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Abstract: Analysis of physiological signals of different
origin, like blood pressure, heart rate, or electroenkephalography, has so far been incoherent because of
the different measuring systems, data formats and
analysis software. The systems are usually closed so that
data produced with one system cannot be transferred to
and analysed with another. New highly specialised
software and equipment for analysis have also soon
become obsolete. There is a growing need for more
general-purpose signal analysis system which would not
be tied to specific computer or measurement systems. This
kind of system for scientific research is now under
development in co-operation with Tampere and Kuopio
University Hospitals, VTT Information Technology and
Laboratory of Measurement Technology in TUT.
INTRODUCTION

There are numerous different systems for recording
physiological signals, e.g. electrocardiography, heart rate,
blood pressure or electroenkephalography. Unfortunately, the
signal and data formats as well as analysis methods used in
these systems are often very different. Yet these signals, when
recorded simultaneously from the same patient, should be
able to be combined, processed and analysed together.
Furthermore, especially in the collaborative studies between
different sites, the data originating from the systems of
different manufacturers should be processed and analysed in
the way that the results are comparable with each other.
For this a tool, which can manage and combine numerous
data formats in a flexible way, is needed. This data can then
be analysed in a coherent way without any dependence on the
original systems.
The main goal for this project is to create a research tool,
which makes it faster and easier to process and analyse the
signals collected from different sources in a standardised way.
This makes it possible to concentrate on interpreting the
results and finding out the physiological interactions, and

IMPLEMENTATION TOOLS

MATLAB', which is a
a solid base for
computational problems of signal analysis. It is widely spread
and has versions for both PCAMindows. UNIX and Mac
This project is carried out by using

mathematical software that provides

computer platforms. Scripts and functions created in one
system are directly or with minor changes transferable to
another system. It is also possible to create graphical user

interfaces

for

analysis tools completely based

on

this

software.
Another reason for selecting this tool is that it has already
been used to some extent for physiological signal analysis [1].
Therefore the separate analysis tools created during the past
are quite easily adopted to this new system and emerged to

form a basis for a general-purpose physiological signal
analysis tool. Basis for data structures needed for data
administration has also been created for MATLAB in an
earlier project [2].

DESIGN GOALS
The analysis of different physiological signals share many

coffrmon methods. For example, spectral analysis plays
important role in the analysis of both heart rate, electroenkephalography and electromyography. Hence, same
analysis functions can be utilised while dealing with signals of
multiple origin. This idea supports the principle of software
re-usability and generality and is one of the main goals of the

project.

In the first phase of the

project, however, tools are
analysing and processing blood
pressure and heart rate signals. The following operations are
developed merely

for

for the basic functions of the system:
The construction of a general data structure which
can contain all the data to be processed as well as
some other important information (obj ect-oriented
data model)

set as design goals

o

thereby to model the human physiology.
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Importing data to the data stnrcture from any predefined data format
Processing of both equidistantly and nonequidis-

preprocessed for this analysis. Nonequidistantly sampled
signals must be interpolated and downsampled to make them
equispaced. Possible trend needs to be removed fiom the

tantly sampled signals

signals.

Easy selection of signals to be analysed

pling equidistant)
Plotting and printing of signals using the wanted

Spectral analysis may be done by using different methods:
or Fast Fourier Transform.
Parameters for both of these methods must be adjustable. The
user also has to be able to define the type of the scaling (linear
vs. dB) for the spectrum as well as the interesting frequency

scale (time scales, amplitude scales)

bands.

of signals (up- and
downsampling, interpolation to make the samChanging the sampling rate

Calculating statistical properties

of the

signals

(mean, standard deviation, variance, correlation)
r Filtering the data (averaging, low- and high-pass,
median)
These functions may be considered as general signal
processing functions. Additionally, the system contains
some signal specific operations for physiological signals,

like transformation from heart rate (beats/min) to heart interval (msec), and vice versa.

EXAMPLE OF A GRAPHICAL USER INTERFACE

An example of a graphical user interface created with
l. This tool was created for

MATLAB is presented in Fig.

basic signal analysis for one or two signals at the time. Signal
means and variances are calculated automatically when
signals are plotted. Auto- and cross-correlations as well as
signal spectra can be calculated by simply pressing a button.

Some parameters, e.g. maximum correlation

lag, are

adjustable.

The tool is based on a general data structure mentioned
before. The structure contains several signals with same time
axis as well as signal names and units and some additional
informatior, €.9. starting time of the measurement, in compact

autoregressive modelling

As the result system produces, for example, power of the

signal spectrum

for

each defined frequency band

CONCLUSIONS

The main principles of the project aiming to design a
general-purpose signal processing and analysis tool for
multiple physiological signals were presented. The first phase
of the project is currently running and is to be finished by the
end

of 1996.
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Figure

l: Example of a graphical user interface

EXAMPLE OF AN ANALYSIS MODULE
An example

of

an analysis module under implementation

is one for spectral analysis. First of all, signals need to
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I2lH.Sorsa, "Information management and graphical tools
for MAR signal analysis toolbox" (in Finnish), Master of

If data structures become very large, the data and other
information needed for the analysis can be read straight from
the hard disk of the computer instead of loading the whole
data structure into the computer's memory.
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of the control of the cardiovascular system" (in
Finnish), Master of Science Thesis, Tampere University
analysis

form.
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and

baroreflex sensitivity, BRS.
All these operations can be performed automatically based
on the default parameters or the parameters can be selected
specifically for the current analysis operation.
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