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AbstrAct

The increasing availability of mobile devices and wireless networks, and the tendency for them to become 
ubiquitous in our dally lives, creates a favourable technological environment for the emergence of new, 
simple, and added-value applications for healthcare. This chapter focuses on how context and location 
can be used in innovative applications and how to use a set of solutions and technologies that enable 
the development of innovative context and location-aware solutions for healthcare area. It shows how a 
mobile phone can be used to compute the level of familiarity of the user with the surrounding environ-
ment and how the familiarity level can be used in a number of situations.

INtrODUctION

“The most profound technologies are those that 
disappear. They weave themselves into the fabric 
of everyday life until they are indistinguishable 
from it.” (Weiser, 91)

In 1991, Mark Weiser had a vision that still 
inspires many researchers in the ubiquitous and 
pervasive computing area. In a perfect world 
people needs would be detected and fulfilled by 
a set of devices that would act in the background 
to provide the means or data necessary to the us-



  ���

Technology Enablers for Context-Aware Healthcare Applications

the emergence of a new kind of applications 
and services: the context-aware services and 
applications.

In context-aware computing, applications 
adapt their behaviour accordingly to the context 
of its users. The context is all the information 
that characterizes the user in a specific moment. 
It may include the location, position, a list of 
nearby objects (e.g. people), the user’s activity, 
the available resources, some  user’s vital signals, 
and even the familiarity of the user with his/hers 
surroundings.

Among the technical problems that need to be 
worked out are the notion of context and the context 
management. Until today, many location-based 
and context-aware services and applications were 
built based on specific solutions, where location or 
other data was directly used from the sensors.

Context management should be done through 
an open and generic entity capable of supporting 
virtually any sensor or positioning service, without 
imposing a specific space model and by being 
capable to support a context based on multiple 
dimensions.

Context is all the dimensions (all the informa-
tion) that characterize a user in a specific moment. 
Some basic dimensions of a context may be ob-
tained directly from physical sensors, while some 
others may be calculated from raw data or may 
even be estimated from the information provided 
by other dimensions.

Location and position have been the most 
used dimensions when creating context-aware 
applications and services because there are more 
sensors and services capable of provide this kind 
of data than any other dimension. Moreover, posi-
tion and location are among the dimensions that, 
in fact, influences a lot the interaction of people 
with computing devices. Context-aware applica-
tions that rely primarily on location are known 
as location-aware. Location-aware applications 
provide to mobile users the possibility to access 
services and information that are relevant to the 
user in a specific moment and location.

ers’ activities. Current technology does not allow 
to entirely fulfilling the Weiser vision but allows 
realizing many aspects of this pioneer vision.

Continuous monitoring of the health condi-
tion of people has been desired for many years, 
in particular for impaired persons or for people 
requiring special health treatments. In certain 
cases, these requirements for continuous monitor-
ing force people to stay at the hospital facilities 
for a few days, such as when monitoring cerebral 
activity, or force them to visit the hospital every 
few days for downloading data from portable 
monitoring equipment to a server, such as when 
monitoring the hearth rate.

The increasing availability of mobile devices 
and wireless networks, and the tendency for them 
to become ubiquitous in our dally lives, creates 
a favourable technological environment for the 
emergence of new, simple, and added-value ap-
plications for healthcare.

One major opportunity resulting from this 
technological evolution is that electronic health 
assistants can now be used by everyone, indepen-
dently of their health condition.

The technological evolution achieved during 
the lasts years lead to more sophisticated envi-
ronments. We have more sophisticated users in 
the sense that more people use more technology 
in their living and have their lives controlled by 
technology, and also because more technologi-
cal devices exist to assist people that search for 
healthcare services. WLAN, Bluetooth, mobile 
phones, digital diaries are among some of the 
most popular technologies used today by many 
people. Others technologies control peoples’ life 
individually or collectively, many times without 
people noticing it, like remote video surveillance 
or remote traffic control systems.

To explore and take advantage of these new 
technologies it is necessary to solve a set of 
technical, ethical and legal problems. Pervasive 
and ubiquitous computing devices can be very 
useful to people, providing important information 
and establishing an infrastructure that enables 
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A number of technologies can be used to ac-
quire the user’s position and location, inside and 
outside buildings. In the last decade, research in 
context and location-aware computing produced 
frameworks and solutions that enable the easy 
development of context-aware applications. 
In particular, several developments in context 
management frameworks provided the tools for 
programmers to access the context of users with-
out the need to deal directly with the low-level 
technical details of the sensors used to acquire 
the context, and allowing the use of several tech-
nologies simultaneously to provide position and 
location with more precision and in more places. 
For example, the Place Lab system (LaMarca, 
2005) exploits the beacons broadcasted by many 
wireless networks to estimate the geographic 
position of mobile users.

Many of these technologies enable the devel-
opment of new solutions for healthcare, improv-
ing the cares with people in a hospital, for sick 
persons that are at home, for an accident victim, 
for the doctors and for those who rescue the 
victims of accidents. In this chapter we discuss 
how context and location can be used in innova-
tive applications and how to use a set of solutions 
and technologies that enable the development of 
innovative context and location-aware solutions 
for the healthcare area.

This chapter is organized as follows: sec-
tion 2 presents what is a user’ context and how 
it should be managed. Section 3 presents some 
technologies that can be used to acquire some of 
the user’ context dimensions. Section 4 shows 
how an ordinary mobile phone can be used to 
detect the user movement and the data collected 
by the phone can be used to create a personal 
space model and to infer the familiarity of the 
user with a place. The last section presents the 
conclusions of this chapter.

cONtEXt AND cONtEXt 
MANAGEMENt

Considering that a user’ context is something very 
wide, that can contain a considerable and variable 
number of dimensions, we sustain that context 
should be represented by an unbound and dynamic 
list of attributes, represented by standardized and 
non-standardized data structures, with mandatory 
and optional attributes. Context is a cumulative 
storage of knowledge, being able to describe the 
current situation of a person and also remember 
past experiences.

Context management should be done by a 
pervasive universal service, capable of dealing 
with any number of context sources. In (Meneses, 
2004) we proposed a generic context manager 
capable of receiving data from virtually any sen-
sor or location service, that provides an interface 
that allow authorized client applications to access 
to user’ context represented by a XML stream. 
The developed solution also allows some other 
functionalities like the use of space model servers 
to complete the context information and a publish-
subscribe mechanism that allow applications to 
request to be notified by the context manager when 
the context (or a specific dimension of the context) 
changes. Figure 1 shows the context manager and 
the main entities that interact with it.

The context manager holds and manages the 
context object which contains the user’ context. 
It receives contextual information from location 
services that can exist on the infrastructures 
(like, for example, a positioning mechanism on 
a wireless network or soft sensor that detects 
the presence of the user mobile phone nearby an 
Bluetooth access point) and from context handlers 
that run on a user device. An example of a simple 
context handler, to be run on the user device, is 
a software that detects and updates the context 
with the BSSID of the WiFi networks detected 
or a software that updates the context with the 
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geographic coordinates that retrieves from a GPS 
receiver. Data received by the context manager is 
integrated into the user context becoming available 
to be used by applications and services that can 
run on the user device or in the network. 

The context manager, besides integrating the 
data received from sensors, can also improve 
the user’ context using some external services 
capable of providing additional information about 
the collected data, and can also execute inference 
algorithms that supply new contextual dimensions. 
For example, the context manager can execute an 
algorithm that by processing the GPS coordinates 
is able to automatically determine if the user is 
at home or at his/her workplace (Moreira, 2005). 
Other example is the possibility of using data 
available at GSM phones to automatically infer 
high level information about the current situation 
of a user.

AVAILAbLE tEcHNOLOGIEs AND 
sOLUtIONs

Today, there are a wide number of technologies 
that can be used to acquire the user’ location and 
position. Some of those technologies, like the 

Active Badge (Want, 1992) or Active Bat (Ward, 
1997), were specifically developed to acquire the 
user’ location or position inside buildings. Other 
technologies, like WiFi networks or Bluetooth ac-
cess points, were initially developed for a different 
proposes but can also be used to locate a user.

The lack of a universal pervasive solution for 
location/position is one of the main problems that 
block the bootstrap of location-based services and 
applications. Even GPS receivers, that become 
popular in the last years, are not a universal solu-
tion because it only works in open areas and not 
everybody has a receiver.

What is necessary is a solution that can be 
deployed by anyone, everywhere, and pervasive 
enough to not interfere on people’s life. Currently, 
the best possible solution is to use mobile phones. 
If we look to a person on the street, at home, at 
work, going out with friends, etc., we observe that 
a mobile phone is the technological device that 
is always present and always turned on. Unlike a 
laptop that only some people have and it is only 
turned on when it is needed, or a GPS receiver 
that people use mainly in car, mobile phones are 
almost universal (ubiquitous): almost everybody 
has one, it is kept turned on most of the time and 
the user takes it everywhere.

Figure 1. The context manager that manages the context and interacts with a set of external entities
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Several mechanisms were developed to acquire 
the mobile phones’ position. Angle of Arrival 
(AOA), Time Difference-Of-Arrival (TDOA) and 
Enhanced-Observed Time Difference (EOTD) 
are some of the solutions developed to acquire 
the location of mobile devices in GSM cellular 
networks.

These technologies provide the positioning 
data of mobile phones to network operators which 
usually do not make this information accessible 
to applications running outside their backbones. 
Hopefully, there is a basic position mechanism, 
known as cell-ID positioning, that is done at the 
mobile terminal by identifying the network cell 
being used in that moment by the handset. The 
accuracy of cell-ID method is reduced when 
compared with the others mechanisms but has 
the advantage of being possible to be done on the 
user handset, without depending on any network 
service.

GSM networks are made of cells with each 
cell covering an area. In rural areas, with fewer 
users per square kilometre the cells are usually 
bigger, covering a wide area. In contrast, in urban 
areas cells are usually smaller. Each cell supports 
a limited number of users thus in urban areas the 
cells are usually smaller with more cells covering 
the same area in order to support the communica-
tions requirements of all the users.

Each cell has a numeric unique identifier, 
generically called cell-id. Mapping each cell-id 
into a geographic position would allow finding the 
location of the user in a well known referential. 
However, this mapping is a difficult task because 
network operators do not make their network 
configuration or base station positions public. 
Mapping each cell manually would be a big ef-
fort considering that new cells and changes in the 
network configuration would have to be detected 
in order to keep the service updated.

Medical equipment with network connectivity 
is also becoming available, enabling the develop-
ment of integrated systems where the patient’s data 

is available and monitored remotely. Moreover, 
automatic collection of data from medical devices 
allows more complete patient medical histories 
(with less mistakes introduced by manually col-
lecting data and with more data – data collected 
more often). Reasoning algorithms that process 
this data can detect and foresee health problems 
based on the user history or simply remember or 
automatically instruct medical devices to apply 
certain drugs.

Users’ history and scientific knowledge can 
be joined in data mining and machine learning  
algorithms to create knowledge and predict the 
user medical evolution.

Current technology allow to locate doctors 
inside an hospital, access patients records auto-
matically when a doctors gets near a patient or 
to locate a patient that may suffer from memory 
problems and get lost on a street, etc. However, 
smarter applications can be developed.

Some health services and equipments already 
provide medical records in an electronic format. 
The next stage of the technological development 
should be the integration of the records into the 
user context. The integration would allow to 
simultaneous access to the medical records and 
to other dimensions of the user context which 
could benefit the user and medical staff. Infor-
mation like the familiarity of the user with the 
surrounding environment or the user location 
can help medical rescue services. Information 
about the presence of familiars or friends nearby 
can provide valuable information that benefit the 
medical staff and also the patient, allowing to have 
information about what happened to the patient 
before the lost of conscience or to find out if any 
other person would be with the injured patient at 
the moment of a accident and it is still missing. 
Having a user’ context that keeps memory of the 
user movements will help to know easily where 
the user was before and to find and contact the 
persons that were with the ill person.
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IMPrOVING cONtEXt WItH 
tODAY’s tEcHNOLOGY

If a person is involved in a medical emergency 
situation, the attitude changes according to the 
place where the emergency occurs, whatever the 
person is the victim or the rescuer that provide 
assistance to injured persons. A certain health 
problem can be less critical if the person is in 
a familiar place and surrounded by friends in 
contrast to a situation where the victim is alone 
in an unfamiliar place. A context management 
system can provide such a support for this kind 
of applications.

The user’s context is valuable information in 
case of emergency because it can include the user’s 
position and location and also provide additional 
valuable information like the familiarity level 
with the current place, the presence of nearby 
friends and relatives or information about the 
user medical history and known problems. The 
context of the user can even include information 
that may suggest the causes of the emergency if 
it is feed by temperature or acceleration sensors. 
The ubiquity of mobile phones and networks 
provide a particularly rich technological envi-
ronment to gather such information and enable 
assistance applications for the health care mass 
market. Most of these applications can rely on the 
phone’s hardware only and be easily deployed in 
the majority of the current mobile phones. There-
fore, all the conditions for a fast dissemination of 
these applications are fulfilled.

Mobile phones are small and people take them 
to everywhere, being common the presence of a 
mobile phone on every people’s pocket (including 
injured victims). Just by using the cell phone it is 
possible to infer when the user is moving or visiting 
a place and compute a familiarity level with the 
user’s current location. This kind of information 
can be computed on the mobile phone and does 
not need to use any network services. 

Detecting the User Movement

When turned on, a GSM phone is linked to a cell 
- the active cell - which is selected among the cells 
available in a certain place. The handset movement 
can not be detected just by analysing the changes 
in the cell-id because the handset changes from 
a cell to another when fluctuation occurs in the 
radio signal level, when it becomes weaker or 
because the user moves to another place. Thus, 
even if a terminal stays for a long period in a single 
place it may change several times the active cell. 
While remaining in the same place, sometimes a 
handset stays for hours in one cell while in other 
occasions it stays only some seconds or minutes 
in each of the available cells.

By analysing the changes of the active cell 
during a period of time it is possible to detect the 
movements. When the terminal is stopped in a 
certain place it will change between the set of cells 
available on that place. When the terminal moves 
to a new place, new cells will become available 
and will be used. Thus, when the user is moving 
we observe the use of different cells and faster 
variations in the active cell.

Computing a Mobility Distance and a Mo-
bility Index makes it possible to detect the user 
movement (Meneses, 2006). Considering that a 
record has the identification of a cell being used 
in a certain moment and that instant timestamp, 
the Mobility Distance measures the distance be-
tween two records. If the user in both moments is 
in the same cell then the distance is zero. If not, 
the distance is the inverse of the time spent on 
each cell. For a list of records, the Mobility Index 
gives the sum of the mobility distance between 
each record and all the previous ones. Thus, the 
Mobility Index allows to estimate the user move-
ment, computing the index from the current time 
instant back to a certain amount of time back.
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crEAtING A PErsONAL sPAcE 
MODEL

Considering always the last cells used by a mobile 
phone it is possible to find out if the user is mov-
ing or not, computing the Mobility Index of the 
records collected during the last minutes (the used 
cells). When the user is not moving it is possible 
to characterize the place based on the set of cells 
used during that time. The place is characterized 
by the set of cells used and by the percentage of 
time spent on each cell. The characterization al-
lows create “an image” of the GSM network in 
that place: we call it a fingerprint. 

If the user visits the same place several times 
then a fingerprints is created in each visit to that 
place. Several visits to a place result in several fin-
gerprints, which are not necessarily equal because 
the user’ handset spends different amounts of time 
on each of the available cells (the percentage of 
time spent on each cell is different). Although 
different, the fingerprints have some similarity 
because they were created on the same place 
served by the same subset of cells.

By clustering similar fingerprints it is pos-
sible to group fingerprints, creating a cluster for 
each place. A cluster is created by the union of 
fingerprints (that are created based on the cel-
lID) and represents a place visited by a user. To 
measure the similarity between fingerprints and 
clusters two functions are used. The first function 
calculates the percentage of cells in a fingerprint 
that are also member of a cluster. This function 
ignores the cells of the fingerprint with less than 
1% of time because so small amount of time is 
not representative of a place. The second func-
tion calculates the absolute difference between 
the percentage of time spent in that cell in each 
fingerprint (or in a fingerprint and a cluster).

Based on the total distance the system can 
join a fingerprint to a cluster or create a new one. 
A new clustering algorithm was created to deal 
with this data. The new clustering algorithm deal 
with symbolic data (the fingerprints), supports an 

endless number of fingerprints and can be applied 
as the data becomes available. The clustering 
process allows to create clusters that are continu-
ous changing as new data (new fingerprints) are 
generated by the user movement.

Inferring the Familiarity of a User 
with a Place

A cluster contains the same basic information that 
a fingerprint has. It allows to know which cells 
exist in the place represented by the cluster and 
the exact moment (timestamp) the user arrived 
and leaved the place. Using timestamp data it is 
possible to know the total amount of time spent 
in a cluster (place) and the time elapsed since the 
last visit to that place. Based on the total amount 
of time spent in a place it is possible to estimate 
how well a user knows that place – the places 
best know are the places where a person spends 
more time. The Knowledge Index represents the 
knowledge the user has about a place based on 
the total time spent in it.

Places change as time goes by, with the con-
struction of new buildings, new roads, etc. If a 
person does not visit a place for a long period then 
when he/she goes back to that place the changes 
will be noticed and the person will not feel so 
familiar with the place. Based on the time elapsed 
since the last time the user visited a place it is pos-
sible to calculate a Forget Index. Combining the 
Forget Index and Knowledge Index it is possible 
to obtain a Familiarity Index.

The Familiarity Index expresses the familiarity 
with the current place and can be very useful to 
a number of applications. It allows applications 
to adapt themselves according to the familiarity 
of the user. For example, in a very familiar place 
a user will not need help from a GPS guidance 
(navigation) application – the user knowledge 
should be enough to know which direction take 
to go to another place. On the opposite situation, 
in a completely unfamiliar place, the familiar-
ity index can be useful to trigger an application 
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that guides a user based on GPS coordinates, or 
an application that provides information about 
local attractions or about where to get a hotel or 
a restaurant in the surrounding area. An injured 
people, in a familiar place, will fell more comfort-
able and eventually more capable to request help 
and provide information about his location or get 
help from a relative. In contrast, an injured people 
in an unfamiliar place with the anxiety of get 
medical help will probably fell lost and be much 
less capable to provide his/her location or other 
information describing the current situation.

results

The technology described in the previous sec-
tion was tested by three different users, clients 
of two different GSM networks, during several 
consecutive weeks. The users kept their normal 
life and manually registered their activities in a 
diary. The computed results were them compared 
with the user’s diary (ground truth) to access the 
quality of the results achieved.

The system was tested considering the cells 
used by the phone during the last 10 minutes, 
considering the user was immobile when the 
Mobility Index was less than 6. Results show 
that the user movements were well detected in 
most of the occasions. Table 1 summarizes the 
results achieved considering all the visits made 
by the users to the different places that took at 
least twenty minutes.

Between 78% and 90% of the visits made to 
the several places were correctly detected. The 
amount of errors is small and a detailed analysis 
of the data show that those errors occur in very 
specific situations or places. False positives occur 
when the user is moving and the system classifies 
the user as visiting a place while clustering errors 
represent visits that were correctly detected but 
the clustering process joined the fingerprint to a 
cluster that represents other place. Generally the 
results are very good, considering that two of 
the users live and work inside cities and visited 
places very near. If we consider also the visits that 
takes less than twenty minutes the results range 
from 70% of visits correctly detected to user B 
to 86% to user A. 

The main problem with the proposed solution 
are the places visited for very short period of 
times that sometimes are not detected and places 
that are very near each other that not always are 
distinguished. However, even some of the places 
geographically near and places visited for short 
periods of time were detected and correctly 
clustered.

An analysis of data allows explain most of the 
errors detected. User A lives inside a big city and 
works in another city located 35 km away from his 
house. Everyday, he goes to work by car, crossing 
a rural area, travelling in a narrow and sinuous 
road. Analysing the user data we see that false 
positives are the most common error in user A 
data and always occur when the user is going to 

User A User B User C

Visits to different places 59 123 147

Visits correctly detected 53 (89,8%) 95 (77,2%) 121 (82,3%)

Clustering errors 3 (5,1%) 12 (9,8%) 4 (2,7%)

Partially well detected 0 (0%) 11 (8,9%) 9 (6,1%)

Faults 3 (5,1%) 5 (4,1%) 13 (8,9%)

False Positives 31 10 11

Table 1. Results achieved by the three users
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work. Because he drives in relative slow speed 
in a rural area (where the number of GSM cells 
is small and each one covers a wide area) then 
he uses the same set of cells for several minutes. 
The use of the same set of cells makes the mo-
bility index to decrease below the threshold that 
defines the boundary between considering the 
user moving or not moving. Thus, the system 
considers the user is visiting a place when, in fact, 
he is travelling. Although this is a false positive, 
it is not a completely mistake because in fact the 
user knows the area has he travels by that road 
everyday.

Many of false positive registered for the oth-
ers users can also be explained by analysing data 
detailed. For example, false positives occur when 
user B is travelling with the family and when user 
C travels in a natural park, in an inhabited area. 
User B diary shows that the users travelled, by 
car, near the sea. Considering the distance and 
the amount of time the trip took, it is possible to 
conclude that the user travelled very slowly and/or 
stopped to visit a place. User B does not remember 
exactly what he has done on that afternoon but 
admitted that stopped visiting some beaches in 
the shore. User C travelling in a natural park with 
narrow and twisted roads experimented the some 
problem that occurred to user A: he drove even 
more slowly and for a long time inside the same 
cell (being an inhabited area it has only one or 
two GMS cells). Thus, by an analysing data it is 
possible to explain many of the errors.

In (Maitland, 2006) it is presented a solution 
to detect the users’ daily activity, through the use 
of am unmodified mobile phone. The solution is 
based on an application that works detecting pat-
terns in signal strength fluctuation and changes 
in the active GSM cell to infer whether the user 
is sitting still, walking or travelling by car.

Although not completely accurate in the in-
ference of the user’ activity and in the detection 
of the amount of exercises done by the users, the 
study shows that people are willing to accept 
applications that do not produce 100% accurate 

results. Running on a mobile phone (which is a 
device originally developed for communications 
proposes) the application has the merit to also 
encouraged people to do more exercise which 
brings recognized benefits for people health. 
Even having knowledge of the accuracy of the 
application results people felt motivated to do 
exercise in order to be healthier (and achieve 
higher values in the application). In (Tsai, 2006) 
it is presented another solution based on mobile 
phone which allows users to self-monitor caloric 
balance in real time.

There is a big set of new technologies can be 
applied to help patients and emergency personnel. 
However, apply technologies to complex, stressed 
and emergency situations imply some constrains. 
Data networks can fail, wireless systems are even 
more unreliable and in stressful situation the 
interfaces and systems must be simple and reli-
able. Medical and emergency equipment does no 
comply with unreliable, inaccurate and not easy 
to use systems.

Location based on GSM cell-ID is not the most 
accurate positioning system but still produces 
very valuable data for the user context, which 
can be useful in many circumstances, including 
emergency situations. We do not propose a medi-
cal system based on cell-id but the use of position 
data to improve the context and enable a new set of 
applications that can use the familiarity level. 

All information related to an ill person is im-
portant to emergency services and, sometimes, 
as the result of panic or stressful situation people 
are not capable of provide detailed and complete 
information. The presented solution can be valu-
able for users in many circumstances, including 
injured people, victims of accidents or sudden 
illness.

A simple alarm application that is executed in 
a mobile phone by pressing a button can trigger 
medical assistance providing valuable information 
about the user context to rescuers. By pressing 
the button, the user activates an application that 
collects information about the current situation/
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environment and sends an alert message based 
on the detected situation. The alert message can 
transmit information like the location of the user 
(available in the user context), the user familiarity 
with the surrounding environment, the identifica-
tion of the user (which could allow access to his 
medical records by the emergency services) or 
even some dimensions of the user context that 
express the user medical history. 

cONcLUsION

The existent technology allows create a new class 
of applications that explores the rich technological 
environment that today exist almost everywhere. 
The pervasive and ubiquitous technologies present 
everywhere and the use of inference techniques 
enables the creation of innovative applications in 
the healthcare domain. The solution presented in 
the previous section is just an example of these 
inference techniques. Although it has not been 
tested in any specific case in the healthcare 
domain, we foresee that the application of the 
proposed system can bring important benefits to 
this domain. 
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