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A continuous increase of the anticipated average life is expected in the near future. We have to deal with the consequences of

aging, such as loneliness in an environment characterized by technology or the need to help elderly people. Technical solutions
are required that solve the occurring problems associated with aging and are accepted and used. This work faces the challenge
of improving the early detection of diseases like dementia, using an intelligent dialogue system that improves the chance for
integrating applications of telemedicine in an intelligent home environment.

1 Introduction

1.1 Demography

Due to continuous improvement of medical care, the high stan-
dard of living in the first world and many other influences, an
increase of the anticipated average life is expected (see Figure
1) [1].In Germany, the population of people older than 80 years
is the fastest growing segment of population. From currently
four million people this part of the population will increase to
approximately 10 million people until 2050. This implies a huge
challenge to society, government and industry but also for each
individual person. It is necessary to address the different kinds of
limitations, for example due to illnesses, needs and other things,
that come up with aging. Sustainable solutions need to be cre-
ated that support elderly people in their everyday activities and
to provide assistance in case of emergency. Interdisciplinary re-
search is required for the development of solutions that help to
cope with the upcoming changes in our society.

Figure 1: Population pyramid for the years 1999 (left) and 2050
(right) [1].

1.2 Dementia

One of the most prevalent and also expensive diseases of elderly
people is dementia. Only considering Alzheimer’s disease, ap-
proximately one percent of the 65 year old people are affected.
Bickel [2, 3] points out that the prevalence of dementia correlates

with age and doubles every five years in age. As a consequence
ten percent of the people suffer from dementia at the age of 80.
The incidence rate shows a similar tendency. Annually, about
150,000 new people are assumed to be affected with dementia.

The first symptoms of the Alzheimer’s disease show up by
a light decrease of peoples efficiency. Over the course of time
this worsens to a total loss of mental abilities and personality.
Although other forms of dementia differ in their symptoms, the
irreversible and progressive behavior is similar.

An improved early detection of dementia would improve the
chances of therapy and thus also reduce the effort of taking care
of the affected people [4].

2 Medical and Methodical Aspects

From a clinical point of view the prevention or the early detection
of diseases maximizes the chances for better therapies. The
early detection of dementia symptoms for instance is based on
cognitive deficiency. During the last 15 years, the main focus was
on the detection of changes in the fields of social competence
and emotionality, which resulted in the main research topics
ADL (Activities of Daily Living) and BPSD (Behavioral and
Psychological Symptoms of Dementia) [6].

These cognitive symptoms concerning behavior and health
condition are discriminating features for the design and imple-
mentation of economical screening instruments, which enable
the early detection of dementia [6]. With the incorporation of
biological markers, nowadays the reliable diagnosis of dementia
and an estimation of the expected sickness degree is possible.

These developments also play an important role in the in-
vestigation of new ways for therapeutic intervention. In case of
dementia, these interventions comprise cognitive and behavior-
oriented training routines as well as medicinal therapies. One
question that directly comes along while talking about diag-
nostic measures concerns appropriate criteria for an evaluation.
Traditionally, emphasis is put on economy or cost-benefit anal-
ysis, but the impact of acceptance and attractivity of screening
instruments becomes more and more important. The recent
achievements in telemedicine seem to provide a proper frame-
work [7].
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Figure 2: Standard material for SKT [5]

3 Optimization of Diagnosis and Ther-
apy with Telemedicine

Methods developed in the field of telemedicine offer advantages
compared to “classical” methods at a comparable diagnostic and
therapeutic valence:

• Economic handling
• Highly objective data collection
• Easier verification of the reliability of the collected data
• Easier implementation of intelligently administrated databases
• Automatic adaptation and optimization of standards for

expectancy values of clinically relevant features for spe-
cific groups to support the decision process

• Possibility to measure control variables for routine duty
on a large scale

With the help of the technological progress in telemedicine
the amount of collected data and information has highly in-
creased. One big advantage such a large pool of data has is
supporting the diagnosis. With the help of methods provided by
pattern recognition for example, current test results of a patient
can be analyzed by comparing these results to a database that
was built from the collected data. In addition to supporting the
diagnosis also the execution of tests is optimized. With the help
of computers, tests can be simplified on the patient side as well
as on the operator side by automatization of the interfaces.

An example for such a test is the SKT (Syndrom-Kurztest),
first published in 1977 in Germany [5]. It is a short cognitive
performance test for assessing deficits of memory and attention
within clinical settings. The SKT is used for staging and mon-
itoring the severity of cognitive impairment in clinical basic re-
search, psychological or psychiatric reports, individual patients,
drug trials proving therapeutic efficacy [5].

Traditionally, this test has been performed without using any
computer assistance just utilizing material as shown in Figure 2,
but during the last months this test was digitized by the Dr.
Hein GmbH1.

In the new digitized version of the SKT, the materials (wooden
playboards and forms, see Figure 2) are replaced with a touch-
screen monitor on patient side and a mobile computer on the
operator side. An obvious improvement is the automatization
of the analysis of the acquired data. That means the operator
has an optimal support when making a diagnose. A further aim
of the implementation was to simplify the usage of the digitized

1http://www.dr-hein.com

version of the SKT, especially on the operator side but of course
also on the patient side. Here the main advantage is that due
to the simple user-interface, the operator can concentrate more
on the patient and the correct execution of the test.

Another important point is that modifications are easy to
realize. With the digitized version it is possible to change for
example, colors. This is important for people who have problems
to differentiate between certain colors.

4 Integration of Telemedicine in Home
Environments

With the possibilities that are provided by the technological
progress in telemedicine, a completely new way of testing has
been opened. One can think of having mobile stations for exam-
ple in pharmacies which are connected via Internet to a clinic,
where experts analyze the test results and inform the user via
e-mail or phone call whether everything is fine or whether an
expert should be contacted.

Another way of providing such methods of telemedicine is
to integrate these tests in an intelligent home environment. An
occupier for example, can repeat this test regularly which offers
the possibility to perform a continuous screening that allows for
a long term monitoring of the state of health and more specific
the deficits of memory and attention for the SKT.

Also for the intelligent home environment, the result is sent
to the responsible expert who decides whether it is necessary to
visit a clinic or not. For a lot of people, especially for elderly
people this represents an easement in their daily life as they do
not need to go to the treating physician every time a test needs
to be performed. They can sit on their couch in their familiar
surroundings and get the instructions from the intelligent system
integrated in the home. In our intelligent home environment a
dialog system (see section 4.2) has already been integrated.

4.1 Strategies

For maximizing the acceptance of these integrated methods of
telemedicine, the user needs to be motivated. As mentioned,
the fact that it is not necessary anymore to visit a clinic for per-
forming the test is already a strong motivator. Another point
that must be considered is the user-friendliness of such a system,
that means, it should not overexert the user. One starting point
to minimize the time needed to cope with the handling of the
test, is to use already existing hardware, for example television
and the dialog system that is part of our intelligent home envi-
ronment. A further method we will investigate to motivate the
occupier is to arouse his ambition by embedding the test into
a game environment. If the test is part of the daily or weekly
routines, the user is more motivated, when he has the chance to
improve his high score or to unlock a piece of an artwork like a
puzzle every time he successfully finishes the test.

4.2 Intelligent Dialog Systems

A common dialog system consists of three components: the in-
put interface, the dialog manager and the output interface. In
a speech based system a speech recognizer is the input inter-
face and a speech synthesizer the output interface. The dialog
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manager is the “brain” of the system. In this component the
inquiries from the input interface are processed and an appropri-
ate answer is sent to the output interface. With such a dialog
system intelligent conversations are possible. One application is
an interactive control and test environment for telemedicine as
it is proposed in this work. For this use the dialog system consti-
tutes an attendant for the patient/client while he is completing
a test (e. g. the SKT). With context based feedback, the patient
gets the right instructions for the next step during the complete
test. The dialog system must also be able to answer to queries
concerning the concrete test situation.

5 Definition of Interfaces

As already pointed out, to keep the motivation as high as possi-
ble, the system should be easy to use and as intuitive as possible.
This also includes the human-machine-interfaces (HMI) that are
necessary to provide interaction between a user and the intelli-
gent home environment. Besides the user-friendliness of the ap-
plication itself the HMI is one of the most critical parts. If this in-
terface does not satisfactorily address the requirements the user
is expecting it will not be accepted. In our home environment
two different kinds of HMIs are integrated in addition to clas-
sical devices like the standard computer mouse. Both systems
are operating in the background, which means that necessary
hardware is installed nearly invisible in the home environment
and does not need to be adjusted by the user.

The user is able to choose whether he likes to interact with
the system using a speech recognition system (see section 5.1)
that extracts the necessary input out of natural speech or a
gesture-based navigation (see section 5.2) that interprets pre-
defined gestures which represent the necessary interactions. As
these interfaces use completely different features (natural speech
and hand-gestures respectively) as input, also possible diseases
that disable the occupier from using one of the interfaces can be
compensated. A user that for example suffers from impairment
of motor functions could still use the speech recognition system
whereas a user suffering from dysarthria still has the possibility
to use the gesture based variant.

5.1 Speech Recognition Incorporating the
Peculiarities of the Aging Voice

The current dialog system installed in our home environment
is a product of the Sympalog Voice Solutions GmbH2. Among
others it was used in the central administration of the Sixt AG 3

as a telephone exchange system, which is able to process spon-
taneous speech. The average recognition rate of the speech
recognizer is 75-80 % with a word lexicon of approximately 3500
words. The system achieves a dialog success rate of more than
90 %. These results are achieved for the average voice, but
the clients/patients in our proposed system are elderly people.
Hence, a special version of a speech recognizer must be de-
veloped: a recognizer that incorporates the peculiarities of the
aging voice. As Wilpen and Jacobsen pointed out in [16] there
is a dramatical increase of the error rate for people over 70, even
if one has enough training data. With any improvement of the

2http://www.sympalog.com
3http://www.sixt.de

Figure 3: Sammon map of the reduced feature set from the
Queen’s Speech. Every item represents the recording of one
year (1952 to 2002, some years missing). For better illustration
the decades have the same icon.

recognition system the error rate for elderly people “remained
at least 50 % higher than that for the middle age groups”[16,
p. 325]. For further improvements of a speech recognizer, it is
essential to understand, what are the characteristics of the aging
voice and what makes the difference to the average voice.

A good starting point for this is to visualize features from
recordings of the same person at different ages (longitudinal
data) and figure out, if there is any tractable voice change over
the course of time. For this experiment the annual Royal Christ-
mas Message of Queen Elizabeth II. (Queen’s speech) is used.
Altogether 30 recordings are available from 1952 to 2002 (some
years are missing) with 5-10 min each and 2.5 h in total.

In a first step for every single recording, i. e. for every year,
common features are extracted as they are used in speech recog-
nition: Mel Frequency Cepstrum Coefficients (MFCCs). After
this, a so called universal backround model (UBM) is created
on the whole set of feature vectors, i. e. a Gaussian Mixture
Model (GMM) with 128 densities is build on the MFCCs. Based
on this UBM, for every single year a GMM is adapted following
[18]. This results in a high-dimensional feature vector for every
year. It is assumed, that feature vectors of succeeding years are
adjacent to each other in the feature space. Due to the high-
dimensional feature space, the dimension must be reduced for
the purpose of visualization. To get a representation in a lower
dimensional space with the maintained topological structure of
the data, Sammon Mapping is used in the experiment [17]. The
results of this operation on the Queen recordings are presented
in Figure 3, which describes a snap-shot of the reduction to
three dimensions. Each data point in the picture represents the
features of one recording, i. e. one year. For better visualization
the data of the same decade have the same icon. As one can
see the items of the same decade can be clustered and there is a
trend from the 1950s to the 2000s: the data points are ordered
from left to right by increasing age. Concerning the experimen-
tal setup these results lead us to the conclusion that there are
tractable features in the recordings en bloc, but not in the voice
per se, i. e. the visualized changes also arise from the recording
setup, for instance from different microphones. This leads to
the channel problem.

To reduce such channel effects, more or less channel inde-
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Figure 4: The averaged f0 per year of the Queen’s speech.
With increasing age the f0 decreases with an age correlation
of -0.83/-0.93 (Pearson/Spearman correlation).

pendent features are extracted from the voice. For example the
fundamental frequency f0 of the voice. The results from [19]
and our experiments on the Queens speech show also a trend in
the averaged f0 per year. With increasing age the f0 decreases
with an age correlation of -0.83/-0.93 (Pearson/Spearman cor-
relation). In Figure 4 the averaged f0 per year of the Queen is
plotted against her age.

To generalize our results, in upcoming experiments cross-
sectional (different speakers, different ages) data will be used
and additional features will be analyzed: e. g. voice quality,
prososdic and linguistic features. Then, with the knowledge how
the voice changes over the years and what its characteristics are,
special adapted speech recognizers will be built.

A further application for the telemedicine is the diagnosis
of voice disorders or emotions reflected in the voice: in a con-
crete test situation (e. g. the SKT) not only the answers can be
evaluated, but also how the answers are presented.

5.2 Gesture-Based Navigation

Besides speech, communication through gestures is one of the
most important interfaces. This becomes obvious, only think-
ing about deafness. For that case, the user interacts with the
environment using a defined set of gestures.

Current gesture-based approaches need additional devices
like data gloves, colored gloves or other objects which help seg-
ment and identify the gesture in the acquired camera image. In
most cases these devices are impractical or even inapplicable and
therefore lower the willingness to work with such an interface.
It is not feasible for an user to wear a data glove every time he
wants to interact with the intelligent home environment. But
with the help of the latest developments in the field of 3-D cam-
eras which directly provide 3-D depth information in addition to
2-D gray value images, gesture recognition systems are proposed
to classify hand gestures [14] or to interpret the movement of
the hand [8, 13] without the need of any additional device. Such
a 3-D gesture recognition system has big advantages compared

Figure 5: ToF camera: SwissRanger 3100 [15]

Figure 6: Set of gestures for communicating necessary informa-
tion

to available 2-D systems [9, 10, 11], which are also capable of
recognizing gestures without any additional device. Due to the
3-D depth features of the scene the same functionality can be
provided in a faster and more robust way as these features can
be utilized for several preprocessing steps for example segmenta-
tion or feature extraction. Furthermore the distance information
can be used to easily enhance the functionality of such a system
by providing an intuitive access to the third dimension.

In our home environment, in a first step, a user-interface
which interprets gestures and enables a user to explore and nav-
igate through 3-D data sets, based on a real-time dynamic ges-
ture recognition system using the SR-3100 (see Figure 5) has
been developed. This system can already be used to provide vir-
tual tours through famous buildings to give an example. Based
on the functional requirements that are necessary for navigating
through 3-D data sets like rotation, translation, cursor move-
ment, point selection or a possibility for a reset, we selected five
gestures representing this interactions (see Figure 6). The main
selection criterion for the set of gestures were to get a small,
intuitive gesture set and the complexity of physically performing
a certain gesture was chosen to be as small as possible.

This first application already allowed an evaluation concern-
ing the aspects of classification rate, real-time applicability, us-
ability, intuitiveness and training time which provides a good
indication of the acceptance of such a system.

For each classifier, a ten fold cross-validation was performed
using 40 data sets per gesture, acquired from 15 test persons.
The test users were not advised to take off rings or pull up
their sleeves which would also not be the case when using the
system in the home environment. By additionally applying a
principal component analysis on the extracted feature vectors a
classification result of 94.3% was achieved.

Also a performance evaluation of the implemented algo-
rithms was performed as the user will not accept the interface if
it has a perceptible delay. This evaluation was performed on a
single core Pentium M 1.87 GHz. The results show that a com-
putation time of 25.77 ms meets the requirements concerning
real-time applicability.

Besides this technical evaluation for the intelligent home en-
vironment, it is even more important to gain information about
the usability, intuitiveness and training time of the implemented
HMI. Thus, in a first evaluation, seven users were asked to use
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our HMI and perform the different kinds of gestures for about
three to five minutes so as to familiarize oneself with the HMI
after they got a two minute introduction to the system.

In the practical part, the test users were requested to answer
a list of four questions on a scale from one up to five, where one
corresponds to “worse” respectively “strong adaptation” and five
corresponds to “very good” respectively “no adaptation”.

The first question concerned the response time of the sys-
tem. This question allows to combine the technical evaluation to
the user impression. With a mean of 4.14, a satisfying result has
been achieved considering possible optimizations. For adapting
this system to the SKT, a reduction of the set of gesture could
be conceivable and thus also the classification time is reduced.

The users were asked how strong they had to adapt to the
system. Here the opinions concerning the adaption to the system
differ. It needs to be taken into account that the test persons
used the system for the first time. With a mean of 3.57, the
individual results of this evaluation can still be judged as good
except for one user.

Another important aspect for the evaluation of the usability
which was asked was the comfort of the gestures while using the
interface. With an average of 4.0, the system convinced the test
users.

Also the question concerning the intuitiveness of the cursor
movement and click event of the gesture-based interface that
was posed to the test users achieved a satisfying result. Espe-
cially these two gestures will play an important role when using
the gesture based navigation for interacting with the intelligent
home environment.

6 Outlook

In this work we present one possible way to take advantage of
the technological progress in telemedicine for the integration of
economical screening instruments in an intelligent home environ-
ment. By that it is possible to gain information about the health
situation and also to increase the comfort of elderly people. The
integration of the SKT [5] in our intelligent home environment
for example, focuses on the improvement of the early detection
of dementia but also obviates unnecessary hospital stays.

Such screening instruments will not only help to early detect
diseases, which improves the chances of therapy, they will also
help building up a rapid growing database, which can than be
used for supporting diagnosis.

The next steps of this work will concentrate on evaluating
the digitized SKT first of all in a clinical environment to collect
data for setting up the database and in a next step, after inte-
grating the test in the intelligent home environment, to evaluate
the acceptance of that test. Also the human machine interfaces,
that means the speech recognition system and the gesture-based
navigation, will be further evaluated as possible input devices for
the SKT. For the future also other tests will find their way into
the home environment which will further improve the comfort
of elderly people.
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