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INTRODUCTION

A good start in sport of Luge is understood, by the athletes and coach, as a start
that produces maximal velocity of the sled with a trajectory that i symmetrical
|right to lett symmetry) off the handles. Video and force measurement systems
have been wsed to offer the coach and athlete feedback on the kinematics
|geometry af motien] and kinetics {external reaction forces].  The co-ordination
of these two technologies into one real-time feedback system have provided
much of the necessary information for the auesment and correction in
technigue.

The purposes of this study were:

1] To create an integrated real-time wvideo and lorce measurement

syspem 1o be used in the Canada Qlympic Park {Calgary, Alberta).

2] To perform analysis on the force data collected from Canadian

Mational Luge team members .

3) To provide simple information that could be used by th
technical support stalf for improvement of performances

coathing and

of Luge athletes during the pull start.

VIDEO AND FORCE INTEGRATION

The co-ordination of the video and the force into ene video stream was achieved
via a digital integration and miking of a graphical owtpat of the Torce trace with
the wideo, This prowided feedback of force produced by the athlete on the
handles (force information provided as right and left, howizontal and vertical
force as four separate signals) overlayed on a sagittal video of the athbete
performéing the pull.  Figure 1 below Bustrates the layout of the integrated
system and Images of the pull handies instrumented with force sensors,

Figure 1:

instrumented force handles [right].

Bath wideo and force data are sent to a centrad location [Contral Raom), The
foree signal i processed on a computer in the Control Room uding custom made
software, The graph of the force is displayed on the computer in real time,
Mdditionally, force data i stored an o compuler in the contral rocm ina text fike
for future processing. Another computer in the Controd Roam takes the video
feeds from both Carmeras #1 and #2. Using digital videa mixing equipment, bath
the graphical display and the wideo displays are overlaid. One video is fed back
to the Viden Analysis Software computer located at the start via a fibre opties
cable. The video is collected on this computer and the display is sent o 2 plasma
display maonitors mounted on the wall.

loyout of integroted video and force system (ieft] and of the
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DATA COLLECTION

Simultanecus video and force data were collected on nine Lige athletes (total of
45 trials) ot the indoor training facility at Canada Olympic Park (Calgary,
CANADAL Video data were collected wiing a digital video camera ot 30#H:. Four
channels of force data were collected from the right and eft pull handles
matrumented with force sensors at 1200 Hr (Kistler), Data from the foroe
sensors werne dored a3 individual trails mn pext files for futune processing. Aeal-
thmi video and force graphs were collected as individual video images for each
pull vrial.  Figure 2 bebew illustrates a frame af videa of two separate athletes

with the larce graph over tog of the video in the wap lel cormer,

Figure 2:  Frome of wdeo from dirta collection of pull start in the spart of Lisge,
The imoge on the left i o Junior Notional othiete ond the imoglle L it is shown generally

an the right 5 @ Senfar National atflete,

DATA ANALYSIS

All force data were transferred to Microsoft Excel for analysis.  Force data
consisted of four signals, including right and left  (horizontal and vertical),
Variables of interest extracted from the contineous force signals included:

1} Maxima Foroe Morizontal Left (Mmax Left)

2) Maximal Foroe Vertical Farce Left [Vimax Left)

3} Maximal Force Herizontal Force Right (Hmas Right)

A) Maximal Foroe Vertical Foree Right [Vimax Right]

5) Difference Horizontal Farce for Right v Left (Harz DI

B) Difference Vertical Foree for Right wi. Left |Vert Diff)

7 Difference between Horizontal and Vertical Foree for Left (Lef Diff)
B) Difference between Horizontal and Vertical Force for Right {Right Diff)
o) impulse af Foroe Horzontal Left (Himp Left)

10) impubse of Force Vertical Left (Vimg Left)

11] imputse of Ferce Hesizontal Right{Himp Right)

12) impulse of Force Verteal Right [Vimg Right)

Impulses of the force were caleulsted as the integral of the force signal for the
posithve portion of the force trace (posstive fosce was during the fenward pulling
muotion of the sled.  R-squared (RS0) |sguare of the Person Product Moment
Correlations) compared the performance dmes from the oming lights to each of
the above foroe variables. RSOGO valees of = 0.500 were considered as high
correlations and the meaning of each of these correlations were described in
simple tesms for the coach and athbetes to compeehend,  Recommendations
wire made bo the Luge team on how o use the force nformation 1o improve
performance times.

RESULTS

Tabde 1 below surmmarizes the results from the data analysis on the force, High
cornelations [by our definitions) are highlighted in red tea,

Table 1: Dato summary of force variables from mine Luge othletes duving the
pull start. Performonce Hmes ore Nsted on the feft in Blue fext.
Correlations [RSQ) ore listed in the boftom row with high
carrelptions |n rtﬂ'ﬁlp.l'r.'fqhu

i

Based on the abave correlations, graphs were created to illustrate the trend.
Figure 3 below (llustrates the maximal honizontal force of the left handle to the
performance times of all nine athletes,

It is clear fram the graph that Perlormance Times and Horizontal Force
The Del'rﬂfmﬂl'lﬂe' HFIproves i

|tme lower) a3 you increase
the horirental force.  From

that increase in hovizontal
forces [left or right), larger
differences between the 1o
harizontal and vertical force
signals and higher impulses

in the horitontal signals all rauee 3: Correlorion (RSQ) of the maximal

lead to better performances horizontel force of the lefr

{bavaver times). hondie o the performonce fime af the
Lge  othletes

DISCUSSION

Thi results clearly indicate that having higher horizental forces, higher impulses
(force: produced over time) and having a higher horizontal component of the
farce companed to the vertical component, lead to better performance tmes
the pull start in the sport of Luge. This information was transferred to the
coaching staff and athletes to wse on a daily basis during thelr trasning sessions,
Additipnally, the mtegration software that plots the force information was
wustomized to produce simple numboers that displayed information to brack the
farces and impulses,

Tarber gy fema 1)
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FUTURE WORK

Adilitional custormitation of this integrated system will include better outputs for
the coaches and athletes o simplify the amount of information previded. Also,
imegration of anather technology [an accelerometer] will be included, providing
information on the speed of the sked throughout the pull phase. Future data
analysis will imchude compilation of data inta one single “Performance Measure”
nurber that will take into conslderation many variables.



