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INTRODUCTION

History was made at the Atlanta games by utilizing the Internet to
provide biomechanical data immediately for use at remote sites. Video
cameras were utilized to record the events and the data was transmitted to
computerson-sitefor conversiontodigital format. Videoclipsaf individua
performancesin variousevents were made availablefor downloadingfree
o charge from the Ariel Dynamics website usualy within hours of the
actual performances. The posted events were filmed from various
perspectivesutilizing numerouscameras providingdatacapabledf yielding
3-D biomechanical results. Thisrapidavailability of sporting activitiesfor
study by scientist, athletes, coaches, and the general public on the Internet
isahistory making event. It further illustrates the potential of Internet asa
research tool.

The purpose of the present research project conducted at the XXVI
Olympiadin Atlantawas to expand the biomechanical applicationsand the
interactive capabilitiesdf the Internet to make sport performancesrapidly
availabletoeveryone. TheTrack and Fieldevents, particularly thetopfour
discus performances at the Atlanta Olympics in 1996, were selected for
kinematic analysistoillustratethese procedures because they are uniquein
captivating an enthusiastic world-wideaudience.

PROCEDURES

In the present study, a biomechanical analysisof the Discus throwing
was performed. Video records were collected on the preliminary and final
performances of the Men's Discus event. Video cameras were placed in
key positions, approximately 45 degrees to the plane of the path of the
thrown object or of the athletic performanceitself, in order to record the
particular event. Threevideo cameras positioned a distancesfrom 50 to 80
m recorded all discus throws at 60 fields/sec. One camera was located at
theback of thecircle, camera2 wasto theside and camera3 was situated,
45 deg. to theleft-front of thecircle. Figures 1 and 2 illustratethe camera
positioning.
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Figurel. Discusrear cameraview

Thesearedynamicsvideoclipsfrom whichonecan control and observe
the movement. For non-compressfull videoonecan log on to our web site
at: http://www.arielnet.com and download the origina videoclipsthrough
FTPconnection.

Thevideo picturesweregrabbed from each view with Intel Smart Video
Recorder Plus frame grabber and the files were stored in Audio Video
Interlaceformat (AVI). These data were then uploaded, viasatellite, to the
Ariel Dynamicswebsite. Thestored datawereavailableto all freedf charge.
TheAVI filescan bedownloaded frameby framefrom theAriel Dynamics
FTPSitefor digitizing. Thefilesare in compressed video format in order
to conserve bandwidth. The resolution of compressedfiles are lower than
theregular files but the datawas ableto berapidly availablewhich wasthe
purpose of the study.

Todownloadthesefiles, visit hitp://mww.arielnet.com and click on the
FTP Site Button. Then, select theOlympicsdirectory and click on thedesired
AVI file(s). For adetailed list and explanation of what each file contains,
click the’ATLANTA' link from themiddleframeadf themain page. Thelist
is also obtainable by clickingon any of the sport icons on various pages of
thesite.

RESULTS

Thetop four Olympicdiscusthrowers height and weightswere: Riedel
(199 cm, 110kg), Dubrovshchik (193 cm, 115 kg), Kaptyukh (197 cm, 117
kg), and Washington (188 cm, 109 kg).

Thebest throw recorded by thetopfour performersin theDiscusevent:
1) Riedel (Germany), 2) Dubrovschchik (Belarus), 3) Kaptyukh (Belarus),
and 4) Washington (United Statesof America) were selected for kinematic
analysis.
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A control cubeconsisting of 9 pointsrepresentingacompositeof circle
dimensions and anatomical landmarks and 21 data points were digitized
and entered into thethree dimensional DLT module and converted to real
displacements. The 21 data pointsdigitized wereleft foot (fifth metatarsal),
ankle, knee, hip, right, hip, knee, ankle, left wrist, elbow, shoulder, right
shoulder, elbow, wrist, hand, discus, basedf the neck, mastoid process, top
of the head, left and right circle diameters at the hash marks. The real
coordinate endpoints were smoothed using a 10 Hz cutoff frequency in a
low-passdigital filter. The 3-D displacementsdf the circle diameter were
compared to the actual 250 cm displacement. The top four performers
trialsyieldedan averageerror of 2.9cm (1.2%) usingthe DLT transformation
algorithm.

From the present kinematic data, an enormousamount of resultscould
beanalyzed. However, the throwing performanceparameterssel ected were:
discreleasevelocity,disc projection velocity aong theY Z plane, the height
of release, and thetime of movement.

Throwing Results

The resultant release velocities calcul ated the best four throws were
3080.1 cdsecforRiedd (GER), 2718.5cdsec for Dubrovschchik (BLR),
2599.0 cdsec for Kaptyukh (BLR) and 2498.0 cdsec for Washington
(USA) (seeTable 1 and Figure 3).

The projection anglesin theYZ plane representing the anglein respect
to the horizontal were 21.9, 29.1, 37.3, and 29.9 degrees for Riedel,
Dubrovschchik, Kaptyukh, and Washington, respectively (see Figure.4).

Table 1. Throwing Kinematics for Top Four Discus Performers & 1996
AtlantaOlympics

Flace Parformer Digance Rel Pioj  Rel Move .
Vdodty Ang Ht Time,
m cm/sec (yz) deg m sec
1. Riedd (GER) 69.4m 3080.1 219 15 3.0
2. Dubrovschchik(BLR) 66.6m 27185 29.1 15 3.0
3. Kgptyukh (BLR) 65.8m 2599.0 37.3 16 19

4. Washington (USA) 65.4m 24980 209 12 16
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The heighis of release of the discus were 1.5 m, 1.75 m, 1.6 m, and
1.21 m for Riedel, Dubrovschehik, Kaptyukh, and Washington, respectively
{sce Figurne 5).

The elapsed times to complete the turns of the throw were 3.0 seconds
for Riedel, 2.3 sec for Dubrovachchik, 1.9 sec for Kaptvakh, and 1.6 seconds
Tor Washington (see Figure ).

The combined effect of the projection velocity, projection angle, and
height of release resulied in medalist throws of 624 m (Olvmpic record)
by Riedel (GER), 66.6 m by Dubrovschchik (BLR), 65.8 m for Kaptyukh
(BLR). followed by 65.4 m for Washington (USA) (see Table 1, Figures 7
& B}, The aerodynamic variable of angle of attack was not determined for

these throwing trials,
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CONCLUSIONS

The throwing velocities determined were similar to the velocities
calculated for analyses performed by Ariel in 1976 on Silvester and Oerter.
There were negligibledifferencesin the projection angles used by thefour
best discus throwers in the Atlanta Olympics but there were significant
differences in the resultant projection velocities between the top four
contestants analyzed. Riedel, the gold medalist generated the greatest
projection velocity of 3170.1 cdsec and Washington had a projection
velocity of 2484.9 cdsec, which represented an 28% increasein solely the
speed of thediscus over thefourth placefinisher.

An examination of the projection velocity, angle, and release height
information would indicate that Dubrovschchik and Kaptyukh probably
could havethrown at lower projection anglesasresult of their greater rel ease
height, in order toimproveperformance (Pfaff, 1994). Also, theseprojection
angles would haveto be adjusted for thelift and drag provided by thedisc
velocity, angle of attack of the disc, and the wind conditions, which were
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not calculated in thisanalysis (Altmeyer, Bartonietz, & Krieger, 1994).

Interestingly enough, Washington performed the throwing movement
in 46% less time, while Riedel took the longest amount of timeto release
thediscus. This may indicate that Washington moved acrossthecircletoo
quickly, thus not allowing enough timefor the storage of elastic energy in
thearm during theturns. Consequently, alower energy return was observed
at the release of the discus (Dapena, 1994).

Thestudy successfully demonstrated that digitizationisabiomechanical
task whichcan be performed between different geographical locationsusing
the Internet as the interfacing medium. The applications of this technique
and intellectual resource appear unlimited. These video clips can be
transmitted digitally in AVI format to a server in one part of the world and
then interfaced to the biomechanical program for further analysis. Many
Olympic events make fixed laboratory studies difficult, including equine
events, sailing, and cross-country skiing. Coaches can film actual
performances on site using cameras with direct AVI format input attached
toLaptopcomputers. Thesefilescan then bedigitized or transmittedthrough
Internet protocolsfor subsequent analysis.
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