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PREFACE
The concept of a smart home is tightly bound to computer controlled home
automation. While the first examples of such systems were perceived as highly
futuristic when they appeared in sixties of the last century, home automation rose to
prominence during 1990s.The main studied topics included security systems and
intrusion detectors(based e.g. on motion sensors that will detect any kind of
unauthorized movement and notify the user through the security system or via cell
phone), presence simulation, safety systems (detection of fire, gas leaks and water
leaks), teleassistance and house control tasks (e.g. heating, ventilation and air
conditioning, lighting and shading, domestic robotics).
In the new century, the interested research community was rich enough to
establish a tradition of organizing International Conference on Smart homes and
health Telematics (ICOST) as a venue dedicated to presentation and discussion of
research in the design, development, deployment and evaluation of Smart
Environments, Assistive Technologies and Health Telematics systems. The1st
ICOST conference was held in France in 2003, the 11th ICOST has been hosted by
Singapore this year and the participants of its 12th run will meet at the University of
Colorado in Denver in 2014.
What are the main topics studied in this context now? Control of home
appliances (Internet of Things) remains an important issue as this field is still lacking
standards that are necessary to pave its way into our households. Popularity of smart
homes permanently grows due to much higher affordability and simplicity through
smartphone and tablet connectivity. It has been reported that 1.5 million home
automation systems were installed in the US in 2012, and there is expected sharp
uptake during the coming period with over 8 million in 2017.
Attention of ICOST community is being turned to the smart home inhabitants
and new ways how to support them are being studied. There are considered
possibilities of serious games as tools for patient therapy and education and robots
are stepping out form the role of service tools. For example, nearly 3 thousands of
the seal robots PARO have been already successfully used in hospitals and care
facilities in various kinds of “animal-like” therapy and PARO has been certified as
“bio-feedback medical device” in USA recently. MIT Age Lab (agelab.mit.edu) is
4

studying anthropomorphic home technology interfaces that could improve technology
adoption by elderly.
Smart Homes 2013, the student conference on innovations in assistive
technologies and health care, is the place for project presentations and discussion on
the results and opportunities not only among students/researchers, but also among
designers, producers and end-users. It is our pleasure the second Smart Homes
conference has been organized at the Faculty of Electrical Engineering Czech
Technical University in Prague.
Olga Štepánková
Lenka Lhotská
Jan Havlík
November, 2013
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Future Opportunities of Ambient Assisted Living
Lenka Lhotska
Czech Technical University in Prague
lhotska@fel.cvut.cz
The area of ambient assisted living (AAL) has moved to the focus of attention both in
applied research and development in recent years. There have been developed various
platforms, networks, fora and consortia accross Europe. The importance of the field
has been recognized not only by researchers, but also by European Commission. This
is reflected in several initiatives and funding schemes, in particular Ambient Assisted
Living Joint Programme, Framework Programme 7 and new Horizon 2020
programme. In the presentation, there will be shown a summary of current research
and visions for the future research.
The coordination action AALIANCE2 has as one of its aim networking of institutions
and individuals interested in AAL field. It offers information about its activities and
results; provides technical and business-oriented recommendations for future AAL
developments; establishes relevant links with stakeholders in other parts of the world.
The action finishes next year and the main output will be an AAL Roadmap and
Strategic Research Agenda, extrapolating current technology trends and outlining
future research trends. In addition to that it has collected and elaborated information
and provision of recommendations about upcoming standards and certifications
required in the AAL development and research.
In the Horizon 2020 there are the areas of ageing and wellbeing, thus application of
AAL technology and approaches, among the priorities.
Useful links:
http://ec.europa.eu/research/horizon2020/index_en.cfm?pg=h2020
http://ec.europa.eu/active-healthy-ageing
http://www.aal-europe.eu
http://www.aaliance.eu
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UNOBTRUSIVE MONITORING AT HOME
Tobias Wartzek1, Steffen Leonhardt1
1

Chair of Medical Information Technology, RWTH Aachen University, Aachen, Germany

Abstract
The demographic change has led to much research on unobtrusive monitoring and especially on preventive monitoring
at home. Usually vital sign parameters such as heart or respiratory rate are monitored. This paper briefly discusses
current methods for unobtrusive or even non-contact monitoring at home. The physical principle as well as possible
places or objects of daily life for integration of the sensors are presented. Beside the sensors major challenges are
identified, which are essential for a future success of unobtrusive monitoring. Researchers will have to find a solution to
avoid or reliably detect severe motion artefacts which arise from the non-contact monitoring. Additionally, the context
of a measurement needs to be considered in the post processing, as the measurement conditions are not fixed and a
priori unknown since no medical expert supervises the measurements.

Keywords
Measurement principles, challenges, BCG, cECG,MIM

Introduction

Monitoring Parameters

Due to demographic changes and an increasing cost
pressure in inpatient health care, other ways of medical
supply than the existing ones will be needed in future.
It seems that instead of cost intensive treatments within
hospitals, medical supply will be - if possible transferred to the patients’ home. Additionally, a
preventive monitoring will be utilized to avoid the need
of clinical intervention, which will be, beside the costs,
difficult in case of medical staff shortage.

Most publications about non-contact monitoring
present methods to monitor the heart rate. The heart
rate (or pulse rate), and further deduced parameters
such as heart rate variability, provide important
information as they allow to detect tachy- and
bradycardia, arrhythmias and stress [1].
The second important vital sign is the respiratory
rate which is probably the most important vital sign [2]
as it allows insights into the metabolic status by
analysing the respiratory rate and the waveform of the
respiration. Although it is a parameter with lots of
information, it is commonly undervalued [2].
Oxygen is a major prerequisite for living and the
human body tries to maintain a blood oxygen
saturation of 100 %. Reduced saturation levels are an
indication of an error in the natural gas exchange
control loop of the body [1].
Since the human beings are endothermic mammals,
deviations to normothermia of the core temperature
indicate the need for further investigation [3].
Compared to the heart- or respiratory rate, meaningful
temperature changes have a larger time constant.
A parameter with an even larger time constant is the
body weight. Monitoring this parameter allows to
detect for example water retention (oedema) in case of
an increasing weight or malnutrition in case of a
decreasing weight.

Contactless measurement methods offer the
opportunity to monitor patients at home without the
need of any interaction by them or in hospital (mainly
on a general ward without severe ill patients) in view
of staff shortage. However, beside the promising
advantages, several limitations and difficulties need to
be considered. In the following, promising methods for
vital sign monitoring and the resulting challenges are
presented. The focus is set on unobtrusive monitoring
at home.

Methods
Many methods for non-contact vital sign monitoring
exist in literature. The monitored parameters, the places
for integration and the different physical principles are
presented.
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Location of sensors
Two different approaches for integration of sensors
exist. The first approach is a body worn solution, in
which sensors are integrated into textiles or into
accessory such as a watch, an ear plug or a ring. In the
second case, the sensors are integrated into objects of
daily life such as the toilet, a chair, a bed or a mirror.
Depending on the physical measurement principle (e.g.
radar or video based), it is also possible to integrate the
sensor on the ceiling without any contact to the patient.

The heart rate can be deduced from the capacitive ECG
[4], the ballistocardiogram (BCG) [5], magnetic
impedance/induction measurements (MIM) [6], colour
changes and motion in a video [7], optical sensors
through clothes [8, 9] or with radar [10].
The respiration rate is provided by the BCG, magnetic
impedance/induction measurements, and motion in
video or radar.
Oxygen saturation is at the moment only detectable
with an optical measurement. This is possible with the
non-contact so called PPGi at regions with naked skin
[11]. Since the heart rate can be measured with an
optical sensor through clothes, it might also be possible
to deduce the oxygen saturation from this location [8,
9].
A non-invasive body core temperature monitoring is
possible with the so called zero heat-flux sensors [12].
The weight is up to now still only measurable with a
force sensor. However, instead of requiring the patient
to use scales, it can be unnoticeably integrated into a
toilet for example [13].
The physical principles and the corresponding
properties like maximum distance, energy-injection
needed and some general properties are compared in
Table 1.

Energy‐
Injection

Properties

BCG

Mechanical
contact

0

Passive

Cheap

cECG

Electrical
capacitive
coupling

<1mm

passive

Cheap

MIM
PPGI

Magnetic
coupling
Visible
radiation

5‐10cm
> 1m

Eddy
currents
Active
light

EM‐
energy

Line‐of‐
sight

Heat‐flux

Contact
Temperature

0

heat

Good
control
needed

Weight

Force

0

no

cheap

A further major difference of monitoring at home is the
absence of a medical trained user or a medical
supervisor. This may introduce wrong or biased
measurements, which would usually be prevented by
the medical staff and hence subsequently aggravates
the validation of the measured signals and supports the
need for a context detection. Examples are falsely
attached electrodes or again wrong measurement
conditions like physical activity or other stress
situations prior to a measurement.

Tab. 1: Comparison of the different measurement
principles.

Distance

>1m

For a prospective success of unobtrusive measurement
technologies, several aspects needs to be addressed
which arise due to the non-contact monitoring at home.
The two most important aspects are probably motion
artefacts [14] and the consideration of the context.
Since the sensors are not tightly fixed to the patient, all
above mentioned methods suffer from severe motion
artefacts which may totally disrupt the signal of
interest. To make matters worse it can even occur that a
sensor does not measure any signal at all, e.g. a lost
line-of-sight in case of a video based method. These
motion artefacts require a very robust signal
processing, as otherwise the deduced parameters are
meaningless for further medical diagnoses. Senor
fusion might diminish the problem of total information
loss of single sensors. However, this process also needs
to be very robust. Furthermore, the sensors and the
subsequent signal processing need to be able to
distinguish different persons if more than one person
stays in a home or even the same room with installed
unobtrusive
monitoring
techniques.
These
circumstances of a measurement in the home
environment directly lead to the consideration of the
context of a measurement, which is also very important
for a medical diagnostic. Since the measurement
conditions are not fixed or known compared to hospital
with medical educated staff, it is important to include
further information than just the vital signs. A medical
diagnosis of an increased heart rate is for example
different, if the patient has just climbed the stairs or if
the patient developed a chronic tachycardia.

The sensors use almost every possible physical
principle to measure the corresponding parameter.

Physical
principle

EM‐waves

Challenges

Physical measurement principle

Method

Radar

Not only the circumstances of the monitoring is
different compared to established monitoring methods
but also the post processing. Algorithms which extract
useful information based on very long time periods
(weeks, years) of vital signs are needed instead of

No metal
Line‐of‐
sight
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today’s algorithms and diagnostic procedures for spot
measurements at the doctor. An increasing weight over
a longer time period may for example indicate an
oedema which needs further examinations. Or if the
heart rate is continuously increasing and the sleeping
behaviour is changing, the underlying reasons need to
be examined.

[6]

[7]

[8]

Last but not least, medical experts and health
insurances need to be convinced, that the new long
term signals provide a benefit for the patients and
reduce subsequent costs instead of only generating
costs due to the data acquisition.
[9]

Conclusion
In this publication the research on unobtrusive
monitoring at home was briefly reviewed. Current
sensors for the monitoring of different vital sign
parameters, their physical measurement principle and
possible ways for integration were described. Beside
the unobtrusive sensors, corresponding challenges such
as motion artefacts and context detection and its
consideration in the post processing for reliable
medical diagnoses and a real benefit were presented.

[10]
[11]

[12]

[13]

[14]
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REMOVING BARRIERS FROM CITIES THE SMART WAY
Stanislav Vítek1, Jiří Richter2
1,2Faculty

of Electrical Engineering, Prague, Czech Republic

Abstract
Movement around the city challenges many groups of people with notable obstacles. Wheelchair users, mothers with
strollers, people with injured legs or otherwise in need of crutches, old people and others – let’s call them the nonconform travellers – would benefit from an interactive map that could present alternative routes to the desired destination
and categorize these routes according to difficulties present. We offer such concept in this paper.

Keywords
map, routing, navigation, handicap, city, smartphone, wheelchair, assistive, assisted, movement, barriers, pavement,
curb, social, gamification

Okay, so what’s our vision?

How do we make it come to life?

The general aim of this project is to create a routing
tool that enables its users to foresee possible obstacles
on their way through the city – and avoid them.

Project requirements
We have identified several requirements that we need
to satisfy in designing the solution:
- Define target group
- Define needed data
- Ensure long-term usability of the product
- Ensure data accuracy and include some sort of
feedback
- Ensure usability of the product by the target
group
- Design routing and categorizing algorithm
- Ensure free use of the product

How do we justify our v ision?
First – it doesn’t exist (and it would help if it did)
Based on our original research, there is no such tool
that would work in the Czech Republic. There are others
that perform similar functions [1], but none of them is
capable of performing the one essential function that is
routing.
Also, based on our informal personal conversations
with wheelchair users affiliated with Prague’s Jedličkův
ústav a školy1 and o.s. Ramus2, there is a growing usage
of smartphones among them, which is accompanied by
growing demand for applications that could help with
removing all kinds of barriers.

Fulfilling the requirements
Define target group: Our target group is defined as
people who are not able to use all of the walking paths
present in the (primarily urban) area of concern. This
could also involve partial disability or a higher level of
difficulty. The disability could be a seasonal matter or
dependent on actual (short-term) condition.

Second – it already exists (and is helping)
Yet again, in the world there are groups that try to
reach goals along the same lines. They have partly
succeeded – German Rollstuhlrouting.de (Müller, et al.,
2010) and French project handimap.org are both
pioneering the area of our concern. Thus we are not
alone suggesting the need for such solution.

1

Define needed data: As a start, the data we need are
map-related, because our aim is to lead the user through
an area he is in by using a virtual representation of that
area. Such data are widely accessible, but they don’t
offer enough detail to satisfy the needs of our target
group. We therefore have to combine the publicly
available data with data acquired from less apparent
sources.

2

http://www.jus.cz/
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http://ramus-os.cz

Inspired by our dialogue with Bertrand Gervais of
handimap.org, we have begun searching for any detailed
GIS data that include information about walkway curbs
and stairs. Those are the main problems which the
members of the target group face when trying to use
traditional routing applications for pedestrians.
Our search has come to two different, yet
complementary solutions:
- There are official authorities that possess and
work with such data – those are the bodies that
carry out municipal service (esp. street cleanup).
They are sometimes able and willing to provide
their data.
- The data we could ever obtain from any external
sources will be always incomplete and will never
satisfy our needs completely. Therefore we have
to develop a method that will allow us to gather
our own data.

another portion of people with presumably average or
under-average technical skills.
Design routing and categorizing algorithm: The
platform we have chosen (OSM) already includes a
module (IRouter) that is capable of routing based on
map database and user input. The module is robust
enough to allow routing along paths that concern us.
Ensure free use of the product: According to a recent
press release by Gartner [2], free mobile apps will see
an ever growing percentage of the mobile app market,
which is believed to be caused by an inclination to IAP
principles3. Other data [3] too suggest that free apps
are being used by proportionally larger user base, and
that they are capable of generating the largest revenue
using IAP.

Ensure long-term usability of the product: This is
strongly connected to the previous bullet. Long-term
usability shall be achieved by the following concepts:
- Adaptation. Data shall adapt to the changes in the
underlying environment through regular database
updates with fresh data from external sources,
also users shall generate new data and corrections
for existing data through game elements.
- Interest. Users shall be kept interested in using
the product by presence of game elements such as
badges, quests, collaborative assignments,
combination with discovery games such as
geocaching, levelling and more. Some of those
elements also incorporate a social aspect.
- Solid foundations. The product shall be built on
top of a platform that is not a black box nor at risk
of suddenly dissapearing, i.e. an open-source
platform. Our open-source platform of choice is
the most widely used map software OSM
(OpenStreetMap).
- The process of achieving long-term usability goes
throughout the whole design and implementation
phases, therefore more concepts are yet to be
added.

Technical details
Platform: As mentioned above, we have chosen
OpenStreetMap as our library platform. Programming
language is Java, because to keep costs low and
distribution high, we have chosen Android as the
operating system.
Database scheme: Product will use the following
databases : one for map data (either supplied by the local
sources or gathered from public servers), one for storage
of the routing nodes and one for user data. Databases
shall use the XML scheme of OSM. The scheme uses
tags (optional parameters) for map nodes that can be
used to better describe the paths or points of interest.
Gathering data from local sources: The data we have
been offered by TSK4 came in the form of polylines in
DWG format that has to be converted to XML nodes that
OSM libraries can work with.
Gathering data from users: This is the part on which
we center our attention. By principles of gamification,
the database shall be continually supplied by fresh data
from users. This is covered in a separate clause below.

Ensure data accuracy and include feedback: Data
accuracy will be subjected to a dynamic process that
would be ensured by user contribution. Users shall be
able to evaluate accuracy of the data they are currently
using, change them according to wiki-like rules and
thus provide feedback to the data administrator.

User interface: The user interface shall be as
accessible as possible, i.e. using big buttons, big font
sizes, clearly legible text, only a small amount of
elements per screen, possibility to zoom on elements,
contrasting
color
schemes
also
considering
colorblindness and other conditions frequently linked to
wheelchair users.

Ensure usability of the product by the target group:
We presume that members of our target group would
benefit from the simplest possible user interface,
because a great portion of our target group consists of
people with lowered psychomotoric abilities, yet

3

4

IAP = in-app purchase
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Conclusion
This project is laying its hand on an area where is a
big demand and still very few solutions. Therefore we
see a capital opportunity to help with a problem that
would otherwise be very costly to overcome, that is
removing barriers from cities.
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PRELIMINARY EXPERIENCES OF INSPECTLIFE
SURVEILLANCE AND TELEMEDICINE SOLUTION
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Kateřina Andělová3
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3rd Medical Faculty, Charles University, Prague, Czech Republic
2
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Abstract
InspectLife is a web based information solution for providing surveillance assistance services and telemedicine. It helps
especially to seniors and chronic patients to increase independence and quality of life and also to physicians and social
workers to better organize health and social care and gather important information about client living at home.
InspectLife solution for home telemonitoring of diabetic patients was tested in pre-pilot phase and first experience was
obtained. Selected patients with intensive monitoring have used appropriate glucose meter, mobile phone with
application and InspectLife application without any obstacles and selected physician was able to evaluate measured
data in actual time and remotely communicate with patients about their treatment. InspectLife Surveillance service
intended for providing surveillance assistance services especially to seniors lining at home is com mercially available
after successful pilot testing.

Keywords
telemedicine, diabetes mellitus, surveillance

Introduction

based on their user roles via Internet with the help of
standard web browsers.

Number of seniors and chronic patients is growing
continuously. On the other hand the need of
independence, self-sufficiency and quality of life is
growing. One of the possible solution is to favour
providing social and health care remotely at homes
with the help of up-to-date information and
communication technologies. This could help to
increase the efficiency of provided services and save
time and costs to social and health care providers.

InspectLife Diabetes – service for telemonitoring of
diabetic patients
InspectLife Diabetes telemedicine service is intended
mainly for patients with diabetes mellitus type I,
especially extreme labile patients, patients during
pregnancy, patients before or after operation and young
patients.
Monitored patients are equipped with Fora Diamond
Mini glucose meters which are able to send measured
data wirelessly via Bluetooth into mobile phone with
installed special application which is responsible for
sending data into InspectLife server.
Measured data are remotely accessible via Internet
for patients and also their approved physicians. They
can evaluate measured glycemia data with the help of
table, graphs and also statistical overview.

InspectLife solution
InspectLife is a web based information solution
intended for providing surveillance assistance services
and telemedicine. The aim of the InspectLife solution
is to increase independence, self-sufficiency and
quality of life for seniors, chronic patients,
handicapped people and others who need health or
social care or assistance. Data and functions of
InspectLife solution are accessible for authorized user
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Fig. 1: Schema of data acquisition in the InspectLife
Diabetes service.
InspectLife
Surveillance
–
surveillance assistance services

for

providing

InspectLife Surveillance service is intended mainly
for seniors living at home. Their are equipped with
surveillance device. Surveillance device include SOS
button, GSM voice communication with handsfree,
location and in selected types also motion sensor (3D
accelerometer).
Clients wears surveillance devices and with their
help they are able notify operators of surveillance
assistance service about emergency situations and
communicate with operators or contact persons.
Operators of surveillance assistance services are able
to find out all necessary information about clients
during solving emergency situations, including their
last location, health and social status, contact persons
and all previously solved events.

Fig. 3: Graph of measured data of selected diabetic
patient during pregnancy and after the childbirth.
Target interval for glycemia is green, hypoglycemia is
blue and violet, hyperglycemia is yellow, pink and red.
It was also recorded that her diabetic compensation
was worse after childbirth.
Measured data was available through the Internet for
the patient and her physician during the whole testing
period. They were able to evaluate measured glycemia
values remotely and discuss further treatment.
Patient neither her physician did not found any
technical or user obstacles during testing period. They
appraise the availability of actual glycemia data in
actual time and the possibility of more frequent remote
communication and discussion.
InspectLife Surveillance – commercial service
InspectLife Surveillance service is currently
commercially available. This service includes nonstop
available surveillance assistance center with several
operators who are able to solve emergency events of
clients – seniors living at home.
Several events have been processed, mainly
emergency events. More than 50 % of notified
emergency events were false (mainly caused by
accidentally pushed SOS button). Two main challenges
have been notified: 1) surveillance devices were not
water resistant and 2) mobile surveillance devices is
not effective in case the client do not wear it
permanently. The first challenge was resolved by
integrating another type of surveillance device – senior
mobile phone combined with water resistant bracelet
which communicate with mobile phone and senior is
able to notify surveillance assitance center by pushing
SOS button on bracelet. The second challenge could be
resolved by integrating combitation of mobile and
stationary surveillance device which could be
permanently installed in senior´s home.

Fig. 2: Schema of communication in the InspectLife
Surveillance service.

Preliminary Experience
InspectLife Diabetes – prepilot testing
InspectLife Diabetes telemonitoring service was
tested during prepilot phase in cooperation with the
Institute for the Care of Mother and Child. Selected
diabetic patient was monitored during her pregnancy
and also after the childbirth. Measured data are shown
in the graph (see figure 3). This patient performed 370
glycemia measurement during 4 weeks (2 weeks during
pregnancy and 2 weeks after childbirth). Several
extreme values (hypo- and hyperglycemia) have been
recorded.
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experience from pre-pilot testing of InspectLife
Diabetes service and commercial operation of
InspectLife Surveillance service has been identified
and discussed.

Plans for the future
InspectLife Diabetes service will be tested in pilot
project during which 21-30 diabetic patients (with
Diabetes Mellitus Type 1 as a principal input criteria)
in intervention group should be tested during 6 months
in 2013 and 2014. Patients will undergo examination
(blood glucose, HbA1c level, blood pressure, body
weight and others) in the beginning, in the middle
(after 3 months) and in the end (after 6 months) of the
study. The specialist (diabetologist) will check
glycemic profile of the patients in the intervention
group every 10 days and, if needed, perform an
appropriate intervention. The main goal of the pilot
project is to prove that with the help of InspectLife
Diabetes telemonitoring solution the diabetes mellitus
is compensated better in comparison with patients
treated in traditional way.
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Abstract
The demographic change with a rising proportion of older people leads to use of Home Care concepts in Smart Homes.
During the design of Smart Homes, designers should put particular emphasis on detailed mapping of the residents
needs of the proposed building. This paper shows the possible solution inspired by functional industry solutions – KNX.
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Researcher Dan Ding from University of Pittsburgh
said: “It is important that sensor technologies for Smart
Homes address actual needs of all stake holders
including end users, their family members and
caregivers, and their doctors and therapists” [1].
The relationship between different forms of design
and technological innovation and their ability to
support older people in their own homes was
researching Barlow [3]. George Demiris, who
described two distinct approaches to Smart Home
design, namely Distributed Direct Sensing (DDS) and
Infrastructure Mediated Sensing (IMS), have
distinguishing features and implications resulting from
their implementation [4].
In the healthcare sector, Aanesen was realized
quantitatively assess the use of smart house technology
and video visits in Home Care [5]. They showed that
smart house technology is cost-effective. Lifestylemonitoring systems with discreet surveillance are being
researched to determine if they can predict long-term
deterioration in well-being and allow cares to anticipate
and address emerging problems of seniors. The
integration of an electronic SAP (Systems Applications - Products in data processing) tool with a
technology-mapping database
allow choosing a
minimum set of sensors capable of monitoring not only
the immediately demanding conditions, but also those
requiring discreet surveillance [6].
The goal of research project of Eklund is use of
smart sensors which are designed to provide health and
security to the elder citizen living at home is to provide
alerts to caregivers in the event of an accident or acute
illness, and enable remote monitoring by authorized
and authenticated caregivers [7]. Use of robotics inside

INTRODUCTION
As the population of people with disabilities grows
and the burgeoning older adult population seeks to age
in place, Smart Home technologies can potentially
provide an answer to relieve the demanding workload
of care from family caregivers and healthcare
providers, and support independent living [1]. One of
the basic assumptions is to have safe and stable
comfort control of operational and technical buildings
functions, with an emphasis on cyber security, on
interoperability and on operational cost savings. The
Smart Home technology is good instrument for support
of independent living of the old people, concurrently
with comfort controlling of operational and technical
functions in buildings and reduction of operating costs.
This article focuses mainly on the method of design
Smart Homes to meet the needs of seniors.

THE CURRENT STATE OF SMART
HOMECARE
In the European study on the users, markets and
technologies was described the spectrum of needs,
technologies, service domains and some key
opportunities for the social care, for the housing, for
the health care and for the mobility of seniors in
European countries. There was mention about three
core technology domains [2]:
•
the Tele Care systems for the social care,
•
the Tele Health systems for the health care and
•
the Smart Home for the housing.
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[15]. The following proposal with KNX Smart Home
was based on this sociological study. For immediate
assistance to seniors is used a mobile phone or wireless
button, that has a senior always together.

Smart House to remotely assist frail older people in
diverse tasks of daily living with the goal to provide a
complete solution for their daily needs is possible too
[8], [9]. Many research centers focused on developing
of wireless technologies with wireless sensors based
Smart Home monitoring system especially for elder
people [10], [11], [12]. To describe older adults'
perceptions and reactions to Smart Home
technologies/applications at the Gator-Tech Smart
Home was used method, where three focus groups of
older adults with various impairments were held at the
University of Florida Gator-Tech Smart Home.
Overall, most participants responded favorably toward
the smart door and voice activation than any other
smart technology/application [13].

AND

ODBC

sw speech
recognition

SCADA
application
(WEB server)
-visualization, trends, -alarms,
-events, reports.

ASSISTIVE

We focused to the design in the field of bus systems
for Smart Home with assistive Home Care for the
elderly people with regard to the needs of them.
When is designed Smart Home Care for the elderly
people, there is preferred an access of infrastructure
mediated sensing (IMS) of monitored variables with a
focus on comfort during controlling operational and
technical functions in buildings, energy management,
security functions and monitoring of inhabitants
activities. With regard to the definition of intelligent
buildings was for comfort control of operational and
technical functions in a building with assistive Home
Care chosen KNX bus system. KNX is an open,
worldwide
a
standardized
based
network
communications protocol for intelligent buildings,
conforming to EN 50090 and ISO/IEC 14543 [16].
Comfort control of operational and technical
functions can be secured with sensors and buttons
KNX, with wireless pushbuttons (KNX or Enocean),
with SCADA (Supervisory Control And Data
Acquisition) visualization software on a PC (Fig.1),
with distant control via the Internet, by using of the
smartphone or mobile device, by using of the camera
or by using voice commands [14], (Fig. 2).
The intelligent building can be controlled by
standard operational and technical functions. We can
control lighting, HVAC (Heating, Ventilation, Air
Conditioning), blinds, access/security, fire/life safety or
power monitoring.
Linked areas, which are controlled by using different
technical operating functions can solve of energy
savings problems. This way of the proposed
technology includes a combination of elements from
Tele Care systems and elements from Smart Home
systems with assistive Home Care to meet the needs of
seniors. There is way implementation of home Tele
Health elements too. In sociological studies introduced
by Demiris was interesting answers to the question
where Smart Home technology can help to seniors
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interface
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Actuator´s

Controller
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Fig. 1: The block diagram design of the comfort
control of proposed technical operating functions via
KNX.
With using of the KNX temperature sensor can be
monitored of the temperature of both indoor and
outdoor on a PC or with on the mobile phone. With use
window sensors can be checked closing the windows,
doors and refrigerators. For check on/off of the stove or
oven can be used KNX energy meter. For monitoring
of water leakage from the tub or from the sink can be
used KNX water leakage sensor.

tablet

browser on PC

smartphone

Internet/
PC network
microphone

camera

Control PC

USB/KNX
interface

Fig. 2: The block diagram design of user interfaces for
comfort control of technical functions via KNX bus
system.
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The security system to protect property can be used
the smoke detector, which ensures an alarm of fire. To
protect into the apartment against burglary can be used
KNX motion detector or KNX presence detector. To
commemorate the date of the meeting, scheduled
events or reminders can be used the SCADA system, as
well as for timely and accurate information about
adverse
reactions
medications,
or
their
contraindications. Using a database connected to the
SCADA system, which stores a history of operational
and technical functions, can be read about daily
activities of the elderly in a given environment.
Research participants are worried about the
exploitation of technological equipment, especially in
the areas of possible violations or personal privacy
protection resulting from the usage of cameras, the
danger of confusion of personal human approach
instead of technology, fear of challenging the method
of control technologies or the need for operator training
of technologies for elderly people [5].

Conclusion
In the paper was partly described design of comfort
control of operational technical functions in Smart
Home, by the use of open standard KNX system. For
the design of Smart Home Care is necessary ensure
cyber security with regard to the possibility of illegal
accesses and a variety of threats from Internet and from
other sources. Development of Smart Home Care
systems must be realized in accordance with needs of
elderly people.
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Abstract
Sometimes elderly people might be home alone, and that time could be danger to their life because maybe they will not
sufficiently aware of their sudden and temporary loneliness. One of possible choices for taking care of them is remote
surveillance with IP cam, but it can be very inconvenient, especially for some rooms, like a bathroom or toilet. Therefore,
the solution in this study is to use a software, which will disguise the video, with help from motion sensor. With this
solution, the elderly people as the all family members will be relaxed inside their house even if the cameras are turn on
all the time.

Keywords
Privacy, supervision, IP camera, fall detection, old people
IV. Special areas (toilet) – Areas where a person
spends little time, the supervision is very uncomfortable
there, but it is necessary (increased danger of stroke,
possibility of slipping and fall down);

Introduction
With the maximum age population increasing, more
elderly people stays alone in home. Maybe they won't
always be completely alone, but sometimes the other
family members have to go to work or school. This
transition period can be very dangerous, because they
may not be sufficiently aware of their sudden and
temporary loneliness in the home. The most common
solution is to use ordinary IP camera. However, despite
its ease of use can be very inconvenient especially for
some rooms like a bathroom or toilet. This article will
concern with the possibilities of total general
surveillance.

Current IP cameras are quite sufficient for most of the
major types of rooms, but it will be inappropriate for
bedroom and especially the bathroom. Therefore the
question is what the possibility of combining different
types of sensors (here we consider IP camera as sensor):
A. IP camera – Easy to install, suitable for open area,
where visual surveillance does not bother. Directly
provide image and visual inspection with voice
communication. The disadvantage consists in the
necessity of continuous monitoring / control;
B. Motion sensors – Suitable for places where the
visual surveillance is not possible / appropriate. The
provided signal does not offer an image of the scene, in
the same time it is able to detect unacceptable conditions
such as falling and inform it immediately. The main
problem is that the resulting information is anonymous
– it cannot distinguish among persons occurring in the
considered space (it is not personalized). One of their
advantages is that they are water proof and
indestructible.;

Description
Any apartment / house is composed of many areas,
basically rooms. However, maybe those areas are not
completely identical in terms of supervision. For this
reason, we define the following categories of local area
which are listed in this example:
I. Common areas – Here supervision merely helps, but
not annoying (kitchen, dining room, living room,
hallway ...);
II. Mixed rooms (bedrooms) – Under normal
circumstances, supervision does not annoy, but could be
some situations when it will be annoying (e.g. dressing);
III. Sensitive areas (bathroom) – It is an area where it
will not be only very uncomfortable (shower), but also
could be some impediments (shower curtain). On the
contrary, there is a very appropriate/required
supervision;

A good combination of these two types of sensors
[Fig.1] with respect to the type of the room can be
achieved as appropriate monitoring coverage.
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Viewing mainly edges and only certain level of
details. The image will contain only the silhouettes and
sufficiently general level;
Image impairment (bellow mentioned) is not a
problem. The task of supervision is only to ensure the
safety of "monitored" person rather than the
"observation" itself. Image impairment must be
sufficient, to mediate enough information for
localization of the person but it has also to lack little
details enabling person’s to recognition. The observer
should recognize whether the target person is standing
(everything is OK) or lying (for slip / fall).

Fig. 1: Example of common IP camera and simple wrist
fall detection device.

Solution

As shown in the pictures [Fig.2] apparently, software
solution can be achieved by appropriate adjustments
image to hide some parts / details.

First, we define the method depending on the type of
the room using one of the sensors.
The advantages and disadvantages of this solution:

B) The monitoring which artificially creates blind
spots for the camera (instead of changing facilities,
shower with curtain) must be ensured by another
method. A suitable solution is as wrist fall detector.
These are available as a ready device. Even if they may
seem to be suitable, they are far from perfect because
they provide very limited information:

I. Common areas – Quite sufficient IP cameras. No
automatic events from IP camera. Necessity of
continuous / random monitoring;
II. Mixed rooms – Can be divided into ordinary
frequent monitoring using IP cameras and hidden part
(IP camera blind spot) for example place for changing.
The person spends minimum time in the blind spot, and
there is very little probability of slipping / falling,
monitoring using another sensor is not necessary;

Fall detection – The movement speed to the earth
exceeding over the limit - Probably the most used
feature (bathroom);
Detect arbitrary movement – Whether monitoring
person in move, or in completely calm. – Less used
property (sleeping person on TV does not move and he
could be ok, and person during a seizure moves and he
is maybe not ok);
Area detector - What are the position detector /
equipment. – Minimal usage information. - The current
position is not sufficiently informative;

In both of these spaces bad light conditions can
jeopardize reliable function when the target person is
sleeping or watching TV. In fact, the current IP camera
picture is unusable. The solution may be a camera with
IR (infrared) light. As well, using motion sensor is
acceptable, but doesn't solve the problem completely,
because the goal is not simple monitoring of motionless
(Persons can be sitting / lying a long time). Other rooms
are somehow more complicated.

The last (listed here), but the best form of supervision
in many cases, is to provide the monitored person with
situated HELP button, the best is hard bracelet. If a
person does not feel well, he/she will use the HELP
button which is very easy to use. When a person is
falling, some more difficult situation occurs:
- If a person falls down "well" and remains
physically able to press the button (after the fall);
If he/she falls down "wrong" (for example, the
head on the furniture corner), so that the person
will not be able to press the button, which will
loses its effectiveness.
After that, the fall detection device will work, and the
person in charge of supervision will be informed of what
has been happened and he will use the IP camera to
observe the monitored person.

III. Sensitive areas – Here the person occurs very often
inadequately dressed. Monitoring using ordinary IP
camera is very inappropriate. Other inappropriate
situation represents person’s shadow for example
(sufficiently opaque) in the shower curtain. On the other
hand, that places have big possibility to slip or fall down;
IV. Special areas – Similar conditions as in III., but
the size of these areas is very limited;
Even this problem can be appropriately resolved using
two sensors:
A. IP camera with sufficient impairment (blur) image.
The image from the camera is properly devalued, for
example:
Blur – By interpolation of the surrounding pixels.
Creating a sense of blurred vision caused by loss of
edges in the image;
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Conclusion
In the field of domestic supervision, the requirements
are constantly increasing. As the outlines of this article,
an appropriate combination of all available methods and
sensors can be enough to solve this problem. Therefore,
it can cover all common types of areas while monitoring.
It is important to know, that some methods aren't
friendly in any way with the person under surveillance
(cameras), but on the other hand they have limited
options (need light). Other methods could stress
monitored person (wrist fall detector), but also they are
able to cover any spaces. Using different sensors /
methods provide different amounts of information.
While monitoring via camera can instantly get a lot of
information about the monitored person (sight provides
the most information from all the senses). In other hand,
when the "fall" events come, we won't be able to locate
the person after falling and to make the correct response.
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Abstract
This paper presents a solution for calibration of depth camera (Kinect) and a data projector. The goal is to match a 3D
coordinates of a depth camera and a 2D coordinates of a data projector. After matching the projector and depth
camera coordinates we can detect touch of virtual buttons, project signs in front of the user etc. The solution presented
includes finding matching point pairs by projecting and detecting checkerboard and computation of the coefficients for
coordinates conversion by finding solution of overdetermined system of linear equations.
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Kinect, depth-camera, data projector, augmented reality

to see the specific surface and the data projector to be
able to screen to it (multiple devices might be use to
increase the “active area”).

Introduction
Touch screens have recently become very attractive,
as they allow users to (almost) physically control
virtual objects with their hands. Together with multitouch and fast graphic capabilities, the direct touch
aspect of these systems, allows for a more compelling
interaction with simulations of physical objects (e.g.
light switches, remote controls, photographs).

Depth Camera
The reason of popularity of the depth cameras – the
most known is Microsoft Kinect - is (except of low
cost) the speed of user/object recognition enabled by
depth information attached to every pixel. The depth
camera functions by covering the room with a constant,
predetermined pattern of infrared dots. The
monochrome CMOS sensor is placed at an offset
relative to the IR transmitter, and the difference
between the observed and expected IR dot positions is
used to calculate the depth at each pixel of the RGB
camera.

However interactions with touch screens are confined
to the physical extent of the display and also the
availability of the touch screen when needed (i.e. if the
touch screen is always at hand or not). Virtual and
augmented reality allows to go beyond the extend of a
physical display by presenting user with a partial/full
3D virtual environment [2, 3], but these techniques
often requires cumbersome head-mounted displays and
worn tracking devices. [1]

Scene setup
Let’s have a data projector and a depth camera
seeing the same object. The object can be for example
a wall for projecting buttons or a user’s hand we want
to detect. As we want to beam on the predetermined
place scanned seen by depth camera we have to be able
to calibrate depth camera with data projector.

Finally, numerous “smart room” experiments have
aimed to move interactivity off the conventional
display and into the environment [3, 4], removing
traditional barriers between devices.
We present a projector-depth camera calibration
technique, which allows using an affordable depth
camera (Microsoft Kinect, Asus Xtion) and a data
projector together to create such “smart room”
experience. Allowing to use touch enable surface
anywhere – e.g. on a palm of hand, on a table, on a
wall, the only limitation being the ability of the camera
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projector and z-axis is in the direction of projection.
When we expect only rotation and translation this task
is easy (with use of homogenous coordinates)
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And to convert orthonormal coordinates to projective
beamer
coordinates
( c1 and c2 are
unknown
coefficients related to throw ratio of the projector and
scaling from millimeters to pixels):

Fig. 1: Setup of the scene. There is a parallax between
the depth camera (3D sensor) and the projector. The
goal is to calibrate 3D sensor and projector together
so the beamer can automatically project images on the
parts marked by the program.
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Putting these two conversions together we have:

Finding matching point pairs
At first we need to find enough of matching point
pairs i.e. to project one point (with known data
projector coordinates) and to detect the point with
Kinect RGB camera. Then transform RGB coordinates
into depth coordinates and at last compute orthonormal
position of detected point from depth pixel and depth.
So at last we have a matching pair of projector and
sensor (orthonormal) coordinates. To speed the process
of gathering matching point pairs we used OpenCV
library for checkerboard detection. The checkerboard is
projected onto any plane and then detected by sensor
RGB camera, multiple depth points can be found at
once and speed of the whole process is increased.

xp 

c1 r11 x k  c1 r12 y k  c1 r13 z k  c1t1
.
r31 x k  r32 y k  r33 z k  t 3

(6)

yp 

c 2 r21 x k  c 2 r22 y k  c 2 r23 z k  c 2 t 2
.
r31 x k  r32 y k  r33 z k  t 3

(7)

We put together every unknown variable –
everything except coordinates, divide numenator and
denominator by t3 (in order to have the same number
of unknowns as degrees of freedom) and rename it as
coefficients q1…q11:

Computing of the calibration from the gathered
corresponding point pairs
Let’s assume we have a point with a Kinect
coordinates:
Vk  ( xk , y k , z k ) .
(1)
And a projector coordinates:
Vp  (x p , y p ) .

(3)

xp 

q1 xk  q2 yk  q3 z k  q4
.
q9 xk  q10 yk  q11z k  1

(8)

yp 

q5 xk  q6 yk  q7 zk  q8
.
q9 xk  q10 yk  q11zk  1

(9)

So for example q1=c1r11/t3; q2=c1r12/t3 and so on..
Now we have a two equations for every single
coordinate pair:

q1 xk  q2 yk  q3 zk  q4  ...

(2)

 q9 xk x p  q10 yk x p  q11zk x p  x p

Kinect coordinates are orthonormal. How to convert
one to another? At first we convert kinect coordinates
to an orthonormal projector coordinates – 3D
coordinate system, where the point [0,0,0] is inside the

q5 xk  q6 yk  q7 zk  q8  ...
 q9 xk y p  q10 yk y p  q11zk y p  y p
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(10)

(11)

And after easy subtraction:

q1 xk  q2 yk  q3 zk  q4
 q9 xk x p  q10 yk x p  q11zk x p  x p
q5 xk  q6 yk  q7 zk  q8
 q9 xk y p  q10 yk y p  q11zk y p  y p
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(13)

So for every pair of Kinect and projector coordinates
pair we have the two equations above. Using matrix
notation:

(14)

And this is called overdetermined system of linear
equations where
the
transformation
coefficients q1…q11 are unknowns. The system can be
solved by QR decomposition which minimizes least
square criterion. By solving the system we get eleven
coefficients q1…q11. And when the coefficients are
known we can convert kinect coordinates into projector
coordinates anytime using equations (8) and (9).

Conclusion
We have developed a method to efficiently calibrate
a depth camera and a data projector. The only
requirement is that the data projector and depth camera
field of view have to (at least partially) overlap.
Possible usages include smart rooms/homes, where this
technique can be used to project an interactive GUI on
an arbitrary surface, essentially creating an always athand touch screen for user input.
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Abstract
Security and Privacy are two important factors for developing Telecare information systems. This study is about model
based on those two factors, where the system exchanges secure data via internet, and it defines various levels of access
rights (privileges) that ensure sufficient privacy. With more privacy for the person and more security in sending
information, the involved people will trust more the Telecare information systems. But on the other hand it will be more
complicated to guarantee the security and privacy with the quick advance in this area.
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Introduction
Security is very important issue for Telecare
information system (TCIS), see Fig. 1, because it is the
necessary condition under which the concerned people
are ready to trust TCIS. Security ensures that the users
can feel safe about their privacy, so that they can live a
normal life without stress of being monitored.
On the other hand it is important for the company
which providing the TeleCare service, because it has to
be sure nobody will misuse the system for some criminal
activity: information about the location can help to know
that the house is empty and thus it identifies the time
when the house can be entered by robbers; or change of
some parameters of some medical equipment can lead to
administration of a lethal dose.



Sending the name of the client violates his/her
privacy, because the data could be accessed e.g.
by someone in the surveillance center who
knows the client.
With no security level in surveillance center,
any employer in the TCISS can know or see
private data, for example video, audio, or some
personal information about the patient.

Description


If unencrypted data were sent via unsecure
network like internet, it would not be secure,
because third person:
◦ a) Could observe the data coming/going
from/to TCIS Home side (TCISH) that is
risky because this person can know if
somebody in the house;
◦ b) Can send certain data to TCISH similar
to the request from TCIS Surveillance side
(TCISS), and that could be dangerous for
patient life;
Fig. 1: TCIS model with the both side.
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is why the client should have a possibility to check who
is now on the supervision side, too.
Every client, which is registered on the TCIS, has ID
linked to his/her name. When data will be exchanged
between TCISH and TCISS, it must use only the ID to
point to the client; this method can provide more
privacy.
The surveillance side could have a lot of employees,
which have access to TCISS, for example ITs, technical,
care workers, admins ,managers etc..., so there must be
levels of security, every type of employees have his own
privileges. The TCISS will provide the data according to
these privileges.

One of the possible solutions
In this model, the solution for sending the data via
unsecure network like internet, depends on the
public/privet key method with digital signature. Firstly,
both server side will generate pair public/private keys,
which will be changed monthly for more secure, and
immediately send the public keys to the other side. One
key from this pair is for decrypting and the other is for
the signature. Here is better to use two separate key pairs
to avoid oversimplification and some vulnerabilities.
TCISH side, see Fig. 2: when it will send some
message:
- First hash code will be generated by the default
method;
- It will be encrypted using the private key
(signature key);
- The encrypted hash code will be added to the
normal message;
- That message will be compressed;
- It will be encrypted using the public key, which
the server received already (for encrypting);
- Send the message via internet connection;
TCISS side:
- Decrypt the incoming message using the private
key which the server generated;
- Decompress that message;
- Separate the message from the encrypted hash
code;
- Decrypt hash code using the public key, which
the server received already;
- Verifying the data using the hash code;
The advantage of compressed the message makes the
transfer faster, on the other hand the disadvantage is
that the process will be slower on the server, and the
server will process more.
The same work will be when TCISS send message to
TCISH.
In TCISH side, the public/private key for encrypting
will use 1024 bit, because it will encrypt a big amount
of data, the advantage is faster encrypting, but the
disadvantage is more breakable.
In TCISS side the public/private key for encrypting
will use 4096 bit, because the data, which will be send,
is only some control request so it is small size but very
sensitive, the disadvantage is slower encrypting, but the
advantage is more secure.
Most of the current systems define levels of access
rights in the surveillance center. We suggest applying
the same concept on the client’s side with respect to
privacy, too. The client (patient) should have the right to
change the type of supervision he/she is subjected to
whenever he/she feels it necessary. Typical example is a
request for increased supervision when the client is
undertaking some activity he/she considers to be
„dangerous“, e.g. taking a bath or moving down the
stairs. Some of these situations are rather sensitive. That

Fig. 2: TCIS Secure exchange data

Conclusion
The system must provide enough privacy and security.
In the described model we distinguish some levels of
security according to the obtained access rights. This is
an easy way that can contribute to creation of trusted and
secure connection between the home side and the control
side.
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VERITAS - Virtual and Augmented Environments and Realistic User Interactions
To achieve Embedded Accessibility DesignS
Current approaches to development of accessible ICT and non-ICT products are
based on experience of developers and designers with the accessibility issues.
However, such knowledge may be limited so the resulting design may not be
appropriate for particular users, especially those with disabilities or functional
limitations. Better approach is to execute accessibility evaluation with real
usersalso including those with selected disabilities, but such users may be hard
to reach.
Goal of the VERITAS project is to provide alternative to development and
validation of accessible ICT and non-ICT products by introduction of
methodology and tool chain for simulation-based testing with virtual users.
Specifically, the focus of the project is on automotive, smart living spaces,
workplace, infotainment and personal healthcare applications areas. During the
simulation-based testing the developer is able to observe the interaction of
virtual user with the developed application and he/she can evaluate the
accessibility of the design from simultaneous multimodal (visual, aural, etc.)
feedback.Usage of the VERITAS tools should ensure that future products and
services are being systematically designed for all people including those with
disabilities and functional limitations.
In this session the tools of the VERITAS project will be presented and
demonstrated. These tools include:
 creation of detailed virtual user physical, cognitive, behavioral and
psychological models,
 creationof task simulation models to support simulation and testing,
including creation of optimal task executions
 simulation of virtual user interaction and evaluation of simulation results
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