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PREFACE
Smart home: is it just home automation? No, it is about smart ways to use technology
in the home to make it a better place for living for all its inhabitants, namely those
who need special care. We share the vision presented on the home page of the
CASAS project (http://ailab.wsu.edu/casas/):
"Our approach is to view the smart home as an intelligent agent that perceives its
environment through the use of sensors, and can act upon the environment through
the use of actuators. The home has certain overall goals, such as minimizing the cost
of maintaining the home and maximizing the comfort of its inhabitants. In order to
meet these goals, the house must be able to reason about and adapt to provided
information."
Smart homes evolved from the earlier telehealth services delivered at home,
which enabled the monitoring of isolated physiological parameters of individuals. The
idea of smart homes explores synergy of several services related to safety, health,
comfort, and economy. It unites sensing technology, networking infrastructure,
automation with intelligent software, which can provide a more holistic analysis of
situations that are of particular interest to the occupants of the house. Moreover, such
system can make decisions in real time and using long-term profiles can enhance the
quality of life of those living in the house.
Having this in mind this volume discusses also technologies that are not yet
used in smart homes, but that certainly offer a potential future smart homes could
benefit from.
Smart Homes 2012, the student conference on innovations in assistive
technologies and health care, is the place for projects presentation 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 first Smart Homes
conference has been organized at the Faculty of Electrical Engineering Czech
Technical University in Prague.
Olga Štepánková
Lenka Lhotská
Jan Havlík
November, 2012
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INVITED SPEECHES - ABSTRACTS
J. HAVLIK: AAL Forum 2012
The presentation will shortly describe the most interesting projects presented at
Ambient Assisted Living (AAL) Forum 2012 in Eindhoven, the Netherlands. The AAL
Forum is an annual event of the AAL Alliance which provides the possibility for close
discussion between representatives of universities, research institutions, stake
holders, traders and end-users and where the most significant European projects are
presented.

D. NOVAK: Projects of Mobile Medical Group
The first application monitors caloric intake and dispensing of diabetic patients.
Physician through a specialized web portal gets a complete picture of diet and
physical activity of the patient, which largely simplifies the determination of the optimal
quantity of insulin that the patient should be applied regularly.
Another example of an innovative use of mobile technology in medicine is to support
cognitive patients with Alzheimer's disease in the early stages of the disease, where it
is always important to train memory. Mobile applications regularly takes the photos of
his surroundings, and the patient always play his day every evening. This was
followed by other mobile applications, which uses simple tests with numbers, pictures
and letters to objective monitoring of the cognitive status.
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IMPROVING PARTIAL WEIGHT BEARING ASSESSMENT OF
PATIENTS AFTER LOWER LIMB SURGERY USING AN AUDITORY
FEEDBACK DEVICE: A FEASIBILITY STUDY
A.M. Leijsen1, K. Leemhuis1, I. Bosma1, R.L. Diercks2, G.J. Verkerke1,2
1
2

Department of Biomedical Engineering, University of Groningen, The Netherlands

Department of Orthopedic Surgery, University Medical Center Groningen, The Netherlands

Abstract
Objective: To determine the feasibility of an Auditory BioFeedback (ABF) device on improving partial weight bearing
(PWB) during walking with crutches. Background: PWB is commonly instructed as part of the rehabilitation process
after lower limb injury and/or surgery, in order to decrease the risk of complications and to improve rehabilitation.
Several techniques are used to train patients to partial load their limb. This study investigates the feasibility of the use
of an ABF device to improve PWB. Methods: Ten patients recovering from anterior cruciate ligament (ACL)
reconstruction were asked to walk with and without auditory feedback of the ABF device. The fraction of steps that
exceeded the maximum allowed load on the affected limb, which was set to 50% of the subjects’ bodyweight, was
measured as the normal fraction without feedback, the training fraction with feedback, and the learning fraction
without feedback. The percentage of exceeding steps was calculated and compared between each test series. Results:
No exceeding steps were measured in 16 series and 3 subjects. For the other subjects, excluding one, the percentage of
exceeding steps was highest during the second test series (with auditory feedback). Conclusion: Use of the ABF device
in its current design does not improve weight bearing assessment of patients recovering from ACL reconstruction.

Keywords
Partial Weight Bearing (PWB), Auditory BioFeedback (ABF), lower limb surgery, auditory feedback
instrumentation [6, 8-9]. Although this method is easy
in application, therapists often make invalid
estimations in this very subjective technique [10].
In another technique, a bathroom scale is used to
offer the patient feedback while (s)he loads and
unloads the lower extremity [4, 6, 8, 11].
Unfortunately, the static measurement cannot be
compared to weight bearing during activity, and results
are therefore often disappointing [3-4, 6].
Since many years, research is performed to
determine the usefulness of dynamic biofeedback
devices [12-17]. Although early devices showed
promising results [18-19], those devices have never
become commercially available. Recent technical
innervations have led to the design of compact and
portable devices, such as Pedar (Novelgmbh, Munich,
Germany), F-Scan (Tekscan Inc., Boston, MA, USA),
and SmartStep (Andante Medical Devices, Beer Sheva,
Israel). The effectiveness of these systems has been
studied by several research groups, and it has been
shown that they offer significant improvements in
reliability, accuracy and objectivity over techniques
based on clinical examination and scales [6, 8].

Introduction
As part of the rehabilitation program after lowerextremity injuries and surgeries, partial weight bearing
(PWB) of the affected limb is commonly instructed to
the patient [1-5]. The restriction of PWB results from
the fear that excessive weight loading increases the risk
of fatigue failure of the surgical construct [6]. But, as it
has been investigated that repetitive loads can stimulate
bone fracture repair, regeneration and remodeling [7],
dual desire difficulties arise in ambulating orthopedic
patients. As a general compromise, the amount of load
on the affected extremity is restricted in early
revalidation and PWB is gradually liberalized as
healing occurs [6].
Weight bearing limitations are commonly given by
the physical therapist or orthopedic surgeon, and can be
determined in kilogram or percentage of body weight.
Usually, PWB is achieved with the help of crutches or
frames. Several training techniques are used to let the
patient adjust to the instructed weight. First of all,
instructions can be given by clinical examination,
which is based on observation without extra
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Nevertheless, due to the high costs of the devices
(7,000-15,000 USD), usage of the devices is limited to
the physical therapy department [6]. Because it is
suggested that patients could not retain PWB
instructions for long periods of time, research has to be
performed to bring a new biofeedback device, which
can be worn by patients throughout ambulation,
commercially available.
In this study, a low-cost and portable Auditory
BioFeedback (ABF) device, designed to be used on a
day-by-day basis, is tested. The system continuously
monitors the ground reaction force on the heel of the
affected limb and gives an auditory signal to the user
when the maximum allowed weight is exceeded. The
amount of exceeding steps is registered by the system.
The aim of the device is to effectively train the user to
accurately load his/her affected limb. If successive, the
amount of the exceeding steps will decrease during use
of the device and after training.

Measuring Procedures
Ten patients (7 men and 3 woman, aged 26±4 years,
body mass of 84±31 kg) recovering form anterior
cruciate ligament (ACL) reconstruction took part in the
experiment after having signed an informed consent
form. Measurements were scheduled subsequently to
their normal physical therapy session in the second or
third week after surgery. Their body weights were
determined using a scale, the maximum allowed load
on the limb was determined by dividing the weight by
two (50%), and the ABF device was setup to this
maximum force. The maximal amount of loading of the
limb was demonstrated to the patient by using a
bathroom scale.
The subjects were equipped with the ABF device on
the affected limb and the device was turned on. During
the first measurement, the basic fraction of steps that
exceed the maximum allowed load on the limb was
determined. Therefore, the patient was asked to walk
with crutches without auditory feedback for two
minutes, trying to reach but not to apply more than the
maximum allowed load. The amount of steps taken by
the subject was counted by the examiner, while
overloading was recorded by the ABF device.
The measurement was followed by a short break (1-2
minutes, depending on fatigue of the subject), in which
the ABF device was set up for the second
measurement. The patient was asked to place the
earplug and to apply the maximum allowed load, in
order to demonstrate the characteristics and the
threshold of the feedback signal. The second
measurement was used as learning session, in which
the subject received auditory feedback when
overloading his/her leg. The series was performed
similar to the first session, with the auditory feedback
as only difference. The patient was encouraged to
reduce his/her load when the ABF device gave a
warning, while not shift to structural under loading.
Again the measurement was followed by a short
break (1-2 minutes), in which the earplug was
removed. The learning effect of the ABF device was
measured in a third test series of two minutes walking
with crutches, without auditory feedback given.
At the end of data acquisition, the test subjects were
asked about their experiences with the ABF device and
their interpretation of usefulness of this feedback
system on their PWB. Furthermore, the degrees of
extension, flexion and foot strike were determined by
the physician, and a pain indication was given by the
subject. Measurements took place at the Sport Medical
Centre of the University Medical Centre Groningen
and at the department of Physiotherapy of the Scheper
Hospital Emmen.

Materials and Methods
In order to demonstrate the effectiveness of the ABF
device, it was analyzed whether use of the device
significantly reduced the fractions of steps that exceed
the maximum allowed load on the limb.
Auditory BioFeedback Device
The ABF device as used in this study is designed by
I. Bosma (University of Groningen) and consists of a
carbon fiber sole, an ankle brace with microcontroller
and power battery, and an earplug.
Load measurement is accomplished by deformation
of a piezoelectric sensor (Conrad 710427-89, 30 V,
2,6±0,5kHz), placed in the heel of the sole.
Measurements take place continuously, and an auditory
alarm is given at the earplug when overloading.
The microprocessor is based on the open source
software ‘Arduino’, has a clock speed of 16 MHz, and
an EEPROM memory with 1 KB connection, and can
be run on the computer by use of the ‘Processing’
software. The total device is shown in Figure 1.

Fig. 1: ABF device. Left: Ankle brace with
microcontroller and power battery; Right: Carbon
fiber sole.
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Data Acquisition

Discussion

The number of steps that exceeded the maximum
allowed load on the devices sensor was registered by
the microcontroller of the device. Using the software of
Arduino and Processing, data was processed and stored
on a PC.

Although the device showed promising results when
studied on healthy subjects [20], several drawbacks of
the device are observed when tested on patients
recovering from ACL reconstruction.
No exceeding steps were measured for 3 subjects and
in 16 series, which can be an effect of several factors.
First of all, it is possible that the subjects did indeed
not exceed the maximum allowed load on their limb
during walking with crutches. Especially for those
subjects who had a high(er) pain indication, this
possibility has to be taken into account. Nevertheless,
the 16 series also included subjects who indicated not
to feel any pain and who tried to load the sensor with
all their weight, what makes this possibility less
convincing.
Furthermore, the minimal number of exceeding steps
could effect from the altered foot strike of the subjects.
As the subjects are still in the rehabilitation process of
an ACL reconstruction, they do not land on their heel
first, which is the case for healthy subjects walking
with crutches. As a result, the load on the heel can be
less than the maximum load on the rest of the feet
and/or limb. Because the piezoelectric sensor is only
located under the heel of the foot, this could be a
reason that overloading is not measured.
In addition, overloading is only measured when there
is a fast change in loading the sensor. Due to the
rehabilitation process, the foot strike of the patients is
slower than in healthy subjects, and as an effect
overloading could become unobserved.
For 5 subjects, the percentage of exceeding steps was
highest in the second test series. This is a remarkable
observation, as the ABF device was designed to
decrease the number of exceeding steps when used. It
is suggested that subjects learn 'how to activate’ the
sensor while walking, changing their gait slightly if
they do not hear a feedback signal when loading their
limb up to 50%.
Furthermore, several subjects indicate that the
feedback signal makes them try to reach the maximum
allowed load on their limb at certain time intervals, to
be assured that they do not under load their limb
consequently. Although the device is designed to give
feedback when overloading is measured, it can be
questioned whether this shift to a feedback system for
under loading is negative. Especially for patients
recovering from ACL reconstruction, several studies
have shown that an early knee motion and weightbearing program positively affects the rehabilitation
process [21-23].

Data Analysis
The percentage of exceeding steps was calculated
from the number of steps registered by the examiner
and the number of exceeding steps recorded by the
ABF device. An analysis was made between the
percentage of exceeding steps and the indications for
degree of flexion, degree of extension, foot strike, and
pain.

Results
Ten patients participated in the study. One subject,
however, was unable to participate in the third test
series due to an increase in pain of an older upper-arm
injury. As a result, measurements were reported for 9
subjects. As each subject was asked to walk 3 test
series, 27 measurements were made. An overview of
the percentage of exceeding steps per series per subject
can be found in Figure 2.
No overloading was measured in 16 series and 3
subjects. For the other subjects, excluding one, the
percentage of exceeding steps was highest during the
second test series (with auditory feedback).
The degrees of flexion, extension and foot strike
were respectively indicated as 'good' for 6, 4 and 2
subjects, 'moderate' for 1, 3 and 5 subjects, and
'insuffcient' for 0, 0 and 1 subject. Pain indications
were 'minimal' for 5 subjects, 'low' for 1 subject, 3
'moderate' for 2 subjects, and 'high' for 1 subject. No
coherence was found between the percentage of
exceeding steps and the degree of flexion, extension
and/or foot strike, neither between the percentage of
exceeding steps and the indication of pain.

Conclusion
Fig. 2: Percentage of exceeding steps per series per
subject.

Use of the ABF device in its current design does not
improve weight bearing assessment of patients
recovering from ACL reconstruction. Although no
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objective investigations according accuracy are made,
it is suggested that the maximum allowed load on the
limb is incorrectly measured. Furthermore, for certain
patients, the ABF device stimulates an increase of
weight bearing on the affected limb. Therefore, while
the ABF device is designed to restrict overloading, it
could also be helpful to decrease consequent under
loading.

Recommendations
The intention of the ABF device was positively
received by most of the patients involved in the study,
who are often uncertain about their PWB on the
affected limb. Therefore, future research to improve the
design of the device is recommended by the authors
and should attempt to several issues.
First of all, it is suggested to increase the number of
sensors in the sole. When several sensors are used,
positioned under the heel as well as under the forefoot,
the accuracy of measuring the maximum load on the
limb will increase.
Secondly, it should be questioned whether the use of
piezoelectric sensors is suitable for measuring PWB for
patients recovering from lower limb surgery, as slow
changes in loading due to their slow foot strike are not
recorded.
Furthermore, it is recommended to change the
material of the sole, which is currently made of plastic.
The use of soft material would increase the comfort,
and therewith the user-friendliness of the device.
Additionally, it is strongly suggested to include a
second feedback signal, which indicates under loading
of the affected limb. There are many rehabilitation
differences between patients, and it differs greatly
whether patients benefit from feedback for under
loading or feedback for overloading.
Finally, the author pleads for the investigation of a
simple user interface, in which patients can review
their gait pattern themselves. This advice is brought in
coherence with the development to 'Health 2.0', in
which patients are becoming more involved in their
own health process.
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A b stra c t
For elderly or disabled people it is challenging to control a variety of home devices that have different inconsistent user
interfaces. Therefore it is necessary to provide a single controller with personalized user interfaces that makes the
control of household devices easy. In this paper we present our User Interface Platform (UIP) and its application in an
ISO-standardized smart home middleware framework Universal Remote Console (URC). URC utilizes a concept of
pluggable user interfaces making it possible to use various user interface technologies to control any device connected.
Integration of URC and our UIP platform enabled delivery of personalized user interfaces to various controller
platforms including smart TV, smart phone, PC and tablet PC.

K e y w o rd s
Ambient assisted living, smart home, automatic user interface generation, personalized user interfaces

Introduction	
  

There is still no general agreement on how user
interfaces of such devices should look like. Therefore
the user interfaces are very inconsistent. This one-sizefits-all approach is mostly caused by high development
and maintenance costs of the user interfaces.
Accordingly to [1], about one half of typical
application code is related to a user interface, therefore
development of multiple variants of UI increases the
development costs and make the maintenance more
complicated.
Consequently,
inconsistent
unpersonalized user interfaces represent a barrier for
users, especially elderly people and those with
disabilities as illustrated in Figure 1.
This paper reports on experiences gained during
development of technology and smart home user
interfaces in two EU-founded projects. Both projects
were based on the Universal Remote Console (URC)
framework, standardized under ISO/IEC 24752 [2].
Definition and implementation of URC standard was
one of main results of the i2home project where CTU
was a consortium member. URC uses pluggable user
interface concept to enable control of various target
devices (e.g. washing machine, stereo or TV) by any
controller device with custom user interface (e.g.
smartphone, smart TV, PC).
In order to make the process of user interface
development for various controller devices effective

The state of the art home electronic devices can be
controlled via Internet connection.

Fig. 1: Confusion by inconsistent and user interfaces
[from: i2home.org]
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we developed a User Interface Platform (UIP) [3] and
integrated it with URC. UIP enables delivery of a
single user interface to various controller platforms.
UIP user interfaces can be automatically accustomed to
a particular controller device and individual users using
automatic user interface generation [3].

interfaces for the integrated devices. The primary target
user group was seniors (over 65 years of age). During
the development, two different subgroups with
different characteristics have been identified. One of
those user groups has little technical skill and requires
specific controlling approach. The biggest issue was
little comprehension of context sensitive functionality
mapped to remote control buttons. This issue has been
addressed by introducing a remote control map
presented on the screen as depicted in Figure 3.

URC	
  and	
  UIP	
  
URC (Universal Remote Console) is an open
interface platform that enables creation of various user
interfaces from various providers and connects them
with devices in the smart home. Individual user
interfaces (UI) can be changed (plugged) in runtime
according to the user’s preferences. A core component
of the platform is UCH (Universal Control Hub) that
connects target devices/services and controllers, as
depicted in Figure 2. There are several implantations of
UCH (.net, java, C++) that can run on standard PCs as
well as on embedded systems. Support for various
controllers is represented by individual user interface
modules on the left side of the figure, while various
controlled devices (target devices) are connected
through target adapters (TA) on the right side of the
image.

Fig. 3: Personalized smart TV user interface for
seniors
For the smart TV, a number of applications including
lights control, heating, air conditioning, home alarm,
social networking applications, images browsing, and
gaming was implemented. The interaction has been
mediated using simplified remote control. Current role
of individual buttons was presented on the screen using
the remote control map.
In the i2home project we used user centred design
(UCD) [4] methodology. Users were therfore an
integral part of the develpment proces from paperprototypes through testing in individual develpment
phases to the final testing. The final testing proved that
approaches developed in the i2home project, including
the remote control map are usable for seniors (over 65)
that are expiriencing moderate aging-related problems.
In this project, UIP was used as a user interface
technolgy. It represented user interfaces for a smart TV
and a small touchscreen device that was used as
a security gateway in a hallway. The integration with
the URC is shown in Figure 2.

Web
client

Smartphone
client
Touchscreen
client
Smart TV
client

HTTP
module

UIP
module

HVAC TA

Heating

Lighting TA

HW I/O
adapter

TV TA

Lighting

UCH

Controllers

Target devices
and Services

Fig. 2: URC architecture and UIP integration
We focus on the left side of the figure namely on
support for user interface definition. UIP platform is
integrated with the UCH using UIP module (left side of
Figure 2). Using UIP, any target device can be
controlled by any connected controller. Corresponding
user interfaces can be delivered to any connected UIP
client and even generated automatically. Smart TV is a
special case of device that stands for both client and
target device. It can display user interfaces and through
the UCH control all connected target devices including
its own TV functionality.

Smart-‐TV	
  
elderly	
  

user	
  

interfaces	
  

for	
  

On the basis of a successfull i2home project, the
proposed solution has been used in another EU-funded
project VITAL [5]. This project focused mostly on
smart TV applications for seniors. The goal was to
develop applications helping seniors to get information,
access to entertainment and education in a

UIs	
  for	
  home	
  appliances	
  
The i2home project focused on two areas:
development of technical infrastructure for ambient
intelligence household, and on implementation of user
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comprehensible form and to enable communication
using modern technologies.
The actual information was provided using following
applications: broadcast news, information service and
personal newspaper. Access to entertainment and
education, sometimes called “edutainment” provided
audio books, games and education applications.
Communication between users and their related
persons was enabled using the videoconference
application.

URC framework to generate smart-home user
interfaces in runtime. Team of original contributors to
the URC standard developed into the URC alliance,
where the CTU is a founding member. This
organization, now called OpenURC alliance, maintains
the URC standard and provides support to industry
partners that use URC as a part of their products. There
is open URC website that provides information about
URC development and marketing [6].
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Fig. 4: Smart TV applications for seniors
In VITAL the system was based on the UCH
similarly to i2home. Using UCH some application
accessed the necessary services, for example
videoconference application used Skype® API for
communication. The services were connected to he
UCH using corresponding target adapters (TAs). A part
of the application logic, mostly necessary for user
interface interactivity was implemented as a part of the
UIP module. An easy to use API was provided in order
to enable development of UIP applications by the 3rd
party developers.

Conclusion	
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In this paper we summarized usage of our UIP
platform for user interfaces adapted to senior users on a
case of smart home control and smart TV applications.
By integrating our UIP platform with URC framework
we gained a solution that enables effective
development of personalized user interfaces for
ubiquitous applications like smart home. Project
i2home proved the approach on example of intelligent
household with real appliances (HVAC, Fridge,
security camera, TV, lighting) as well as simulated
devices (model household with lighting, security
sensors, doorbell).
We have already proved that automatic user interface
generation is a feasible solution to problems where
manual design of user interface is not possible. It is a
subject of future work to use resources provided by the
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Abstract
In this article, the use of accelerometers for Tinneti balance assessment tool and rehabilitation of patient after hip
replacement is described. The appropriate rehabilitation process is a key approach to monitoring different
rehabilitations. The main problem of rehabilitation processes is a subsequent evaluation of their quality and observing
improvements of patients. This study describes using accelerometers for objective evaluation of quality and monitoring
the results. Measurements with accelerometers were used for measurements progress of patient rehabilitation after
trauma or for example hip replacement. For these measurements, the 3D MEMS accelerometer implemented in the
STM32-Primer2 development kit was used. This study is preparation for development of feedback software for home
rehabilitation of patients using accelerometers.

Keyw ords
accelerometer, rehabilitation, hip joint, Tinneti balance assessment tool, STM32Primer2

Introduction

Measurement system

This article is a continuation of previously published
article Rehabilitation of Patients using accelerometers:
First experiment [1]. The previous article describes the
importance of an objective evaluation of any
musculoskeletal rehabilitation. Measurements were
focused on Tinneti balance assessment tool. Published
measurements were obtained on healthy person who
rose from the chair and then sat back down. Then the
same person simulates possible difficulties with
balance.
This article will be continuing of the study
rehabilitation patients using accelerometers. The
previous tests were measured on the healthy persons
only. The Tinneti balance assessment tool was tested
here on seniors. In addition, we focused on the
rehabilitation of patients after hip replacement.

The measurement system is the same that was
described article [1]. For measuring device was used
development kit STM32 Primer 2, which has a built-in
3D MEMS accelerometer [2]. The system
communicates with the PC by the USB HID
component in C# [3]. Sampling frequency was set to
50 Hz.

Signal processing
Signal processing was designed and implemented in
Matlab environment.
In the acceleration signal is necessary to filter out
dynamic acceleration using nonlinear filter. Nonlinear
filter means perform decimation of the 10 Hz signal,
then on the decimated signal applied the 10th order
median filter and eventually perform interpolation of
filtered signal at 50 Hz sampling rate. Using nonlinear
filter, we obtain the static acceleration. We are able to
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get information about, how was turn accelerometer by
static acceleration of all three axes. The angle α is
calculated according to equation (1) and the angle β by
equation (2).

These relationships were derived according to Fig. 1.
Fig.2: The computed tilt angles of the first senior

Fig. 1: Representation of x', y' and z' axis after rotation
by α and β angles

The Tinneti balance assessment
tool
Balance measurements were carried out according
the Tinneti assessment tool on three senior people. A
case history of seniors is listed in Table 1. Seniors
performed only act to stand from a chair and then sit
down according to the Tinneti assessment tool [4].

Fig.3: The computed tilt angles of the second senior
The second senior (Fig.3) had good standing up
movement, but sitting down was careful. Stand position
was certain.

Tab. 1: Case history of seniors
S.

Sex

Age

1

F

74

2

M

77

3

F

76

Case history
healthy musculoskeletal system
due to age
1. hip after replacement 16
years ago, 2. hip before
replacement
knee replacement half year ago

Seniors have mounted Primer 2 on the side of the
thigh. Then they had to get up from a chair, stand still a
moment and sit back. Results from rotated
accelerometer I entered in charts and visually
evaluated.
The first senior (Fig.2) didn’t have problem with
standing up and sitting down. It was continuous
movement without hesitation (α angle). But in standing
up swing β angle who represent moving on sides. It
could mean unsecure balance in stand.

Fig.4: The computed tilt angles of the third senior
The third senior (Fig.4) had on other side little
problem with standing up, where standing up was
sequent movement. Sitting down was without
problems. Stand position was confident.

Rehabilitation of patient after hip
replacement
Two rehabilitation exercises were measured on
patient after hip replacement. His basic case history is
listed in Table 2.
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Tab. 2: Case history of patient
Sex Age Case history
1. hip after replacement 16 years ago
M
77
2. hip after replacement 2 weeks ago
This part is focused on the progress of the patient
during rehabilitation, the patient was rehabilitated for
three weeks. The first exercise is shown in the Figure
5(a) and the second exercise in the Figure 5(b).

Fig.8: The computed tilt angles of the second exercise
on Fig. 5(a) with sick leg after 7 days rehabilitation
(a)

(b)
Values of measured ranges from the Figures 6 to 8
are shown in the Table 3. The exercise in the Fig. 5(a)
was repeated in each measurement three times.

Fig.5: Two measured exercises for strengthening the
gluteal muscle. Red dots indicate the location of the
Primer 2 accelerometer.

Tab. 3: Range results α angle for exercise on Fig. 5(a)
M.
Leg
1.range[°] 2.range[°] 3.range[°]
1.
sick
5,7
3,57
3,9
1.
healthy
5,18
6,68
8,06
2.
sick
6,87
4,44
4,63

Exercise in the Figure 5(a) was performed only with
the help of rehabilitation specialist. The exercise was
measured on sick and on healthy leg too. Measurement
of this exercise was carried out twice. Second
measurement was performed after seven days
rehabilitation. Results are displayed in the Figures
6to 8..

In the Table 3 is result of patient’s progress after
seven days. The amelioration after seven days
rehabilitation is evident. Patient improved range of the
movement about 1°.
Exercise in the Figure 5(b) was practiced with a
specialist and alone too. The measurement is carried
out twice, when second measurement was performed
after 11 days rehabilitation. Exercise was measured on
sick and healthy leg for comparison. Results are
displayed in the Figures 9 to 11.

Fig.6: The computed tilt angles of the first exercise on
Fig. 5(a) with sick leg

Fig.9: The computed tilt angles of the first exercise on
Fig. 5(b) with sick leg

Fig.7: The computed tilt angles of the first exercise on
Fig. 5(a) with healthy leg
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results significant for planning of rehabilitation and
reproductions of exercises.
The aim of this study is based on measurements
featured in this article to create software that will serve
patients like feedback when practicing at home.
Medical personnel could gain objective information on
rehabilitation patients at home. This software will be
based on measuring data with rehabilitation specialist
exercise. Patient will be exercise home according to
figures which was measured with rehabilitation
specialist. This software however will need to use
wireless accelerometers instead of Primer 2.
Accelerometer should be attached by wristband to
don’t hold down movements.
In the future the more patients will be involved in the
study with the physiotherapist cooperation. Then the
rigorous statistical analysis of rehabilitation progress
will be made as well.

Fig.10: The computed tilt angles of the first exercise on
Fig. 5(b) with healthy leg
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Tab. 4: Range results α angle for exercise on Fig. 5(b)
M.
Leg
1.r [°]
2.r [°]
3.r [°]
4.r [°]
1.
sick
12,17
13,37
13,47
-1.
healthy 14,93
18,19
18,38
-2.
sick
10,99
13,6
12,79
13,5
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In this case amelioration after 11 days may not be
evident. But difference between the Figure 9 and 11 is
significant. Movements are more continuous and leg
persists on top longer without swing. Lifting leg is not
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Summary
Based on these measurements can be argued that the
monitoring of rehabilitation process during various
types of exercises is important. Patients are motivated
to rehabilitate because he can see results of his efforts
objectively. For medical personnel could be these
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Abstract
This paper presents a design of a miniature wireless device equipped with 3D accelerometer and gyroscope with
possible application in a broad range of applications especially in fields of assistive technology and health care. The
first version of the device fits onto a printed circuit board with size of 40 × 25 mm, offers single-module 12-bit 3D
accelerometer and gyroscope, Bluetooth 2.1 class 2 module and 32-bit Cortex M3 MCU.

Keywords
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Introduction

software support for this task with only drawback
being currently a price of thousands of dollars for the
measurement system. Presented project aims to deliver
comparable solution sufficient for measuring human
body movement using affordable modern consumer
oriented integrated circuits.

Improvements in MEMS technology have enabled
significant miniaturization of wide range of sensors
while decreasing their prices at the same time. This has
led to a revolution not only in industrial applications
but also in the area of consumer electronics. Today
applications of accelerometers, gyroscopes, barometers
and magnetometers span many devices starting from
low-cost single-purpose devices as pedometers or
inertial sensing game controllers to high-end
multipurpose devices as tablets and smartphones or
professional industrial and military equipment.
IC manufacturers offer many different sensors and
even sensor combinations in one SMD package which
are to be used in a variety of applications depending on
their parameters and characteristics. This presents an
opportunity of using these sensors to create new
affordable devices which could be used in nursing and
health care in the area of rehabilitation and patient
monitoring. These sensors can also be easily used in
any wearable device which makes them ideal for use in
assistive technology, personal safety or security
systems.
This paper deals specifically with a wireless device
design capable of 6 Degrees of freedom (DOF) body
movement measurement using combination of 3D
accelerometer and gyroscope. There are already some
commercial solutions from companies like MemSense,
XSens or MotionNode with complete hardware and

Device overview
The device presented here was designed as a wireless
Bluetooth based battery powered device with universal
application in position monitoring and inertial sensing.
It comprises class 2 Bluetooth 2.1 module, 32-bit ARM
Cortex M3 microcontroller and 6 DOF inertial sensor
module LSM330DL. It is intended to be powered by
embedded single cell 3.7 V lithium ion or lithium
polymer battery which can be easily charged by
connecting the device to a computer or a DC wall
adapter using standard USB cable. Simple circuit for
battery voltage measurement has also been added to the
device utilizing MCU's integrated analog-to-digital
converter.
Intended device functionality is relatively simple.
Sensor module samples and digitizes inertial data
which are then read by a microcontroller, sent to a
communication module and then sent wireless to
remote host system for further signal processing and
data analysis. Functional block diagram of the device
can be seen in the Figure 1.

18

replaced by LSM330DLC which is a revisited and
downsized version of its predecessor module
LSM330DL. Both accelerometer and gyroscope
modules have 12-bit resolution with selectable linear
acceleration range of ±2/±4/±8/±16 g and angular rate
of ±250/±500/±2000 degrees per second. It also offers
fully programmable interrupt generator, power down
mode for low-power operation and SPI/I2C digital
interface [2].
Fig. 1: Device block diagram

Design and components
The design of the device itself was not problematic;
however, restricted size and weight of the device must
have been considered. For that reason physical
dimensions of the integrated circuits and components
were the most important criterion for selecting suitable
components. The second criterion was to achieve the
best price/performance ratio. All components are
therefore surface mount devices belonging to low- or
mid-range price consumer electronics segment.
The device utilizes STM32F100 MCU based on
ARM Cortex M3 core. It's a low cost, yet feature rich
32-bit RISC MCU running at a frequency of up to
24 MHz. Selected MCU implements a lot of standard
synchronous and asynchronous communication
protocols in hardware along with other standard
peripherals [1].
MCU obtains data from the sensor on a periodic or
interrupt driven basis using 1 MHz SPI link and then
fetches the data further to Bluetooth module using
serial interface. Both serial and SPI data transfers are
realized via DMA channels in order to maximally
reduce the load of the MCU. Whole device
functionality can be programmed to be exclusively
interrupt driven so that the microcontroller could stay
in the sleep state most of the time.
Bluetooth module Rayson BTM-112 was chosen as a
wireless communication module, which is a class 2
Bluetooth 2.1 module with a serial port profile.
Although it is a very affordable and popular module, it
has certain drawbacks. The module is poorly
documented, it lacks integrated antenna and it doesn't
really fit applications that require low power operation.
Because of this a Roving Networks RN42 module was
chosen for next version of the device. It has similar
characteristics like BTM-112 but it includes integrated
antenna and offers power saving functions and deep
sleep mode.
Another component is LSM330DL sensor which
comprises two MEMS sensors (3D accelerometer and
3D gyroscope specifically) in one miniature LGA
package. It's relatively new and inexpensive part
manufactured by ST Microelectronics that is now being

Fig. 2: Accelerometer x axis data sampled at 100 Hz,
collected while rotating the device in hand. Blue dots
represent raw sensor data, red line shows data
estimate using simple 10th order median filtering.

Fig. 3: Gyroscope z axis data sampled at 100 Hz,
collected while rotating the device in hand. Blue dots
represent raw sensor data, red line shows data
estimate using simple 10th order median filtering.
A suitability of the selected sensor for the given task
has yet to be evaluated in more detail especially in
terms of noise and precision. Performance of the new
LSM330DLC module should be similar or at least very
close to its predecessor. Figures 2 and 3 show example
of accelerometer and gyroscope data received from a
sensor with sampling frequency 100 Hz while rotating
the device in hand.
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Software
implementation
and data collection

The device also contains additional circuitry for incircuit programming and battery management and
monitoring. In-circuit programming and debugging is
possible using mini USB port with cable connected to
compatible programming interface implementing ARM
SWD protocol [3]. The USB connector can also be
used to charge the device battery or directly supply
power to the device when there is no battery attached.
System voltage is regulated using 3.3 V LDO voltage
regulator which is necessary due to 4.2 V battery
voltage when fully charged. Battery itself is charged
using generic lithium ion and lithium polymer charging
integrated circuit made by Microchip which is
connected to 5 V power supply through USB and
drains about 240 mA of current when charging. The
charger supply current can be altered by external
resistor to accommodate different capacity batteries.
Thanks to this properties virtually any single cell 3.7 V
Li-Pol or Li-Ion can be used with the device requiring
only minor or no hardware adjustments. Battery
voltage can be read by microcontroller's ADC using
simple resistor divider combined with CMOS dualchannel switch.

The firmware is written in C using Keil μVision
integrated development environment (IDE) and
compiler. It is a proprietary IDE which can be used
with certain restrictions for free for evaluation
purposes. One of the advantages of using ARM Cortex
M3 MCU is the possibility to switch to open-source
GCC compiler and even to use GDB to debug the
code [4]. The transition to open source development
tools is planned in the next version of the device.
The firmware function is solely event driven and
asynchronous. This approach enables firmware to
utilize the system resources in an efficient manner even
though this approach might sometimes be more errorprone and harder to debug due to possible
indeterministic behaviour.
The firmware also uses DMA controller for any kind
of data transfer exclusively which helps to reduce the
power consumption. The overview of the device
functionality can be easily understood from the block
diagram in the Figure 1.
Sensor data can be read and sent periodically or
requested asynchronously by a connected host. This
approach minimizes latency but is not efficient from
the viewpoint of throughput and power consumption.
Next firmware revision will therefore include support
for buffered output which should help reduce power
consumption significantly.
The device uses simple ASCII based requestresponse oriented communication protocol that
includes the basic set of control commands altering the
device behaviour, special set of commands, which can
be used to directly read and set sensor module registers
and also special binary data frames specification for
sensor data transfer.
The Bluetooth module poses as a slave and waits for
a master to connect. The host (or the master) is
expected to be personal computer or similar device
equipped with Bluetooth 2 interface. The host should
recognize the device as a virtual serial port after
a successful pairing. After that communicating with the
device is quite simple using standard OS API for
handling serial ports or even only a system terminal
which is sufficient for basic communication.
A simple Java application has been written to
provide simple means of communication and an
intuitive interface for evaluation and testing of the
device prototype. It gives a user a simple way of
establishing a communication, getting basic
information about the unit's status and also offering
some basic control elements. The application also
contains an interface for direct access to the sensor
module registers. The main panel of the application
window is dedicated to roughly visualize raw sensor
data received from the device. The application is
mainly demonstrative and available only for

Fig. 4: The photography of the device prototype and
350 mAh lithium polymer battery.
The device can drain only tens or a few hundred
micro amperes when in low power operation but it can
also drain from 60 to 80 mA of current on average
when running and transmitting data over Bluetooth.
For this reason it is necessary to handle wireless
communication effectively and use at least 200 mAh
battery to ensure correct device operation for couple of
hours without a need of recharging.
The first design of the device uses double-sided
printed circuit board with dimensions of 40 × 25 mm.
The prototype is shown in the Figure 4. The top layer
visible in the figure contains all the components except
for Bluetooth module which is at the other side of the
PCB.
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Fig. 5: Java PC application providing simple device
control and basic data visualization.

Conclusion
The project presented in this paper resulted in a fully
functional miniature wireless device prototype capable
of 6 DOF inertial measurement using 3D accelerometer
and gyroscope. The project comprises not only
the hardware design but also an implementation of
corresponding firmware required for the operation of
the device and a development of host side software
capable of acquiring and storing inertial data for further
processing.
Results obtained from the first prototype of
the device will be applied to develop an improved
measurement unit as well as firmware and control
software. New implementation should be able to
operate as a multi-node measurement system using
multiple measurement units synchronized by control
software running at a PC host. The ultimate goal is to
deploy this measurement system for educational and
research purposes.
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Abstract
The project discusses design and technical modifications of the Trombe wall. The elements of these improvements are
forced air fans, automatic thermostat control valves and small photovoltaic panel for energy self-sufficiency of these
support systems. These modifications increase the energy gain of The Trombe wall and thus partially compensate the
disadvantages of the geographical location of the Czech Republic. There was carried out a six months measurement
with a record of 13 signals of the sensors which were located in the house, outside and inside the Trombe wall. The aim
of the project is to evaluate the impact of these modifications on the energy gain of Trombe wall.
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Introduction

necessary use the improvements for more effective
utilize all the heat energy from passive solar system.

Passive systems represent the buildings or any part
thereof, which use purely construction funds to the
fullest extent absorb solar energy. The heat inside the
building is spread by convection, conduction and
radiation. Trombe wall is a passive solar system
located on the south perimeter wall of the house
(Fig. 1). It consists of a storage wall, which is made of
solid material with a good thermal conductivity
λ ≥ 0.85 Wm-1.K-1 (for example full tan brick or
concrete). The primary function of the wall is good
storage of thermal energy. Release of the thermal
energy is mediate by conduction and radiation to the
interior of the house. The wall is provided with a matt
black paint from the exterior side of the house. The aim
is to achieve maximum absorption of solar radiation.
On the wall is hanging double glass or triple glass,
usually at a distance of 10 cm. Ideal the heat transfer
coefficient is U ≤ 1.2 Wm-2.K-1 [2]. There are four
vents into the Trombe wall from the interior side of the
house. Two of these vents are situated on the bottom of
Trombe wall and the next two are situated on the top of
the Trombe wall. The vents are required to air
circulation.
In the climatic conditions of the Czech Republic the
Trombe wall can’t reach of the full potential. This is
mainly because of a small number of clear days with
high intensity of a solar radiation. Therefore, it is

Fig. 1: Function of the Trombe’s wall [1]

The improvements
Forced air circulation with fans
We start from the observation that warmer air rises
upward by gravity. This process is slow. To increase
the efficiency of the Trombe wall a network of air
channels with three axial fans was built (Fig. 2). The
network will guarantee a better and more efficient
circulation of air through the house and the Trombe
wall. Switching of fans is controlled by a thermostat.
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If the temperature in the Trombe wall is 8° C higher
than the interior temperature of the house, the fans
became switched on. Cold air from the north side of the
house is carried to the lower air vents. Warm air is
transported to the ground floor after leaving of Trombe
wall. Now, the warm air is not cumulated in the upper
part of the house.

Fig. 3: Indicative circuit diagram of the support
systems [1]

The sensors
Twelve temperature sensors (t1-t12) [° C] and one
sensor of solar radiation (I) [W.m-2] were installed
inside Trombe wall and inside and outside of the
house. Outdoor temperature sensor was placed 2 m
above the ground and covered by radiation shield.
Sensors t2 and t3 were located inside the house 1 m
above the floor. These sensors are covered by the
radiation shield too (Fig. 4).

Fig. 2: Forced air circulation with fans [1]

Automatic valves control by the thermostat
Another technical improvement of the Trombe wall
is an automatic system for valves control located on the
holes from inside of the Trombe wall. That regulation
of valves ensures the same thermostat as in the
previous case and servo motors originally designed for
car central lock, two timers and one relay. The
thermostat switches the contact in auxiliary relay in the
same time when the fans are running. If the
temperature difference between the temperature inside
the Trombe wall and the downstairs room is more than
8° C, the relay is activated. The polarity which will
power the stepper actuator is determined by this relay
(open / closed). This function is useful for night time
because the heat loss through the Trombe wall is
eliminated. Presence of operator in the house is not
necessary.
Energy independence of the support systems

Fig. 4: Location of the sensors [1]

The aim of this research is energy independence of
the installed support systems. Ideal solution would be a
combination of active and passive systems. One of the
options is photovoltaic panel installation in the island
mode. The panel is connected with lead accumulator to
ensure supply of energy for the days with insufficient
light exposure (Fig. 3). The photovoltaic panel is
situated on the southward wall above the Trombe wall.
The lead-acid battery, voltage regulator and voltage
converter are located in the attic.

Processing of the data
To compare the increase in heat gain of the Trombe
wall using technical improvements we are using the
data from October 2010 - March 2011 and the data
measured at the same period 2008 - 2009. It is possible
to compare the state before and after the installation of
support systems. From a series of six consecutive
months (graphs of intensity of solar radiation) were
acquired six days, which are the most similar with their
profile, to be used as a reference sample. (Fig. 5).
Required criteria: minimum cloud in these days,
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the Trombe wall in winter, when it is a lot of days with
poor sunlight.

The intensity of solar radiation have to be as similar as
possible in both of days.
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Fig. 5: Diagram of solar radiation intensities [1]

There was made a calculation of the profit generated
by temperature of the Trombe wall in these days. The
data for calculation were obtained from the twelve
tempertature sensors. The courses of temperatures
inside of house and the Trombe wall were written into
the graphs (Fig. 6).

Fig. 6: Diagram of temperature gradient [1]

Conclusion
The output of this measurement is six graphs
showing the progress of the intensity of solar radiation
during each six months. The 6 graphs showing the
progress of temperatures from 12 temperature sensors
placed in the house, outside and inside Trombe wall
during the examined months. Research has shown that
the modifications have a positive impact on increasing
the energy gain of solar system (Trombe wall) from 14
to 28% depending on the season. During the
construction of Trombe walls is especially advisable to
use automatic control valves, despite the disadvantage
of increasing the initial cost. This improvement has the
greatest benefit to minimization of heat loss through

Ing. Tomáš Langhammer
Department of Technologies and Measurement
Faculty of Electrical Engineering
University of West Bohemia in Pilsen
Univerzitní 26, CZ- 306 14 Pilsen
E-mail: tlangham@ket.zcu.cz
Phone: +420 737 118 875

24

NAVITERIER - INDOOR NAVIGATION SYSTEM FOR VISUALLY
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Abstract
This paper presents key findings gathered during development of indoor navigation system called NaviTerier [1]. This
system is targeted to visually impaired users who want to navigate independently inside large buildings like hospital,
library, university, etc. System is based on structured description of environment that is provided to the user by special
application installed on a smartphone.
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Introduction

visually impaired people [2], to confirm our particular
results.
Following important findings were gained from large
scale, long term user research we have performed on
more than 40 subjects.
Users generally do not want to change the technique
of using white cane and listening to sounds of
surrounding environment, they currently use for
independent movement in the space. Hence new
navigation equipment must not disturb or disable these
techniques (for example by placing sensor in the white
cane or providing user with some continuous audio
feedback to the headphones)
We must bear in mind that visually impaired people
are normal human beings and thus they do not like to
wear some strange looking equipment (as headmounted sensors [3]) or complicated setups.
No necessity of buying, maintaining and carrying
any new device is very much appreciated by the users.
Therefore NaviTerier is designed as a low cost solution
and relies just on smartphones (equipped with text to
speech synthesis - TTS) that visually impaired users
already have to be able to communicate with the world.

Visual perception is source up to 80 percent of all
information that human is gathering. Thus limitation or
even full loss of vision severely influences the lives of
people who suffer from visual impairment. This brings
not only direct consequences like loss of ability to see
but also problems with independent movement and
daily self care. As visually people are dependent on
help of others, loss of self confidence, negative selfconcept and other problems on psychological level also
occurs.
Reducing necessity to be dependent on other people
during movement has positive effect on multiple
problems that visually impaired person is facing to.

User research
Respecting user needs and wants
NaviTerier is being developed by means of following
user centered design methodology. This means more
stress during development is put on user research and
usability testing then on developing of hi-tech devices
enabling precise localization but then forcing users to
wear them. We have also continually consulted our
research with experts from organizations working with

Differences among visually impaired
Our user research points on large differences among
needs and skills of different visually impaired people.
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can recognize in the front and skip the commands to
turn.
On the other hand fully blind users are more patient
and listen carefully to the instructions. Thus these types
of errors usually do not occur by them.
Other important factor that is usually influencing
performance of users is type and intensity of therapy
that people receive after impairment occurs. At least in
the Czech Republic there is wide difference between
particular subjects.
Experience in independent orientation and movement
as well as personal attitude to live with vision
impairment or level of skills in controlling of electronic
devices are also strongly changing the user’s
performance.

Factors that are influencing these differences might be
seen as obvious (impairment severity, congenital or
acquired blindness, etc.) but none of these dependences
we were able to proof with statistical significance. On
the other hand we were able to observe relations that
are worth to be kept in mind during design of any
navigation system for visually impaired users.
Recruitment of participants
Participants to our study were recruited mainly by
invitation letters sent by email. Participants were
volunteers and we motivated them by small amount of
money as equivalent to their time spent by testing.
Our participants have to come to the university
campus on their own and generally they were also
interested in new technologies. Therefore this
recruiting scheme brings us more active (better
performing) users. We have not tested with people that
are not able (or they are too much afraid) to navigate
independently in the environment. One of constraints
we put on the user is ability to navigate independently.
Distribution of performance and skills for population
of visually impaired people does not seem to create
Gaussian as it is for sighted people. We can rather
imagine 2 peaks (one close to the minimum and the
other one close to the maximum performance).

Personas
As a result of these findings we created two personas
of visually impaired users.
Hanka is a 31 year old woman that is working as self
employed translator. From her birth she has blurred
vision due to Macular degeneration. Despite this
impairment she is very active. Hanka has quite positive
attitude to new technologies. She likes simple
descriptions of environment as it is more efficient for
her.
Martin (58) is fully blind by accident that happened
to him in his twenties. He is big fan of modern
electronic devices so he uses computer and Internet
every day. Martin prefers exact and detailed
description of route and he often convinces himself that
he is on the correct route.

Influence of impairment length
Users with blindness acquired in later age are usually
more precise and slower in navigation in comparison to
congenitally blind users that are more fearless.
Normally we are very dependent on our sight and
thus people who lost sight in later age had to re-start lot
of thing in their lives nearly from scratch. This could
lead to a fear of the unknown environment.
Congenitally blind users have never used visual
perception for navigation so they have developed
alternative strategies, how to navigate in the
environment. They are used to practice these
techniques from early childhood. On the other hand
imagination of described object can be different from
the reality as congenitally blind users have not the
experience of vision.
Impact of impairment severity

Fig. 1: Personas Hanka and Martin

People with low vision impairment are making more
errors in navigation probably due to residual visual
perception that could be partially used for orientation
in space.
Let's imagine situation, where user is standing on the
ramp. One stairs are in front of him and other stairs are
at his back. System gives instruction like: “Turn 180
degrees and go one stairs up.” Low vision user can
recognize stairs in front of him and when he does not
pay too much attention, he simply choose stairs that he

We focused on designing the system that is able to
support different categories of users by providing them
different types of information. Thus NaviTerier is
capable to provide descriptions in several levels of
detail.
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segment. Same process is repeated until the final
destination is reached.
Application should also support possibility repeat
instruction or to make a step back in the description to
listen a description for previous segment. As users
want to be fast during navigation, it is possible to
repeat just the part of description that contains
“ACTION” instructions.

Main principle
System architecture
NaviTerier consists of standard smartphone
(powerful enough to run TTS), navigation application
and in advanced prepared data files with structured
description of the building.
NaviTerier is based on (what we call) offline
navigation principle. This means exact position of the
user inside building is not tracked by any technology.
Instead of technology we rely on ability of visually
impaired users to follow verbal description of the
environment to navigate in unknown areas. We must
highlight that visually impaired people are used to it
nearly on a daily basis. For successful navigation of
user it is important to provide him clear and well
structured instructions and description of important
landmarks.
System should be designed for ad-hoc use and it is
not possible to force user to learn all the route
description in advance. As description of the route
could be longer than what is user able to remember in
short term memory, description is split to several parts
called segments. Each border of segments must be
easily recognizable by the user so it is situated to
places like junction of the corridors, corridor turns or
places where corridor is partitioned by perpendicular
doors (See Fig. 2).

How to overcome weak points
Potential problem is loss of synchronization between
real position of the user and relative position expected
by the system. Synchronization points could be added
to minimize negative effect of this issue.

Fig. 3: QR code on a name plate being recognized by
camera of smartphone.
Very convenient realization of these points, that can
update the relative position kept by the system to the
real position, can be done by installing QR codes on
the nameplates that are next to nearly each doors (see
Fig. 3). QR code can hold unique id of the place so
when it is scanned by a camera of mobile device, the id
is recognized and matched with database in the
application.
Besides obstacles that are dangerous for all people,
there is also specific category of objects that are very
dangerous mainly for visually impaired people. These
objects are literally hanging in the air so it is not
possible to notice them by a white cane. If they are
placed in the level of people's head, hitting such object
can cause very serious injuries. NaviTerier is designed
to announce these obstacles and in some cases user
should be warned even one segment in advance to
avoid risk of entering segment with dangerous obstacle
just at its beginning.
In the Czech Republic there is no standardized
vocabulary for the description of environment or
objects to blind. At the beginning of the project we
were facing problems with finding appropriate words
for describing different sometimes strange objects.
After some time of gathering proposed words we were

Fig. 2: Part of corridor with marked segments. Blue
dots marks places where user asks system for new part
of information.
When user is entering the building, system know his
exact position and it is also place where navigation
process starts. User receives first set of information
describing the surrounding environment (opened by
keyword “DESCRIPTION”) and then after the
keyword “ACTION“ are placed instructions what user
should do to reach end of the current segment. (See
blue box of Fig. 2) When user reach end of the
segment, he just press the Next button in the
application and receives description of the next
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Main advantage of the system is no additional cost
for the visually impaired user and there is also no
necessity to fundamental changes of way how people
navigate themselves in the environment.

able to internally standardize description of at least
most common objects.
In scope of NaviTerier project we are also
developing tool that will help with easier and faster
creation of new descriptions. This editing tool will also
help to keep consistency of descriptions.
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During development of the system we were
continually testing usability of navigation system
prototypes. We have performed 7 studies with 40
independent users. Each study was carried out on a
route different from the previous ones to test various
combinations of landmarks and obstacles inside
building.
We have been also testing possible approaches how
users can be recovered in navigation after they have
lost on the route. Visually impaired users are able to
use camera of mobile device to scan QR code in
reasonable time and with help of voice instructions
recover to the correct route.
One of the important outcomes from the field tests is
the finding about preferred navigation path to be used.
Some users prefer path that easier or safer for
navigation. This means for example to use the side of
stairs that has the handrail. On the other hand there are
users that prefer to use right side of the corridor or
stairs each time to avoid collisions with other people
coming from opposite direction.
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Abstract
The system for diagnostics and therapy of stability disorders is being developed at the Joint Department of Biomedical
Engineering of Czech Technical University and Charles University in Prague. The system uses a force platform, a 2D
or 3D stereoscopic projection and a visual feedback. The software StereoBalance for the system was created by an
interdisciplinary team containing biomedical engineers, rehabilitation doctors and therapists. The light-weight version
of the system for home therapy is also being developed. Patient should use the console according to the
recommendations of doctors and therapists and his family is supposed to cooperate. Every day home training is an
essential part of a well-functioning and coordinated rehabilitation process. Measured data is stored on the remote
server and professionals can easily access it to optimize the therapy.
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movements to achieve goals of the games. The COP
movement is visualized in the virtual environment to
provide the visual feedback. The difficulty of trainings
and sensitivity of sensors can be adjusted according to
the current patient’s state.

Introduction
According to the permanently increasing incidence
of brain damage: 46000 patients with stroke
and 23000 patients after traumatic brain injury (mostly
young men between 18 to 35 years of age) in Czech
Republic per year, the rehabilitation of these patients
becomes more and more important. Methods based on
biological feedback are appropriately supplementing
conventional rehabilitation procedures. Patients after
brain damage often face situations (e.g. using
escalators, orientation in city traffic) that can be
possibly dangerous or even impossible to manage. For
this reason we develop a stabilometric system with
a set of 2D or 3D training scenes so that patients can
experience these situations without any risk.
Commonly used 2D gaming systems are not suitable
for this purpose.

Fig. 1: The example of a simple therapeutic scene
where the patient has to move his COP (represented by
a small red ball) in set positions (colored ball) and is
asked to remain in these positions for a specified time.

Methods and development

Patient’s state is objectively evaluated in the
beginning and during the entire rehabilitation process.
The efficiency of patient’s COP movement is measured
and presented as a score value. Data is analyzed in both

The therapy includes active repetitive game-like
trainings. The patient standing on the force platform is
set the task to control his center of pressure (COP)
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Score (%)

time and frequency domain. Graphs and raw values can
be exported.
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Fig. 4: Two statokinesiograms. Left image shows the
area circumscribed before the treatment, right image
shows the same parameter after the treatment. (1 unit
represents 20 millimeters)
18.11.
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26.2.

17.4.

Interactive rehabilitation devices (IRD) will be
a complex set of devices, equipped with motion
detectors, tensometers, sensors of physiological
functions, memory, data interface and visual, audible
or other output, providing interactivity. The main way
would be using IRD rehabilitation (training of motor
and cognitive functions) in a home environment with
the possibility to download and evaluate data on
outpatient therapy. In the case of demand it can be
enhanced by the possibility of continuous online data
downloads and a modified "tailor-made" version for
use in medical devices or in the commercial sector.

Date of measurement
Fig. 2: Score results from the training scene: gradual
improvement up to about 50%, which is the average
value in healthy subjects. (Score is defined as a ratio of
optimal and real way traveled by COP. It is weighted
by difficulty and it represents the efficiency of
movement in a simplified way.)

Postural area (mm2/s)

Currently there are regular therapy sessions taking
place with selected patients of the Department of
Rehabilitation Medicine. We can already see the
positive progress of patients’ states in our recent
case-studies. The improvement of stability is evident
not only during the training session but also in
long-term period.
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First five home rehabilitation sets were made
recently. First of all these devices will be used for
testing in healthy population to develop and tune the
graphical user interface (GUI) to be as simple as
possible. These devices should be controlled by patient
alone or just with occasional help of patient’s family
members.
The hardware set consists of:

18.11.

26.2.

Base console – small computer device with
standard x86 architecture. It contains internal
flash memory, USB controller, wireless
network adapter (Wi-Fi), graphic adapter. The
case of this unit is made from polystyrene and
includes necessary connectors (power jack,
balance force platform connector, USB for
offline data transfer, HDMI for connection to
TV or monitor)
Force platform – Nintendo Wii Fit Balance
Board was used with several adjustments. It
uses a wired connection to the base console
(6-pin DIN connector)
Remote control device – It contains basic
buttons to control the console. Accelerometers
and gyroscopes are also included in this
device. It uses wireless (Bluetooth)
communication with the force platform
Power supply – Standard switching power
supply with output voltage 18 V DC.

6.6.

Date of measurement

Fig. 3: Progress of stabilometric parameter (area per
second): each session is characterized by a pair of
values (one taken before and the second after the
session) the blue curve shows the results of stability
before training, the red shows the results after the
training, we see a short-term improvement (mostly
better results after treatment) and long-term
improvement (trend of both curves is decreasing).
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Technical specifications for the console:
x86 based computer
Windows Embeded 7 operating system
.NET Framework 4.0 based application
Includes WiFi and USB for data transfer

The console can be connected to any modern TV set
or PC display with HDMI interface (including both
video and audio signal). If there is a wireless internet
connection (Wi-Fi) available at patient’s place, the
device automatically sends data to remote server so
that system can quickly handle any exceptional
situation (e.g. the doctor receives a message whenever
patient’s state gets worse or if patient skips the therapy
etc.) If there isn’t any Wi-Fi network available, offline
USB data transfer device (Flash disc) can be used to
transfer data from console to doctor’s office to evaluate
the results of the therapy.

Clinical system requirements:
Standard PC (x86 32bit / 64bit)
1024 MB RAM
0,5 GB disc space
Windows operating system (XP or newer)
.NET Framework 4.0
OpenGL compatible graphics card
For 3D stereoscopy: Quad Buffered OpenGL
system

Conclusion
The new modern interactive tool for rehabilitation
has a wide range of applications. It can be used as
a home rehabilitation system to support standard
outpatient rehabilitation. It makes the rehabilitation
more attractive and provides motivation to exercise.
Therapy will be more effective and it can be done
without participation of a therapist. It will be possible
to collect data to monitor compliance or the effect of
therapy, the data can be processed statistically. Due to
this features, IRD allows reducing frequency of
outpatient
therapy,
increases
the
efficiency
of rehabilitation, improves cooperation with patients,
increases their confidence and activates the patient's
normal daily routine. Likewise, the system can also be
used on inpatient departments, in day-care centers, but
also in commercial sector. It perfectly suits to patients
after brain damage, patients after injury, obese
population, children, seniors and normal healthy
population as well.
Fig. 5: Home rehabilitation set
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Abstract
In this paper is described software implementation of the Bluetooth wireless communication using finite state machine.
This implementation is a part of project which is focused on long term vital sign monitoring. Bluetooth technology is
highly usable in assistive technology and Ambient and assisted living. Bluetooth is used for wireless transfer of
measured signals and preprocessed data from sensors to control PC and other devices. The state machine which is used
for controlling Bluetooth wireless module provides very robust software implementation for real-time applications in
embedded devices with microprocessors.
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The right software implementation of controlling the
communication between data transmission module and
microprocessor is required in the type of application.
Whereas the controlling of many Bluetooth modules
is done by UART interface, the finite state machine is
our solution to control it.
On the other hand case program statement could be
used this implementation but it isn’t enough clear
program code.
This article describes one of possibilities to very easy
and robust implementation of the finite state machine
to real-time system.

Introduction
The assistive technology and Ambient and assisted
living (AAL) have very high importance to improve
quality of life. These technologies are usually focused
on seniors. The long-term vital signs monitoring and
telemedicine is one part of AAL technologies [1].
The Bluetooth standard has very wide options of
applications. Many devices of daily use using
Bluetooth wireless connection and therefore this
standard is suitable for the Smart Homes applications.
The conventional Home Appliance can be networked
and controlled via Bluetooth connection [2, 3]. The
next application is used Bluetooth transmission for
various types of signals from sensors, for example
biosignals, in Smart Home. This data could be used for
data fusion to detect risk situations [4, 5].
Moreover very important part of Smart Homes is
vital sign monitoring systems. These systems are used
for measuring biosignals like ECG, PPG, physical
activity and so on. Also next functionality of these
systems is detection and evaluation life threatening
situations [6, 7].
The signal and data transmission is one very
important part of vital sign monitoring systems. The
Bluetooth technology is suitable to implement wireless
transmission. These systems should have very low
power consumption and computing demands [8].
The real-time signal processing and data
transmission (processed in seconds) are also desired.

Hardware description
Described software implementation is done
on the STM32F100RB
that
is
microprocessor
(microcontroller) from STMicroelectronics with ARM
Cortex-M3 core. It is a 32-bit microprocessor that can
be used for highly deterministic real-time applications
and its product family contains many various types as
low cost, high configurability and big performance.
The easy to buy and low cost STM32 VL Discovery
development kit is used and contains described
processor. On the STM32 VL Discovery development
kit are available almost all pin of microprocessor [9].
The photography of the development kit is displayed
in the Figure 1.
The Bluetooth Wirefree KC-21 Serial module is used
for wireless data transfer with a PC. It looks like a
transparent asynchronous serial port (UART) from
microprocessor site. It is used a standard Serial Port
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Profile (SPP) that emulates
transferred over Bluetooth.

RS-232

interface

State machine implementation
In this project was used the very easy and platform
independent software implementation of the finite state
machine in the C programming language.
There is one structure in one FSM that contains FSM
variables and data for communication between states,
for example current state, next state, UART baudrate
and so on. Local variables of the states are declared in
state functions. Every function represents one state.
There are standard C functions and variable like
current state is declared as type pointer to function.
The every state has also defined three events: Entry,
Do and Exit. These events are executed when the state
function is called. Event Entry and Exit are called once
when entering and exiting from the state. Event Do is
called repeatedly when the program still remains in the
same state. The transitions between states are done by
changing function pointers in global FSM structure.
Implementation more FSMs in one program is
possible to simulate parallel behavior of the system.
Different FSMs run time periods can be set different
FSMs priorities.

Fig.1: STM32VLDiscovery development kit with
the ARM CORTEX M3 microprocessor [9].
The module UART interface supports baud rates
from 1200 kbps to 3 Mbps, 3 wire (GND, TX, RX) or 5
wire (moreover CTS, RTS) interface and maximum
wireless range is 10 meters. The photography of the
Bluetooth module with KcSerial Wirefree chipset is
displayed in the Figure 2.
The whole hardware was placed and connected using
the non-solder contact field. These components were
selected because the software implementation will be
used for next extension of the modular development
telemonitoring system [10] and board with Bluetooth
module is designed as part of this modular system.

Fig.2: Wireless communication Bluetooth module with
the Wirefree KC-21 Serial chipset.

Software description
The communication between Bluetooth module and
microprocessor is realized by the principle of a finite
state machine which is reliable and easy to implement
than much complicated programs.
The finite state machine is a mathematical model of
computation used to design both computer programs
and sequential logic circuits. It is conceived as an
abstract machine that can be in one of a finite number
of states. The machine is in only one state at a time. It
can change from one state to another when initiated by
a triggering event or condition. This is called a
transition [11].

Fig.3: Microprocessor program state diagram
Main program implementation
After the start of microprocessor, one of basic timers
and UART peripheral are initialized. The timers are
used for detection of the missed responses from
Bluetooth module. The UART baud rate is set to
115200 kbps. This is default baud rate value of the
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Bluetooth module. There is used a firmware both in
version 2.4 and 3.0 for the module, so microprocessor
has to be able to recognize used firmware.
After initialization of microprocessor, Bluetooth
module is in the Command mode where all received
configuration commands are executed. The state
machine starts and switches between “transmit”,
“receive” and “switching” states until all of the
configuration commands are transmitted. When it is
done, the Bluetooth module is switched into Bypass
Mode and the user data are transmitted between PC and
microprocessor over Bluetooth [12].
If any error is occurred during configuration, state
machine jumps into error state and whole configuration
procedure has to be repeated.
In the Figure 3 is displayed the state diagram of the
program.
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Conclusion
The software implementation of the Bluetooth
wireless communication on ARM microprocessor has
been designed and realized.
The control communication between microprocessor
and Bluetooth modules was done by using simple and
reliable state machine algorithm. The robust and
simple algorithm is suitable for other implementation
in real-time embedded systems.
This program will be implemented in the control unit
of the modular telemonitoring development system
which is using the ST ARM family microprocessor.
The whole system with wireless Bluetooth data
transfer will be used for research in long-term real-time
monitoring of vital signs in Smart Home.
Moreover, simplicity of the finite state machine
algorithm and data structure provides the easy way to
use it to communication between microprocessor and
other external devices like Bluetooth, Wi-Fi and GSM
modules.
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