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Hoverent techrique is one of the factors which determines sport result. The achievement of good results in
svizming depends largely on the correct movesent technique. The syimeer who wants to achieve best raselts mist
ot only be very vell prepared in the physical sense but also must master the movement technique.

in contesporary svimsing the intensity and the range of training load reaches (almost) the maximum of
man's abilities. Yel, there are still some raserves from which we search for the possibilities of movement
perlection.

The expariments vhich have bean conducted on svimming technique for muny years indicated that thers is
2 reed for a more precise examination of the phases of movement which are most significant for the locczotion in
the water by using mev and most modern investigative methods.

“hough theve 1& a vide range of experiments on swimming technigue, the spatial characterization of
2 sviamer's movements 1s still an opan probles. Swiwer's movements shov great spatial complexity which, though

; scientific publications dealing with it still requires investigation. It is also tecause of

ical reasors that this corplex movezent is evamined and analysed as plane mtion. So far only a few
scientists {Barthels and Adrian, 1975, Couwnsilmen 1571, Issurin, Xostiuk 1984, Ray, 1585) have dealt with
spatial anaiveis of the swimper's motion.

from the biopechenical point of vias it is izportant to deternine the relationship between movement of the
cpper extreaity and the locomclive welocity of 2 selmper. The amalyses of the course of movesent of the upper
ey v (the pulling cne} sade against 3 background ¢f changes of velocity taking place in the movement cycle
zay bave & significant meaning for the examination and determination of the necessity to examine spatial
kirematic povement parapeters of the swiamer s upper extremity against a background of his locomotive velocity.

FIRPOSE

The aiz of the paper is to ceternine the relationships between selected spatial movezent parazeters of the
seimper's upper extreaity ard his locomotive velocity (velocity of his body).

Spatial analysis ¢f the swimper's movements allovs one to calculate the spatizl kirematic sovement
rarapeters of the svimmer's body mpving in time and space, thus, achieving the new value in biomechanical
experiments on the swimaing technique.

METHCDS AND PROCEDURE

The investigations concerning the swimming technique conducted in water require the adaptation of the
apparatus and methods used on land. Photogrameetric measuring methods based on binocular observation which mede
it possible to register the phencmena taking place and to carry out the spatial analysis were used. In order to
register the swimeer's motions in water the photography of lights pulsating vith the comstant frequency (LED
- light emitting diodes) was uvsed.

The investigetinn stand consisted of the stereophotogrametric casera which was placed under the surface of
the water, elactenic tester placed in the photography field and the electromic recorder of movement fixed to the
svimmer ¢ back. The tester consisted of two independent gates hung on the lines of the lane in which the svimer
sWan.
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Figure 1: Undervater stereophotograpetric photography
A,D - Light point (LED}
B - Control point
¢ - Stereophotogrametric camera

A competitor equipped with the recorder for movement covered the distance of anyvhere from ten to twenty
meters with maximum velocity. Stareccavera registered only ome cycle of povement,ths one that got into the gates
of the tester.

The electronic recorder of the novement {fixed to the swimmer’s back} consisted of the rectangular
container with three wires ending in LEDS. The diodes registered movement of the upper extremity and svimmer's
locomotive movegent. The construction of the recorder of the movement enables one to identify the light signals
registered on the photographic plate. The time of the light irpulse apounted to 12.5ms for the upper extremity,
25ps for the leg and 50ms for the body. The diode fixed to the arm it vhen the svimmer's hand impersed in the
water and it vent out when the arm left the vater. It contained information about the time of the extremity's
movement in water.

A cyclic character of movesents is typical for swimming, vhich means that a competitor covering a distance
constantly repeats a definite cycle of sovement. That is why one selected movement has been amalysed (the
phase of movement @hich took place under the surface of the vater).

Upper extremities are the main driving mechanisa in sport sviming, thus, the swimeer's locomotive velocity
depends largely on the proper direction and the movement velocity of the upper extremities.

Swimsers representing & high level of sport mastery have been examined. The basic anthropozmetric
neasuregents vhich were condurtad excluded the influence of the body build on the results of the investigationm.
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KESOLTS AND DISCUSSION

Stereograms including the recording of the trace of the extreaities' movesent and the trace of the movement
of the swimser's body {the path along which be moved) were the result of the investigaticn. Photogrametric
analysis of the filz material resulted in numerical values of XYZ coczdinates of the succeeding points of the
discrete recording of the swizmer's movement.

Salected kinematic parameters of the swimmer's movements were calculated on the basis of results of the
photogrametric elaboration and the information refering to the time of the particular light impulses. In order
to calculate the velocities of the movement the following formula wes used:
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vhere 1 1,j - succeeding number of point,
X,y,z - cartesian coordinates,
t - time of impulse

The foliowing kinematic parameters for the upper extremity and the svimmer's body have been obtained:
velocities between the succeeding points of the discrete recording
maxirzus, minious and mean velocities for the upper extremity
zagioun, ainisum and mean velocities for the body motion
the length of the distance for the upper extremity
- the length of the distance covered by the svimmer's body

The calculation of valves of the XYZ coordinates allowed one to drav the path of the upper extremity's

povepent in three planes: XY - from one side, ZY - in front, 2X - froa belov.
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Figure 2: Sviaming strcke pattern: side - XY, front - 2Y and belov - X2 view.
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Points a and e are the beginning and the end of the movement respectively, points b,c,d, are the places
vhere the shift of movement took place. These points were marked on the basis of stereocopies cbservation of the
photographs forsing the stereogras. )

The analysis of paraseters presented in the table shows that there is positive relationship between the
main velocity of sviming.

TABLE 1, KINDMATIC PARAMETERS DEARACTERIZING SWDMMING VELOCITY
(CRASL)

HAND BODY

SUBJECT | speed | time |distance| V mean | Vmax | V min | time [distance| V mean | V max | V ain
100 a
crovl | (t} (m) (a/s} | {a/s) | (w/s) | (t} (a) (8/s) | {a/s) | (m/s)

1. W.R. 53.73 f 0.95 1 2.50 2,57 | 5,70 | 1.62 | 0.85 ] 1.%0 1.82 | 2.10 | 1.64

2. B.M. 52.38 | 0.85 2.30 2.38 | 5.44 | 1.60 | 0.95 | 1.83 1.80 | 2.07 | 1.42

3. KN 53.12 1 0.85 | 2.24 2,30 [ 5.35 [ 1.5¢ | 0.70 | L.77 174 (L9 | L3

{. K.R. 53.25 {1 0.72} 2.18 2,28 1 5.28 11,02 1030|170 1.68 | 1.92 | 1.17

S.J. 53.88 | 0.60 | 2.10 2,15 [ 5.20 | 0.77 | 0.64 | 1.65 1.60 | 1.87 | 1.05

o

Suaming up, it can be stated that the obtained results include much more information about the kinesatic
characteristics of movesent than were found in the previous investigations because the course of movement gives
us information about the path along which the upper extremity moves, whereas movement velocity of the upper
extreaity inforss us indirectly about the force vith vhich this extreaity works.

CONCLUSIONS

1. Time spatial characteristics alloved to differentiate swimsers and proved that the character of the novement
(its directiom) influences swiaming velocity,

2. It vas found that there is a positive relationship between the movepent velocity of the upper extremity and
the length of the distance, and between the mean velocity of the upper extremity's movement and the mean
svimming velocity.

1. Stersophotogramsetry analysis of the sviming technique gives the possibility for one to vatch the effects of
the technical training process in a mre objective manner than in two dimensional analysis.
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Figure 3 Besultant fend and body speed.
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