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Title: The validityand reliabilityof a novel indooplayertracking system for use within

wheelchaircourt sports

JamesRhodes, Barry Mason, Bertrand Perrat, Martin Smith, Victoria Gobetiey
Abstract

The aim of the current study was to investigate the validity and reliability @de
frequency based system for accurately tracking athlete movement withiméleéchair court
sports. Bur wheelchair specific testsere devisedo assess the systemrithg i) static
measuremest ii) incremental fixed speed iii)) peak spees] and iv) multi-directional
movementsDuring each testhree sampling frequencie$,(8& 16 H2 were compared ta
criterion methodfor distance, mean and peak speédssolutestatic error remained between
0.190.32 m across the sessid@istancevalues(test ii) showedgreatest relativerrorin 4 Hz
tags (1.3%), with significantly lower errors seen in higher frequency(fafj%). Relative
peak speee@rrorsof < 20% (test iii) were revealed across all sampling frequencies in relation
to the criterion (4.00 = 0.09 m-s™). Resultsshowed 8 andl6 Hz sampling frequencies
displayedthe closet to criterion valueswhilst intra-tag reliability never exceeded 2.0%
coefficient ofvariation (%CV) during peak speed detectidMinimal relative distance errors
(< 0.299 were also seemcross sampling frequencigst iv). To conclude, thendoor
tracking systemsideemed amcceptabla¢ool for trackingwheelchair courmatchplay using

a tag frequency of 8 or 16 Hz.

Keywords. disability sport field-based testingaccuracy radiofrequency, performance

analysis



Introduction

Understanding the movement demands placed upon an athlete during competition is a
fundamental requiremeifdr the prescrption of specifig individualisedtraining programmes.
Player tracking has beextensively used withimblebodied (AB)team sportso explore
movement demands, withasicnotationaltechniques employed since the ri@i70’s (Reily

& Thomas, 1976; Sanderson & Way, 1977). Advances in techndlitgyduced more
objective methods oplayer tracking such as manual (O’'Donoghue, 2002; Bloomfield,
Polman & O’Donoghue,2004)andautomaticvideo trackingtechniques (Figuero.eite, &
Barros,2006; Barros et al., 200.7Currently the use ofGlobal Positioning Systems (GPS)
has energed ashe most practicamethodof playertrackingto obtain a real time analysis of
key performance variable®.g. distancecovered and speeprofiles) during team sports
(Cummins, Orr, O’Connor, & West, 2013).

The validity of GPS during high intensity, intermittent spod has been
comprehensivelgxamined MacLeod, Morris, Nevill, & Sunderland, 2009; DuffieldReid,
Baker, & Spratford2010; Coutts & Duffield, 2010; Johnston et al., 2018yestigations
suggesthatGPSaccurately trackplayess duringlow-speed (< 1.8 m's™') movementgPortas
Rush, Barnes, & Batterhan2007), with distance and speedrrors (5-20%) increasing
exponentially during highpeed (> 4 m-s™') movements (Duffield et al., 2010; Johnston et al.,
2012. Recent studies havalso revealed that the validity and reliability of GPS improves
when higher sampling frequencies (10 Hz) are usedtributingtowards the magnitude of
theseaforementioneerroris (JenningsCormack, Coutts, Boyd, & Aughe®01Q Castellano
et al., 2011 Varley, Fairweather, & Aughey, 20).2

A major limitation with GPS is its reliance on satellite signagsirictingits use to an
outdoor environment only (Larsson, 2003). As a result, indoor team sports such as wheelchair
basketball and wheelchair rugby (known collectivelytreswheelchair court sports), cannot
utilise GPS. Consequently,imagebased processingtechngues (Sarrqg Misuta, Burkett,
Malone, & Barros2010) and wheel mountadagnetic reegwitch devices (Sporner et al.,
2009; Sindall et al., 2013a) have been employed in an attendetetoninethe demands of
the wheelchair court sports. Howevemagebase& processingtechniques requirdime
consuming analysis to be performpdstevent(Barris & Button, 2008), whichntroduces
accuracy and reliability issues due dcheavy relianceon manual digitisation (Lames &
Siegle, 2011plong with a delay in feedblatime to coachesSutsequently data collection is

often restricted to small sample sizaffecting the power of sudhvestigations. 8bstantial



errorsin measurement reliability19.9% coefficient of variation[% CV]) have alsobeen
reportedwithin magnetic reegwitch devicest speeds in excess of 2.5 m-s™ (Sindall et al.,
2013b).Such speedare frequentlyexceededy elite wheelchair athletes (Goosgglifrey &

Moss, 2005; Masoat al.,2009; 2012)which questions the suitability of existing deswitch
devices for usavithin elite wheelchair cougport applications.

Radiofrequency tracking systems hasmerged which gather similar data to GPS,
with both the Local Position Measurement (LPM) system (Frencken, Lem&iDklleman,
2010; Ogriset al., 2012pandtheWireless Adhoc System for Positioning (WASP) (Hedley et
al., 2010; Sathyan, Shuttleworth, Hedley, & Davids, 2@lit)ently available. These systems
rely on distance measurements between known fixed base stations and mobilerralgg w
the athlete (LeseBaca, & Ogris2011). Akey advantage afadiofrequency systemis that
they can function idoors (Sathyan Humphrey, & Hedley,2011). Unfortunatelythese
systemsarestill in their relative infancy particularly for spoihg applicationsand as a result
little is known about the validity and reliability. Initialvalidationof the LPM systenmwhen
sampling at 45 Hzhighlighted the typical error of the estimate increadel-3.9% CV)at
higher movement speeds (Frencken et 2010). In support of this, Ogris et al. (2012)
confirmederror values increased (10% error) during high speed movementheyePM
system provide valid speedestimationsat low speeds (< 6 km-h™). More recenly,
validation of theWASP systenwhen sampling at 10 Hzevealed an overestimatig@.7%)
in distance travelled during dynamic testing (Sathyan et al., 2QIr#prtunately the
analysis was confined ta basic linear and nelinear drill at selfregulated speeds (not
defined), whichmaynotadequately reflect athlete movements seen during Apeyh

A new, radio frequenepased indoor tracking system (ITS) has recently been
developed, which utilisesltrawideband (UWB) signals to communieawith compact tags
worn by athletes, providig reaitime analysis onmovementparametersThe additional
benefitof the ITS isthe incorporatiorof smalkr, lightweight taggsize = 40 x 40 x 10 mm,;
mass = 25 gopposed to the larger tags used with the LPM (92 x 57 x 15 mm; mass = 60 Q)
and WASP (90 x 50 x 25 mm; mass = 5GgjtemsSubsequently, thel'S may bea more
practicalsolutionsince minimal disruption would be imposed athletes during competition
and trainingenvironments. Thaims d the current studyere (1) to investigate the validity
and reliability of the ITS during movements and speeds specific to the wheelchair court
sportsand (2) to determine the effect of different sampling frequencieth@isystens

measuremerdccuracy



Methods

Participants

Two physicallyactive, ablebodiedmales (age: .0 + 2.0years, mass: 82t 9.2 kg height:
1.81 £+ 0.04 mwith extensive experienag wheelchair propulsion volunteeredparticipate
in the current investigationThe study was approved by the University’s loehical

advisory committeewith informed consent gained prior to participation.
Equipment

The ITS (Ubisense Series 700 IPCambridge, UK)is awired radiefrequency basedeat
time locationsystem The systenhas an overall bandwidth of 137 Hz and is comprisesixof
sensors that communicate withmpacttags The sensordetect UWBsignalsfrom the tags,
measuring botlthe angleof-arrival andthe time-differenceof-arrival to generate an accurate
tag location This provides raw data on the positional coordinatestagin three dimensions.
Raw data is then filtered using apass slidingaveragefilter with a window width

proportional to the tag frequency.

The validity and reliability of the ITS was assesdeduringone session using four
separate test} static measuremestitii) incrementafixed speedsiii) peak speesl iv) multi-
directional movementsMovement parameters detailed by the ITS wdezived using
software developedpecifically for wheelchair court spords$ the University of Nottingham.
New Zealandmass= 12.7 kg;wheel size= 0.591m; tyre pressure 120 psi;camber =189.
The aiterion measurement for distan@festsii & iv) was provided by #asertotal station
(Leica TS30, Leica Geosystems, UKmorecommony usedwithin a professionakurveying
environment The Leica system utiliseligh quality angle and distanceeasuremestwith
automatic target tracking to produeecuratecoordinates (6.004 m)aboutthe point of
interest(Bayoud, 2006)Thetotal station was positioned on a balcony overlookingeitre
court, ensuring a consistent, unobstructed view thrautgbach testWireless timing gates
(Brower Timing Systems, Draper, UT) were used to record the mean @estsdii and iy,
whilst a wireless inertial sensdEllul, Lo, & Yang, 2011), attached to the right axle of the
wheelchairprovided the criterion masurement for peak speed (test In)brief, the inertial
sensor is a small, lightweight device (sz&0 x 30 x 17 mmmass= 10 g)that transmits

data wirelessly at a sampling frequency of approximately 50 Hz. Thised®s previously



been validatedduring linear wheelchaimpropulsion (MasonRhodes, & Gooseyolfrey,

2013a), eporing speecerrors< 0.9 CV observedicrossa range ogpeedsip to 6m-s™.
Procedures

The ITS was set up in an indoor sports hatjuippedwith wooden sprung flooring to
replicate the playing surface used during wheelchair basketball and wdieslicjioy The six
sensors werdocatedaround the perimeter of a regulation size wheelchair basketball and
wheelchairrugby court (28 x 15 m). The s&ors wergositionedat each of the foutorners
of the court, with two additional sensorssjtionedat the halfway line. Each sensor was
mounted on an extendable tripod, elevated approximatelyhiyim The orientation of each
sensor was configured so that the pitch wasfbf the horizontahnd the rotation about the
perpendiculatine from the sensor face was fixed af @faximisingcourt coverageRrior to
data collectiorthe systemwas calibratedisingtwo reference points of known coordinates,
which were calculated bg laser distance rasurer(PLR 50, Bosch, GermanyJhis enabled
precisesensor locationt be determinedA static tag placed inn@therknown locationwas
thenused to calibrate the systeirhis procedure takes multiple measurements ttoarstatic
tag usingits known x, y and zoordinatedo determinethe orientation and déet off each
nine tag weremonitored,with threetagssampling atalow (4 Hz), medium 8 Hz), andhigh

(16 Hz) frequencywhich were secured thewheelchairas demonstrated indure 1.

Figure 1: The location of the nine tagiged to the wheelchanluring dynamic tests. Inset is
the sampling frequency for each tag with regards to its location
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i) Satic measurements

The accuracy of a motionless tag vessessely individually placing three tagef different
sampling frequency(low, medium and high) in each of the four corners of the daurere

known coordinates exist). Based on previous protocols (Frencken et al., 2010; Sathyan et al.,
2012)data wa<ollected from each tag for 20 secontisis assessment was performed at the
beginning of the sessiqpre) and therrepeatedt hours later at the end of the sessjoos]

to determine whether the systemswaone to drift over time.

i) Incremental fixed speeds

The accuracy of the system for detecting distance measurements was asggssedeasing
fixed speedsising a ‘figure of eight’ coursd-{gure 3. One participant completed five laps
of the course at three fixed sutaximal speed& km-h™, 6 km-h™, and 8km-h™), with five
trials conducted at each spedthe speedselectecare commonly used withiprevious sub-
maximalwheelchair propulsio literature Yanlandewijck, Spaepen & Lysens, 19%4ason
Lenton, Leicht, & Gooseyolfrey, 2013b). This range alsocovers the speeds typically
averagediuringwheelchaircourt sportsnatchplay (Sporner et al., 2009; Sarro et al., 2010)
The speedsvere averagethroughout each trighrough usinga Raleigh SP20 speedometer
(Raleigh Ltd,Nottingham UK). The display monitor was secured to the participant’s knee,
providing instantaneougedbackabout theiraveragespeed The participant was instructed to

maintainthesespeed, on average, throughoesch trial
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Figure 2: The ‘figure of eight’ drill used to assess distadoeng inacementalfixed speeds.
Thesolid middle horizontal line represents the location of the timing gates and the start/finis
of the drill (a=8 m, b =12.25 m; lap = 81 m; total distance = 405 m).

iii) Peak speeds

To assess the accuracy of the system for the detection of peak spe&¥ilan dinear
wheelchairsprint wasperformed One participant completed all ten tridiem a standstill
After each maximal effay sufficient recovery timavas permittedoefore eachsubsequent

sprint.
iv) Multi-directional movements

In order to determine the accuracy of a player tracking system, the expatidesign has to
satisfy the demands of the activity to which the system will be exposed (Siedle2613).

A multi-directional drill was performea@imed to replicate the frequency and intensity of
movements performed during wheelchair court sports m@Etgh Two participants
performed4 x 8min trialsin an alternate order to avoid the possibility of fatigdecing the
quality of the trialsresuting in a total of 8 x 8nin trials. The participantsvereinstructed to
incorporatenumerous changes in speed and diredoreplicate the acceleration, agility and
sprinting manoeuvresdeemed vital to wheelchaicourt sport athletegVanlandewijck
Theisen, & Daly,2001).Thetotal distances covered and mesgeeds wereatlectedduring

each trial
Satistical analysis

Data analysis waperformedusing the Statistical Package for the Social Sciences (SPSS
version 19, Chicago, IL)Normality and homogeneity of variance were confirmed by

ShapiroWilk and Levene’s tests, respectively.

Criterion validity of the performance variables asared by the ITS were analysed
using 95%limits of agreementLOA), displayng the systematic bias + random error
demonstratedor each variablgBland & Altman, 1986) During test ii, \alidity was also
compared to criterion measures using typical error othe estimate (TEE) and expressed
raw units (x 95% confidencemits). A oneway repeated measures analysis of variance
(ANOVA) was used to examine theeandifferences inperformance variablewithin and
betweeneach of thethree different sampling frequencieesmpared tocriterion measures



across all testsStatistical gynificance was accepted whén< 0.05.Effect sizegES) were
calculated to determine the meaningfulness of any differences, whegeby.3reflected a
small effect (Cohen, 1992), with 95% confidence intervals for differer{®@8% CI) also
presentedintra-tag reliability wasreported as a coefficient ghriation (%CV) between the
tags for eaclspecifictest.

Results
() Satic measurements

The mean absolute erroduring presession measurementBd not significantly differ
betweenlow (024 £ 0.27 m), medium (®6 = 0.25 m) and high (82 + 0.25 m) frequency
tags(P > 0.72; ES < 0.1), as demonstrated iRigure 3 No significant differences ingst
session valuewere revealedetweenlow (026 + 0.24 m) medium (0.26 £ 0.24n) or high
frequency(0.19 £ 0.20 m}Yags(P > 0.92; ES < 0.2). No significant differences between pre
and post session measurements were fatrahy sampling frequendy > 0.15; ES < 0.2).
Intrartag reliability results revealgtiat sampling frequency had no effectrehiability with a

1.0% CV demonstrated across all frequencies during pre and post sesaguremest
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Figure 3: Plot of mean static error for each sampling frequency during pre and pishsess

Error bars represestandard deviation.
(i) Incremental fixed speeds

The TEE for distancerevealed thatninimal erros existedduring high and medium fixed
speeds0.98-1.09 m), however values increased during low fixed speed-21185m)as



displayed inTable 1 A significant differenceexistedbetween criteriomeasuresnd low P

= 0.0005;ES= 0.9 95%Cl = 7.3 t0 10.4) medium(P = 0.005;95%CIl = 6.2 to 8.2ES=
0.8), and high(P = 0.005; 95%CI = 4.5 to 6.6;ES = 0.8) sampling frequenes during low
fixed speeds. However, no significant differeneereobservediuring the medium and high
fixed speed (P > 0.12; ES < 0.7). Typical error ofthe estimatevalues for mean speed
demonstrate the ITS to be consistédiD1 m-s™) across all sampling frequencies at each
fixed speed Although bw frequency tags displag the greatestabsolutedifferencesto
criterion values(Table 1) no statistically significant differencevas observedetween
sampling frequenciesor mean speedP > 0.15; ES < 0.4). Intratag reliability results
indicatedthat the error range across fixed speeds to be greatest within low freqagacy
(0.10.6% CV).This error range decreasatbboth medium (0.0.4% CV) and high (2-0.3%
CV) sampling frequencies

****S EETABLE 1 ON FINAL PAGE****
(i)  Peak speeds

Mean criterion values werdgound to be4.00+ 0.09 ms™ during maximal sprint trials.nl
comparisonmeantag values for each sampling frequency were 4.07 £ 0.34 @ow), 4.05
+ 0.15 m-s™ (medium), and 4.00 + 0.12 m-s™ (high). A significant difference was revealed
between both lowH = 0.00% 95%CI = -0.17 t0-0.01;ES= 0.3 and mediumP = 0.005 95%
Cl =-0.19 t0-0.03;ES = 0.2 sampling frequencies inlegion to the criterion measyreith
positive systematic bias + randoarrors of 0.08 £ 0.17 m's™' and 0.05 + 0.10 ms*!
respectively(Figure 4) Intratag reliability wagyreatemwithin low frequency tags (2.7%V),
andimproved as samplg frequency increased (mediun290%CV; high = 1.6%CV).

0.30 - .
025 -
0.20 -
0.15 A
0.10 -
0.05 A

0.00

Mean Error (m-s™)

-0.05 -

-0.10 A

-0.15 -
Low Medium High

Sampling Frequency
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Figure 4: Plot of meanerror (biag for each frequency during maximal sprint tegiss™).
Error bars represent 95% LOA. * represents a significant differencedetsampling

frequency and criterion.

(iv)  Multi-directional movements

Mean criterion distance measurements v89@ + 65 mduring the multidirectionaltest In
comparison, mean distance values for each sampling frequency were 997 063,899 +

63 m (medium) and 998 + 62 m (higi@riterion values for ma&n speedvere2.08 = 0.14
m-s~'. Alternatively, ITSmean speed valueshowed2.08 + 0.13m-s™ (low), 2.08 + 0.13
m-s~! (medium), and 2.07 £ 0.1®-s™* (high). Systematic bias and random error values for
distance and mean speed during 8minute multidirectional tesare illustrated irFigure 5.
Distance results show thew and medium frequendgags to demonstrate similayssematic
bias+ random errof5 + 10 m), which were improden the high frequency tag8 + 6 m).
Yet, no significant difference was observed between anyfréagiencyand the criterion
measure for distance cover@@®> 0.54; ES<0.1). Systematic bias + random error resiis
mean speedemained consistent across all sampling frequeriieés = 0.02 m-s™). Again,

no significant differencewere identifiedbetween all sampling frequencies and the criterion
measurdor mean speedP > 0.71; ES< 0.1). Intra-tag reliability results reveale@l5% CV

for both distance and mean speed low and mediumfrequency High frequency tags

revealed values d@.2% CV and 0.4%V for distance and mean speed respectively
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Figure5: Plot ofmeanerror (bias¥or distancgm) and mean spedeh-s™) duringthe multt

directional testError bars represent 95% LOA.
Discussion

The aim of the currenstudy was to investigate the validity and reliability of a radio
frequency based system for accurately trackiwtgeelchair athlete during their expected
movements of oiwourt matckplay. The resultconfirmedthatthe ITSwas a suitablesystem
for quantifying bothstatic anddynamicmeasurements specific wheelchaircourt sportsit
was also revealed that sampling frequency influenced validity, partic@apeak speeds,
which has implications on optimal tag frequency selection for wheelchait sports

applications.

Static measurements

The ITS elicited static errors ranging betwe@i9-0.32 m andwvere not found to be
influenced by tagamplingfrequency. These values are higher than tiposeiously reported

for the LPM (0.02 m) and WASP (0.4218 m) radio frequencysystems (Frencken et al.,
2010; Sathyan et al., 2011pespite this, the current investigation repeated the static
measurements at the end of the testing session and importantly revealedothdidenot
significantly drift over a 4 hour time periodtrom a practical perspective, tldsmonstrates
thatthe ITSis capable of working effectively fahe duration ofvheelchair basketba{+90
minutes) andvheelchair rugby~60 mnutes)matchplay. In addition,the ITScan alsobe
usedduringprolonged periodsuch asnultiple tournamenggameg3-4 matcheger day)and

training campswithout the concern oheasurement drift

Incremental fixed speeds

Under controlled testing at incremental fixed speeds (test ii) the ITS démawen extremely
low errors for the assessment of distance covered. As exptated,errors were influenced
by movement speed. However, it was observed that the magnituderoivasrreduced at the
higher speed, which contradictise patternsobserved by previou&PS (PetersqnPyne,
Portus, & Dawson2009; Gray, Jenkins, Andrews, Taaffe, & Glover, 2010), radiquency
(Frencken et al., 2010; Ogris et al., 2012), and magresigswitch device literaturéSindall
et al., 2013b). These differences may be attributed to the filtering prasedsy the ITS as

if a small error exists in a specific court location, the filtering process msgdexacerbate
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the error at low speedshere more data points are collected for a given area. Bwwqgaoint
(< 1.5)wheelchair rugbyplayersexhibit meanspeeds 00.7841.12 ms™ during match-play
(Sporner et al., 2009; Sarro et al., 2010js imperative thathe system workeffectively at
these lower speedbslowever,despite the fact the distance error was greater at low spgeeds
must ke reinforced, that tise errors were still extremelgmall (1.962.11 m TEE)andare

therefore deemed acceptable for the current application

The influence of sampling frequencgn be seeduring this drill, with low frequency
tags demonstrating the greatesativedistanceerror values1.3%) with significantlylower
relative errors seen in medium@b) and high frequency tags 8%). In agreemenivith this,
mean speed results algevealedlow frequency tags to display the greatest relative
differences during fixed speed testing (1.4%), witinificantly lower relative errors seen in
medium (0.7%) and high frequency tags (0.5%). N&éedess, TEE values for mean speed
wereminimal (0.01) andremained consistent across all fixed speeds regardless of sampling

frequency.
Peak speeds

The current study revealed that during maximal sprinting, the ITS displalsive errors<

2.0% in peakspeeds. This compares favourably to the greater relative error of apatelyim

20% for GPS Duffield et al., 201) 10% in radio frequency (Ogris et al., 2012) and 10% for
magnetic reegwitch devices indall et al., 2013b Previous research has discussed the
importance ofaccurately quantifyindiigh intensity movementto facilitate the design of
athlete training programmé¢Bwyer & Gabbett 2012).Recent studies have implemented the

use of speed zones relative to an individual’'s peak speed in order to monitor performance and
prescribe training programmé¥enter et al., 201; Cahill et al., 2013)In order for this
approach to be effective, the sist must be qable of accurately quantifying peak speeds,

which the present results have confirmed.

It was also clear that tag frequency played a critical role in accurdéglitifying peak
speeds. Higher tag frequencies (8 and 16 Hz) demonstrated a reduction in randdr erro
0.10 m's™) compared to low frequency tags (0.17 m's™). Given the peak speed values
obtainable byvheelchair basketball (4.4653 m-s™) and wheelchair rugby (3.56-3.69 m-s™)
players during maximal sprinting (Mason et al., 2009; 2012), coupledhetiiequency with
which high-intensity movemeistare likely to be performed (Vanlandewijck et al., 20@iy

sampling frequency tagserethereforenot deemed suitable for the current application.
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Multi-directional movements

An advantage of the current investigation was the inclusion of a test adselssed the ITS
during the type and intensity of movements that the system was intended to be used for
(Siegle et al., 2013) i.e. wheelchair court spdiistance errorsevealedwhen performing
multi-directional movements ave very low, with absolute errors < 2 m across sampling
frequenciesresulting in relative errors 0.26. The magnitude of error for the ITS wamuch
smallerthanthe relative distancerrorsof 5.8% associatewith GPS Duffield et al., 201},

4.8% with video trackingechniques Edgecomb & Norton, 2006) and 1267% found in
radiofrequency systems (Frencken et al.,, 2010; Ogris et al., 200} g sport specific

movements.

During this drill, minimalabsolutedifferencesin distance(1-2 m) were seerwhen
comparing sampling frequencie&dditionally, dmilar findings were observed in the mean
speed results, with relative errors consistent (< 0.3%) irrespectivenglisg frequency.
Clearly, the influence of sampling frequenseems to be more prevalent during the
incremental fixed speed test (test ii) than the current test. In line with pserg@eearch, this
suggests that the validity of distance measures improves with longer dusativiies
(Jemings et al., 2011; Cummins et al.,, 2013xcordingly, the selection of sampling
frequency for the assessment of distance and mean sp@gdeless important during
wheelchair court sport matgilay. Despite this,optimal sampling frequency must be

consiered for araccurate detection of peak speehliring this application.

Determining the optimal tagampling frequency depends on both the overall
bandwidth of the system and the nature of the sport. The likelihood of competition testing
duringwheelchair court sports consstf monitoring 810 players at a given timget given
the overall bandwidth of the system (137 Hz), high frequency tags (16 Hz) would not be
feasiblefor all players. Hence, low or medium sampling frequency tags woulddgoéed.

Yet, by varying the sampling frequencies within the present study, tleetities observed
have established that adopting a methodology that uses high (16 Hz) or medium (8 Hz)

sampling frequency would be most acceptable for wheelchair court spaidisplay.
Limitations and future recommendations

A limitation of the current study was the use of linear 20 m sprints to assess higgitynte
activities, since these movements are often multidirectional and interspersetwvee
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lower intensity movements in wheelchair sports (Vanlandewijck et al., 20Bbwever
owing to limitations with the availability of alternative equipment available to act as a valid
and reliable criterion measure this was not possirious research hatsodiscussedhe
importance of quantifying activity inteelative andarbitrary speed thresholds to facilitate
training programme development (Dwyer & Gabbett, 20a2hill et al., 2018 It could be
argued that an assessment of these parameters may have been bienfecizontext of the
current investigation. However, given the favourable performance in the deteftpeak
speeds, it is anticipated that the ITS should adequately determine these par&@veterthe
validity and reliability of the ITS in a wheddair court sport setting, future investigations are
recommended to utilise the system to quantify the demands of these sports. This woul
facilitate the current need to understand physical capacity differences by afemmparing
athletes with respect toheir Paralympic classificationDespite the current focus on
wheelchair courts spts, it is possible that thH&S can alsdbe used successfullyithin other
indoor sports. However, it is highly recommended that a validation protocol spechiest t

sports are employed first.
Conclusion

The results of the present studgvealedthat a novel radio frequencylTS provided an
accurateand reliablequantificationof the movement parametespecific tothe wheelchair
court sportsGiven the greater degreé accuracy for detecting peak speeds, a high sampling

frequency (> 8 Hz) was recommended for usathin wheelchair court sports.
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Table 1. Distance and mean speed values during movemantramentafixed speedsgtest ii)

Distance (m)

Mean Speed (m's™)

Speed  Crilerion Low Freq TEE Med Freg TEE High Freq TEE Criterion Low Freq TEE Med Freq TEE High Freq TEE
Low 395 404 (399-409) 1.96 402 (399-406) 1.85 400 (398-404) 2.11 1.14 1.17 (1.15-1.19) 0.01 1.16 (1.14-1.18) 0.01 115 (1.14-1.17) 0.01
Med 304 308 (397-399)  1.03 308 (396-400) 1.04 396 (394-398) 1.09 1.55 1.57 (1.52-1.60) 0.01 1.56 (1.51-1.60) 0.01 1.56 (1.51-1.59)  0.01
High 394 397 (394-400) 1.06 397 (395-401) 1.00 396 (394-399) 0.98 2.01 2.03 (1.97-2.07) 0.01 2.02 (1.96-2.06) 0.01 2.01(1.95-2.05) 0.01

Mean values (95%anfidencdimits)

TEE expressed as raw units
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