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SUMMARY would be desirable to reach the podium. Fittingteps
Performance enhancement in racing wheelchair is aresponse of a first order system to the velocitywewf an
challenging issue. Variability in environmental diions all-out 15 s acceleration run, it can be shown that%
makes it difficult to perform outdoor investigat®nvhile increase in performance leads to a 4% increasepirspeed
indoor testing is often limited by the size of thdoor track. performance for a 100 m race.
Moreover, kinematic and kinetic measurements ateasy
to achieve either indoors or outdoors. To overcaueh From a practical standpoint, given the number ofabdes
problems, the use of a laboratory ergometer isnéisseT he that can be tested to improve performance, it &rdele to
ergometer can be used to characterize performahtieeo  limit the number of repetitions per testing coratitiat about
actual wheelchair and compare it with configuratiblanges 3 to 5. Hence, the ergometer platform must be desigo
that can be tested on an adjustable wheelchair. Ouprovide sufficient precision (stochastic biaseskimematic
experience shows, however, that high accuracydsimed and kinetic data to address these statistical ne&us
in velocity signals and sampling frequency in thawpr addition, it must eliminate deterministic biasesnasch as
signal must be at about 1000 Hz to obtain meanirdta, possible to provide results that are meaningful réal
given practical limitations in the number of teitat can be  situations.
realistically performed with National athletes.

To that end, the ergometer (Figure 1) was customema
INTRODUCTION using 10.6 inches diameter steel rollers actuajed bingle
Performance enhancement in racing wheelchair is aAKM-54H Kollmorgen (Radford, VA) brushless motorhd@
challenging issue. Aside from the fact that thebpgm is motor was controlled at 2 kHz by a National Insteunts
multivariable, including both mechanical and phiagical CRIO 9022 system (Austin, TX), using feedback fram
variables, validation of any changes made to theetat Sick optical encoder DFS60 (Waldkirch, Germany) in
motor performance or its wheelchair is often diffic = quadrature, resulting in a 262144 pulses per réiooipui.e.
because of variable environmental conditions whestitg 3.2 pm in virtual ground displacement. Taking mechanical
outdoors. Indoor testing is helpful in this regabdit it is errors into account, experimental validation showaul
also limiting when there is no access to a 400etu firack  actual 30um displacement precision, and a velocity error in
because of dynamic instability that occurs wheacking  the order of 0.2%, sufficient for the statisticabwer
curves in indoor shorter tracks. Finally, fieldtieg often required, i.e. 20 times lower than the minimum efiéince
use kinematic and kinetic measurements with a tyuddoth expected of 4%.
in resolution and precision) usually lower than wha
achieved in laboratory settings. Passive rolleroereters
have been used in the past [1], very few with campu
control and an adjustable wheelchair [2].

The aim of this project was to develop a laboratagform
to enhance racing wheelchair performance of Pangtym
Canadian athletes for the London 2012 Paralympimé3a
A custom designed computer controlled ergometeptada
for racing wheelchairs was designed for that pueptise of
high precision instrumentation, simulation of ouwdo
conditions and ability of using both the athlete now
wheelchair as well as an adjustable wheelchairribwied
to the ergometer usefulness for performance opditicia.
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Initial discussions with coaches and athletes tdthat a  Figure 1: Athlete testing on the ergometer with her own
4% increase in performance (that is 0.6 s overGarmi@ace) racing wheelchair.

METHODS



Deterministic biases were alleviated by programmihg
ergometer to simulate both rolling and aerodynafaice
resistance that occur outdoors, as well as the cwdb
wheelchair/athlete inertia. Aerodynamic resistane@s
obtained from experimental data acquired in a winthel
at the National Research Council (Ottawa, Canada).

Further reduction in deterministic biases was aadeby
providing means to test athlete performance on the
ergometer with both his/her own wheelchair and an
adjustable wheelchair. Once the athlete performaisce
characterized on his/her own wheelchair on the ragger,

the athlete is then seated in an adjustable whaiel¢h
study variations in a number of optimization vahésb
(Figure 2). Performance variations are then congparih
those obtained for the athlete wheelchair to figauewhere
improvements can be achieved. Comparisons witretathl
wheelchair ergometer data is essential to
deterministic biases that would occur when compggarin
ergometer data to outdoors data, often acquirech wit
different instrumentation.
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Figure 2: Adjustable wheelchair on the ergometer.

RESULTSAND DISCUSSION

A typical acceleration run obtained on the ergomése
illustrated in Figure 3. The jagged profile of h@rve is due
to the push phase that occurs about twice a se¢omdom
on a section of the curve is shown. One can clezbberve
the push phase and the recovery phase in the gpefid.
Estimation of produced power by the athlete is shomw
Figure 4. Push phase duration is in the order 6f1%0 ms
depending on speed, and peak power produced is6®@r
W for this specific athlete, even larger for lowsyeeds.
Such power curve demonstrates the need to samplerpo
signals at about 1000 Hz minimum in order to gefusate
power measurements (100 position samples per pMstmy

reduce

sharp profile of the power signal, sampling at 10469
seems a minimum requirement, from our point of viéaw
obtaining meaningful results in the course of ateesive
optimization process.
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Figure 3: Typical speed profile for one athlete during #n a
out run, acquired at 1000 Hz.
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Figure 4: Typical power curve for one athlete during an all

out run, acquired at 1000 Hz, at about 36 km/h.
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researchers use mean power per cycle at a muchr lowe

frequency. Use of mean power does not provide Hiléya
of acquiring much insight about what is changingttie
push cycle for different configuration variations.

CONCLUSIONS

A custom-made ergometer
configuration changes on athlete wheelchair peréoma.
Results show that high accuracy is required in aiglo
signals to reduce the number of experimental tesjaired
for studying performance changes in Paralympicomati
athletes. Given the short duration of the push @tz the
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