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Abstract— This paper introduces a challenging field in re-
search and emerging field in education, namely assistive tech-
nologies. This field is strongly interdisciplinary. It encompasses
very broad range of disciplines, including information and
communication technologies. We can also identify purely soft-
ware areas such as elnclusion or eAccessibility, as well as
mixed ones, as for example e-healthcare. Assistive technology
exists in research however it is not yet covered in education in
its complexity.
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1. INTRODUCTION

At present the need for interdisciplinary education sup-
porting development and practical application of assistive
technologies (AT) is continuously growing. It is given by
development of demographic and age structure of the popu-
lation and the need to ensure support and safety of elderly
and handicapped people with increased health and other
risks. Currently there is lack of graduates having interdisci-
plinary theoretical education in the fields of electronics and
information and communication technologies and simulta-
neously focusing on the whole complex of practical needs
of applications related to assistive technologies (AT). The
same situation arises at producers of these technologies.
There are very few graduates able to understand and realize
complex applications as a whole. Most of the graduates are
able to manage separate narrow applications without ability
to interconnect them. Therefore we have decided to develop
a series of courses that will fill the gap in the education.
And at the same time we have established a specialized
facility — Centre of Assistive Technologies composed of
several laboratories and working places. This facility will
serve for practical project-based education of students in
AT.

Smart environments, houses, and homes are very close
to assistive technologies in the sense that they can support
more independent living of disabled or elderly people. An-
other closely related issue is linked with boom of smart
phones, iPhones and similar devices, namely mHealth,
which has become an attractive application area. The mobile

devices can be used for many different functions in health-
care. Let us mention the most frequently cited: collecting
health data; delivery of healthcare information to clinicians,
researchers and patients; real-time monitoring of patient
vital signs; and direct provision of care (using tools of tele-
medicine). This technology obviously provides greater
access to medical information, larger segments of popula-
tion in developing countries, improving the capacity of
health systems in such countries to provide quality health-
care. Many above mentioned functions of mHealth can
contribute to better awareness of care for one own health,
teleconsultancy, sending data about one’s health to the doc-
tor, informing people e.g. about air pollution and warning
them of the situation. Gradually there appear new areas of
interest in mHealth: emergency response systems (e.g., road
traffic accidents, emergency obstetric care); human re-
sources coordination, management, and supervision (e.g.
natural disasters); mobile synchronous (voice) and asyn-
chronous (SMS) telemedicine diagnostic and decision sup-
port to remote clinicians; clinician-focused, evidence-based
formulary, database and decision support information avail-
able at the point-of-care; pharmaceutical supply chain integ-
rity & patient safety systems; clinical care and remote pa-
tient monitoring; health extension services; health services
monitoring and reporting; training and continuing profes-
sional development for health care workers; health promo-
tion and community mobilization. Recently there have ap-
peared additional application areas on the edge of medicine,
social care, and technology, namely assistive technologies
and ambient assisted living. In the paper we will discuss
how these technologies are becoming part of the education
in biomedical engineering and informatics at the Faculty of
Electrical Engineering of the Czech Technical University in
Prague.

II. BIOMEDICAL ENGIEERING AND INFORMATICS

The study program is focused on advanced topics in
medical technology, electronics, signal and image process-
ing and informatics, applied to tasks in health care and bio-
medicine. The study program has two specializations,
namely Biomedical Engineering (BME) and Biomedical
Informatics (BMI). There are six common program courses,
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number of specialization courses is different in both spe-
cializations (12 in BME, 6 in BMI), and correspondingly
there is different number of elective courses. The difference
is caused by the fact that BME has to follow legal regula-
tions concerning health care professions.

The aim of the specialization Biomedical Informatics is
to educate graduates that understand both basic principles of
living organisms functioning (starting from molecular and
cellular level up to human physiology) and current tasks,
approaches and issues of medical care. In specialization
courses they acquire knowledge of most important applica-
tion areas of medical informatics and at the same time they
get theoretical knowledge of informatics that allow them
actively participate in one of the following rapidly develop-
ing fields of research and development: bioinformatics,
neuroinformatics, assistive technologies and supervisory
systems, or medical informatics and clinical information
systems. Each of these fields is covered by one course that
explains state of art and future goals and focuses on master-
ing those algorithms and informatics tools, which are cru-
cial for the given topic and its further development. One
third of the curricula are represented by elective courses.
Thanks to this open concept each student can complete the
common fundamentals according to his/her interest in such
a broad field.

Biomedical engineering applies engineering methods,
science and technology to problems in medicine and biol-
ogy, and is a growing field that will continue to have a sig-
nificant impact on health care. It also involves learning
about biology in new ways and developing new tools to
diagnose disease and to repair or replace diseased organs.

The curricula were developed in close cooperation with
clinical engineers working in hospitals and medical doctors.
So they are based on long-term practical experience. The
program also contains practical training in university hospi-
tals and specialized clinics as a very important part of edu-
cation. Before the students start this practical training they
pass courses where they acquire information about all the
devices and medical data and signal processing they will
then experience in the hospitals. They have also courses on
medical terminology, first aid, anatomy, physiology and
pathophysiology taught by medical doctors from the First
School of Medicine of the Charles University Prague. In
that way they have the first contacts with medical doctors,
their style of work and communication which is very impor-
tant for the training in the hospitals.

The students come into direct contact with patients, ad-
vanced technology, medical doctors, nurses, and engineers
working in the hospital. The students learn to be team
members, team leaders, to provide information, educate and
perform health care education of individuals and groups and
take on responsibility for provided health care. The practical
training is closely linked with the work in individual and
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team projects so that the students can experience more
complex view on the problems to be solved. For example, a
task in medical image processing starts with on-site visit at
MR, CT or PET, recording the images, then processing and
evaluating them.

At the end of their studies the students should have an
idea about the complex chain starting from a patient over
measurements, analysis to diagnosis and subsequent therapy
based on the latest technological development in electronics
and information technology, thus using all diagnostic,
measuring and evaluating systems that may be used in
medicine. They should be able to orientate themselves in
both technical and non-technical problems linked with tech-
nology application in medicine as well.

III. ASSISTIVE TECHNOLOGIES

Nowadays thanks to results reached in technological de-
velopment we can observe that the applications move closer
to our everyday life. Houses, environments, household ap-
pliances and things of daily use are getting smarter and
smarter. We can observe another phenomenon as well,
namely shift of focus to quality of developed technologies
with respect to users, including those with special needs.
elnclusion has become main driving force for open informa-
tion society. Inevitable part of this process is research and
development in the area of information and communication
technologies, electronics and automation, where in collabo-
ration of engineers, medical doctors, and disabled people
there are designed and developed various tools, aids, de-
vices, computer programs, and educational aids whose pur-
pose is to help and ease daily activities of disabled and
elderly people.

Assistive technology (AT) is technology used by indi-
viduals with disabilities or age-related health conditions in
order to perform functions that might otherwise be difficult
or impossible. It allows them be more independent and live
in the least restrictive environment. Assistive technology
can include mobility devices such as walkers and wheel-
chairs, as well as hardware, software, and peripherals that
assist people with disabilities in accessing computers or
other information technologies. For example, people with
limited hand function may use a keyboard with large keys
or a special mouse to operate a computer, people who are
blind may use software that reads text on the screen in com-
puter-generated voice, people with low vision may use
software that enlarges screen content, people who are deaf
may use a TTY (text telephone), or people with speech
impairment may use a device that speaks out loud as they
enter text via a keyboard.

Smart environments, houses, and homes are very close
to assistive technologies in the sense that they can support
more independent living of disabled or elderly people.
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IV. LESSONS LEARNED

It is evident that the relationship between education and
research in all above mentioned interdisciplinary areas must
be very close. The relationship not only comprises of re-
search results from electrical engineering but also from
medicine and other relevant areas. It is necessary to include
all these developments into courses for students so that they
are informed about these trends and after graduation are
able to work with the advanced technology in practice. It
means that very good coordination is required between
many different institutions, as technical universities, hospi-
tals, and schools of medicine are.

When we have designed the curricula in BME, we have
tried to take into account all the aspects of modern ways of
education and the fact that BME is an interdisciplinary area.
The students must have possibility to acquire team skills,
including collaborative, active learning abilities, communi-
cation skills, leadership skills, and a multidisciplinary per-
spective during their study. Thanks to involvement in de-
partmental and medical research, both basic and applied
through the individual and team projects, they can experi-
ence research and engineering work.

In biomedical engineering and in assistive technologies
all these requirements are even more appealing. The cus-
tomers/users are almost exclusively non-engineers and they
need simple and intuitive control of the applications (de-
vices and software). Working in classical laboratories where
the students usually do not see or realize the real-life con-
text of the given problem is good for topics focused only on
technical side of the problem. However when we want that
the students really understand the practical problem and are
able to see it from the user’s perspective. This was our mo-
tivation when we decided to design a new project of the
Centre for Assistive Technologies. It is closely linked with
our research in assistive technologies and ambient assistive
living (AAL).

V. CENTRE OF ASSISTIVE TECHNOLOGIES PROJECT

We have established a specialized facility — Centre of
Assistive Technologies composed of several laboratories
and working places: smart home, medical technology and
biosignal laboratory, audio/video media laboratory, com-
munication laboratory, and computer/seminar room. The
first two are the core of the centre, the remaining three serve
for education and research in connected areas and provide
also support for the main part. The medical technology and
biosignal laboratory has three sections, namely fully
equipped intensive care unit (ICU), EEG laboratory (where
also other biosignal measuring devices are placed) and
medical technology section. This laboratory is focused on
research and education that is closely linked with medicine.
The intention is to introduce to students most of the tech-
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nology they can meet in hospitals and in some cases in
home environment. They have to understand the processes
from the technical point of view. For example, at ICU there
is also complete installation of electric power and data net-
works as in hospitals because the hospital installations have
to satisfy more strict requirements concerning electric
safety. Here we add new sensors that allow additional moni-
toring of the patient with respect to his/her safety, state of
the bed, etc. The main idea is to design and develop ap-
proaches and successively devices that will be able to indi-
cate certain medical problems; one of them indicated by
medical doctors is hydration of the patient. Currently only
indirect evaluation is done, namely volume of urine. In this
area also research connected with electromagnetic compati-
bility, interference of wireless communication with medical
devices will be performed.

The smart home is a test bed for design and development
of different setups and functions that can be finally used in
inhabited homes. The basic functions currently prepared
are: security, control of home appliances, monitoring per-
son’s activity, and monitoring person’s health state. Now
we describe individual functions and technology behind.
Security means protection against intruders and we add also
safety in the environment. For the security function we can
use cameras, PIR-based motion detectors, detectors of
open/closed windows and doors. Safety function should
control whether specified devices and home equipment are
in required state, e.g. whether iron or cooker are switched
off when leaving the home, or whether the water tap is
closed. Monitoring person’s daily activity is important when
the person lives alone and has certain disabilities. Then we
have to check whether the person is doing well, has not
fallen down and injured. Another case is prescribed physical
activity or rehabilitation, e.g. after an injury, brain stroke or
when multiple sclerosis is diagnosed. Here we can make use
of sensors installed for security function and additionally
accelerometers, tactile sensors, etc. Monitoring person’s
health state can make use of the knowledge and skills ac-
quired in the medical technology and biosignal laboratory.
Only for personal monitoring we need miniaturized devices.
Again according to the diagnosed health state we can pro-
pose corresponding setup of measuring equipment (e.g.
ECG, blood sugar, blood pressure, body temperature, tran-
spiration, and breathing). Recent medical studies have
shown that especially in elderly population there is problem
with food and liquid intake. So one of the challenges is to
monitor unobtrusively and relatively precisely how well the
person is nourished. On the other hand at obese people it
would be welcome to monitor amount of food and provide
recommendation and warning against excessive food intake.

The facility will serve for practical project-based educa-
tion of students in BME and especially AT. The situation in
the given field may be characterized in following way: there
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are no graduates specialized in AT; there is no complex
educational program in AT; there exist a number of infor-
mation barriers between disciplines that may be solved
exclusively by consistent interdisciplinary integration; there
exists social and objective demand for employees in AT; in
the Czech Republic there are relatively many SMEs and
institutions focused on AT that need graduates and support
for life long learning of current employees. Recently we
have introduced these topics in several courses in the study
program Biomedical Engineering and Informatics. We plan
that in near future they will become a core of an interdisci-
plinary study branch in Master study and at the same time
they will be offered in life long learning. The core courses
cover the following topics: data sensing and transmission;
sensors, security and control in assistive environment; cir-
cuitry and system principles of electronic devices for AT;
advanced methods of data mining and knowledge discovery
and their applications in AT; telecommunication equipment
and systems for AT; multimedia technology. The topics are
systematically and logically interconnected. The content is
designed in such a way that theory, applications and system
integration are represented in suitable proportion.

The Centre will serve as a platform both for education
and for applied research in the area of AAL. The main idea
is to offer space for development of integrating solutions.
Currently there are many partial solutions of smart homes,
home security, health state monitoring, and internet ser-
vices. The problem is that these applications have been
developed separately and usually they work as closed sys-
tems without possibility to interconnect them. The aim is to
offer a standard user interface and communication for inter-
connection of various services and devices.

Although the Centre is still being developed, it has al-
ready attracted attention of both students and public, includ-
ing commercial subjects. We asked the students about the
reason and their responses confirmed our prior assumption,
namely they wanted to participate in real-life projects and
utilize the possibility to test their results under real (or close
to real) conditions. It is necessary to mention that various
measurements on human subjects are rather restricted and
are subject to special legal regulations. Therefore we and
students cannot perform tests easily outside the university,
e.g. in hospitals, nursing homes or apartments. The Centre
due to its arrangement allows to simulate both home and
hospital environment (at least to some extend).

VI. CONCLUSIONS

Although it seems that all technologies described above
are somehow covered by existing courses in electronics,
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informatics, telecommunications, etc., these courses are not
properly interconnected. Nowadays we educate engineers
specialized in electronics, or telecommunications, or infor-
matics. But many of them are lacking the system view on an
interdisciplinary problem.

In addition to purely technical courses there must be in-
troduced courses that cover problems of handicapped peo-
ple (for example their sensing limitations linked with neces-
sity of having different computer or device interfaces,
movement limitations — different design of equipment). The
students must acquire knowledge about different types of
handicaps and means how to compensate them. Further they
must be educated in the design of tools and devices with
respect to cognitive impairments, vision and hearing prob-
lems, supported communication, supported mobility; as-
sessment and requirement analysis, and related topics. An-
other large area of interest is eAccessibility, namely
improvement of access of handicapped people to electronic
resources, including Internet. And last, but not least the
legal, ethical and social issues must be considered since we
are working with sensitive data similarly to medical do-
main.

Stress must be laid on project-oriented education. One of
the aims of the prepared program is to educate engineers
that will be able to design new technology, devices, and
facilities with regard to people, considering their disabilities
and not creating unnecessary barriers. We can find exam-
ples of tools and devices that were originally developed for
disabled people and now are used by everybody.

In the area of AT it is desirable to include disabled stu-
dents into project teams. For example, when solving a prob-
lem linked with mobility impairment, a student on a wheel-
chair could show and explain what the possibilities of
movement are and what the restrictions we are not aware of
are.

This last example shows that technology must be created
with regard to people, considering their disabilities and not
creating unnecessary barriers. From many tools and devices
originally developed for disabled people, all users profit
now. Traditional disciplines must leave their “trodden”
paths and enter new dialogue and contribute to open and
accessible society.
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