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Abstract: A PRIMAS Precision Motion Analysis
System had been installed at the Department of
Measurement and Instrument Engineering, TU
Budapest at the end of 1994. The aim of this paper is
to give å summary of its biomedical applications we

the parameters but also on the measurement setup of the
system. For further details, refer to [21.

BIOMEDICAL APPLICATIONS OF MOTION ANALYSERS

have been conducting. The COPERNICUS progråm

(nr. 7845) financed our

co-operation and joint

research work.

THE FEATURES OF A HIGH.PRECISION PASSIVE
MARKER BASED MOTION ANALYSER
The PRIMAS qystem is based on the video/digital
conversion method developed at Delft University of
Technology tU. PRIMAS is a passive marker based
motion analyser, several commercially available systems
have been derived from it (e.g. VICON, ELITE). In
marker based motion analysis the movement of the objects is described by the trajectories of landmark points,
where markers are attached to. During the analysis these
markers are tracked by CCD cameras. The marker image on a CCD sensor is the two-dimensional projection
of a marker. The position of a marker is characterised by
its centre co-ordinates. The 2D co-ordinates of the centre
of a marker image are computed by processing the
digitised marker image. The 3D co-ordinates can be
determined on the basis of at least two 2D co-ordinates
belonging

to the marker images (taken by different

cameras) of the same marker. Figure

I

summarises this

elementary signal proce ssing.
Passive marker based motion analysis

is especially

suitable for biomedical applications as the lightweight
(<10 gram) markers cause negligible discomfort for the
examined person or animal. The sampling rate of the
analyser is high (100 frames per second) and it has good
resolution (604 x 288 pixels). As a result of sub-pixel
marker image centre estimation, the resolution of the
system is l:6000 both horizontally and vertically when
applying usual sized markers. Accuracy - especially in
3D - cannot be specified simply as it depends not only on
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Several diseases modi$ the movement pattern of humans as well as that of animals. Physicians and researchers had studied the movement of living creatures before
the recording of movement was possible. Without recording the applied method was human observation assuring

qualitative analysis only. Modern motion analysers provide the experimenters with accurate data thus helping to
find the correct diagnosis. Motion analysis can give a
feedback to the physician about the effrciency of the therapy as well. During rehabilitation a direct feedback might
be formed based on the measured data and an appropriate

model. An animation showing the expected movement
pattern can be superimposed onto the scene showing the
patient and the environment. Experience shows that this

technique greatly improves

image

of

TIIE COMMON FEATURES OF OUR APPLICATIONS
The applications are research oriented: neither the
measurement technology nor the necessary signal processing is known exactly

in advance. The

necessary

fea-

ture extraction (deriving a few parameters from the directly measured time-functions) and the exact defrnition
of the measurement setup (camera arrangement, movement to be performed, marker positions) were not fixed at
the beginning of the experiment. To make the final
definition of the above parameters a close co-operation
with medical experts, physiologists and neurologists has
been vital. To create a "common language", programs
were written to display the total recorded data base, the
time-functions of all markers. without information reduction.
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Low-level signal processing in marker based motion analysis
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The analysis and evaluation methods were

Figure 2. shows average displacement values for

discussed and tested using these programs and the
make

45 hours, each bar is proportional to the average of the
distances covered by the 3 rats in a group during an

information reduction possible: to select the important
parameters that describe movement accurately enough
for the goals to be achieved. Once the parameters are
selected, classes can be defined, such as normal and

hour. The top curve is for the control group (kept in
horizontal tubes) and the middle curve is for the rats
in the tilted tubes. The bottom curve shows the output
signal of a light sensor. The difference in activity be-

whole data base. The next step was

to

different pathological behaviour of the examined
patient or animal. A class allows for a range of
parameters, a certain overlap of classes cannot be
avoided, the realistic aim is to minimise such overlaps.

Having established the classes together with the
relevant parameters, the measurement technology
should be reconsidered. In the following, two concrete
applications will be briefly described.
MOTION ANALYSIS OF RATS KEPT IN TUBE.
LIKE CAGES

In the Experimental Research Department - Second Institute of Physiology, Semmelweis University of
Medicine, special tubelike cages were developed and
constructed to study the chronic adaptation of the vascular system of rats to static load. The cages are tilted
by 45o. The rats are in head-up position and they can
move back and forth and turn around the longitudinal
axis of their trunk freely but they cannot turn to headdown position [3]. The movement pattern of rats in the
tilted cages should be compared to that of a control

in similar but horizontally placed
cages). The movement of the rats were recorded for 8
days. Three rats were put into horizontal and three rats
into tilted cages. 16 markers were stuck on the skin of
each rat in order to generate the following three timegroup (rats kept

functions:

.
r
o

position of the rat in the tube

$ position),
head-trunk distance,
rotation around the longitudinal axis.
One frame was taken in each second resulting in a
total

of

160 Mbytes of raw data. The raw data was

processed to extract the above parameters. We integrated the total distance covered by each rat during the
experiment. The total displacement is nearly twice as
high for the rats kept in the horizontal tubes than that
of rats in the tilted tubes. Consequently, this integral
feature is suitable to characterise the difference in the
movement activity of the two groups.

tween the two groups is substantially higher at night.

DETECTION OF PARKINSOI\]'S DISEASE IN TIIE
EARLY PHASE
The aim of this application is to recognise the subtle deviations of human movement from normal in the
early phase of Parkinson's disease. The task is further
complicated by the fact that other neurological diseases have similar symptoms. The researeh plan concentrates on two main parts: examination methodology
and feature extraction. The examination methodology
contains the definition of
. movement patterns to be analysed,

o
o

request

one's hands,

b.) complex patterns: hand waving. during gait,
turning the head during gait.
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Figure 2. Total cumulated displacement vs. time
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The aim of feature extraction is to characterise the
movement of a patient with a few parameters only.
The results are expected to give a feedback for the
definition of movement patterns to be analysed. A data
bank will be created by examining the movement of
patients, who are known to be free of or suffering
either from Parkinson-syndrome or from other neurological diseases. On the basis of this data bank and the
fixed movement patterns a routinely applicable examination method will be formed.
The initial movement patterns are the following:
a.) simple patterns: normal gait, turn over, finger
movement like playing the piano, twiddling

aa+ö

tr

the patient to perform

movement patterns.

a.+5

tr

the relevant anatomical landmark points of the
patient,
the parameters of the analysis: placement of the
cameras, sampling rate, generation of signals to
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