recibidos y finalmente procesarlos. Para ello he utilizado el sistema 

operativo iOS junto con una programación nativa en Objective-C. La aplicación permite al 

usuario crear sub-usuarios y equipos de entrenamiento para hacer una mejor gestión de los 

recursos, asignar de forma dinámica los sensores a cada uno de los sub-usuarios y reutilizar 

un mismo set de sensores para los diferentes equipos. Una vez realizada la aplicación he 

estudiado su comportamiento frente a las múltiples conexiones Bluetooth, he analizado los 

diferentes datos provenientes de los sensores diseñando un algoritmo de corrección de 

artefactos y finalmente he calculado los índices de HRV asociados a cada uno de los sub-

usuarios implicados. 
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Abstract 
 

In these last few years there has been a growth in mobile technology as a result of the 

advance and development of devices and its respective operative systems, what has led to 

an exponential growth in the number of available applications. One of the topics that has 

gained more relevance in the mobile applications research field is health. The objective of 

these is to predict the user’s health using sensors (internal or external). Although there are 

many applications that do this task, they are only focused on a single user and the few of 

them that are focused on teams hardly ever use external sensors. 

 

The objective of this work is to create a mobile application that can connect simultaneously to 

multiple Bluetooth heart rate sensors, show, register and record all the data and finally be 

able to process these data. In order to do it I have used the iOS operative system together 

with a native Objective-C programming language. The application allows the user to create 

sub-users and training teams in order to do a better resource management, assign in a 

dynamic way sensors to each one of the sub-users and reutilize the same set for different 

teams. Once the application was done I have studied its behaviour with multiple Bluetooth 

connections at the same time, I have analysed the different data coming from the sensors by 

designing an artefact correction algorithm and finally I have calculated the HRV indexes 

associated with each one of the sub-users. 
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Nomenclature 
 

• ECG: Electrocardiogram. 

• HRV: Heart Rate Variability. 

• BLE: Bluetooth Low Energy. 

• App: Mobile Application. 

• HR: Heart Rate. 

• HRM: Heart Rate Measurement. 

• IDE:  Integrated Development Environment. 

• UUID: Universal Unique Identifier. 

• TX: Transmission. 

• RX: Reception. 

• RSSI: Received Signal Strength Indicator. 

• OS: Operative System. 

• SIG: Bluetooth special interest group. 

• HRS: Heart Rate Service. 

• UI: User Interface  
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1. Introduction 
1.1. Context 
 

Nowadays mobile applications have become one of the most important tools in our society. 

Recently the research community has begun to use these platforms in order to address 

health related issues like physical activity, hydration or even heart related problems through 

sensors embedded into these devices. These advances have been proved to be useful to 

people that practice sports and even teams. However there are just a few applications that 

track the health of a team and practically none of them use external sensors. The objective of 

this work is to create an application that tracks the “health” of a team by retrieving and 

analysing the heart rate of its members, using Bluetooth heart rate monitors that connect 

simultaneously to the same device. 

 

1.2. Previous Concepts 
 

1.2.1. ECG & HRV 
 

Heart Rate Variability (HRV) is often used in clinical research as a good indicator to find 

cardiovascular diseases or diabetes. Recently it has risen as a good index to assess mood 

states or even wellness and fitness. 

 

To measure the HRV, first we need to detect and measure heart activity. There are many 

ways to measure heart activity, for instance through the pulse wave (photopletismography) or 

detecting the electric activity of the heart, also known as electrocardiography (ECG). This 

electric activity can be represented as a wave that shows the performance of the heart, 

represented in Figure 1. This wave can be divided in 3 differentiated sections. The first 

section is the P wave that represents the auricular depolarization, the second one is the QRS 

complex that represents the ventricular depolarization, and finally the T wave that represents 

the ventricular repolarization. 

 

To calculate the HRV indexes first we need to know the time between the peaks of the QRS 

complex within an ECG wave. This measured time is called RR-Interval, and it is also called 

NN-Interval. 
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The HRV is the variation over time of the period between consecutive heart beats and it also 

reflects heart’s ability to adapt to changing circumstances. HRV analysis is also useful to 

assess the overall cardiac health and the state of the autonomic nervous system, responsible 

of regulating cardiac activity1. 

 

There is a large amount of analytical methods used to obtain HRV2 indexes. There are 

statistical methods, methods in the time domain and even in the frequency domain. For 

example, time domain methods can evaluate the mean of the RR-series or even the 

instantaneous heart beat. Statistical methods can evaluate the correlation, standard deviation 

or even the difference between RR-intervals. To finish with, frequency domain can calculate 

the spectral density of these signals. 

 

In this project I work with five different HRV indexes: RMSSD, SDNN, PNN50, SDSD and 

LF/HF. Four of them are statistical methods, and one of them is a frequency domain method. 

Root Mean Square of Successive Differences (RMSSD) is the square root of the mean 

squared differences of successive NN interval; Standard Deviation of the NN intervals 

(SDNN) is the square root of the variance; the proportion of the number of successive NN 

pairs that exceed 50 ms between each other compared to the total amount of NN-intervals is 

called PNN50; Standard Deviation of Successive Differences (SDSD); Low Frequency High 

Frequency ratio (LF/HF) is the proportion between the power in the band of 0.04 to 0.15 Hz 

in comparison with the power in the band 0.15 to 0.4 Hz. 

  

                                                
1 U. Rajendra Acharya, K. Paul Joseph, N. Kannathal, C. M. Lim, and J. S. Suri, “Heart rate variability: a review.,” 
Med. Biol. Eng. Comput., vol. 44, no. 12, pp. 1031–51, Dec. 2006. 
2 T. N. American, “Guidelines Heart rate variability,” pp. 354–381, 1996. 

Figure 1. QRS complex and RR-interval [Source: Bluetooth Heart Rate Service bib: 7] 
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1.2.2. Acquisition System 
 

1.2.2.1. Wearable devices 

Wearable devices have emerged as a trend in 2015. These devices not only serve as 

sensors but also as complements to be worn. There are lots of wearables in the market such 

as watches, wristbands… and all of them contain sensors to track different physiological 

variables. Some of them have special interest for this project because they can track heart 

rate activity. In order acquire these data the sensors can use different methods such as 

photoplethysmography, ballistocardiography or the use of dry electrodes. One commercial 

sensor that uses this last technology is the Polar H6 heart rate activity monitor. 

 

1.2.2.2. Polar H6 

Polar H63 is commercialised by Polar™ and it uses Bluetooth low energy technology in order 

to connect with different mobile devices. This sensor uses dry electrodes build-in into a chest 

strap in order to detect heart bioelectric signals and calculate its RR intervals. 

 

The first step in order to make the Polar H6 work is to insert its battery. Once power is on it 

automatically enters standby mode, in this mode the radio is off and the micro-controller is 

asleep, its only function is to recognise if there is a signal between the two electrodes, or in 

other words if the electrodes are in contact with the skin. When the Polar H6 awakes it 

proceeds with its normal operation. The first thing it does is to turn the radio on and once this 

is accomplished it starts advertising as a peripheral. Once the sensor receives a connection 

request it will stop advertising packets, and after the sensor is connected to a central device 

(mobile phone or tablet) it will send every second the heart beat of the user to the central 

device. The Polar H6 supports the RR measurement, once an RR interval is measured and 

encoded as 1/1024 it is stored in a queue that will be sent once per second. After the strap is 

removed from the user’s chest and a certain amount of time passes without the skin touching 

the electrodes the peripheral will terminate the connection and enter the sleeping mode 

again. 

 

All the specifications for the Polar H6 State machine are represented in the Annex B Figures 

1 and 2. 

                                                
3 Polar Developer Reference. H6 and H7 Heart rate sensors, [Online]. URL: 
<http://developer.polar.com/wiki/H6_and_H7_Heart_rate_sensors>. [13 June 2015]. 
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1.2.3. IOS 
IOS is the Apple’s Operative System for its mobile devices, which includes iPhone, iPad, 

iPod Touch and the new Apple Watch. 

 

IOS is based on the Cocoa Touch API, which provides the framework to create user 

interfaces, hardware communication, multithreading and other OS integrations such as the 

multi-touch interfacing that makes iOS a robust OS for mobile devices. The entire Cocoa 

Touch framework is written in Objective-C, so the programming language to make apps for 

IOS it is also Objective-C. Apple provides a detailed SDK for the developers in order to build 

applications for its OS and a custom IDE called Xcode in order to build them. 

 

1.2.3.1. Xcode 

Xcode is a free IDE created by Apple that allows the Mac users to create apps, either for IOS 

or OS X. This IDE comes with an interactive interface builder called StoryBoards that allows 

the users to easily create custom User Interfaces from scratch, just dragging pre-build UI 

objects (buttons, views…) to the canvas and interfacing these objects to the code by making 

just a graphic connection. 

 
It also comes pre-built with GIT integration, which allows the user to have versions of the 

code and control the changes that are being made, for example: make commits of the code, 

pushing it to a remote repository and even resolve code merging issues in a very intuitive 

way. 

Figure 2. Xcode screenshot 
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Xcode also supports different languages including: Objective-C, Swift, C++, C and even other 

scripting languages such as OpenGL. 

 

1.2.3.2. Cocoa Touch 

Cocoa Touch4 provides all the functionalities to build an IOS app. The Cocoa Touch Layer 

defines the app’s appearance and supports features such as multi-touch, push 

notifications… that handle direct interaction with the user. 

 

In order to build an app it is not enough with the multi-touch capabilities and push 

notifications, the app needs to have a user interface and to build one some elements are 

required. These elements, such as buttons and labels, are controlled and interfaced using 

the UIKit framework. 

 

1.2.3.3. UIKit Framework 

UIKit means User Interface Kit and provides the app its entire infrastructure in order to 

implement a graphical event based application. This framework provides basic management 

and infrastructure for the application including all the multi-thread resources (Main Run 

Loop). This framework also includes user interface management for storyboards, a view 

controller model, support for all the multi-touch and motion based events, and all the base 

services provided by apple such as accessibility support for disabled users. 

 

StoryBoards 

Using Storyboards is the easiest way to create and design a user interface. It provides a 

quick and intuitive tool to define all the application’s flow. In Storyboards you can visualise all 

the application’s views and controllers and it also has the option to make transitions in a 

visual way so you can define from which controller you want to segue to and the one that will 

receive it. 

 

1.2.3.4. Objective-c  

Objective-C5 is a superset of C that provides object-oriented capabilities and a dynamic 

runtime. Although the syntax is different from the original C it has a lot of similarities as it also 

shares all the primitive types such as “int” or “float”. 
                                                
4 Apple Developer Reference. iOS Technology Overview, [Online]. URL: 
<https://developer.apple.com/library/ios/documentation/Miscellaneous/Conceptual/iPhoneOSTechOverview/iPhon
eOSTechnologies/iPhoneOSTechnologies.html#//apple_ref/doc/uid/TP40007898-CH3-SW2>. [13 June 2015]. 
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An example of function could be: 

 
A call example of this method could be: 

 
 

As you can see the first parameter of the call “self” indicates that we are calling this function 

from the same class where the function is defined, then we put the name of the function 

followed by the all the parameters in order to complete the call. All the iOS classes are 

written in Objective-C as the primary language but they can also be written using a mixture 

between C++ and Objective-C. The file extension for an Objective-C class is *.m and for its 

header is *.h. 

 

1.3. Objectives 
 

The main objective of this work is to build an application capable of handling more than one 

BLE connection, acquire its data simultaneously, correct possible errors and finally calculate 

the HRV indexes associated with the data. The application should show to the user all the 

acquired data after the recording has ended. 

 

1.4. Structure of the Memory 
 

This document intends to summarise the steps and parts needed to build from scratch an 

application that uses Bluetooth peripherals. It also explains how to process the data from 

these devices. 

 

This memory focuses on five different essential parts of the application: Bluetooth, Core 

Data, high level interface programming, HRV and finally artefact correction.  

 

                                                                                                                                                   
5 Apple Developer Reference. Programming with Objective-C, [Online]. URL: 
<https://developer.apple.com/library/ios/documentation/Cocoa/Conceptual/ProgrammingWithObjectiveC/Introducti
on/Introduction.html>. [13 June 2015]. 

-(void)thisIsAFunctionWithParameter1:(NSNumber *)first AndParameter2:(NSNumber *)second{ 

[self thisIsAFunctionWithParameter1:@(1) AndParameter2:@(2)]; 
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The first thing I explain in chapter 2 is the different pieces needed in order to understand how 

the BLE works and which are the key components to build an application that uses BLE 

peripherals. In chapter 3 I explain in more detail how I have built the application and how I 

have analysed the data from the different peripherals. In chapter 4 I present the resulting app 

and analyse its performance with more than one peripheral. Finally in chapter 5 I explain the 

conclusions I have reached and the future work to be done.  
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2. App Architecture 
 

In this chapter I present the different parts involved in the application’s architecture. 

 

2.1. Bluetooth 
 

Nowadays Bluetooth Low Energy (BLE) is one of the standards for the peripheral industry 

and can be found in almost every mobile device we commonly use. What makes this kind of 

connectivity so attractive is the fact that it is designed to fulfil two goals: low power and high 

efficiency. Such low power consumption makes this kind of protocol perfect for embedded 

platforms, you can virtually create any type of sensor, attach a BLE chip and within a few 

steps you will have a wireless device able to communicate with every modern smartphone. 

 

2.1.1. Bluetooth 4.0 Architecture 
From a development point of view a BLE device can assume two different roles: Client and 

Server. The client is the one that retrieves data from the server and the server is the one that 

provides data to the client. The same BLE device can assume at any time both roles, for 

example a thermometer can provide information of its temperature (Server) but at the same 

time request the date from the mobile (Client). 

 

From a device point of view there are two different roles: Central and Peripheral. The Central 

takes care of scanning for peripherals and making connections, and the Peripheral 

advertises its services to the air expecting to get a connection request from the Central. After 

the connection is established the Peripheral will send/receive data to/from the Central. 

 

 
 

Central 

Peripheral 

BLE Connection 

Figure 3. Central and Peripherals Graph 
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In order to explain in more detail the Peripheral and the Central first I need to explain what a 

UUID is and what is it used for. 

 

2.1.2. UUID 
UUID means Universal Unique IDentifier and it is a 128-bit (16 bytes) number that is 

guaranteed (or at least with high probability) to be globally unique. Its format, usage and 

generation is specified in the ITU-T6. 

 

BLE defines two additional UUID formats: a 16 bits and 32 bits length UUID. These two 

formats can only be used with UUIDs that are defined by the Bluetooth specification, for 

example the Heart Rate Service. This UUID is specified as 0x180D and it uses 16 bits 

instead of the typical 128 bits. In order to reconstruct the 128 bits UUID from the shortened 

version, the Bluetooth Special Interest Group (SIG) specifies a generic UUID (Bluetooth Base 

UUID) in which it is inserted the shortened version; the 16-bit version must include trailing 

zeros. 

 

The generic UUID is: xxxxxxxx-0000-1000-8000-00805F9B34FB 

One reconstructed UUID could be: 0000180d-0000-1000-8000-00805F9B34FB 

 

These shortened versions are only available if they use the Bluetooth Base UUID, otherwise 

it could be impossible to reconstruct the 128 bit UUID from the 16 or 32 bit version. If this is 

not the case there is also the option to specify a custom 128 bit UUID. 

 

These UUIDs are used to specify different services within the Bluetooth stack and each UUID 

identifies a unique feature. A device has more than one UUID and at least it must have 4 

different ones, one for the device, one for the primary service, one for the identification of the 

characteristic and one for the characteristic itself. 

 

2.1.3. Peripheral 
The peripheral is usually a small device intended for a unique purpose, one good example is 

a heart rate monitor. Its whole purpose is to acquire the cardiac activity of the person wearing 

it and then send these data to a central device such as a mobile phone or a tablet. 

                                                
6 ITU-T. Universally Unique Identifiers (UUIDs), [Online]. URL: <http://www.itu.int/en/ITU-
T/asn1/Pages/UUID/uuids.aspx/>. [13 June 2015]. 
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In order to establish a connection the peripheral needs to let the central know that it is ready 

by transmitting a certain type of data. This function is called Advertisement. 

 

Advertisement packets serve two different purposes: the first is to broadcast data for 

applications that do not need a connection, for example the iBeacon protocol, and the 

second one is to be discoverable by a central device. These packets are sent at a fixed rate 

that ranges from 2 ms to 10.24 s. The majority of BLE peripherals run on batteries, so the 

power consumption is a big constraint. When a peripheral is advertising there is no way of 

knowing if there is a device listening, for this reason there is huge range of advertisement 

timings. An example could be: if more packets are sent over the air, more power is drained 

and because of this the peripheral must choose an advertisement frequency that suits its 

power constraints. 

 

The advertisement packet is composed of the following data: Flags, Local Name, 

Appearance, TX power, service UUID, slave connection, interval range, service solicitation, 

service data and manufacturer specific data.  

 

Without the need of establishing a connection we can know the peripheral’s name in a 

human readable format and we can also know which services are available. Other useful 

data that we can extract from the advertisement packets is the TX power, which can be used 

to know the average distance between the central and the peripheral or to know if the 

peripheral is on range. 

 

Before starting with the explanation of the services and characteristics of a BLE device I 

need to explain the Generic Attribute Profile or GATT. 

 

2.1.4. Generic Attribute Profile: GATT 
The Generic Attribute Profile establishes in detail how to read profiles and user data over 

BLE. In order to exchange data between the peripheral and the central a set of rules must be 

set, otherwise the communication between two devices from different vendors would be 

impossible. These set of rules are the GATT specification. 

 

For simplicity I’m going to explain the GATT specification only for the server. 
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GATT server 

The GATT server is formed by a set of components that have a hierarchy between them. 

These components are: services, characteristics and descriptors. The service can contain 

one or more characteristics or even secondary services, and each characteristic can contain 

a descriptor, one server can have more than one service. 

 

A service is a group of related attributes that conform the data, we can think of a service as a 

modern object oriented class. This class contains different variables (characteristics) that can 

be read or write (set or get) in function of its definition. A service, in the same way as it can 

be done with a class, can be instantiated one or more times within the same GATT server. 

 

A characteristic can be defined as the data’s container. All the data is encoded inside its 

payload and can be read or write to the server. There are three major ways to interact with a 

characteristic: read the characteristic’s value, write to the characteristic and notify the client 

when a change in the characteristic’s data was made. There is also a version of these 

methods with an acknowledgment from the server that helps the client to verify that the data 

is received or sent correctly. 

 

When the client issues a read method the peripheral in return sends the data back to the 

central. When a write method is issued, the peripheral receives the data but its up to the 

client to conform this data in order for the server to parse it correctly, otherwise the server will 

just ignore the packet. Finally for the notify method I’m going to explain in detail the flow 

between the client and the server. First the client must know from the characteristic that the 

notify option is available; if it is available the client must issue a notify method to the server. 

After the request is made the server configures itself to notify data to the client in a regular 

interval of time or when certain conditions met. Then the client needs to create a listener for 

these notifications from the server in order to parse and process them properly when they 

arrive. 

 

If we think again of a characteristic as an object, we can compare them with public variables 

that hold information on the server side and as for any variable we can add comments to 

define which kind of data they hold, this comments are the descriptors. In order for the client 

to be able to parse the data, it must know beforehand how the characteristics inside the 

service are made, for this reason inside each characteristic there is at least one descriptor. 
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The descriptors are used mostly to provide information of the characteristic to the client, this 

information usually is metadata and can contain a wide variety of data, for example human 

readable information like “Heart Rate Of The Chest” or even numeric description of the 

characteristic’s data. 

 

Until now I have defined what a peripheral looks like, but now we need to understand what a 

central is. 

 

2.1.5. Central 
The device that usually takes the role of a central is the one that has more computational 

power. The reason of this is because the Bluetooth protocol is not symmetrical and mobile 

phones, tablets or even computers usually take the central role.  

 

In order to connect to any peripheral the central device should listen to any advertisement 

packet over the air. Once a packet is received its data need to be digested and if the data 

complains with a given set of rules set by the central (the packet contains certain services or 

a certain name), then the central can issue a connection request to that given peripheral.  

 

Because in the real world we have a lots of BLE peripherals surrounding us, the SIG decided 

to implement a way to filter these advertisement packets before processing them, which is 

not just convenient in terms of computational power, but it is also good for the peripheral 

itself. We can filter the peripherals by the primary service they have, for example if I just want 

the heart rate sensors, the central can scan for peripherals but just for the ones whose 

primary service has the UUID 0x180D. This will only return a list of peripherals that complain 

with this given rule. 

 

After the central has scanned the air for peripherals or for peripherals with a given service, it 

is time to connect to them. Once the connection is established the central must scan the 

different services the peripheral has. Yet again there is the possibility to scan just the 

services that have a certain UUID, so instead of giving us the whole list of services it will only 

give us the specified ones. 
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Once we have the available services we can proceed to scan the available characteristics for 

each one of the services we want to use. We can do the same as we did with the services an 

only scan for characteristics with a given UUID. 

 

Finally when we have the characteristics scanned the only thing left to do is read, write, or 

request a notification on each one of the characteristics. If we choose to read a certain 

characteristic the peripheral will send a packet containing all the data of the characteristic, 

and it is up to us to parse these data. In this case the descriptor of the characteristic could be 

helpful in order to know how the data are placed inside the packet and what should we do in 

order to parse its data correctly. In the other hand if the central issues a write method, the 

first thing to do is to conform the data as it is specified in the GATT definition or at the 

descriptor, otherwise the peripheral will certainly discard the packet. If the chosen method 

was notify the system must listen for a new packet from the peripheral, and once a packet is 

received the central can proceed identically as if it came from a read method. 

 

Optionally we can scan for the descriptors of each one of the characteristics, this is optional 

because the descriptors not always contain useful information but it is a good practice to 

scan and parse them for extra data that could help parse its characteristic. 

 

2.1.6. Example of a service: HRS7 
In order to put into an example the concept described above, I’m going to explain in detail the 

Heart Rate Measurement Profile8 and its service. Table 1 and Figure 4 show the different 

characteristics inside the Heart Rate Measurement (HRM) service.  

 

Characteristic Name Requirement Mandatory 
Properties  

Optional 
Properties 

Security 
Permissions 

Heart Rate Measurement M Notify  None 

Heart Rate Measurement Client 
Characteristic Configuration descriptor 

M Read,Write 
 

None 

Body Sensor Location O Read  None 

                                                
7 Bluetooth. Heart Rate Service, [Online]. URL: 
<https://www.bluetooth.org/docman/handlers/downloaddoc.ashx?doc_id=239866>. [13 June 2015]. 
8 Bluetooth Developer Portal. Heart Rate Service, [Online]. URL: 
<https://developer.bluetooth.org/TechnologyOverview/Pages/HRS.aspx>. [13 June 2015]. 
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Characteristic Name Requirement Mandatory 
Properties  

Optional 
Properties 

Security 
Permissions 

Heart Rate Control Point  C.1 Write  None 

Table 1. Heart Rate Service characteristics 

 
This service exposes to the air 3 different characteristics. These characteristics are the heart 

rate measurement, the body location and the heart rate control unit. 

 
 

Heart Rate Measurement (HRM)  

This characteristic is used to send the HRM; it also includes the mean of the Beats Per 

Minute (BPM) and up to 9 values of the RR interval. 

 

This characteristic is mandatory which means it must always be present in the HRS. The way 

it communicates with the central is by notifying its value to the central. The reason of using a 

notification instead of a read is because the RR series has a strong time constraint and if a 

single packet is lost within the RR series the data might not be reliable at all. 

 

Table 2 represents the data’s format that is sent by the HRM characteristic. 

 

Heart Rate Value 
Format Bit 

Sensor Contact 
Status Bits 

Energy Expended 
Status Bit 

RR-Interval bit Not In Use 

1 bit 2 bit 1 bit 1 bit 3 bit 

Table 2. HRM Characteristic Flag byte. 

 
The first bit (bit 0) indicates the format of the HRM. If this bit is 0 then the Heart Rate is coded 

using 8 bits which means we need to use a UINT8 variable in order to parse its data, if this 

Figure 4. Heart Rate Service [Source: Bluetooth Developer 
Portal  bib: 8] 



2
4	  

System of collective monitoring on physical activity based on heart rate variability	  
 

bit is set to 1 the HR is coded using 16 bits and we need to use a UINT16 variable instead. 

The next two bits indicate if the sensor contact feature is supported, they also indicate if the 

skin is in contact with the electrodes. The fourth bit indicates if the energy expended is 

present in the characteristic. The fifth bit indicates if an RR value is present in the 

characteristic and if it is true this bit is set to 1. Any amount of RR-interval (from 1 up to 9) 

values could be present, otherwise the bit must be set to 0. Finally the last 3 bits are 

reserved for future uses and therefore are set to 0. 

 

Table 3 indicates the value fields of the HRM characteristic. 

 

Heart Rate Measurement Value 
Field 

Energy Expended Field RR-Interval Field 

8 or 16 bit depending on the first 
flag bit, the data is represented as 
an uint8 or a uint16 

16 bit field, the maximum value is 
65535 Kilo Jules 

If the 4th bit of the flags is set to 1, 
the amount of RR packets can be 
from 1 to 9. The RR data is 
represented using a uint16. 

Table 3. HRM Characteristic Data Fields. 

 

In typical applications the Heart Rate Measurement Characteristic is notified once every 

second, and typically it includes the Heart Rate Measurement value and the RR interval 

Field. 

 
Heart Rate Measurement Client Characteristic Configuration descriptor 

This is the descriptor of the HRM characteristic and as well as the previous characteristic it 

must be included into the service.  

 
Body Sensor Location 

This characteristic is optional and its sole purpose is to indicate in which position of the body 

the sensor is intended for. Because this characteristic is fixed and its value will never change 

within the life of the product the only way to send this information to the central is by using 

the read method. 

Heart Rate Control Point 

This characteristic has a strong dependency with the Energy Expended Feature (EEF) and 

for this reason it is marked as mandatory if EEF is present and it is excluded otherwise. The 

function of this characteristic is to reset the value of the EEF when it reaches its maximum 

value. 
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2.2. UIKit Framework 
 

2.2.1. View Controller 
The View Controller9 class provides the fundamental view management system for iOS. This 

controller manages all the views and subviews (including other view controllers) in order for 

the app to present a coherent user interface. The view controller responds to any event that 

happened in the managed view, for example it handles all the touch events in the view, which 

includes buttons, swipe gestures and more. The view controller is also responsible of 

handling the transitions between other view controllers to itself and vice versa, these 

transitions are called segues. There are different types of segues and each one of them has 

different properties, but a thing they have in common is that all segues must be handled 

properly and in order to do so a special method is called each time a segue event is 

triggered. This method is:  

 
This method must ensure that the next view controller has all the data it needs to load 

properly. 

 

There are some states to take into consideration when a view controller is loading, this states 

are: viewWillAppear, viewWillDisappear, viewDidAppear and viewDidDisappear.  

                                                
9 Apple Developer Reference. UIViewController Class Reference, [Online]. URL: 
<https://developer.apple.com/library/ios/documentation/UIKit/Reference/UIViewController_Class/index.html#//appl
e_ref/occ/cl/UIViewController>. [13 June 2015]. 

-(void)prepareForSegue:(UIStoryboardSegue *)segue sender:(id)sender{ 
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Figure 5 shows a diagram of the relationship between each one of the states inside the View 

Controller. Although these states are useful in order to trigger events when the view is 

loading or unloading, there is one more state to take into account. This state is especially 

important because once the view is instantiated this will be the first method to be called, this 

method is: viewDidLoad. In this method is where all the variables and classes should be 

initialised and instantiated. Inside this method is also where the different UI objects must be 

populated or even created from scratch. 

 

These are the basic functionalities of the view controller, which is the core for all the following 

controller types and it serves as the foundation for the other controllers. 

 

2.2.2. TabBar Controller 
The Tab Bar Controller handles the different view controllers that are linked to it. All the view 

controllers appear as an icon at the bottom bar and once one icon is selected, the view 

controller is displayed on the screen. 

 

2.2.3. Navigation Controller 
The Navigation Controller10 is the controller that handles all the navigation of the other view 

controllers. This controller is the first controller in the stack and it acts as a base controller, or 

in other words as an entry point. All the view controllers added after the navigation controller 

is instantiated will be added to the navigation stack, so each time the applications makes a 
                                                
10 Apple Developer Reference. UINavigationController Class Reference, [Online]. URL: 
<https://developer.apple.com/library/ios/documentation/UIKit/Reference/UINavigationController_Class/index.html#
//apple_ref/occ/cl/UINavigationController>. [13 June 2015]. 

Figure 5. View Controller State diagram 
[Source: UIViewController Reference bib: 9] 
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push segue (a push to the navigation stack) a new controller is added to the stack. After its 

dismissal a pop segue will take place (a pop of the view controller from the navigation stack), 

and the previous view controller will take its place. 

 
As you can see in Figure 6 the first controller is the navigation controller, then a push takes 

place and the first view controller is buried into the stack while the new one is presented to 

the user. Once the user dismisses a view controller, it pops from the stack and the previous 

one reaches out, and after its dismissal the initial controller appears. In order to make a push 

segue from the storyboards the app must call the following method: 

 
And after this call is done the segue’s delegate will be called, one example of a full method 

could be: 

 
If the application is not based on storyboards we can also perform a push segue by 

executing the following code: 

 
First we need to make an instance of the next view controller, once we have the instance 

created we need to populate the view controller with all the parameters it needs to display 

correctly, once we have done that the only thing left to do is make the push call.  

Figure 6. Push segue flow. [Source: UINavigationController Reference bib: 10] 

[self performSegueWithIdentifier:@"ToViewController" sender:self]; 

- (void)prepareForSegue:(UIStoryboardSegue *)segue sender:(id)sender 
 { 
     if([segue.identifier isEqualToString:@"ToViewController"]){ 
          [segue.destinationViewController setIdUser:self.idUser]; 
     } 
 } 

ThirdViewController *third = [[ThirdViewController alloc] init]; 
[self.navigationController pushViewController:third animated:YES]; 
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There are other particular things about the navigation controllers, one of those is the 

navigation bar, or more specifically the navigation bar items. From all the bar items there are 

two of them that are especially interesting for this work, these items are: the back button and 

the title. 

 

The function of the back button is to make reference to the previous controller. When the 

user presses the back button, a pop segue is immediately executed and the previous 

controller appears. If the application is a storyboard-based application then the back button 

shows the name of the previous view controller. The title field is also interesting because it 

displays automatically the name of the actual view controller.  

 

In order to pop a view controller from the stack programmatically, the function that needs to 

be called is the following: 

  

There is also the option to pop all the view controllers and present the root view controller all 

in the same segue, the method that needs to be called is the following: 

 
 

2.2.4. Split View Controller 
The Split View Controller11 class acts as a container for two view controllers, one is the 

master and the other is the detail. The two of them can be arranged in multiple ways, for this 

application the arrangement is side by side. The master view controller is typically the 

controller at the left and it is usually the one that contains all the data, it is also typical for this 

controller to be a table view controller. In the other hand the detail view controller is the view 

responsible to show the detailed information of the selected item in the master view, because 

of that the master is the one that has all the information available, while the detail has more 

specific information about one of the master’s data. 

 

                                                
11 Apple Developer Reference. UISplitViewController Class Reference, [Online]. URL: 
<https://developer.apple.com/library/ios/documentation/UIKit/Reference/UISplitViewController_class/index.html#//
apple_ref/occ/cl/UISplitViewController>. [13 June 2015]. 

[self.navigationController popViewControllerAnimated:YES]; 

[self.navigationController popToRootViewControllerAnimated:YES]; 
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2.2.5. Table View Controller 
The Table View Controller12 is a type of controller that allows the developers to create tables 

in an easy way. The table view is composed essentially of cells, rows and sections. A row 

contains a Cell and each section can contain multiple rows. Finally a table can contain 

multiple sections. 

The row (and the cell that it contains) is the most basic element of a 

table view. This row or cell can contain various items but the default 

configuration of a cell is usually just a UILabel. The user can select 

each row individually; once it is selected it will trigger a method in 

order to handle this event. Multiple rows can also be selected at 

once if the option is enabled, and once is deselected it will trigger 

another method to handle and update the appropriate variables. 

Handling correctly these methods is mandatory, because if there are 

multiple rows selected at once and then one is deselected, the app 

must update the data source in order to maintain its structure.  

 

In order to populate a table there are a certain delegates inside the controller that will be 

called, this delegates are mandatory so if one of those is not the specified in the controller or 

it is malformed the app will certainly crash. 

 

The first delegate is: 

 
This delegate is the first to be called and it controls the number of sections that the table will 

have. The second delegate to be called is: 

 
This delegate controls the number of rows for each one of the sections. It will be executed N 

times where N is the number of sections that the table has, in the previous example N would 
                                                
12 Apple Developer Reference. UITableViewController Class Reference, [Online]. URL: 
<https://developer.apple.com/library/ios/documentation/UIKit/Reference/UITableViewController_Class/index.html#
//apple_ref/occ/cl/UITableViewController>. [13 June 2015]. 

- (NSInteger)numberOfSectionsInTableView:(UITableView *)tableView { 
    // Return the number of sections. 
    return 1; 
} 

- (NSInteger)tableView:(UITableView *)tableView numberOfRowsInSection:(NSInteger)section { 
    // Return the number of rows in the section. 
    return [self.devices count]; 
} 

Figure 7. Table View. 
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be 1. The third and final delegate is the one that is going to put the data inside each one of 

the rows and cells, this delegate is called NxM times being N the number of sections in the 

table and M the number of rows for each section. Taking into account the previous code N 

would be 1 and M would be the number of devices in the system, if this number is 4 this 

method would be called 4 times. 

  

Inside this last method there are some properties that need to be fulfilled. The first thing to do 

is to locate the desired cell from the table view, if there are no cells available we can always 

instantiate a new one and assign to it a reusable identifier that will be used in the future calls 

in order to populate the table. Once this is done we can access the cell’s properties such as 

the UILabel and assign data to each one of those. 

 

2.3. Other Frameworks 
 

2.3.1. Core Bluetooth 
The Core Bluetooth framework13 is the one that provides the tools 

and classes required to make a connection between an IOS device 

and a device equipped with BLE. 

 

The Core Bluetooth abstracts most of the low-level functions 

making it much easier to implement applications that use this type 

of connectivity. There are two types of roles that the core Bluetooth 

                                                
13 Apple Developer Reference. Core Bluetooth Programming Guide, [Online]. URL: 
<https://developer.apple.com/library/ios/documentation/NetworkingInternetWeb/Conceptual/CoreBluetooth_conce
pts/AboutCoreBluetooth/Introduction.html>. [13 June 2015]. 

- (UITableViewCell *)tableView:(UITableView *)tableView cellForRowAtIndexPath:(NSIndexPath *)indexPath { 
    //if the cell is already defined in the Storyboards, we can dequeue the cell. 
    UITableViewCell *cell = [tableView dequeueReusableCellWithIdentifier:@"Cell" forIndexPath:indexPath]; 
     
    // Configure the cell... 
    cell.textLabel.text = [self.devices objectAtIndex:indexPath.row]; 
    if([_peripheralsConnected indexOfObject:[self.devices objectAtIndex:indexPath.row]]!= NSNotFound){ 
        cell.textLabel.textColor = [UIColor colorWithRed:0.3 green:1 blue:0.3 alpha:1]; 
    }else{ 
        cell.textLabel.textColor = [UIColor colorWithRed:1 green:0 blue:0 alpha:1]; 
    } 
     
    [cell.textLabel setFont:[UIFont fontWithName:[UIFont fontNamesForFamilyName:@"avenir"][3] size:20]]; 
    cell.textLabel.textAlignment = NSTextAlignmentCenter; 
    return cell; 
} 

Figure 8. BLE stack. 
[Source Core Bluetooth 
Reference bib: 13] 
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can assume: the central manager and the peripheral manager. The central manager is 

responsible of scanning, connecting and read/write/notify the different peripherals. On the 

other hand the peripheral manager is the one that acts as a peripheral and it can send data 

to an another central manager. 

 

Because in this project I have only used the IOS device as a central I’m just going to explain 

the Core Bluetooth acting as a central. 

 

The class that corresponds to the Core Bluetooth acting as a central is called 

CBCentralManager. This class can issue a peripheral scan, a connection request and it 

controls all the functions related to the central. The scan function can be focused only to find 

peripherals that contain a specific service or to any peripheral that is advertising in the 

vicinity. Once the central manager has found a peripheral it can issue a connection request 

to it.  

 

The peripheral’s class is called CBPeripheral and contains all the methods in order to scan 

and read the services and characteristics to read all the values associated with them. Once a 

connection is established the class can issue a request to scan for services in a peripheral, 

the service’s object is called CBServices and has the properties to scan for characteristics. 

Once we have the service we 

can issue a scan request for 

characteristics. The class for 

the characteristics is called 

CBCharacteristic. After we 

have all the services and 

characteristics located the 

application can read, write or 

notify to them. 

 

Figure 9. Central and Peripheral. [Source: CoreBluetooth Reference 
bib:13] 
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2.3.2. Core Data 
The Core Data framework14 allows the app to save data into a persistent storage in an object 

oriented way, internally it uses a relational database but externally it acts as an object-graph 

model. Core Data allows the developers to save data in an easy way without worrying about 

the different relations of a normal SQL database. 

 

Figure 10 shows the Core Data internal structure and as 

we can see there are 4 layers: the bottom layer is the 

persistent storage which means the file system; the 

second bottom layer is the persistent object store, 

responsible of handling all the objects that will be saved 

into the persistent store and it also handles the structure 

of the files involved; the third layer is the persistent store 

coordinator, this layer handles different persistent 

objects and is responsible of the behaviour of the 

persistent store; finally the top layer is the managed 

object context, this layer is the only one that the 

developer has access to and this is because this layer converts all the metadata and data 

from the bottom layers into objects, which means that the developer can access all the 

database’s data without knowing which persistent storage is being used. 

 

2.3.3. NSNotificationCenter 
Although the NSNotificationCenter15 is not a framework by itself I have the need to explain it 

here. The NSNotificationCenter provides a mechanism to broadcast information within an 

application, this Class allows the NSNotification object to register observers in order to 

receive notifications and the following method shows how to do it. 

 
Once a notification is registered to the class, any class within the application can send a 

notification to this method using the following code: 

                                                
14 Apple Developer Reference. Core Data Programming Guide, [Online]. URL: 
<https://developer.apple.com/library/mac/documentation/Cocoa/Conceptual/CoreData/cdProgrammingGuide.html
>. [13 June 2015]. 
15 Apple Developer Reference. NSNotificationCenter Class Reference, [Online]. URL: 
<https://developer.apple.com/library/mac/documentation/Cocoa/Reference/Foundation/Classes/NSNotificationCe
nter_Class/>. [13 June 2015]. 

[[NSNotificationCenter defaultCenter] addObserver:self selector:@selector(updateNewPeripheralsConnected:) 
name:@"updateNewPeripheralsConnected" object:nil]; 

Figure 10. Core Data stack. [Source: 
Core Data Reference bib:14] 
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Once this code is executed if there is an observer in the whole application with the same 

identifier, the target of the observer will be executed. One particular thing about the 

NSNotificationCenter is that the target code is not executed in the target class, instead it is 

executed in the class that made the post of the notification; in other words the target method 

is executed as if it was invoked after the post method, in the same method of the same class 

and in the same execution thread. 

 

Other property of the NSNotificationCenter is that not only allows the application to execute 

code of a foreign class without the need to instantiate it, but it also allows the application to 

pass information between two classes without the need of sharing any instance or any 

property. This is useful when the application has a multithread architecture, for example if 

you want to pass information from the main thread to a secondary thread, in a classic 

architecture you would need a monitor or at least a mutex in order to pass information in an 

atomic way, but using the NSNotificationCenter, because the target methods are executed as 

if they were part of the class that posts the method and also part of the class’s thread of 

execution, the operation will be always atomic. The result is that there is no need to maintain 

any relationship between the execution threads. 

  

[[NSNotificationCenter defaultCenter] postNotificationName:@"updateNewPeripheralsConnected" object:data]; 
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3. App Development 
In this chapter I explain in more detail how to build the app using the concepts explained in 

chapter 2. 

 

3.1. Interface Programming 
 

Here I describe the elements that I used in order to create the entire user interface of the 

application, but instead of detailing all the programming behind the view controllers I am 

going to explain all the parts involved in each one of the views. 

 

In order to populate each one of the controllers with the desired parameters I have used 

three methods. The first one consists on passing data back and forth during segue 

transitions using the predefined segue methods, the second method is to access to the data 

directly from CoreData and the third method is using the NSNotificationCenter. This last 

method is the one that I used to make the real time communication between the Bluetooth 

class and the different view controllers. I also used this method to update each one of the 

atomic variables that the different views use along the life cycle of the app. 

 

3.1.1. TabBar 
In this application the TabBar is the entry point, from which the user has access to the four 

principal views of the application in an easy and quick way. From left to right we can see the 

four views: New Session, Team, All Players and Settings. 

 
New Session: This is the view that allows the user to begin a new cardio session with the 

desired team; it is also the first view that appears when the application is launched. 

Team: This view allows the user to manage all the teams, add or detach players from the 

team and review each one of the sessions that have been recorded. 

All Players: This view allows the user to manage all the players’ information. 

Settings: This view contains the basic settings of the app that need to be handled 

independently. 

Figure 11. FitLabTeam’s TabBar 
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3.1.2. New Session 
This view is the first one to appear when the application has finished launching. It is the view 

that holds user’s interaction most of the time.  

 

The first section is a Navigation View Controller that contains three view controllers inside its 

stack. The first view allows the user to select which team will perform the cardiac session, 

the second view in the stack allows the user to select which players will participate in the 

session, and finally the third view is the session itself where the user can see real time 

cardiac information of each user as well as the length of the session. 

 

All the screenshots of this part are in the Annex C, Figures Nº 3,4,5,6,7. 

 

Select Team 

In this view the user must select a team in order to proceed with the session. In order to do 

so the user must press the central button, once the button is pressed a popover with a Table 

View will appear on top of the button containing all the teams available in the system. Once 

the user has selected a team from the table a push segue will take place and it will present 

the Select Players view. 

 

Select Players 

Two different controllers compose this view, the top one is the main view controller and it 

contains the start session button. The second view controller is placed inside a container and 

it displays all the players that are in the team. In order to show them I have created a 

template that will be populated by the player’s data and it can be replicated as many times as 

it is needed. This template is made with a custom instance of a UIView that contains the 

following parts: photo (UIImageView), name (UILabel), surname (UILabel), the player’s id 

number (UILabel), the peripheral id (UILabel) and a button (UIButton) that indicates the 

status of the bluetooth peripheral. This view also contains 

a UIButton that has the width and height of the whole 

view, once a touch event occurs it checks if a peripheral is 

connected for the selected player, if this is the case it adds 

the player to a NSArray instance that controls the selected 

players. Figure 12. Select Players. 
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Once there are one or more selected players in the secondary view controller, the start 

button is enabled so the user can start the session whenever he wants. After the button is 

pressed a push segue will take place to the next controller. 

 

Start Session 

The start session view controller has the same architecture as the previous controller. This 

view controller consists of a principal view that contains a start button, a stop button and a 

timer (UILabel). The secondary controller is embedded inside a container like the previous 

one and it displays all the players involved in the session. I 

also made a template in order to display all the player’s real 

time information and as the previous one it is also a custom 

instance of the UIView class that it can be instantiated as 

many times as it is needed. This template has the following 

parts: photo (UIImageView), name (UILabel), surname 

(UILabel), the player’s id number (UILabel) and finally the 

peripheral id (UILabel). This template is designed to show information in real time so it 

contains: one label that will display the HRM of the player, a UIImageView that will change in 

function of the battery level and finally another UIImageView that changes in function of the 

skin contact flag. 

 

3.1.3. Team 
The team view is based on the SplitView controller and because of this it has two controllers 

one alongside each other. The controller at the left is the master controller and is the one that 

contains all the items inside a table, the controller at the right is the detail controller and 

displays the detailed information of the item selected at the left. In order to establish 

communication between this two controllers I have shared the instance of the detail view to 

the master; each time a row is selected in the master controller the new information can be 

displayed in the detail view. 

 

All the screenshots of this part are in the Annex C, Figures Nº 8,9,10,11,12,13,14. 

 

Master View 

The master view is based on a TableView controller and its main function is to display all the 

available teams. Each row has a custom UICellView in order to display the name of the team 

and the amount of sessions that each team has. Once a row is selected the delegate 

Figure 13. Session Player. 
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updates the detail view with the selected team’s information. There is also the option to erase 

the team from the database, to do it I used the build in Delete option of the TableView class; 

if the user swipes to the left the desired row a delete button will appear, then the user can 

press the delete button and the team will be automatically removed from the database. There 

is also a + button on top of the detail view, which allows the user to add a team to the list by 

entering certain parameters. Each time this button is pressed it triggers an event in the detail 

view that allows the user to create a new team from scratch. 

 

Detail View 

There are two parts that compose the detail view. The top one is the one that shows the 

team’s information: 

Photo: the user can take a photo from the camera or it can select a photo from the system 

photo booth. The photo is optional. 

Name: the team’s name, this field is mandatory. 

 

The bottom one contains the information of all the players in the team. On top of this 

container there are two buttons: + Add Player and - Detach Player. This two buttons are the 

ones that handle the actions to add and delete players from the team. Once the add button is 

touched a popover will appear, which has a table containing all the players that are not 

already in a team and that are suitable to be added to the current team. Once the user has 

selected a player from this popover it will automatically add the player to the team. The 

delete button once pressed launches a popover that contains all the players inside the team; 

if a player is selected then it will be automatically removed from the team. 

 

In this container I have placed a TableViewController and as I did in the master controller, 

each one of the rows contains a custom instance of the UICellView. This instance has the 

following elements: the player’s photo, the player’s id number, the player’s name and 

surname, and finally the peripheral id and a button that gives the user the option to assign a 

peripheral to each one of the players. 

 

Once the team has at least one session the review session button will appear. Once it is 

pressed a popover will appear with all the sessions for that team organised inside a table. 

Once a session is selected a modal segue will be triggered taking the user to the review 

session view. 
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Review Session 

This view contains the summary of the session selected by the player. It is composed by two 

differentiate sections. The first one contains the team’s information (photo and name) and the 

session settings, and it also includes the option of sending the session to a server (this 

function is currently unavailable) or deleting the session from the database. 

 

In the second section we can find each one of the players involved in the session and their 

HRM graph. Each one of the players has a different colour around its photo, the same of its 

HRM graph. If the user wants to see in more detail a specific player it only has to touch the 

photo of the desired player and then a modal segue will take place. 

 

Review Player 

This view is identical to the previous one, the difference is that it refers only to one player and 

it also includes its HRV indexes. 

 

3.1.4. All Players 
All Players view is based on the SplitView controller, which means that there are two 

controllers alongside each other, one is the master view and the other is the detail view. All 

the screenshots of this part are in the Annex C, Figures Nº 15,16. 

 

Master View 

The master view contains all the players available in the database and it displays them using 

a table view. The view has two buttons at the top: the first one allows the user to sort the 

table in function of the teams, showing to the user which players are in which team or even if 

they are not in any team; the other button allows the user to create a new player. 

 

If the user wants to delete a player from the system the only thing that needs to do is to 

swipe a row to the left, then the delete button will appear and once it is pressed the user will 

be deleted from the system. 

 

Detail View 

This view shows the player’s data that are selected in the master view, the displayed data 

are:  
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Photo: the user can take a photo from the camera or it can select a photo from the system’s 

photo booth. The photo is an optional field. 

Name and Surname: the player’s name and surname, this two fields are mandatory which 

means that they must be set even if the user has none of them. 

Number: this field is the player’s identifier number. It can also be a number to associate a 

player with a peripheral. This field is also mandatory. 

Username and Password: this two fields are used in case the player is registered in the 

server, in which case the player status and data will be synced. The password field is only 

showed when the user is editing the player’s data or is creating a new player. 

 

3.1.5. Settings 
This view contains four buttons and each one of them represents a different setting: 

Bluetooth, duration, settings and login. Each one of them triggers a popover that will show 

the different setting’s view. All the screenshots of this part are in the Annex C, Figures Nº 17, 

18, 19, 20. 

 

Bluetooth 

This view contains a table of all the new scanned peripherals and the ones that are already 

registered in the system. The peripherals that are green represent the ones that are already 

sending data to the system, while the ones in red are not connected. 

 

Duration 

In this view the user can select different lengths for the session using a picker, in a range 

from 1 minute to a continuous session. 

 

Settings 

This view shows four lines of buttons, each one representing a different setting. The user 

must select one item of each line. Once the user has selected the settings it only needs to 

save them in order to dismiss the popover. 

 

Login 

This view is reserved to a future implementation, it allows the user to log in into a server and 

retrieve all the teams and players in the user’s account. 
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3.2. Core Data Programming 
 

3.2.1. Managed Object Model 
The managed object model16 17 is the schema that core data uses to create and maintain the 

data in a structured way. This model is compiled into a file at runtime and it is executed by 

core data to make the pertinent objects and classes. 

 

Entities 

An entity is the top layer of the core data model, it can be seen as a class or in other words it 

represents the name of a certain table. Entities are used to identify the different Core Data 

tables. Each one of the entities can contain one or more attributes. 

 

Attributes 

An attribute is the equivalent to a column in a standard relational database or to an object of 

a class. Attributes identify the kind of data that will be inserted into the column.  

 

Relationships 

The relationships are the relations between entities. There are three types of relations, the 

one to one relationship that links one entity to another, the one to many relationship that 

identifies multiple entities to one or, in other words, that creates an array of entities that are 

dependant of just one entity, and finally the many to many relationship that although it exists 

it is not commonly used. With this kind of relationship the developer cannot know for sure 

which entity is the one that controls the others, so there is no way to know the effective 

relationship between the entities. 

 

Map of the model 

The map of the model is the graph where the entities, attributes and relationships are 

defined.  

 

                                                
16 Apple Developer Reference. Core Data Programming Guide: Managed Object Models, [Online]. URL: 
<https://developer.apple.com/library/mac/documentation/Cocoa/Conceptual/CoreData/Articles/cdMOM.html#//appl
e_ref/doc/uid/TP40002328-SW1>. [13 June 2015]. 
17 Apple Developer Reference. Core Data Programming Guide: Using a Managed Object Model, [Online]. URL: 
<https://developer.apple.com/library/mac/documentation/Cocoa/Conceptual/CoreData/Articles/cdUsingMOM.html
#//apple_ref/doc/uid/TP40005190-SW1>. [13 June 2015]. 
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Data Model 

A data model is a deployment resource. When the developer specifies all the entities, 

attributes and relationships in the model graph, this graph does not only contain information 

about its objects but it also contains information about the layout, colours, etc. This kind of 

information is not needed at runtime and for this reason this model needs to be compiled into 

useful information in order to make it as efficient as possible. 

 

This model is compiled using a model compiler called “momc”. This compiler transforms the 

*.xcdatamodeld into a *.mom file. After the compilation is done it moves the archive to the 

momd directory where it will be used later on by the core data framework. 

 

Initialise the Managed Object Model 

In order to initialise the managed object model, the first thing that we need to do is to create a 

static object called managedObjectModel, which must be instantiated only once in the whole 

application cycle and for this reason this object must be declared as static. 

 
Once we have the object we need to define a singleton in order to instantiate it only one time. 

A singleton is a type of method that verifies if the object is already instantiated or not, in the 

first case the singleton is the one that will instantiate the object, save the instance into the 

static variable and return the newly created instance. If the object is already instantiated it 

returns the current instance. 

 

In the code below we can see the singleton declaration, if the variable is not equal to nil it 

returns the value of the object, otherwise if the object is nil it needs to create a new instance 

of the object. 

 

static NSManagedObjectModel *managedObjectModel; 

+ (NSManagedObjectModel *)managedObjectModel 
{ 
    if (managedObjectModel != nil) { 
        return managedObjectModel; 
    } 
    NSURL *modelURL = [[NSBundle mainBundle] URLForResource:@"FitLabTeamData" 
withExtension:@"momd"]; 
    managedObjectModel = [[NSManagedObjectModel alloc] initWithContentsOfURL:modelURL]; 
    return managedObjectModel; 
} 
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The first thing to do in order to instantiate correctly the managedObjectModel is to locate the 

FitLabTeamData.momd file in the momd directory, once this is done we can instantiate the 

managedObjectModel with this file. 

 

3.2.2. Persistent Storage 
The persistent storage18 as it is said in the previous chapter is the long-term storage of the 

app. Persistent storage means to save the data into a file or into a series of files in order to 

maintain the data and retrieve it later on. 

 

Types of persistent storage 

Core Data defines three basic types of persistent storage for iOS: binary, in memory and 

SQLite. 

 Speed Security Object Graph 

Binary Fast No Reliable Whole 

In Memory Fast No Reliable Whole 

SQLite Fast Reliable Partial 

Table 4. Types of Persistent Storage. 

 

The binary persistent storage is completely opaque to the developer, the reason of that is 

because the file is (as the name says) in binary, so the developer has no access to the data 

without the Core Data framework. In the other hand this type of persistent storage is fast 

compared to SQLite but it is also the most insecure of the three. The reason of this is 

because if the file is damaged it has no means to know where it has failed. Finally this format 

in order to work properly it needs to upload the whole graph object to the memory, which 

implies that if the graph is huge it certainly will induce some memory pressure. The next 

format although it is called a persistent storage it is not.  

 

The in memory storage allows to save the data while the application is running, but once the 

application quits or the device shuts down all the data are lost. This storage is the fastest of 

the three presented because all the data are already in-memory, which means the 

application doesn’t need to access any file in order to retrieve the data. In the other hand this 

                                                
18 Apple Developer Reference. Core Data Programming Guide: Persistent Store Features, [Online]. URL: 
<https://developer.apple.com/library/mac/documentation/Cocoa/Conceptual/CoreData/Articles/cdPersistentStores.
html#//apple_ref/doc/uid/TP40002875-SW1>. [13 June 2015]. 
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causes the application to have a significant memory pressure if there is a large amount of 

data into the storage.  

 

The final persistent storage is SQLite. This storage as the name already indicates is an 

open-source SQL based database. This database is fast but not as fast as the other two, 

however it is the most reliable of the three available. Another characteristic is that it doesn’t 

need the whole object graph loaded in memory, it only loads the necessary information in 

order to execute all the fetch request and sorting options, once the data is used core data 

automatically erases these data from the memory. SQLite is the persistent storage I have 

used for the application. 

 

Initialise a Persistent Storage 

In order to initialise the persistent storage correctly only one instance of this object must exist 

in the whole application, otherwise the next methods will not perform in the expected 

behaviour and it will affect the overall system. 

 
In order to just instantiate one object we need to define a static persistentStoreCoordinator, 

once we have defined this variable we can proceed to instantiate it. The way to do it is 

creating a singleton. 

 

static NSPersistentStoreCoordinator *persistentStoreCoordinator; 

+ (NSPersistentStoreCoordinator *)persistentStoreCoordinator 
{ 
    if (persistentStoreCoordinator != nil) { 
        return persistentStoreCoordinator; 
    } 
     
    NSURL *storeURL = [[self applicationDocumentsDirectory] 
URLByAppendingPathComponent:@"FitLabTeam.sqlite"]; 
     
    NSError *error = nil; 
 
   NSPersistentStoreCoordinator *perStoreCoord = [[NSPersistentStoreCoordinator alloc] 
initWithManagedObjectModel:[self managedObjectModel]]; 
    persistentStoreCoordinator = perStoreCoord; 
    if (![persistentStoreCoordinator addPersistentStoreWithType:NSSQLiteStoreType configuration:nil 
URL:storeURL options:nil error:&error]) { 
        NSLog(@"Unresolved error %@, %@", error, [error userInfo]); 
        abort(); 
    } 
     
    return persistentStoreCoordinator; 
} 
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In order to create this instance a certain steps must be taken into account. The first thing to 

do is open the file (or create it in case that it does not exist) in which the database will be 

saved. This file, in the SQLite case, can have any type of extension but the recommended 

ones are *.sqlite or *.db. After the file is open then we can create the instance of the 

persistentStoreCoordinator; to do that we need the managedObjectModel instance that we 

have already created. When this is done we can assign this instance to the static variable 

that we have defined earlier in this work. Once the object is instantiated the last step is to 

assign the database we have created to it. To do so we need to select the type of database 

we want, the configuration of this database and finally the path to the desired file. When this 

is done the only thing left to do is return the static instance of the persistentStoreCoordinator. 

 

3.2.3. Managed Object Context 
The last step to get a Core Data storage is create the Managed Object Context19 that will 

control all the events of core data: the managed objects and the persistent storage. This 

object is the top layer of the core data stack. 

 

Initialise the Managed Object Context 

In order to instantiate the managedObjectContext as we did in the other two cases we need 

to declare a static variable. 

 
Once the variable is declared we can proceed to instantiate the object. We need to do it as 

we did in the previous cases by creating a singleton. 

 

                                                
19 Apple Developer Reference. Core Data Core Competencies: Managed object context, [Online]. URL: 
<https://developer.apple.com/library/ios/documentation/DataManagement/Devpedia-
CoreData/managedObjectContext.html>. [13 June 2015]. 

static NSManagedObjectContext *managedObjectContext; 

+ (NSManagedObjectContext *)managedObjectContext 
{ 
    if (managedObjectContext != nil) { 
        return managedObjectContext; 
    } 
     
    NSPersistentStoreCoordinator *coordinator = [self persistentStoreCoordinator]; 
    if (coordinator != nil) { 
        managedObjectContext = [[NSManagedObjectContext alloc] init]; 
        [managedObjectContext setPersistentStoreCoordinator:coordinator]; 
    } 
    return managedObjectContext; 
} 
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In order to create the instance of the managedObjectContext first we need an instance of the 

persistentStoreCoordinator. Once we have this object the next step is to instantiate the 

managedObjectContext and add to it the persistentStorageCoordinator. Once this is done we 

can return the new created instance. 

 

Save the Managed Object Context 

After we have instantiated all the variables the last method we need to implement is the save 

method. This method is the one that will save the data to the persistent storage and it must 

be called each time a modification is made to the managed objects. 

 
The first thing this method does is to check if the managedObjectContext instance is not nil, 

once the verification is done it checks if there are any changes to the managed objects. If this 

is true it tries to save the objects to the persistent storage. 

3.2.4. Fetching Managed Objects 
In order to fetch20 a managed object first we need to identify which entity we want to fetch, 

then we need to make a fetch request according to our needs. 

 
In order to define which entity we want to use we need to define the NSEntityDescription 

object. To do so we need to identify the entity by its name, and then determine the 

managedObjectContext in which the entity lives. After the entity is set up we can proceed to 

make the predicate. 

 

                                                
20 Apple Developer Reference. Core Data Programming Guide: Fetching Managed Objects, [Online]. URL: 
<https://developer.apple.com/library/mac/documentation/Cocoa/Conceptual/CoreData/Articles/cdFetching.html#//
apple_ref/doc/uid/TP40002484-SW1>. [13 June 2015]. 

+ (void)saveContext 
{ 
    NSError *error = nil; 
    if (managedObjectContext != nil) { 
        if ([managedObjectContext hasChanges] && ![managedObjectContext save:&error]) { 
            NSLog(@"Unresolved error %@, %@", error, [error userInfo]); 
            abort(); 
        } 
    } 
} 

NSEntityDescription *entityDesc = [NSEntityDescription entityForName:@"Prova" 
inManagedObjectContext:[CoreDataConnector managedObjectContext]]; 
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Predicates 

The predicate is the object responsible of handling all the comparisons, or in other words, the 

WHERE statement for the SQL sentence. 

  

The above piece of code is the creation of a predicate, in this predicate it is being compared 

the jugador.idUser and timeProva to an ID and a session. Both the ID and session are 

variables so the predicate is going to fetch only the data from the specified entity that 

complies with these two conditions. 

 

Fetch request 

In order to construct the fetch request after we have set the predicate and the entity, we need 

to associate those to the request. Once the request is done we need to execute it. In order to 

do so we need to call the managedObjectContext again, but this time we need to add the 

fetch request that we have constructed. 

 
This method will return an array of objects containing the entity’s type that complain with the 

specified predicate. Once we have these objects we need to know how many of them are in 

the array, then we can proceed to assign one object at a time to an object of the entity’s type. 

After we have the entity’s object we have access to its attributes. 

 

The following code shows a whole fetch request: 

[NSPredicate predicateWithFormat:@"jugador.idUser == %@ AND timeProva == %@",ID,session]; 

[[[CoreDataConnector managedObjectContext] executeFetchRequest:fetch error:&error] mutableCopy]; 



System of collective monitoring on physical activity based on heart rate variability	   4
7	   

 

 
As we can see in the above method, first I fetch all the data that complain with a certain ID 

and session. Once I have the session entity I can add data to it (HRV data) and finally save 

the context to the persistent store. 

 

3.2.5. Model Used in the Application 
In the next part I am going to indicate all the entities and attributes I have used for this 

application. 

 

+(BOOL)saveHRVForIdUser:(NSNumber *)ID AndSesion:(NSDate *)session 
WithData:(NSDictionary *)data{ 
     
    NSEntityDescription *entityDesc = [NSEntityDescription entityForName:@"Prova" 
inManagedObjectContext:[CoreDataConnector managedObjectContext]]; 
    NSFetchRequest *fetch = [[NSFetchRequest alloc] init]; 
    [fetch setEntity:entityDesc]; 
    NSArray *matches; 
    NSError *error = nil; 
    fetch.predicate = [NSPredicate predicateWithFormat:@"jugador.idUser == %@ AND 
timeProva == %@",ID,session]; 
    matches = [[[CoreDataConnector managedObjectContext] executeFetchRequest:fetch 
error:&error] mutableCopy]; 
    Prova *sess = nil; 
    if([matches count]>0){ 
        sess = matches[0]; 
        HRV *hrv = [NSEntityDescription insertNewObjectForEntityForName:@"Hrv" 
inManagedObjectContext:[CoreDataConnector managedObjectContext]]; 
        [hrv setSdnn:[data objectForKey:@"sdnn"]]; 
        [hrv setRmssd:[data objectForKey:@"rmssd"]]; 
        [hrv setSdsd:[data objectForKey:@"sdsd"]]; 
        [hrv setLfhf:[data objectForKey:@"lfhf"]]; 
        [hrv setPnn50:[data objectForKey:@"pnn50"]]; 
        [sess setHrv:hrv]; 
        [[CoreDataConnector managedObjectContext] save:&error]; 
         
        if(!error){ 
            return true; 
        }else{ 
            return false; 
        } 
    }else{ 
        return false; 
    } 
} 
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Equips 

 Field Type This Entity represents a team, it contains all 

the attributes needed in order to make a 

team such as: photo, name and the team 

identifier. It also has a relationship to the 

players. 

Attributes 

foto string 

idTeam long 

nom string 

Relationships jugadors To Many 

Table 5.Equips Entity Description. 

 

Persona 

 Field Type This entity represents a person, it has all 

the attributes needed in order to distinguish 

a person: name, surname, photo and the 

identification number. 

This entity is abstract. 

Attributes 

cognom string 

dorsal string 

foto string 

nom string 

Table 6. Persona Entity Description. 

 

Jugador 

 Field Type This entity represents a player. Because a 

player is also a person it inherits the 

person’s attributes. This entity also contains 

the peripheral, the user identifier, the 

external identifier, the username and the 

password for the server. 

It has two relationships: one to the team it 

belongs, and other to the sessions it has.  

Attributes 

banda string 

idUser long 

idUserExtern long 

password string 

username string 

Relationships 
equips To One 

prova To Many 

Table 7. Jugador Entity Description. 

 

Prova 

 Field Type This entity represents a session, its 

attributes are: duration, which represents 
Attributes 

duration int 

idBanda string 
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moment string the duration of the session; idBanda, which 

identifies the peripheral that was used 

during the session; the 4 parameters which 

represent the settings: moment, posicio, 

situacio and tempsMoment; the timeProva, 

which represents the date of the session, 

and finally the send attribute indicates if the 

session has been sent or not to the server. 

Its relationships are: dades, which relates to 

the HRM data, hrv and the relationship to 

the player. 

posicio string 

send boolean 

situacio string 

tempsMoment string 

timeProva date 

Relationships 

dades To Many 

hrv To One 

jugador To One 

Table 8. Prova Entity Description. 
 

Dades 

 Field Type This entity represents the HRM data and it 

contains all the data from a session. Its 

attributes are: BPM, rr and timeStamp. 

It has a relationship with the prova entity. 
Attributes 

BPM int 

rr float 

timeStamp date 

Relationships prova To Many 

Table 9. Dades Entity Description. 
 

Hrv 

 Field Type This entity represents the HRV data and it 

handles all the indexes for the HRV 

analysis. 

It has a relationship with the entity prova. 
Attributes 

lfhf double 

pnn50 double 

rmssd double 

sdnn double 

sdsd double 

Relationships prova To One 

Table 10. HRV Entity Description. 

Settings 

 Field Type This entity represents the initial settings for 
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Attributes 

moment string a session. The settings are: moment, 

posicio, situacio, temps and tempsMoment. 

This entity has no relationships. 
posicio string 

situacio string 

temps int 

tempsMoment string 

Table 11. Settings Entity Description. 

 

InfoBanda 

 Field Type This entity represents all the information of 

the peripherals connected to the system. Its 

attributes are: active, which indicates if the 

peripheral is being used, the idBanda, the 

model and the peripheral, which is its UUID. 

Attributes 

active boolean 

idBanda string 

model string 

peripheral string 

Table 12. InfoBanda Entity Description. 

 

3.3. Bluetooth Programming 
 

The Bluetooth class is written entirely from scratch in order to achieve the best performance. 

In order to separate the views from the Bluetooth I have created an execution thread 

especially for the Bluetooth class, which means that the communication between all the other 

parts of the app and this one are made using the NSNotificationCenter. This class also has 

the particularity that is instantiated only once in the whole execution cycle of the app. 
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In the next code we can see how is it initialized the Bluetooth class in a different execution 

thread. 

 
We can see the definition of the bluetoothQueue execution thread as well as the observers 

that will be used to communicate with the other parts of the application. 

 

3.3.1. Central Manager Delegates 
The following delegates are the ones called by the central manager21 that control all the 

connections, disconnections and that scan for Bluetooth peripherals. 

 

Central’s State 

The first delegate that will be called by the central manager is: 

 
This delegate is called every time a change in the Bluetooth state occurs and is vital for the 

well behaviour of the application because it reflects the hardware status of the Bluetooth 

                                                
21 Apple Developer Reference. CBCentralManagerDelegate Protocol Reference, [Online]. URL: 
<https://developer.apple.com/library/ios/documentation/CoreBluetooth/Reference/CBCentralManagerDelegate_Pr
otocol/index.html#//apple_ref/occ/intf/CBCentralManagerDelegate>. [13 June 2015]. 

-(id)init{ 
    self = [super init]; 
    if (self) { 
  dispatch_queue_t bluetoothQueue=dispatch_queue_create("bluetoothQueue", NULL);  
  self.cbcm = [[CBCentralManager alloc] initWithDelegate:self queue:bluetoothQueue]; 
  self.peripheralsInstantiated = [[NSMutableArray alloc] init]; 
  self.peripheralsNotInUse = [[NSArray alloc] init]; 
  _startedSession = [NSNumber numberWithBool:FALSE]; 
  disconnect = FALSE; 

[[NSNotificationCenter defaultCenter] addObserver:self selector:@selector(readBatteryValue) 
name:@"readBattery" object:nil]; 
[[NSNotificationCenter defaultCenter] addObserver:self 
selector:@selector(disconnectNotSelectedPeripherals) name:@"disconnectNotSelectedPeripherals" 
object:nil]; 
[[NSNotificationCenter defaultCenter] addObserver:self 
selector:@selector(connectAllPeripheralsInDB) name:@"connectAllPeripherals" object:nil]; 
[[NSNotificationCenter defaultCenter] addObserver:self selector:@selector(setSessionStarted:) 
name:@"startSession" object:nil]; 

  self.foundPeripherals = [[NSMutableArray alloc] init]; 
 } 
    return self; 
     
} 

-(void)centralManagerDidUpdateState:(CBCentralManager *)central{ 
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radio. There are 2 basic states of the Bluetooth central manager 22 , the 

CBCentralManagerStatePoweredOn and the CBCentralManagerStatePoweredOff. The first 

one indicates that the Bluetooth radio is turned on. If this is true the application can proceed 

to connect or scan the peripherals. If the central manager is powered off, it means the 

Bluetooth radio is off and in this case the application must notify the user to turn on the 

Bluetooth radio. 

 

Discovered new Peripheral 

 
This delegate is called after a scan request is issued to the central manager and a new 

peripheral is found. The function of this delegate is to filter all the peripherals and only 

connect those that the developer wants to be connected. In order to connect them the central 

manager has to issue a connection request to the peripheral. 

 
 

Connected to a new Peripheral 

This delegate is called once the peripheral has accepted the connection request made by the 

central manager. It is usually the point where the central stops its role and also the place 

where the scan of the services from the peripheral is issued. In this delegate the instance of 

the peripheral should be stored in order to maintain the connection with the peripheral. 

 
 

Disconnected Peripheral 

This delegate is called once a peripheral is disconnected. A peripheral can disconnect from 

the central for four main reasons: the first one and the most common is because the central 

has issued a disconnect signal and the connection between the central and the peripheral is 

closed; the second most common case is that the connection has timed out, this means that 

                                                
22 Apple Developer Reference. CBCentralManager Class Reference, [Online]. URL: 
<https://developer.apple.com/library/ios/documentation/CoreBluetooth/Reference/CBCentralManager_Class/>. 
[13 June 2015]. 

- (void)centralManager:(CBCentralManager *)central didDiscoverPeripheral:(CBPeripheral *)peripheral 
advertisementData:(NSDictionary *)advertisementData RSSI:(NSNumber *)RSSI { 

[central connectPeripheral:peripheral options:nil]; 

- (void)centralManager:(CBCentralManager *)central didConnectPeripheral:(CBPeripheral *)peripheral { 

[peripheral discoverServices:@[[CBUUID UUIDWithString:BT_HR_UUID]]]; 

-(void)centralManager:(CBCentralManager *)central didDisconnectPeripheral:(CBPeripheral *)peripheral 
error:(NSError *)error{ 
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the peripheral for some reason has not sent the packets in time so the central has 

disconnected from the peripheral, but it could also mean that the peripheral is out of reach 

from the central, either way the time between two consecutive connection packets is high 

enough to cause an error. The other two errors are not as frequent as it could seem so I’m 

just going to mention them, the errors are operation cancelled which means that the central 

has cancelled an issued connect to a peripheral, and the already advertising error which 

means that the peripheral is advertising when it should be connected. 

 

Failed to Connect Peripheral 

This delegate behaves like the disconnect delegate but with the particularity that it detects 

when a certain connection failed in the central end. The errors are the same as above with a 

new one, failed connection, which means that the central has not received any response 

from the peripheral when the connection request was issued. 

 

3.3.2. Peripheral Delegates 
 

Discovered Services 

This delegate23 is called once the peripheral is already connected and the services scan is 

issued to the peripheral. Once this delegate is called we can access to the whole list of 

services that the connected peripheral has. In this method once we have selected the service 

we want we need to issue a scan for the characteristics of this service. 

 
 

Discovered Characteristics for Service 

This delegate is called once a scan for the characteristics for a given service was issued. 

                                                
23 Apple Developer Reference. CBPeripheralDelegate Protocol Reference, [Online]. URL: 
<https://developer.apple.com/library/ios/documentation/CoreBluetooth/Reference/CBPeripheralDelegate_Protocol
/index.html#//apple_ref/occ/intf/CBPeripheralDelegate>. [13 June 2015]. 

-(void)centralManager:(CBCentralManager *)central didFailToConnectPeripheral:(CBPeripheral *)peripheral 
error:(NSError *)error{ 

- (void)peripheral:(CBPeripheral *)peripheral didDiscoverServices:(NSError *)error { 

[peripheral discoverCharacteristics:@[[CBUUID UUIDWithString:BT_HR_CHARACT]] forService:service]; 

- (void)peripheral:(CBPeripheral *)peripheral didDiscoverCharacteristicsForService:(CBService *)service 
error:(NSError *)error { 
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Once we are in this method we can access all the characteristics for the given service and 

select from which characteristic we want to retrieve the data. The last thing to do is to request 

the value to the characteristic or, in the case of a writeable characteristic, to write a value to 

it. 

 
 

Update Value for Characteristic 

 
This is the last delegate of the peripheral. This method will be called each time a new value 

for a certain characteristic is sent to the central. In this method the developer must parse all 

the data of the given characteristic, notify and update the appropriate with the new values. 

 

3.3.3. Parsing the HRM & Battery Data 
In order to parse the data from the HRM characteristic the first thing we need to do is to 

assign the data into a NSData object. 

 
Once we have the NSData object that contains all the data from the characteristic we need to 

change its format to a more adequate format by assigning the bytes of the data to a uint8_t 

constant pointer. This type of data represents a byte array; this format is especially useful 

because we can parse independently the flag’s byte and the value’s byte. The next step is to 

parse the flags of the HRM characteristic. 

 

[peripheral setNotifyValue:YES forCharacteristic:characteristic]; 

[peripheral readValueForCharacteristic:characteristic]; 

- (void)peripheral:(CBPeripheral *)peripheral didUpdateValueForCharacteristic:(CBCharacteristic *)characteristic 
error:(NSError *)error { 

NSData *data = characteristic.value; 
const uint8_t *reportData = [data bytes]; 
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Parsing BPM 

 
In order to retrieve the BPM from the HRM characteristic, first we need to know in which 

format the BPM is being sent. To do so we need to check the value of the first bit located on 

the first byte of data. If this bit is 0 we can safely assign the next byte to a uint8_t variable. If 

the first bit is 1 then the BPM data is contained inside two bytes, which means we will need a 

uint16_t variable. In order to assign this BPM to this uint16_t variable first we need to convert 

these two bytes from little endian to big endian. Once we have the variable assigned we can 

proceed to save this BPM and show it to the user. 

 

Parsing Skin Contact 

 
The skin contact flag is composed by two bits and in order to retrieve its data we need to 

isolate these two bits. To do it the first thing to do is make a logic AND between the flag byte 

and a hex number, which must be 0x06 (in binary is 0000 0110) in order to leave just the two 

bits that we need, this way we can parse the skin contact and put the other bits to zero. Once 

we have the skin contact bits we need to make a shift to the left in order to be able to know 

which data contains this two bits. 

uint16_t bpm; 
const Byte flag = reportData[0]; 
int byteBpm; 
int totalLength = (int)[data length]; 
if( totalLength >= 2){ 
  if ((flag & 0x01) == 0) 
  { 
  /* uint8 bpm */ 
      bpm = reportData[1]; 
      byteBpm = 2; 
  } 
  else 
  { 
  /* uint16 bpm */ 
      bpm = CFSwapInt16LittleToHost(*(uint16_t *)(&reportData[1])); 
      byteBpm = 3; 
  } 
} 

if((flag&0x06)>>1 == 2){ 
//Sensor contact is supported 
//skin is not in position 
  [self performSelectorOnMainThread:@selector(updateSkinMainRunLoop:) 
withObject:@{@"banda":peripheral.identifier,@"skin":@(0)} waitUntilDone:NO]; 
}else if ((flag&0x06)>>1 == 3){ 
  [self performSelectorOnMainThread:@selector(updateSkinMainRunLoop:) 
withObject:@{@"banda":peripheral.identifier,@"skin":@(1)} waitUntilDone:NO]; 
} 
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If the data is 2 then the sensor contact is supported but the skin is not in position, and if the 

data is 3 it means the skin is in contact with the sensor. If the data is 0 or 1 the contact status 

is not available. 

 

Parsing RR 

 
In order to parse the RR data we need to do the same that we did with the skin contact flag, 

we need to make a logic AND between the flag byte and a hex number. In this case the 

number must be 0x10 and after the AND is done we need to shift to the left 4 bits in order to 

retrieve the correct RR bit. If this bit is 1 it means that RR is present in the characteristic, if it 

is 0 there are no RR present in the packet. 

 

If RR is present the next step is to calculate the amount RR intervals contained in the 

characteristic. Because we know the amount of bytes that are being occupied by the flags 

and the BPM data we can know the total length of the packet. Then comparing the amount of 

total bytes with the bytes of the BPM and the flags we can know the amount of RR intervals 

that are inside the characteristic. Each RR interval is coded using 2 bytes and in order to 

convert it to milliseconds we need to divide the interval value by 1024 and then multiply it by 

1000. 

 

bool RR = (flag & 0x10)>>4; 
if(RR){ 
   int lengthRR = (totalLength-byteBpm)/2; 
   if(lengthRR>0 && lengthRR <5){ 
       NSDate *date; 
       for(int i = 0 ;i<lengthRR;i++){ 
            rrinterval = CFSwapInt16LittleToHost(*(uint16_t *)(&reportData[i*2 + byteBpm])); 
            date = [[NSDate alloc] init]; 
            [[NSNotificationCenter defaultCenter] postNotificationName:@"writeRR" object:[[NSDictionary alloc] 
initWithObjects:@[@(bpm),@(((float)rrinterval/1024)*1000),date,[peripheral.name substringFromIndex:9]] 
forKeys:@[@"bpm",@"rr",@"time",@"banda"]]]; 
             date = nil; 
       } 
   } 
} 
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Parsing Battery Charge 

 
The battery charge is not part of the HRM characteristic, in fact is not even part of the HRM 

service. Instead it has a service and a characteristic of its own that returns the percentage of 

the battery. This characteristic only contains one byte, which contains the percentage of the 

battery. 

 

3.3.4. Connecting with N Bluetooth peripherals simultaneously 
Each time a new peripheral is discovered and the central issues a connection request, a new 

CBPeripheral instance is created. In order for the system to maintain this connection the 

peripheral’s instance must be saved into a static variable. Because one of the goals of this 

project is to connect multiple Bluetooth peripherals at once, we need to save an instance of 

each one of the peripherals that we are connecting to the system. A way to solve this is by 

saving all this instances into a simple NSMutableArray. Athough this solution works and 

maintains all the instances of the peripherals active while they are connected it is a double 

edge weapon, since it does not have any mechanism by itself to know how many times a 

peripheral has disconnected from the system or which peripherals are reconnecting. It also 

lacks any mean to re-issue a specific connection to a specific peripheral in a given time. 

 

To solve this issue I have created a wrapper class called peripheral that handles all the 

specified functions described above and also handles the artefact correction for each one of 

the RR series. 

 

This class contains three essential variables: 

 

if([characteristic.UUID isEqual:[CBUUID UUIDWithString:BT_BAT_CHARACT]]){ 
    NSLog(@"battery level: %d%%",reportData[0]); 
    NSNumber *batt 
    if(reportData[0]<5){ 
        batt = [NSNumber numberWithInt:0]; 
    }else if(reportData[0]>5&&reportData[0]<20){ 
        batt = [NSNumber numberWithInt:1]; 
    }else if(reportData[0]>20&&reportData[0]<60){ 
        batt = [NSNumber numberWithInt:2]; 
    }else if(reportData[0]>60&&reportData[0]<80){ 
        batt = [NSNumber numberWithInt:3]; 
    }else{ 
        batt = [NSNumber numberWithInt:4]; 
    } 
} 

@property (strong, nonatomic) CBPeripheral *peripheral; 
@property (strong, nonatomic) NSTimer *timer; 
@property (strong, nonatomic) NSNumber *reconnects; 
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These variables are: CBPeripheral peripheral object, NSTimer timer object and NSNumber 

reconnects object. The first object is the one that holds the instance of the peripheral the 

whole life cycle of the app, the next object will handle an instance of a timer that will issue a 

reconnection at a specific time for this specific peripheral, finally the last object handles the 

times this peripheral has reconnected to the system, if a certain amount is reached the 

system will no longer try to reconnect the peripheral. Once we have this class with these 

objects specified we need to instantiate it each time a new peripheral is connected to the 

system. The following code shows how to do it: 

 
Once we have the object instantiated we need to add the instance of the peripheral to the 

CBPeripheral object. When this is done the last step is to add this class to the array that 

holds the instances. 

 

If a peripheral loses its connection we can access the class to find which peripheral has 

disconnected. Once we have located it we can check how many times it has reconnected 

during the life cycle of the application and if it does not exceed 10 reconnections, then we 

can issue a reconnection in a given time. The reconnection time can be different if the 

disconnection is caused by a fault or a failure on the central, or if it is caused by a peripheral 

being out of range. The next code shows an example of this behaviour: 

 

Peripheral *per = [[Peripheral alloc] init]; 
[per setPeripheral:peripheral]; 
[self.peripheralsInstantiated addObject:per]; 

case CBErrorConnectionTimeout: 
  NSLog(@"Connection timed out"); 
  [self.cbcm cancelPeripheralConnection:peripheral]; 
  { 
     Peripheral *per; 
     for( Peripheral *aux in self.peripheralsInstantiated){ 
        if([aux.peripheral isEqual:peripheral]){ 
            per = aux; 
            break; 
        } 
     } 
     if(per.reconnects.integerValue > 10) 
        return; 
 
     dispatch_async(dispatch_get_main_queue(), ^{ 
     NSTimer *timer = [NSTimer scheduledTimerWithTimeInterval:5 target:self 
selector:@selector(reconnectPeripheral:) userInfo:peripheral repeats:YES]; 
     [per setTimer:timer]; 
  }); 
  [per setReconnects:@(per.reconnects.integerValue + 1)]; 
  NSLog(@"number of reconnects: %@, of peripheral: %@",per.reconnects,per.peripheral.name); 
  } 
break; 
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3.4. HRV analysis 
 

The HRV class is the only one in the whole application that is written entirely in C++. I have 

chosen this language instead of Objective-C because the scope was to create a multi 

platform HRV class that could work on Android, iOS or even a Windows phone. 

 

In this work I’m not going to explain how a C++ class is instantiated and how to integrate this 

class to the Objective-C code, instead I am going to explain in detail all the algorithms I used. 

 

3.4.1. Helper Methods 
There are two methods that will be used in practically all of the HRV algorithms: the mean 

and the standard deviation. 

 

Mean 

 
The mean of a certain data array can be calculated by performing a loop on all of its 

elements, then summing all of them together and after the sum is done dividing this value for 

the number of values that the array contained. The equivalent formula would be:  

 

 
 

float HRV::mean (float *dataSTD, int numDataSTD){ 
    float sum= 0; 
     
    for (int i = 0; i<numDataSTD; i++) { 
        sum +=dataSTD[i]; 
    } 
     
    return sum/(float)numDataSTD; 
} 
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Standard Deviation 

 
The standard deviation of a data array is calculated in the following way: First we need to 

calculate the mean of this array, then make the cumulative sum of the squared values of the 

difference between each one of the values and the mean of the array. Once we have this 

value we need to make the square root of the resulting value divided by the amount of data 

into the array. The equivalent formula would be: 

 

 
 

3.4.2. HRV methods 
All the formulas in order to calculate this indexes have been extracted from the paper: T. N. 

American, “Guidelines Heart rate variability,” pp. 354–381, 1996. 

 

RMSSD 

 
In order to calculate the RMSSD index the first thing we need is the quadratic difference 

between consecutive data. To obtain it we need to perform a loop through all the RR series. 

We need to take into consideration that the vector runs from 0 to N-1, so if we want the 

difference between i and i+1 the loop needs to run between 0 and N-2, the series could be: 

 
Once we have the loop defined we need to make the cumulative sum of the square value of 

the difference between the two consecutive values. Once we have this value we need to 

make the square root of the value divided by the number of values in the array minus one. 

float HRV::std (float *dataSTD, int numDataSTD){ 
    float meanValue = mean(dataSTD,numDataSTD); 
    float std = 0; 
     
    for (int i = 0; i<numDataSTD; i++) { 
        std += powf((dataSTD[i] - meanValue), 2); 
    } 
    return sqrtf(std/(float)numDataSTD); 
} 

float HRV::RMSSD(){ 
    float sum=0; 
     
    for (int i=0; i < numData-1; i++) { 
        sum += powf(data[i]-data[i+1],2); 
    } 
    return sqrtf(sum/(float)(numData-1)); 
} 
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The equivalent formula would be:  

 

 
 
SDNN 

 
This method is directly the standard deviation of the RR series, so instead of calculating it 

from scratch I used the std function included in the helper methods to calculate its value. 

 

PNN50 

 
The PNN50 as it is defined in the first chapter is the amount of times a difference between 

two consecutive RR intervals is bigger than 50 ms. In order to calculate that amount we need 

to make a loop, inside that loop the only thing left to do is to compare if the difference 

between the two consecutive intervals is bigger than 50. If the condition is true then we can 

increment the counter variable by one, if it is false we continue to the next iteration. Once the 

loop is done last thing to do is to calculate the division between the counter value and the 

number of samples in the RR array. 

 
SDSD 

 

float HRV::SDNN (){ 
    return std(data, numData); 
} 

float HRV::pNN50(){ 
    int counter = 0; 
     
    for(int i=0; i < numData -1; i++){ 
        if(abs(data[i] - data[i+1]) > 50){ 
            counter ++; 
        } 
    } 
     
    return (float)counter/(float)numData; 
} 

float HRV::SDSD(){ 
    float D[numData -1]; 
    for(int i=0; i < numData -1; i++){ 
        D[i] = data[i] - data[i+1]; 
    } 
    return std(D, numData-1); 
} 
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The SDSD is the standard deviation of the successive RR differences, the only particularity of 

this method compared with the above ones is that instead of calculating the sum of those 

differences we will need to save them into an array. After this array is populated we need to 

make a standard deviation of it using the std function of the helper methods. 

 

LF/HF 

Instead of commenting the code and because this code is not used in the application, I am 

going to comment the steps that are required in order to calculate the LF/HF index. The 

whole code for this function can be found in the annex B 8.3. The first thing we need to do in 

order to calculate this index is to find the time reference of the RR series. To generate this 

vector we need to make a cumulative sum of the RR series and progressively assign this 

value to the corresponding vector position of the time vector. The formula is:  
 

 
 

Once we have the time reference we can proceed to calculate the cubic spline at 4 Hz. I 

have used a cubic spline instead of a normal spline because for this type of series it has the 

best ratio between performance and smoothness of the resulting signal24.  

 

The ECG25 signal is comprised between 0.1 Hz and 30 Hz but the RR series has less 

frequency range, comprised between 0 and 1 Hz, so 4 Hz is a good sampling frequency for a 

good spectral estimation26 of the autonomous nervous system and heart rate variability. 

The next step once we have the cubic spline and the new sample vector at 4 Hz is to 

eliminate all the bias of the signal (take out the mean from the signal). After the bias is gone 

we need to apply a Hanning window to the signal. Once the window is applied we need to 

add trailing zeros in order to have a number of values that match a power of two number: 

, M is the amount of values after the Hanning window plus the zero trailing and N is 

the amount of samples required to do the FFT. 

 

                                                
24 U. Farooq, “A comparison of interpolation techniques for RR interval fitting in AR spectrum estimation,” 2012 
IEEE Biomed. Circuits Syst. Conf., pp. 352–355, Nov. 2012. 
25 WEBSTER, J. G. Medical Instrumentation: Application And Design. 3rd. ed. John Wiley, 1998  
26 D. Singh, K. Vinod, and S. C. Saxena, “Sampling frequency of the RR interval time series for spectral analysis 
of heart rate variability.,” J. Med. Eng. Technol., vol. 28, pp. 263–72, 2004. 
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Once we have the signal ready we can proceed to do the FFT, and when it is done the only 

thing left to do is to calculate the spectral power in the desired peripherals, taking into 

account that we have used a Hanning window we will need to apply a correction to the 

resulting FFT. Once we have the spectral power in the LF band and the HF band, the last 

thing to do is to divide these two values. 

 

3.5. Artefact correction 
 

This algorithm was developed using octave and after its completion it was exported to C and 

after that to Objective-C. The complete octave code can be found in the Annex B 8.3. 

 

3.5.1. Artefact types 
There are three types of artefacts that the algorithm can detect27. The first one is called False 

Positive and it occurs when a false beat is detected, this can occur due to the noise of the 

signal or because a high amplitude T wave. The second one is the False Negative and this 

error is due to a missed QRS complex because of its low amplitude or because it is masked 

by noise. A third type of error is detected in this work, this error is called Ventricular ectopic 

beat and it is produced by the replacement of a normal beat for an ectopic beat. 

 

The following figures (Figures 14,15,16) represent the three artefacts explained. 

 

                                                
27 K. Solem, P. Laguna, and L. Sörnmo, “Handling of ectopic beats in heart rate variability analysis using the heart 
timing signal,” Proc. MEDICON, vol. 50, no. 3, pp. 334–343, 2004. 

Figure 14. False Positive. 
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3.5.2. Algorithm Flow Chart 

 
 

The first thing that the algorithm does is to store into a buffer the first 20 RR samples 

independently if they contain an artefact or not, starting from the 21st sample the algorithm 

will perform as it follows. 

 

Figure 15. Ventricular Ectopic Beat. 

Figure 16. False Negative. 

Figure 17. Artefact Correction Algorithm flow chart. 
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The first step of the algorithm is going to be performed each time a new sample arrives. This 

step calculates the mean of the buffer. Once we have the mean the algorithm makes a 

comparison using the unbiased sample and if it is less than -1/4 of the mean this sample 

could be erroneous.  

 

If this condition is true the algorithm checks the isDerr flag. This flag indicates that the 

algorithm has detected that a previous sample could be erroneous. If the flag is true then the 

algorithm makes the sum of the actual sample with the previous saved sample and sets the 

isDerr flag to false. This method corrects the False Positive Error.  

 

If the isDerr flag is set to false the algorithm saves the sample into a buffer and sets the 

isDerr flag to true. If the previous comparison is false then we need to check if the isDerr 

flag is set to true, then we have to compare the actual value with the previous one and see if 

the resultant value is less than 1/4 of the mean. If it is true we can make the sum of the 

previous sample and the actual sample, this will correct a False Positive with positive slope.  

 

If the comparison is false it means that the actual sample is far from the previous one, so in 

this case we can make the sum and then divide the sample in two equal values, this part of 

the algorithm detects the Ventricular ectopic beat error. Finally if the previous isDerr was 

false we need to make another comparison, but this time instead of detecting if there is an 

error below the signal threshold the algorithm needs to detect if the value is above the 

threshold. In order to do so we need to compare the actual unbiased sample to 1/4 of the 

mean. If the sample is greater than this threshold we have an error that can be corrected by 

dividing the sample by two and making two equal output values, this corrects the False 

Negative Error.  

 

If the comparison is false we can safely say that the sample contains no error at all. At the 

end all the branches of the algorithm come together to a final operation that updates the 

buffer with the new recalculated samples. 

 

3.5.3. Results 
The next figure is a plot of 300s of RR series acquired with the Polar H6 peripheral. As we 

can see there are two plots superposed between each other, the blue one is the raw signal 

given by the Polar H6 and the green one is the signal after the correction is made. 
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The Figure 19 shows a close up of one of the regions, in this region we can see up to 2 of the 

3 types of errors. As we can see, the algorithm has corrected each one of them leaving the 

signal as smooth as it should be.  

 
Finally Figure 20 is a close up of two of the errors. We can see that in the first error (False 

Positive) the algorithm has performed a sum of the two erroneous values leaving the signal 

as it should be. In the next error (Ventricular ectopic beat) the algorithm has taken the first 

erroneous sample plus the second error and divided this by two, in this way it has generated 

two samples of equal value. 

Figure 18. RR series from a Polar peripheral 

Figure 19. Corrected part of the RR series 
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Figure 20. False Positive and Ventricular Ectopic Beat 
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4. Results 
4.1. User Flow 
 

4.1.1. Bluetooth Discovery and Pairing 
The first thing the user must do is to pair the Polar peripherals with the system. To do so the 

user has to go to the Settings view (the one with the Gear in 

the Tab Bar) and touch the Bluetooth icon, once the user has 

done that a popover will appear with the list of the scanned 

peripherals and also the ones that are already in the system. 

Once the desired peripherals appear on the list the user can 

select the ones that will be used in the future sessions. 

 

If a peripheral is no longer available the user can also delete 

the peripherals from the system by sliding the finger over the 

desired peripheral and then touching the delete button. 

 

4.1.2. Create Players 
Once the Bluetooth peripherals are paired and connected it is time to create the players. To 

create a player the user needs to go to the All Players view and from there touch de + button 

on the lateral view, then a new form will appear in the detail view. After the user has entered 

all the required data the only thing left to do is to press the save button in order to create the 

player. 

 Figure 22. All Players View. 

Figure 21. Bluetooth Settings. 
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4.1.3. Create Team 
After the players are created the last step before proceeding to the sessions is to create a 

team. In order to create a team the user must go to the Team view and press the + button on 

the master view. After pressing the button a new form will appear in the detail view, which 

contains the photo of the team and the team’s name. Once these two parameters are fulfilled 

the user can add players to the team (the ones that have been created in the previous step). 
 

  
 

In order to add a player the user has to press the button + Add Players and a list will appear. 

This list will show all the players available that are not already assigned to a team. The user 

can select multiple players from that list and then the only thing left to do is to save the team. 

The list of players can be changed anytime, the user does not need to edit the team’s data in 

order to add or detach players from it. 

 

4.1.4. Assign a Bluetooth Peripheral to Player 
After the team’s configuration is saved and some players are on the team, the next step is to 

assign a peripheral to each one of the players, in order to do it the user needs to press the 

peripheral icon on the side of each player, then a list with all the available peripherals will 

appear. The peripherals displayed in the list are the ones that are registered in the system 

but there are not in use by any other player in the same team, which means that the same 

peripherals can be used in different teams. In order to select a peripheral the user only needs 

to select one of the list and it will be paired automatically with the player. 

Figure 23. Team View. 
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At this point the user is ready to proceed with the session. 

 

4.1.5. New Session & Player Selection 
To start a session the user needs to go to the first view (New Session) and press the start 

new session button. A popopver will appear containing a list of all the teams in the system. 

Once a team is selected form the list a new view will appear and the user must select the 

players that will take part in the session.  

 

The user can only select a player if it has a peripheral paired and already connected to the 

system. In order to check if this is true there is an icon at the left of each player cell. This icon 

represents the state of the peripheral assigned to the player, if the icon is green the 

peripheral is connected and sending data, otherwise if the icon is red it indicates that the 

peripheral is not connected or that there is no peripheral assigned to the player. The user can 

press this icon in order to see all the available peripherals that are not in use. If the 

peripheral identifier is in green the peripheral is connected, 

if it is not connected its colour is red. The user can change 

the peripheral of the player before starting a session, but 

note that this changes are not permanent so the user can 

change the peripherals at any time before the session 

without overriding the default configuration.  

 

Once the peripherals are connected the user can select the players that will be involved in 

the session. In order to do so the user only needs to touch the desired cells. After the players 

are selected the user can begin the session by pressing the start button. 

 

4.1.6. Session 
Once the user is in the session view it can see the status of the selected players in real time. 

The real time data available for each player is: The skin contact info, the battery percentage 

of the peripheral and the mean heart rate of the user. The skin contact info is represented as 

a heart, if the heart is empty the skin is not touching the sensor, which implies that the 

peripheral is not correctly placed and it is possible that it will disconnect during the session. If 

the heart is full the skin is in contact with the sensor. 

Figure 24. A Player inside the Team. 

Figure 25. Select Players. 
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Skin No Skin 

  
Figure 26: Skin Contact 

 

The battery percentage is represented as a set of images. There are 5 different states 

(images) for the battery, each state represents a 20% as shown in the Figure 27. 
 

0-20 20-40 40-60 60-80 80-100 

     
Figure 27: Battery State. 

 

Finally the mean heart rate provided by the peripheral every second is displayed for each 

one of the players. 

 

There is also a non-changing data represented for each one of the players, these data are: 

the photo of the player, the number of the player, the name and surname and the peripheral 

that being used. 

In order to start a recording of the session the user only 

needs to press the start button, then the timer will start 

counting backwards and if the timer hits 0 seconds the 

session will be stopped automatically. The user can also 

stop the session manually by pressing the stop button. 

Once a recording is finished the user can decide to save or 

delete the session, then proceed with another session or 

go back to the main menu. 

 

4.1.7. Review Session 
Once a session is finished and saved to the database the team tab will show the amount of 

sessions that are not reviewed. In order for the user to review a session of a certain team, it 

needs to go to the team view and inside the detail view under the team’s name a button will 

appear. Once this button is pressed a list of all the sessions will appear containing the date 

and hour of the session and the amount of players involved. Once the user has selected a 

session the review screen will appear showing the results of the session. 

Figure 28. Session Player. 
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In this first screen the user can review the HRM graph of all the players involved in a session, 

as well as the settings of the session. If the user wants more information of a certain player it 

can touch inside the name of the player and the view will display automatically information 

about the selected player. This information also includes the HRV indexes, the HRM graph 

and the settings of the session. 

 
 

4.1.8. Other Settings 
There are three more settings that the user can tamper with. These settings allow the user to 

customize even further the application, for example if the user wants to make a continuous 

session it only needs to change the length of the session in the settings. 

 

Figure 29. Review Session. 

Figure 30. Heart Rate Graph and HRV. 
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4.2. Performance with N peripherals connected to the system 
 

In order to try if the connection to N peripherals worked I connected three bands (two Polar 

H6 and one Polar H7) to a function generator as it can be seen in the Figure 31. The reason 

to use a function generator instead of a patient emulator is that with a generator you can alter 

the RR-interval at will, for example in this test I used a FM modulation to test the connection. 

In order to connect them to the generator I have used alligator clips and banana-bannana 

cables, the three peripherals are connected in parallel with each other. In order to adapt the 

output voltage of the generator to the input voltage of the peripherals I have put an attenuator 

between the output of the generator and the input of the peripherals. 
 

 
 

To test if the system worked correctly I have programmed a cardiac signal with a carrier of 

1.1 Hz, a modulation of 100 mHz, a deviation of 300 mHz, an amplitude of 1 Vpp with an 

attenuation of 100 and the output impedance was configured as High Z. With this signal I 

performed a 5-minute session with the three bands connected and sending data to the 

system, as it can be seen in the Figure 32. 

Figure 31. Polar Peripherals connected to the function generator. 
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Once the session was finished and the data was saved, in order to check if the expected 

signal was received correctly the only thing left to do was to review the session. 

 

 
 

As we can see in Figure 33 the signal from the polar peripherals is indeed a sinusoidal with 

an FM modulation although in this figure it cannot be appreciated because the span is only a 

few seconds. Another particularity of this signal is that, as we can see, one of the signals is 

out of phase with the other two. This is because one of the Polar peripherals is not the same 

as the other two, the Polar H7 uses a different system to calculate the RR-interval and this is 

the reason of the phase shift.  

Figure 32. Session with the three peripherals connected. 

Figure 33. Session Review. 
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5. Conclusions 
 

After finishing the mobile application and finding that connecting multiple Bluetooth 

peripherals at once was more difficult that it initially seemed, I have developed an app that 

connects in an efficient way to multiples devices at once, registers all the data coming from 

those sensors and once the data is saved into the database, and shows the data to the user. 

 

In reference to the HRV indexes, I have concluded that it is possible to get the indexes using 

a programming language such as C++ in an efficient way. By using this language instead of 

Objective-C I can use these algorithms in any mobile platform without the need of making 

any changes into the code. In the other hand it is not enough to use raw data to calculate 

HRV, due to the fact that raw data contain artefacts that have a negative impact in the HRV 

indexes. For this reason I have developed an algorithm and, although it is in a very early 

stage, it can find and correct three of the most common artefacts in the RR-series.  

 

The next steps in this work could be to finish the artefact correction algorithm, compare it to 

other offline algorithms to find its reliability, prove it with generated artefacts in correct RR-

series in order to find the amount of error it induces into the correct signal, and finally make 

the algorithm more efficient by eliminating unnecessary steps. 

 

Another step could be to create a server in order to export all the information to the cloud and 

be able to manage all the information that now is in the application from the cloud. 

 

The final step could be to improve the simultaneous Bluetooth connections by updating the 

application to the next generation of iOS operative systems. 
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ANNEX A 
 

A.1. Functional 
 

A.1.1. Session menu 
1. Select the team 

1.1. Modal Segue to select players 

1.2. Show the name of the selected team on the top bar 

1.3. Show all the members of the team. 

1.4. For each member 

1.4.1. Show photo 

1.4.2. Show number 

1.4.3. Show Name and Surname 

1.4.4. Show if there is a connected Peripheral 

1.4.4.1. Green if there is a connected one 

1.4.4.2. Red otherwise 

1.4.4.3. Show a popover with more options 

1.4.4.3.1. New peripherals 

1.4.4.3.2. Unselect previous one 

1.5. Selection of the members who have a connected peripheral. 

1.6. Modal Segue to the session 

1.6.1. Timer 

1.6.2. Start Button and Save Button 

1.6.3. Stop Button and Cancel Button 

1.6.4. Scrollable view with the players displayed 

1.6.4.1. For each player 

1.6.4.1.1. Photo 

1.6.4.1.2. Number 

1.6.4.1.3. Name and Surname 

1.6.4.1.4. Battery Level 

1.6.4.1.5. BPM value 

1.6.4.1.6. Peripheral identifier 
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A.1.2. Team Menu 
1. Master View 

1.1. Add Team 

1.2. All Teams 

1.2.1. List of all Teams 

1.2.1.1. Name of the team 

1.2.1.2. Number of pending sessions 
2. Detail View 

2.1. Edit button 

2.2. Image of the team 

2.3. Name of the team 

2.4. Preview Sessions Button 

2.4.1. Photo of the team 

2.4.2. Name of the team 

2.4.3. Number of sessions 

2.4.4. Send all button 

2.4.5. Horizontal scrollable view 

2.4.5.1. Date of the session 

2.4.5.2. Send Button 

2.4.5.2.1. Send or not send 

2.4.5.3. Delete button 

2.4.5.4. List of the players involved players 

2.4.5.4.1. Photo 

2.4.5.4.2. Number 

2.4.5.4.3. Name and Surname 

2.4.5.4.4. Send session for player 

2.4.5.4.5. Select player for the resume of the player 

2.4.5.4.5.1. Date of the session at the top of the view 

2.4.5.4.5.2. Photo 

2.4.5.4.5.3. Number 

2.4.5.4.5.4. Name and Surname 

2.4.5.4.5.5. Settings of the session 
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2.4.5.4.5.5.1. Minutes 

2.4.5.4.5.5.2. Session before or after the a certain situation 

2.4.5.4.5.5.3. Situation 

2.4.5.4.5.5.4. State of the session 

2.4.5.4.5.6. HRM Graph 

2.4.5.4.5.6.1. Scrollable view 

2.4.5.4.5.7. RMSSD 

2.4.5.4.5.8. SDNN 

2.4.5.4.5.9. SDSD 

2.4.5.4.5.10. PNN50 

2.5. Detach Player 

2.5.1. List of the players on the team 

2.6. Add Player 

2.6.1. List of the players that are not on any teams 

2.7. List of Players in the team 

2.7.1. Photo 

2.7.2. Number 

2.7.3. Name and Surname 

2.7.4. Peripheral identifier 

2.7.5. Select peripheral 

2.7.5.1. List of all available peripherals 

 

A.1.3. Player Menu 
1. Master View 

1.1. Order by team button 

1.2. Add player button 

1.3. List of Players 

1.3.1. Number 

1.3.2. Name 

1.3.3. Surname 
2. Detail View 

2.1. Edit button 
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2.2. Photo 

2.3. Name 

2.4. Surname 

2.5. Number 

2.6. Username 

2.7. Password (hidden if not a new user or editing) 

2.8. Validate account (hidden if not a new user or editing) 

 

A.1.4. Settings Menu 
1. Edit time button 

1.1. Popover with a picker to select the time of the session 

1.1.1. 01’ 

1.1.2. 03’ 

1.1.3. 05’ 

1.1.4. 10’ 

1.1.5. 15’ 

1.1.6. 20’ 

1.1.7. 60’ 

1.1.8. 120’ 

1.1.9. 180’ 

1.1.10. 300’ 

1.1.11. Continuous 

 
2. Edit your settings 

2.1. Select time 

2.1.1. 5-15 min 

2.1.2. 30 min 

2.1.3. 2h 

2.1.4. 3h 

2.1.5. 4-6h 

2.1.6. 6-8h 

2.1.7. 10-12h 



8
4	  

System of collective monitoring on physical activity based on heart rate variability	  
 

2.1.8. 12-18h 

2.1.9. 18-24h 

2.1.10. 1d 

2.1.11. 2d 

2.1.12. +2  

2.2. Select moment 

2.2.1. After 

2.2.2. Before 

2.3. Select situation 

2.3.1. Training 

2.3.2. Championship 

2.3.3. Injury 

2.3.4. Exam 

2.3.5. Business 

2.3.6. Concert 

2.3.7. Movie/Theatre 

2.3.8. Other 

2.4. Select State 

2.4.1. Seated 

2.4.2. Lying 

2.4.3. Moving 
3. Bluetooth device 

3.1. List of new devices 

3.2. List of old devices already connected to the system 
4. Login 

4.1. Username 

4.2. Password 

4.3. Log in button 

 

A.2. Not Functional 
 

A.2.1. Bluetooth 

1. Init method 
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2. Singleton (shared instance) 

3. State of the Central Bluetooth Manager 

3.1. if State Powered On 

3.1.1. Connect all devices 

4. Start/Stop Scan 

5. Connect All Registered peripherals 

6. Did Discover Peripherals 

6.1. Save 

6.2. Connect 

7. Did Connect Peripherals 

7.1. Scan Services 

8. Did Discover Services 

8.1. Scan Characteristics 

9. Did Discover Characteristics 

9.1. Set Characteristic to notify 

9.2. Set Characteristic to read 

10. Did Update Value For Characteristic 

11. Did Disconnect Peripheral 

12. Did Fail to Connect Peripheral 

13. Helper Methods 

 

A.2.2. Core Data 
1. Create Model Object graph. 

1.1. Entities. 

1.2. Attributes. 

1.3. Relationships. 

2. Initialise Model Object. 

3. Initialize Persistent Storage. 

4. Initialise Managed Object Context. 

5. Create Fetch Request. 

5.1. Create Predicate. 

5.2. Execute Fetch Request. 

6.  Save Context.  
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ANNEX B 
B.1. Polar H6 

 
Figure 1: Polar H6 State Diagram. [Source: Polar Developer Reference, H6 and H7 Heart Rate Sensors bib:3] 
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Figure 2: Polar H6 Service State Diagram. [Source: Polar Developer Reference, H6 and H7 Heart Rate Sensors 
bib:3] 
 

B.2. LF/HF 
 
float HRV::LFHF(){ 
     
    //    const char mostres = ceil(log2f(numData)); 
    int fs = 4; //4Hz para el Spline. 
// 
//    int length_interpol = duracio*fs; 
//    float interpol[length_interpol]; 
//     
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    float *iW; 
    float *iWZero; 
     
    int N = 0; 
    int Nfft = 0; 
    float freq = 0; 
    float *fftVect; 
    float m; 
    float LF = 0, HF = 0; 
    int length_interpol; 
    float *interpol; 
     
    float *interpolValues; 
    float time[numData]; 
    float cumsum = 0; 
     
     
    for (int i=0; i<numData; i++) { 
        cumsum += data[i]; 
//        printf("cumsum: %f\n",cumsum); 
        time[i] = cumsum; 
    } 
     
    length_interpol = (int)(ceil(cumsum/1000.f)*fs); //calculem les mostres que surten de interpolar (cumsum esta 
en ms, i ho hem de pasar a s). 
     
  //  printf("num mostres interpol: %d\n",length_interpol); 
    interpol = (float *)malloc(sizeof(float)*length_interpol); // guardem la memoria per fer la interpolacio. 
    interpolValues = (float *)malloc(sizeof(float)*numData); 
     
    spline(time,data, numData, MAXFLOAT, MAXFLOAT, interpolValues); 
     
//    for (int i= 0; i<numData; i++) { 
//        printf("interpol values: %f\n",interpolValues[i]); 
//    } 
 
     
    float aux; 
//    splint(time,data, interpolValues, numData, 0.1, &aux); 
    for (int k=0; k<length_interpol; k++) { 
        splint(time,data, interpolValues, numData, k*((float)(cumsum/length_interpol)), &aux); 
        interpol[k] =  aux; 
        //printf("%f\n",aux); 
    } 
 
    free(interpolValues); 
    //END interpolacio. 
    //una vez remuestreada 
     
    
    m = mean(interpol,length_interpol); 
     
    iW = (float *)malloc(sizeof(float)*length_interpol); 
     
   // printf("mean: %f\n",m); 
     
    for (int k = 0; k < length_interpol ; k++){ 
        interpol[k] = interpol[k] - m; 



  89 

 

        iW[k] = interpol[k]*(0.5f*(1-cos((2*M_PI*k)/(length_interpol -1)))); // enfinestrem amb una finestra de 
hanning 
    } 
     
    free(interpol); // vector interpol ja no el tornarem a utilitzar!! 
     
    N = ceil(log2(length_interpol)); //muestras de la FFT 
    Nfft = pow(2, N); //muestras nueva señal! 
     
    iWZero = (float *)malloc(sizeof(float)*Nfft); 
     
    for (int i = 0 ; i < Nfft ; i ++){ // zero padding 
        if(i <= length_interpol){ 
            iWZero[i] = iW[i]; 
        }else{ 
            iWZero[i] = 0; 
        } 
    } 
     
    free(iW); 
     
    ffft::FFTReal<float> fft(Nfft); 
     
    fftVect = (float *)malloc(sizeof(float)*Nfft); 
     
    fft.do_fft(fftVect, iWZero); 
     
    fft.~FFTReal(); //destroy FFTReal 
    free(iWZero); 
     
    for(int i = 0; i<Nfft/2; i++){ 
         
        freq =((float)i/(float)Nfft)*fs; 
        if(freq <= 0.15 && freq >= 0.04){ 
            LF += (powf(fftVect[i],2) + powf(fftVect[i+Nfft/2], 2))*(8.f/3.f); 
        }else if (freq > 0.15 && freq <= 0.4){ 
            HF += (powf(fftVect[i],2) + powf(fftVect[i+Nfft/2], 2))*(8.f/3.f); 
        } 
    } 
     
    free(fftVect); 
     
    return LF/HF; 
} 
 
 
void HRV::spline(float x[], float y[], int n, float yp1, float ypn, float y2[]) 
{ 
    int i,k; 
    float p,qn,sig,un,*u; 
    u=vector(1,n-1); if (yp1 > 0.99e30) 
        y2[1]=u[1]=0.0; 
    else { 
        y2[1] = -0.5; 
        u[1]=(3.0/(x[2]-x[1]))*((y[2]-y[1])/(x[2]-x[1])-yp1); 
    } 
    for (i=2;i<=n-1;i++) { 
        sig=(x[i]-x[i-1])/(x[i+1]-x[i-1]); 
        p=sig*y2[i-1]+2.0; 
        y2[i]=(sig-1.0)/p; 
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        u[i]=(y[i+1]-y[i])/(x[i+1]-x[i]) - (y[i]-y[i-1])/(x[i]-x[i-1]); 
        u[i]=(6.0*u[i]/(x[i+1]-x[i-1])-sig*u[i-1])/p; 
    } 
    if (ypn > 0.99e30) 
        qn=un=0.0; 
    else { 
        qn=0.5; 
        un=(3.0/(x[n]-x[n-1]))*(ypn-(y[n]-y[n-1])/(x[n]-x[n-1])); } 
    y2[n]=(un-qn*u[n-1])/(qn*y2[n-1]+1.0); 
    for (k=n-1;k>=1;k--) 
        y2[k]=y2[k]*y2[k+1]+u[k]; 
    free_vector(u,1,n-1); 
} 
 
void HRV::splint(float xa[], float ya[], float y2a[], int n, float x, float *y) 
{ 
    void nrerror(char error_text[]); int klo,khi,k; 
    float h,b,a; 
     
    klo=1; 
    khi=n; 
    while (khi-klo > 1) { 
        k=(khi+klo) >> 1; 
        if (xa[k] > x) khi=k; else klo=k; 
    } 
    h=xa[khi]-xa[klo]; 
    if (h == 0.0) nrerror("Bad xa input to routine splint"); 
    a=(xa[khi]-x)/h; 
     
    b=(x-xa[klo])/h; 
    *y=a*ya[klo]+b*ya[khi]+((a*a*a-a)*y2a[klo]+(b*b*b-b)*y2a[khi])*(h*h)/6.0; 
} 
 

B.3. Artefact Correction 
 
%script processat RR 
function prr1 (Ns,n) 
dir = {'rrFile.txt'}; 
rr = load(strcat('/data/',char(dir(n)))); 
time = cumsum(rr); 
 
plot(time,rr,'b'); 
hold on; 
 
aux_rr = rr(1:Ns); 
crr = zeros(0,length(rr)); 
crr(1:Ns)= rr(1:Ns); 
auxVal = 0; 
isDerr = false; 
crr_count = Ns+1; 
 
st = std(aux_rr); 
 
for i = Ns+1:length(rr) 
    m = mean(aux_rr); 
 
    if((rr(i) - m)<(m*3/4 - m)) 
        plot(time(i),rr(i),'r+'); 
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        if(isDerr) 
            isDerr = false; 
            val = crr(crr_count -1) + rr(i); 
            crr(crr_count -1) = crr(crr_count -1) + rr(i); 
            plot(time(i),rr(i),'ks'); 
            aux_rr = crr(crr_count -1 - Ns: crr_count -1); 
            continue 
        endif 
 
        crr(crr_count) = rr(i); 
        crr_count = crr_count + 1; 
 
        aux_rr = crr(crr_count-Ns-1:crr_count-1); 
        isDerr = true; 
        continue; 
 
    endif 
 
    if(isDerr) 
        isDerr = false; 
        plot(time(i),rr(i),'kd'); 
        if((rr(i)-rr(i-1)) < m/4) 
            crr(crr_count -1) = crr(crr_count -1) + rr(i); 
            plot(time(i),rr(i),'k+'); 
            aux_rr = crr(crr_count -1 - Ns: crr_count -1); 
            continue 
        else 
 
            aux = (crr(crr_count -1) + rr(i))/2; 
            crr(crr_count-1) = aux; 
            crr(crr_count) = aux; 
            crr_count = crr_count + 1; 
            plot(time(i),rr(i),'k*'); 
            aux_rr = crr(crr_count -1 - Ns: crr_count -1); 
            continue 
        endif 
 
 
    endif 
 
 
    if((rr(i)-m)>(m*3/4)) 
        plot(time(i),rr(i),'kh'); 
        aux = rr(i)/2; 
        crr(crr_count-1) = aux; 
        crr(crr_count) = aux; 
        crr_count = crr_count + 1; 
        aux_rr = crr(crr_count -1 - Ns: crr_count -1); 
        continue 
 
    endif 
 
    isDerr = false; 
    crr(crr_count) = rr(i); 
    crr_count = crr_count + 1; 
    aux_rr = crr(crr_count-Ns:crr_count-1); 
 
end 
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timec = cumsum(crr); 
plot(timec,crr,'g'); 
hold off; 
 
endfunction 
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ANNEX C 
C.1. New Player 

 
Figure 3: New Player View. 
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Figure 4: Select Player View, Select a peripheral for a player. 
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Figure 5: Select Player View, Player with available peripheral. 
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Figure 6: Select Player View, Player selected. 
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Figure 7: Session. 
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C.2. Team

 
Figure 8: Add Players to a team. 
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Figure 9: Detach Player from a team. 
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Figure 10: Team with Players. 
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Figure 11: Team, select a peripheral for a player. 
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Figure 12: Team with sessions. 
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Figure 13: Review a session. 
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Figure 14: Review a Player’s Session. 
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C.3. All Players

 
Figure 15: Player’s View. 
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Figure 16: Player’s view sorted by teams. 
 



  107 

 

C.4. Settings

 
Figure 17: Settings View. 
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Figure 18: Settings, time selection. 
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Figure 19: Settings, Settings menu. 
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Figure 20: Settings, Login View. 


