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INTRODUCTION

Some kinds of equipment for measurement of bio-dynamicsin sports training and its related
directions have been employed which are the goniometer, the electoromyography, the camera and
il video camera(ADRIAN et al.,1989). Each pieceof equipment has unique advantages, but there
are some problemswith relation to each pieceof equipment. New measurement method have been
expected. The purpose of thiswork is to propose askill evaluation of tennis movement based on
forearm electrical impedance and its measurement method. This method has the following
characterigtics: 1) It does not have spatial and temporal limitation for measurement. 2) The subject is
scarcely restricted in movement. 3) The data processing can be handled easily and quickly. 4)
Impedance waveforms intuitively show magnitude, form and stability of movement. This method
uses a human body itself asa part of the sensor, and the change of bio-electrical impedance is
measured in human movement (YAMAMOTO et al., 1992). Wetry to evaluate the pattern of
movement using the pattern of impedance waveform and the stability of movement using the
reproducibility of impedance waveform. It can beintuitively evaluated reproducibility and mobility
of serve movement using waveform of forearm electrical impedance. Hence we made atrial about
principal component analysis using 4 parameters of impedance waveform.

MATERIALSAND METHODS
(@ lmpedance measuring system

Fig.1 showsa block diagram of impedance measuring system. The measurement method of
impedance uses the four electrodes technique based on constant current (50kHz, 500z A) (
GEDDES et d., 1989). Fig. 2 showslocation of electrodes. The four electrodes technique is the
method where four electrodes are put on in aline, constant current flows through the outside two
electrodes (current el ectrodes: | o T)and the potential difference, which arises between theinside
electrodes(potential electrodes: P*, P ), is detected(NAKAMURA et al.,1992a). We defined
eectrical impedance by measuring equivalent seriesresistence of human limb. The measured partis
the middle of the forearm, whose length is H<* with the impedance of Z where H isthelength
between the top of the olecranon and the processus styloideus. In order to standardize to the
measured parts among subjects, the locations of electrodes are shown with H in Fig.1. All
electrodeswere attached to theskin surface of lateral aspect of the upper limb. A g AgCl electrodes
of 10 mm dia. were used.
{(b) Principled bio-dynamics analysis

The human limb has a complicated structure which consists of bone, muscle, fat, blood and
skin. A constant current of frequency 50 kHz flowsamost through the tissues of muscle and blood
whose resistivities are lower than the others ( GEDDES ¢ 4d., 1989). Thehuman isapproxi-
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Fig.1 Impedance measuring system. Fig2 Location of electrode.

mated by the parallel conductor model which consists Of tissues of muscle and blood. Taking the
position that the changes in sectional area of muscular tissue and volume of blood cause the changes
of impezdance during some sorts of movement, we try to measure and analyse human movement
through the changes of impedance(NAKAMURA et al.,1992b).

Bio-dynamicsis characterized by magnitude of movement, form of movement and stability of
movement. A summary of the magnitude of mavement and the form of movement isdefined as the
movement pattern. It is very important to evaluate these exactly. We propose to analyse bio-
dynamics using impedance characteristic, because human limb impedance varies with human
movement. We try to evaluate the movement pattern using the pattern of impedance waveform (i.e.
impedance pattern) and thestability of movement using the reproducibility of impedance waveform
asshowninTable 1.

Table1l Evaluation method by impedance

muvcment impedance waveform
magnitude pattern

form

stability reproducibility

RESULTS AND DISCUSSIONS

(a) Impedance waveform during serve
We measured six timesin 9 subjectsduring aserve with and without a ball, the subjects were
both skillful and beginner players. The superimposed 6 waveformsof are shownin Fig. 3. The
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ard time point of superimposed waveformsisthetimepointof D inFig. 3.

Zisinfluenced by flexion and extensionof the elbow joint, uinar flexion and palmer-flexion of
g wrist joint and acceleration of the forearm. The movement of the wrist joint is very important
Eefinge and after impact. A stands for ready position for theserve. B stands for flexion of the wrist
jEmt after histoss up. Theincrease of Zfrom A to Bisinfluenced by pamerflexion of thewrist
joint. From B to D stands for the movement of the racket loop, the decrease of Z iscaused by a
mlease of pamerflexion. In particular, the variation of from Cto P wasinfluenced by flexion and
extension of the elbow joint. From D to F stands for extension of the elbow joint, hitting the ball
and follow-through. The quick change of Z during the time period between Pand Q was caused
Wy ulnar flexion of the wrist joint and promotion of muscular pump action before impact. The
ehange of Z during the time period between Q and F was influenced by the change of blood
welume during the swing.
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Fig.3 Impedance waveform during tennisserve of skillfull and beginner player.

In waveforms of Z during serve with a ball and without a ball, each waveform of a skillful
player was very similar to each other, but each waveform of a beginner player wasnot. Z of a
skillful player varied more than that Z of a beginner player, because the movement of a skillful
player islarger than that of a beginner player. This suggests that the wrist movement of a beginner
player is not great enough. Thusimpedance pattern represents the movement pattern of the
movement Of theserve. Reproducibility of impedance waveform represents astability of movement
of the serve which is high in the skillful player and low in the beginner player. In this method
impedance waveform intuitively shows the whole image (magnitude, form, and stability) of
mEsvenssnl.

(b) Principal component analysis

Four parameters which show reproducibility and mobility using waveform of impedance were
defined. We made a trial about principal component analysis of Z during serve and got a scatter
diagram of first - second principal component Z; and Z, about 9 subjects including skillful and
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Fig.4 Diagram of first - second principal component.

beginner players. Asshown scattering first principal component Z; in Fig.4, skillful players are
almost negative area, and beginner players are positivearea. The principal component analysis
devided subjectsinto skillful and beginner players.

CONCLUSIONS
It was clear that the impedance waveform showed the movement pattern and the stability of

movement of the serve from examining theresults of skillful and beginner players. The advantages
of thismethod are asfollows. Thereis no spatial and temporal limitation for measurement. The
subject isscarcely restricted in movement. Various data analysis can be applied through easy data
processing. Al haugh we must select appropriate locationsof electrodes in each type of movement,
this method can be expected to have applications for various sports. In processing the results of
various subjects whose impedance level is different among the subjects, the standardization of the
datafor an accurate evaluation of movement isthe matter for future study.
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