
 

UNIVERSIDADE DA BEIRA INTERIOR 
Faculdade de Engenharia 
Departamento de Informática 

 

 

A Mobile Healthcare Solution 
for Ambient Assisted Living 

Environments 
 

Daniel Fernando Mendes Rodrigues 

 

Submitted to the University of Beira Interior in applying for the 

Degree of Master of Science in Informatics Engineering 

 

 

Supervised by Prof. Dr. Joel José Puga Coelho Rodrigues 

 

Departamento de Informática 

University of Beira Interior 

Covilhã, Portugal 

http://www.di.ubi.pt 





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Part of this work has been supported by Instituto de Telecomunicações, 

Next Generation Networks and Applications Group (NetGNA), Portugal, by 

National Funding from the FCT - Fundação para a Ciência e Tecnologia 

through the PEst-OE/EEI/LA0008/2013 Project, and by the AAL4ALL 

(Ambient Assisted Living for All), project cofounded by COMPETE under 

FEDER via QREN Programme. 

 

                                   

 





 

i 

 

 

 

 

 

Acknowledgements 

First of all, I wish to thank Professor Joel José Puga Coelho Rodrigues 

for giving me the chance and the challenge to join the Next Generation 

Networks and Applications Research Group (NetGNA), for his advice and 

continuous support and inspiration throughout the process of supervising 

my Master thesis.  

I am most grateful to the University of Beira Interior, Instituto de 

Telecomunicações, Next Generation Networks and Applications Group 

(NetGNA), Covilhã Delegation, Portugal, in the framework by the AAL4ALL 

(Ambient Assisted Living for All) project, and by all the multiple kinds of 

support that allowed me to perform this Master’s thesis. 

Many thanks to all the members of NetGNA, particularly to Edgar 

Horta, Fábio Guedes, Bruno Silva, Ângelo Fonseca, Sandra Sendra, Susana 

Costa and João Isento. 

Finally, my eternal gratitude to my parents Fernando Rodrigues, 

Ascenção Neto, my sister Cristina Rodrigues and also to my girlfriend Carla 

Neves as well as to my closest family for all the constant encouragement, 

patience and support and to all my friends not mentioned here. 

 





 

iii 

 

 

 

 

 

Abstract  

 

Elderly people need regular healthcare services and, several times, 

are dependent of physicians’ personal attendance. This dependence raises 

several issues to elders, such as, the need to travel and mobility support. 

Ambient Assisted Living (AAL) and Mobile Health (m-Health) services and 

applications offer good healthcare solutions that can be used both on 

indoor and in mobility environments. This dissertation presents an ambient 

assisted living (AAL) solution for mobile environments.  

It includes elderly biofeedback monitoring using body sensors for data 

collection offering support for remote monitoring. The used sensors are 

attached to the human body (such as the electrocardiogram, blood 

pressure, and temperature). They collect data providing comfort, mobility, 

and guaranteeing efficiency and data confidentiality. Periodic collection of 

patients’ data is important to gather more accurate measurements and to 

avoid common risky situations, like a physical fall may be considered 

something natural in life span and it is more dangerous for senior people. 

One fall can out a life in extreme cases or cause fractures, injuries, but 

when it is early detected through an accelerometer, for example, it can 

avoid a tragic outcome.  

The presented proposal monitors elderly people, storing collected 

data in a personal computer, tablet, or smartphone through Bluetooth. This 

application allows an analysis of possible health condition warnings based 

on the input of supporting charts, and real-time bio-signals monitoring and 

is able to warn users and the caretakers.  
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These mobile devices are also used to collect data, which allow data 

storage and its possible consultation in the future. The proposed system is 

evaluated, demonstrated and validated through a prototype and it is ready 

for use. The watch Texas ez430-Chronos, which is capable to store 

information for later analysis and the sensors Shimmer who allow the 

creation of a personalized application that it is capable of measuring bio-

signals of the patient in real time is described throughout this dissertation. 
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1.  Introduction 

 

This first chapter describes the work developed to contextualize 

concepts and all the difficult processes, including objectives and 

motivations that are the main focus in Section 1.1 of this dissertation. The 

problem definition presented in Section 1.2 is intended to clarify the 

objectives of AAL mobile solutions. To accomplish the study goals 

mentioned in Section 1.3 (and knowing that the concepts have already 

been applied) I can only implement a few tasks in a limited time. Section 

1.4 enumerates the main contributions for the state of the art. These 

contributions are included in scientific paper. This dissertation is organized 

in seven chapters briefly summarized in Section 1.5. 

 

 

 Focus 

 

In the last decade several studies are showing that elderly 

population is quickly increasing. It is expected that about 2 billion people 

will be age 60 or older by 2050 [1]. In 2010, it was observed that 17.4% of 

the 27 European countries’ population was over 65 years old and experts 

foresaw that, in 2060, this value will attain 30.0% [2]. Nowadays, humans 

tend on the need and social duty to help their parents, but overall a big 

part of our society tends to forget them. For instance, according to the 

World Health Organization, about 15% of the world’s population (about 1 

billion people) have some type of disability [3]. Nowadays the family core is 

much smaller. In fact, the model of the large family is vanishing and 
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children are leaving their parents and starting to live on their own much 

later due to the world’s economic situation. Elder people that need regular 

healthcare services also lives alone and nearly 10 million elderly Americans 

over 65 years old live by their own [4].  

This emergent reality presents several challenges and opportunities 

for new and innovative healthcare services. The Information Technology 

(IT) innovation has tried to take advantage of this fact and is directing 

some resources and competencies to the elderly. These solutions aim to 

provide an assisted life style, without forgetting their health, well-being, 

autonomy, safety and preventing their isolation by connecting them with 

relatives and the community. 

Currently, there is a significant growing market of small sensors 

embedded in clothing, jewelry, watches, shoes, phones, and other mobile 

devices like the Chair-type Interface [5], and other objects that elderly use 

on a daily basis. An elderly diagnosed with dementia would wear these 

small sensors allowing the assessment of health parameters without the 

need to go to a medical doctor office or to a clinical support. Therefore, 

these innovative smart care technologies allow improvements in access to 

care, overhaul quality and these approaches try to obtain a significant 

improvement in terms of quality of life (QoL), reducing interventions to 

support the elderly in their lifetime. This independence, efficiency and 

productivity of the health sector allows reducing costs for the health 

insurance system. 

Embedded health sensors are very important because they may be 

able to assist people using the sensors’ data by initiating an SOS phone call 

or even producing and sending an automatic text message. Also this 

information can be used as a simple query to access the historical data in a 

mobile application. These wearable computing technologies enable 

mobility and flexibility in situations of continuous health monitoring (ARM) 

at home and with mobility, generally speaking, in ambient assisted living 

(AAL) environments.  
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These monitoring systems are also able to assist all kind of people 

with different levels of intellectual and physical abilities and/or 

disabilities. For instance, this system is able to help a firefighter during a 

fire situation by monitoring his vital signs. Also it is capable of assisting a 

patient or a pregnant woman in an ambulance on his/her way to the 

hospital allowing the physicians to know ahead all the relevant data [6] [7]. 

This prototype engages in such a way that a handler can have accurate 

information about a patient, a child or an elderly who can be lost, astray or 

have his vital signs altered and that a SOS call is in order. It is also possible 

to alert the elderly about a mandatory consultation.  

These technologies have had a tremendous development in recent 

years and they play a very important and active role helping in the 

surveillance of the elderly. These solutions allow people to have an almost 

problem free life by encouraging them to have their independence. 

Moreover, they can offer great individual levels of independence, comfort, 

and active involvement in the community in a secure way thanks to 

effective caring and continuous health monitoring and location.  

With the establishment of multi-agent systems it is possible to 

deploy new assistive technologies [8]. This dissertation presents a solution 

created to provide health monitoring in AAL environments with mobility 

support. This proposal uses a multi-agent system with self-configured 

interventions. The considered mobile healthcare enables the identification 

of possible hazard situations to diagnose diseases. Moreover, such system 

can offer preventive, diagnostic and therapeutic benefits. Furthermore, 

whenever possible, it makes a readjustment of long-term medical 

treatment based on the analysis of previous stored data, and also applies 

medical knowledge to recognize, manage, and rehabilitate injuries related 

to sport activities. 

This mobile application can still perform an outdoor intervention in 

circumstances of possible accidents or risky situations, reducing the 

intervention time of medical institutions. The main objective is to allow 

time reducing from the beginning of symptoms till the admission at a 



Introduction 

  

4 

hospital. The relationship between mortality and time delay on treatment 

is a crucial factor, because the continuous monitoring of bio-signals 

promises to improve traditional healthcare in many ways. The stored health 

data and the gathered longitudinal data offer health care providers a more 

complete understanding of their patients’ health and the monitored real 

time data of the elderly allow an historical analysis of the collected 

parameters as well as an immediate response in emergency situations in 

which the elderly cannot react, or provide feedback, to help them modify 

their behavior. 

This proposal can be embedded on a mobile device, such as a 

smartphone or a tablet, with a supplement of body sensors, with sensors 

already included in the mobile device. This proposal has a fall detection 

solution a geographical localization and a biofeedback monitoring activity 

and also bio-signals in real time with mobility support. On the other hand, 

still has the possibility to collect data in an offline context in order to 

follow a critical patient.  

 

 

Figure 1 illustrates typical mobile health systems, containing one or more monitoring 
and/or surveillance resources and devices, such as wearable sensors. They should be 
connected to the Internet to allow information sending, data storage and retrieval. 

 

Therefore it is important to remember that today, we have more and 

more systems that are ubiquitous and mobile solutions using technology 
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have to be unobtrusive, affordable and reliable. The AAL proposed solution 

allows the use of a simple phone as a device something, common in daily 

life for young people but also for the elderly. This way you can easily be a 

"bridge" to communicate abnormal situations even with a complicated 

schedule. In dangerous situations it is exclusively vital for the elderly who 

tend to be afraid of the use of new technologies. 

 

 Problem Definition 

 

Regardless of our age we all get sick and we can have bad existing 

changes in our bio-signals. The older we are the higher the likelihood of 

getting sick. This probability increases proportionally with your age. The 

advanced age of people with illnesses can lead to death because their 

defenses are more difficult to recover. Given the increasing of elderly 

people around the world, there are new challenges to the improve quality 

of life for these senior citizens, so they can live longer and with the best 

quality of life as possible. 

Thus it is expected that this may be the ideal situation to prevent a 

consistently stressing healthcare systems in Europe for an increasing 

number of elderly and chronically ill patients. This way it intends to 

become a viable solution, for example in home healthcare monitoring 

systems. The eCAALYX project, it is a manageable, expandable, inter-

operable and low-cost Ambient Assisted Living (AAL) solution. The eCAALYX 

Home Gateway relies in the use of open standardized protocols, as well as 

a modular architecture in order to create an unifying layer between 

sensors. This platform provides the use of various types of sensors like 

accelerometers to detect current activity, such as falls [9]. 

Well, towards a real problem in modern society, is common in 

developed countries to demonstrate the seriousness of the problem. 

Therefore, Mobile Healthcare Solution for Ambient Assisted Living 

Environments may prevent or even avoid dangerous situations and lower 

death rates. 
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 Objectives 

 

This dissertation focuses on the design, construction, deployment, 

and performance evaluation of an AAL solutions for a fall detection solution 

with geographical localization, biofeedback monitoring activity and bio-

signals data in real time with mobility support environments. This solution 

considers two mobile applications: one prepared to personal computers 

using Java and another for an Android mobile platform with falls detection 

and biofeedback monitoring, in offline data storage or in real time both for 

elderly and weaken users. This proposal is about the construction of a 

consistent and robust solution for mobile health environments, using a 

simple system and adaptive proposal. The system will provide biofeedback 

information through the internet. It also features audio notifications to 

users and outside alerts, by sending a short message service (SMS) or 

electronic mail (email) to a caretaker with a brief description of the health 

problem and GPS coordinates the user location. 

These main objectives are accomplished, and the following 

intermediate objectives are identified: 

 

 Study of state-of-the-art in Mobile wearable sensors, and 

Ambient Assisted Living, approaches and further representations 

of the challenges, as well as the study of biofeedback acquisition 

data, and techniques to acquire inertial and bio-signals 

methodologies; 

 

 Research by leading mobile biofeedback devices available on the 

market, comparison among them and the analysis of the system 

requirements for two solutions presented; 

 

 Proposal and deployment of an AAL solution for mobile 

environments, including a static APP for Java to desktop and a 



Introduction 

 

 

7 

mobile APP on Android OS based on detailed requirement 

analysis system; 

 

 System demonstration, performance evaluation and their 

validation on several mobile devices and with multiple sensor 

systems in proposed solutions using real prototypes. 

 

This research expects to produce two distinct applications, and it 

will also provide the chance to disseminate knowledge making significant 

contributions to worldwide scientific entities. 

 

 Main Contributions 

 

This section presents the scientific contribution of this dissertation 

to the state-of-the-art mobile healthcare solutions and the AAL 

environments.  

This contribution presents two robust and adaptive solutions to 

elderly people. There is health control by accompanying a patient because 

it is possible to establish a more effective diagnosis allowing improving 

their treatment. The second solution allows the help of elderly that need 

regular healthcare services and are dependent of physicians. It offers 

mobility support and includes biofeedback monitoring using body sensors 

that collect data from the elderly and offers support for remote 

monitoring. The presented proposals follow elderly people, storing 

collected data through Bluetooth and allowing an analysis of possible 

warnings based on the input, and real-time monitoring of key parameters.  

A paper with this contribution entitled “A Mobile Healthcare Solution 

for Ambient Assisted Living Environments”, was presented to the 16th 

International Conference on e-Health Networking, Applications and Services 

in Healthcom 2014 IEEE, Natal, Brazil, October 15–18, 2014, and the review 

is completed. 
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 Dissertation Structure 

 

This dissertation is organized in seven chapters, subdivided into 

multiple topics.  

This Chapter 1 – Introduction: it starts by focusing on the topic 

under study. It detects some problems in the way this research has been 

implemented, it defines the most important objectives, and presents the 

main contributions as well as the dissertation is structure itself. 

 

Chapter 2 – Related Work: it addresses the state-of-the-art, 

approaching the literature on Mobile wearable sensors, Ambient Assisted 

Living, including a brief review about health systems, focusing on health 

sensors and the importance of bio-signal acquisition and their processing. 

Then the most related and relevant work biofeedback methodologies. 

 

Chapter 3 – Requirement Analysis: its presents the requirements 

analysis in order to fetch all the system necessities, UML diagrams 

(behavioural, interaction, and structural diagrams) and used technologies. 

 

Chapter 4 – Devices Used on the Prototype: it introduces and 

discusses all the devices used on the two prototypes and their relevant 

technologies, as well as photographs of equipment’s used in the prototypes 

and their technical specifications. 

 

Chapter 5 – AAL Mobile Solution Demonstration: it addresses the 

considered AAL solution for mobile environments APP. The mobile 

application is introduced and all the features are discussed. The system 

architecture is the proposed approaches for biofeedback monitoring, falls 

detection with outside network communications. 
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Chapter 6 – System Validation and Performance Evaluation: it 

described the results of the m-Health application used on the tests, and 

focuses on the performance validation and evaluation of the solution. 

 

Finally, Chapter 7 – Conclusions and Future Work: it reviews in an 

argumentative way, all the work developed along this dissertation, 

considering the conclusions of this work and challenges for future 

developments. 
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2. Related Work 

 

In order to focus, it is important to present some related work about 

the matter on this dissertation. An important reference to bear in mind is 

the existence of lots of information about some subjects, and sometimes 

the very latest information is obsolete, because progress is so quick in this 

field. However, this gives an excellent point of view and leads to 

development of new techniques and solutions. From the basic health care 

systems to the next level on modern mobile health this is a significant start 

to implement this mobile solution. 

This chapter presents the related literature to AAL solutions in 

Section 2.1 it is presented one way of implementation anywhere, to use it 

anytime and finally used by anyone. In Section 2.2, approaching the 

different topics about Security, privacy and confidentiality of information 

in Ambient Assisted Living. Section 2.3 discusses some health care 

technologies. Section 2.4 presents some available health sensors systems, 

enumerating and describing the most used in the mobile application. 

Section 2.4 approaches a general scope in falls detection, biofeedback 

monitoring works and some types of Health systems as so as the m-Health 

and applications for common users found in the literature. Finally, this 

chapter is summarized in Section 2.6. 
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 Anywhere, Anytime for Anyone. 

 

In most of these projects, prototypes are built to achieve 

independence, well-being, and in general, good quality of life and 

conveniences beyond the limitation of spatial and time constraints. 

We can also include assistance to carry out daily activities, health 

and activity monitoring, enhancing safety, getting access to social, medical 

and emergency systems, and facilitating social contacts. 

Speaking of systems has been well implemented and respecting all 

safety regulations and privacy of data without forgetting the acceptance by 

users and caregivers (described below).  

People who will take this type of assistance probably suffer from 

impairments, disabilities chronic illness and mild cognitive impairments or 

chronic diseases, (e.g. hypertension, cardiovascular diseases like 

tachycardias are the main cardiovascular diseases and these can be 

diagnosed by analyzing the changes in ECG pattern). According the World 

Health Organization, cardiovascular diseases are the number one cause of 

death worldwide, responsible for an estimated 17.1 million deaths in 2004 

(i.e., 29% of all deaths worldwide) and economic fallout in billions [10]. 

But also bone diseases, depression, obesity, physical inactivity, 

smoking, people with asthma, diabetes diseases or chronic heart failures 

like heart attack, sudden cardiac death, aneurysms, and immune disorders 

are widely believed to be related pervasive healthcare systems help to 

minimize hospital stays and in doing so enable an independent life in a 

domestic environment [11].  

There are consequences that are not so straight but nevertheless are 

people who have to deal with in their daily life with these problems, which 

can be psychologically exhausting such as a nurse [12]. Or in more 

permanent situations such as blindness or loss of one arm, leg, which does 

not necessarily require a getting to a hospital or clinic regularly. This 

represents a new life concept impaired individuals not as different people 

but as people with different capacities. Being implemented sensor systems 
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in daily usage scenarios as shown in [13] and [14], but without forgetting 

that the AAL should easily integrate novel solutions and equipment’s facing 

a changing context. 

But the elderly cannot always stay home, sometimes it is necessary 

to leave the house for a walk, a journey to the doctor, or even an urgency, 

these cases can also find AAL technologies that enable the monitoring of an 

elderly throughout his/her visit to a hospital or care facility, so there is a 

full and constant updating of his/her main vital signs informing doctors or 

nurses of what is happening so they can be prepared a quickly and 

effectively. Especially in situations when the elderly has a system which 

has been useful before, during, and after a cardiac arrest for continuous 

monitoring of a patient. 

Nowadays we want our elderly to be more time in their homes so 

they do not feel intimidated by the constant presence of a doctor, nurse or 

even in company of other strangers every day. By avoiding these situations 

it is possible to provide more efficient utilization of physicians, reduced 

hospital stays, shorten the frequency of visits of home-care specialists, and 

hospital readmission rates. Therefore it can easily contribute in the 

reduction of death due to heart attack and other cardiovascular diseases, 

also it can be used for providing health service by specialized doctors, 

mostly on rural or remote areas. Also promoting health education 

contributes to reduced healthcare costs [15].  

 

 Security, Privacy and Confidentiality of 

Information in Ambient Assisted Living 

 

Currently there are effective and adequate ways to predict the 

actions, behaviors, habits, thoughts, dangerous situations, intentions, 

emotions and health conditions to ensure quality of life in people with 

cognitive or physical difficulties allowing them more autonomy following 

remotely without being enclosed in a hospital, health center, private clinic, 
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or nursing home. People maybe like the comfort of their home or even 

outside. It is possible to provide greater promotion on mobility for users’ in 

order to be outside their home, through accessibility to their working 

environment, leisure, health and wellness. 

The AAL aims to create better conditions of life for the older adults 

and this technology can provide amazing contributions to healthcare 

through mobile services and solutions for the patients and elderly [16]. 

It can develop advanced products, services and systems to people 

with major physical limitations. It is evident that the topic is a problem, 

not only in a social level, but also at the level of medical treatment. This 

way, the AAL Services are build up on PERceptive Spaces prOmoting 

iNdependent Aging (PERSONA) distributed software platform and therefore 

benefits from its wide range of functionalities [17] [18]. It supports elderly 

people outside their home and this way provides information and assistance 

near public buildings and inside public buildings. The Persona, is the most 

advanced architecture approach of our investigation, because it provides 

flexible, intelligent, ubiquitous, context-awareness, distributed and secure 

AAL Services. 

 

 

Figure 2 – Illustration of range (continuity and/or intensity) of PERSONA platform. 
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Persona project’s software allows the creation of devices that will 

help the elderly, still facilitating the improvement through the innovation 

adoption of smart homes for elderly. These innovations are always an 

advantage because using simple objects such as a television can easily be 

turned into an object of assistance to the elderly. 

This object can further comprise similar situations with regard 

groups of functionalities that can be implemented, for example, as a 

nutritional helper [19]. Therefore it could aim at developing a scalable 

open standard technological platform for building a broad range of Ambient 

Assisted Living Services. 

These types of communication services to the "world" must be 

applied carefully in order to maintain the privacy and ubiquity of the user. 

It is intended these technologies may have as one of their goals to allow 

total privacy, and may use strategies to hide the information owner via 

anonymization or the use of pseudonyms. For example, the video cameras 

surveillance is becoming increasingly common but we know its purpose. 

There is a notion that there is some privacy when using those images, 

which are used in closed circuits but most of time they are not visualized 

by anyone, being used only in extreme situations such as should evidence 

for a possible assault. 

 

 Direct Advantages and Disadvantages of AAL 

 

When one gets older, it becomes more difficult to take care of him-

self and AAL allows the person to stay at home with all the necessary 

support and not needing to visit a nursing home or hospital. How the 

elderly are not resorted to medical care will allow instant money saving in 

health care. Faced with this independence and comfort friends and family 

can help seniors. So with this monitoring, elderly people can carry out 

various activities in the comfort of their house without having their privacy 

invaded or even are been followed during administering medications. 
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Moreover, recent advances in image processing and pattern 

recognition techniques enable the automation of many surveillance tasks, 

increasing the risks of privacy infringements, which are an even more 

vulnerable result of globalization. Those protection aspects raise some 

severe concerns regarding the protection of our civil rights and if system 

architectures respect and protect privacy. So this type of assistance may 

not be the best choice for every senior, but when living in nursing homes 

people tend to require more hospitalizations and doctor visits. This factor 

can also be a barrier because the elderly is in an unknown environment, 

being afraid of isolation from family and friends and is more likely to suffer 

from depression due to his/her lack of Independence. 

Maybe the major disadvantage is the difficulty for elder people to 

interact with new technologies, because they have many difficulties to 

understand and learn how to use them, sometimes it is a very arduous path 

[20]. 

 

 Privacy and Confidentiality 

 

In [21], Kofod-Petersen raises important things about the elderly as 

for trying to avoid issues of privacy and confidentiality. Q. Jones and A. 

Grandhi et a [22] present P3 systems that enable a new class of location-

aware information, which revels one interesting problem in the context of 

ambient assisted living (AAL), because for the typically elder it is expected 

to share, not only location information but also biometric data, such as 

blood pressure.  

To Martina Ziefle, Carsten Rocker extends those individual factors 

(gender, age, health status) as being an important influence to adapt to 

this decision. Given their study it was verified that the regular use of 

existing knowledge and technology to provide preference of mobile devices 

and Medical technology, integrated into home environments, seems to be 

more critically evaluated than smart clothing or mobile devices [11], 
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because technology crosses the limits of social acceptability and fashion of 

commercial applications [23].  

The dilemma posed concerns between the Benefits vs. Privacy, but 

the health care sector is strictly regulated, particularly regarding 

information privacy and confidentiality. 

 

 Security, Safety and Comfort 

 

The implemented systems do not provide any security about data 

transmission or authentication methods. The topic is not even discussed in 

most of the analyzed papers.  

Security is a burden that exists in order to ensure privacy and 

confidentiality as well as the necessity of being careful with the use / 

manipulation of data as one of the biggest questions for the concept 

Ambient Assisted Living. Although Transport Layer Security is a widely 

spread and has a high-performance protocol it does not completely suit the 

demands of embedded device, but it is well-adopted in a general way. It 

has been seen that is capable to securely interconnect or Web Service 

Security [24].  

Farzad [25], presents one solution when everybody else may forget 

achievement of the activities, or realize actions of daily living incorrectly, 

and by this way enter dangerous situations. A smart home project is 

proposed as an ambient intelligent environment, allowing the resident to 

be observed continuously through the embedded sensors, and this 

continuous surveillance permits the user to be assisted automatically 

through the embedded electronically well-regulated actuators. In this 

work, this proposed approaches to understand the sensors observations and 

automatically reasons in the vital assistance. Or Sohlberg [26] discusses the 

limitations of adults with cognitive deficiencies in terms of navigation, and 

the importance of establishing policies for daily routines and supported 

methods during walking trips, for example. Obviously, the use of all these 

technologies in such systems is extremely important for their acceptance. 
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Thereby there must be some concern and interest in development of 

interfaces that will support natural forms of interaction.  

 

 Reviews 

 

Given these type of systems we also have issues of complexity because 

these systems raise fundamental questions of behavior, communication and 

technology acceptance but this system is implemented as a personal 

trusted agent and supports privacy decisions of a single user [11] [27]. 

Given the generalization, these type of implementations used will become 

more accepted by our society, without forgetting that these limitations 

affect their conceptual/Physiological, social and practical skills, which can 

have a substantial emotional and behavioural impact on their lives and 

surrounding environment [28]. Thus to Hervás, Bravo and Fontecha, the 

system moves through a series of familiar location points in guiding the user 

to a given destination. The navigation information can be displayed on the 

screen in an augmented reality view, showing the locations of landmarks 

along the chosen path in addition to contextual information related to the 

user, such as locations of relatives and tasks that must be performed at 

specified places. Therefore the development of new technologies provides 

mechanisms to improve the personal autonomy of people with cognitive 

impairments and help relatives to monitor their states by tracking their 

trips and being aware of their daily tasks in a specific environment [29]. 

In AAL scenarios exit several barriers including lack of access to 

infrastructure, lack of convincing data on effectiveness of recorded for 

many type of sensors and these purposes, costs, healthcare provider 

resistance as well as privacy, legal, security and ethical issues. Because this 

data can be assigned to certain persons and this way the date may contain 

important information to hackers or even health insurance companies and 

may avoid involvement in tele-health interventions. Thus, this data needs 

special care regarding privacy and security allowing to the AAL platforms 

while remote backup and restore functionality can be provided but can 
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have a major impact on one emergency situation that can have potentially 

fatal consequences [30].  

 

 Analysis in Healthcare Technologies 

 

All these technologies should have as its primary objective, the 

definition of rules that everyone can follow, allowing it to be possible to 

implement these technologies, thus creating standardization. For example, 

the Continua Health Alliance [31] makes an effort to spread these 

standards in different associations to use open standards and frameworks to 

enable a simpler and more open software architecture for applications in 

the field of AAL. Given the homogenization is possible to take into the 

future interoperability and plug-and-play solutions as one great 

achievement. But currently there are ongoing developments especially in 

the open source community allowing early integration of these technologies 

to facilitate important requirements like security, modularity and 

expandability. 

To support AAL, different location and tracking technologies are 

being exploited in many AAL systems. Technologies like WiFi [32], Global 

Positioning Systems (GPS), platforms [33], ultrasound devices, Camera-

based, Infrared Radiation (IR), Bluetooth, and RFID Radio Frequency 

IDentification [34] have been widely used for tracking people 

inside/outside houses. Most of these systems use some sort of wearable 

devices such as wearable tags, watches, bracelets, or sensors like video 

cameras, and motion sensors to detect peoples' locations or in integrated 

into advanced AAL systems, such as wearable sensors to monitor vital signs, 

or teleconferencing to combat loneliness. Even through the existing 

location and tracking services are considered a great step-forward for 

providing location knowledge, they are not quite adequate for AAL. 

The ZigBee [14] [32] is a well-known wireless communication 

standards architecture and is made up by a set of blocks called layers. Each 

layer performs a specific set of services for the layer above. On top of this 
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the ZigBee standard defines the Network (NWK) layer and the application 

(APL) layer. They are one of the most popular transmission technologies 

like Bluetooth or IEEE 802.15.4 wireless technology hare the main features 

are low complexity, low cost, low power consumption, low data rate 

transmissions, to be supported by cheap, fixed or moving devices and 

sometimes losing the acquisition performance to improve the duration of 

collection of data.  

Moreover, there are also a few proprietary solutions, including those 

designed specifically for biomedical monitoring applications and many more 

protocols that are used like as BACnet, KNX, 6LowPAN [35]. 

 

 Assistive Technologies and Electronic 

Services in AAL environments 

 

Since the term AAL comprises new concepts, technical products, 

services, logistics, new technologies and social environment, it is possible 

to distinguish between several levels of observation and various stages of 

development, including society in some of these potential mechanisms that 

are already found on the market. Therefore, the first generation is the 

basic social alarm that can be triggered to raise an alert in a telecare 

center which allows the call operator and service user to talk one another 

and decide on appropriate actions. The second generation includes devices 

such as heat sensors and flood detectors which have a passive or automatic 

alarm dimension and can trigger alerts to the telecare center without 

human intervention. The third generation of telecare is able to monitor 

everyday activities of the service user through motion detectors and door 

sensors as well as set parameters [36]. Breaching these, leads to 

interventions by the call operator in order to assess the situation, and then 

it’s able to diagnosing the problem and determining appropriate action. 

The fourth generation deals with web-based communication platforms in 

order to integrate different technological systems and devices as well as 

different services [37] [38]. The fifth generation integrates robotic devices 
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in the telecare process, like the first prototypes can be connected to social 

alarms (GiraffPlus) [28]. 

In all this processes there is always the need of communication 

services where this goal is to help older people who become less mobile, 

because meeting other people outside becomes more and more 

complicated if not impossible. Sometimes they are the bridge to medical 

services intending to focus on the detection and prevention of emergency 

situations, in a long-term treatment of chronic diseases in elderly without 

mobility, and also prevention and early detection of illnesses. 

There is also a substantial convenience services research on AAL like 

for example, a few sensors for supporting users in everyday activities by 

compensating individual physical disabilities. This sensors used to achieve 

human activity usually have low power consumption and cheap 

implementation costs, such as wearable-based like accelerometers, 

gyroscopes, or ambient-based like video cameras, thermal and other kinds 

of sensors. 

 

 Smart Artefacts and Mobile Devices 

 

Perhaps they are the easiest things to implement, because nowadays 

we have all have mobile phones or PDA’s, that can show our location. It 

might also be a device that has similar characteristics regarding 

technology-enhanced everyday objects, which is equipped with sensors, 

memory and communication capabilities (see, e.g., [39] or [40]) and which 

is able to capture information about its surroundings, communicate with 

each other and react accordingly to previously defined rules through 

internet, and social networks. All these objects are capable of picking up 

and transmitting the information so as to allow it to be displayed on mobile 

phone or PDAs, so it’s essential to take full advantage about their features 

and capabilities. 

Internet has made it possible to create more complex applications 

such as virtual worlds (VWs). VWs are 3D simulations of an earth-like world 
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where users are represented by a graphical representation of a human 

being. VWs is able to endorse online social interaction with objects, or with 

other users and interact in a way by means of text chat, voice or even 

video [41]. This type of VWs is common like Second Life [42], but is more 

important to focus in health care, like Second Health [43]. Here the 

concept of Internet of the Things (IoT), is considered one of the greatest 

advances in communications in recent years, because it is able to integrate 

in Internet the sensors and objects located that surround us and provide 

foundation for the development of autonomous applications and services, 

like instant diagnosis of health incidents through the Cloud infrastructure 

[44] [45]. 

 

 Wearables Sensors and/or Embedded Mobile 

Device Sensors 

 

Wearable computing technologies, as originally presented by Mann in 

1996, and these machines are no longer separated from the persons using 

them. Instead, they would become an unobtrusive extension of our very 

bodies and long-term home and outdoor health monitoring and 

communication services for elderly people, so that their health and 

functional capability can be maintained for a long time, and an enhanced 

lifestyle can be promoted. 

All wearables have to have minimizing impact of the system for the 

patient is one of our main concerns, sensor devices have to become 

smaller, more powerful and be energetically in order to be chosen to be 

wearable, non-invasive and of minimum impact to the user. They will all 

have wireless communication capability and batteries [46]. When we make 

reference to these sensors some are more accepted outside of the 

laboratory context because they can easily be used in everyday life, 

because they are small, lightweight, with long lifetime and power 

autonomy and enough comfortable to use. 
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This concept of 'wearable computing' envisions computers to an 

integral part of our everyday clothing [47], like e-textiles (BIOTEX) to 

integrate sensors in textiles [48], Fingerings [49], pendants [50], belts [51], 

gloves [52], smart shoe systems [53]. Those projects have adapted the 

traditional home environment utilizing ambient, unobtrusive, and non-

body-mounted sensors and microsystem technologies, in order to detect 

irregularities of elderly people in their daily routines, recognize fall 

accidents, and reason on acute disorders in health condition. Projects like, 

NOCTURNAL (Night Optimised Care Technology for UseRs Needing Assisted 

Lifestyles) system which provides night-time support for people with 

dementia [54], or a system to monitor children [55], the AAL@Home [56], 

and to improve posture, avoid developing pressure ulcers and ergonomics 

issues [57]. 

 

 Smart Environments and Smart Homes (SHs) 

 

The appearance of Internet and Remote Services has brought even 

more possibilities to complement the indoor functionalities of consumer 

devices with the advantages of otherwise costly professional systems and 

services on remote.  

This “invisible” technology represents a challenge, because it needs 

to accomplish several requirements, like People identification, and 

localization, data protection, dignity as well as medical demands, an 

experimental space is necessary, which enables to study patient’s life at 

home. 

The “SMART” should be able to easily intervene in risky situations 

even anticipating potential accidents and take precautions if necessary. 

There are several studies with several features that could be implemented 

into smart homes, like the recognition of audio or voice commands, 

location or with the introduction of sensors on doors, beds, couches or 

motion sensors and of course without forgetting the installation of cameras 

in order to enable the identification of daily activities of the inhabitants of 
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the house helping them in a exercise program measuring the contact forces 

applied to the ground by the user’s feet [58] or to cook a delightful meal 

[59], because it encourages independence and the maintenance of good 

health, for example through an intelligent medicament blister helps to 

increase a patient’s compliance and the task-based calendar assists people 

with cognitive disabilities in their activities of daily living [60].  

In an extreme situation it is possible to implement systems of 

integrating building networks and body sensor networks [61] or a smart city 

like the big academic and industrial such as Smarter City [62] of IBM and 

other companies that have showed increasing interest in this domain. 

 

 Reviews 

 

Firstly these technologies need to have a set of sensors and actuators 

in order to allow the monitoring of a person or group of persons, but alone 

this implementation of sensors will not create Smart Environments. 

Faced with these types of systems, their ability to be intelligent and 

therefore able to provide a set of behaviors of a person. In this case it may 

be a good indicator of health status to monitor and assist a person. If some 

type of intervention is necessary, the actuators instilled in their own 

environment or even make an adjustment at house temperature, alerting 

any caregiver that your wearer has a very high heart rate or even 

nonexistent. 

The Wearable Sensors are able to effect more efficient evaluation by 

monitoring the state of a user and with the assistance of Mobile Devices 

that serve as bridge communication, thus allowing a more efficient way to 

engage if required. These sensors are of great importance in AmI since they 

can be handled according to their requirements aid in the activities of its 

users. The durability and longevity of the batteries are an advantage so 

those sensors shall be activated only when it is required, otherwise they 

must keep off [32]. It is always important to establish how well a sensor 

may be or not critical to a potential dangerous situation. The position 
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Baquero [32] is that to adequately handle the various types of sensors and 

the different sensor communication forms we propose the use of a uniform 

sensor-handling scheme. This scheme will enable AmI systems, such as 

those developed with our Modular Scheme for the Integration of Ambient 

Intelligence Systems, to handle sensors in a uniform way. We can speak 

about the creation of a smart sensor by combining various sensors, an 

analog interface circuit, an analog to digital converter, a microcontroller 

and a communications interface, and also include a power supply in the 

form of a battery [63]. Without forgetting the system Caalyx (Complete 

Ambient Assisted Living Experiment) light mobile device that was founded 

in 2009 and had the participation of six different European countries and 

this device monitor several vital signs and send the recorded data to the 

nearest health care center obtaining results for usability, functionality and 

reliability. 

There are also systems called Activity recognition or of the intention 

recognition that have significant applications in ambient intelligence, for 

example in assisted living and care of the elderly this system is called 

AdAPT [64], IntelliCare [65], and context-CARE [66]. 

In the inCASA project, a broad variety of sensors shall be integrated 

into the system. These combine health related, home automation, and 

ambience sensors. It is expected to measure blood pressure, blood oxygen 

level, body temperature, blood sugar, heart frequency, partial prothrombin 

time/INR, weight, symptoms scoring, peritoneal dialysis, physiological 

rehab (back/knee), movement at home, contact (e.g.: door/bed/chair), 

wrist movement (actigraphy), ambient temperature, ambient humidity, 

water leaks, gas leaks [67]. One of those aims is to develop a system that 

will support the aging population and facilitates them to feel well in their 

own home. The proposed application will monitor biometric data and track 

environment parameters of elderly users into their own home. 

Thus it is intended that a good system is capable of place 

irrespective of its implementation, has the ability to be feasible and easily 

adaptable allowing heterogeneity before the implementation of new 
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embedded devices, which are integrated and ”hidden” into the 

environment. All this should follow the parameters of Safety Engineering, 

allowing the test in real situations to be demonstrated and their 

effectiveness to be certified [68] [69]. 

 

 Health Sensor Systems 

 

Biofeedback monitoring system might provide information from 

patient’s body through physiological and inertial sensors. This measurement 

in a patient can allow the observation of many biological processes and 

these processes permit an idea of what is happening in a precise instant. 

This section will focus on a briefly description of some health sensors 

properties. 

 

 Electrocardiography (ECG) 

 

Electrocardiography is the recording of the electrical activity of the 

heart, and consists in attaching three sensors to the patient’s body. Those 

sensors will interpretate the electrical activity of the heart over a period of 

time. It is crucial to attach the electrodes to the surface of the skin (and in 

a different section of it), to record or display the heartbeat through an 

external device to display in a two dimensional graph known as 

electrocardiogram. The visualization of that data it is known by five peaks 

labelled with successive letters of the alphabet P, Q, R, S, T, and U as 

shown in Figure 3. It is extremely important that the electrodes are placed 

correctly, as known to Einthoven's triangle [70]. 
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Figure 3 – Illustration of ECG signal detection. 

 

To understand how and what an ECG records, it is important to have 

a basic knowledge of how the heart works, to identify potential abnormal 

changes, focuses on the segments and gaps. Several detection algorithms 

allow us to find heart diseases and other interrelated problems [71], [72].  

 

 Electromyography (EMG) 

 

Electromyography is a technique to evaluating and record the 

electrical activity produced by skeletal muscles cells, when neurologically 

or electrically activated. The instrument called electromyograph produces 

a record called an electromyogram, and through it is possible to detect 

medical abnormalities like neuromuscular diseases and also the muscular 

activity, among others. Those muscles were crucial to maintain equilibrium 

during movement and posture AAL mobile system is used to falls prevention 

and detection [73]. 
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Figure 4 – Illustration of electromyography test. 

 

 Galvanic Skin Response (GSR) or Electro 

Dermal Activity (EDA) 

 

This sensor monitors skin resistance and it is directly correlated to 

the sympathetic nervous system activity of moisture on the skin through 

sweat glands. This two electrodes sensor’ is able to measure the electrical 

conductivity and it is the means to measure stress or anxiety in situations 

where these feelings cannot be communicated verbally or socially.  

The GSR activity has also been shown as having a correlation with 

other disorders and activities that involve the sympathetic nervous system, 

like sleeping disorders and detection of diabetic shock, among others. 

Although GRS sensors requires relatively low power and the circuitry 

is relatively simple it is ideal to use as a mobile device and usually measure 

from the fingertips, but can also be collected from the wrists or ankles 

[74]. 

 

EMG 
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Figure 5 – Illustration of an EDA or GSR Sensor. 

 

 Accelerometer 

 

An accelerometer is a device that measures proper acceleration ("g-

force"). This proper acceleration is presented today in numerous devices, 

and it is common in mobile devices. When accelerometers are in free fall 

orbiting and accelerating due to the gravity of Earth will measure zero with 

the disposal of reading errors. Figure 6 presents a three axes accelerometer 

module. 

 

 

Figure 6 –Accelerometer sensor. 

 

The measure unit is given in G’s, which originates from the values at 

each moment for the three axes presented in accelerometer, respectively 

X, Y and Z. of this sensor to enable identification of the relative position to 

the ground for a correction of body posture and the accelerometer values 

to identify situations of potential fall of a patient [75]. 
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  Falls Detection and Prevention Approaches 

 

Wearable and embedded body sensors collect biofeedback 

information for the human being. The great variety of sensors and the 

different ways that they can be applied on persons have contributed to 

several approaches regarding elderly people monitoring. These approaches 

mentioned in the literature use several techniques and technologies to 

capture biometric signals. Thereby, improving the elderly quality of life 

through several AAL solutions. 

Horta et al. presented a solution for fall detection in elderly people 

[76]. Falls can origin injuries that may cause a great dependence and even 

death in extreme cases. This system aims to prevent falls and advice the 

patient or even give instructions to treat an abnormal condition to reduce 

the risk of falling. Thus, this fall prevention system works in real time and 

the algorithms analyses bio-signals to thereby warn the user. Monitoring 

and processing data from sensors is performed by a smartphone that, in 

danger situations, can send eMails or SMSs (short message system) to a 

caretaker. This solution was validated through a prototype and it is ready 

for use. 

Along with wearable and embedded sensors, a device that collects 

and saves bio-signals data, for example, during the absence of his caregiver 

is the Texas Instruments EZ430-Chronos programmable clock [77]. 

Furthermore, another solution that allows data configuration collecting 

specific parameters and real time location while communicating with a 

mobile device is the use of Shimmer sensors technology [78].  

This approach, noninvasive patient monitoring and diagnostics are 

assisted by a flexible sensing platform, which contains integrated 

peripherals, specific power management hardware, and open software with 

a library of applications supported, allows several advantages over many 

other medical research platforms [79]. 

There was an extensive range of healthcare applications, but the 

mainly concern it is the health of elderly and incapacitated people. 
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The proposed solution gathers contributions from the above-

described approaches. Next sections present it in detail. 

 

 X Health Systems  

 

Currently there are many types of health solutions evolved 

progressive health applications, like u-health (ubiquitous health), that refer 

to health management and medical services that utilize wired/wireless 

networking such as remote monitoring and are able to help the patient 

anyplace and anytime. Or in other hand have the p-health (pervasive 

health), this paradigm may be defined from two perspectives: i) as the 

application of pervasive computing technologies for healthcare, and ii) as 

making healthcare available everywhere, anytime and to anyone removing 

this way the location, time and other restraints while growing both its 

coverage and quality [80]. 

But also exists e-health (electronic health). It is a quite recent term, 

dating back to at least 1999. This healthcare practice supported by 

communications allow the interaction between patients and health service 

providers or professionals and between institution-to-institution through 

electronic and digital processes using the internet proliferation. This allows 

a quicker way to communicate and more convenient access to health 

services. The solution entitled Data Capture and Auto Identification 

Reference (DACAR) that this platform presents as a Single Point of Contact 

(SPoC), presents an innovative rule, which allows the secure capture, 

storage and consumption of sensitive health care data [81]. This way we 

see an efficiency improvement of health provider’s, reducing costs, easy 

access to information and improved decisions about possible health 

treatments or analysis on patients or even increasing treatments 

effectiveness and more as Microsoft HealthVault to form an e-Health 

platform that extends across all health care domains [82] [83]. 

Finally, mobile health (m-Health) refers to wireless portable devices 

capable of transmitting, storing, processing, and retrieving real-time and 
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non-real-time data among end. So, m-Health presents one practical 

solution [84].and this way resolve two important types of issues. For 

example, the project “Health@Home” aims at solving social problems 

related to the provision of healthcare services for elderly citizens affected 

by Chronic Heart Failure (CHF), recent surgical or medical procedures. 

Their efforts on the collection of data from patients during a period of time 

after initial post-operative release from a hospital or clinic [85] [86]. 

In developing countries, there are an immense health care 

professionals and institutions, but it is important think, when deployed to 

provide healthcare to remote locations in developing countries, must 

carefully take into account the existing healthcare and communications 

facilities, but also socio-economic conditions of populations [87] [88].  

 

 Summary 

 

This chapter presented the literature review concerning a state of 

art in Ambient Assisted Living, a theoretical analysis in healthcare 

technologies, health sensors systems and covered works in falls detection. 

These technologies, tools, and techniques focus on biomedical data and on 

an extensive range of healthcare applications to prevent possible situations 

of sickness. This information enables physicians to analyze the evolution of 

a patient and those trying to identify situations of stress for a quick 

intervention in risk situations. They still look at future challenges, in order 

to give elderly the comfort of their home and happiness of living freely.  

Thus, after a brief introduction, Section 2.1 reviews the possibility of 

implementation anywhere, its use anytime and finally by anyone. Section 

2.2 presented Security, privacy and confidentiality of its information in 

Ambient Assisted Living. Section 2.3 reviewed the health care technologies. 

Section 2.4 briefly introduced some health sensors systems available, used 

in mobile applications. Finally, section 2.5 presented a general scope in 

falls detection, biofeedback monitoring works and some types of Health 

systems, like m-Health and applications for common users. 
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3. Requirement Analysis 

 

Nowadays all software development needs meticulous analysis of the 

requirements and all specifications of the system implementation. So 

through the requirements analysis, we can fully identify all the 

characteristics and behaviors of the systems.  

To achieve this goal it is important to model the system accordingly 

to the specifications of Unified Modeling Language (UML) managed by the 

Object Management Group (OMG). The implementation of these standard 

methods allows modeling its behavior, architecture and business process 

[89]. UML is a general-purpose language with semantic notation in the field 

of software engineering, which is designed to provide a standard way to 

visualize, specify and build the design of a system, which consists of setup 

diagrams with textual description of the main actions and procedures. 

Therefore we are talking about analysis which is the key process for 

software development and clear-cut the goals for observe, their 

characteristics and behaviors. In this chapter we can view some of the 

major UML diagrams in order to demonstrate the behavior and structure of 

the system. 

Section 3.1 will discuss the system essential requirements, Section 

3.2 and 3.3 will present behavioral and structural diagrams to design 

mobile solution. Section 3.4 will address used technologies. At last, Section 

3.5 summarizes the chapter. 
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 Essential Modeling Requirements 

 

The most vital steps in these analyses are determining essential 

requirements. If we set boundaries in our features or constraints the 

requirements that are presented in the future system are defined. But 

defining crucial requirements can be a challenging task, because they are 

capable of having a global and complete vision of the future system to 

completely define these requirements. 

 

Hence, the following essential requirements were defined: 

 Android API level should be equal or above 16, which represents 

78,3% of the active Android devices across the globe [90]; 

 Bluetooth hardware should be existing in each of the small 

health sensors to connect with the device; 

 Wi-Fi or 3G modules are required to perform the alerts; 

 A folder in device is required in order to allow storage of the 

collected data of the sensors and data management; 

 The system must be self-sufficient to manage resources;  

 Every task should run in an invisible and clear way to the end 

user.  

 

In order to create and integrate those mobile solutions, the above-

defined requirements are required. 

 

 Behavioural Diagrams 

 

Behavioral diagrams are used to represent system functionalities. 

Represents what should happen in the modeled system, the use case it and 

activity diagrams as described further below.  
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This Table 1 shows the main factors that affect the systems. 

 

Actors Process traits 

Patient 

 

 

 Registration with several fields to create profile 

 Easy and natural navigation menus 

 Visualize health sensors values in charts 

 Get notifications from falls detection 

 Falls detection and GPS location 

 

m-Health System 

 

 Turn on Bluetooth, Wi-Fi and GPS 

 Establish connection with health sensors 

 Manage data from health sensors 

 Monitor biofeedback data 

 Patient motion detection 

 Display health sensors values in charts 

 Show notifications from alerts 

 Send automatic alert to patient caretaker 

 

Health sensor 

 

 Establish connection with mobile devices 

 Send physiological data from sensors to mobile 

device 

 

 

Table 1. Actors, behaviors, and requirements the system must implement. 

 

The main specifications of the mobile solution are here presented. 

This process was used in software engineering and its goals are divided by 

various actors to simplify and make a practical implementation. 

 

 Use Case Diagrams 

 

This type of diagrams can be used to specify the global system 

functionalities, schematize in a simple way the actions (use cases) that the 

actors (subjects present in system) should or can perform with the system, 
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like simple visualization of graphics, or patient information, for example. 

The general use case diagram for the m-Health application is presented at 

Figure 7 for the watch Texas Instruments EZ430-Chronos system and the 

Figure 8 for the Shimmer Sensors system. 

 

 

Figure 7 - Application use case diagram for Texas Instruments EZ430-Chronos. 

 

As seen through the use case diagram actors and their associations 

the most significant use cases actions are presented. The actors showed as 

a stick in a figure, can be a person, organization or external system. This 

final structure aims to be easy to use and consists of four sections wherein 

each has different features. 
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Figure 8 - Application use case diagram for Shimmer Sensors. 

 

Here the use case diagram actors and their associations with the 

most significant use cases actions are presented. The actor showed in 

structure aims to be easy to use, and the application has been developed in 

such a way that to monitor environment the application can run in the 

background even with turned off screen. Each single functionality keeps 

running. 

 

 Activity Diagrams 

 

Activity diagrams are usually used to visualize the system workflow. 

This different Android activity runs with different sensors and it is 

presented as a thread and the reading should be measured simultaneously. 

So the activity diagrams are defined regarding falls detection algorithms, 

with Notification Alerts, processing and information visualization from 

sensors and everything is controlled synchronously. 
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3.2.2.1. ECG and Temperature Prevention and Detection 

Procedures (Watch) 

 

The activity diagram presented in Figure 9 represents the bio-signals 

monitoring solution using several activities and simultaneous tasks and 

getting several sensor analyses. 

 

 

Figure 9 - Activity diagram illustrating the ECG and Temperature prevention, and 
detection procedures. 
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Therefore, the first step consists in the establishment of a Bluetooth 

connection. Once the connection is achieved, data collecting begins for 

ECG and temperature values. The collected data is analyzed and if it has 

expressive changes (for example, ECG values threshold per minute higher 

or irregular values), an alert is sent. In the same way the collected 

temperature is analyzed and if the values are very high or low, an alert is 

also sent to the elderly and/or to the caregiver.  

 

3.2.2.2. Falls Detection 

 

The fall detection process uses the accelerometer sensor data and 

using multi-threading to the simultaneous combination of several tasks and 

several sensors readings.  

In Figure 10, it is presented the activity diagram of falls detection 

system, which represents the data flow and the sequence of the 

application. 
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Figure 10 – Falls Detection activity diagram. 

 

Figure 10 represents the workflow as the beginning process start of 

collection of the acceleration values from the accelerometer and these 

values of axes X, Y, and Z received from accelerometer was transforms in G 

force, using the equation 1. The G-force is a measure of acceleration of a 

freely falling body. 

This task will always be active and thereby can monitor the user 

activity. If G force is superior to 2.5G, after an interval of 10 seconds some 

movement occurs, it is declared as false alarm. In case it is no activity, was 

possible the user may be unconscious or immobilized and in this case they 

need help. At that moment the device launched a notification it is shown 

on main screen. 
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𝐺 =
√𝑥2 ×  𝑦2 ×  𝑧2

9,8
          (1) 

 

Equation 1. G force calculation. 

 

3.2.2.3. Processing and Information Visualization from 

Sensors 

 

In this proposal as above mentioned, there are several sensors that 

can be individually activated, such as, BVP, EMG, and GRS bio-signals 

measurement but also some inertial sensors as gyroscope and 

magnetometer. This remaining sensor allows visualization in a 

simultaneously way in Figure 11. 
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Figure 11 – Bluetooth Connection, Receive, Store and processing data, other Show 
Charts activity diagram. 

 

These sensors can also be presented in a smartphone allowing the 

detection of significant changes in user motion. Therefore it enables fall 

detection through the accelerometer. The proposal has the ability to use 

the smartphone or tablet GPS to provide the real-time location of the user. 
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After communication Bluetooth starts the system and creates 

threads for each sensor, one for the data acquisition and another for the 

visualization of the values in a graph. When a connection is established, 

acquiring data will start from the connected sensors. The received data is 

saved on a file, for each sensor. It is also possible to see the graphs 

according to the values from the sensor, individually. 

 

 Structural Diagrams  

 

Structural diagrams represent the oriented object elements of a 

system and the most used structural diagram is the class diagram. 

Class diagrams show a collection of several elements such as classes, 

their types, and their relationships. The various elements are represented 

statically and it are used as a template for the creation of objects. 
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Figure 12 - Structural diagram with Bluetooth connection for health sensors, Falls 
Detection, GPS location and to display health data charts. 
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Figure 12 presents a class diagram with proper attributes and 

methods developed for the Android System and an hierarchical 

representation of the classes’ dependencies of a main class called 

MainActivity.  

Note: Structural diagram (Figure 12) attached at the end with a 

picture oversized. 

 

 Used Technologies 

 

The two AAL solutions presented in this dissertation were developed 

in the Java programming language.  

The first application the IDE chose to develop was NetBeans which 

aimed the functionality of a watch and a chest strap. This language allowed 

developed applications WORA (write once, run anywhere), not to be 

necessary to compile the application for different operating systems. This 

is due to the fact that JAVA language compiles its applications to byte code 

instead of the native code of the operating system, allowing any computer 

with Java Virtual Machine installed. JAVA is a widely used language so it 

has some advantages. Its starting technology is free and it is possible 

include new APIs and free IDE's. Object-oriented programming uses allow it 

to run on multiple platforms without the need for code changes. The 

disadvantages we can mention are that the compilation is a bit slow in 

comparison to other languages and JAVA applications are a little slower to 

load. 
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Figure 13 - Development of the application on IDE NetBeans. 

 

The knowledge of Android architecture is essential in order to be 

possible to design and develop robust and consistent solutions towards 

Android OS. The following Figure 14 shows the main system components of 

the Android OS. 

 

 

Figure 14 - Illustration of the Android OS architecture. 
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Activity lifetime in android takes activity management in a stack 

that accomplishes the different activities that the application has. Those 

activities have four main states (active, paused, stopped, and dropped). 

When a new activity is created, it is placed on the top of the stack and 

becomes the running activity. The previous activity remains below, in the 

stack, but this mobile application may have different activities need 

simultaneously and each activity can contain Threads to perform multiple 

tasks. For example, if map activity is launched in front of Falls Detection 

activity this method does it work in the background. To exit the application 

you just have to destroy the activities running in the application. 

The second application given aims mobile devices running Google 

Android operating system, aiming to be a flexible platform, and an open 

source that will work different types of smartphones. To make apply 

mechanisms possible by developing the system, Android Software 

Development Kit (SDK) [91] is used. This instrument offers the necessary 

tools to develop android applications to run in smartphones and tables. In 

this case the programming language used is JAVA. The IDE chosen for 

development is the Eclipse in combination with the Android development 

tools (ADT) plugin, designed to extend Eclipse capabilities, providing 

debugging options or even test emulators, and has the largest community 

of Developers and a large set of detailed documentation of all features. 
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Figure 15 - Development Environment ADT. 

 

Typically, all Android devices offer networks connection through Wi-

Fi and Bluetooth. In this case there is an important requirement for the 

proper functioning of the application and it receives data directly from the 

tablet “Nexus 7” accelerometer and all the necessary equipment to fix the 

seven sensors Shimmers2r, through Bluetooth. 

 

 Summary 

 

In this chapter the requirement analysis was focused in all system 

behaviors and essential features. Thus, Section 3.1 presented the system 

essential modelling requirements, Sections 3.2 and 3.3 presented 

behavioural and structural diagrams to design mobile solution. Section 3.4 

discussed used technologies. Finally, this Section summarizes the chapter. 
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4.  Devices used on the 

Prototype 

 

The goal of this chapter was the experimental systems of devices 

used in the prototype and the proposed mobile health sensors solutions fit 

to do research. Both are developed and applied to the AAL mobile health 

solution, like Biofeedback monitoring, monitoring movements, falls’ 

detection, and in a general way are prevention mechanisms to help older 

people and this concerning the highest specifications to the AAL mobile 

environment. Those will be shortly introduced and technically described by 

the projected health mobile solutions, in Section 4.1 the Texas eZ430-

Chronos system and in Section 4.2 the Shimmer Research solution. Both are 

capable solutions for biofeedback monitoring and have a 3-axis 

accelerometer and some physiological sensors to collet vital data from the 

patient’s body. 

To test the devices showed below it is necessary to refer the Android 

mobile devices where the application was deployed and tested. Today, the 

operating system Android is present in 750 million mobile devices, mainly in 

smartphones that have become so universal and so powerful and are ready 

to exceed desktop usage. Those numbers tend to rise for the huge success 

these devices connecting wirelessly have. Android is the most successful 

platform [92]. 

This success is owed also to the fact that these devices have 

Bluetooth and Wi-Fi connection to support and improve the system on a 
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mobile device and also have a low cost and an extensive variety and 

versatility. There are various versions of Android system but the one that 

interests us is the Android 4.4 KitKat announced on September 3, of 2013. 

This application was developed for Android 4.2.2 Jelly Bean and was 

deployed and tested on tablet Nexus 7, but also experimented on other 

previous Android versions like tablet Samsung Galaxy Tab (Android 2.3.3 

version) and other mobile devices, smartphones or tablets available in the 

market. 

 

 

 Shimmer Research Platinum  

 

The Shimmer Research Platinum solution system, also known as 

Shimmer 2r Development Kit offers two possibilities to communicate, the 

standard IEEE 802.15.4 or Bluetooth that allows to send data to mobile 

devices, smartphones or tablets, without forgetting it flexibility, great 

portability and autonomy.  

 

 

Figure 16 – Shimmer Research Platinum Kit. 
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Each basic module sensor is equipped with a low-power 

microcontroller MSP430 (8MHz, 16Bit) of Texas Instruments, a 3-axis 

accelerometer for motion sensitive control, the main board also includes a 

Micro SD slot supporting up to 2 GB of Flash memory for data storage 

allowing significant amounts of data, a Bluetooth module, a rechargeable 

450mAh Li-ion battery along with the advantage of being rechargeable 

within a few hours and low power consumption. It as also one slot that 

allows the connection between other sensors. This offers a plethora of body 

sensor bio-signals measurements, such as the electrocardiogram (ECG), the 

electromyography (EMG), the Galvanic Skin Response (GSR) sensor, Heart 

Rate (HR) or beats per minute (BPM), temperature, etc. It is also able to 

perform respiration demodulation on-chip. It integrates a 10 DoF inertial 

sensing via accelerometer, gyroscope, magnetometer, and altimeter, each 

one with selectable range. These modules used TinyOS that a specific mini 

operating system developed to platforms with restricted memory resources 

and processing. 

The development kit also carries several memory cards, docks for 

charging and transferring data, straps to attach sensors to patients and also 

a CD containing complete documentation about each sensor module, the 

Android API and an installation program that allows us to see all the 

process of initialization, connection, acquisition and 

visualization/processing data received through sensors.  

 

 Arrangement of the Sensors in Patients 

Body 

 

In the proposal scenario seven types of sensors where used, because 

it is the maximum number of connections that standard Bluetooth 2.0 

allows. As shown in Figure 17. The Shimmer ECG (A) records the electrical 

impulses through the heart muscle, having as starting point four electrodes 

set (C) on the chest of the patient. It is also possible to record data on 

bedridden or home users, or even during exercise to provide information of 
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the patient’s heart in real time. Furthermore, a temperature sensor (B) 

allows gathering information of a patient’s temperature when the sensor is 

placed in close proximity to the body. The digital interface signal 

experiments several sensors for validation purposes. 

 

 

Figure 17 - Illustration of the body sensors - Shimmer: A) Electro-cardiogram; B) 
Temperature; C) Electrodes for Electro-cardiogram. 

 

In the next Figure 18 it is possible to see all the hardware of the 

system together, all the seven sensors Shimmers2r and one tablet Asus 

Nexus 7 assigned by NetGNA group. All sensors are connected to a voluntary 

and turn on through Bluetooth connection to the tablet and a set of tests 

and simulations are carried out to obtain several kinds of values and some 

simulations of falls (Figure 19). This simulation took fifteen minutes. All the 

connections run ok during the simulation and all data was stored in the 

device. 

 

B 

C 

A 
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Figure 18 - Material used for the development of the solution. 

 

 

Figure 19 - Connecting Sensors Shimmer in last test. 
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The Shimmer Kit is a good development tool because is adapted for 

wearable solutions and has lots of documentation about the Android API 

[93] in a way that reduces the time development in applications where 

sensors can be applied to a wide range of scenarios, such as, motion 

detection, heart function monitoring, premature ventricular contraction, 

atrial fibrillation, abnormal rhythm detection, fatigue analysis, muscle 

activity, sport techniques, gait and posture disturbance, tremor analysis, 

and orthopedics biomechanics. All these solutions can be controlled in real 

time monitoring or over data acquisition extended periods of time. 

 

 Texas eZ430-Chronos 

 

The Texas eZ430-Chronos research system offers flexibility and 

adaptively, because it stands out for being the first reprogrammable watch 

and it also allows wireless communication with a Chest Strap, USB Access 

Point RF (Radio Frequency) or with a pedometer. These accessories have a 

big communication range with the watch and still are portable, autonomous 

and easy to use. 

 

 

Figure 20 - Texas eZ430-Chronos Development Kit. 
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The eZ430-Chronos watch, presented in Figure 20, was the first 

wearable development kit released worldwide and needs disassembled to 

be reprogrammed with a custom application taking into account the needs 

of given users. It has been required updating the firmware, because 

otherwise it would not be possible to access the recording mode data 

(LOG). This feature LOG allows a maximum of 2557 entries (8kb of 

information), taking into account that BPM values, temperature and time 

are saved. 

The watch includes a 96-segment LCD display, incorporates a low-

power microcontroller, the CC430F6137, an integrated pressure sensor, a 

temperature sensor, a heart rate monitor through a chest strap, and a 3-

axis accelerometer for motion sensitive control ability to operate on a 

central hub for nearby wireless sensors (such as pedometers). The 

development kit also carries a USB Access Point to reprogram the watch 

and a CD containing documentation and two IDE’s a IAR Kick Start and Code 

Composer Studio v4  

Collected signals from the sensors were stored on the watch, and is 

possible to transmit this data via USB Access Point RF to computer. All 

signals can be showed in real time. It was created an application that 

stores information about the temperature and heart rate from the patient’s 

body using the chest strap.  

These instruments usually have a set of restrictions but, in this case, 

the watch performed well because it did not present any problems of 

flexibility, ergonomics, or discomfort resulting from time extended 

handling and use. Considering this, it is important to underline that the 

watch and chest strap autonomy are particularly large. During the whole 

process of acquiring data there was no need to change any batteries of 

either the watch or chest strap. For the CR2032 Coin Cell Lithium Battery, 

referred on the manual and according to its analysis, it was possible to 

observe that for a continuous communication in BlueRobin Rx Mode 

(communication: chest strap to watch) the battery lasts approximately 6.2 

months, but if only needs 1 hour of daily use, so, the battery can work for 2 
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years. Otherwise, the SimpliciTI SYNC mode (communication: watch to 

computer) is more expensive energetically because of its continuous 

communication. The battery takes about 8 days to empty but 1 hour per 

day use takes approximately 5.4 months. The SimpliciTI SYNC mode is much 

more energy eater, this is not a big problem because it is only used to send 

data to a terminal and this communication is done in seconds. Furthermore 

noted it is possible to control some functionalities through the computer 

and manage settings as data is conducted. However, it has some 

disadvantages. It could have bigger memory capacity and capable of 

simultaneous communications. 

 

 Arrangement of the Sensors in Patients 

Body 

 

Placing the sensors correctly in the patient's body is essential to have 

accurate readings. In Figure 21 the sensors are placed in a specific area of 

the human body. The chest strap was placed on the chest (heart area), and 

on the wrist we should put the watch, thereafter accessing the mode "LOG" 

on the watch and start recording data. When completed the recording 

phase, data is transferred to a computer for subsequent analysis by one 

specific application. 

 

 

Figure 21 – Placement of the Sensors in the Human Body. 
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Sensor reading was able, in our case analyses to read the 

temperature and BPM, in a defined time range between samples and it was 

performed in ideal conditions of data acquisition. But these sensors are 

flexible, robust and allow us to take samples under extreme conditions. 

The communication between the watch and the computer has a good 

range, approximately 100 meters (tested in open field with line of sight), 

but indoors setting with RF activity it is able to achieve a range of 10 

meters without equipment causing interference. 

 

 Summary 

 

In this chapter, it was presented the most important technical 

characteristics and the functionalities of the used devices that performed 

the AAL mobile solution prototype. Texas eZ430-Chronos research system 

was presented in Section 4.1. In Section 4.2 another health sensors kit (the 

Shimmer Research Platinum Kit) was showed. However, this mobile solution 

can improve to other sensor systems. 
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5. AAL Mobile Solution 

Demonstration 

 

This chapter will be focused on the flexibility of mobile devices that 

enable more reliable and customizable mobile tools. Bio-signals monitoring 

allows the identification of possible and meaningful temperature, heart 

rate, or BVP changes. Additionally, the system can identify heart diseases 

like arrhythmia as well as other cardiac alterations. Moreover, the 

caregiver is able to define the risk degree of the patient under monitoring 

and defining three levels of surveillance: low, normal, and critical [94] 

[95]. 

The system Architecture introduced and described in Section 5.1 

presents all system modules for biofeedback monitoring and falls detection. 

Then, in Section 5.2, it is showed the graphical interface adapted for 

elderly people. Section 5.3 performs and explains the biofeedback 

monitoring tools. Section 5.4 focuses on the falls detection with warning 

alerts in dangerous health circumstances. 

 

 

 System Architecture 

 

This section describes the system architecture considered for AAL 

environments with mobility support. Figure 22 illustrates a scenario with 
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main actions set for the communications process with the mobile 

application and the healthcare system, in real time.  

 

 

Figure 22 - Illustration of the system architecture, using ECG and temperature body 
sensors and external access through Web services for data visualization and storage. 

 

The system architecture of the mobile App allows data collection 

from sensors and external access from user’s terminal through an Internet 

connection. It receives all data from the sensors placed beside the user 

body in order to obtain the vital parameters and extra information that is 

sent through Bluetooth to a smartphone or tablet. The collected data is 

analyzed and sent to a remote database. It can be stored for a more 

extensive analysis of the medication in order to improve or even adjust it. 

The body sensors and Web services modules facilitate the information 

sharing through a simple interface, which is properly identified by users 

with specified permissions.  

The fall detection module was presented in the last phase and it is 

responsible for detecting some movements that have dangerous 

accelerations in order to detect user falls and also to provide user location 

in alerts with data GPS navigation system and view on a map. 

Therefore, the information sharing is safely and effectively 

performed. Measurements can be tuned according to different levels that 

the caregiver defines most relevant. Moreover, this is a flexible solution, 

fits in a real context and allows the integration of new sensors, if needed. 
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 System Architecture - Watch 

 

Figure 23 presents the same approach but in offline mode. After a 

starting configuration in which the type of data that we want to store and 

the time interval between samples is indicated and it stores data 

information like heart beat and temperature to an offline database for 

later analysis. Offline bio-signal data is collected through radio frequency. 

Afterwards, a health care professional can analyze the stored data in order 

to verify whether the patient eventually needs any medication change or 

even another type of intervention. 

 

 

Figure 23 - Illustration of the offline system architecture considering the capture of 
blood volume pulse (BVP) and body temperature values. 

 

 Graphical Interface 

 

This section focuses on demonstrating the solution in a real scenario 

and these solutions were developed thinking about elderly people showing 

one user’s interface friendly. 

The application uses easy structure, large menus and some natural 

buttons. All the important physiological data is running on the background 

and alerting the user when it is necessary. Figure 24 shows the initial 

screen application window. 
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Figure 24 – Initial Screen Presentation. 

 

Figure 25 presents the main page of the application in which the user 

accesses all personal data information.  
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Figure 25 – AAL Mobile Application (personal data information). 

 

After this, the application is ready to initialize the health sensors 

and it is possible to choose the sensors that will run and be stored. The 

sensors available are: two tri-axial accelerometer (shimmer and tablet) and 

it is a device for measuring acceleration, ECG (Electrocardiography) who 

record change of electrical activity produced by the heart, a EMG 

(Electromyography), measures the electrical activity generated by muscles, 

BPM (Beats Per Minute) that counts the beats per minute, one GSR 

(Galvanic Skin Response) that measures the electrical conductivity of the 

skin, a Gyroscope which measures the rotation and a Magnetometer that 

measures distances between magnetic fields. 
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Figure 26 - Fragment with all sensors. 

 

 Graphical Interface - Watch 

 

This demonstrates the solution in a real scenario and this solution 

was developed by thinking in elderly people and a user’s friendly interface. 

The application uses easy structure, large menus and some natural 

buttons. Figure 27 shows the initial screen application window. 
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Figure 27 - Initial Screen Presentation (patient information). 

 

The file has the patient information and also two lists with the type 

of alert, BPM or temperature, the hours are displayed and the value that 

launches the alert (alerts added later). After opening the file starting and 

ending dates are displayed, like the total recording time. The file can be 

opened several times for further analysis. 

 

 Biofeedback Monitoring Tool 

 

The monitoring physiological tool is an important component to show 

both problems and treatments because it is developed to monitor body 

responses, compile progress data, and reporting them. 

The biofeedback status is directly related to certain health issues.  

This software was developed to work with two types of sensors the 

Bio-Signals, like BPM, ECG, EMG and GSR, moreover the Inertial Signals 

available, like Shimmer and Device accelerometer, Gyroscope and 

Magnetometer. During a biofeedback session, a patient needs to put some 

sensors placed next to the skin. Through Bluetooth connection this 

information is synchronized with a mobile device (smartphone or tablet) for 

data acquisition. 
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Figure 28 - Fragments of charts. 

 

In Figure 28, a smartphone shows the EMG signal, and My Device 

ACCEL with values ranging in milliseconds. In a threshold of ten seconds all 

the graph lines are deleted to be no overlap of information, after the 

values still printed and it is also possible to do Zoom In and Zoom Out for a 

particular interval in time. This date timer is obtained from the number of 

milliseconds that elapsed since midnight, January 1, 1970.  

 

 Biofeedback Monitoring Tool - Watch 

 

This software was developed to analyse data information about the 

date recorded by the watch, and it is bound to visualize two types of 

sensors: the BPM and temperature. It enables the user to configure an alert 

system and this way visualizes carefully possible risk situations. 
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Furthermore it is possible to visualize the initial data information about the 

patient, the graphs contain BPM and Temperature, but also the data alert 

saved in the last revision. 

By visualizing the next image one might understand that some 

information graphic has been added on the right, like the maximum and 

minimum values and average of BPM and temperature. 

 

 

Figure 29 - Example of Graph Application and respective Information. 

 

The analysis of risk situations has two different options: one filter for 

a BPM or temperature value range can be used, showing these values to the 

interval in question. Moreover it is provided a system analysis given 

information from the patient regarding his/her type of activity. We 

considered five levels of activity stress and took into account the patient's 

age: from people with minimal mobility, like bedridden, to people with 

high performance activities like sports for example. There is also a button 

which clears the data in this separator, allowing a new configuration of the 

alert system (Figure 30). 
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Figure 30 - Example of a data filter through the intensity level. 

 

Finally the data can be displayed on a chart or other, containing the 

stored personal information of the patient as well as the respective alert. 

 

 

Figure 31 - Warning graphics. 

 

 Falls Detection with External Alerts 

 

The falls detection system works by measuring the user’s body 

acceleration, receiving acceleration values in real time from accelerometer 

and then converting those values in G force. If that G value exceeds 2.5G a 

fall is detected. At this moment the device launches a notification that is 

automatically displayed on the main screen and a beep notifies users. After 

that, some patient information will be sent, like the patients location to 

the caretaker or emergency. 
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Figure 32 shows the values captured by graphics and we can see the 

accelerometer in a time interval where a fall is detected and confirmed, 

with a red triangle signal at the bottom right of the image. 

 

 

Figure 32- User Falls Detection Notification and red signal alert. 

 

 Summary 

 

In this chapter, it is demonstrated, the AAL mobile solution in a real 

scenario. Architecture was described in Section 5.1 presenting all system 

modules for biofeedback monitoring and fall detections. Then, in Section 

5.2, it was showed the graphical interface proper for elderly people. 

Section 5.3 and 5.4 performed and explained the biofeedback monitoring 

tools with all features and falls detection techniques. 
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Both presented architectures have common goals concerning the 

detection and analysis of bio-signals and inertial signals. They are 

responsible for detecting significant changes caused by common daily 

activities. These collected values can also infer significant changes of data 

through the sensors placed along the patients’ body and are able to 

guarantee the well-being of the elderly. It considers the interventions that 

a qualified healthcare team may find adequate for each user. So, there are 

two ways for collecting and storing data, either on-line or offline. Whether 

it is performed on-line (in real-time) or off-line, later analysis points to the 

energetic efficiency of the various devices without compromising the 

reliability of biofeedback collected data. 
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6. System Validation and 

Performance Evaluation 

 

This section presents the system demonstration and performance 

evaluation of the AAL mobile solutions developed. First, in Section 6.1 

obtained results are presented considering two approaches for collecting 

biomedical data: the Texas Instruments programmable watch, and Shimmer 

sensors. Three levels of observation where considered: low for patients 

that are experiencing “low” levels of biomedical changes; “normal” for 

regular patients; and “critical” level for real-time monitoring [96]. 

For these solutions several trials are performed and different 

experimental approaches are used in order to obtain success (accuracy). 

The demonstration and performance evaluation included five volunteers, 

aged from 20 to 30 years with no previous health records information. A set 

of experiments has been carried out to evaluate the system performance 

considering the three levels of surveillance. For each value of the above 

mentioned levels a total of 30 trials were conducted and distributed in 

three levels of alerts. On these trials data was collected and stored (a total 

of 22 thousands samples). Subsequently, in section 6.2 those volunteers 

were tested by the falls detection, therefore several fall simulations were 

performed in order to evaluate and demonstrate the solution in a real trial 

scenario. 

Finally, the results are deliberated for both approaches, concluding 

with an overall evaluation of the proposed solutions. 
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 Collecting Bio-signals and their Analysis 

 

This developed application presented in Figure 33 gathered data 

(bio-signals) from one of the many experiments performed in this study. In 

each level, 10 samples were collected and analyzed afterwards. According 

to an average standard deviation of 10% and 15%. The levels obtained in 

situations considered dangerous for the patient, were stored in a database. 

The graphic visualization is presented with various colors for different 

types of sensors. 

Collecting biomedical data with the Texas Instruments 

programmable watch allows offline supervision at home or outdoors within 

a short distance. This approach was considered to be preventive or for 

future analysis of possible symptoms. 

The volunteers did not present any complaint regarding the lack of 

flexibility, ergonomics, or any discomfort resulting from time extended 

handling and use of the chest strap. After collecting data from the watch, 

it is possible to analyze the same (as may be seen in Figure 33), identifying 

the situations of stress or major concern. It is possible to calculate average 

values, such as, body temperature or heart rate values. Finally, it is 

feasible to define warning parameters for future analysis. 

Thus, a list of alert situations can be obtained and stored. At the end 

of the analysis, the caretaker can save the identified alerts according to 

the previous defined warning parameters. 
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Figure 33 - Proposed application for the Texas Instruments watch showing collected 
data from temperature and heart rate from a given patient. 

 

The normal monitoring level consider patients that have been 

recently ill or submitted to a surgery. In this context the monitoring 

process may occur in real time, however, with a gap time of 15 times per 

minute. This frequent monitoring identifies changes on the body 

temperature, which may easily be a signal of an infection or an alteration 

of heart rate. However, these changes are not considered as “high risk” 

situations.  

The critical monitoring level considers the surveillance of the 

patient’s health, online and in real time. The data collection must be 

precise to immediately identify situations that might lead to the patient’s 

death. In this case, patients must be in a hospital or another healthcare 

institution followed by qualified healthcare professionals. This allows the 

patient to have access to medical care and information as soon as possible. 

The performance evaluation of these several scenarios with the 

above-mentioned three levels of surveillance that considered to evaluates 

the performance of the proposed solution. Table 2 presents the total 

number of alerts per level of surveillance that show the significant 

differences and improvements between levels of observation. 
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In the first observation level (low), volunteers were in a resting 

situation without making significant movements. Thus, emulating a 

situation of a bedridden elderly or an elderly with great physical 

limitations. In the second level (normal) the volunteers could have some 

movements performing daily tasks. 

This way, representing an elderly who is able to perform some of the 

household chores. The third level (critical) is for cases in which patients 

show signs of possible risky situations. In this level, all the variations of 

biomedical signals are considered dangerous for the well-being and for the 

health of the elderly. 

 

 Texas Instruments Watch Shimmer Sensors 

 Level 1 (10%) Level 2 (15%) Level 1 (10%) Level 2 (15%) 

Low 64 39 32 1 

Normal 473 170 134 53 

Critical 1754 788 504 250 

Table 2. Total Number of Alerts Per Level of Surveillance (low, normal and critical) 
with a standard deviation of 10% and 15% considering the ti watch and shimmer 

sensors, for the 30 experiments. 

 

The Shimmer sensors include little alerts, presenting more accurate 

data resulting in an error reduction when increasing the standard deviation. 

Moreover, when alerts occurred, their time analysis was also important. 

When there is an alert in only one of the samples (in time), it is not 

considered meaningful. The alerts in one sample can be a misreading and it 

is only considered as a meaningful and dangerous situation after several 

consecutive alerts. 
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Figure 34 - Comparison of average alerts values to each level of observation system. 
(Watch and Shimmer) 
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Figure 34 presents the comparison of average alert values to each 

level of observation. With the decrease and exclusion of possible errors, 

the results improve about 2%, for the Texas Instruments watch and about 

0.8% for the Shimmer sensors.  

Furthermore, it is observed that various levels of observation have 

different amounts of alerts increasing the surveillance level. The Shimmer 

sensors have more capacity to read data in equal time intervals and in a 

worst-case scenario. 

 

 Falls Detection and their Analysis 

 

The mobile application was deployed a specific functionality: fall 

detection in order to validate the proposed solution. The volunteer’s 

performance several fall simulations, each one with 10 trials, in a total of 

50 trials and the obtained results thought Table 3. 

 

Action Number of trials Trials errors Right Trials Average 

1º Trial Fall Simulation 50 7 43 86% 

2º Trial Fall Simulation 50 4 46 92% 

Table 3. Experimental Results Control Table. 

 

After a total of 50 trials the conditions to identify a fall was 

ascertained because the interval between the initial acceleration and the 

identification without movement was too extensive (Figure 35). 
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Figure 35 - Bar Chart Values Ordered. 

 

This way the time of response was reduced and after the 

achievement of new trial under the same conditions, the results are 

improved about six percent (Figure 36).  

 

 

Figure 36 - Comparison of average alerts values to each simulation. 

 

Results show a better fall detection, as expected when the time 

between the initial acceleration and the identification without movement 

was reduced, bringing improvements in real scenarios, such as one fall 

detected because the patient is unconscious or has suffered a heart attack. 

 

 

7

43

4

46

0 10 20 30 40 50

Trials errors

Right Trials
2º Trial Fall
Simulation

1º Trial Fall
Simulation

86%

92%

80%

82%

84%

86%

88%

90%

92%

94%

96%

98%

100%

1º Trial Fall
Simulation

2º Trial Fall
Simulation

A
V
E
R
A
G
E
O
F
A
L
E
R
T
S



System Validation and Performance Evaluation 

  

78 

 Summary  

 

In this section the volunteers demonstrated the solution in a real 

experimental scenario. In section 6.1 the AAL mobile application obtained 

results considering two approaches for collecting biomedical data. In 

section 6.2 there were performed several falls simulations with those 

methodologies laid proofed.  

Those proposals allow a customizable and a non-invasive monitoring 

of ECG and temperature for a patient, making his/her daily life safer and 

with provided benefits. Besides, it has the advantage of having a daily 

control in which all the information (numerical and graphical) is stored for 

future analysis whenever necessary. Therefore it is possible to recognize 

situations in that the patient health is in danger, online and in real time or 

by monitoring events offline. This way, it is possible to identify situations 

of disease, through body temperature alterations; high heart rates; 

abnormal rhythm detection; situations of cardiac arrhythmias and many 

other health situations that can be diagnosed. 

Results clearly show that the presented proposal alerts immediately 

both elderly and caregivers of significant changes and life threatening 

situations. This data can identify, for example, flu symptoms, heart 

diseases, such as the possible beginning of cardiac problems. 
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7.  Conclusions and Future 

Work 

 

This chapter presents a synthesis of this dissertation also the main 

accomplishments that result from this work, with always a few words to 

describe one year of hard work and dedication. Moreover it is pointed out 

some paths for further work. 

 

 

 Conclusions 

 

The main objective of this dissertation it to present a mobile 

healthcare solution for AAL environments on m-Health and with this 

improve the life’s of elderly people that live alone or in remote locations, 

through several mechanisms as biofeedback monitoring tool and falls 

detection. 

This system is prepared for continuous assistance and monitoring of 

bio-signals, collecting data and processing a large amount of collected 

information to identify potential diseases or health risk situations. Those 

two prototypes have a good battery lifetime and are very portable.  

The eZ430-Chronos watch was used for prevention in an online and 

offline mode. According to the online analysis, Shimmer sensors are, no 

doubt, an improvement allowing the collection of data within seconds. 

Mobile devices, such as, smartphones or tablets were considered to send 
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alerts in case of critical situations, through data transmitted from various 

sensors and for mobility purposes and this way identifying a stroke, falls 

and other dangerous incidents.  

The solution offers a good and ergonomic visualization because the 

patient can see the data information about his/her bio-signals, inertial-

signals and location where the information is displayed graphically and 

numerically, all this in real-time. Further it is also customizable, because it 

is possible to choose independently the sensors or activate only the 

required sensors. All this modules are shown in system architecture, as so a 

fall detection and real-time location.  

Nowadays is almost normal for a person to have a mobile device as 

the consumption of mobile devices has been growing exponentially, so one 

can try and take maximum advantage of these devices, for they are more 

compact, and allow freedom of movements. This proposed solution is 

extremely easy to place on the patient’s body, flexible, and with no harm 

to his/her health.  

The proposed solution was evaluated and demonstrated and it is 

ready to use. It is a pretty good bet to aid in ordinary tasks, and much 

more, becoming a “healthier” tool.  

Unfortunately the technology cannot detect all the falls, because 

there is exist a gap to find appropriate methodologies for each sensor.  

System demonstration and performance evaluation is difficult to 

perform but during rehearsals more precise results were succeeded and one 

increased the exclusion of possible error results. This way it is possible to 

apply it in real world especially in the AAL situation where the non-stop 

monitoring is a key.  

All this has been possible to obtain by the Texas Instrument watch, 

and the Shimmer sensors respectively.  
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 Future Work 

 

To conclude this work, leaving some considerations to future 

developments and research based on it: 

 

 The development and update of the APPs and APIs for other mobile 

platforms, such as iOS from Apple and Windows Phone. 

 

 Furthermore, the data retrieved from the other sensors for example 

Electroencephalography (EEG) beyond the aforementioned ECG, 

EMG, and accelerometer to accomplish better falls detection or 

prevention. 

 

 From a smartphone or tablet create a “health sensor” and become a 

specific device to resolve security issues. 

 

 Join two more types of sensors to analyse the patient’s posture that 

will add a great value and a wider meticulousness on healthcare 

assistance to the elderly. 

 

 A performance assessment study through simulation considering 

different danger scenarios and evaluate the scalability of the 

proposed solution, may also be considered. 

 

All these proposed improvements focusing in the elderly without 

forgetting compromising the flexibility of movements and autonomy or 

security. 
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Abstract - Elderly people need regular healthcare services and 

several times are dependent of physicians’ personal attendance. 

This dependence rises several issues to elders, such as the need to 

travel and mobility support. Mobile Health (m-Health) services 

and applications offer good healthcare solutions that can be used 

indoor or in mobility environments. This paper presents an 

ambient assisted living (AAL) solution for mobile environments. 

It includes elderly biofeedback monitoring using body sensors for 

data collection offering support for remote monitoring. The used 

sensors are attached to the human body (such as the 

electrocardiogram, blood pressure, and temperature). They 

collect data providing comfort, mobility, and guaranteeing 

efficiency and data confidentiality. Periodic collection of patients’ 

data is important to gather more accurate measurements and to 

avoid common risky situations. The presented proposal monitors 

elderly people, storing collected data in a personal computer, 

tablet, or smartphone through Bluetooth. This application allows 

an analysis of possible health condition warnings based on the 

input of supporting charts, and real-time bio-signals monitoring. 

Keywords - Mobile Health; Biofeedback Monitoring; Ambient 

Assisted Living; Body Sensor Networks; Mobile Wearable 

Sensors 

I. INTRODUCTION 

In the last decade several studies are showing that elderly 
population is quickly increasing. It is expected that about 2 
billion people will be aged 60s and older by 2050 [1]. In 2010, 
17.4% of the 27 European countries’ population was over 65 
years old and experts foresee that, in 2060, this value will attain 
to 30.0% [2]. Nowadays, people has the need and social duty to 
assist their older parents. This aged population needs regular 
healthcare services and, frequently, live alone. Nearly 10 
million elderly Americans over 65 years old live alone [3]. 
This emergent reality presents several challenges and 
opportunities for new and innovative healthcare services. IT 
solutions have taken advantage of this fact directing resources 
and competencies to elderly related healthcare solutions. These 
solutions aim to provide an assisted life style, preventing their 
isolation by connecting them with relatives and the community. 

Nowadays, there is a significant growing market of small 
sensors embedded in clothing, jewelry, watches, shoes, phones, 
and other mobile devices like the Chair-type Interface [4] that 
elderly can use daily. An elderly diagnosed with dementia 
illness would wear these small sensors allowing the assessment 
of health parameters without the need to go to a medical doctor 

office or to a healthcare center. Therefore, it allows a better 
quality of life (QoL) and reduces costs for the health insurance 
system. 

Embedded health sensors are very important because they 
may be able to assist people using the sensors data or a simple 
query through a mobile device application. These wearable 
computing technologies enable mobility and flexibility in 
situations of continuous health monitoring, generally speaking, 
in ambient assisted living (AAL) environments. These 
technologies have had a tremendous development in recent 
years and they play a very important and active role in the 
elderly surveillance. Monitoring systems are also able to assist 
people with different levels of intellectual and physical abilities 
and capacities. These solutions allow people to have a more 
"free" and active life style. They can offer great individual 
levels of independence, comfort, and active involvement in the 
community with security due to effective caring and 
continuous health monitoring and location. These approaches 
aim to provide significant improvements in terms of QoL, 
reducing interventions to support the elderly in their lifetimes. 
With the establishment of multi-agent systems it is possible to 
deploy new assistive technologies [5]. This paper presents a 
solution that provides a mobile health monitoring in AAL 
environments. This proposal makes use of a multi-agent system 
with self-configured interventions.  

The considered mobile healthcare environment enables the 
identification of possible hazard situations or diseases. 
Furthermore, whenever possible, it makes a readjustment of 
long-term medical treatment based on the analysis of previous 
stored data. The mobile application can also perform an 
outdoor intervention in presence of possible accidents or risky 
situations. Thus reducing the intervention time of healthcare 
professionals or institutions. The stored health data and the 
monitored real time data allows an historical analysis of the 
collected parameters as well as an immediate response in 
emergency situations, such as falls or other risk situations. 

The remainder of the paper is organized as follows. Section 
II elaborates on the related work, while Section III describes 
the system architecture overview. Section IV presents the used 
technologies while the mobile solution and its main features 
are addressed in Section V. Section VI performs a 
demonstration and evaluation of the proposed solution. Finally, 
the paper is concluded in Section VII. 
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II. Related Work 

Wearable and embedded body sensors collect biofeedback 
information for the human being. The great variety of sensors 
and the different ways that they can be applied on persons have 
contributed to several approaches regarding elderly people 
monitoring. These approaches mentioned in the literature use 
several techniques and technologies to capture biometric 
signals. This section presents several approaches that use body 
sensors in healthcare approaches for elderly people. Thereby, 
improving the elderly quality of life through several AAL 
solutions.  

Kang et al. present a wrist-worn integrated health 
monitoring device who collects data of six bio-signals 
measuring, which includes fall detection, electrocardiogram 
(ECG), blood pressure, pulse oximetry (SpO2), respiration rate, 
and body surface temperature measuring [6]. This solution 
provides information concerning current person condition, such 
as vital bio-signals and location information. The developed 
system provides rapid and appropriate directions in emergency 
situations and alerts the user or caregiver to manage changes in 
health condition.  

In [7], the authors present a proposal to capture bio-signals 
in healthcare and sport-training systems. The system uses 
infrared sensors or vision cameras. It includes a mobile three-
axis accelerometer motion system and smart shoes. The signals 
are measured and processed by a mobile device, allowing the 
analysis and diagnosis of postures during outdoor sports, as 
well as indoor activities. To improve the accuracy of the 
proposed motion capture, a frequency-adaptive sensor fusion 
method and a kinematic model are utilized to construct the 
whole body motion in real-time, and are continuously updated. 
Huang et al. present a wearing system with four sensors, ECG, 
three-axis accelerometer, temperature, and tight-switch, applied 
for remote monitoring system in home-care [8]. The ECG, 
measured with wearable electrodes using steel textile to 
generate the real-time heart-rate estimator. The heart-rate 
estimation is calculated to the movable textile electrodes in 
motion of user, performing a sophisticated work. The tight-
switch sensor and FIR (Filter Impulse Response) filter 
technology are applied here to get the best heart-rate accuracy. 
The other biosensors can detect falls and body-temperature 
changes. Moreover, the device has low-power consumption to 
transmit detected bio-information from these four sensors and 
transmission turns it highly suitable for applications to remote 
healthcare and wellness.  

In [9], the authors present a continuous monitoring of 
physiological parameters, such as, respiration, heart rate, 
temperature, and humidity. This solution aims to detect 
excessive sweating for health conditions, diagnostic reasons 
and the detection of life or health threatening events. This 
paper gives special attention to infants, especially those who 
cannot provide any oral or written feedbacks. A continuous 
monitoring under clinical and home conditions allows rescue 
calls as well as recognition of the development or progression 
of diseases at an early stage. Prototypes currently manufactured 
incorporate the chosen sensing principles with textile and 
textile-compatible technologies and are clinically tested for 
durability, handling, and signal quality.  

Horta et al. presented a solution for fall detection in elderly 
people [10]. Falls can origin injuries that may cause a great 
dependence and even death in extreme cases. This system aims 
to prevent falls and advice the patient or even give instructions 
to treat an abnormal condition to reduce the risk of falling. 
Thus, this fall prevention system works in real time and the 
algorithms analyses bio-signals to thereby warn the user. 
Monitoring and processing data from sensors is performed by a 
smartphone that, in danger situations, can send eMails or SMSs 
(short message system) to a caretaker. The proposed solution 
was validated through a prototype and it is ready for use.  

In [11], the authors propose the use of ECG, heart beat 
recognition, and peak detection that will offer the possibility to 
make diagnoses of heart diseases to prevent possible problems, 
through an "geometrical matching" rule evaluated and a local 
moving-window function procedure. This prevention is 
possible because of the Arrhythmia Database, which shows 
about 99% of positive identification for the R-waves through 
the low-order polynomial models. Rashidi and Mihailidis 
present a survey about the rapid emergence in assisted living 
technologies, against an aging society [12]. These technologies, 
tools, and techniques focus on biomedical data and an 
extensive range of healthcare applications to prevent possible 
situations of sickness. This information enables physicians to 
analyze the evolution of a patient and those trying to identify 
situations of stress or effort for a quick intervention in risk 
situations. They still look at current and future challenges, so 
give the elderly the comfort of their home and living 
independently. 

Along with wearable and embedded sensors, a device that 
collects and saves bio-signals data, for example, during the 
absence of his caregiver is the Texas Instruments EZ430-
Chronos programmable clock [13]. Furthermore, another 
solution that allows data configuration collecting specific 
parameters and real time location while communicating with a 
mobile device is the use of Shimmer sensors technology [14]. 

The proposed solution gathers contributions from the 
above-described approaches. Next sections present it in detail. 

III. System Overview 

This section describes the system architecture considered 
for AAL environments with mobility support. Figure 1 
illustrates a scenario with actions set for communications, in 
real time. Through an Internet connection, the mobile App 
allows data collection from sensors and external access from 
users terminal. It receives all the sensors data through 
Bluetooth to a smartphone or tablet. The collected data are 
analyzed and sent to a remote database. It can be stored for a 
more extensive analysis of the medication in order to improve 
or even adjust it. The body sensors and Web services modules 
facilitate the information sharing through a simple interface, 
which is properly identified by users with specified 
permissions. Therefore, the information sharing is safely and 
effectively performed. Measurements can be tuned according 
to different levels that caregiver defines most relevant. 
Moreover, this is a flexible solution allowing the integration of 
new sensors, if needed. 
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Fig. 1. Illustration of the system architecture, using ECG and temperature body 
sensors and external access through Web services for  

data visualization and storage. 

Figure 2 presents the same approach but in offline mode. It 
stores data information to an offline database for later analysis. 
Offline bio-signal data is collected through radio frequency. 
Afterwards, a health care professional can analyze the stored 
data in order to verify whether the patient eventually needs any 
medication change or even another type of intervention. 

 

Fig. 2. Illustration of the offline system architecture considering the capture of 
blood volume pulse (BVP) and body temperature values. 

Both presented architectures have common goals concerning 
the detection and analysis of bio-signals. They are responsible 
for detecting significant changes caused by common daily 
activities. These collected values can also infer significant 
changes of data through the sensors placed along the patients’ 
body. The architecture presented in Figure 1 also allows 
inertial values collection that enables fall detections. This 
system includes the necessary amount of collected data to 
guarantee the well being of the elderly. It considers the 
interventions that a qualified healthcare team may find 
adequate for each user. So, there are two ways for collecting 
and storing data, either on-line or offline. Whether it is 
performed on-line (in real-time) or off-line, a later analysis 
points to the energetic efficiency of the various devices without 
compromising the reliability of biofeedback collected data. 

IV. Used Technologies 

This section mentions the used technologies on the 
proposed system. Small instruments are able to collect and 
achieve data related to temperature, electrocardiogram (ECG), 
and blood volume pulse (BVP) also known as heart rate. 
Moreover, other sensors for bio-signals collection can be used, 
such as, electromyography (EMG), galvanic skin response 
(GSR), breathing, or the inertial signals as triple axis 

accelerometer, gyroscope, magnetometer, and altimeter. The 
sensors referred on this section include the MSP 430 
microcontroller (8MHz, 16Bit) with Bluetooth socket, which 
allows communication and information processing in real time. 

A. Texas Instruments EZ430-Chronos  

The eZ430-Chronos watch, presented in Figure 3, needs 
disassembled to be reprogrammed with a custom application 
taking into account the needs of given users. 

 

Fig. 3. Photo of the eZ430-Chronos watch: A) Chest Strap;  
B) Watch recording data (Temperature and Heart Rate). 

 The watch includes a 96-segment LCD display, an 
integrated pressure sensor, a temperature sensor, heart rate 
monitor through a chest strap, and a 3-axis accelerometer for 
motion sensitive control ability to operate on a central hub for 
nearby wireless sensors (such as pedometers). It was created an 
application that stores information about the temperature and 
heart rate from the patient’s body using the chest strap. These 
instruments usually have a set of restrictions but, in this case, 
the watch performed well because it did not present any 
problems of flexibility, ergonomics, or discomfort resulting 
from time extended handling and use. Considering this, it is 
important to underline that the watch and chest strap autonomy 
are particularly large. During the whole process of acquiring 
data there was no need to change any batteries of either the 
watch or chest strap. For the CR2032 Coin Cell Lithium 
Battery, referred on the manual and according to its analysis, it 
was possible to observe that a continuous communication in 
BlueRobin Rx Mode (communication: chest strap to watch) the 
battery takes approximately 6.2 months, but if only need 1 hour 
of daily use, then, the battery works along 2 years. Otherwise, 
the SimpliciTI SYNC mode (communication: watch to 
computer) is more energetically costly because on continuous 
communication the battery takes about 8 days to be empty and 
with a 1 hour per day use it takes approximately 5.4 months. 
Despite the SimpliciTI SYNC mode has much higher energy 
costs, this is not a big problem because it is only used to send 
data to a terminal in this mode and this communication  
is performed in seconds. 

B. Shimmer Sensors 

Shimmer sensors offer two possibilities to communicate, 
the standard IEEE 802.15.4 or Bluetooth. Shimmers offer a 
plethora of body sensor bio-signals measurements, such as the 
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ECG, electromyography (EMG), temperature, etc. It is also 
able to perform respiration demodulation on-chip. It integrates 
a 10 DoF inertial sensing via accelerometer, gyroscope, 
magnetometer, and altimeter, each one with selectable range. 
Each sensor is equipped with a rechargeable 450mAh Li-ion 
battery, along with the advantage of being rechargeable within 
few hours. 

In the proposal scenario seven types of sensors where used, 
as shown in Figure 4. The Shimmer ECG (A) records the 
electrical impulses through the heart muscle, having as starting 
point of four electrodes set (C) on the chest of the patient. It is 
also possible to record data on bedridden or home users, or 
even during exercise to provide information of the patient’s 
heart, in real time. Furthermore, a temperature sensor (B) 
allows the collection of a patient’s temperature when the sensor 
is placed in close proximity to the body. The digital interface 
signal experimented several sensors for validation purposes. 

 

Fig. 4. Illustration of the body sensors - Shimmer: A) Electro-cardiogram;  
B) Temperature; C) Electrodes for Electro-cardiogram. 

The Shimmer sensors can be applied to a wide range of 
scenarios, such as, heart function monitoring, premature 
ventricular contraction, atrial fibrillation, abnormal rhythm 
detection, fatigue analysis, muscle activity, sport technique, 
gait and posture disturbance, tremor analysis, and orthopedics 
biomechanics.  

V. Mobile Application 

The flexibility of the mobile devices enables more reliable 
and customizable mobile tools. Bio-signals monitoring allows 
the identification of possible and meaningful temperature, heart 
rate, or BVP changes. Additionally, the system can identify 
heart diseases like arrhythmia as well as other cardiac 
alterations. Moreover, the caregiver is able to define the risk 
degree of the patient under monitoring defining three levels of 
surveillance: low, normal, and critical [15-16]. 

This proposal allows a customizable and a non-invasive 
monitoring of ECG and temperature for a patient, making 
his/her daily life safer. Besides, it has the advantage of having a 
daily control in which all the information (numerical and 
graphical) is stored for future analysis whenever necessary. The 
mobile application behavior and procedures are presented in 
the activity diagram presented in Figure 5. This bio-signals 
monitoring solution use different Android activities to 
simultaneous tasks and several sensor readings. Therefore, the 

first step consists in the establishment of a Bluetooth 
connection. Once the connection is achieved, data collecting 
begins for ECG and temperature values. These are some 
considered sensors in this proposal. The collected data is 
analyzed and if it has expressive changes (for example, ECG 
values threshold per minute higher or irregular values), an alert 
is sent. In the same way the collected temperature is analyzed 
and if the values are very high or low, an alert is also sent to 
the elderly and/or to the caregiver. 

 

Fig. 5. Activity diagram illustrating the ECG and Temperature prevention, and 
detection procedures. 

As above mentioned, there are several sensors that can be 
individually activated, such as, BVP, EMG, and GRS bio-
signals measurement, but also some inertial sensors as 
gyroscope and magnetometer. These sensors can also be 
present in a smartphone allowing the detection of significant 
changes in user motion. Therefore it enables fall detection 
through the accelerometer. The proposal has the ability to use 
the smartphone or tablet GPS to provide the real-time location 
of the user. 

The presented proposal alerts immediately as possible both 
elderly and caregivers of significant changes that might raise 
life threatening situations. Moreover it stores data for a later 
analysis. These data can identify, for example, flu symptoms, 
heart diseases, such as a possible beginning of cardiac 
problems. 
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VI. System Demonstration and Performance 
Evaluation 

This section presents the system demonstration and 
performance evaluation. Obtained results are presented 
considering two approaches for collecting biomedical data: the 
Texas Instruments programmable watch; and Shimmer sensors. 
Three levels of observation where considered: low for patients 
that are experiencing low levels of biomedical changes; normal 
for a regular patients; and critical level for real-time 
monitoring.  

The demonstration and performance evaluation included 
five volunteers, aged from 20 to 30 years with no previous 
health records information. A set of experiments has been 
carried out for evaluate the system performance considering the 
three levels of surveillance. For each value of the above-
mentioned levels it was conducted a total of 30 trials 
distributed in three levels of alerts. On these trials it was 
collected and stored a total of 22 thousands samples of data.  

A. System Demonstration 

Figure 6 presents the gathered data (bio-signals) from one 
of the many experiments performed in this study. In each level, 
10 samples were collected and analyzed afterwards. According 
to an average standard deviation of 10% and 15%. The levels 
obtained in situations considered dangerous for the patient, 
were stored in a database. The graphic visualization is 
presented with various colors for different types of sensors. 

Collecting biomedical data with the Texas Instruments 
programmable watch allows offline supervision at home or 
outdoors within a short distance. This approach was considered 
to be preventive or for future analysis of possible symptoms. 
The volunteers did not present any complaint regarding the 
lack of flexibility, ergonomics, or any discomfort resulting 
from time extended handling and use of the chest strap. After 
collecting data from the watch, it is possible to analyze the 
same (as may be seen in Figure 6), identifying the situations of 
stress or major concern. It is possible to calculate average 
values, such as, body temperature or heart rate values. Finally, 
it is feasible to define warning parameters for future analysis. 
Thus, a list of alert situations can be obtained and stored. At the 
end of the analysis, the caretaker can save the identified alerts 
according to the previous defined warning parameters. 

 

Fig. 6. Proposed application for the Texas Instruments watch showing collected 
data from temperature and heart rate from a given patient. 

The normal monitoring level considers patients that have 
been recently ill or submitted to a surgery. In this context the 

monitoring process may occur in real time, however, with a 
gap time of 15 times per minute. This frequent monitoring 
identifies, changes on the body temperature, which may easily 
be a signal of an infection or an alteration of heart rate. 
However, these changes are not considered as “high risk” 
situations. 

The critical monitoring level considers the surveillance of 
the patient’s health, online and in real time. The data collection 
must be precise to immediately identify situations that might 
lead to the patient’s death. In this case, patients must be in a 
hospital or another healthcare institution followed by qualified 
healthcare professionals. This allows the patient to have access 
to medical care and information as soon as possible.  

This solution considers the collection of big amount of data. 
Therefore it is possible to recognize situations in that the 
patient health is in danger, online and in real time or by 
monitoring events offline. This way, it is possible to identify 
situations of disease, through body temperature alterations; 
high heart rates; premature ventricular contraction; abnormal 
rhythm detection; situations of cardiac arrhythmias and many 
other health situations that can be diagnosed.  

B. Performance Evaluation 

Several scenarios with the above-mentioned three levels of 
surveillance were considered to evaluate the performance of 
the proposed solution. Table I presents the total number of 
alerts per level of surveillance that shows the significant 
differences and improvements between levels of observation.  

In the first observation level (low), volunteers were in a 
resting situation without making significant movements. Thus, 
emulating a situation of a bedridden elderly or an elderly with 
great physical limitations. In the second level (normal) the 
volunteers could have some movements performing daily tasks. 
This way, representing an elderly who is able to perform some 
of the household chores. The third level (critical) is for cases in 
which patients show signs of possible risky situations. In this 
level, all the variations of biomedical signals are considered 
dangerous for the well-being and for the health of the elderly.  

TABLE I.  TOTAL NUMBER OF ALERTS PER LEVEL OF SURVEILLANCE (LOW, 
NORMAL AND CRITICAL) WITH A STANDARD DEVIATION OF 10% AND 15% 

CONSIDERING THE TI WATCH AND SHIMMER SENSORS,  
FOR THE 30 EXPERIMENTS. 

 
Texas Instruments watch Shimmer sensors 

 Level 1 (10%) Level 2 (15%) Level 1 (10%) Level 2 (15%) 

Low 64 39 32 1 

Normal 473 170 134 53 

Critical 1754 788 504 250 

 

The Shimmer sensors include little alerts, presenting more 
accurate data and resulting in an error reduction when 
increasing the standard deviation. Moreover, when alerts 
occurred, their time analysis was also important. When there is 
an alert in only one of the samples (in time), it is not 
considered meaningful. The alerts in one sample can be a 
misreading and it is only considered as meaningful and 
dangerous situation after several consecutive alerts. 
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Fig. 7. Comparison of average alerts values to each level of observation system (Watch and Shimmer). 

Figure 7 presents the comparison of average alert values to 
each level of observation. With the decrease and exclusion of 
possible errors, the results improve about 2%, for the Texas 
Instruments watch and about 0.8% for the Shimmer sensors. 
Furthermore, it is observed that various levels of observation 
have different amounts of alerts increasing the surveillance 
level. The Shimmer sensors have more capacity to read data in 
equal time intervals and in a worst-case scenario they are 
capable to detect a greater number of alert situations.  

VII. Conclusion and Future Work 

The presented mobile healthcare solution for AAL 
environments improves the lives of elderly people that live 
alone or in remote locations. It allows continuous assistance 
and monitoring of bio-signals to identify potential diseases or 
health risk situations. The eZ430-Chronos watch was used for 
prevention in an online and offline mode. According to the 
online analysis, Shimmer sensors are with no doubt an 
improvement allowing the collection of data within seconds. 
The use of mobile devices, such as, smartphones or tablets 
were considered for sending alerts in case of critical situations 
through data transmitted from various sensors and for mobility 
purposes. The solution is customizable and only the sensors 
required are enabled. Also, fall detection and real-time location 
are deployed. This proposed solution is extremely easy to place 
on the patient’s body, flexible, and with no harm to his health. 
System demonstration and performance evaluation shows more 
precise results and increase the exclusion of possible error 
results about 2%, and about 0.8%, were obtained by the Texas 
Instrument watch, and the Shimmer sensors respectively.  

Future work considers the deployment of two more types of 
sensors to analyze the patient’s posture that will had a great 
value and a wider meticulousness on healthcare assistance to 
the elderly, all of these without compromising their flexibility 
of movements and autonomy or security. 
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