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Scientific Progress
Cardiovascular and respiratory system research
We are studying methods of synthesizing VCG-like signals from measurements with a reduced number of leads.
In this way, fewer electrodes than normal need to be used
in measurements, but the signal can be reconstructed with
high enough accuracy to perform vectorcardiographic or
standard ECG lead based analyses. We are exploring novel
non-linear systems theory based approaches. Similarly to
the ECG, respiration flow yields important information on
many disorders and problems such as cardiac disorders,
asthma, obstructive pulmonary diseases and sleep apnea.
We have developed novel ECG-derived respiration (EDR)
methods. The performance is proven to surpass that of
many current methods in the literature, as the new EDRsignal has a strong correlation and coherence with chest
band based respiration measurements.
The multiple linear regression technique with two predictor variables has been used commonly since the 1980’s
for calibration of respiratory effort belts. However, this
method yields only crude predictions of the waveforms in
the airflow signal. We developed an improved calibration
method that uses an optimally trained FIR filter bank and
Multiple-Input Single-Output system model. Our FIR filters perform optimal linear transforms of the belt signal
waveforms in order to match them to the spirometer signal
waveform, which makes the result of the prediction much
more accurate than with the standard method. �����������
The method
can be used in pulmonary and critical care medicine.

Central nervous system research
Hypoxic ischemic encephalopathy (HIE) is a severe complication of cardiac arrest (CA). At the moment, no reliable technological solution for early estimation of HIE
after CA exists. Even though quantitative EEG analysis
has recently shown promising results as a tool for diagnostic monitoring of HIE, the effects of anaesthetics during
intensive care can potentially disrupt the interpretation of
the signal. We gathered a unique data set from CA patients
in the early phase of recovery, in which the combined effects of HIE and anaesthetics on EEG are investigated. In
the future, this data will be used in the development of a
novel technology for diagnosing HIE.
Emotions are fundamental for our everyday life, affecting
communication, learning, perception, and decision making. Including emotions into human-computer interaction
(HCI) would be a significant step forward, offering great
potential for the future in the development of novel tech-
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nologies. We investigated the selection of a subject-independent feature set for EEG-based emotion recognition.
Features were selected to classify a person’s arousal and
valence while watching videos with emotional content.
Optimization of the feature set was carried out. The best
classification rate, substantially improving the rate reported in the literature, was obtained with a set containing
power spectral features.

Musculoskeletal system research
Current clinical diagnostic tools have only limited ability
to assess fracture risk or early osteoarthritis at an individual level. Using a biomechanical approach and advanced
image analysis, we have shown that structural parameters
can discriminate femoral neck fractures from controls. Assessment of the trabecular structure using texture analysis of radiographs appears to be a promising method. We
showed that a homogeneity index assessed by texture
analysis of conventional radiographs can explain 50% of
experimental failure load and determines bones with high
fracture risk with similar accuracy to bone mineral density
(BMD). We have developed computational finite element
(FE) models and shown that FE analysis can yield reasonable accuracy in the assessment of experimental failure
load. We also showed that dual-energy digital radiography
(DEDR) can be applied for bone assessment, and it correlates well with the mechanical properties of bone. We also
demonstrated that the novel axial transmission ultrasound
technique can discriminate fracture subjects from controls
with similar accuracy to that of DXA.
In collaboration with researchers from the University of
Eastern Finland and Mikkeli Hospital, we have developed
multimodal technology for the detection of early degenerative changes of articular cartilage. We have demonstrated quantitative magnetic resonance imaging (MRI),
ultrasound, and spectral infrared spectroscopy as potential
tools for improved clinical diagnostics. Novel quantitative
MRI techniques have been developed and proven to be
more sensitive to osteochondral degeneration when compared to established techniques. Furthermore, biomedical
imaging techniques suitable for quantitative 3D imaging
of osteochondral tissue samples are actively developed
within the group. Specifically, micro/nano-CT and MRI
based techniques are being investigated. These 3D techniques improve our understanding of the pathogenesis of
early osteoarthritis.
We have performed studies on the extra-skeletal risk
factors, showing that reduced physical performance is a
significant determinant of a fracture. We also presented
a detailed wireless body area network (WBAN) scenario

utilizing the recent IEEE802.15.6 standard as applied to
a multi-accelerometer system for monitoring Parkinson’s
disease and fall detection. Additionally, we presented an
interactive, gamified activation method for increasing
physical activity among young people.
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