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Chapter 1

Introduction

The work documented in this report is a part of an ongoing research
project concerning home healthcare at the Department of Biomedical
Engineering (IMT) at Linköping University. The ongoing research
project concerns advanced home healthcare, where the patient is given
the opportunity to measure status parameters in their home and send
the data to a hospital. This is done using medical technology, in this
case the MobiMed system, a trademark of Ortivus AB. The difference
between basic and advanced home healthcare is described later[1].

Some problem areas and dilemmas have been identified for further
work within the field of IT systems for home healthcare. One of these
areas - symptom and status control of the patient in their home -
has been chosen for further investigation. Patients admitted to hos-
pital can easily be monitored with reference to symptoms, e.g. pain
and nausea, and status parameters such as blood pressure, pulse and
oxygen saturation. Patients receiving healthcare in their home are at
a more distant location from the caregivers. However, with modern
technology it is possible to overlap some of the geographical obstacles
by monitoring the patient at a distance. The lack of time due to high
workload on the caregivers may lead to less time to register and fol-
low up the patient’s symptom and status parameters. An IT system
offering support in that area may give the caregivers an opportunity
to work more efficiently[2].

Patients with chronic obstructive pulmonary disease (COPD), con-
gestive heart failure (CHF) and patients in palliative care have been
identified as suitable for remote monitoring of symptom and status

3



4 Introduction

parameters. The identification of suitable patients has been made
by Linköping University, caregivers at LAH (Linköping’s Advanced
Home healthcare), the primary care facilities and the municipal home
healthcare.

1.1 Purpose

The purpose of this home healthcare project is to improve the quality
of home healthcare through the use of medical information systems,
and to develop applications which show the possibilities with today’s
information and communication techniques in healthcare[1].

The purpose of this thesis was to develop a data model for the
storage of medical data. The model should be general and easy to
expand, meaning that it should be easy to add new types of medical
equipment if needed. This model is intended to be part of a system
allowing a patient or their next-of-kin to measure medical data in their
home, for example with the MobiMed system. The data are then
sent to a hospital workstation where they are stored in a database.
Since the MobiMed database lacked some features required by the
hospital staff, the idea was to build a system that would fetch data
from the existing database in the MobiMed System, and then store
them together with all the other data for that same patient in another
database.

After a while, the purpose was slightly changed due to malfunc-
tioning equipment. It was decided only to include the database part
and the functions belonging to it, not the fetching of data from the
MobiMed database.

1.2 Background

This section describes the background of home healthcare, the research
project, the departments cooperating within the research project and
explains shortly the MobiMed System.
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1.2.1 Home Healthcare
Technology of today makes it possible to change the way traditional
healthcare is conducted. As the population grow older, and the elderly
are becoming an increasingly larger part of the whole population, the
need for cost efficient and personalised care increases. Many prefer to
be treated at home if the possibility exists and, in the case of a terminal
disease, spend the remainder of their lives in their own homes instead
of at the hospital[3].

There is a wide acceptance of home healthcare in Sweden, a review
states that 79% of the citizens would like to be treated at their own
housing in case of a hard and demanding disease, and 85% are positive
to home healthcare for their closest family[5].

By implementing home healthcare IT projects, it is possible for
more patients to be treated at home with sustained quality of care. In
Sweden, home healthcare can be categorized as being either advanced
or basic. The characteristics of advanced home healthcare are that it
is led by a physician, the care team can be reached around the clock
and it is common to use advanced medical technology. Advanced home
healthcare is an alternative to traditional hospital care. Basic home
healthcare can be recognized by the fact that the care is given by a
nurse who works alone, most often only during daytime, and little or
no medical technology is used. Basic home healthcare is a complement
to hospital care and primary care visits[4, 5].

1.2.2 The MobiMed System
The MobiMed System is used in ambulances, where the paramedics
measures blood pressure, oxygen saturation and other status parame-
ters on the way to the hospital, giving the medical staff at the hospital
access to that information before the patient arrives.

The system can measure blood pressure, oxygen saturation, 3–12-
lead ECG, pulse and breathing frequency. These status parameters are
analyzed by a portable computer with a touch screen. The paramedic
can also enter information about the patient. The data is then sent
to a hospital workstation[6].

However, since the system is intended for ambulance use, each new
transmission is saved as a new patient, even though the personal iden-
tity number might be the same. This is because it is very common to
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accidentally enter the wrong personal identity number (social security
number), or sometimes the patient is confused and tells the para-
medic the wrong number[6]. Because of this, and the need for some
additional information about the patient, a specific database for the
research project was necessary. Earlier work in this research project
has created a new user interface, making the MobiMed more suitable
for patient usage in the home[6].

1.2.3 LAH and the Heart Failure Clinic

The research project is carried out together with LAH and the heart
failure clinic. Their requests and suggestions are what the project is
based on, and the patients at LAH and the heart failure clinic will be
the ones testing, and hopefully, benefiting from the home health care
IT system[1].

LAH are one of nine units of home healthcare in Östergötland,
Sweden. On a yearly basis they conduct 35000 house visits, where
2500 of which are made by a physician[2].

LAH cares for patients with CHF, COPD and patients with se-
vere cancer, patients that had otherwise needed hospital care. These
medical conditions are described later in this chapter.

Acute-LAH helps patients with severe illnesses after their discharge
from the hospital until the patients are well enough to be independent,
and palliative-LAH cares for patients at the final stages of life. Care-
givers from LAH travel to a patient’s home to e.g. check the patient’s
blood pressure, oxygen saturation etc.

Patients with CHF have to revisit the hospital regularly to adjust
the doses of medicine and to check their blood pressure, weight etc.
With technical equipment that measures blood pressure, oxygen satu-
ration etc in the patients home and sends the information to a server
at the hospital, the return visits to the hospital could decrease.

Patients with severe illnesses that hade otherwise needed hospital
care are given the possibility, with the help of LAH, to spend the
remainder of their life in their own home without pain.
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1.2.4 Patient Groups

Patients can be divided into groups depending on their main disease
and how it affects their every day life.

Chronic obstructive pulmonary disease (COPD) is a permanent
bronchitis combined with constant respiratory difficulties and impaired
pulmonary function. A combination of bronchi obstruction and em-
physema is often responsible for the impaired lung function. Perma-
nent bronchitis is an inflammation in the main air passage in the lung,
causing a blockage of the cavities in the bronchi. Emphysema occurs
when the walls between the lung’s air sacs become weakened and col-
lapse, causing abnormally large spaces of air in the lung. This makes
the lung area available for breathing smaller[7, 8].

The main cause of COPD is smoking. The damages caused by
COPD to the lungs are irreversible, but the deterioration can be slowed
down if the patient quits smoking permanently. The symptoms are
cough that produces mucus, shortness of breath during mild activity,
wheezing and frequent respiratory infections. At a later stage of the
disease, the patient suffers from a shortness of breath even at rest, and
may need an oxygen concentrator at home[7, 8].

Congestive heart failure (CHF) is a disorder where the heart’s ca-
pability to pump blood efficiently is decreased. If the CHF is at the
left side of the heart, shortness of breath is the major symptom due
to an accumulation of fluid in the lung. The characteristic for CHF
in the right side of the heart is oedema, fluid accumulating in the
extremities (legs). Because of this, weight gain is a distinct sign if
the CHF is worsening. If both sides of the heart fail, the entire body
would be affected. Patients with CHF often have other organs that
are damaged due to lack of oxygen and nutrients[9, 10].

The most common cause of CHF is high blood pressure or coronary
artery disease, and the risk of developing the disease increases with
age. The risk is also increased for smokers, diabetics, alcohol abusers,
cocaine abusers and people with overweight[9, 10].

Patients can be classified with respect to symptoms in their daily
life. The classification system is named NYHA (New York Heart As-
sociation) and is applied most commonly in connection with CHF
patients. NYHA is a functional and therapeutic classification for
prescription of physical activity for cardiac patients. There are four
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classes[11, 12]:

• Class I: Patients with no limitation of activities; they have no
symptoms from ordinary activities.

• Class II: Patients with slight, mild limitation of activity; they
are comfortable in rest or with mild exertion

• Class III: Patients with marked limitation of activity; they are
comfortable only at rest

• Class IV: Patients who should be at complete rest, confined to
bed or chair, any physical activity brings on discomfort and
symptoms occur at rest.

1.3 Sources
The work performed in this final master thesis was built on the work of
previous theses performed at the Department of Biomedical Engineer-
ing at Linköping University, such as the caregiver GUI, the SÅLAH-
project and the patient GUI, all of which are described later. It is of
course also based on the MobiMed equipment, its architecture and its
properties.

1.4 Conventions
In order to ease the reading and understanding of this report, some
writing conventions were used. Names of classes in the database sys-
tem created in this masters thesis are written with typewriter font,
for example Patient. Important entities in the European prestandard
(part 2.1) will be in italics, like this.

Below follows a list of acronyms used in the text.

1.4.1 List of Acronyms
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Acronym Explanation

AM Archive Manager.
AOP Aspect Oriented Programming.
API Application Program Interface, a set of routines,

protocols and tools for building
software applications.

CHF Congestive Heart Failure.
COPD Chronic Obstructive Pulmonary Disease.
DAO Data Access Object.
DTD Document Type Definition.
ECG Electrocardiogram, used to monitor the heart.
GPRS General Packet Radio Service, a data transmission

protocol for mobile phones.
GSM Global System for Mobile communications,

a digital mobile phone standard.
GUI Graphical User Interface.
HCS Healthcare Common Services.
HISA Healthcare Information System Architecture.
HQL Hibernate Query Language.
HTML Hyper Text Markup Language, the language

web pages are written in.
HWS Hospital Work Station for the

MobiMed System.
IMT Department of Biomedical Engineering

(Institutionen för Medicinsk Teknik).
IP Internet Protocol.
JDBC Java DataBase Connectivity, a standard defining

how Java applications access database data.
JDO Java Data Objects, an abstraction model interface

for storing the model in the database.
JSP Java Server Pages, HTML with Java code pieces

embedded in them.
LAH Linköping’s Advanced Home healthcare.
MIS Medical Information System for the

MobiMed System.
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Mobitex 1200 A radio standard where the numbers represent
the data transmission speed.

MVC Model View Controller.
NYHA New York Heart Association.
ORM Object Relational Mapping.
PSTN Public Switched Telephone Network, the

regular phone network system.
SQL Structured Query Language, used to

communicate with and create databases.
SÅLAH Pain Action LAH (Smärta Åtgärd LAH).
TCP/IP Transmission Control Protocol/Internet Protocol

- communication protocols used on the Internet.
TETRA TErrestrial Trunked RAdio, a standard for

mobile radio communication.
VAS Visual Analogue Scale, used to

measure subjective parameters.
WCM Wireless Connection Manager for the

MobiMed System.

Table 1.1. Acronyms



Chapter 2

Related Projects

There are many other healthcare projects and information processing
projects being conducted within the field of home healthcare around
the world. This chapter describes a few of them that were of interest
for this thesis, including the projects performed earlier at IMT, the
projects that this masters thesis is based on. There is also a description
of a European prestandard, HISA, for healthcare information systems,
which was used as a foundation and for comparison with the data
model developed in this master thesis.

A few projects that show the benefits and different ways of using
home healthcare are also discussed in this section.

2.1 European Prestandard
HISA[13] is a Healthcare Information System Architecture that models
a middleware of common services required to support the application
layer in a medical information system. The purpose of this European
prestandard is to provide a framework for the integration of patient
treatment and management of the organization. The prestandard de-
fines a set of healthcare specific information and services common to all
healthcare information systems (Healthcare Common Services, HCS),
usable by any application. However, it does not specify all possible
classes of information and services in all possible healthcare informa-
tion systems, only a fundamental set of those classes considered to be
most important. Therefore, it should be applicable to the information
systems of any type of healthcare organization.

11



12 Related Projects

The classes of common information can be formed into six main
groups:

• Subjects of Care HCS

• Healthcare Characteristic HCS

• Activity HCS

• Resource HCS

• Authorization HCS

• Concept HCS

These six main groups each have subsets and/or attributes and/or re-
lationships with additional information. The full conceptual diagram
is too extensive to describe here, but the main parts are described
below and in Figure 2.1.

Subjects of Care HCS contain Subject of care, Contact and Case.
This HCS supports the rest of the information system with the iden-
tification of subject of care, the storing and retrieval of personal, and
administrative and epidemiological data on the individual subjects of
care. The subject of care is a person or a group of persons that are
receiving or have received healthcare, and has a subclass patient. The
Contact is the time period during which the subject of care is under
the active consideration of the healthcare organization. A Case groups
several contacts related to the subject of care.

A subject of care has Healthcare Characteristic HCS, which in turn
was collected during a contact. For each health characteristic, three
levels of statuses should be possible: preliminary (unofficial informa-
tion), validated (official information) or annulled (replaced informa-
tion).

A health characteristic is generated by, and a contact includes, an
Activity HCS. An activity is done to get particular results, and can
be of type care activity or non-care activity.

An activity uses a Resource HCS that is available during a time
period. A resource is a thing used in or by the organization for car-
rying out individual activities, and can be of type human resource,
equipment, location, medicinal product or generic material.
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Contact

Case

Subject of Care 

Health Characteristic 

Type of Health Characteristic
Activity

ResourceType of Activity

Patient

Type of Resource

Location Medicinal ProductEquipment Generic Material Human Resource

Time Period

Service Point 

Agent

AuthorizationSemantic Category 

Figure 2.1. Simplistic overview of the Healthcare Information System
Architecture.

The Authorization HCS groups services that describe the autho-
rization of individual users of the system, the authorization concerning
the access to data elements and execution of system functionalities.
An agent (individual user or software component) has authorization
to interact with the information system.

The Concept HCS groups the services that manage vocabulary
items and rules of the objects managed by the various Healthcare
Common Services. This includes the semantic types that classify the
terms in the concept vocabulary, and the types of rules that define
relationships or dependencies between different entities. The Concept
HCS has a Semantic Category that is used to describe the classification
entities defined in the information system; for example type of activity,
type of agent, type of authorization, type of health characteristic, type
of resource etc.

Besides the explicitly defined attributes for each set (described
above), the middleware is to have, for each instance of each entity, the
following set of fundamental attributes:
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• One unique identifier of the instance

• One time-stamp, created automatically by the middleware, con-
taining date and time for when an individual instance has been
created or changed

• One attribute, created automatically by the middleware, con-
taining the date, time and identifier of the agent who entered
the instance

• One attribute, created automatically by the middleware, con-
taining the date, time and identifier of the agent who performed
the most recent changes to the instance

• One attribute for free textual data, for example comments or
other textual information

The middleware layer should also provide a set of basic function-
alities. It should be possible to

• Maintain an instance of the entity, for example retrieve a full
set of information, modify the attributes of an already existing
instance, delete an instance or enter a new instance.

• Retrieve a list of instances of the entity, where the selection
criteria could be based on conditions on the attributes or on the
relationships of the entity.

• Retrieve a list of instances related to an instance of the entity,
for each relationship connected to the entity.

• Maintain an already existing instance, for each relationship con-
nected to the entity.

There are of course other issues that need to be addressed when
creating a medical information system, but they may vary depending
on the healthcare organization and the different scenarios the system
is intended for. One issue of importance that always should be consid-
ered is the security requirements. For example, the middleware should
log all services that have been executed along with the identification
of the agent who requested it. If an error has been made, or a secu-
rity breach has been detected, a log simplifies the search for answers.
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However, it should also be possible to verify the identity of the person
that requested the service - authentication. The last issue is autho-
rization - mechanisms describing the user’s access to the system. In
some cases however, for example emergencies, it could be useful to be
able to over-ride the authorization rules.

2.2 SÅLAH
SÅLAH is an acronym, which translated spells out Pain Action at
LAH. The SÅLAH system was developed by IMT and LAH[14, 15, 16].

The SÅLAH data system consists of two parts: a receiver appli-
cation and a clinical application. The receiving application receives
data and stores it in a SQL database. The clinical application consists
of a database, Java classes and a number of Java Server Pages that
generate the web pages for the user interface used by the caregivers.
With the user interface, the caregivers can view patients’ assessments,
and also administer the system[15, 16].

The idea with the SÅLAH-project was that patients could assess
their pain on a visual analogue scale, VAS, a horizontal line where the
right end corresponds to the worst possible pain imaginable, and the
left end corresponds to no pain. The patients marked how many extra
doses of analgesic they had taken. This was written on what looks like
an ordinary piece of paper with check-boxes and lines. However, the
paper has a dot pattern printed on it, barely visible to the eye, which a
digital pen can read while the patient is writing. The digital pen acts
like an ordinary pen, but is also equipped with optics, a camera that
continuously takes pictures when writing, an image processing unit, a
memory, a battery, a communication unit and a processor. The pen
registers the coordinates of the markings made by the patient. When
a patient checked the "send"-box on the paper, the pen sent the coor-
dinates using wireless Bluetooth technology (trademark of Bluetooth
SIG) to a mobile phone, which then forwarded the data using GPRS
to a receiving system. The receiving system interpreted and stored
the handwritten information in a computer.

Using this system, the hospital staff could keep an eye on a pa-
tient’s pain and general condition, and therefore more effectively ad-
just the dose of analgesic.
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In total, when a patient made an assessment, five types of data
were collected:

• Time and date – from the pen.

• The number of extra doses of analgesics since the last assessment
– marked on the paper.

• The VAS value - marked on the paper.

• The author of the assessment – who did the markings – marked
on the paper.

• A signature for identification of the patient – a digit combination
based on which pen is used. This is marked on the paper for
security reasons.

For each paper, three assessments could be made[14, 15, 16].

2.2.1 The SÅLAH Data Model
The SÅLAH data model, as described in Figure 2.2, shows the class
names at the top line, for example extra_dose, assessment etc. Below
the top line are the attributes to each class and their type, for example
id which is of type integer and comment which is of type String.

The class assessment represents a total assessment made by the
patient in the system. The attribute id is the id of the assessment.
Unseen marks if the assessment has been viewed by a user or not, and
discarded marks if the assessment has been discarded by a user or not.

Vas_interpretation, author_interpretation and ed_interpretation
represent the interpretations made from the markings on the paper
for the VAS-value, who the author was and how many extra doses
the author has marked. These values are possible to change, should
a clearly erroneous value appear. The reason for the changed value
would then be written as a comment. If, for some reason, the system
cant interpret a value from the paper image, a user can view the image
and make a visual interpretation instead.

The class patient represents the patient, who is active during a
certain time period. The time period is connected to a pen_period
and the assessment_frequency. Pen_period is a time period for the
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patient

id : int

ssn : int

first_name : String

last_name : String

deceased : int

extra_dose

assessment_id : int

seq_no : int

timestamp : Date

assessment

id : int

period_id : int

unseen : int

discarded : int

timestamp : Date

period

id : int

patient_id : int

start_date : Date

end_date : Date

questionnaire : int

vas_interpretation

assessment_id : int

user_id : int

vas_value : float

comment : String

timestamp : Date

author_interpretation

assessment_id : int

user_id : int

author_value : int

comment : String

timestamp : Date

ed_interpretation

assessment_id : int

user_id : int

ed_value : int

comment : String

timestamp : Date

pen_period

period_id : int

pen_id : int

timestamp : Date

assessment_frequency

period_id : int

user_id : int

value : int

comment : String

timestamp : Date

_user

id : int

username : String

password : String

name : String

pen

id : int

anoto_id : int

broken : int

signature : int

pen_comment

pen_id : int

user_id : int

comment : String

timestamp : Date

user_role

username : String

role : String

signature_comment

assessment_id : int

user_id : int

comment : String

timestamp : Date

Figure 2.2. The SÅLAH data model.
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pen, and assessment_frequency tells how often the patient is to make
an assessment, for example three times a day.

The class _user represent the users who view the assessment, for
example caregivers or physicians, and they can have two different roles
- normal or administrator[15, 16].

2.3 Caregivers Graphical User Interface
A GUI (Graphical User Interface) intended to be used at LAH and the
heart failure clinic was developed as a masters thesis within the home
healthcare project. Some of the goals that this GUI aims to achieve
were[17]:

• Effectiveness - the users should be able to achieve their task goals
successfully.

• Efficiency - it should be possible to reduce the time it takes for
the users to complete certain tasks.

• Learnability - it should be easy to learn to use the system and
to understand what the system can do.

• Memorability - the users should be able to remember how to use
the system.

This GUI was a further development and redesign of a previous
master thesis building a GUI-prototype[18].

The new GUI was developed using an iterative process to avoid
making final decisions of the design. Regular meetings were held with
a nurse and a physician at LAH, two nurses at the hear failure clinic
and the home healthcare project members. These meeting were con-
ducted in order to get opinions from the caregivers who were the in-
tended users. Interviews and "think-aloud" tests were also a part of
the development process. The "think-aloud" test lets the test persons
of the user interface think aloud about the interface while the designer
listens without giving any instructions. After the test, comments and
suggestion from the test-person is noted by the designer.
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2.4 Patients Graphical User Interface
Since the MobiMed is intended for ambulance usage, and in this re-
search project the users will be elderly patients with little or no com-
puter experience, there is a need for an easy-to-use graphical user inter-
face, a patient GUI. The patient GUI[19] was developed as a master’s
thesis work at IMT. The first part of the development process was to
find out what the requirements for the system were. A requirements
specification draft was produced using user and task analysis, that is,
by observing the users, their tasks and their environment as a whole.
This was done by visiting a selected number of patients and letting
them test a demo version of the GUI in order to gather information
about the users, their environments, and how the application could be
improved.

Based on this information and the observations made at the user
and task analysis visits, a requirements specification draft was written:

• The language used should be Swedish.

• The GUI should not assume any previous computer experience.

• The GUI should rely only on the screen single tap event for input
from the user considering users with impaired motor function.

• The text and images used should be large and clear to aid users
with impaired vision.

• The GUI should be intuitive and self-explanatory - not rely on
users learning task patterns by heart, neither rely on users re-
membering any information.

• The GUI should make an impression that does not discourage
users afraid of technical applications.

2.4.1 The GUI
The GUI has a hub based navigation model. When first turned on,
the GUI is at the standby scene. There is a top bar, displaying the
patient name and a 24-hour clock, for a personal touch and at the same
time ensuring the patient that the equipment is properly installed for
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him/her. Below are the navigation buttons that will take the user into
the activity scenes for each activity (oxygen saturation, blood pressure
etc). When a measurement is running, a symbol will display the value
and status of the ongoing measurement.

When clicking a navigation button, the user will see the measure-
ment scene (activity scene). The measuring scene shows a description
of how to fit the probe for measuring, and also a picture featuring the
probe fitted. The status of the measurement is shown, and also the
measured value. At the bottom of the page is a "Back" button.

There is also a main menu with the options "Turn off" or "Show
activities". The "Show activities" button will show the standby scene.

However, a few things were not implemented in this GUI. For ex-
ample, weight measurement is of major importance for patients with
heart failure, but since the MobiMed equipment originally does not
have a weight scale, an extra, small application, would be necessary
to receive data from the scale and interact with the GUI. Future ver-
sions of the GUI may very well be equipped with a reminder service,
helping the patient remember when to perform specified activities.
The reminder might also have a sound signal to easier get the patients
attention.

2.5 Telemedicine and Telemonitoring
This part of the related projects chapter is about home healthcare
projects around the world, where some kind of electronic equipment
is used to monitor the patient in his/her home.

2.5.1 Multistation Telemedicine Support
A cooperation in Japan between two hospitals and several departments
in a school of medicine has conducted a trial of remote telemedicine
support[20]. The case is done with respect to patients who suffer
from chronic respiratory failure. The test is multistation, meaning
that three remote locations are connected. These stations are a) the
patient’s home b) attending physician’s hospital and c) respiratory
specialist’s hospital. The information is shared bidirectional, in real
time between the physicians and the specialist, allowing the specialist
to support and advice the physicians. The system consists of sensors
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and equipment for monitoring blood oxygen saturation, blood pressure
and electrocardiogram. Some of the values were reported verbally by
the patient to the specialists and the physicians’ hospital through a
videophone system with a videophone at each node.

Conclusions drawn from this trial are that telemedicine support
can be used with good results regarding

• patients who have difficulties visiting hospitals due to geograph-
ical, transportation or other reasons,

• patients who are psychologically unstable or live alone,

• patients who are hospitalized repeatedly or have a medical his-
tory that is changed repeatedly.

The results in this trial were encouraging and effective using this
method of remote telemedicine aimed at chronic disease.

2.5.2 Non-Intrusive Signal Measurement System
Another cooperation in Asia has developed a physiologic signal mea-
surement system which is non-intrusive and home-based. A non-
intrusive measuring system[21] meaning that the health statuses of
the patients are monitored with equipment that does not interfere in
the patient’s everyday life. The trial was made with test persons with-
out a medical condition, and was aimed at showing how the equipment
could be used with real patients. This was achieved through sensors
and devices installed in the patient’s home. The data was acquired
without the patient being aware of the devices, and then sent via
Bluetooth to a remote server. The goals of the test were to measure
biological signals and activities

• Without disturbing the patients ordinary activities.

• Without active cooperation of the patient.

• Without the patients awareness.

• From devices usually found in a home such as beds, toilet seats
and bathtubs.
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• Without the inconvenience of installation of devices and trans-
mission of data.

The results of analyzing the patient’s health status were made in
real time. The advantages of this kind of home health care are

• Wireless communication governs easy adding or removing of de-
vices.

• No additional training to use the system is required.

• There is no interruption in the daily life of a patient.

• The need for hospital visits decreased.

2.5.3 Telemonitoring of Congestive Heart Failure
A study of telemonitoring of patients with CHF investigates economic
factors, patient acceptability and life quality of patients who have tried
this type of medical care[22].

Telemonitoring deals with the monitoring of a patient’s physiolog-
ical values measured at the patient’s home. These values are collected
with some telecare devices and sent to the hospital with the help of a
telecommunication system. The telecommunication system could ei-
ther be ADSL, PSTN, broadband technology or cable networks. Tele-
monitoring allows evaluation of patients’ one or more times per day.
It can provide diagnostic information transmitted manually or auto-
matically to the attending physicians at the hospitals.

The patient’s acceptance and compliance for telemonitoring had
an outcome ranging from 80-90%. For CHF patients telemonitoring
was also associated with improved life quality. Videoconferencing also
showed high patient satisfaction in a randomized controlled trial com-
paring telemonitoring with usual care. That study also showed an
improved quality of life. Another result was that telemonitoring of
symptoms and weight reduced the mortality significant for patients
and women less than 65 years of age compared to traditional care.

Studies have suggested that telemonitoring may reduce hospitali-
sations and readmission rates in patients with heart failure. The dis-
advantages of telemonitoring would be a high learning curve for the
patients and care providers associated with the technology used. The
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economical benefits would be that the occupied number of hospital
beds will be fewer and therefore a lower cost for the care providers.
However, more trials and further tests are needed before the full po-
tential of telemontoring can be realised.
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Chapter 3

The MobiMed System

As mentioned earlier, the MobiMed System[6] is intended for ambu-
lance usage, and the most common use would be performed like this:
The paramedic can measure and monitor a patient’s status parame-
ters (see Figure 3.1), and since the MobiMed is mobile, this can be
done in the ambulance, in the patient’s home, at the scene of an ac-
cident etc. The paramedic can also enter some information about the
patient or information about the ongoing treatment in the built-in
electronic patient record system using a touch screen. The measured
data is, automatically and in real time, exchanged between the mea-
surement unit and the portable computer. The medical data is also
automatically sent to the hospital.

At the hospital or ambulance head quarter (depending on where
the system is installed for monitoring), the caregivers can view the
collected values and information on the Hospital Workstation (HWS)
before the patient arrives, and can follow, give directions, prepare and
plan a suitable treatment. It is also possible for the hospital staff to
send messages to the MobiMed in the ambulance, with information or
further questions.

Using this system, it is possible to give the correct care from the
start, and it also gives the possibility, if needed, to reroute the am-
bulance to another hospital in an early phase should the patient need
specialized care[6].

25
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(a) The portable computer. (b) The measurement unit.

Figure 3.1. The MobiMed units that will be placed in the patients’ home.

3.1 Technical Data
These are the MobiMed measurement unit features[6]:

• 12-lead ECG and heart rate

• 3- and 5-lead ECG monitoring

• Pulse oximetry (SpO2)

• Non-invasive blood pressure

• Patient record including checklists/care guidelines

• Two-way messaging

For this specific research project at IMT, there was a need for a
patient GUI, and a caregiver GUI at the hospital. These were not
original parts of the MobiMed system, and are marked with a grey
background in Figure 3.2.

The patient GUI is what the patients interact with in their home.
It is a Flash (trademark of Macromedia, Inc.) movie that runs on the
portable computer. For a more complete description, see section 2.4.

The caregiver GUI is what the medic staff at clinics will use to
monitor the patient’s medical data and write notes. For a more com-
plete description, please read chapter 2.3.
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Measurement unit
Portable computer
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JavaScript

Figure 3.2. The MobiMed system.

The measurement unit (see Figure 3.1) measures the values of
blood pressure, oxygen saturation etc, and sends them to the portable
computer using wireless Bluetooth technology. When the MobiMed
measuring unit is not docked in the ambulance, for example when
used to measure status parameters on a patient jammed in a car, it
runs on a battery. When docked in the ambulance, the batteries are
automatically recharged[23].

The portable computer analyses the data received from the mea-
surement unit and stores them temporarily until they are sent to the
hospital. The computer can calculate/analyse and show realtime val-
ues, average values and trend values. Additional information about the
patient, the type of help administered, the scale of the emergency etc
can be written and saved, using the touch screen or a small keyboard.
If, for some reason, the computer can not send the data to the hospital,
it can store data for up to four hours. After that, no more information
can be saved until the previous information has been sent[23].

The data are sent to the hospital in real time using the Wireless
Connection Manager (WCM) and one of the communication standards
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GSM, PSTN, GPRS, Mobitex 1200 or Tetra (availability varies on
different markets)[6].

The HWS is the system installed at the hospital and the staff at
the hospital uses it to view and assess a patient’s condition or send
messages to the ambulance crew. The system has an AM (Archive
Manager), a real time database that receives the data from the patient
unit. The data are then forwarded to the MIS (Medical Information
System), which is used for long time storage of medical data from
ambulance sessions, and handles the collection of data to and from
the SQL database[6].

The HWS has a program called webedit, which is the program
used by the paramedic to enter and finish an ambulance report. This
can be done after arrival at the hospital[6].

The measurement unit is a medical equipment, which is classified
as class IIb of the Medical Device Directive (MDD) used within EU,
class II of the Food and Drug Administration (FDA) of the U.S., and
class III of Health Canada[23].

3.2 Adjustment of the MobiMed System
to Home Healthcare

The system proposed for the home healthcare project can be divided
into four parts 1) medical equipment for collection of status parame-
ters, 2) a portable computer for data processing, 3) a built in modem
for data transmission, 4) a medical information system. Part one, two
and three are placed in the home of the patient. The collection system
measures blood pressure using an automatic blood pressure cuff, oxy-
gen saturation and pulse using an oxygen saturation probe attached to
the patients finger, respiratory frequency using an optical fibre probe
attached to the patients nose (measures the difference in humidity
between inhalation and expiration) and weight using a weight scale.
The portable computer receives the values from the collection system,
processes them and transmits them encrypted and digitally signed
to the information system which stores the values. The intention is
then to give the caregiver access to these values through a web based
application[1].

Using the MobiMed System with a few adjustments, the system
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above should work like this when finished: When the patient is to mea-
sure status parameters, such as blood pressure or oxygen saturation,
he/she uses the patient GUI on the portable computer. Weight can
be measured on a separate weigh scale that sends the weight to the
computer using wireless Bluetooth technology. The computer then,
using the MobiMed collection system, measures the values and sends
them to the hospital workstation. The transmission is performed with
IP and GPRS, using the built-in modem and a mobile phone. At
the hospital, the IMT database system partially created in this thesis,
retrieves the collected values from the hospital workstation database,
saves them along with the other medical data of the patient, and it
is then possible to display the information to a caregiver through the
web based caregivers GUI[1].
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Chapter 4

Method

This chapter describes the methods and technology used to build the
database system. It is described how the work started, some design
decisions that were made and what Spring and Hibernate is.

4.1 Preparations
At first, the MobiMed system was investigated, which included a visit
at Ortivus (the company that created the MobiMed System) in Stock-
holm. All the necessary equipment and software were installed, both
for the MobiMed and our own development environment. Other home
healthcare projects were examined and discussed to see what could
be learned. Meetings with the involved staff at LAH and the Heart
failure clinic were arranged, and also study visits at both clinics. The
authors were allowed to accompany a nurse from each clinic for half
a day to learn more about their work and the problems their patients
experience.

After some weeks time, it was realized that there were severe tech-
nical problems making the communication between the entities in the
MobiMed System work, most likely due to different versions of the
servers. The MobiMed System was built for an older version of the
server than what was installed and used at IMT. Eventually, after
many attempts, re-installations and installation of new equipment,
the decision was made not to include the MobiMed equipment in this
thesis, and instead focus on the designing of the data model to be used
in the database.
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4.1.1 Development Environment
Since most of the previous work and implementations in this research
project were conducted using Java or Java-related technology, the deci-
sion was made that this implementation also should be made in Java.
That was also the intention and request from the research project
members. Furthermore, Java offers some help packages, simplifying
the database creation and connection (compared to other program-
ming languages), leading to less code. Java is also a good choice when
it comes to portability, meaning that the application can be run on
different platforms, as long as there is a Java virtual machine. In
addition, both authors had previous experience of using Java for ap-
plication development.

It was decided to use the Eclipse platform development studio (ver-
sion 3.1.0) which is freeware for non-commercial use. Eclipse could be
extended with additional functionality with the use of many various
plug-ins, which was a feature that this masters work could benefit
from. Some of the previous work that had been done within the
home healthcare project had also been done using the Eclipse pro-
gram, which simplified our examination and learning process.

To further aid the development, the suggestion was made to use
two third party libraries for Java, named the Spring framework and
Hibernate. Spring and Hibernate would also very much simplify a
future development of the system since they offer much functionality,
for example when constructing a web interface.

4.1.2 Design Decisions
Since some work described in this report was based on a home health-
care project developed at IMT, some of the design decisions were al-
ready made. All essential design decisions are described and explained
below.

The SÅLAH data model was not used in this project as it was
found to be difficult to adjust to the adding of the various entities and
the equipment used in the MobiMed System. It was too specific for
its purpose. Therefore, there was a need for a more general database
model that would manage both the SÅLAH system and the MobiMed
System.
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When designing the data model, the caregiver GUI was deeply
studied, since the work done in that thesis decided which parts where
necessary in the data model. As mentioned earlier the caregiver GUI
(described in section 2.3) was developed in cooperation with the nurses
and physicians that would later use the system. Some inspiration was
also taken from the contents of the temporary example database that
was used to test and demonstrate the caregiver GUI.

To be able to build a truly general data model that would be easy
to expand, the HISA model was used as a base model, a foundation
to which the requirements from the caregivers GUI was added.

After the data model had been designed, some adjustments were
made. Only the name and personal identity number of a patient was
not enough, what if the caregivers needed to contact the patient?
Therefore, PatientInfo was created and filled with additional infor-
mation about the patient. The class Limit was also added when after
the data model had already been designed.

4.1.3 Coding Guidelines
When writing the code for the implementation, some code guidelines
where used. There are a few different ways of writing code, but the
most important thing is to be consequent. Code guidelines are made
in order to make the code easy to read, understand and re-use. The
most essential guidelines used in this work was:

• Class names start with an upper-case letter for each original
word, example UsagePeriod.

• Attribute names start with a lower-case letter, and are in most
cases entirely in lower-case letters. Some attributes have an
upper-case letter starting the second or third original word in
the attribute name for readability. Example description and
regDate.

• All attributes that have the word "id" at the end are written
with an underscore instead of together with the previous word,
for example period_id and value_id. This makes it easier to see
which attribute is the identifying attribute of that specific class.
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4.2 Spring Framework
The Spring framework[24, 25] is a third party library for Java. A
library is routines stored in object format, and third party means that
the routines are not a part of Java, but can be used together with Java.
These routines are particularly useful when they are frequently used
because there is no need to explicitly link them to every program that
uses them. Some of the features included in the Spring Framework
are:

• Lightweight container

• Transaction management

• MVC web application framework

• Aspect oriented functionality

• DAO Support

The lightweight container provides automated configuration and
wiring of application objects. The container is capable of assembling
large systems from a set of loosely coupled objects, POJO’s (Plain
Old Java Objects) which are ordinary Java objects.

Spring has a lot of infrastructure built in for transaction man-
agement, leaving the developer to concentrate on application logic.
Spring can use the transactional support of the persistence mecha-
nism (JDBC, JDO, Hibernate among others) chosen.

State management, workflow and validation are important con-
cerns which need to be addressed in a web program. The spring web
framework can automatically populate model objects from incoming
requests while providing error handling and validation. The state of
objects created through web forms can be managed as well by the web
framework. The MVC acronym is a design pattern that separates a
computer program in three parts.

• Model - datamodel/database

• View - user interaction

• Controller - logic between the model and view which lets the
user do tasks such as retrieve/change a value from a database.
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The purpose of separating the code in layers is to get a cleaner,
more readable code and to have faster access to the different parts of
the program, knowing where to look in the code for specific function-
ality. This leads to a better overview and structure of the application.

Any object managed by Spring can be aspect oriented enabled. In-
stead of giving similar functionality to an object through inheritance,
AOP can be used to define common functionality in one place and later
on apply this functionality to existing classes without being forced to
modify the classes to which the new features are being added.

The DAO (Data Access Object) support aims at making it easy
to work with different data access technologies like JDO, JDBC and
Hibernate in a standardized way. This makes it possible to switch
between different DAO technologies and relives the programmer from
catching exceptions that are specific for each of the technologies.

4.3 Hibernate
There is a mismatch between the object oriented model used in pro-
gramming and the most common model used in describing databases,
namely relational model. The difference in these two models requires
programmers to write a lot of code to translate between them. This
additional code that is written increases the risk of bugs being im-
plemented in the code. One approach could be to use object ori-
ented databases instead of relational SQL databases. Experience say
that these types of databases aren’t particularly popular or widely
adopted. The reasons for this will not be analyzed more than to con-
clude that there is no high acceptance for object oriented databases
in the industry[26, 27].

Another approach is to use an ORM (Object Relational Mapping)
tool.
Hibernate[26, 27] is a third party library for Java dealing with the
mismatch between the object oriented model in programming and the
relational model used in the database world. Hibernate maps Java
objects to tables in a relational database through the use of xml con-
figuration files. It also relieves the programmer from writing many
lines of code. Hibernate also has an own query language, HQL (Hi-
bernate Query Language) which deals with both how to get objects
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into a database and how to get them out. The language can be used
with most of the available database systems of today. It translates
HQL to the native SQL dialect of the underlying database. It is how-
ever possible to use the native dialect of SQL if wanted.

The parts an ORM tool should consist of are the following entities:

• An API for performing basic CRUD (Create Read Update Delete)
operations on objects of persistent classes

• A language or API for specifying queries that refer to classes
and properties of classes

• A facility for specifying mapping metadata

• A technique for the ORM implementation to interact with trans-
actional objects to perform dirty checking, lazy association fetch-
ing, and other optimization functions

Below follows a description of four reasons why it will be worth
choosing an ORM solution over hand-coded SQL/JDBC or object ori-
ented databases.

Persistence related code could be said to be one of the more tedious
tasks to manage in a Java program. Hibernate is said to eliminate
much of these problems. It could be argued that productivity increases
when choosing an ORM tool.

It is possible to start with an existing database scheme and another
approach could be to generate the scheme from some java objects with
the ORM-tool.

With an ORM-solution the system is likely to have fewer lines of
code. This implies that the program becomes more understandable,
maintainable and it will be easier for new people in projects to learn
what the system does. It is a subject of debate if counting lines of
code could relate to application complexity. In a handcrafted solution
it would be harder to maintain design changes. Changes in one of the
domains of relational/object models would often involve changes to the
other. ORM provides a layer between these two models and provides
a more flexible way of dealing with the use of object orientation on
the Java side.

The performance of different persistence solutions is of interest
when choosing whether to implement something from scratch or to
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choose an existing solution. Some optimizations would be faster with
a hand-coded solution and others would be faster with an ORM tool.
Given that projects often are on a time constraint and hand coded
solutions would be more time consuming, it could be an argument
that it is more time effective to use an ORM tool. The programmer
could in the end spend more time trying to avoid bottlenecks and
make the necessary optimizations to the system.

Vendor independence of the ORM tool is something worth men-
tioning. The application will not be as tightly coupled with the un-
derlying SQL database/dialect. Most ORM tools supports a number
of databases and this provides some level of portability to the appli-
cation.

4.3.1 Hibernate Mapping Files
Hibernate needs a way to know how to load and store objects of the
Java classes. The file that is used for this is the hibernate xml mapping
file, which is used to translate from the object oriented model to the
relational model. More specific, this file is used to map Java classes to
SQL. This is done by declaring to Hibernate how the classes and their
properties are related to database tables and columns. The Hibernate
mapping files are then used at runtime of the program.

The database is generated from a script with just a few lines of
code. This is possible with a hibernate.properties file where the ad-
dress and the port of the database server is specified. Username, pass-
word and a JDBC driver together with the mapping file is basically
what is needed.

The Hibernate DTD (document type definition) is required for
syntactic validation of the xml file. The DTD will state what tags and
attributes are used to describe the content in the file, where each tag is
allowed and also which tags can appear within other tags. Mappings
are declared inside the <hibernate-mapping> tag.

There exists one Hibernate mapping file for each class in the data
model, and that mapping file contains all the information needed for
Hibernate to build a complete relational database. The files were
named classname.hbm.xml, as an example patient.hbm.xml and
equipment.hbm.xml.

After building the database, it was possible to verify its correctness
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by printing a database scheme from the existing tables in the database,
and comparing that schema to the original plan.

As can be seen in the UML diagram in Figure 4.1 the classes
HardwareType and Generator are connected to each other. One
HardwareType can have one or many Generators. The class
HardwareType in the package se.liu.imt.hemsjv.bus is mapped to
the table hardwaretype. Every row in hardwaretype represents one in-
stance of the class HardwareType. Every record in the hardwaretype
table will have a primary key value that matches the object identity
in memory. The <id> mapping element is used to define details if
object identity. The property with the name description is a String
which is defined in the Java class. The <set> element defines how
associations between classes and how relationships between the tables
are managed. cascade="all" means that if one of the rows in a table
is deleted all the associated classes should also be deleted. Key col-
umn specifies the primary key of a related table. Here the primary
key is type_id. The <one-to-many> element declares how classes are
related to each other.

Below are two examples of the mapping files.
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HardwareType.hbm.xml

<?xml version="1.0" encoding="UTF-8"?>
<!DOCTYPE hibernate-mapping PUBLIC
"-//Hibernate/Hibernate Mapping DTD 3.0//EN"

"http://hibernate.sourceforge.net/hibernate-mapping-3.0.dtd">
<hibernate-mapping>

<class name="se.liu.imt.hemsjv.bus.HardwareType"
table="hardwaretype">
<id name="type_id" type="long" >

<column name="type_id" not-null="true" />
<generator class="native" />

</id>
<property name="description" />

<set name="generator" table="generator" inverse="true"
cascade="all" lazy="false">
<key column="type_id"/>
<one-to-many class="se.liu.imt.hemsjv.bus.Generator"/>

</set>

<set name="equipment" table="equipment" inverse="true"
cascade="all" lazy="false">
<key column="type_id"/>
<one-to-many class="se.liu.imt.hemsjv.bus.Equipment"/>

</set>
</class>

</hibernate-mapping>
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Generator.hbm.xml

<?xml version="1.0" encoding="utf-8"?>
<!DOCTYPE hibernate-mapping PUBLIC
"-//Hibernate/Hibernate Mapping DTD 3.0//EN"

"http://hibernate.sourceforge.net/hibernate-mapping-3.0.dtd">
<hibernate-mapping>

<class name="se.liu.imt.hemsjv.bus.Generator" table="generator">
<id name="generator_id" type="int" >

<column name="generator_id"
not-null="true" />
<generator class="native" />

</id>

<property name="description" column="description"
type="string" />

<many-to-one name="hardwareType"
class="se.liu.imt.hemsjv.bus.HardwareType" column="type_id"
lazy="false" />

<set name="usageperiod" table="generator_usageperiod"
cascade="all">
<key column="generator_id"/>
<many-to-many column="period_id"
class="se.liu.imt.hemsjv.bus.UsagePeriod"/>

</set>

<set name="property" table="property" cascade="all"
inverse="true">
<key column="generator_id"/> <one-to-many
class="se.liu.imt.hemsjv.bus.Property"/>

</set>
</class>

</hibernate-mapping>



Chapter 5

Result

The design and implementation of the database system and the cor-
responding Java classes were the major part of this master’s thesis.

5.1 The Data Model
In Figure 5.1, the class name is always at the top of the box, and
below are the different member types (attributes) and their type. No
member functions are included here, normally there are getters and
setters for all member types, and in some cases a few functions for
adding instances of other classes.

Equipment can, for the time being, be of two different types, either
a MobiMed box or a digital pen for pain or tiredness assessment.
Which type an equipment consists of is specified with HardwareType,
and the HardwareType has a Generator that generates values. As an
example, if the Equipment is (of HardwareType) a MobiMed box, the
Generator could be a blood pressure cuff, or an oxygen saturation
probe. The Generator generates values with a certain Property, for
example systolic blood pressure. The Property is also connected to
the Value generated from the Generator, and the Value is in turn
connected to the UsagePeriod for the Equipment and Patient. A
UsagePeriod is the period of time during which the patient will use
the Equipment in his/her home.

Each patient has a set of limits, which is also connected to the type
of values the limits apply to, here called properties. As an example,
the lower limit for oxygen saturation is not the same as the lower limit
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HardwareType

type_id : int

description : String

Equipment

equipment_id : int

type_id : int

Generator

generator_id : int

description : String

UsagePeriod

period_id : int

startDate : String

endDate : String

Property

property_id : int

description : String

Patient

patient_id : int

name : String

pnr : String

Value

value_id : int

value : String

timeStamp : String

valid : boolean

PatientInfo

patient_id : int

phone : Set

assNurse : String

bpPosition : String

bpSide : String

comments : String

regDate : String

Limit

limit_id : int

maximum : String

minimum : String

goal : String

1..* 1..*

1..*

0..* 1..*

0..*

1..*

0..*

0..*

 
0..*

0..*

Figure 5.1. The data model.

The notation 1..* and 0..* describes the relationships between classes.
As an example, one HardwareType can have one (1) or many
Generators, and one (1) Patient can have only one (1) UsagePeriod.
(The number 1 is never shown.)



5.1 The Data Model 43

for systolic blood pressure, and two patients might not have the same
lower limit. The limits are used mainly for comparative purposes -
a help to easily see if a value is too high or too low and therefore
could endanger the patient’s health. For security reasons there is a
flag in Value called valid, that can be set to false if a value is clearly
wrong in some way, for example if a value is too high due to erroneous
use of the measuring equipment. Normally, valid is set to true. The
class Patient has a connection to PatientInfo, which is simply extra
information about the patient, such as phone number and information
about how the blood pressure is to be measured.
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5.1.1 Quick Explanation
Below follows a quick explanation of the various classes.

Equipment Represents the equipment.
equipment_id : int Id number for the equipment.
type_id : int Id number for the type of equipment.

HardwareType Represents information about the type of
hardware (equipment).

type_id : int Id number for the type of hardware.
description : String Description of the hardware type.

Generator Represents the item that actually
generates the value.

generator_id : int Id number for the generator.
description : String Description of the generator.

UsagePeriod Time period for which the patient has
and uses the equipment.

period_id : int Id number for the usage period.
startDate : String Starting date of the period of time.
endDate : String Ending date of the period of time.

Property Represents the properties for the different
kind of values.

property_id : int Id number for the property.
description : String Description of the property.
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Patient Represents the patient.
patient_id : int Id number for the patient.
name: String Name of the patient.
pnr : String Personal code (identity) number.

Value Represents the measured value.
value_id : int Id number for the value.
value : String The value it self.
timeStamp : String Timestamp of when the value was measured.
valid : boolean Tells if the value is valid or not.

Set to false if a value is clearly erroneous,
otherwise true.

PatientInfo Additional information about the patient
and how blood pressure should be
measured.

patient_id : int Id number for the patient.
phone : set Phonenumber(s) for the patient.
assCaregiver : String Assigned caregiver for the patient.
bpPosition : String The position (standing, sitting or lying

down) in which the patient should be
while measuring blood pressure.

bpSide : String The side of the body the blood pressure
cuff is to be put on (right or left arm).

comments : String Any additional comments about the
patient or his/her health status.

regDate : String The date the patient was first registered.

Limit Represents the boundaries within which
the values should be for a healthy patient.

limit_id : int Id number for the limit.
maximum : String Upper limit on value.
minimum : String Lower limit on value.
goal : String Goal value.
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5.1.2 Use Scenario

A patient has been diagnosed with CHF at the heart failure clinic.
It has been decided together with the physicians at the clinic, the
patient and his/her family, that healthcare is to be performed in the
patient’s home. Medical equipment have been ordered and installed
in the patient home. The equipment consists of a MobiMed measuring
unit, a portable computer, blood pressure cuff and a weight measuring
device. These devices need to be added to the information system,
because it is desirable to manage the devices in the application in
order to keep track of the equipment. A MobiMed measurement unit
is an equipment of type MobiMed, and therefore the type MobiMed
will have an id in the HardwareType class. The id is an integer, number
one for example. If a pen is added, it would be given id number two.
The portable computer and the measurement unit are coupled, and
exist only as one single unit, and there are therefore no details in the
application on the portable computer. The Equipment class then adds
the MobiMed unit and assigns it an id number to be able to identify
this specific MobiMed unit. The number could for example be seven
if there are already six equipments added in the system.

The next thing that needs to be noted is the generators, which are
the items attached to the MobiMed box. They are called generators
because they are the ones that actually generate or measure the values,
and consist in this case of a blood pressure cuff and a weight measuring
device. When the MobiMed box is used to measure a value from the
patient the generator(s) is (are) attached to the patient. The values
generated have (are of type) properties, and an example of a property
could be systolic blood pressure or weight. When measuring blood
pressure it is reported as two numbers, as an example 120 over 80.
The first value is the systolic value when the heart contracts, whereas
the lower value is diastolic, when the heart is at rest. The value of
this property is therefore an integer.

A patient, the equipment, the generators and the values that are
generated have a usage period. The usage period is the time period
during which the patient is in possession of the equipment. For ex-
ample, this kind of home treatment may be tried out for a limited
period of time and then be evaluated for continued use by the patient
and his/her doctors. In this example, the usage period will be during
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MobimedBox : HardwareType

type_id : 1

description : Mobimed Box

Box1: Equipment

equipment_id : 7

type_id : 1

BPCuff : Generator

generator_id : 1

description : Blood pressure cuff

Syst : Property

property_id : 1

description : Systolic

Box2: Equipment

equipment_id : 8

type_id : 1

WScale : Generator

generator_id : 2

description : Weight scale

Diast : Property

property_id : 2

description : Diastolic

Patient weight : Property

property_id : 3

description : Patient Weight

Figure 5.2. Use scenario example.

February. Figure 5.2 describes how some of the information would ap-
pear in the database tables of Equipment, HardwareType, Generator
and UsagePeriod.

The information stored about the patient are name, personal num-
ber and a unique id. Additional data directly related to the patient is
stored in a table called PatientInfo, and the data would be the phone
number of the patient, how the blood pressure is to be measured (sit-
ting, lying down or standing up), which arm it is measured from, the
assigned caregiver and any additional informations (comments) that
could be useful about the patient. The date when the patient is first
registered in the data system is also stored, with the same unique id
of the patient.

The table limit store the allowed limits on values. If for example
some properties of values exceed the allowed value the application will
give some kind of alert to the caregivers allowing them to respond
quickly. There is also a goal value, which is the value the patient
should aim at reaching.
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Chapter 6

Discussion

This chapter discusses some of the issues that remain to be done within
the research project, the experiences from this thesis work and also
what has been accomplished.

The conclusion made is that since this data model agrees fairly
well with the HISA, and it is possible to put the various parts of the
SÅLAH project into our model, the model is in fact a general model.
It seems to be quite easy to add new types of medical equipment.

6.1 Comparison With the HISA
Since the HISA model, the European prestandard, is one of the ma-
jor sources of inspiration to the data model developed in this master
thesis, a description is made of how the HISA relates to that data
model. The data model created in this thesis could be said to be a
simplified, adjusted variant of the HISA model. For easier reading and
understanding, a suggestion would be to read section 2.1 about HISA
in parallel with this description, and perhaps also take an extra look
at the different classes in our system (see section 5.1 and Figure 5.1).

The class Equipment corresponds to resource in the Resource HCS.
Since a resource can be of many types, HISA models a type of resource
with five different sub-types. However, in our system, the only resource
available that should be in the system is (medical) equipment. Since
the class HardwareType describes the different types of equipment
in our model, it must then correspond to the equipment (see Figure
2.1), which is a subclass to type of resource in the semantic category
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belonging to the Concept HCS. Type of resource also belongs to the
Resource HCS.

The class Generator is a part of the Concept HCS, since it de-
scribes the different parts of the equipment (blood-pressure gauge etc).

The class Property corresponds to type of health characteristics,
which also belongs in two sets of HCS, namely semantic category in
the Concept HCS and the health characteristics in the Health Char-
acteristics HCS.

It is easy to see that our class Patient corresponds to the sub-
class patient in the Subject of Care HCS, where also UsagePeriod
is. UsagePeriod matches contact, which is the time period during
which the patient is under the active consideration of the healthcare
organization.

A health characteristic from Health Characteristic HCS is the value
measured by the equipment, for example pulse rate, blood pressure etc,
which then corresponds to the class Value. The class PatientInfo is
more difficult to classify in the HISA system. The class contains pa-
tient_id and phone number, which corresponds to patient in Subject
of Care HCS, but assCaregiver, bpPosition and bpSide does not be-
long there. They are instead similar to protocol, which is a grouping
of a set of activities in the Activity HCS. However, for the purposes
of the use of the data model developed in this master thesis, it was
more suitable to group them like this. The class Limit also somewhat
corresponds to protocol in the Activity HCS.

There was no need for or a good way to create and integrate a spe-
cific activity class in our data model even though this is an important
part of the Activity HCS in the HISA. As explained in section 2.1, an
activity is something that is done to achieve particular results, and in
our case, an activity is always a care activity. However, the classes
UsagePeriod (contact), Limit (protocol) and PatientInfo could be
said to together form an activity, where the timestamp in Value would
be included. This is because an activity or group of activities (proto-
col) during a contact generates health characteristics, i.e. values.
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6.2 Experiences
If the authors have learned one thing from this work, it is to have a
time schedule and a backup plan. The implementation was delayed
due to malfunctioning equipment, as mentioned earlier, and the weeks
flew by trying to make it work. There was always one more thing
we had not tried, one more thing that surely would make it work.
Eventually we realized that the work would never be finished, so the
decision was made to leave the MobiMed part out for now.

Due to this delay at the beginning, no real time plan was made.
Instead, the implementation started as quick as possible when we re-
alized how little time was left. As it turned out, this worked rather
well too.

As many others also realized after completing their theses, we also
realize that we should have documented more in the beginning. How-
ever, it is not as easy as it sounds, since it is not until now that we
feel that we really know how everything works, we now know what we
want to have as a part of our report and our work.

Another useful note is that the use of Spring and most of all Hiber-
nate was a big help and advantage. It was a very easy way of creating
a full scale database without having to know all the appropriate SQL
syntaxes and spend time writing the actual code. Instead, Hibernate
did it for us, with just a little help from the mapping files. By printing
a database scheme from the generated tables, it was easy to verify that
the database was correct the way it was intended.

6.3 Future Work
The architecture of the medical information system is intended to be
of three layers; a data-layer, and view layer and a controller layer.
The data layer is what has been developed in this master thesis. For
the view layer it would be advantageous to use the caregiver GUI as
opposed to implementing something from scratch. As the architecture
is complete and the system is configured to be ready to use with our
Java classes, the JSP of the caregiver GUI, the controller logic is left
to implement. This can with great advantage be done using web forms
and the classes and interface of the controller hierarchy of the Spring
framework web MVC package. Many applications benefit from having
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some use case scenarios which control how the system is used. The
benefit from this is that the user has some predefined cases and could
be guided through these tasks.

If the caregiver GUI is intended to be used as the view layer, the
code has to be analysed in order to remove some of the logic included,
and ideally the logic would be implemented in the controller layer.
Now some of the logic exists in the view layer as well.

Further work is needed to investigate and gain more knowledge of
how the hardware platform work, and how transmission of medical
data could be performed in a more stable manner. This would be of
great importance to the research project since it can not be completed
in a satisfying manner unless those problems are solved. Another area
to consider regarding the transmission and storing of a patients med-
ical data is the security. Is it possible to verify that the received and
stored data is correct, and hasn’t been altered in any way? Perhaps
some kind of encryption would make the system safer, but that is
within the field of computer security.

Some of the tables of the MobiMed database need to be polled
and merged into the existing application for a more complete software
solution. This was, as mentioned earlier, at first intended to be a part
of this thesis work, but is yet to be implemented. Because of this, all
values in this database are represented as a String. This is due to the
fact that there is no knowledge of how the values are represented in
the MobiMed database.

The database created in this master thesis does not include a table
for users or staff, mainly because there is no clear image of what the
requirement would be for such a table. The required logic needed for
a table with users is also missing.

An important part of the research project is the graphical visual-
ization, tables and graphs representing the measured medical values.
This is an important part of the whole application since it is vital
for the caregivers to clearly understand the patients condition. Some
work has been done in this area, but much is yet to construct.

We have tested our database, and as far as we know, it’s behavior
is predictable and correct. However, much more testing is needed to
ensure that nothing unexpected can occur, especially later on in the
interaction with other parts of the research project.
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