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I. INTRODUCTION

R ECENT technological advances have facilitated the devel-
opment of complex biomedical systems, including sophis-

ticated biosensor networks, wearable health-monitoring systems
(WHMSs) [1], innovative medical imaging equipment [2], and
human–computer interaction (HCI) systems [3], promising a
significant upgrade in the quality of provided healthcare ser-
vices. Additionally, the consolidated results of more than ten
years of research on information and communication technolo-
gies (ICT) supporting hardware advancements have generated
evidence of the enabling role of ICT on the whole range of
health services from life style and self-health management to
improving health-related quality of lives of patients and citi-
zens, and managing chronic disease conditions, such as diabetes,
chronic heart disease, and mental health [4]–[6]. Moreover, it
is anticipated that properly designed innovative health services
supported by ICT may modulate and improve chronic disease
prognosis, which is extremely important in view of the rapidly
growing population ageing.

The tremendous amount and the diversity of the col-
lected/stored biomedical data, the creation and proliferation of
biomedical knowledge sources, and the opportunity to employ
large processing power make automated biomedical data anal-
ysis increasingly important in healthcare and place biomedical
data mining in a unique position to significantly impact patient
care [7], [8]. Advanced computational techniques and methods
in machine learning, data mining, pattern recognition, knowl-
edge representation, data modeling, and physiological systems
modeling and simulation continue to pave the way toward the
identification and extraction of useful biomedical knowledge
from large data repositories, and provide valuable tools for nu-
merous applications ranging from bioinformatics [9]–[11] to
imaging [12], [13] and decision making [7], [14] in the life
sciences domain. Incorporating context-aware technology and
combining with data-mining techniques in already existing and
emerging healthcare provisioning systems and applications is
in line with the current trends in patient treatment, which call
for protective (proactive self-care), preventive, reachable (i.e.,
at home, at work, and while travelling), and high-quality health
advice and assistance [15], [16].

Computational intelligence embedded in wireless biosensor
networks plays a key role toward this direction. Networks of im-
plantable or wearable devices can be used for real-time health
monitoring, diagnostics, treatment, or as prosthetic devices [1],
[17]. In some situations, a feedback loop can be formed within a
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biosensor network that integrates wearable and/or implantable
devices. For example, the communication network that forms
between a continuous glucose monitoring system (implantable
or external wearable unit) and a subcutaneous insulin delivery
device can be considered as a biosensor network [18]. Glucose
measurements are processed by means of adaptive algorithms
and provide control signals that are transmitted to the insulin
pump. Thus, continuous real-time control of blood glucose is
achieved. Furthermore, continuous ambulatory monitoring of
vital signs enables proactive personal health management and
better treatment of patients suffering from chronic diseases, the
elderly population, and emergency situations [1], [19].The de-
velopment of implantable material, sensing devices, efficient
algorithms, and protocols for communication [20], [21] rep-
resent challenging issues that should be addressed toward the
deployment of body sensor networks in routine healthcare.

HCI lies at the crossroads of several research areas, including
computational intelligence, computer vision, psychology, and
robotics. In recent years, there has been a growing interest in in-
troducing intuitive interfaces that can recognize the user’s body
movements and translate them into machine commands [3]. For
the neural linkage with computers, various biosignals can be
used, which are acquired from a specialized tissue, organ, or
cell system, like the nervous system. Examples include EEG,
electrooculogram (EOG), and electromyogram (EMG). Many
attempts have been made for the purpose of interpreting the
EMG signal into computer command, aiming at the develop-
ment of efficient HCI and in particular of control interfaces for
robotic devices. With the introduction of robots in everyday
life tasks (e.g., service robots, robots for clinical applications),
there is a strong need for simple and natural control interfaces.
Effectively interfacing a robot arm with a human entails the
necessity for continuous and smooth control [22]. Moreover,
successful HCI should be able to follow the basic principles of
communication among human beings [23], [24]. Toward this
direction, the incorporation of emotional intelligence [25], [26]
and multisensory integrative information [27], [28] represent
major challenges that should be addressed in order, for the ma-
chines, to become more human-like, more effective, and more
efficient [9].

Machine learning and computational intelligence play
an essential role in the medical imaging field, including medical
image analysis, computer-aided diagnosis, organ/lesion seg-
mentation, image/data fusion, image-guided therapy, image an-
notation, and image retrieval [12], [29], because objects, such
as lesions and anatomy in medical images cannot be modeled
accurately by simple equations; therefore, tasks in medical
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imaging require learning from examples. In addition, imaging
has a pivotal role in the development, evaluation, and validation
of physiological models both in humans [30] and animals [31],
and in the translation of such models to the clinical setting with
both diagnostic and therapeutic applications [32]. The intro-
duction of new imaging modalities and methodologies, such
as diffusion-weighted MRI and functional MRI (fMRI) [33],
electrical impedance tomography (EIT) [30], and microwave
radiometry [34], provides enhanced insight in various physio-
logical and pathophysiological processes. Computational mod-
els serve to engender interpretation of the physiological mea-
surements/imaging data in a way compliant with the underlying
biophysical, biochemical, or biological laws of the physiological
or pathophysiological processes under investigation. Ultimately,
such investigative tools and systems enhance our understanding
of disease processes, the natural history of disease evolution,
and the influence of therapeutic interventions on the course of a
disease.

II. ORGANIZATION OF THIS SECTION

This Special Section is aimed at providing a snapshot of
the latest and emerging developments and applications of ICT
in the fields of biology and medicine, based on the best pa-
pers presented in the Eighth IEEE International Conference on
Bioinformatics and Bioengineering—BIBE 2008. The papers
published in this Special Section present research results and
address open issues in highly timely topics related to chronic
disease management, early diagnosis and treatment of cardio-
vascular and lung disease, functional imaging, development of
advanced HCI, with an ultimate aim of enhancing the healthcare
services provided to the citizen and the patient, and facilitating
their deployment in everyday medical care. The fifteen papers
of this Section have been grouped into the following categories.

1) Computational intelligence and data mining in support of
decision making in biomedicine.

2) New applications and wireless communication issues in
body sensor networks.

3) Human–computer interaction.
4) Medical imaging and physiological systems modeling.

A. Computational Intelligence and Data Mining in Support of
Decision Making in Biomedicine

Machine learning and data mining facilitates biomedical data
exploration using data analysis methods with sophisticated algo-
rithms in order to discover unknown patterns. Thus, reliable and
effective results are obtained that provide high classification ac-
curacy with a simple representation of gathered knowledge, and
are especially appropriate to support decision-making processes
in biomedicine [7], [8].

With the development of proteomics, tandem mass spectrom-
etry has been used for the rapid identification and characteri-
zation of protein components in complex biological mixtures.
Several search engines have been developed to interpret tan-
dem mass spectra for peptide identification [35]. All search
engines need to determine the masses of peptide ions from their
mass/charge ratios, given that the ions charges are not detected

by mass spectrometers. The current strategy is to search can-
didate peptides multiple times, once for each possible charge
state, a procedure that is time consuming and involves the risk
of false-positive peptide identification. The paper by Zou et
al. [11] proposes a support vector machine technique aiming
at discriminating doubly charged spectra from triply charged
ones, based on the use of 28 features, reaching a discrimination
accuracy of 93%–95%.

Coronary heart disease (CHD) is one of the major causes
of disability in adults as well as one of the main causes of
death in the developed countries. The paper by Karaolis et al.
[14] presents the development of a data mining system based
on decision trees for the assessment of heart-event-related risk
factors targeting the reduction of CHD events. According to the
presented results, it is anticipated that data mining based on
decision trees can help in the identification of risk subgroups
of subjects for developing future events, and it might provide
a valuable tool for the selection of therapy, i.e., angioplasty or
surgery.

Anxiety disorders are considered the most prevalent of men-
tal disorders and the exact reasons that provoke them to patients
remain yet not clearly specified. In their paper, Panagiotakopou-
los et al. [16] present a context-aware approach combined with
data mining techniques, aiming to provide medical supervisors
with a series of applications and personalized services, which
enable exploitation of the multiparameter contextual data col-
lected through a long-term monitoring procedure. In particular,
an application that assists the archiving and retrieving of the
patients’ health records is presented along with four treatment-
supportive services. The three services focus on the discovery
of possible associations between the patient’s contextual data,
while the fourth service aims at predicting the stress level a pa-
tient might suffer from, in a given context. The paper presents a
quite useful approach to the treatment of anxiety disorders.

B. Human–Computer Interaction

The increasing heterogeneity of computer users and the
stricter demands for reduced user frustration while interact-
ing with computers pose an imperative need for a shift of
the adaptation requirements from the human user to the com-
puter [9], [17], [23].

Complex mechanisms or systems of sensors have been used
to develop human–robot interfaces, while in most cases, the
user has to be trained to map his/her action (i.e., 3-D motion
of a joystick or a haptic device) to the desired motion for the
robot. The interface presented in the paper by Artemiadis and
Kyriakopoulos [22] allows the user to control in real time an
anthropomorphic robot arm in 3-D space, using upper limb mo-
tion estimates based only on EMG recordings. The proposed
interface is robust to EMG changes with respect to time, mainly
caused by muscle fatigue or adjustments of contraction level.
The efficiency of the method is assessed through real-time ex-
periments, including random arm motions in the 3-D space with
variable hand-speed profiles.

The significance of embedding emotion recognition and/or
multisensory integrative information to HCI systems has
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become clear [24], [25]. The paper by Frantzidis et al. [26] at-
tempts to classify the emotional state of a user by using advanced
classifiers and data mining techniques applied to neurophysio-
logical (EEG) recordings. The proposed classification model is
formed according to current neuroscience trends, adopting the
independency of two emotional dimensions (arousal and va-
lence), as dictated by the bidirectional emotion theory, whereas
it is gender-specific. Robust classification of objective emotional
measures is the first step toward numerous applications within
the sphere of HCI.

The paper by Magosso [28] presents a neural network model
to investigate the mechanisms underlying visual–tactile interac-
tions, which are increasingly being combined in many human–
computer interfaces (mouse, keyboard, and touchpad), commu-
nication technologies (e.g., mobile phones), warning systems
and multisensory information displays, endoscopic chirurgical
devices, and virtual reality systems. Some of the principles de-
lineated in the presented model that are biologically inspired
(feedforward and feedback connections, topological organi-
zation, inhibition to implement competitive mechanisms, and
solve conflicting and ambiguous situations) may have a general
validity and may be exploited in a large family of information
processing systems for multisensory integration.

C. Emerging Applications and Wireless Communication Issues
in Body Sensor Networks

WHMS represent the new generation of health care by pro-
viding real-time unobtrusive monitoring of patients’ physiolog-
ical parameters through the deployment of several wearable and
implanted biosensors [1].

In the paper by Pantelopoulos and Bourbakis [19], a physio-
logical data-fusion model is presented for a multisensor WHMS,
called PROGNOSIS.The proposed methodology is based on a
fuzzy regular language for the generation of the prognoses of the
health conditions of the patient, whereby the current state of the
corresponding fuzzy finite-state machine signifies the current
estimated health state and context of the patient. The operation
of the proposed scheme is explained via detailed examples in
hypothetical scenarios. Moreover, a stochastic petri net model
of the human–device interaction is presented, which illustrates
how additional health status feedback can be obtained from the
WHMS’ user.

The paper by Mougiakakou et al. [18] presents a platform,
called SMARTDIAB, which aims to support the monitoring,
management, and treatment of patients with type 1 diabetes
mellitus (T1DM). The platform integrates mobile infrastructure,
Internet technology, wearable continuous glucose measurement
devices and implanted insulin pumps, advanced modeling tech-
niques, control methods, and tools for the intelligent processing
of diabetes patients information. The SMARTDIAB platform
allows 1) intensive monitoring of glucose levels; 2) diabetes
treatment optimization; 3) continuous medical care; and 4) im-
provement of quality of life of individuals with T1DM.

Efficient algorithms and protocols for communication are of
utmost importance in body sensor networks. In the paper by Oh
et al. [20], a new [phase silence shift keying (PSSK)] modula-

tion scheme for high data rate implantable medical devices is
proposed. Simulation results are presented in terms of perfor-
mance, modulation options, spectrum regrowth by nonlinearity,
and roll-off values of a pulse-shaping filter. Link budget plan-
ning justifies the applicability of the proposed scheme for high
data rate applications in the body channel environment, such as
capsule endoscopy.

Today’s offered solutions in body sensor networks involve the
usage of radio frequency communication systems, which have
shown to provide adequate performance to ensure proper net-
work functionality, but there are concerns about their potential
harmful effects to the exposed human tissues. In the paper by
Davilis et al. [21], the use of ultrasonic waves as an alternative
means for wireless communication in body sensor networks is
proposed. A simple propagation model is used to evaluate ultra-
sonic waves as a communication medium, study the feasibility
of the approach, the effective bit rates that may be achieved, the
power efficiency of the scheme, and other system issues.

D. Medical Imaging and Physiological Systems Modeling

Advances in functional imaging techniques, computer-aided
image interpretation, and computational modeling is coming to
have a major role in a comprehensive interdisciplinary effort to
elucidate functions of living systems and structure-to-function
interrelations [32]. The intensive use of imaging techniques like
segmentation, rendering, and shape modeling is leading to de-
tailed descriptions of organs, while quantitative measures not
only of dimensions but also of composition and material prop-
erties can be provided. Modeling can be seen as a major tool
in order to integrate knowledge, to drive experiments, and to
optimize measurements in biological and clinical research.

Thoracic EIT aims to reconstruct a cross-sectional image of
the internal spatial distribution of conductivity from electrical
measurements made by injecting weak alternating currents via
an electrode array placed on the surface of the thorax. The paper
by Denaı̈ et al. [30] attempts to demonstrate the principles of
mechanical ventilation, lung recruitment, and EIT imaging on a
comprehensive physiological model that combines a data-driven
physiological model of respiratory mechanics, a model of the
human lung absolute resistivity as a function of air content and
a 2-D finite-element mesh of the thorax to simulate EIT image
reconstruction during mechanical ventilation. The overall model
provides a good understanding of respiratory physiology and
EIT monitoring techniques in mechanically ventilated patients
and can be combined with appropriate information/data-fusion
techniques to serve toward ventilator therapy management of
critical care patients.

Naturally generated signals from the body can be exploited
to measure temperature and/or conductivity fluctuations at low
microwave frequencies, by means of microwave radiometry.
In the paper by Karathanasis et al. [34], microwave radiome-
try is implemented using innovative approaches, with the view
to achieve 1) completely passive and noninvasive functional
imaging of the brain and 2) temperature monitoring during non-
invasive intracranial hyperthermia treatment. The main mod-
ule of the system is an ellipsoidal cavity, which provides the
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appropriate focusing of the electromagnetic energy on the area
of interest. According to phantom experiments, the system is
able to detect local concentrated gradual temperature and con-
ductivity variations expressed as an increase of the output ra-
diometric voltage. Moreover, when contactless focused hyper-
thermia is performed, the results show significant temperature
increase at specific phantom areas.

fMRI is a procedure that uses MR imaging to measure the tiny
metabolic changes that take place in an active part of the brain.
fMRI detects changes of deoxyhemoglobin levels and generates
blood-oxygen-level-dependent (BOLD) signals related to the
activation of the neurons. Efficient fMRI data statistical analysis
schemes are of paramount importance for detecting the weak
BOLD signal from the noisy data and determining the activated
regions of the brain. In the paper by Oikonomou et al. [33],
a Bayesian framework is used for the analysis of fMRI data,
able to deal with the nonstationarity of the noise. Results using
simulated and real data indicate the superiority of the proposed
approach by taking into account the complex noise structure of
the fMRI time series

Identification and characterization of diffuse parenchyma
lung disease patterns challenges computer-aided schemes in
computed-tomography lung analysis. In the paper by Korfi-
atis et al. [13], an automated scheme for volumetric quantifi-
cation of interstitial pneumonia (IP) patterns, a subset of dif-
fuse parenchyma lung disease, is presented. Initially, lung field
(LF) segmentation is achieved by 3-D automated gray-level
thresholding combined with an edge-highlighting wavelet pre-
processing step, followed by a texture-based border refinement
step. The vessel tree volume is identified and removed from
LF, thus resulting in lung parenchyma (LP) volume. Following,
identification and characterization of IP patterns are formulated
as a three-class pattern classification of LP into normal, ground
glass, and reticular patterns, by means of k-NN voxel classifica-
tion, exploiting 3-D co-occurrence features. Several measures
are used to evaluate the performance of the proposed scheme
in identifying and characterizing ground glass and reticular pat-
terns.

The last paper of this Special Section by Manos et al. [31]
illustrates in a clear manner the integration of advanced compu-
tational modeling techniques with physiological measurements
and imaging data to enhance our understanding of the patho-
physiology of hemodialysis access complications. Arteriove-
nous shunt (AVS) is the surgical connection of an artery to a
vein, creating an access site for chronic hemodialysis patients
with end-stage renal disease. A subject-specific 3-D shunt ge-
ometry in an animal model was built based on biplane angiog-
raphy data, and boundary conditions were imposed, as obtained
from in vivo flow and pressure measurements. The flow field in
AVS is studied by means of computational fluid dynamics, and
local hemodynamics is correlated with wall histology and wall
mechanics.

III. CONCLUDING REMARKS

The papers of this Special Section addressed some of the
challenges and implementation issues in the areas of computer-

aided decision making in biomedicine, medical imaging and
physiological systems modeling, body sensor networks, and
human–computer interfaces. All these topics are interrelated,
share advanced methodologies of ICT, and represent the many
attempts to provide better care for the citizen and the patient. We
trust that the reader will find value in these selected snapshots of
research and emerging applications. The Guest Editors would
like to thank all the authors for their high-quality work con-
tributed to this Special Section and all the Reviewers for their
hard work and expert comments in evaluating the manuscripts.
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