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Executive Summary

Performance testing protocols are a widely accepted way of evaluating the ability and skills
athletes possess in sports clubs, sports science and physiology by coaches, trainers, physical
educators and contloning specialists. Through performance testing, athletes can be monitored

with their progress tracked for improvements or downfalls, as well as use for talent identification,
differentiation between higheskilled players from their lessakilled counérparts, and even

usefulness in deciding best positions of play. The objective of this thesis was to design and develop
afullyFdzy QG A2yl f aeadasSyz OIFLIotS 2F GSadAay3a Ly I
in Australian rules football, bwtith capability of implementation in other sports such as netball,

basketball orugby.

Currently implemented agility tests, such as the lllinois agility, AFL agility, Btest, Proagility

and 3cone drill, do not incorporate the perceptual and demmsmaking attributes of the skill as
they involve running around objects only; thus, prayto be tests of preplanned agility only. The
proposed testonducted through the designed systeatiffersfrom these currently implemented
agility tests, as kvalates agility performancthroughthe athlete reacting to a series of random
individual stimulidispersedover a designated testing zone ardde athlete must deactivate the
specific marker which presented the stimuli, thereby activating another component successively.
Therefore, the test incorporateperceptual and decisiemaking factors, as well as physical
components of strength, power, balae and coordination to sprint shedistances and make
sudden changef-directions to each stimulug\dditionally,sportspecific equipment (such as an
AFL football, netball or basketball) can be incorporated to add a sport specificabdling
element to the test which contributes to deactivation of the markefgility is inferred by
evaluating the time taken to complete the teJthe proposed agility testing systatiffers from
commercially available products in the fact that it can incorporate sgmetific equipment as a
stand-alone product and remain standardised, with future work planning to incorporate the
option of programming custom tests for training regiméke system, for the first time, boasts
the capability of selmeasuring the componengrlayout for test replication and standardisation

which no commercially available product can achieve.



The proposed agility testing system wdssignedand developed fromthe ground up By
employing a logical and systematic engineering design processiplthes of mechanical,
electrical and software engineering were brought together to bring what started as an idea, into
an innovative,tangible product. The system consists of one master compon@igure 1a),
containing an assembly that rotates a Light Detection and Ranging (ls€kiRgand low power

laser at precise angles to assist positioning of six slave compo(@resof which is showim
Figurelb). These components consist of two LED matrices and a speaker, so that both visual and
auditory stimulican bepresented to the athlete. The LED matrices are positioned sattttiere

is a wide viewing angle and can display any ran@dphanumeric characteand colour. This
componentwassculpted so sporspecific equipmenfsuch as gamball) couldbe positioned on

top of it with a sensor detecting when it has been removete $ystem is capable of changing
difficulty modes to increase or decrease the testing area, as well as being able to receive

commands from either a laptop or smartphone using Bluetooth® technology.

Figurel: Master and slave componeptototypes

Although full functionality was not able to be implementdde to significant time constraints

the proposed agility testing systewas still able to achiev@2.3% of first order specificatis and

a total of 86.3% of both first (essential) and second (desirable) order specifications. Thus, the
proof-of-conceptsystem(Figure2) was deemed a succesa;ting as the first stepping stone in
developing a commercial product to introduce into the sporting community, which may become
a new standardised way of evaluating athlete agility performance across sportingfa@tulsse

with a variety of field and court gpts and athletic abilitiethat maybe used in testing batteries

combinesand testing regimes



Figure2: Integrated system with master and all slave components with integrated-spedific
equipment

The author would like to take this opportunity to mention that after submission of the thesis,
further development and refinement of the system was undertaken, solving all issues which had
impeded the system from achieving a complete test-tmrough. Thusthe system is now fully

functional and has the capability of running a complete desired test. Further details have been

mentioned in Sectio®: ErratumAppendix
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1. Introduction

1.1. Project Background

1.1.1. Athlete Performance Testing
Performance testing protocols are a widely accepted way of evaluating the ability and skills
athletes possess in sports clubs, sports science and physiology by coaches, trainers, physical
educators and conditioning specialigdcGee and Burkett, 2003; Pauole et al., 200®iough
performance testing, athletes can be monitored with their progress tracked for improvements or
downfalls, as well as use for talent identification, differentiation between higikdled players
from their lesserskilled counterparts, and even usefabs in deciding best positions of pl@hu
and Vermeil, 1983; McGee and Burkett, 2003; Pauole et al., 2000; Reilly2€08)) ,Agility is an
ability that has had a lot of attention in sports and research, with interest in the evaluation of the
skill in both field and court sports such as Austratidasfootball (Chalmers and Magarey, 2016;
Henry et al., 2011, 2013; Mooney et,&011; Pyne et al., 2005; Robertson et al., 2015; Veale et
al., 2010; Woods et al., 2015; Young et al., 2011; Young and Murray, 20d&jican football
(rugby)(Gabbett et al., 2009, 2008; Gabbett aBdnton, 2009; Hoffman, 2006; Meir et al., 2001,
Serpell et al., 2010; Till et al., 2011, 2013, 2046¢ceBidaurrazagd.etona et al 2015; Born et
al.,, 2016; Brahim et al., 2013; Chaalali et al., 2016; Fiorilli et al., 2017; Hachana et al., 2014,
Hoffman, 2006; Kaplan et al., 2009; Kutlu et al., 2012, 2017;-Cedgle et al., 2012; Little and
Williams, 2005; Matlak et al., 2016;\Ra et al., 1976; Rouissi et al., 2016; Sporis et al., 2010;
Trecroci et al., 2016pasketbal{Chaouachi et al., 2009; Delextrat and Cohen, 2009jé.etlal.,
2014; Scanlan et al., 2013; Sekulic et al., 2017; Spiteri et al.,, 2@&tdall (Barber et al., 2016;
Farrow, 2010; Farrowteal., 2005) tennis (Cooke et al., 2011; Farrow and Abernethy, 2002;
Parsons and Jones, 1998; Tenenbaum et al., 19@&key(Keogh et al., 2003; Morland et al.,
2013)and handbal(Chaalali et al., 2016; Hermassi et al., 2011; Spasic et al., Z@5hg agility
is a difficult concept to graspsso many currently implemented, standarédstests claiming to
assess agility consist of a multitude of different elements in them; where implementation of one

test may be significantly different to another test.



1.1.2. Defining Agility
The reasorwhy so many currently implemented agility testsry significantly from one another
could be due to the ambiguity underlying the construct. The definition and classification of agility,
to this day, remainsin ambiguous term used in sports sciencéhwo consiséncy throughout
current or past literature. With an evergrowing number of publications acknowledgitiys
ambiguity existgChelladurai, 1976; Cooke et al., 2011; Coulson and Archer, 2009; Haff and
Triplett, 2016; Liefeith et al., 2018; Lloyd et al., 2009; Paul et al., 2016; Shepparluagd X006;
Stewart et al., 2014; Young et al., 201B)is bringing the sports science community one step
closer to coming to a common agreement on the subj8btieppard and Young (2006)ggested
that agility involves a multitude of components involving both physyarceptual and decisien
making factors proposing a comprehensive definitiaimat agility is éa rapid wholebody
Y2@3SYSyil sAGK OKIFy3aS 2F @St 2 O0A ({Sheppardanid YouROG A 2 v
2006, p.922)which has been accepted laylarge amount ofiterature (Benvenuti et al., 2010;
Born et al., 2017; Coulson and Archer, 2009; Haff and Triplett, 2016; Jeffreys, 2011; Lockie et al.,
2014; Scanlan et al., 2013; Serpell et al., 2011; $piter., 2012; Stewart et al., 2014; Tanner et
al., 2013; Young and Rogers, 20T8)ough a thorouglnvestigation of independent definitions
of agility in the past 40 years in literatyréhe author was able to presemt definition based on
the frequency of keywordshe ability of rapidly (or quickly) changing position (or direction) of the
whole-body due to a stimulus with speed/velocitiie definition aligned significantly with the

definition proposed by Sheppard and Young (2006).

1.1.3. Limitations of Gandardised Agility Tests
With an accepted definition and classification of agility presented in this thesis, it was now clear
to see that agility tests presently conducted do not truly represent the skilityAgestssuch as
the lllinoisAgility, AFL Agility Run;®5, T-Test (TDrill), PreAgility (510-5 Shuttle) and the 3
Cone Drill {Run)all only test the physical component of agilitgyolving pre-plannedbehaviour
of sprints, changeof-direction speed (CODS)nd navigation throup a series of cones to
predefined location®n aknown path. Theseaspects therefore show these tests invoblesed
skillsonly, which are defined amovemenst in whicha person knows exactly what is expected
from them; some form of prg¢programmed/preplanned movementthat does not involve a
response to a stimulugox, 2011Verstegen et al., 200I)hese tests therefore do not accurately
represent theopen skills associated with agilitywhichare used when a person must react to a

stimulus from the surrounding environment perceived via their sensory input systemsjch wh



the movement contains some form of ambiguity that is not automated or reheaiGed, 2011;
Verstegen et al., 2001Although these tests do not accurately represent all components of agility,
they arewidely accepted protocols iresting batteries and draft combines conducted by popular
sporting institutions such ashé Australian Football League (ARChalmers and Magarey, 2016;
Pyne et al., 2005; Robertson et al., 2015; Tanner et al., 2013d%\&i@l., 2015andthe National
Football League (NHHoffman, 2006; McGee and Burkett, 2003; Sierer et al., 2005)

1.1.4. Reacive Agility Tests
There has been a lot emerginditerature that has aimed tanclude the perceptual and decision
making factors of agility within tests known as Reactive Agility Tests (RAdditional RATs
incorporate a single straight sprint towards ¥, Q a,Whetgdfh&atife Mpresented with
a light, video or human stimuhvhich indicates whether they need to traverse 4%o the left or
right. This factor is key implementation ofthe athlete usingperceptual and decisiemaking
factors of agility, as well as being able to assess the physical components of strength, power,
balance and change of direction speed from quickly responding to the stimiogls and Bird
(2016)undertook a comprehensive review of RAFesented in literature, showing findings that
RATs arenore reliable and valid in assessing agility compared with traditionaplarened and
light agility drills Another similarly extensive review on RATSHawul et al(2016)showed a high
reliability and validity irRATsSeveral studies have implicated similarly positive tedor RATS,
proving both reliability and validitfFarrow et al., 2005; Serpell et al., 2010; Veale et al., 26%0)
well as differentiation betweenhigherskilled athletes comgwed to their lesseskilled
counterparts(Farrow et al., 2005; Gabbett and Benton, 2009; Henry et al., 2011; Lockie et al.,
2014; Morland et al., 2013; Veale et al., 2010; Young et al., 20Bby of the studies concluded
that the performarce differences in the RATs was attributed to the differences in the skill of
perceptual and decisiemaking components of reactive agil{yarrow et al., 2005; Gabbett and

Benton, 2009; Inglis and Bird, 2016; Scanlan et al., 2013; Serpell et al., 2010)

1.1.5. Limitations of RATs
Despite the incorporation of perceptual andasionmaking factors through RATs with promising
results,there exiss several major limitations; they are not standardiséidey require a lot of
expensive equipment to perforrand they are not able to testome physical components of
agility that simpke preplanned tests evaluateAmong the literaturethat implemented a
NI RA G A 2y RATor Wighily ndoédifled & rRioiFarrow et al., 2005; Fiorilli et al., 2017;
Gabbett et al., 2008; Henry et al., 2011; Lockie et al., 2014; Morland et al., 2013; Scanlan et al.,
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2013; Sekulic et al., 2017; Serpell et20]0; Spiteri et al., 2014; Veale et al., 2010; Young et al.,
2011) only two of the tests conducted hdlde same testing protocghumber of decisiormaking
components and distances ran between each stggrilli et al., 2017; Lockie et al., 201A)I

the other tests had different sprint distancescluding up to the point where a changé
direction is requiredand the remaining sprint thereafter. Some authors also made further
modifications to the test to include an extra reaecomponent(Spiteri et al., 2014; Veale et al.,
2010) adding a sidetepping motiom (Farrow et al., 2005pr adding an additional running
element at the endVeale et al., 2010)he variations in each of the RATs employed by these
authorsemphassed that although the RATsere a viablemethod for differentiating athletic
performance, there was no standaticiat couldbe used to comparethe resultsbetween athletes

in various clubs or sporting institutions. Additionally, the test usually required a lot of equipment,
including tming gates, force sensing plates (or alternative sensing means), projeantdrspme
form of stimulus (visual light display, videadmmsome cases a human stimulihetraditional RATS
alsoonlyincorporateone 4% changein-direction, which means thdhe test does not incorporate

a complete 180changein-direction like some prglanned testsntegrate(the Illinois Agility Test,
Pro-Agility or 50-5).

1.2. Proposal for a New Agility Test

With a clear gap in the research and in the markbis therefore pesented the idea that if a
system could be designed and developetiich is able to test all components of agilitycluding

both physical, perceptual and decistomaking factory whilst incorporating sporspecific
equipment (such as a game ball) whallso remaining standardisethen it would be of great
interest to sporting institutions and clupas well as researchers and academitals, this thesis
projecthad the ainto design ad develop a novel system capable of testing all components of an
FdKESGSQa FF3IAfAle ¢ Kpdedfid eqaipmérdidindaiMdining a/f@m ozd S

standardisation.

1.3. IdeaConception

Tofurther understand the significance of this project, itmgortant to recognise how this project
emerged by going back to the rootstbie conception of the ideavhich was formulated by Dr.

Sam Elliott.
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The SHAPE Research Centre (Flinders University, Adélastiglia) isa multidisciplinary cluster

of academic researchers in Sport, Health, Performance, Exercise and Physical Education (SHAPE).
The SHAPE Research Centre is responsible for severaleffigim@nce Programs (HPPs), which

are delivered to numerous organisations including 8with Australian National Football League
(SANFI2 2YSya ¢FfSyd {SIFINOK:Z GKS {2dziK ! RSt ARS
2540 ! RSt ARS C 2phénd Academy /arid dbe Cantaxs Ne@l iClib and Surf
Lifesaving South Austrai8HAPE Research Centre, 2008)e of the active members of tieam

is Dr. SamElliott, whois an early career researcher and lecturer in Sport, Health and Physical
Activity in the College of Education, Psychology and Social Work at Flinders University. By playing
an active role in consultancy and advisory capacities with the Football Fedetatstralia, Sport
Australia and the Australian Council for Health, Physical Education and Recreation, Dr. Elliott has
a wealth of knowledge and experience within the field of Sport, Health and Physical Education.
He experiences first hand interactions wathletes as well as testing protocols implemented. As

a result,he was able to identifya problem with currently implemented testghat they require
pre-planned agility only. Halsoobservedhow no standardised test incorporated sp@pecific
equipmernt such as the game balecognisinghe currentgap in the markeassociatedvith agility

testing protocols Thus, the conception for the idea of designing and developing a new sports
agility testing system was proposed, which SHAPE wishes to incorpai@teir program so

that it may be enhanced.

Thesummary proposal for the projecffered by SHAPEFigure A1) ispresentedin Appendix A

1.4. Competing Products

Athoroughinvestigationand market analysis was undertakiemo competing productsurrently

onthe marketg KA OK @gSNB | of S (20fth&Spidilucts ghalysdd fall sysiemi a |
were found to be able to function indoors and outdoors, were wireless, could measure time,
provide realtime data feedback podest, were usable in a variety of sports,cimded
customisable tests and generally had a precision accuracy of one hundredth or one thousandth

of a second (0.01 and 0.001 seconds, respectively).

The systemghat appeared to be of the highest threat includéte FITLIGHT Train&(FITLIGHT
Sports ©rp., Ontario, Canada)the Wireless Training Timer SEM (WittySEM) (Microgate
Corporation, Bolzano, Italythe SMART{it® Strike Pods (Smartfit Inc., Camarillo, California) and
photocell timing gate incorporated systems; SmartSpeed Pro (Fusion Sporgrigrighustralia)

and SpeedLight (Swift Performance, Brisbane, Australithese systems were considered a high
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threat as theycan present a stimulus to the athlete, enabling use of reactive agility tests and
training. Furthermore, the SMART{it® and WI8EM were able to display a variety of characters,

which added to the randomness and unpredictability of the test.

Another systemthat was of considerable threat was thEreelap Timing System (Freelap SA,
Fleurier, Switzerland), as well as traditional pdaell timing gate systems such as the TC Timing
System (Brower Timing Systems, Draper, UT), Wireless Timing Network (WTNTIMALNGE
GmbH, Vienna, Austria) or the Wireless Race Timing System (TAG HeDkaukde-Fonds,
Switzerland)A major limitation to these devices was thatlmg primarily timing systems, these
products were not able to implement reactive agility training independently; they required

external equipment to do so.

1.4.1. Limitations of Competing Products
It was found the major gap in the mieet was incorporating spoi$pecificequipment(such as a
game ball)with the system itself. Additionally, if using spagecific equipment alongside the
system, there was no form of standardisatioithe testthat could be applied consistently across
sporting clubs or institutions Another significant finding was thatltaough some systems
provided guided assistance in setting, such as aligning timing gates together, no system was

able to assist in the layout sep of the test. That is, no test calbssist the user in knowing

where they needed to place their devices for a given test; the distances and angles needed to be

measured independent of the systerAnother understood limitation was that each system
needed some form of accessory, such asg@ott or mount which usually needed to be bought

separately.

A more detailed explanation of the findingspresented in Sectio2.4: Competitive Market

Analysis

1.5. Project Scope & Constraints
Establishing project scope and constraintshie early stages of the project was important so that
it could be understood what would be achievable for this progead what would not,suchthat

aset ofexpectationscould be established

It was understood early in the development phase of thisgmbthat a lot of work would be
required to design and develop asystémtOl y (Sad Fff O2YLRyWihia
the project to be completed in eight monthsignificant time constraints existedhich limited

the refinement of the prodat. As a result, a set @ssential and desirable features for the product

6
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were established in the initial kiakff meeting. The desirable features were not required to be
completed in this projecbut if time permitted, they were pursued upon; generalligey were

accepted that implementation would be incorporatedfuture work.

Although no official budget was agreed upatgvelopment of the system would need to be
implemented through contributions frorthe College of Science arithgineering Thesis Budget
($600)5 NJ» 9 dtaff dcéunti($%#60) and personal contributions made by the auth6d@} a

total contribution of $1600. As a resultthorough investigation and research needed to be
conducted to carefully select components and materibé reflected the budgetThrough both

time and budget constraints, it was agreed upon that the system developed would be in the form
2T | -ofdNE2LBI Q LINRPG2G@ LSO

A strong beliefexisted betweerthose associated with the projecthat the proposed system to

be designedand developedwould havesignificant commerciahppeal and value, sindé was
something thathad not been implemented before. Witthe possibility of commercial value in
the product, it was in the best interest to not publicly display or disclose any portion pf diject

with the public. As a result, the author and all associated paetiésred aContractual Agreement
regardingintellectual property (IP)and confidentiality. In addition,the final seminars were held
behind closed doors, witany externajudges (individuals who are not Flinders University staff)
being required to sign No#Disclosure Agreements (NDAs) with Flindergversity prior to
FaaSaaiay3a yR 2dzRIAY T (KS | dzi K fedghRidgthg gradijcE & 2
was maintainedA private working space was granted for the author to work at in the Flinders
University Medical Device Partnering ProgrdibPP) laboratorywhich is one of the few rooms

that are isolated from the publigo that the work would remain confidential

1.6. ProjectAims& Objectives

The primaryaim of this project was to design and develapovel system capable of testiag
components of at G Kt S ( Sidarily Bcuded for thletes in Australian rules football, but
with the possibility to make it diverse, such thahad compatibility with other sports such as
netball, basketbalbr rugby By discussing with Dr. Ellipttis thoughts and ideasn the system
regardingwhat was essential to include and what was desirablelear understanding of the
system was able to be made, so that the primairyp could be broken down into a sef aims and
objectives To measure the success of the project quantitativelg, aims, objectives and design
requirements could be reflected upon by comparing the system against a given specification

criteria.



It was establishedhroughan initial kickoff meetingand several subsequemeetings that the
system would consist of a minimum of four devices (markevi)ch would be positioned in a
specificlayout over adesignated testing zone area. A markeould activate by presenting an
audio and visuadtimulusto the athlete to indicate they need to remove sp@pecific equipment
(such as a game baliom it. The athlete would need to reaets quickly as possibke the
stimulus, sprintingowards it and removing the spedpecific equipmenttherebydeactivating it.
Upon deactivation, this would then cauasubsequent activation of another markérhis process
would berepeateduntil all sportspecific equipment had been removéwm all markerslt was
essential that the sequence the markerstivated would berandom such that it was not possible
for the athlete to anticipate which marker would activate nekhrough this the test would be
able to evaluatall components of agilitythe athlete would require perceptuatognitive factors
to anticipate and visually scan for the next activated marker, then desgsionrmaking when
presented with the random stimuto initiate execution of a physical respons€his response
would involve asubsequent changef-direction speed, followed by a bursf rapid acceleration
involvingstrength, power, balance and coordination to spiime straight line for ahort-distance
to the next markeyrapidly decelerating and accurately removing the sgpetcific equipmento
deactivate it.By measuring the tieataken for an athlete to complete the test, this metric would
be able to be used to infer a relative evaluatiorskiil ofagility the athlete possessessa more

agile individual would be expected to complete the test faster.

To assist in developingctear path to follow and so that the primary aim of the project could be

achieved, it was necessary to break it down into ao$etefinitiveaims:

1 Obtain a thorough understanding of athlete performance testing; why it is conducted and
how to evaluate theaesults

Attain a comprehensive understandingthe concept of agilityand how it is tested

Develop a in-depthunderstanding into the concept ¢ést reliability and validity

Identify and followan appropriate engineering design proses

= =4 =2 =2

Estallish the needs design requirements and associated design specifications
corresponding tahe project

1 Design and develop a prototype systemhich meets the primaryaim of testing all
O2YLRySyGa 2F +y FGKfSGSQa [FaAfAGe®



The aims of the project could be accomplistgcestablishinga clear sebf objectivesto aspire

to achieve these weredentified as follows:

1 Investigate and understand currently implemented standadiagility tests

1 Undertake a competitive market analysis, identifyaryy commercially availabléhreats
to the proposed solutionas well as their advantages and limitations

9 Consult with Dr. Elliot and academic supervisors on the essential and desatadet of
the system to produce correspondinget of design requirements

1 Translate the set of design requirements into a corresponding set of engineering
specificationgwvith target metrics that can be quantitatively measuraglainst

1 Using design reqements and engineering specificationgeate and conceptualise

viable solutionsevaluating the alternativeand malkngrefinements as required

Use ComputeiAided Design (CAD) develop thefinal evaluatedconcept

Developand construct the mechanicdksign of the system

Develop assembleand progranthe electronic hardwareomponentryinterface

Integrate the electrical, mechanical and software desiga a tangible product

= =4 =A =2 =

Test and evaluate the system against the set of engineering specificatiatetermine

the success of theystem

1 Document all design detail including CAD assembly and part drawings, electronic
schematics and software code

1 Understand and acknowledge the limitations with the final prototype system

1 Recognise and document all future work for additional improvements and refinement of

the system.

1.7. Thesis Outline

This thesis documents the processes taken to achieve the primary aim of designing and
RSGSt2LIAYy3I I aeaidsSy OF LI ¢ fA%eviewwTof lilerataréwasfigst Iy |
undertaken to substantiate the importance for the proposal of designing and developing a new
y20St LISNF2NXIyOS GSadAay3a aeadsSy OlFLIotS 2F
classifications of agility is ayakdthroughrecent and past literatureDiscussion ofthe important

fundamental concepts regarding measurement and evaluation of athlete tastprgsentedThe

concepts of validity and reliability are analysed; how these are the most important gsalitie
involving testing how they are currently established in existing tests and whew they are

recognised ira new test such as the one in this thesis. Agility tdsas are well recognised and
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implemented in the field of sport science are analysed; tiwey are administered to athletes and

what literature has to say about the validity and reliability for these to test agility. Emerging sports
agility tests presented in research are discussed, as well as existing industry products in the
contemporary markt, establishing the gap in the market and how the proposed agility tester will

fill these gaps.

A logical and systematic engineering design process was followed, which consisted of a series of
stages; problem definition, conceptual design, solution cohocggsign embodiment and design
detail. Aneeds identification waBrst conducted to understand the current problem and to clarify

the objectives, primarily based upon the proposal brief supplied by the SHAPE Research Centre,
the literature review and thecompetitive market analysis. Through the market research and
analysis conducted, a set of design requirements were establisghatdseparated essential
requirements from desirable ones. The conceptual design stage then éargettablishing
functional stuctures, which were accomplished via an objective tree and functional
decomposition to determine the function structure of the project. A set of subsequent design
specifications were then able to be developed using the specificggrformance method,

based upon the initial stages of the design process. By establishing a set of qualitative, scalable
values to the design specifications, this served as a framework for the following conceptualisation
and development of the product, to work towards set targetiuesthat could be compared
against when the product was complete to determine the success of the design. The quality
function deployment process was followed, hereby developing a House of Quality chart that
enabled correlations and conflicts to be detgned between specifications and requirements, as

well as assigigin determining a set of importance values for the specifications; so that the high

importance ones could be watched over carefully through design and development.

A morphological chart wasmployed which established a set of means for achieving given
functions established in the function structure. The solutieutral processes thus far left the
door open for all possible designs to be considered. The alternatives were evaluated against o
another using a decision matrix, which assisted in the selection process for refinement of the final
solution concept. By integrating the most optimal performing means, an optimised solution layout

was madethat assisted in componentry selection for ghasing.
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Preliminary design embodiment througbADwas conducted to visualise the solution layout.
Using the CAD models as a framework, the physical embodiment of mechanical, electrical and
software design could go underway. The process was iteratimatire, jumping back and forth
between various stages of the design process. Finally, integration of the prototype was completed
such that a final solution could be presented. The design details were documented including the
final programs, testing procedes and electronic schematics. The actual metric values were
compared with the engineering specifications to determine the success of the design. The
significance and any limitations associated with the solution were presented here. Subsequent

recommendatbns for future work were noted.
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2. LiteratureReview

2.1. Aqility
Current literature presents the definition of agility to be a clouded area, with no solid consistency
FY2y3ald GKS alLlR2NIa a0ASyO0S O2YYdnohRAaNS OSSN E &
often used interchangeably with agility. However, it doesnsee number of publications and
textbooks have acknowledged and agreed that this ambiguity does exist regarding the definition
and classification of agiliChelladurai, 1976; Cooke et al., 2011; Coulson and Archer, 2009; Haff
and Triplett, 2016; Liefth et al., 2018; Lloyd et al., 2009; Paul et al., 2016; Sheppard and Young,
2006; Stewart et al., 2014; Young et al., 2015)

2.1.1. The Ambiguity in Defining Agility
Traditionally, agility has been defined in literature simplyéad KS oAt AG& G2 OKLI
NJ LJA (Rdurdgaréner and Jackson, 1983; Lloyd et al., 2009; Mathews, 1978; Parsons and Jones,
1998) Other scientific literature have adapted to this, défigitast § KS F oA f Adé& G2 OKI
NI} LA Rf & | y(BarrdowGuiddbGed, $97% Johnson and Nelson, 1986; Lacy, Aty
further to the uncertainty, some literature has suggestedt agility involves a chamegof direction
using the wholebody, in conjunction with rapid changing limb direction and moven(iBaechle,
1994; Draper and Lancaster, 198B)an increasing number afmerging literature, a common
trend isbecoming presentwith acknowledgement that agility involves a combination of physical
and perceptual and decisiemaking factorgBenvenuti et al., 2010; Born et al., 2017; Chelladurai,
1976; Coulson and Archer, 2009; Haff and Triplett, 2016slagll Bird, 2016; Nimphius, 2014;
Paul et al., 2016; Sheppard and Young, 2006; Tanner et al., R0d@) recently, in a publication
by Liefeith et al. (2018)the authors mention how agility is complex, involving a range of
movements and coordination, indicating commonly presented definitisnsh as the ones
mentioned above do not fit the complexity of the construdefeithet al. suggess agility should
be considered as a dynamic, complex and challenging integration of many abilities to provide
movement solutions that satisfy the needs imposed by a physical context that has rapidly

changed.

The independent definitions of agility provided in literature throughout the K3tyearswere
investigated Tablel). It is very apparent that the definitions vary among authors, which could be

a result of different backgrounds, thoughts and ideas on the construct of agility.
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Tablel: Independent definitions of agility presented in literature

Definition of Agility

Barrow and 1979 | dThe ability of the body or parts of the body to change direct
McGee p.113 rapidly and accuratelp €
Baumgartner | 1983 GThe ability to change direction of the body or body parts
and Jackson| p215 rapidlyd €
@The ability to change the direction of the body rapidly and i
Draper and 1985 o
result of a combination of strength, speed, balance and
Lancaster p.16 . . )
O22NRAYIFUAZ2Y D d
Johnson and| 1986 GThe physical ability which enables an individual to rapidly
Nelson p.215 change body position and direction in a predfse Yy S NJ
GThe ability to react to a stimulus, start quickly and efficieng
Verstegen and 2001, move in the correct direction, and be ready to change direct
Marcello p.140 or stop quickly to make a play in a fast, smooth, efficient, a|
repeatable mannet.
2008 , - . .
Hoffman GThe alility to change direction rapidi.
p.112
Sheppard and 2006 0A rapid wholebody movement with change of veltycor
Young p.922 direction in response to a stimufus
ds made up of several discrete components such as balar
Coulson and | 2009 _ o _ o _
reaction or decisiomaking, coordintion, technique, strength
Archer p.156
and power, which are all trainable componeéts.
L 2017, GThe ability to rapidly and accurately change the position of
acy
p.206 body in spac® €
2014 GThe perceptualcognitive ability to react to a stimulus such a:
Nimphius 181% defender or the bounce of a ball in addition to the physica
p.
ability to change directioi €
Haff and 2016 aThe skills and abilities needed to change direction, velocity
Triplett p.522 mode in response to a stimulbg
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Definition of Aglity

Liefeith et al.

2018 p.2

dAgility] should be conceived as describing movement solut
which require the dynamic integration of a number of-sub
capacties (speed, forceful contraction, mobility, dexterity,
balance, postural control, coordination, perceptual awarene
reflexive decision making, etc.) in some complex and challer
permutation to satisfy the demands imposed by a rapidly
changing physida O2 y G SEGXLG Yl & (K
wide range of contributing subapacities enable agile

behaviourg

The frequency of certain keywords within the above definitiorese tabulated(Table2), where

some keyword frequency has been added when a word has not necessary been stated, but the

actual wording is representative of it.

Table2: Frequency of keywordisom independent definitions of agility

Term Used Frequency Sources
- LacyBarrow and McGeédaumgartner and Jacksp8heppard
Change position _ _ _
o 9 and Young, Nimphiusjaff and TriplettVerstegen and
direction
Marcellg Draper and Lancaster, Hoffman
LacyBarrow and McGedBaumgartner and Jackspiohnson
Whole-body 6
and NelsonSheppard and Young, Draper and Lancaste
Body parts 2 Barrow and McGedaumgartner and Jackson
Balance 3 Coulson and Archer, Lancaster and Drapefeith et al.
Coordination 3 Coulson and Archer, Lancaster and Drapmfeith et al.
_ _ Lacy, BarronBaumgartner and Jackspvierstegen and
Rapidly/Quickly 7 o
Marcellg Draper and Lancastdriefeith et al. Hoffman
Strength/Power 3 Coulson and Archer, Draper and Lasteag Liefeith et al.
Technique 1 Coulson and Archer
Accurately/ 3 LacyBarrow and McGeelohnson and Nelsowgerstegen and
Precisely Marcello

14




TermUsed Frequency Sources

_ Sheppard and Younglaff and Triplett Draper and Lancaster
Speed/Velocity 4
Liefeith et al.
Reaction/ _ _ _
3 Coulson and Archer, Nimphiudaff and Triplett
Response
Efficiency 1 Verstegen and Marcello
Decision Making 2 Coulson and Archetjefeith et al.
. Sheppard and Young, Nimphitdaff and TriplettVerstegen
Stimulus 5 o
and Marcellg Liefeith et al.

A specific frequency criterion was used, where the key term must be present in at least four
independent agility definitins. Thus, &sed on the current literature, it is clear to see that when
referring to the key termsvhich metthis criterion the wordscould be puttogether to define
agility asthe ability of rapidly (or quickly) changing position (or direction) ofathele-body due

to a stimulus with speed/velocitiNow that key terms relating to agilityad been identified, it
wasimportant to take an irdepth analysis of the components of agility presented in literature
and recognize an established definition in et literature so that the ideas, theories and

concepts presented in this thesigere substantiated.

2.1.2. Components of Agility
A deterministic model of agility components was proposedylyng et al. (2002)which was
developed so that the main factors could be identified and applied to sports involving the ability.
This was later modified b$heppard and Young (200@&en further modified and expanded by

Nimphius (2014)with the most recent model shown iRigure3.

The multifactorial model suggests a range of components are related to agilMglving
perceptual and decisiemaking factors while also incorporating physical qualities relating to
charge-of-direction speed Physical swoomponents of CODS includes anthropometric
components such as body position or individual technique (foot placement, stride adjustment and
body lean and posture), straight line sprint speed, strength (concentric, isanaetd eccentric),

power, force development and reactive strengifoung et al., 2002)
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Agility

Perceptual- /j_dr\ Change of direction

cognitive speed (CODS) speed
Visual  Anticipation Pattern Knowledge Reaction Anthropometrics Straight line Leg qualities
scanning recognition of situation time sprint speed specific to
COD step
Body position Strength Power and Reactive
or individual rate of force strength
technigue development
Foot Stride Body lean Concentric Isometric Eccentric
placement adjustment and posture strength strength strength

Figure3: Model of the components of agilifNimphius, 2014)

Young et alsuggests that although these physical and biomechanical qualities of agility are of
great importance for higher performance CODS, it is the perceptual components such as visual
scanning, anticipation, patta recognition and knowledge of situatiotizat are the significant
components that differentiate higheskilled performance sporting athletes from their lesser
skilled counterparts. This has been proven to be consistent in several s(gdresw et al., 2005;
Gabbett et al., 2008; Henry et al., 2012; Serpell et al., 2010; Sheppard et al., [ 26f6th et al.
(2018)emphasised agility consists of a wide range of contributingcsydacities, similarly to how
Young et al. (2002nd Nimphius (2014¥escribe agility to contain a range of components in a
multifactorial sense. Other scientific literature is in agreeathzg agility involves a multitude of
sub-components of physical and cognitive factors, where Morc and Coulson (2009) state agility
consists of a variety of discrete components involving physical and cognitive; strength, power,
balance, technique, coordinain, decisioamaking and reactionDawes and Roozen (2012)
mentionthat agility involves a multitudef component abilities including physical factors (speed,
strength, eccentric strength, stabilisation strength, power, rate of force development, strength
shortening cycle, anthropometric variables and technique) and cognitive factors due to quickness
(a factor affecting agility, which consists of information processing, knowledge of situations,

decisionmaking skills, anticipation and arousal level).

A significantamount of literature has mentioned perceptual and decisioraking factors are

important conponents of agilitfTable3). The list of sources in not exhaustive, as there are many
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more research articles that the author has not read. However, the table does Hiet a
significant amount of scientific literature agrees the cognitive factor is an important component

of agility.

Table3: Literaturethat suggest agility involves perceptual and decisiwaiking factors

Frequency Sources ‘
Benvenuti et al., 2010; Born at., 2017; Coulson and Archer, 2009; Dawes
Roozen, 2012; Haff and Triplett, 2016; Jeffreys, 2011; Lockie et al., 2014;
18 and Homoud, 2015; Nimphius, 2014; Scanlan et al., 2013; Sheppard 4
. 2dzy3T HancT ~AY2yS] Si 14 Stewart etah,m

2014; Tanner et al., 2013; Verstegen et al., 2001; Young and Rogers, 2

2.1.3. Defining Agility Based on Literature
Sheppard and Young (200@)dertook a thorough investigation into the classifications, training
and testing of agility in literature, suggesting a comprehensiveniiein of agility would allow
recognition for all components; the cognitive processes involved with motor learning, the
technical skills in relation to biomechanics and the physical demands when considering the
strength and conditioning aspect. Thus, thepposed agility to be defined asl  NJ LJAR g K2 f
02Re& Y2@0SYSyl 6A0K OKIy3aS 2F @St 2(6hefpard addNJ RA NB
Young, 2006, p. 92ZFhe definition proposd bySheppard and Young (200f)rrelates wd with
the definition developed for agility based on the frequency of keywords from independent
definitions presented in literaturaghe ability of rapidly (or quickly) changing position (or direction)
of the wholebody due to a stimulus with speed/velyciThus, it is reasonable to accept this
definition of agility by Sheppard and Young. By accepting this statement as the definition for

agility, both the cognitive and physical components are acknowledged.

An increasing number atientific literature isaccepting this definition by Sheppard and Young in
their research, recognizing the importance of the reaction to a stimulus as a key component in
agility(Benvenuti et al., 2010; Born et al., 2017; Coulson and Archer, 2009; Haff and Triplett, 2016;
Jeffreys, 2011; Lockie et al., 2014; Scanlan et al., 2013; Serpell et al., 2011; Spiteri et al., 2012;
Stewart et al., 2014; Tanner et al., 20Y8ung and Rogers, 20168)ore recentlyPaul et al. (2016)

and Inglis and Bird (2016)ndertook systematic reviews of literature ragang reactive agility

tests. In agreeance witBheppard and Young (200@)ey too emphasised the importance of a

sport specific stimulus when testing agility. This makes sense, as a large majority of sports require
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an athlete to make perceptual and decisioraking in response to some type of stims| either
due to the location of a ball, equipment, or by the movement of a defending or attacking
opponent. Australian football, soccer, rugby, netball, tennis, hockey, badminton, volleyball,
boxing, or martial arts are all examples where an athlete fintl themselves inthese
circumstancesAthletes will often need to make sudden changes of direction by decelerating and

reaccelerating rapidly and accurately as they react to a situghlamphius, 2014)
2.1.4. Classifying Agility
Sheppard and Young (2008¢nt further to classify agilitgTable4), so that confusion would be
avoided, and the terms used could become more standardized in application.
Table4: Crteria for the classification of agilifModified from Sheppard and Young, 206930

Agility Other Physical or Cognitive Skills ‘

Must involve initiation of body movemen
change of direction, or rapid acceleratic
or deceleration

Must involve wholebody movement
Involves considerable uncertaint
whether spatial or temporal

Open skills only

Involves a physical and cogniti
component, such as recognition of
stimulus, reaction, or execution of

physical response

Entirely preplanned skills such as shptit
clasgfied by their skill function rather thal
included as a type of agility

Running with  directional change
classified as change of direction spe
rather than agility or quickness

Closed skills that may require a respor
to a stimulus (e.g. the sprint starin
NBaLRyasS G2 GKS 3
planned (closed), and therefore is n

agility)

Several aspects already mentioned are includeithin the table with the addition that agility
involves considerable spatial or temporal uncertainty, as welheadving open skills only, while
other physical or cognitive skills involve closed skills. A clsk#ldnvolves a movementherea
person knows exactly what is expected from them; some forprefprogrammedpre-planned
movementthat does not involve aesponse to a stimulugCox, 2011; Verstegen et al., 2001)
Open skiIs are used when a person must react to a stimulus from the surrounding environment
perceived via their sensory input systems, in which the movement contains some form of

ambiguity that is not automated or rehears¢@ox, 2011; Verstegen et al., 2004 example of
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a closeaskill is the movement required for throwingjavelin across the field, while an example
of an open skill could be the reaction of an athlete to a passing of a ball or oncoming opponent.

Therefore, open skills are an important aspect of agility performance.

2.1.5. Changeof-Direction Speed
Many publicationsonsider changef-direction speed and agility as two separate abili{jeaff
and Triplett, 2016; Spiteri et al., 2014 0ODS can be considered a-pl@nnedability to change
direction of movement where there is no requirement of a reaction to a stim{eff and
Triplett, 2016; Nimphius, 2014; Young et al., 2082ch as when a baseball player is running to
first base after hitting the ball. An athlete changing direction of travel when the path of movement
may be preplanned is differento how an athlete may change direction when reacting to a
stimulus such as an oncoming defender or the bounce of gMetiphius, 2014)Sheppard and
Young (2006¥3uggests conditioning exercises could be classified as either an agility test with
sprints and change of direction inggonse to a stimulus, or a CODS tésés involves just sprints
and change of direction. Therefore CODS can be considered a physical component of agility
(Nimphius, 2014; Sheppard and Young, 2006; Young et al.,.2002)

2.2. Athlete Testing

Athlete testing is a significantly useful method to evaluate the performahethletes; acting to
support improvement by allowing goals to be set and progress to be evaluated as well as
differentiating one higheperforming athlete from another loweperforming one(Haff and
Triplett, 2016) Both quantitative and qualitative information may be obtained about a given
subject from athlete testing; quantitative measurements on numerical data sschveight,
measurements or performance time, as well as qualitative observations such as through analysis
or artefacts(Gratton and Jones, 2004; Pitney and Parker, 20@hysiological and performance
testing is he most common forms of athlete testing, which may have a focus on either health
related or skilirelated physical fitness, such as aerobic or anaerobic fitness, endurance, balance,
speed, coordination, strength, power, flexibility or agilibacy, 2011; Tanner et al., 2013his
F2NY 2F GSadAay3a OFy LINBOGARS | gl& 2F 200FAYyAY
physical abilities, performance or sk{ll4aff and Triplett, 2016; Tanner et al., 20118}s important

to establish the processes involved in physiological measurement and evaluatiathlete
testing as this will provide the basis of understanding how to validate the measurements obtained
from the proposed agility tester and have confidence in its results, thus, furtheepth analysis

in this topichas beerconducted in this Igrature review.
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2.2.1. Evaluation of Test Quality
The reliability and validity of measurements obtained through athlete testing is of great
importance as the tests needs to measure what it is supposed to measure as well as be repeatable.
If the test does not posss these characteristics, then the measurement outcomes are not
beneficial and would be thought of as questionafitéaff and Tplett, 2016; Lacy, 2011}t is
important to ensure the reliability and validity of the proposed agility tester presented in this
thesis. High reliability and validity of a test enables it to be conducted with confidence such that
the measurements canebused to assess an athlete and differentiate them from one another; in
terms of agility, determining the most agile from those who require further trai@dofpnson and
Nelson, 1986; Lacy, 2011)

2.2.2. Reliability
For a test to be reliable, it therefore needs to have repeatability or reproducibility and consistency
in its outcomes, such that the test may be repeated and produce similar results, under similar
circumstances with no change in status or ability of thigjsct being testedBarrow and McGee,
1979; Coulson and Archer, 2009; Haff and Triplett, 2016; Hopkins, 2000; Lacy, 2011; Vincent and
Weir, 2012) Reliability can be quantitatively concerned with measurement emdrich will
always accompany any test measuremerdde (Baumgartner and Jackson, 1983; Bishop, 2008;
Lacy, 2011; Vincent and Weir, 2012 observed score of a test can therefore be described as a

component of its true score and that of an ercmponent(Equationl).

Equationl: Calculating observed score
O i QI vaEQ "® 6YDE 1@ 1 €1
The averagedvall@ ¥ | &adz2S00Qa a02NB 200FAYSR FTNRY Yy
score, while the difference between this true score and the observed score describes the error
component. As the reliability of a test increases, the difference between therebéd score and

true score will decrease. Therefore, a highly reliable test indicates that the errors in measurement

are smal(Vincent and Weir2012)

Test reliability may be determined via three methods; analysis of variancesetiestt and split
halves(Barrow and McGee, 1979; Baumgartner and Jackson, 1983; Vincent and WeirB2@12)
Barrow and McGee (197@nd Baumgartner and Jackson (1983ate that the most preferred
method of establishing reliability of a test is through the intraclass correlation method (via

estimation through the analysis of variancBaumgartner and Jacksaifso state the testetest
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method is next preferredwith the splithalves method as the least desirable methdlderefore,
the splithalves methodwill not be described in this literature review, nor will it be implemented

in this thesis.

2.2.2.1. Analysis of Variance

One technique for establishing test reliabiliy through analysis of variance (ANOVA) via the
intraclass correlation method. This technique accounts for subject test performance variability
from test to test and also from day to déBarrow and McGee, 1978aumgartner and Jackson,
1983) The total variability of the measured outcome for each test and each day is compared by
dividing it into several parts, similarly to the observed score mentioned previously, using the
ANOVA methodBaumgartner and Jackson, 1983) doing this, the intraclass correlation
coefficient (ICC) can be determined amil indicate the reliability of the test for a given number

of trials over a given number of da§iBarrow and McGee, 1979; Baumgartner and Jackson, 1983)
Hopkins (2000¥uggests for any more than two trials, it makes most sense to use the intraclass

correlation method.

2.2.2.1.1. SpearmarBrown Prophecy Formula
The ANOVA method may be manipulated with the SpearBranvn Prophecy Formula to obtain
various values for the coefficient atliability based on a combination of number of tests
performed over a given set of da{Barrow and McGee, 1979)he SpearmaBrown Prophecy
Formula(Equation2) may be used as a way of estimating the adequacy of the coefficient for a

given number of days and teqBarrow and McGee, 1979; Baumgartner and Jackson, 1983)

Equation2: Spearman-Brown Prophecy Formula

. Qi
i h 5
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Where k is the number of times the test has chartgedither the number dfials undertaken or
by the length of the test rkxis the reliability of the test increased by a length of k time$ @pis

the reliability of the original tests.

This formula can be used to determine the upper limit of the reliability coeffi¢@atmgartner,
1968) An example of use for a given test, could be that it receives a 0.96 reliability coeffigien
undertaking the test three times per day for six days. Alternatively, a 0.91 reliability coefficient

may be achieved from undertaking the test just twice over two days.
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Initially, one method for confirming the reliability of the proposed test to lexaloped in this

thesis was going to be completed through analysis of variance (ANOVA) via the intraclass
correlation coefficient by integration with the SpearmBnown Prophecy Formula. However, due

to time constraints of the project, it was decided thiere would not be enough time to develop

the system as well as test it on athletes. Thus, it was determined the reliability through ANOVA
via the intraclass correlation coefficient integrated with the SpearnBamwn Prophecy Formula

of the test would needo be completed in future work.

2.2.2.2. TestRetest
Another technique for establishing test reliability is by conducting the test on a sample of subjects
once and then repeating it at least on{®arrow and McGee, 1979; Bagh 2008; Vincent and
Weir, 2012) The test must not be repeated until the subjects are fully recovered, preferably on a
different day following the initial test, and under very similar test conditions. The correlation
coefficient may be determined byomparing the scores of the two tes{Barrow and McGee,
1979; Bishop2008)

2.2.2.3.Pearson Produdfloment Correlation
This correlation coefficient can be determined by using the Pearson Priiuoient Correlation
method Equation3), which can compare two different independent measu(@&sarrow and
McGee, 1979; Lacy, 2011)

Equation3: Pearson Produdfloment Correlation

€t8 9 18 19
€+8 +8 £19 19

Where r is the Pearson produtioment correlation coefficient, n the number of subjects (or pairs

of scores) and X and Y the test scores for the two independent measurements taken.

Use of the Pearson Produbtoment Correlation method is yet another ambiguous factor in the
physical sciences fieltlacy (2011jecommends usinghis method when measuring tesétest
reliability. Hopkins (20003tates it is an adequate estimate of retest correlation, although slightly
biased. Bishop (2008 and Baumgartner andJackson (1983kuggest this method is not
appropriate in assessing the relationship between measures of the same measurement since it is
conducted under the assumption that there is two independent variables. They propose the
intraclass correlation méod previously mentioned, using the ICC as a more suitable method for

estimating reliability, which is in agreeance wiHbpkins (2000)
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Use of the Pearson produatoment correlation coefficient has been used to test betndest

and retest relationships in various research studies K| 2 dz- OKA S Ff @S Hnanndg
Farrow and Abernethy, 2002; Fessi et al., 2016; Hachana et al., 2014; Haugen et al., 2014;
Hermassi et al.,, 2011; Inglis and Bird, 2016; Nawi and Homoud, 2015; Young et al., 2011)
CKSNBEF2NB> Al gla AyAdAlrtte GK2dzAKaG GKFG GKS
through the testretest technique alongside the Pearson Prodiidment Correlation Equation.

Due to the time constraints presented by the projediscussd already it was found that

evaluating the reliability would not be feasible within this thesis; however, it should certainly be

addressed in future work.

2.2.3. Validity

For a test to be considered valid, it must measure what it has specified it is to measure,
accurately as possib(Barrow and Mc@e, 1979; Baumgartner and Jackson, 1983; Bishop, 2008;
Haff and Triplett, 2016; Lacy, 201Eurthermore, to be truly valid, the test needs to simulate
energy and movement requirements the sport would normally situate the athletesiated to

the abilty being testedHaff and Triplett, 2016)Of the characteristics of measurement, validity
has been established asehmost important(American Educational Research Association et al.,
2014; Barrow and McGee, 1979; Bishop, 2008; Haff and Triplett, 2016; Lacy, A2aigh validity
test can be conducted with the measurements evaluated with confidé¢baey, 2011)For a test

to be valid, it must be reliable; therefore the validity of a test is influenced by its reliability
(Baumgartner and Jackson, 1983; Bishop, 2088)vever, it is possible that a test can be reliable,

yet invalid(Baumgartner and Jackson, 1983; Bishop, 2008)

There exist several types of validity; content validity, construct validity and criteziated
validity. These are the general types mentioned ficaey (2011 Haff and Triplett (2016Barrow
and McGee (1979%nd Baumgartner and Jackson (1988)though some may group the types
slightly differently.

2.2.3.1. Contentvalidity
Content validity is also known as face validity or logical validity. This type of validity refers to the
degree at which the test can satisfy whether it is truly measuring a skill or gBatyow and
McGee,1979; Baumgartner and Jackson, 1983; Lacy, 20flthe test satisfies the components
of the ability, then it can be inferred to have content validiBarrow and McGee, 1979; Lacy,
2011) Due to the ambiguity of the classifications and definition of agility, establishing content

validity of an agility test is a difficult procedure. It is likely that this is the nemson why the term
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Section2.3 of this literature review This type of validity is based on subjective decision making,
usually through professional judgement and logic, instead of statistical proce(Baesow and
McGee, 1979; Baumgartner and Jackson, 1988 content validity of the proposed agility test

will be established by ensuring it does indeed test the components of agility established earlier.

2.2.3.2.Construct Validity
A construct is what is referred to as a fundamental concept, theory or titktais made p of
multiple simpler elementswhich forms an underlying characteristic to be measu(Bdshop,
2008; Lacy, 2011)Construct validity therefore refers to the degree a test measurement can
accurately measure an undging construc{Haff and Triplett, 2016)The construct in the case of
this thesis is the concepthat underly thecharacteristics that make up the ability of agility. This
interpretation of the term construct is confirmed froiriefeith et al. 2018) which discuss how
the interpretation of the agility construct needs to be clarified. Therefore, the construct can be
guite complex, as it is a multifactorial abil{tyiefeith et al., 2018; Nimphius, 2014; Sheppard and
Young, 2006)

Validating costruct validity is normally achieved by comparing the results between two groups
that are known to differ significantly regarding the construct being tested; such as elite athletes
compared with beginners in a particular sparrow and McGee, 1979; Lacy, 201t known

that theoretically the elite athletes would perforfar better in the test as they would have bee
profoundly trained in the sport giving them expertise ifBaumgartner and Jackson, 1983; Lacy,
2011). Therefore, the test would be said to have construct validity if there is a statistically
significant difference in the scores of the two groups. As the proposed agility test will only be
conducted internally and not be conducted on a group of ditdetes and norathletes due to

time constraints in getting ethics approval, it may not be achievable to determine the construct

validity of the testlt would be very beneficial to determine the construct validity in future work.

2.2.3.3.CriterionRelated Vality
This type of validity refers to the degree in which the test score is associated with criteria that
accurately measures the same abil{faff and Triplett, 2016; Lacy, 2011y/hen establishing
evidence of validity using this technique, the criteria being used as a reference needs to have a
high level of confidence in the accuracy of the measuren{éacy, 2011)Criterionrrelated

validity can be grouped into two types; concurrent validity and predictive validity.
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2.2.3.3.1. Concurrent Validity
The concurrent validity of a test is the degree to which it scores against another established test
that measures the same abili8Barrow and McGee, 1979; Baumgartner and Jackson, 1983; Haff
and Triplett, 2016; Lacy, 201Both he new test and the already established test are undertaken
by a subject and correlated. This correlation can be determined via the Pearson prodonent
correlation coefficienfBaumgartner and Jackson, 1983; Haffl dmiplett, 2016) The new test
can be considered to have concurrent validity if there is a high correlation between the tests
(Barrow and McGee, 1979; Lacy, 20M)ith increasing correlation coefficient comes greater
confidence in the validity of the results of the new tésacy, 2011)To determine the concurrent
validity of the proposed agility test, dould be compared against wedistablished agility tests
such as the lllinois Agility Test or AFL Agility Test, mentioned later in S2&iorthis literature

review. A major problem in this instance, is that these jptanned agility tests do not truly

NELINBASYG FEt O2vLRySyida 27 +y | GKESGSQa | 3AtA

a high correlation with these tests.

2.2.3.3.2. Predictive Validity
The preditive validity of a test is the degree to which the measurement may predict or
correspond with some form of future measure or performariBarrow and McGee, 1979; Haff
and Triplett, 2016)To determine the predictive validity, the rdts of the test would need to be
O2YLI NBR 6A0GK a2YS F2N¥ 2F YSI adz2NBYSyid &adzOK
(Haff and Triplett, 2016; Lacy, 201 Based on the scores measured from the test, the athlete
performance should be able to be predicted. If there is a high correlation between the two, then
this test is said to have a high predictive validitsicy, 2011)rherefore, scoring highly on the test

would predict that the athlete would have good game performance.

This project is focusing on the design and development of the agility test, which will incorporate
many features. As this form of validity requiresiaitial test to be undertaken and then another
criterion measurement to be administered at a future date to correlate the scores, the predictive
validity will not be able to be determined in this project to assess the measurement. This is due
to time constaints, as it would not be possible to go through the process of designing and the
developing the agility tester as well as going through the process of obtaining ethics approval to
administer the test on highly skilled athletes on two separate occasiathstie test measure

and another criterion measure.
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2.2.4. Statistical Analysis

2.2.4.1. Correlation Coefficients
The validity and reliability of a test may be interpreted by using the ICC mentioned previously,
which is a statistical techniqu8arrow and McGee, 197.9s stated, the reliability coefficient can
be determined by correlating the measurements obtained from a test thie measurements of
the same test repeated at least once (testest), or though the intraclass approach through

ANOVA.

2.2.4.2. Interpretation of Correlation Coefficients

A correlation coefficient can range frori.00 to +1.00, with the latter being the optah
correlation(Barrow and McGee, 1979; Baumgartner and Jackson, 1983; Lacy,R@birelation
coefficient greater than O represents a positive correlation, whilst any value below 0 is classified
as a negative aeelation (Lacy, 2011)Interpretation of validity and reliability coefficients above

.60 can be observed ifable5, which has been modified froBarrow and McGee (1979rom

the table, a validity coefficient needs toe above .70 to be acceptable, while a reliability
coefficient must be .80 to be considered acceptable. These standards will be implemented into

this thesis to determine the validity and reliability of the proposed agility test.

Table5: Standards fointerpretingcorrelationcoefficients (Modified fronBarrow and McGee, 1979)

Coefficients Validity ‘ Reliability
9510 .99 Excellent Excellent
.90to .94 Excellent Very good
.8510 .89 Excellent Acceptable
.80 t0 .84 Very good Acceptable
7510 .79 Acceptable Poor
.70to0 .74 Acceptable Poor

Questionable _
Questionable

.65 to .69 (except for very complex
(except for groups)
tests)
.60 to .64 Questionable Questionable (except for groups
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2.3. Testing Agility
Testing the ability of agility has been of great importance in the sports science community as
agility is essential in both field and court sports involving physical demands of changing direction
quickly such as in team sports of Australian rules footbeliball or rugby(Nawi and Homoud,
2015) Curren established agility tests contain a variety of different factors, including chafige
direction, manoeuvrability and more recently, a stimulogt forces a reactive respongelaff and
Triplett, 2016; Nimphius, 2014\gility has been regarded as an important ability to evaluate the
performance of athletes, capable of distinguishing higsidéiied athletes fra lesserskilled ones
(Paul et al., 2016)Athletesthat are highly agile can use this ability to help their performance
within the sport they |y, displaying quick changes in body position, footwork efficiéBayrow
and McGee, 1979ps well as helpg to minimise the risk of injurf/erstegen et al., 2001This
section of the literature review discusses and analyses the most popular currently established
agility tests conducted in athlete performance testing batteries, combines and training.
Something to note for all tests discussed is that for higher accuracy and reliability of results, timing

gates would be requiredvhich are more expensive and harder to-sgt(Haugen et al., 2014)

2.3.1. lllinois Agility Test
The lllinois Agility Test is one of the most common agility tests conducted extensively in a variety
of sporting and research applicatioif€oulson and Archer, 2009)he test is used to assess
multidirectional CODS, body control and straight sprinting speed and techifiases and
Roozen, 2012; Reiman and Manske, 200@aditimally, the test zone course area is 8@9.15
m) by 12ft (3.66m) (Lacy, 2011) However, there is another variation of the testhich
incorporates values in metres (rounded), so that the course arearnsii05m (Figured) (Dawes
and Roozen, 2012four cones are used to mark the start, firgstd locations where the subject
must turn around (cones A, B, C and D), with another four cones placed in the centre of the test
zone which the athlete will need to navigate around (cones 1, 2, 3 and 4). These middle cones
are placed 10 ft (3.05n) from each other in the traditional layout and 318 apart in the

alternative versior(Coulson and Archer, 2009; Lacy, 2011)
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f———5 meters ——

—— 10 meters

Figure4: lllinoisAgility Tes{Dawesand Roozen, 2012)

The subject must begin laying in a prone position (laying face down on the floor), with hands at

the sides of the chest, on the starting line (cone A), facing thextiim of the cours€Coulson

and Archer, 2009; Lacy, 2081) hy (KS GS&aG FRYAYAAUNI G2NRa O2 Y
fast as possible and sprint to the first turning point (cone B). The subject must have at least one

foot cross the line, before changing direction to run back in the opposite direction towards cone

1. They must then zigzag their way through the centre cdrgsvhich will make them reach the

far line and back to the start line again. They will then need to sprint towards the cone C, and

once reaching the turning point, reverse directions and sprint to the finish line (cone D) crossing

it. The time taken to@mplete the course is recorded.

The lllinois Agility Test is simple to-sgt, administer and requires minimal equipment to conduct
(just eight cones). Since this test is highly standardised and is &stedllished test among a
variety of sports, therexists large sets of data, and therefore results can be compared against

general standards and normative dgtéable6).
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Table6: Normative lllinois Agility Test data for adulkdodified from Roozen, 2004)

Poor Fair Average Good Excellent
Males >18.3s 18.3-18.2s | 18.1-16.2s | 16.1-15.2s | <15.2s
Females >23.0s 23.0-21.8s | 21.7-18.0s | 17.9-17.0s |<17.0s
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from thebeginning the athlete knows the path they need to travel so this is a measurelosad

skill since they can prelan their movement. The test does not involve any reaction in response
to a stimulus, so it lacks the cognitive component of agility described in this literature review. It
also does not require them to use their handgpart from getting up from the floor. In the
standardised test, sporting equipment is not incorporat@slit would be hard to establish a

universal set of rules. However, during training, the athlete can use sporting equipment such as a

player dribbling a bsketball, soccer ball or football whilst undertaking the test.

This planned agility test was specifically designed for the Australian Football League (AFL) and is
part of the AFL National Draft Combii€halmers and Magarey, 2016; Pyne et al., 2005;
Robertson et al., 2015; Tanner et al., 2013; Woods et al., 20h8)test is designed to evaluate

I 0 K flitg &f Sv@rall agilily and COOQ$anner et al., 2013)The test involves the AFL

by

player running in a twisting motion, in, out and around obstaftigsically large PVC pipi®d.7.5

cm in diameter andf1.5m high). The test setp (Figure5) covers approximately 2?2 of area.

2.3.2. AFL Agility Run Test

25m

25m

25m

\“
r‘ﬂ

Start line

Y
A

Figure5: The Planned AFL agility r(imnner et al., 2013)
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The player starts in a stationary, upright position with the leading foot on the startinglareer

et al., 2013) On command, they must weave in and out of thetabkes in the direction shown in
Figureb, ensuring not to knock them; if an obstacle is moved at all, then the trial must be stopped
and repeated. Théme to complete the test is recorded in seconds. The best score of three efforts
is recorded. Field marking tape is placed on the ground where the obstacles are located, so that
if they are knocked over, they can be accurately repositioned. This is i sl@a and will be

implemented into the proposed agility tester when positioning markers.

Surprisingly, the AFL agility run does not incorporate a football within the test, so it does not
completely represent lgame performance. The test is considereglanned agility test, as the
movement pattern is known, such than athlete can repeat the test in an identical manfar

each effort(Tanner et al., 2013As a result, this test does not evaluate perceptual @acision
making factorsaand mostlikely involves oty closedskillsdue to the preplanned nature of the

test. However, a modification of the test existherea reactive component is added, where the

player must react to an external stimulus (light, vidediuman)(Tanner et al., 2013)

2.3.3. 5-0-5 Agility Test
The 50-5 Agility Test was developed raper and Lancaster (198t be used as a way of
measuring agility in the horizontal plane. It is a way of determining CODS, as well as strength and
technique during accelerating and deceleratifizawes and Roozen, 201Zhe 50-5 Agility Test
is a highly recognised test used in many spand research applications. In the traditional test, a
start line is made with two cones; another two cones are placednl®wvay and another two
placed15 m awayfrom the start cones and 5m from the second set of coftegure6) (Dawes

and Roozen, 2012)

Starting Start 180-degree
line timing gate turn
Traditional 505 test
A high-velocity change- € D |
of-direction test with a
10 metres 5 metres

180-degree turn

Figure6: Tradtional 50-5 Test(Nimphius, 2014)

The athletebeginsat the startline in a standing split start positig@awes and Roozen, 2012)n
command, the athlete must sprint as fast as possible to the turning line a%ay. The athlete
must make a 18@egree chang®f-direction at this line and then sprint backn®, accelerating

past the timing line. The time is recorded from the lifli from the starting line shown iRigure
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6 and stopped as the athlete returns to this same line; thus, thenldistance is purely to gain
speed andacceleration for a flying start. The test is repeated with legs alternating each time, for

a minimum of three efforts per leg.

A modified version of the test existghich removes the 16h sprint sectior(Figure?). As a result,
the athlete starts the test still with no flying start, so thesa lowvelocity entry before change

of-direction.

Start 180-degree
timing gate turn

Modified 505 test
A low-velocity entry :
change-of-direction test

with a 180-degree turn 5 metres

Figure7: Modified 50-5 Test(Nimphius, 2014)
The 50-5 Agility Test can be used to distinguish between left and right leg performance
differences (dominant vs. nedominant leg) since it only contains one single-tiégree change
of-direction (Nimphius et al., 2012)Therefore, this attribute of the test is a major differentiator
between other preplanned agility tests like the lllinois, AFL Agilityt,T®4.0-5 or FTest since
they require alternation between right and left legs for chasggealirection during the same effort
performance. This test is very simple to set up and has a good measure of single sided-and 180
degree CODS. However, this test damly test preplanned agility and CODS, as there is no
reactive component; it is not testing all components of agility. Trying to incorporate sporting
equipment (such as dribbling a soccer ball, hockey puck or bouncing a basketball) into the test

would ke difficult to standardise.

2.3.4. T-Test or Drill
The Ttest is one of the most common agility tests conducted extensively in a variety of sporting
applications including NCAA testig@oulson and Archer, 2009; Hoffman, 200B)e test was
originally developed bgemenick (199@p measure the ability an athlete has to change directions
rapidly without losing CODS or balance. Thepamned agility tests also used to determine the
ability the athlete has to adjust their strides for accelerating and decelerating, controlling the body
carefully with CODS whilst moving forward, backward and latef@tyves and Roozen, 2012)
The test consists oBfdzNJ 02y Sa LI | GiguR8)AY | da¢é akKl LIS
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Figure 8: The TTest(Dawes and Roozen, 2012)

The athlete must have an appropriate stance for their sport at cone 1, faoswards cone 2
(Dawes and Roozen022; Reiman and Manske, 200®)pon command, the athlete must sprint

to cone 2 and touch the base with their right hand. Whilst remaining facing forwards always
throughout the test, the athlete then shuffles sideways to the left, without crossing feetr,

and touches the base of 3 with their left hand. They then shuffle sideways to their right to touch
the base of cone 4 with their right hand. They then shuffle to their left to touch the base of 2 again
with their left hand. Finally, they must run dagards to cone 1. The timer is stopped once they

pass the starting line at cone 1.

The TFTest is easy to setp, with minimal equipment required (only four cones). Research has
shown a high testetest consistency, proving high reliability. A major dravkacthis test is that

it, like the previously mentioned tests involves mere-ptanned agility since it is a predefined
test. There does not exist any reactive component in response to a stimulus, as well as no

implementation of sporting equipment withe test.

Pauole et al. (2000pund the ICC reliability values of thetekt to be between 0.94.98 for a

total of 304 collegeaged participants, showing it is highly reliable.

2.3.5. ProAgility Test (80-5 Shuttle or 20rard Shuttle Test)
The PreAgility Test is a very popular testingopwcol, used as part of the performance testing
battery for the NFLcombine (Hoffman, 2006; McGee and Burkett, 2008he test can assess
CODS, leg singth, power and techniquéDawes and Roozen, 201dhree cones are set up, 5
yards (4.6n) apart from each othefFigure9), covering a total of 10 yards (91).

32



—— 5 vyards Il 5 yards ————

P w
[:>_;
\r[>m

Figure9: ProAgility Tes{Dawes and Roozen, 2012)

The athlete assumes a thrgmint position by placing one hand on the ground of the centre start
line (cone 1) with feet shoulder width apart and placed equally either side of théDawes and
Roozen, 2012)The hand touching the line determines which way the athlete is going to travel
(left hand means athlete must first go left, withrsa notion for right hand). The athlete must
sprint to either cone 2 or 3, depending on the hand touching the ground. They must then ehange
direct and sprint to the opposite side cone and touch the ground with the opposite hand. Finally,
they must sprint bak past the centrdine (cone 1). As soon as the athlete breaks their tipemt

position, timing begins; it stops as they pass the cetitre at the end of the test. A minimum of
three efforts is required.

The PreAgility Test has high tesétest consstency and is simple to sefp (requires only three

cones) and administer. Limitations to the test is that it again, involveplareed agility and does

not test any reactive ability.

2.3.6. 3-Cone Drill oriRun Test

The 3Cone drill is another popular agilitest conducted, such as in the US-Lcombine
(Hoffman, 2006; McGee and Burkett, 200R)is primarily aimed to assess CODS, acceleration,
deceleraton and techniqgugDawes and Roozen, 2012hree cones are placed 5 yards (@)
FTNRY 2yS y20KEGipe®oy 'y a[ €& &KL LIS

p———5yards ——— p——5yards ———
1 2
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FigurelO: The 3Cone Dril(Dawes and Roozen, 2012)
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The athlete begins in a stance suitable for their sport at cone 1 and facing od@ea2s and
Roozen, 2012)0n command, the athlete sprints as fast as they can to cone 2, touching the ground
with their right hand. They do a 18fegree chang®f-direction and sprint back to cone 1,
touching the ground with the right hand once agédhtiglrel0Oa). The athlete then sprints back to
cone 2, turns around the outside of it, doing a 2¥Ypree spin so that they can then sprint to
cone 3. They must run around the outside of cone 3 and sprint back to cdfiglzg10b). The
athlete mustthen make a sudden changd-direction left, sprinting back past cone 1. The timing

starts on command and is stopped once the athlete has passed cone 1.

The 3Cone Drill is very simple to sep (just three cones) and implements a multitude of
extremely fysically demanding CODS, testing the physical capabilities of agility. However, there
does not contain any reactive component to this test, so the cognitive factors of agility are not

tested.

2.3.7. Hexagon Test
The hexagon agility test can assess body corttedgnce and coordination during production of
high forces, as well as the ability of accelerating and decelerating rapidly, changing direction
accurately(Dawes and Roozen, 2012) hexagon is marked on the flo@figurell) using either

chalk or tape with sides 2 feet apart (6@%) with an agle of 126degrees between each other.

f———2 feet ——

Figurell: The hexagon te¢Dawes and Roozen, 2012)

The athlete starts in the middle of the hexagon where they must always face forwards (in the
starting position directionjDawes and Roozen, 201Zhey must jump in and out of the hexagon

with feet together in order from side 1 to side 6. The time is measured for the athlete to complete
three full revolutions. Timing begins on command and stops at the end of the third revolution and
back into thecentre of the hexagon. The hexagon test should be performed both clockwise and

counterclockwise, so that both directions of travel are tested.
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This test requires minimal equipment (just tape or chalk) and only a small space is required. The
test is also enducted very quickly. Limitations to the test is that it is again, apteianed agility
test such that it does not incorporate a stimujugich can be reacted to by the athlete. This test

may be more of a measure of jumping ability.

Pauole et al. (2000pund the Pearson produgnhoment correlation coefficient between the- T
test and the hexagon test to be 0.42 and 0.48 62 Inales and 152 females, respectivéliiis
implies that these two tests do not measure the same skills and attributes and are not correlated

with one another.

2.3.8. Side Step and Edgren Side Step
The sidestep has been thought of a method to measure agilitydwance and lateral speed
(Barrow and McGee, 1979; Reiman and Manske, 2008)volves two lines 12 ft (3m) apart,
marked every 3 ft (0.6n) with a cone or tap€rigurel?), where a subject must assume a starting
position with one foot over one of the lingBarrow and McGee, 197 Lacy, 2011)Upon
command, they must side step with their leading foot towards the other line until the right foot
crosses or touches the line. They then side step to the other line again and repeat with their
opposing foot. The athlete must remaiacing the same direction throughout the exercise, nor
should their feet cross. The athlete must continue side stepping left and right as many times as
possible for 30 seconds, with the number of line crosses equalling their@amow and McGee,
1979; Lacy, 2011)

6 ft ' 6 ft 1

u

Starting
foot position

3t t 3

} 3ft } 3ft
Timer
counter/recorder

Figurel2: Side step tegiReiman and Manske, 2009)

The Edgren side step is a slight variation of the-stdp, which is somewhat longer due to the

use of metres instead of feet. In this version of the step, thee are five cones placed one
metre apart from one another (five metres total distance). The athlete must continue side
stepping left and right as many times as possible for 10 seconds as opposed to the traditional 30
secondgJohnson and Nelson, 1988eiman and Manske, 2009)
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2.3.9. Reactive Agility Test
A reactive agility test (RAT) is a tdst incorporates a stimulysvhich the subject needs to react
to; this could be in the form of a generic stimulus (visual light, arrow or audio), a video gka pla

exhibiting some kind of game specific movement, or alitmhuman stimulugNimphius, 2014)

2.3.9.1. Traditional YShaped Reactive Agility Test
In traditional RATS, the test is conducted by the subject running towards the stimulus, whegre the
must change direction by running either left or right (at an angle of 45 degrees) based on the rules
of the test. For example, the athlete may need to run towards the direction of the visual stimulus
or direction the arrow is pointing (offensive playj,aternatively, they might need to run in the
opposite direction (defensive play). This type of test can measure total test time, as well as usually

measuring decisiomaking time too with a higispeed camer@Nimphius, 2014)

Haff and Triplett (2016Jescribe this test as the agility drill-§¥iaped adity); since the athlete
must travel towards one of the cones either side placed atld§ree angle, 2.ih away; with the
G§Sad T2 NX A y(Hgureld).dTheéexaiile chdfiguration shows the stimulus will begin
moving when the athlete reaches the starting timing gate, however the distance between the

athlete and stimulus before it is presented is variable.

Start timing gate; &
Athlete start initiates stimulus movement 'I

3 metres 6 metres Y,
----------------------------------------------’

MBS SN|NWIS UBWNKH

Figurel3: Examje reactive agility test with a human stimul(iSimphius, 2014)

A major benefit of this type of performance test is that it involves the perceptual and decision
making factors of a response to a stimulus, as well as the physical componhegitity, where

the athlete needs to use strength, power and balance to change direction quickly in response to
a stimulus displaying CODS. Therefore, this test is a good measure of all aspects of agility
performance. A limitation to this test is thatréquires quite a lot of equipment to be accurate

and reliable, as well as the need for a stimulus (visual/audio, projector for a video or human).
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2.3.9.1.1. Reliability and Validity
Lockie et al. (2014pund a ¥shaped RAT differentiated seqmiofessional and amateur basketball
players, whe a preplanned agility test did not; emphasising that planned and reactive agility are
separate qualities and that agility tests should involve a perceptual and deciskimg factor.
Research has shown that higislkilled athletes are better able togk up and extract anticipatory
cues of information, therefore are able to react faster in situations compared with le&dérd
counterparts (Abernethy et al., 2001; Abernethy and Russell, 1987; Farrow et al.,.2005)
Therefore, the use of a reactive stimulus such as in the RATs should differentiate higher and lower

skilled athletes.

2.3.9.2. Modified Reactive Agility Jis
Among the literature, it was found several studies had introduced some form of modified RAT
(Farrow et al., 2005; Henry et al., 2011; Serpell et al., 2010; Spiteri et al., 2014; Veale et al., 2010)
The variations in the testhat seemed to exist was implementing more reactive components
(Spiteri et al., 2014)adding a sidestepping motion(Farrow et al., 2005)adding an additional

running element at the en@veale et al., 201@r altering running distance (consistent in all).

Spiteri et al. (2014)mplemented a modified RT designed for basketball players, which involved

two decisionmaking componentgFigurel4).
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Figurel4: Modified RAT with two decisianaking component§Spiteri et al., 2014)
The player needed to run towards the projector whilst simultaneously dribbling a ball. Upon
arriving at a force plate, a random video (1 of 8 possibilities) displaying the perspective of a
defensive player in an indotasketball court presented a stimulus, causing the player to need to

either make a fake, or change in direction left or right-grees). After the initial COD, another
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random video stimulus was presented, where they then needed to either maintain ggieseof

the ball, or pass it left or right.

Figurel5 shows how some of the other modified RAT tests varied from one another (Farrow et
al., 2005; Vale et al., 2010). Veale et al. added a further running element and chafrdjesction

in their testdesigned for Australian footbalFigure15a). Farrow et al. add# a sidestepping
motion before approaching the reactive elemanttheir RATs designed for netbdfigurel5b).

This meantthere wasan added CODS involvad this test, which could possibly improve the

validity that the test tests more components of agility.
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Figurels: Modified RAT fofa) Australian footbalandfor (b) netball (Farrow et al., 2005; Veale et
al., 2010)

2.3.9.2.1. Reliability and Validity
Of the modified RATs conducted, each of the tests seemed to show relatively high correlation
coefficients, withSpiteri et al. (20143howing anCC of 0.81Farrow et al. (20059howing an ICC
of 0.83,Serpell et al. (2018howing an ICC of 0.87 aNweéale et al. (2010howing a correlation
of 0.91.Henry et al. (20119howed the correlation coefficient between two RATs was 0.75, while

the correlation between a planned and RAT was only-048.

2.3.9.3. A Unique Reactive Visual StimAglility Field Test
A study conducted bBenvenuti et al. (201(imed to assess the reliability of a reactive visual
stimuli agility field test (RV¥) and to compare agility performance of femaleacand futsal
players with both planned visual stimuli agility field tests @y&nd the RVV$. The test consisted

of four spheres, which were placed in a rectandgt@(rel6), lighting up when activated. The
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athlete would begin at sphere 1 and need to run to the sphere with a visual stimulus, touching it
with their foot to turn it off and repeating for the remaining spheres. In the-PSW¥e sequace

in which the spheres activated was known, while in the-R3¥fe sequence was unknown.

Figurel6: Diagram of sphere placement and experimental apparatus for the agilityBestzenuti
et al., 2010)

The study proved the RVISto be a reliable tool in evaluating agility in field conditions (ICC = 0.80),
where significant differences in R\ISperformance was determined, with the futsal players
outperforming their soccer counterparts. The study found tve groups performed similarly in

the PVST, confirming agility performance is strongly influenced and altered in planned and
reactive conditions. The proposed agility test in this thegiald usea similar concept, buwould

be further expanded, usingxsstimuli markers as opposed to four. Additionally, the visual cues
would be anticipated to display a character, as well as present an auditory stimulus
simultaneously. The athleteouldbe expected to start in the centre, instead of at one marker,
meaningthere would besix possible locations to run to instead of three; increasing the element

of randomness.

23940 !V yAldz2S {G2LIQy QD2 wSI OGA@S | A
Sekulic et al. (20143 S @St 2 LISR |y §Hgurelid).ZThéQua0itndrked Is ¢that an
athlete would start at the start line, run forwards and this would triggermdrared (IR) detector
to randomly ight up one of four LED lights on some cones at A, B C or D. Thihabwas lit up
had to be ran to and touched to deactivate it. The athlete would need to run back to the start
line, touch it with their hand or foot and in doing this, they will havegel the IR to trigger the

next LED light to turn on. They would then need to run towards this one and turn it off.
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computer start line

Figurel7: A Stop'n'Go reactive agility te&ekulic eal., 2014)

There existed two version of the test presented by the autfiors2 Yy S Ay @2t SR | &aid 2|
component(SN&v! ¢ 0 ¢gKAETS (GKS 20KSNJ I A YCORS).0TReSERBB (1 a & 0 :
was found to have an ICC of 0.81 and 0.86 for menvaden, respectively; the SNGODS had

ICC values of 0.87 and 0.92 for men and women, respectively. This study made use of comparing

both reactive and CODS components; this could be employed into the proposed thesis if time
permitted. If not, once the tesis complete, there is always the possibility of investigating this

further.

Thisa (i 2 LiResfdest@beds similar to the proposed agility tester in somespects such as the

random activation of LED lights and implementing both CODS and a reactivereampAn

obvious limitation to thea { 2 LJ@eyt @3nAt it consists of a lot of wires (not wireless) and

required the LED lights to be positioned on top of a cone. The positioning of the proposed agility

test markeranaybe significantly differentTheycould be dispersed in a different pattern and may

Ay Of dzRS Y2NB GKIy F2dzNJ YI NJ StNsHikely that tSeypkdpoBedl SR A Y
agility test will have th athlete start in the centr@f the markers so that they are required to

visually scan in all directions of viginstead otonstantly beginningt a startlineh y (1 KS a2 LIQY
test (Figurel?).

2.3.9.5. Reliability and Validity
A detailed systenti review of the testing, training and factors affecting performance in agility
in team sports was conducted Baul et al. (2016)Their findings showed agility tests involving a
light, video or human stimuli had high reliability and were generally considered valid (with ICC
values of 0.8@.91, 0.10.81 and 0.840.99, respectively); perceptual and decisimaking factors

were found to be the primary discriminant factor distinguishing higtiijled athletes to lesser
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skilled athletes. This was apart from a video stimulus in youth athletes, which offeredievielw

reliability (ICC = 0:Q.3).

2.3.9.6. Mimicking Port-Specific Stimuli
Paul et al. (2016)¢cognised that an athlete processing complex motion duringadya play in
team sports differs from the requirements of reacting to a stationary ligat can only be on or
off. They concluded that agility tests involving both a physical and cognitive stimulus are likely to
provide larger improvements. Suggestionsresmade for future development of new agility tests,
to incorporate sporspecific agility scenaripavhich employ the complex movements and
decisionmaking aspects; inclusion of a ball or other sporting equipment, a variety of views,

multiple players, dfering movements (defending and attacking) and deceptive actions.

Ideally, the proposed agility test in this thesis would incorporate a range of twaponents to
deliver the most dynamic test which may mimic as close as possible, the holistic-lvdayie
sportsspecific movements encompassed during pldowever, realistically,tiwould be
extremely difficult to design an agility tetbtat could incorporate albr most ofthese features and
remain valid, reliable and able to be standardisgctoss a rage of unique sportsThis is
exceedinglychallengingas the sportspecific physical and cognitiperceptual requirements
across sports could vary significantlyaddition, the time constraints imposed by the project and
inherent technological limitatios due to funding and knowledge base woutderfere with
development of such test. Thus, aim to design a test which can remain both valid and reliable,
as well as be able to become standardised across a variety of sgwtpraposed agility test
intends on an inclusion a$portspecific equipment (such askall) which will be able to be
integrated with the devices themselves. This integration of sporting equipnvéhin the test,
whilst remaining standardiseavill boast asystem which is one step ead ofa majority oftests
out there, which normally onlyse a fewa set of cones or cannot remain standardised with the

use of sporting equipment.

The test will be implemented so the athlete will need to use strength, speed and accuracy to
produce rapid, wholdody movements in response to the random stimuili presented. The athlete
will need to be aware of their surroundings as well as excahtitipation, visual scanning and
reaction time. Tie beginning of the test has the possibilibat an activated marker could occur

at any location in a complete 36@f view of the athlete, meaning a variety of views will be

required.
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The test could also be deloped to employ deceptivetimuli to further assist in an athlete
mimicking the wholébody movements likely performed in their sport as well akbwing
integration ofanother form of perceptual and decisianaking factors. For exampla, marker
could ativate, but then seldeactivat shortly after, with the activation of a new stimuli from a
different marker This could occur once or more tim@seachtest. It is unlikely this feature would
be incorporated into this iteration of the systenmowever, is something which could be

considered in future work.

Recall earlier, thalPaul et al. (2016&pund the ICCs of RATs incorporating a visual stimulus were
0.800.91, compared with ICCs of @181 and 0.840.99 for video and human stimuli,
respectivelyThis study found that RATs with a human stimulus were most optimal and would be
most valid and reliable foan agility test, with highested ICCs. A light stimulus in the RATs
contained the next best ICCs, with some values within the range of a human stifrhikishows

that the use of a light stimuli is still significantly justified, as inclusion of human Istmw the

test would make it very difficult to remain valid, reliable and standardised across various sports
and differing sporting clubs and institutionBhe author does acknowledge that this study was
conducted on RATSs, whereas the proposed test differ quite significantly in terms of test
layout, structure, how it is performed. This could cause difficulty in translating the findings from

Paul et al. (2016) to the new test.

Although the proposed agility test may nentirely mimic sportspecific imuli through the
physical and cognitivperceptual requirements imposedn the athlete research has shown
some form of stimulus is still practically appropriét®ckie et al., 2014%iven the circumstances
and nature of the project, the choice of using a light and audio stimulus has been juistifiesl

proposed test.

2.3.10. Aqility Test Classification
Based on the above analysis®f OK 2F GKS&S al3IAtAdesd GSada:z
either CODS, maneuverability, perceptaafnitive ability or a combination of thelTable7).
The tests have been classified basedHaff and Triplett (2016) and Nimphius (2014)large
majority of these secalled agility tests are measures of CODS or manoeuvrability and it is only the

RATBthat contain a perceptuatognitive component.
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Table7: Classifications of CODS and Agility Té¢stedified from Haff and Triplett, 2016; Nimphius,
2014)

Changeof-Direction Manoeuvrability  PerceptualCognitive

Speed (CODS) Ability

lllinois Agility Test

AFL Agility Test

5-0-5 Agility

T-Test

Pro Agility

3-Cone Dirill

Hexagon

Side Step

RAT (Light or Arrow)

RAT (Video)

RAT (Human Stimulu

The current literature has shown a large number of tests claiming to measure agility performance
Ay GKS FASER YR 2y (KS O2dz2NI X K2 g Sedfhidtheé I NB S
athlete to use any perceptual or decistomaking factors; ey only are a measure of CODS since
the tests are preplanned and the athlete knowike direction to travel before beginnin@oulson

and Archer, 2009; Haff and Triplett, 2016; Lockie et al., 2014; Nimphius, 2&14)esult, some
authors are mentioning that these kind of tests should not be called agility tests, but referred to
as CODS tests since they involvesetbskills onlyHaff and Triplett, 2016)A major limitation in
these types of tests is that the athlete can practisem continuously, such that they can master

the required movements and repeat it with automation without needing to use @argeptuat
component. Although many of the tests have been proven to be able to differentiate players of
different abilty levels(Stewart et al., 2014; Till et al., 201&)ey are not a true measure of agility
performance and it is the RATs or other tests involving perceptual and denisiking factors

that should be the only tests consid®l to tests all components of agilitiNimphius (2014)
mentions how an agilityesting battery should include both CODS test andsR&SIRATs only
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require a 45degree turn and a more physically demargli@ODS needs to be implementétie
proposed agility tester will likely implement all kinds of angled turns, causing a variety of CODS,
which could potentially fulfil the needs mentioned by Nimphius. As shown in this section, it is
possible to test both COS and cognitive components of agility simultaneously by Rfafsand
Triplett, 2016; Nimphius, 2014nglis and Bird (201@liscussed he RATs are a more reliable and
valid in assessing agility compared with traditional-pt@nned and light agility drillS.anner et

al. (2013)lso mentiord how RAF are thought to bemuch moregamespecific and most likely
correlate with actual game performance better. Therefore, it is important to implement a test
that tests CODS, as well as the perceptt@nitive aspects of agility performance using a reactive
component The proposed agility tester intends on incorporating both CODS and cognitive factors,

which will make it differ from majority of these ppanned agility tests.

2.4. Competitive Market Analysis

As with all new products, a competitive market analysis was undertaken to determine currently
available agility testing deviceékat may be considered a threat to the proposed product. The
primary goal of this section of the literature review is to recagriomponent features presented

by current industry products and to establish the gap in the market of these devices. These

systems are introduced individually, then further analysed and compared later in this section.

2.4.1. The Competing Products
After undertakng thorough research, the devicéisat appeared to be of the highest threat
includedthe FITLIGHT Train&(FITLIGHT Sports Corp., Ontario, Canada), Wireless Training Timer
SEM (WittySEM) (Microgate Corporation, Bolzano, Italy), SMARTfit® Strike Pardft (B,
Camarillo, California) and photocell timing gate incorporated systems; SmartSpeed Pro (Fusion
Sport, Brisbane, Australia) and SpeedLight (Swift Performance, Brisbane, Australia). The Freelap
Timing System (Freelap SA, Fleurier, Switzerland) al&o a considerable threat, as well as
traditional photocell timing gate systems such as the TC Timing System (Brower Timing Systems,
Draper, UT), Wireless Timing Network (AODBEING GmbH, Vienna, Austria) or the Wireless Race
Timing System (TAG HeukgChauxde-Fonds, Switzerland). The Powerdash and Agility Timers
(Zybek Sports, Broomfield, CO) were considered low threats, being significantly less than the
other timing gates for reasons discussed in Sec#igh5when comparing and analysing the

products in detail.
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2.4.2. Reactive Component Focused Products
The FITLIGHT Traifér(Figure 18), Witty SEM(Figure19) and SMARTfit@-igure20) are all

systems designed primarily to be used in reactive training

Figure20: SMARTIit® Strik&ods(Smartfit Inc., 2018)

Each systerhas the capabilitypf presentng a visual stimulus using a liggmitting diode (LED)
display with all LEDs able to emit rgteenblue (RGB) light. SMART{it® and Witty SEM have a
LED matrix capable of displaying any character (numbers, letters symbols), while the FITLIGHT
TrainerMisa simple circular LED array. Each deivicerporatesa reactive test, where the devices

will activate randomly, requiring the athlete to deactivate it as quickly as possible; thereby
reactivating another device. Tledividual componentsan bespread ot and setupto the liking

of the test administrator, allowing high customisation and adaptability of tests. Extra accessories

45



would be required to use the Witty SEM and FITLIGHT THifar pre-planned agility tests,
where the SMART{it® does not have @aapabilityto run pre-planned agility tests.

With SMARTIfit® and Witty SEM able to display a multitude of characters, this means further
customisation of tests to be conducted (e.g. find a letter amongst other alphabet letters) could
be used in a rehabilition sense. However, both products only work best when mounted to a
tripod, otherwise the display is not easily viewable. The SMARTfit contains a touch sensor, the
Witty SEM a proximity sensor and FITLIGHT Tréieentains both a touch and proximity rssor,

which could be useful in further testing applications. As the devices are so small, they easily fit
into a carry case or bag. These products seem to display characteristics similarly to what has been

proposed for the agility testing being designedlateveloped in this thesis

2.4.3. Proximity Timing Gate
The Freelap Timing Systeffigure21) uses proximity for athletes to be timed. It works via
electromagnetic fields being emitted by the TX Junior Pro transmitter (a-ldanestructure)
(Figure21a), received by an FxCh{pigure21b), which detects this field. By the athlete wearing
the FxChip, a timing measurement can be recordedhasathlete with the chip comes into
proximity to the TX Junior Pro. The TX Junior Pro can be configured as either the starting cone,
finishing cone or a lap cone. When a timed recording is complete by an athlete passing the final
cone, an audible sound iseard. A relay (Relay Coach BLE) collects the data wirelessly and
transmits it to a smartphone or tablet using Bluetooth. This system does not contain any sort of
reactive component, so can only be used for-ptenned agility testsAll equipment is capdé of

being contained within a custom bagigure21c).

freelap

o freclap SMART TECHNOLOGY

FxChip ) . e
[ AA-0001 | N
@~ “® o & b ‘

Figure21: Freelap Timing Systelfa) TX Junior Prgb) FxChip(c) Entire system within containment
(Freelap SA, 2018)
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2.4.4. Photocell Timing Gates
2.4.4.1.Basic Theory

Electronic photocell timing systems used in traditional timing gates remain the gold standard for
the accurate and reliable assessment of athlete performdBeep and Newton, 2012; Haugen et
al., 2014; Stanton et al., 201®&ut simply, they generally work via emitting an infrared light beam
from a photoell emitter, which is received on a reflector, reflecting the beam so that it can be
detected by the photocell sensor; the time is recorded when there is an interference of the beam

(e.g. by an athlete passin@yeadon et al., 1999)

2.4.4.2.Products
SmartSpeedFigure22a) and SpedLight Figure22b) are two gotocell timing gateswhich
contain anincorporated reactive componentThese systems use the traditional photocell tigni
system, so require an emitting, receiving and reflecting component (two components). These
systems can provide a visual stimulus that can be viewed a full 360 degrees, aspn@lidsan

audio stimulus.

e SmartSpeed @ SpeedLight

(Fusion SportBrisbane, Australia) (Swift Performance, Brisbane, Australia)

fusion sport

Figure22: (a) SmartSpeedb) SpeedLigh{Fusion Sport, 2018; Swift Performance, 2018)
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Traditional photocell timing gates that do no incorporate a reactive component analysed in this
literature review are the T Timing Systerfrigure23a), Wireless Timing Network={gure23Db),
Wireless Race Timing SystdRigure 24a) and Powerdash/Agility TimefFigure 24b). These
systems are excellent when it comes to recording time measurements, however, without the use

of additional accessories or equipment, they are unable to incorporate a reactive component.

6 TC Timing System @ WirelessTiming Network (WTN)

(Brower Timing Systems, Draper, UT) (ALGETIMING GmbH, Vienna, Austria)

ALGE-TIMING

Figure23: (a) TC Timing Systerfh) Wireless Timing NetwoitALGETiming GmbH, 2018; Brower
Timing Systems, 2018)

@ Wireless Race Timing System @ Powerdash/Agility Timer
(TAG Heuer, L@haix-de-Fonds, (Zybek Sports, Broomfield, CO)

Switzerland)

Figure24: (a) Wireless Race Timing Systd).Powerdash/Agility TimgiTAG Heuer, 2018; Zybek
Sports, 2018)
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2.4.4.3. Reliability
Haugen et al. (2014and (Yeadon et al.,, 1999Jemonstrated greater accuracy in dezam
systems, as opposed to singleam systems (+0.06 seconds), since they can be falsely triggered
by swinging arms or lifted knees. Both authors recommerttieduse of duabeam for scientists
and practitioners who need accurate and reliable results. The Swift Performance SpeedLight
implements duabeam technologywhich shows its measurements are highly accurate and
NEBfAFOfSP Cdzarzy { deRasingieam|systeNIndwevsrSiRpleMdnigtdrs dz
of an error correction processing algorithm allows the elimination of false triggering errors.
5Q! dzNA | SK 216fSR dikSnca® adSY O2YLIX ASa 6AGK ! dzad N
Assurance standards (maximum typical error G@her 30Y0 06& &aK2gAy3d Is G& LA O
for 5, 10 and 20m. Earp and Newton (2012pund that singlebeam systems with signal
processing had higher accuracy than doehm systems with no signal processing, supporting the
reliability of wse of the SmartSpeed Pro. All other photocell timing gates mentioned (TC Timing
System, WTN, Race Timing System and Powerdash/Agility Timers) implement a single beam
photocell, but it is unknown if signal processing is used to minimise false triggerorg Eiese
systems are used in competitive sporting and research applications, which suggests a high degree

of reliability and accuracy in their measurements.

2.4.5. Device Comparison and Analysis
A detailed market analysis comparistaible was developedT@ble8) containingkey features
offered by each produg¢tsocomparisonscould be madeeasilythrough visual ticks or crosses.
Analysing and comparing simpletsip was originally included, however this component of the
system is quite subjective and dependent on the user experience, so was subsequently removed.
%e oSl {LBNIaAaQ t26SNRIFaKk! IAfAGE ¢CAYSNARA 6SNB Yy
table, shce there were found to be a significant number of features not provided by the system,
including not being wireless, presenting a visual or audio stimulus, no assistagp,set
phone/laptop compatibility, reactive agility test capabilities, unique athkaigging, integration
of sporting equipment, multiple testing options/difficulties or use in a rehabilitation setting. It
should also be noted the TC Timing System, WTN and Race Timing System weretggatped

as their features were consistent with oa@other.
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Table8: Competitive market analysis feature comparison

SMARTfit Freelap TC/Wireless/ .
FITLIGHT SmartSpeed . __ TheProposed Agility Tester
Product Witty SEM  Strike SpeedLight | Timing Race

Trainer Pro __ Developed in this Project
Pods System  Timing System

Brower Timing
FITLIGHT] Smartfit Swift Freelap Flinders University/ SHAPE Resea
Company Microgate Fusion Sport Systems/ ALGE
Corp. Inc. Performance SA o Centre
Timing/ TAG Heue

Portable/lightweight v v v v X v v v
Usable indoors and outdoors v/ v v v/ v/ v/ v VN
Wireless v v v/ v v/ v/ v/ v
Measures time v v/ v v/ v/ v/ v/ v/
Visual stimulus v v v v/ v X X v
Audio stimulus v/ X Vi v/ v/ X X v
Assisted setip X X X v/ v X v v/
Assistedest layout setup X X X X X X X v
Phone or computer compatible v X v v v v X v/
Best use independent of other v/ X X v v/ v/ v/ v
equipment
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SMARTfit Freelap TC /Wireless /

FITLIGHT SmartSpeed . __ The Proposed Agility Tester
Product . Witty SEM  Strike SpeedLight Timing Race . .
Trainer Pro .. Developed in this Project
Pods System  Timing System
Reactive agility tests X X
Does not require timing gate sep X X X
Realtime data feedback
Usable in variety of sports
Integration of sporting equipment X X X X X X X
with the device itself
Selfinitiated/ automatic start X
o * * X To beimplemented/trialledin
Preplanned agility tests
future work
Unique athlete ID tagging X % X % % X To be implemented in future work
Customisable test options To be implemented in future work
Impact resistant Unknown To be implemented in future work
Use in rehabilitation Setting x x To beimplemented in future work
0.001TQ/
Accuracy/Precision (s) 0.001 0.001 0.01 0.001 0.01 0.02 0.0001 Wireless | To be determineth future work
& Racg

* When integrated with equipment accessories

" Not applicable in altircumstances
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2.4.5.1. Common Feature Considerations
Upon analysis of the competing market, it seems that all prodpessng as a significant threat
are usable indoors and outdoors, are wireless, measure time, providdimealdata feedback,
are usable in a variety of sports as well as have tdst$ are customisable. In a sporting
application, it is vital that the product is capable of operatinghbioidoors and outdoors, where
FASER YR O2dzNI aLBRNIa 200dz2NJT adzOK GKFG Fy |
Having a wireless system is important because it provides ease of atweissises trip hazards
and is more aesthetically pleagjito the userMeasuring time is a giverecessityasit is the most
logical method fodistinguising the results obtained betweeathletes when performing the test.
Realtime data feedback provides ease of use, while using the system with a varsgtgres is of
great importance too because it opens the market right up to those who can use the product.
Additionally, being able to run through a tesiat contains some form of element of the actual
sport is very beneficial. It is important to be able to have a prothattis adaptable such that the
user or administrator can change how the system isugebr how a test is run to change their
testing strakgies and incorporate new training regimes. All produletg implement a reactive

component had this possibility

2.4.5.2. Portable/Lightweight
The need for a portable system is essential with sporting applications, as the product needs to be
taken onto the field o court to test athletes in an environment representative of their sport. All
systems were portable, in such a way that they can be packed away into either a bag or carry case
4 aSSy Ay (KS AYlI3Sa&a akKzéyszz SEOSLiesfemis{ 6A T i

transportable, it does not come with either bag or carry case, meaning transport may be difficult.

2.4.5.3.Visual & Audio Stimulus
Most systems implemented at least a visual stimulus, with exception of the Freelap Timing System
and the traditional iming gates. The visual stimulus is a key component for reactive agility testing,
which is incorporated in all systems (with a visual stimulus) using an LED display. The FITLIGHT
Trainef™, SMARTIfit® Strike Pods SmartSpeed and SpeedLight all have thiitgagaimupling
the visual stimulus with an audio stimulus too for reactive applications. However, the SMART{it®
Strike Pods audio stimulus comes from the main controller, so the individual pods do not make a
noise; this could argue that this system does have an audio stimulus. Some systems contained

an audible sound such as when assistingugedr completion of a test, but this is not the context
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being analysed. The simultaneous use of both visual and audio stimulus is important to

implement,sotha (g2 2F (GKS F0KfSiSQa aSyaz2Ne LI GKgl &

2.4.5.4. Assisted Sdilp
The SmartSpeed, SpeedLight and traditional timing gates all had assistgglisdtuilt into their
systems. This may be in the form of an LED indicating the correct positioningy{Fugio_J2 NIi & Q
SmartSpeed, ALGEA YAY 3IQ& 2¢b3X ¢! D | SdzSNRa wkOS ¢AYAy3
t SNF2NXYIyO0SQa {LISSR[AIKGOE 2NJ Iy FdzRAG6ES &2dzy
Assisted setip is vital for ease of use for the test adminggor. When the equipment assists in

setup, it also minimises the chance of human error and thus creates further standardisation.

2.4.5.5.Phone or Computer Compatible
With the modern use of smartphones, implementing a system compatible of interacting with a
phone makes ease of use for the user bett&@heWitty SEM is not compatible with phones or
computer, as it contains its own console (Witty Timer), while the FITLIGHT TYamamnly
compatible with Android smartphones or tablets. All the traditional timiateg are not phone
or computer compatible, as they contain their own equipment to see the test redMith a
requirement to use the specified equipment provides a restriction to the usability of the system,
as every user may have their own preferencescvimay only be achieved through a smartphone

or computer.

2.4.5.6.Best Use Independent of Other Equipment
All competing products seemed to have their best use independent of other equipment or
accessories that are not supplied with their basic packages. Howéigryas not the case for
the Witty SEM or SMARTfit® Strike Targdtke Witty SEM only has its best use when
implemented with other equipment such as its Witty GATE (photocell timing gate). Without the
SMARTfit Strike Target accessories, they must layffighe ground, which does not have an
optimal view of the LED display, especially when trying to observe characters. Even with their

height mounting system, they still need a weight placed on this to stop it from falling over.

2.4.5.7.Reactive Agility Tests
Ard OGAGS O02YLRYSyd 2F GKS aeadsSy Aa 2F 3INBL G
ability, there must be some form of perceptual and decisiaking factors as already
emphasised throughout this literature review. As photocell timing gates are bidjt@a measure

time, this means they can only be used in te#tat required planned CODS when used
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independently; no reactive component exists and thus there are no perceptual and decision
making factors. The Freelap Timing System also did not contaifoanyof reactive component

and is therefore only able to complete CODS tests. Apart from these systems, all other competing
products seemed to have some form of reactive component implemented, with a minimum using

a visual stimulus, but some with both wad and audio stimulus.

2.4.5.8. Integration of Sporting Equipment with the Device ltself
As noted, it was consistent among the devices that they could run tests for a variety of sports,
where many of the systems needed extra accessories to do so. Although issthlpoto
incorporate sporting equipment or balls when testing the devices (e.g. dribbling a basketball or
football), none of the devices incorporated the sporting equipment into the device itself. The
proposed agility tester plans on requiring the athl&seemove a ball from thelevices which will
be the mechanism for deactivating a mark&his is a distinguishing feature of {m@posedagility
tester, which makes it differ from all analysed products. Furthermore, as with the devices
analysed, itvill also have simple incorporatiarf sporting equipmensuch as the athlete dribbling

a ball if desiredluring training regimes.

2.4.5.9. SelfInitiated/Automatic Start
A selfinitiating/automatically starting test provides ease of use for the administrator and for th
athlete. It was found the FITLIGHT TraiMgWitty SEM an@MART/{it® systeare notcapable of
selfinitiating theirtests and require the test to be manuaditarted. All productghat use a timing
gate have the capability of amutomatic start,asit can detect when the athlete has ceased

interference of the photocell emitter/receiver beam.

2.4.5.10. Precision/Accuracy
Of the competitive products, the WTN and Race Timing System were found to have the highest
degree of accuracy, being 0.0001 seconds. A commamaxcof 0.001 was found in four of the
devices; the FITLIGHT Traifewitty SEM, SmartSpeed and the TC Timing System. SMART{it®
and SpeedLight had accuracy of 0.01 seconds, while the worst accuracy was from the Freelap
Timing System being 0.02 secondéth 0.01 and0.001 seconslbeing theconsistentprecision
accuracyalues, the proposed agility test needs to have this accuracy or better to compete against

current products.
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2.4.5.11. To be Implemented in Future Work Features

2.45.11.1. PrePlanned Agility Tests
It was fourd all systems except for the SMARTIit Strike Pods were able to conduglapreed
agility tests such as the lllinois Agility Tesd;5 Drill, FTest or Pro Agility. Designing the proposed
agility tester to be able to run prplanned agility tests was ha part of the scope of the project
nor an initial desirable feature, since it was established agility involves some form of perceptual
and decisiormaking factor. However, after analysis of existing market products, it should be
considered implementinghis feature into the system down the track, because it would keep the
market open to those who still believe that pptganned agility tests are a valid and reliable form

of measurement for agility.

2.4511.2. Unique Athlete ID Tagging
Although the proposed agility s¢er does not incorporate unique athlete ID tagging (e.g. using
radio-frequency identification RFID), this was not a feature as part of the scope of this project.
Upon analysis of competing products, it should be noted that only the Freelap Timing $gstem
implementa unique athlete tagging feature without the use of additional equipment; Witty SEM
requires Witty RFID and SmartSpeed requires SmartScan, SpeedLight requires SpeedReader.
Therefore the proposed agility tester will not contain the featureumique athlete taggingvhich
can be substantiated in the fact that majority of competing products do not contam
characteristic independent of extra accessoriddditionally, since the test is intended for one
athlete to be tested at given time,there is not really a need for athlete ID tagging. However,
considerations for future work of the proposed agility tester may end up incorporating unique

athlete taggingvhen it is desirable to increase the agh procedure time.

2.4.5.12. Impact Resistant
Performance testing of athletes is very physically demanding, where athletes are going to use high
forces of strength and power to get from one position to the next. As a result, maximum effort
could cause error in anticipating movement and as a resultdcpotentially knock over the
equipment. At high speeds, a lot of momentum could really impact the equipndamaging the
housing or internal electronic hardwarAs a result, it is important that the equipmeoontains
some form of impact resistance.stunlikely that this would be able to be achieved in this project,
however, should certainly be considered in future wakK.existing market products were found
to be impact resistant, however this had to be assumed with the Witty SEM being usedarcrese

and sporting applications.
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2.4.5.13. Use in Rehabilitation Setting
All productsthat incorporate a reactive component have the capability of being used in a
rehabilitation setting. Although not part of the scope of the proposed agility tester, this is a

featurethat could certainly be implemented into the future.

2.4.5.14. Other Considerations
After testing the Freelap Timing System finsind, there were several major drawbaditsserved
One aspect is that audio feedback is only heard once the athlete has finishetafh€elhis is a
major problem, especially coupled with other problems where standing too close to the first signal
can trigger the timer to start unknowingly or standing too far away may not trigger the timer to
start. This means that an athlete may usexmnaal effort on a test run that had not recorded or
may have had the timer start too early. This means the athlete has wasted energy and would need
to wait to recuperate their energy, otherwise they may not be able to perform at their best if the

test wereto be completed again too soon.

From careful analysis of the competing products in the current market, there is no syitains

can successfully implement all features described, let alone complete most without the use of
additionalequipment or accessa@s. Although the devices were able to be used with a variety of
sports, in a wayvhere athletes could dribble a ball, or hold some equipment, there was no form
of standardisation if implemented. Another major gap in the market of all systems was that they
could not incorporate sporting equipment or balls into the device itself. The proposed agility
tester plans to force the user to remove the equipment as they would in their profession (e.g. pick
up and pass like in basketball or netball or a handpassLij WRich would subsequently initiate

the activation of the next stimulus.

2.5. Literature Review Conclusions

Agility has been an ambiguous term used in sports sciewith, no consistent definition or
classification among the current literatur&heppard and Young (2008)ggestedthat agility
involves amultitude of components involving both physical and perceptual and decrs@mking
factors. Emerging literature is now in agreeance that agility involves a cognitive component in
conjunction with physical qualities. Athlete testing is a significantlyuiseéthod to evaluate the
performance of athletes; acting to support improvement by allowing goals to be set and progress
to be evaluated as well as differentiating highmrforming athletesfrom their lowerperforming

counterpars. As agility involves blo physical and perceptual and decisioraking factors, many
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standardised, welf a G 60 f AAKSR Gl 3IAfAGeé (GSalaomBedK | &
Pro-agility, 3cone drill and hexagon used in athlete testing combines and batteriedycieaolve
pre-planned agility only. This implies they are chaof€irection tests only; the missing cognitive
component of the tests therefore creates uncertainty of the validity of these tests to evaluate
agility. RATs have been developedhich incorprate both changeof direction speed as well as

the response to a stimulus, provid) a true evaluation of agility as it addresses both physical and
cognitive components. However, there is no consistency in application of the RATs (multiple

varying factor¥ with no current standardisation to the implementation of the test.

A competitive market analysis found products to be of significant threat included the FITLIGHT
Trainer (FITLIGHT Sports Corp., Ontario, Canada), Wireless Training Timer SEM (WittySEM)
(Microgate Corporation, Bolzano, Italy), SMARTfit® Strike Pods (Smartfit Inc., Camarillo,
California) and photocell timing gate incorporated systems; SmartSpeed Pro (Fusion Sport,
Brisbane, Australia) and SpeedLight (Swift Performance, Brisbane, Austtaliay found the

major gap in the market was incorporating sporting equipment or balls with the system itself.
Additionally, if using spoispecific equipment alongside the system, there was no form of
standardisationto be used between clubs and institons. Another limitation was that each
system needed some form of accessory, such as a tripod or matith usually needed to be
bought separately. The proposed agility tester is planteedvaluate all components of agility
(physical and perceptual antcisionmaking factors), as well as have componéhtg are stand

alone and provide best use without an accessory or extra equipment. The test will be capable of
integrating the sporspecific equipment or balls with the test such that the player mastaove

it to deactivate it and thereby activate the next random stimulus; providing a novel technology to
the market. Although this thesis will not have an indusegdy system by the end of the project,

a proofof-concept prototype will be developed, showg that it is able to incorporate all of these
features; adngto pave the way towards developing a tekft could possibly become a new
standardised way of evaluating athlete agility performance across sporting clubs for use with a

variety of field anatourt sports and athletic abilities and to be used in test batteries and combines.
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3. Engineering Design Process

This projecthad the primary aim of designng and develojng a new, novelsystemcapable of
GSadAay3a |y .k édtédstihs @dts ofa Sihpleilah@nd developed into a physical
product, thus, thisthesis aims to provide a detailelbscription in the design processes executed

to implement such a&ystem At the start ofthe project, t was known the project would involve
mechanical, electrical and software engineering; naturally, it made sense to follow a design

process within the field of engineering.

Before selecting an appropriate design process model to followastimportant to take a step
backwardby investigatng someexistingmodelsdeveloped and the similaritielsetweenthem.
This ensurdthat the best design proces&s to befollowed for this projectManydesign process
models have beerstablishedin publicationswhere Pahl et al(2007)lists over one hundred
since 1953Same of the mosiotable design models are froRoth (1965)French (1971 Verein
Deutscher Ingenieure (1993ahl et al. (200@ndHaik and Shahin (2014ahd(Dym et al., 2014)

Roth simply divided the process into a problem formation phase, a functional phase and an
embodiment phaseSimilarly,(Dym et al., 20143lso sectioned their design process to include a
task formulaton phase and a functional phas&/hen expandedthe model byDym et al.
presented aprescriptive design process moddlat entailed a problem definition, conceptual
design, preliminary design or embodiment of schemes, detailed design and design
communicaton. This aligns withdih French (1985) and Pahl et al. (2Q0¥hich basehe stages

of their models on analysing the problem and clarifying the (aslolving planning and specifying
information), conceptual desigiispecification of a principle soluti) embodiment of designs
(specification of layouiand design detailin@specification for productionHaik and Shahin (2011)
also presergd a similar design process of requirements (market analysis, needs and requirement
development), product concept (functions and specification), solution concept (conceptualisation
and evaluating alternates), embodiment and design detail (analysis, simulation and

experimentation).+ SNBSAY 5Sdzi aOKSNJ LYy3aISyASdz2NE 060+5L03X

Germany have produced various guidelines, such as the VDI 2221: Systematic Approach to the

Design of &chnical Systems and Products, whirs guideline suggest systematic approach
isto be followed, first by analysing and understanding the problem, breaking it down inte sub
problems, finding suitable suéolutions and then integrating these into averall solution
(Verein Deutscher Ingenieure, 199Byom these examples, there islaarlogicalflow of stages;

Thompson and.ordan (1999kummarised that design process models contain the same basic
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elements, including an analysis of need, generation of ideas, evaluation, schematic design and

detail design.

These examples are only just a mere few of the many design pracesséhere. However, it is
clear to see that each one contains a cldagicaland systematid¢low of elements that entails
recognising the problem or need at hand, clarifying the task, completing market research,
determining the design requirements anspecifications, conceptualising, refinement and
evaluation of ideas, design embodiment, followed by detailing the design for a final prddhist.
compiled design process structuh@s been illustrated for a better visual representatiéig(re

25). Thisgeneral structurevasfollowed whenundertaking this project.

It should be noted that an engineering design process is often applied through an iterative process
asrepresented in the figure, where past stages are returnedltarough thisgdesign definitions,
conceptualisation, development and implementation is often repeated until the best solution is
presented so that optimisatioaf the designs achievedwith needs and specifications métross,

2000; Matthews and Institution of Mechanical Engineers, 2012)
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Figure25: Design process followed for this project

60



3.1. Problem Definition

To be able to design and develop a product design solution, one must first establish what the
problem is to be solved and the need behind why it needs to be solved. By understanding these
fundamental factors, a successful design can be developed to $@ywadblem according to the
functional needs. It is this very reason why this is one of the most important stages of the design
process, as anyone can make a new design, but for it Bodagcess in contemporary socidtye

solutionmust be able to solvanexisting problenwith a trueneed for the desigmo exist.

3.1.1. Market and Research Analysis

A thorough market and research analysis was conducted over the course of the first stage of the

project. This was through the literature reviemd wasdiscussedn-depth inSection2.

3.1.2. Needs ldentification
The literature showed thatgrformance testing protocols are a widely accepted way of evaluating
the ability andskills athletes possess in sports clubs, sports science and physiology by coaches,
trainers, physical educators and conditioning speciaflgisGee and Burkett, 2003; Pauole et al.,
2000) Through performance testing, y | G Kt S1S5Qa LISNF2NXIFyOS |yR
monitored and evaluate@utlu et al., 2017)as well as use for talent identificatiQBidaurrazaga
Letona et al., 2015; Chu and Vermeil, 1983; Hermassi et al., 2011; Reilly et al.,, 2000)
differentiation between higheskilled players from their lessakilled counterpart¢Farrow et al.,
2005; Gabbett and Benton, 2009; Henry et al., 2011; Lockie et al., 2014; Mooney et al., 2011;
Morland et al., 2013; Pauole et al., 200@&ale et al., 2010jRnd even usefulness in deciding best
positions of plafMcGee and Burkett, 2003)

Among sports performance testing, agility has become an increasingly popular skill to evaluate in
an athlete in anotable number ofield and court sports. However, the literature shethat the
standardised agility tests conducted in sports institutiowl @ub testing batteries and combines

do not truly reflect the construct; theyre not capable of testing all components of agility. With
tests such athe lllinois Agility, AFL Agility RurQ%, FTest (Drill), PreAgility (510-5 Shuttle)

and the 3Cone Drill (ERun)involving preplanned agility only, they lack the perceptual and

decisionmaking factors of agility, thus are only measures of the physical components.

In anendeavour todevelop a testing protocol capable of testing both perceptual dedision
making factors of agility, as well as the physical factors, RATs were develdypedincorporates

a reactive component to the test. These have proved a reliable and valid method of evaluating
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agility performancgFarrow et al., 2005; Inglis agird, 2016; Serpell et al., 2010; Veale et al.,
2010) through differentiation between higheskilled athletes from their lessakilled
counterparts(Farrow et al., 2005; Gabbett and Benton, 2009; Henry et al., 2011; Lockie et al.,
2014; Morbnd et al., 2013; Veale et al., 2010; Young et al., 2Ha&jvever,the two major
limitations associated wittRATdncluded not beingstandardisedand that theyrequire a lot of
expensive equipment to perforie test. The traditional RATs also did notlude sportspecific

equipment (such as a gantmll) and the ones that did varied significantly in testing protocols.

Similarly,a competitive market analysialso concluded that a gap in commercially available
products was that they were not able to mnporate sportsspecific equipment into the test and
remain standardised, such that the results could be compared across sporting institutions or
clubs.Another significant finding was that no system was able to assistingap the layout of

the compaments forthe test, so a user could know exactly where they needed to position the
devices to produce a consistent test 4gi. The closest feature to this was that timing gates had
the ability to assist in alignment of the transmitter and reflector. Ferthore, it seemed that for

best use, most systems needed some form of accessory, in the form of a tripod or mount, which

was required to be bought separately.

3.1.3. Problem Statement
By collating all the information presented the market and research analysise main issues
arisenregardingthe current situation in agility testingcould be provided through a succinct

problem statement:

G/ dNNByld F3IAftAGe GSadta R2 vy 2 tmaking BdoslazdthtédS (K S
with agility and therefore donot truly represent the constructEmerging reactive agility tests

have the capacity to test these perceptual and decisimaking factors but are not standardised

as they vary in many aspects between studies conducted in literatliie conduct these tests

they dso require a large amount ofexpensive equipmentindustry products are unable to
incorporate sportspecific equipment within their tests and remain standardiseals well as

perform their primary functionat the greatest capacity without the use of additional

equipmente
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3.1.4. Needs Statement
With a clear understanding of the current situation regarding agility tes#hgeeds statement
was developed, which served as tbeilding blocks for the design and development of the

proposed gstem.

GTo cesign and develop @ortable, lightweight, wireless and easy tosenovel systentapable

of testing the physical, perceptual and decisie¥il { Ay 3 Tl OG2NAR 2FThely | (K
system must incorporatsome form of sporspecific equipmenand areactive componenthat

introduces randomness to the testThe test conducted by the system must also not be able to

be anticipated or predictedby the athleted €

3.2. Device Requirements

By identifying the currenproblem andneed for a new agilityesting system, both the problem
and needs statements were able to be usedthe framework for designing and developing the
proposed systemThenext stage involvedlentifying the needs of the systersuch that it could
be broken down into specific reqements. Thiprocessvas completedy all partiesassociated
with this project where therequirementswere governed by the literature, market research and
analysis, problem and needs statementherefore, this stage of theroject contributed to
providing a tool for translation between broad ideas and needs, ithhe specific device

requirementsessentiato accomplish the primargim.

3.2.1. Requirement Identification
After confirmation of the project, an initial kielf meeting was held between Dr. Ellioty.D
Hobbs, Prof. Taylor and the author to get a clear understanding and clarification of the system
objectives and requirement®r. Elliottwas able to provide a cle&xplanation ofhis ideas and
thoughts behindvhat heproposedthe system needed to havearket appealAll corresponding
bodies provided feedback and discussed furthermore, expanding on ideas and including anything
more that seemed relevant to make the system as successful as po3sibbeigh this andhe
initial proposal document delived by the SHAPE Research Cerfigure Al in Appendix A
A.]), alongside thditerature review and market research and analysis, a set of specific design

requirements were identifiedTable9).
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Table9: Design requirements for the proposed agility testing system

Design

Design Description

Requirement
Safe to use/
minimum risk
profile

Safety is always theumber one design requirement for any system,
the safety of the user igttermost important. The system must not har
the user or anyone in direct contact with it.

Lowcost

Aiming to develop a systethat is of lowcost will give it an edge over i
competing products as it will attract customers to purchase the prody

Portable

The system will need to be taken to areas of varying terrain, where at
training occurs such as on the field, track or gymnasium. As a resul
important the system can be compacted together for easy transportat
Current agility systemsra portable such that they can be carried arou
in a suitcasgbagor carrycase;therefore, the proposed system needs
be able toprovide the same optionTherefore,for the system to be
portable, each component needs to occupy as little space ashppessi

Lightweight

With the system being transported around location to locatitns vital
the system is lightweight so that it makes transportation simpler
easierfor the user.

Wireless

Seven of the eight competing products analysed were founduppsrt
wireless communication, so to meet the current market standard,
imperative that the system is wireless, such that communication betw
devices and the user is wireless.

Adjustable test
difficulty

The systermeeds to be able to havedjustability such that there ar
multiple testing difficulties able to be sef harder test would mea@a
great testing zone area, resulting in more distance covered by the ath
By incorporating variable test difficulty, the system is open to a w|
target market of various fithedsvelsand age groupsA minimum of two
different difficultiesis requred, so that a test conducted on league play
coulddiffer compared with entrylevel players.

Easy to seup

The literature review found wrently implementedpre-planned agility
tests are simple to satp, involving nothing but a few cones and
measuing tape or wheelMany highend industrytiming gatesprovide
assistedcomponentry setup to align the emitter anddetector together,
which makes setip far simpler for the user.

Assisted test layout
set-up

The review bliterature found that nocommergal productcurrently can
assist the user with test sefp in such a wayhat helps them determing
exactly where to position the device when placed ispacificsequence.
For example, if a user wants to place their system in the form of a st
they mustmanually measure the distances between them.

Compatible with
Australian rules
football

Dr Elliott had a firm belief this system would be very well suited in
Australian rules football profession. Thusettest needs to be compatibl
with Australian rules football at a minimum
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Compatible with
various sports

It is desirable to be able to be compatible with other sports inclug
netball, basketball or rugby.

Sufficient area
occupied by testing
zone

The testing zone should ideally cover an area greater or equal to the
Agility RunThe testing zone of theFA. Agility Run occupies approximat
25n? (Tanner et al., 2013)herefore, Dr. Elliot emphasised the propog
agility test needs to occupy this area at a minimum to have a compelf
edge

Simple test
initiation

To initiate the test, it must be a simple process, where either the sys
can automatically detect an athlete within the testing zoaethe athlete
initiates the test when they are ready.

Functions indoors
and outdoors

It is important that the testanbe conducted in an environmetitat the

athlete is normally accustomed to whilst playing their sport;deample,
an AFL player should complete the test outdoors on the field, wh
basketball player should complete it on the codie test should functior
the same no matter what environment it is put in.

Waterproof design

Although it is unlikely the test wouldebconducted in extreme weathe
conditions, it is highly desirable to be able to still function even w
raining.

Standardisation

This requirement is extremely important if the device is to becom
breakthrough in the market. The test needs to be conddciacross
various sporting clubs and sports, so a tésit is standardised means tha
data can be compared confidently.

Integration of
sport-specific
equipment

Another key requirementthat will make this product stand ol
significantly from other products is the incorporation of spspecific
equipment whilst remaining standardisetihe literature and competitive
market analysis found that no tests can implement sporting equipn
while remaining standardisedt is desired that a game ball can be plag
on top ofeachmarker.

Marker activation
and deactivation

A marker needs to become activated, such that it is the location wher¢
user needs to navigate to. The marker needs a mettodetect when a
ball has been removed from the athlete, thereby deactivating
Deactivating the currently activated marker will subsequently cg
activated of another random marker.

Visual and audio
stimulus

When a marker is activated, it will presebhbth an audio and visug
stimulus to the athlete to indicate that the ball needs to be removed fi
GKIFG YENLI SN LYy R2AYy3 a2z (g2 2
auditory) are recruitedOnly one random marker is activated at a time

Visualstimulus
presents random
character

It is desirable that the visual stimulus is in the form of a character (le
number or symbol)this way, a random set can be applied to differg
tests so that it brings uncertainty and unpredictability.
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Incorporates
physical factors of

agility

The system needs to ensure the athlete uses physical componer
strength, power, balance and coordination to sprint shdidtances ang
make sudden changef-directions to each stimulus to deactivate it.

Incorporates

perceptual and
decisionmaking
factors of agility

A major differentiator the proposed system implements is incorporal
of the reactive element, which causes the athlete to use perceptual
decisionmaking to complete the test.

Minimum of four
(4) markers

It was established by Dr. Elliott that a minimum of four markers wg
need to be included in the systemy incorporating at least four marke
into the test, it means the athlete has many possible locations they 1
run towards.

Measures time
taken to complete
test

All present agility tests measure time taken to complete the test, whig
a good method of inferring agility as athletes with a greater ability
navigate and complete the tests faster than individuals with less abili

Intra-system
communication

The system needs to be able to have all components connected tc
another and to be able to communicate wirelessly.

Communication
with laptop or
smart phone

As the user needs to be able to determine the results of @esty it must
be able to communicate with either a laptop, a smart mobile phong
both.

Provide reaitime
data feedback

The competitive market analysis found that all existing products were
to provide realtime data feedback; the time taken to corepé the test
was able to be seen subsequently when the test was finished. It is
that the proposed agility tester can provide the user with the test ti
upon completion to meet current market standards.

System feedback
clear and concise

The feedbacKrom the system needs to be clear enough that the u
understands what it is referrinig butis as concise gmssible so minimal
time is spent having to read and decipher the feedback; enabling 1
time focused on the athlete.

User interface must

be simple

It is important that the interface to communicate with the system is e
to use and simple to understand.

Provides feedback
to commands

The system needs to have a way of providing feedback to the user s
they know when they have entered aromand or pressed a button. Th
could be in the form of a sound or light.

Data storage

Must be able to store data and provide the user with basic

configuration values. For example, the user needs to know what
current test difficulty is and othevarious test modes. Additionally,
would be ideal for the user to be able to determine a time measuren
from any test previously ran.

Maximised battery
lifetime

A standard testing battery or combine would occur during normal busi
hours (9amg 5pm). Therefore, the system needs to be able to opel
ideally for eight hours at a minimum.
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Easy
change/recharge of
batteries

For added convenience to the user, itosifd be easy for to change ¢
recharge the batteries (one or the other, depending on the final des
This means that the user should not need to use any tools to complets
process and it should be a simple procedure to do so.

Maximised service
lifetime

It is desirable to have as long service lifetime as possible. This mear
parts should not break easily and should not need to be replaced

Minimal learning
curve

There needs to be a small learning curve required by an athlete to per
the test who is unfamiliar with it or has not completed it before. Dur
testing combines and batteries, many athletes are completing tests
there is not enough time to train the athlete to complete the test

Maximised load

The marker needs to bable to withstand the force applied from th

capacity weight of the balllt should also be able to withstand the force appliet
an athlete happens to stumble onto it. However, due to the scope of
project, the latter will likely be unable to be complete andbsld be
further developed in future work.

Shock absorbent/ | Since the components may experience high impact forces applied to

resistant during the test from possible accidental miss of the ball, they need t
able to withstand such occurrences.

Appropriate The programming language used must be sebbwn so that a wide rang

programming of technical personnel are able to read over it and understand the gel

language outline and functions.

Bugfree The program needs to be written such that itrales all possible scenarig
and user inputs. Naturally, people are inquisitive and like to test the li
of systems. The best method here is to try to break the program so
the appropriate coding can be written to handle such instances.

Consistent The system needs to kable toassist seup and run the testepeatedly
and consistently with minimal variance.

Reliable The test needs to produce reliable resulisat can be confidently
compared with results from other tests

Valid The testneeds to be a valid way of assessing the agility construct.

Unpredictable The system must not produce a tekat athletes are able to recognise

anticipate patterns, so thatlecisionmaking and perceptual factors (
agility are tested througlgeneration of random marker activation.

Height adjustability

It is desirable that the markersan have height adjustabilitywhich the
user can set when training and not performing the standardised vers

Sportspecific
equipment tracking

Monitoring the ball will provide further information from the test and th
allow extensive analysis in the results such as if the athlete has fun
the ball or if they have competently pick it up off the marker.

Can be turned on
and off

The system came turned on and off at the desire of the usérhis is
important so that the system is not constantly running and was
battery.
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Can be putin a To further maximise battery lifetime, it is appropriate that the system

sleep mode go into a sleep mod# left for a period of inactivity.
Responsive to user| The systermeeds to bequick to respond to user inputand apply the
inputs necessary changes or run the appropriate commands.

Customisable tests | It is desirable that a us@angenerate custom testso that the system ca
be incorporated into standard training regimes.

3.2.2. Requirement Prioritisation
The above listed requirements were all deemed importiutors in developing the proposed
system,however, it was not realistic to be able to implement all of these into the projesias
understood thatdesigning and developing the systevould be very involved and require a lot of
workright from the initial stagesThus, i was recognised thatgnificant time constraintexisted
to complete the project within the deadline, as well as restrictions onhigwelware components

to be purchasedso thatthe projectwould remainwithin budget.

Toassist in developing successful produd¢hat canachieve the primaryaim by the endof the
project, it was imperative to categorise the design requirements into first order and second order
features Frst order requirements were minimum design features needed to ensure that the
systemcould complete the prinary aim (essential features)while second order requirements
were design factors found to bienportant but were not essentia(desirable featuresjor this
stage of the projecto meet theaims and objectivesiherefore, if these requirements were not
able to be achieved, theyould be implemented where possible, but were expected to be
completed infuture work Thus, he next stage of the design process entailed prioritising the
requirementsspecified in the previous sectipsothat it could be determind which tasks should

be focused on more to ensure successful completion of the project.

An absolute importancgaluewas given to each requingent between 0 and 10, with a higher
value indicating greater importance. Requirements that were deemdtht@ equal importance
were given thesameabsolute importanceThe design requirements were retabulatéichble10),
displaying their prioritisation lor 2"¥ order) and theircorrespondingabsolute importanceThe
total values of absolute importancevere used to determine the corresponding relative
importance of each requirementhis wasepresented as a percentagehich helped establish
the importance of each reqeement in relation to althe otherrequirements.The table showed
requirementsthat were deemed most importan{with 1 order prioritisationand an absolute

importance value of 10being portable, lightweight, wireless, adjustable, easy to-set
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compdible with Australian rules football, functions indoors and outdoors, is able to be
standardised, integrates spespecific equipment, is able to have activated and deactivated
markers with them displaying a visual and auditory stimulus, incorporateactirs of agility
(physical, perceptual and decisiomaking), the number of markers (minimum four), measures
time taken to complete the test, has communication with either a laptop or mobile smartphone,
is safe to use, has a sufficiently sized testing zuea, is reliable, valid, unpredictable and can be

turned on and off using a button.

Tablel0: Design requirements and their corresponding prioritisation and importance

. . L Absolute Relative
Design Requirement Prioritisation
i o 2 e Importance Importance
(1-10) (%)

Portable 1st 10 2.857
Lightweight 1st 10 2.857
Wireless 1st 10 2.857
Adjustable 1st 10 2.857
Easy to seup 1st 10 2.857
Compatible with Australian rules football 1st 10 2.857
Functionandoors and outdoors 1st 10 2.857
Standardisation 1st 10 2.857
Integration of sportspecific equipment 1st 10 2.857
Marker deactivation and activation 1st 10 2.857
Visual and audio stimulus 1st 10 2.857
Visual stimulus presents randocharacter 1st 10 2.857
Incorporates physical factors of agility 1st 10 2.857
Incorporates perceptual and decision

making factors of agility 1st 10 2.857
Minimum of four (4) markers 1st 10 2.857
Measures time taken to complete test 1st 10 2.857
Communication with laptop or smart phon 1st 10 2.857
Safe to use/minimum risk profile 1st 10 2.857
Sufficient area occupied by testing zone 1st 10 2.857
Reliable 1st 10 2.857
Valid 1st 10 2.857
Unpredictable 1st 10 2.857
Can be turned on and offSing a button 1st 10 2.857
Simple test initiation 1st 9 2.571
Low-cost 1st 8 2.286
Assisted test layout setp 1st 8 2.286
Intra-systemcommunication 1st 8 2.286
Maximised battery lifetime 1st 8 2.286
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Absolute Relative

Design Requirement Prioritisation
(1st or 2nd orden) Importance Importance
(1-10) (%)
Appropriate programming language 1st 8 2.286
Waterproof design 1st 7 2.000
Provide reatime data feedback 1st 7 2.000
Minimal learning curve 2nd 6 1.714
Compatible with various sports 2nd 6 1.714
System feedback clear and concise 2nd 5 1.429
Responsive to user inputs 2nd 5 1.429
Easy change/recharge of batteries 2nd 4 1.143
Height adjustability 2nd 4 1.143
Provides feedback to commands 2nd 3 0.857
Maximised load capacity 2nd 3 0.857
Shock absorbent/ resistant 2nd 3 0.857
Data storage 2nd 3 0.857
Bugfree 2nd 3 0.857
Consistent 2nd 3 0.857
User interface must be simple 2nd 2 0.571
Maximised service lifetime 2nd 2 0.571
Can be put in aleep mode 2nd 2 0.571
Customisable tests 2nd 2 0.571
Sportspecific equipment tracking 2nd 1 0.286

3.2.3. Objective Tree
Now that it was understood what requirements were deemed most important and critical in
accomplishing the aims and objectives set out to achieve, an objective tree could be constructed,
which is a tool developed B9rosg2000) When successfuliynplemented it clearly definsthe
hierarchical relationships and interconnections betwagms and functionsso that the means of
achieving objectiveand thedirection of the device design is establishgtoss, 2000; Haik and
Shahin, 2011)

The design requirementsvere divided inb four primary categorical setstest features,
mechanical design, electrical design and saf€ke objective tree was then developed to show a
hierarchical structuréFigure26), such that the most important requirements are located at the

top, with less important features located further down the bottom.
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Figure26: Objective tree for the project
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3.3. ConceptuabDesign

With successful completion of the initistage of the projecfproblem definition), a set of design
requirements had been made that were clearly prioritised regarding importance. Thus, the next
stage (conceptual design) could be undertaken, with the first step to establish a set of functional
structures, which wouldoe used to as a frameworto develop a set of engineering design

specifications that could be used to guide the design and development of the system.

3.3.1. FunctionalAnalysis
In terms of the design process, a functiomaisolutiorneutral actionthat allows adesignto
accomplish a specific tagym et al., 2014; Haik and Shahin, 20Thus, functional analysis is

the process of establishing the functiotimat a design must perform.

3.3.2. Overall Function Structure

A design consists of an overall function, which is the relationship between a products inputs and
its outputs (Haik and Shahin, 2011)o develop a set of solutieneutral functions, tiwas first
imperative to establish theverall function of the proposedystem which couldbe presented
succinctlyas & a @ ahativsa d a |y I (A ovBrallfutcion tiararh was dedefoped
(Figure27,) whichclearlydefines theinputs and outputs of the systermputs includngthe user,

the initialsystem settingghe subject (the athlete to be tested grg power source, spospecific
equipment, environmental factors and a change in circumstarmgputs d a correct test

configuration and user feedback

User

Correct test corlﬁguration

System settings System that tests
an athlete’s agility User feedback

Subject (athlete)

Power Sport-specific Environmental Changein
source  equipment Factors circumstance

Figure27: Overall function diagram for the proposed system
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Theoverall function iINB LINS &Sy SR |a | aofl Ol 02Eé3X 6KAOK
required to convert he inputs to outputs is not knowrhe next sp of the functional analysis

involveddetermining what goes within the black btxmake it transparent.

3.3.3. Establishingrunctional Structure
Theoverall function can be broken down into further subfunctionss frocess of breaking down
functions is known as function decomposition, and is employe#idi and Shahi(2011)and

Dym et al(2014)and was implemented in this project.

It wasunderstood that the conversion from the set of inputs into the set of outpuds going to
be a very complex press at the main function level. Therefore, to determine what functions
Ly

was separated into a set of essential functions; the user/system interactionypsetst, intra-

A

would gowithin the black box, the overathainfunction (a systenthat i S & G a NGKE SGS
system processing and perform te$hese functions were then assigned subfunctions, organised
carefully into a systematic and logical order such that executdiected the solutiomeutral

actions producedo achieve the main functionThe subfunctions needed to complete each

function were listed and were tabulatedTable11), which formed what is known as a function

tree. This was used as a guide for development of the final complete function structure.

Tablell: Functions encompassing the subfunctions for the proposed product

4. Perform Test

1. User/System

2. Setup Test 3. Intra-System
Processing

Sense the ball i.

Interaction

i. Receive input

i. User positions | .

System generates a

position status

from the user marker character to display
ii. System ii. Measure ii. Store the data and ii. Wait for user to enter
processes input marker use it as the the testing zone
distance baseline values
lii. System does the iii. System iii. Generate the test | iii. System initiate tests
appropriate indicates sequence
actions marker

ball on marker

iv. System indicateg iv. System checks iv. Athlete waits for
input has been if marker is in stimulus
received the correct
position
v. System provides| v. Ifitis, the user v. System present audio
user feedback can position and visual stimulus

73




1. User/System 3. Intra-System

2. Setup Test 4. Perform Test

Interaction Processing
vi. The process vi. Systemnstarts a timer
repeats for all
markers
vii. The system vii. System ignores sensor
now has a values from
correct test environmental factors
configuration
viii. Athlete navigates to
marker
ix. Athlete removes the
ball

X. The sensor detects the
change in circumstance
by comparing values
with the baseline senso
values

xi. System records the
elapsed time & repeats
the process for the
remaining markers

xii. The system provides
user feedback and waits
for user to setup the
test again

3.3.4. Function Structure
A complete function structurewas then ablebe developed, which incorporated the overall
function structure diagram initially developed, the function tree and flow of mateiatgire28).
The overall function of the system was surrounded by a boundary indicated by a solid line
differentiate the system with its functions and subfunctions, from its inputs and outpotthat

an establishment of a feasible product could be made.

Through assessment of thieinction structure diagram (Figure 28), a clear setof essential
functions could be identified within the overall function through bounded boxes. The interactions
between subfunctions and functions could be observed, so thatag wossible to determine
exactly a logical order of solutiemeutral actions needed to occur to convert the inputs into

outputs.
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settings |, enerate audio & Start H User
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‘| INTRA-SYSTEM Sense ball | in environment
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' Store sensor | Detect change Record |:
: dataas |5 from A time [
: baseline | baseline sensor elapsed :
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: Test .
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(athlete) : nter ait avigate i | Leave
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equipment Factors circumstance | "tttmmeee Function
Subfunction

Figure28: Complete tinction structure for the sports agility testeith subfunctions shown
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3.4. Engineeringpecifications

Up until this point of the project, all assessment had been conducted in a qualitive natuise
stage of the project entailed using quantitate assessment to set nsetaicd constraints
associated witlthe design requirements and function structurEhrough clearly defined design
specifications, the subsequent conceptualisation and development of the product would have a
definitive set of boundaries it neest to follow, as well ady providing an aim to achieve
measurable targetsThe design specifications would make it possiblevaluate the success of

the final system at the end of the projelby comparing actual metrics to target metridhus, ti

was important that a set of design requirements weteveloped which reflected the design
requirements andiunction structure appropriately. Therefore, the development of the design

specifications was imperative for achieving a successful design.

The performancespecificationmethod was used to develop @&tsof design specifications, as
employed byHaik and Shahi(2011) The performance atiibutes of the system werable to be

devised through the objective tree and functional analy$isese performance attributesvere

then grouped into categories: functional, operation and performance requirements;
workmanship and manufacturing; safety, régtory and environmental requirements; human
factors; budget; and schedulblsing the design requirements and further research and analysis
through literature and standards, performance limits could be set for each attribAte.
GRSt ATIKGSRe GRNESJZA@WERUzSGKNBaAK2E R @I f dzS ¢ SNS
value to achieve for, but also a value that would still be adequate to meet the design requirements

and function structure.

Several specifications were develop&dich correlated with 2 order design requirements. As
the requirements were deemed not essential to meet the aims and objectives for a basic design,
the specificationshat correlated were given target valuéisat were desirable, but also threshold

values which signified that if they were not complete, then this was still acceptable.

3.4.1. Functional, Operational and Performance Requirements

3.4.1.1. UserSysteninterface Communication
It was established through the design requirements that the system needed to batmanect
to either a laptop or a mobile smartphone. It was extremely desirable to be able to connect to
both devices, however it was understood it may not be achievabiles the type of devices the

systemcouldconnect to was aimed to be two devicesitlone device was acceptable.
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3.4.1.2. Physical Connections
An essential design requirement was that the system would be wirelessslimperative that
the system achiewktthis design requirementsince the competitive market analysis showed that
all deviceghat were considered threats were wireless. Thus, tHeygical connections between

devices and the usehould zero.

3.4.1.3. Setup Time & Steps Required to-GefTest
One of the design requirements was that the test is simple teupetA simple to setip test can
correlate with how long it takes to setp and the steps required to sep the system. Therefore,
it was imperative that these values were as low as possible. A reasdnablainute set-up time

was established as the target, withur minutes as the thrdsold.

The number of steps required to sep the test would be dependent on the number of devices,
therefore, instead of a whole number representing the total number of steps for the system, a
value for the number of steps per device was established. Taséhe test, a user would need

to, at minimum place the marker down, place the spapecific equipment on top of it and then
press a button to indicate the ball is ther€herefore, threesteps per device was defined as the
target value. Accounting fasther possibilities, a threshold value eight steps per device was

set.

3.4.1.4. Stimulus & Unpredictability
An increasingnumber of characters displayabley the visual stimulusvould increase the
unpredictability of the system, adding to the conceptual compuseof agility. Thus, it was
desirable to be able to display all alphanumeric charactei® éd @); totalling 36 characters.
It was understood that this may be unable to be accomplished, so a threshold valree of
character was established, so thataiminimum, the marker needed to display a simple visual
stimulus. Similarly, the number of unique colours displayable on the marker would also increase
the unpredictability of the system. It was decided that at a minimum, three colwars needed
to be ale to be displayed (red, green and blue), however, a target value was sehéarolours

to be displayable.

The rumber of unique marker activation sequenaasresponds to how predictable the test is.
The test should have at least 25 unique sequencesnture that the athlete is unable to make
any predictionsWith 25 unique sequences, there may be some athletes with exceptional memory

to be able to anticipate the rest of the sequence after deactivating some markeesnsure that
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this would not be possible, a target value was set at 50 unique sequenidditionally,the
number of markers is synonymous with this design specificaasmn increasing number of
markers would mean a greater number of marker activation sequengiter some careful
consideration, six markers were deemeduaitablenumber to ensure a good balance between
the maximum number of marker sequences and the complexity of the system. As significant
budget restrictions existedt was thought thatdeveloping six markers may nbé possible and

so the minimum number of markers was established to be four as per the design requirement.

3.4.1.5. Sensor Response Time
To ensure the testvould be as responsive as possible to the athlete removing the ball, a
reasonable ensor response timéarget was set at 0.001 seconds, but with a threshold value of

0.01 seconds.

3.4.1.6. Adjustable Test Difficulty
Dr. Elliott had mentioned that he believed the system should have at least two test difficulties,
one for elite athletes and the other for amateur playdtsvas decided that it would be beneficial

to have a third test difficulty for youth players too.

3.4.1.7. Sport Compatibility
By maximising the number ddportsthe system is compatibleith, the target market increases
as well asase of use across sporting institutions and sporting clubs. Being a prototype, it was
understood not all sport compatibility could be accomplished, however it was decided to try to
aim for compatibility with Australian rules football, netball, basketballl rugby. Soccer was not
included,asit involves kicking the ball, which could be difficult to do without kicking the marker
itself. An essential design requirement was that the system is at least compatible with Australian

rules football, thus the systn needdto be compatible with at least this sport.

3.4.1.8. Maximised Battery Lifetime
With a system that is hoped to be incorporated into testing batteries and combines, it needs to
be able to run continuously for the period of a full working day, thusas desirable that the
systemcouldrun for eighthours. However, being a prototype, this may not be achievable at this

stage, so a limit was establishedtlatee hours of run time.

To assist in saving power, it would be beneficial to implement a peaeing mde, for if the
system is inactive for a length of time, or between tests. Being a prototype, it was accepted that

the system being in full power mode for the entirety of it being on was acceptable.

78



3.4.1.9. Programming Language
It was desirable that one programmitanguagevas tobe used to develop the system. However,
being a prototype device, a target threshold of two programming languages would be acdepted

it was required

3.4.1.10. User Commands & Feedback
The number of feedback types would increase useability oéyiséem for the user. A system that
couldprovide a visual and auditory feedback response, as well as information for stored variable
values such as the test time would provide an optimised system. Being a prototype device, it was
establisheda threshold vaue of one feedback typaould be enough. Similarly, the number of
commands a userouldprovide the system, such that it provides a large amount of information
about the test (one command to obtain marker activation sequence, one for test difficulty, etc.)
would be exceptional. Other commands could include progressing to the next testattimgs
the system. At a basic level, the system nedtb know whento begin the test, proceed to set
up the next test and retrieve the most recent test timie.addition to this, the amount of time
taken to respond to a commaneas another specification d consider.A systemwhich
couldrespond to a command in less than one second would be considered optimal, but a

threshold target value would be under three seconds.

The competitive market research found that all tests were able to provide feedback opsatt
post-test. It would be extremely beneficial to see the elapsed time-festi; however, this feature
would likely be very difficult to implement into a prototype. Thus, pest feedback was

accepted as the threshold target.

3.4.1.11. Storing Previous TeBata
Having the system capable of storing tests would provide convenience to thdfubertestwere
to store previous test timesa minimum number of test times to store could be estimated.
Estimating each test takg approximately one minute to saip and performwith each athlete
performingthree tests and one practise testjth an8-hour systemrun time;it should be able to
store approximately 480 testsa target value was rounded up to 508s this specification
correlated with a 2 order desig specification, not being able to store any testsuld be

acceptable.
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3.4.1.12. Device Boetip Time
How long each device takes to boot up and be ready for any user input is essential in the
contemporary age lived in today of instant gratification. A systkat could be ready for user
input in underthree seconds would be considered exceptional and thus was set as the target

value. A threshold target was set for device boot up time under 10 seconds.

3.4.1.13. Binary Specifications
Several specifications were unable to be \pded with a scalable metric, however, were still
deemed important specificationthat needed to be evaluated. Each device within the system
neeced to be able to communicate with one another andnigeded tofunction indoors and
outdoors (including in diret sunlight).lt was desirable that the test would initiate automatically
upon detecting the athlete, however with this specification being correlated td“ao&ier
requirement,it was acceptable for this not to be implemented. Similarly, the user crgatistom
tests and sporspecific equipment tracking specifications were developed with the same thought

in mind.

3.4.2. Physical Requirements

3.4.2.1. Area Occupied by Testing Zone
A specification set by Dr. Elliot was that the testing zone needed to cowgnathum the area of
the AFL Agility Run, which was found to ben®5through the literature review(Tanner et al.,
2013) Therefore, this was set as the threshold target. An arbitraryri®®as set as the target,
since it wouldbe desired that the test could cover #érgearea as possible if required, for say a

custom created test.

3.4.2.2. SportSpecific Game Ball Sizing
With each marker needing to be able to have sggpecific equipment (most commonly a game
ball) placedon it in some way, the marker therefore nesdito be able tohave a load capacity
that reflected the weight of these game balls. Additionally, it neddo be large enough to house
the ball, with it also remaining positioned until the athlete remeddt. Thus, research was
conducted into various spodpecific game ballsvhich correspondedo commonfield and court
sportsto be madecompatible with the test; Australian rules football, netball, basketball and

rugby.It was important to establish the staadd sizing for typical adult league play.

The game ball sizing varies depending on the sport, as well as the age and sex of the individuals

playing.For examplethe Australian football ranges from size mini, junior, youth, 1, 2, 3, 4, 4.5
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and 5; while a atball only has two sizes (4 and(®SW Netball Association, 2018he reason
for various sizing iso the ball dimensions meet the anthropometrics of the tangayers;smaller
balls would be designed for players who are younger as they will fit within their Haneasier,
while larger balls would be suited for older players with larger hdHART Sport, 20183imilarly,
it is accepted thagenerally males have larger hands than females (Comparison of thangl

95" percentile), so in some sportshe male and female game ball varies in size (@arrett,

1971)

3.4.2.2.1. Australian Rules Football
The official AFL game ball is the Sherrin Kangaroo Brand Australian football (Russell Corporation,
Scoresby, Melbourne, Australia), which is size 5 for males and size 4 for feRaksell
Corporation, 2018)The shape is in the form of a symmetrical oval shape, with the size 5 game
ball @nforming to dimensions 72Q 730 mm and 545¢ 555 mm for the circumference and
transverse circumferences, respectivgiustralian Football League, 2017he ball weighs
between 450 and 480 granfslauright, 2018)The size 4 game ball is approximately 680 and
530mm, respectivelyRussell Corporation, 28). No length of the football is documented in the
AFL official rulebook, however the United States Australian Football League (USAFL) does state
the ball is 27& 280mm in diamete{USAFL, 2018)

3.4.2.2.2. Netball
As mentioned, a netball contains two sizes; 4 and 5. The official size netball used in game is size
5, 0r a size 5 Association Footb@letball Australia, 2018An official match ball measures 680

710 mm in circumference and weighs 49850 gramgINF, 2018)

3.4.2.2.3. Basketball
The official basketball game ball for tHgasketball Australia and th&lational Basketball
Association (NBA3 the Spalding basketb&®palding Scoresby, Melbourne, Austrglia division
of Russell Corporatign while the official basketball for the National Collegiate Athletic
Association (NCA&hampionships and the National Basketball League (5IByWilson\ilson
Sporting GoodsChicaggo Illinois, USA)The official basketball isize7 for males and sizé for
females(Spalding, 2018; Wilson Sporting Goods, 20T8g circumferences ar29.5and 28.5
inches €749 and 724nm)for size 7 and GespectivelyAccording to the official NCAA rulebooks,
the official weight of a basketbai$ to be 20 to 22 ounces (567 to 623.7 graris NJ a Sy Qa
.FalSadolrtt YR wmy (2 wun 2dzyOS adethalfNCAMR 01882 pcT
2018b)
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3.4.2.2.4. Rugby
The official NRL game ball is tBieeden rugby football (Grayicolls Sports, CheltenhaMictoria,
Australia) whilefor World RugbyJnion it isthe Gilbert rugby ballGilbert, Grays of Cambridge
(Int), East SusseXnited Kingdom)The official game bal classified as a sizéddr males(Gray
Nicolls Sports, 2018)t has dength of 280¢ 300mm, with 740¢ 770mm circumference and 580
¢ 620mm transverse circumferencevith a weight 41@ 460 gramgWorld Rugby, 2018)

3.4.2.2.5. GameBallSizing Summary
The information gatheredvascollated and tabulated to show the ball sizing, circumference and

weight of the official game bal(ablel2).

Tablel2: Official game ball sizing for various sports

Official Circumference (mm) Length (mm) Weight (grams)
Game Ball
Size

Australian Rules M: 5 M: 720¢ 730, 545 555 270¢ 280 450¢ 480
Football F: 4 F:690, 530

(C, TC)
Netball 5 690¢ 710 219.6¢ 226" 400¢ 450
Basketball 7 M: 749 M: 238.4" M: 567¢ 623.7

F: 724 F: 230.5" F: 510.3 to 567
Rugby 5 M: 740¢ 770, 580 620 | 280¢ 300 410¢ 460

(C, TC)

* C = circumference, TC = transverse circumference
* M = males, F = females

" Diameter, d, alculated using the circumferenc€, with formulaQ 671"

3.4.2.3. System Containment
With the system being designed and developed to be in the form of a ywlecdncept prototype,
it was decided the carrgase would be in the form of a suitcase; so that one less item needed to
be designed and manufactured. With such a large variety efl Smitcases available, there was
quite a lot of flexibility in terms of containment volume. So that the prototype could be tested
against a containment, but also save costs of purchasing a new suitcase, two specific suitcases

were considered for the carrgase as they were already owned by the author; one large and one
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medium. The large suitcase was tH8 MV+ Deluxe Expandable Hardside Spinner(Bassrican
Tourister, Samsonité&}hode IslandUSA)which has dimensions 790 x 540 x 320/ (360 expanded)
mm, weighing 4.7&g and capacity cf07/125L (0.107/0.125m?). The medium suitcase was the

Bon Air Delux&xpandable Hardside Spinner (American Tourister, Samsonite, Rhode Island, USA)
which has dimensions 660 x 460 x 280/ (310 expanded) mm with weighig3a®d 64/75L
capacity 0.0640.075 m®). To allow for some tolerance for padding, the target values were
established at 95% of the expandable capacity volumes. Thus, the total system target volume to
achieve for wa9.07125m? while the threshold value ws0.11875mm?.

3.4.2.4.Physical Dimensions
Several factors attributed to the target values specified for the physical dimensions of the devices
encompassed within the systeimousing of electronic componentrthe sportspecific game balls

and containment within a carrgase.

It was desirable to have a smaller design, such that it would become more portable and easier to
store within a carrycase However,a trade-off existed;since all electronic componentry needed

to fit within the device as well as it being able to have a sggpecific game ball placed on top of

it and remain secured until it was removed by the athlete. With electronic componentry unknown
at this point in the project, it made it very difficult to know what a big enoaghlosure would

be. Being a prototype, future work could be implemented to scale dibvelevice enclosure, but

a prototype enclosurewhich would beoo smalland not fit electronics would be a major issée.
reasonable set of target dimensions was setsmm for the length and width, and 258m for

the height. The threshold values were set to be 80 for length and width and 30@m for the
height.

To ensure that a ball positioned on the marker would remain stabte removed by the athlete,

the lengh and width were compared againgte maximum lengthvalue for the sporspecific
game ballgTable12). Therugby ballwas found to have théargest possibléength of 300mm.
Therefore, the establisheti50 mm and 200nm length and widthvalues were found to be 50%

and 66.7% of the diameter. With the marker covering at least 50% of the rugby ball, one could

assumethat the desigrwould be able to reliably hold the Balntil an athlete removd it.

The minimum suitcase length w&80 mm for the Bon Air DeluxeAllowing for5% padding
tolerance, 95% of this value is 266n. Comparing the established height targets of the marker

with this tolerance allowablsuitcase length value, the 2%0m target would fit but the 300mm
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target value would notHowever, laying the marker in either of the other directions (627 and 437
mm with 5% padding toleranceshe marker heightvould fit. Thus, the established targedlues

for the length, width and height dimensions were justified.

3.4.2.5.Load Capacity
At a minimum, ach marker neeed to be able comfortably handle the load distributed by any
type of ballplaced on top of itThe heaviest ball was the basketball wighmaximumweight of
623.7 gramgTablel?2). Using this value, the maximum load imposed due to the weight of a ball
could be determinedisingb S 2y Qa { SO2yRualionds 2F az2iA2y 0

EquatiodY bSgii2yQa {SO2yR [l g 2F azilAzy
0 ao

S I .

CO m™qoXQ —— ¢ pyvu

i
Rounding up to a whole number, tlmearker neee@d to be able to be capable of carrying aN7

load at the minimumnto be able to withstand the load imposed by the weight of an Australian

rules football, netball, basketball or rugby.

This force accoungd for the weight of the ball only an@rasnot accounting for possible forces
produced by the athlete who may momentarily push down to get a grasp to pick up the ball.
Accounting fothissituation, the load capacity neestlto be higher Another scenario that would
produce more force would be somee pushing down on the markedowever, itwasdifficult to
provide a value to the force produced inetbescenari®. The Eatman Kodak Compar(2004)
recommend the upper limit of force for a push down movement at elbow heightbe 29 kg
which is equivalent t@84.39 N Being a prototype device, the aiwasto provide the essential
functionality and providing a devicéhat could handle a 290 N load would come at a great

manufacture cost, thus as a result, thvas set as a delighted target goal.

3.4.2.6. SystenMass
Although there is no limit for the maximum allowabhassan individual can lift, théNational
Code of Practice for Manual Handlih§90 suggests as a general guide, nh@ssof an object
should be below or within the range of £t&0kg; as the weight increases from k¢ onwards,
the risk of back injurgignificantly increasg&afe Work Australia, 2009)herefore, the totainass
of the system within its containmemteeded toaim to be no more than 1Bg, but with a target

of 12 kg, whichwas25% below this value. However, since thassof a carrycasecould vary
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significantly, it was decided this value would represent the totassof the system not including

the massof the carrycase.

3.4.2.7.Ingress Protection
The Ingress Protection (IBbde (or IP Rating) defines the international standésdslassificatn
of protection against the intrusioof solid bodies or water into an electrical enclos(iieC, 2013)
The IP Rating is represented as two numerals, the first identifies the level of protection the
enclosure has against the ingression of solid objects, while the second numeral identifies the

protection the equipment insidehie enclosure has against the harmful ingress of water.

Referring to the code, ivould bedesirablethat the system has an Ratingtarget of IP56. That

is, in terms of ingression of solid objects: the prodwciuld be completely protected against
contact from any solid body (even objects less thanrtt) and should be dust protected, such
that the ingress of dust does not enter in such a qugrthat interferes with the satisfactory
operation of the desigIEC, 2013)It would beimportant that objectswould not be able to
ingress into the device while ih use and dustvould not ingress in a quantity such that there
could be harmful effects to the device or the uskr.terms of harmful ingress of water: the
product shouldwithstand powerful water jets from any direction and have no harmful effects
(IEC, 2013)it would bedesirable to be able to use the deviceall weather conditions, even in
heavy pouring rain since many athletes would continue training regimes no matter the weather.
Additionally,if the product was accidentallyfteoutside, it would not be detrimental; sohis IP
Rating reflects this.

The threshold IP rating for the systemas estabshed to belP44.In terms of ingression of solid
objects: no object greater thanrhm shall enter the deviganeaningobjects as small as screws
and most wiresvould not penetrate the devicdEC, 2013)In terms of harmful ingress of water:
the productwouldwithstandsplashing water from any direction and have no harmful effd&€,
2013) This IP Ratingould reflect standard use out in the field or on the coun a normal day
and if there was light rairf used for the standardised testie¢ product would ot be expected

to be used in heavyrairsA Yy OS A ¢2dA R tA{1Sfte& FFSOG GKS I G

3.4.2.8. Outdoor Environments
One of the key requirements provided was that the system eedd be able to function both
indoors and outdoors. Ingress protection was already discussed which covered specifications

regarding protection from dust and water. Another significant area to considsexposure to
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direct sunlight and the affect mighthave on the system performance or on the enclosure itself.
In very hot conditions, the electronics may not perform optimally and the exposure to direct
sunlight could cause breakdown of the housing materialidsassumed that breakdown of the
material wauld be due to londerm exposure. Ambient temperature conditiongere also
another factor to consider. For example, if the deweassleft outdoors overnight, temperatures
could become very low and as a result, could affect the electronics of the systiento Ehe time
constraints imposed, it was deemed out of the scope of this project to optimise the system so
that it would beresistant to both breakdown of housing material due to extreme direct sunlight
exposure or in conditions where would be left outside overnight. These factors should be

considered and addressed in future work.

3.4.2.9. Adjustable Height and Impact Resistance
Adjustable height and impact resistance wepecificationsvhichcorrelated with 29 order aims,
so thethresholdtarget values weraet accordinglylt was desirable to have an adjustable height
device, but it was not essential. Due to time constraiittwas addressed early on that this preof
of-concept prototype system would not have adjustable height and that this could be coedider
in future work.Impact resistance would have been optimal to implement, however, being a-proof
of-concept prototype, it was deemed out of the scope of the project and thus a target value was

setto O N.

3.4.3. Workmanship and Manufacturing

3.4.3.1.Number of Parts
A reasonable limit for the number of parts the systevould containwas set to be less than 150

as a threshold and less than 75 for a target value.

3.4.3.2.Internal Parts Enclosed
It was desirable that 100% of pamsould beenclosed internally, however being a progpe, it

wasdeterminedthis would not be possible, so a threshold value of 90% was established.

3.4.3.3.Tools Required for Battery Recharge/Change
For ease of use for the user, it was established that having no mechanical tools to change or
recharge the battery wuld be beneficial, however it was understood being a prototype, then a

tool may be required to accomplish this.
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3.4.4. Safety, Regulatory and Environmental Requirements

3.4.4.1.RiskMeasure
Safety is a number one priority, thusaasimperative that a prototypevould be developedthat
is safe to use. A way of assessing the risk level is thrauigh assessment and a risk matrix. The

risk matrix used in this project was based on the one employed for all risk assessments conducted

at Flinders UniversitgFigure29).

Very Likely Medium

5 Likely Medium Medium

o

% Possible Medium Medium Medium Medium

f Unlikely Low Low Medium Medium Medium
Highly Unlikely Low Low Low Medium Medium

Negligible Firstaid | Minor injury | Major injury |  Fatality
Consequence

Figure29: Risk matrix used when assessing risks at Flinders University

The risk assessmemtas conducted such that each potential hazard associated identified,
assessing the consequence and the likelihood of occurrence to provide a risk measure. Risk
controls were evaluated to determine a residual risk level, with the stocasescenario
identifying the risk level of the system. The targeiuld beto have a prototype that is of a low

risk level to use, but with a threshold of medium risk leyetisk level any higher would not be

acceptable for use.

3.4.4.2. Extralow Voltage Sysm
The Installation Requirements for Customer Cabling (Wiring Rules) 2006 Australian Standard
[AS/NZS 60950.1:2008kfines an extrdow voltage (ELMhat does not exceed 42.4V peak or
60V DQAustralian Communications Industry Forum, 2008)vas deemed necessary to develop
an extralow voltage system to minimise the risk involved in using it. However, being a prototype,
it wasdecided that an even lower maximum voltage was to be set as the limit to ensure safety.
Thus, a maximum voltage the systevould be allowedo use is 12V, with a desiralbheaximum

voltage of less than 10V.
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3.4.4.3. Noise Produced by the System
The noise producedybthe system could be distinguished betwettre sound made from the

mechanical and electrical components and the noise produced by the stimulus.

Sound intensity is measured in decibels (d)ich is expressed as a logarithmic function of the
acoustic powe squared (Glover, 1993)Having alogarithmic scalemeans thatthe energy
produced bya source is doubled for every 3 dB shiftrease(Glover, 1993; Safe Work Australia,
2015)

The various sound intensity levels corresponding to several devices and environmergs

tabulated (Tablel3). It should be noted that pain can be felt at the 130 dB threshold.

Tablel3: Sound intensity leve(Modified fromGlover, 1993Safe Work Australia, 2015)

Level (dB) ‘ Qualitive Description Source/Environment ‘
10 Very Faint Hearing ThresholdAnechoic Chamber
20 Very Faint Whisper; Emptylheatre
30 Faint Quiet Conversation
40 Faint Normal Private Office
50 Moderate Normal Office Background Noise
60 Moderate Normal Conversation
70 Loud Radiq Loud Conversation
80 Loud Heavy TraffidNoisy Office
90 Very Loud Lawn MowerUnmuffled Truck
100 Very Loud Sheetmetal WorkshopBoiler Factory
110 Very Loud Chainsaw
120 Extremely Loud Rock drill
130 Extremely Loud Rivet Hammer
140 Extremely Loud Jet engine at 30m

From the table, it is possible to provide a reasonable set of sound intensity values for the proposed
system to be developed. It would be extremely desirable that the system producesahgsaond

as possible, so a value less than 20 dB is a good target to achieve for, which corresponds to a very
faint sound of a whisper or empty theatre. However, it would still be acceptable for a syisa¢m

produces less tha60 dB corresponding to aormal conversation
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The audio stimulus presented by the markeust be loud enough such that dould easily be
heard by the athlete in an outdoor setting on the field or codttbwever, it would also needo
be within a safe range such that no damage to hearing o@usnopain is felt. ltwasalready
been established that it must not exceed 130 dB, which is the threshlo&de pain is felt.The
Managing Noise and Preventing Hearing Loss at Work Cd@actice 2015 specifies the length
of time an individual can be exposed to various noise levels with no hearing protétaioie14).

Tablel4: Length of time an unprotected person is to be exposed for corresponding to various noise
levels(Modified fromSafe Work Australia, 201p. 7

(N[o] TSN IEAVEET (o]2)) Exposure Time

80 16 hours
82 12 hours
85 8 hours

91 2 hours

97 30 minutes
100 15 minutes
103 7.5 minutes
106 3.8 minutes
109 1.9 minutes
112 57 seconds
115 28.8 seconds
118 14.4 seconds
121 7.2 seconds
124 3.6 seconds
127 1.8 seconds
130 0.9 seconds

As it is known that the stimulus would not be presented for very long (< 1 second), which
corresponds to 130 dB, however it was already established this value was not acceptable.
account for those who may have exceptional hearing, a maximum sound iiytenge| of 110 dB

was selected, which corresponds to a chainsaw and allows for 57 continuous seconds. Although
the stimulus would be presented for less than a second, this value consitterediministrator

who may monitoithe testthat may becontinuoudy conducted for an entire day.
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3.4.4.4. Number of Loose Parts
With a possibility that an athletmayknock over a marker, thereould notbe any loose parts
a final industry productHowever, being a proedf-concept, this iteration of the desigmasto
show aworking design, producing a tangible product from theory. Thus, it was established that
future development and optimisation could aim to ensure no parts are lobses atargetvalue

wasestablished tdhave no loose parfdut threshold target was estabhed attwo parts.

3.4.5. Human Factors

3.4.5.1. Sensory Pathways
An essential design requirement was that each mavkauld need tgoresent two distinct sensory
pathways; auditory and visual. Thus, target and threshatiesfor the number of sensory

pathways the markewould usewas set to two sensory pathways.

3.4.5.2. Incorporated Agility Components
Through the literaturetwo essential components of agility were found; a physical and a cognitive
component (CODS and percepteaignitive speed, respectively)To recognise the
subcomponentshat make up these two essential components, the deterministic model of agility
components proposed byoung et al. (2002jnodified bySheppard and Young (20G6)d further
modified by Nimphius (2014) can be referred to(Figure 3). The model showsseveral
subcomponentscan be defined, with CODS haviagthropomerics of body position and
techniqueregarding foot placement, stride adjustment and body lean and posture; straight line
sprint speed; and leg qualities specific to COD step including concentric, isometric and eccentric
strength, power and rate of forceedelopment and reactive strength. Perceptaalgnitive speed
subcomponents include visual scanning, anticipation, pattern recognition, knowledge of
situations and reaction timelhus, 14 individual subcomponents of agility can be defusdg
this determnistic model. Ideally, the target would be that the system is able to test all
components of agility, however in reality, several of these may not be able to be met. Thus, a
target of all 14 components of agilityould be requiredo be tested on, but witha threshold

target of 11 components.
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3.4.5.3. Familiarity
It would beessential that the test is simple enough that an athlea® perform it confidentland
as quickly as possible. With many athletes being tested in a single testing battery or combine, to
get through all of them, there is not enough time for multiple practise runs. Therefore, the target
would beto have the athlete complete one practise rand feel confident in the test procedure.

The threshold target was established to be two practise runs.

3.4.6. Reliability, Maintainability and Supportability

3.4.6.1. Accuracy of Time Measurement
Through the competitive market analysis, th& most generalprecision acaracy of time
measurements was found to be(0l seconds (SMARTIfit Strike Pods, SpeedLight) and 0.001
seconds (FITLIGHT Trainer, Witty SEM, SmartSpeed Pro, TC Timing System). Thus, it was desirable
to have a systerthat couldproduce a precision accuracy at 0.01 seconds at least, but a target of

0.001 seconds was most desired.

3.4.6.2. Number of Known Bugs in Program
The number of bugs in any system is never desirable, but being a prototyyme)ld beexpected
that some known bugs Wiexistthat could be resolved in future workherefore, a target of zero

bugs was set, with a threshold of three bugs.

3.4.7. Budget
No official budget was agreed upon for the development of the system, however, the amount of
contributions was limited. Developent of the system would need to be implemented through
contributions $600 from the College of Science and Engineering Thesis Budget and $400 from Dr.
9ff A2i0Qaltwaddedirdble koG adafgétdudget under $1,000; howekeratithor
was willing to make $600 worth of contributions out of his personal accaurgquired Thus, a
total budget of $1,600 was to be allocated to the design and development of the product as a

threshold value.

3.4.8. Schedule
The schedule of the project was essentiadlyia relation to the due dates of the thesis. To allow
enoughtime in writing the thesis, prototype development ideally needed to be complete by the
15t of October 2018. Howeveif, required, any lasminute finalisations needed to be completed
by the 10" of October 2018, so that there would be an opportunity to meet one final time with

Dr. Elliot, Dr. Hobbs and Prof. Taylor to discuss the results and then finalise the thesis.
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3.4.9. Finalised Specification Table
By utilising the tools used in the previous stagd the design process well as further research
as required a detailedist of engineering specificationgasdeterminedthat clearly definedhe
engineering specification@ablel5). These engineering specifications were then ablact as a

framework for design andevelopment ofthe proposedsports agility tester

Tablel5: Engineering specifications and their target mestric

Engineering Specification Target Threshold
(Delighted) (Disgusted)
Functional, Operational and Performance Requirements
Intra-system communication Yes Yes
Physical connections between devices and the user 0 physical 0 physical
connections connections
Setup time 2 minutes 4 minutes
Steps required to setip test 3 steps / device| 8 steps / device
Type of device system can connect to 2 types 1 type
Number of characters displayable on marker 36 characters 1 character
Number of uniquecolours displayable on marker 9 colours 3 colours
Functions indoors and outdoors Yes Yes
Sensor response time 0.001 seconds 0.01 seconds
Adjustable tests difficulty 3 test difficulties| 2 test difficulties
Number of markers 6 markers 4 markers
Number of sporting professions compatible with 4 sports 1 sport
Number of unique marker activation sequences 50 unique 25 unique
sequences sequences
Maximised battery lifetime 8 hours 5 hours
Number of programming languages used 1 language 2 languages
When user feedback is received Perttest Posttest
Number of feedback types 3 feedback type| 1 feedback type
Number of user commands 5 commands 3 commands
Response time after user input command <1 second < 3 seconds
Device bootup time < 3seconds < 10 seconds
Automatic test initiation upon athlete detection Yes No
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Number of previous tests stored at any given time 500 tests ltest
Device power modes 2 modes 1 mode
User can create custom tests Yes No
Sportspecific equipmentracking Yes No
Physical Requirements
Area occupied by testing zone 100m? 25m?
Length and width of each marker 150 x 150mm 200 x 200mm
Height of each marker 250 mm 300 mm
Fit system inside a cargase 0.07125mm?3 0.11875mm?
Weight of totalsystem 12kg 16 kg
Marker load capacity 50N 7N
Ingress Protection IP56 IP44
Adjustable height 2 settings 1 setting
Impact resistance 500 N ON
Workmanship and Manufacturing
Number of parts < 75 parts < 150 parts
Internal parts enclosed 100% 90%
Mechanical tools required to change/recharge battery 0 tools 1 tool

Safety, Regulatory and Environmental Requirements

Safe to use Low risk profile | Medium risk profile
Extralow voltage system <10V <12V
Noise produced by system <20dB <60 dB
Noise produced by audio stimulus 100¢110dB 80¢99dB
Number of loose parts 0 parts 2 parts
Human Factors
Number of sensory pathways marker stimulus uses 2 sensory 2 sensory pathway
pathways
Number of incorporated agility components 14components| 11 components
Number of tests before athlete is familiar with test 1 test 2 tests
Reliability, Maintainability and Supportability
Accuracy of distance measurement sensor <25cm <10cm

Accuracy of time measurement

0.001 seconds

0.01seconds
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Number of known bugs in program 0 bugs 3 bugs
Variance in test results for a given athlete < 0.15 seconds < 0.5 seconds
Budget
Manufacturing cosfexcluding sundries) < $1000 < $1600
Schedule
System designed and built by due date 1 October 2018 10 October 2018
Legend

Project area
2"dorder specification

3.4.10. QualityFunctionDeployment Method
With a set of engineering design specifications developed and justified to act as a set of
constraints for designing and developing th@posed sports agility testethe qualityfunction
deployment (QFD) method waken utilised to compare the design specifications against the

design requirementsising aHouse of Quality (HO@hart (Figure30).

®

Correlation matrix

@ Specifications

©
®

®

Relationship matrix

Requirements
Benchmarking

@ Target
Absolute
Ratings
Relative
Ratings

Figure30: Basic structure of thelouse of Quality chafHaik and Shahin, 2011)
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The House of Qualityis a useful toolthat provides significant information:established
requirements and specifications (Regib and 2, respectivelydn establisiment of correlations
between the initially set design requirements and the set of design specificatiRegion 3)
establisiment of correlations and conflicts between the design specificatigRegion 4)
specification target value metricRegion 5)andabsolute and relative importance ratinff3egion

6 and 7, respectivelyf(Haik and Shahin, 2011Yhe HOQ is also capable of comparing the design
specifications with competing products on the mark&egion 8) but due to the complexity
imposed by the significant amount of design requirements and specifications, as well as the
specificity in novey of the proposed device, it was decided that this region of the HOQ would not

be implemented.

The House of QualifAppendix BB.1-B.4) had to be separated into multiple tables in order to fit

into an A4 page size for printing purposes.

3.4.10.1. Correlated and Conflicting Specifications
Through the correlation matrix developed through tHeuse of QualityTable B1 in Appendix
B: B.1), design specificatiorthat were correlated were able to be identifie®pecificationshat
contained a weak correlation were assignedam Q> I YSRAdzY O2NNBf | GA2Y |
I Wdr€iportantly, specificationthat were conflicting could also be establishegassigning
I ¢4® e that to better achieve one (a more positive outcome), a traffeneededto
occur such that the other was affected negativelgpecifications found to have significant
conflictswere the manufacturing costthe system being designed and built by the due date, the
number of bugs in the program, the total number of parts and a maxinbs#t@ry lifetime. This
emphasised the importance of carefully monitoring these specifications throughout the design

process to ensure that they were mietthe prototype delivery

3.4.10.2. RequiremenBpecificatioriRelationship
The requiremenispecificatiorrelationshipmatrix employed through thélouse of QualityTable
B- 2 in Appendix BB.2 determined the correlations between each specification against each
requirement. Similarly, to the specification colagon matrix, requirements and specifications
thats SNBE RSSYSR (G2 KI@S I adNRy3I O2NNBflFGA2Y 4SSN
WoQ FYR | ¢S]l O2NNBflIGA2Y 2F WmMQd ¢KAA &aiSL)
requirements had beeproperly addressed by the specifications. The requirersgacification
relationship matrix showed that the design specification set appropriately reflected the design

requirements.
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3.4.10.3. Absolute and Relative Importance
Using the values from the requiremespecification matrix, the absolute and relative importance
values could be determined fe@ach specification based on the correlation scores it received. To
calculate the absolute importance, the sum of correlation ratings multiplied by the requirement

importance factor were determined as defined Byuation5.
Equation5: Calculating absolute importance
i ¢0BHEOI 00WE BRI 1| QAIDOCREOD N £ | OTCHEWDE |

A L AA M

Iy SEFYLX S O t OdzA + 0 dey (326l SeipfeidriadANEndee ya & S (

B.3. The same process was followed for all other specifications.

Using the total absolute importance values, the relative importance corresponding to each
spedfication could be determined. Thusll design specifications, corresponding threshold

targets, absolute importance and relative importan@dueswere tabulated(Tablel6).

It was interesting to find that the system beidga I ¥ S ving notlpéeSeated as the most

important specification; when this is generally considered the number one priority. Thus, the
relative importance of this specification was consideredejunexpectedAnother specification,
GKFd2oSNI 2F dzyAljdzS Y I NJas Nalylcahsiderdd ta hageya meédulindzSy O S
relative importancewhich was deemed quite unexpected. One of the requirements was that the

system should not be predictable, arnlde athlete should not be able to anticipate the next

activated marker. Thus, with an increasing number of unique marker activation sequences, the
probability that the athlete can predict the next marker activation becomes very small. It was
presumed thispecification would have a high relative importance, but it was not found to be the

case. The specification,y dzY o SNJ 2 F &Sy a2 NE L) { Kad b ®varelafivteNJ S NI 3
importance, which was unexpected. This was because it was considerechaitdhé stimulus

used at a minimum two sensory pathways; ideally, an auditory and visual stimulus. It would not

be acceptable for the system to present only one sensory pathway, so it was thought this

specification would have a higher relative importanbart it did.
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Tablel6: Engineering design specificatiansorder of greatesimportance determined by the
quality-function-deploymentHouse of Quality

DesignSpecification

Threshold Target

Absolute

Importance

Relative

Importance (%)

No. of incorporated agility components 10 components 1874 4.70
Manufacturing cost < $1600 1814 4.55
System designed and built by due dat 10-Oct18 1752 4.40
Maximised battery lifetime 5 hours 1701 4.27
Intra-system communication Yes 1686 4.23
No. of parts < 150 parts 1636 4.10
Number of markers 4 markers 1554 3.90
Functions indoors and outdoors Yes 1532 3.84
Medium risk
Safe to use _ 1498 3.76
profile
Number of sporting profession
_ _ 1 sport 1399 3.51
compatible with
Number of known bugs in program 3 bugs 1199 3.01
Area occupied by testing zone 25m? 1176 2.95
Weight of total system 16 kg 1056 2.65
No. of wunique marker activatior 25 unique
1015 2.55
sequences sequences
Physical connections between devig 0 physical
987 2.48
and the user connections
Setup time 4 minutes 907 2.28
Fit system inside a cargase <0.11875mnt¥ 813 2.04
Steps required to setip test 8 steps / device 802 2.01
Accuracy of distancemeasurement
<10cm 795 1.99
sensor
No. of feedback types 1 feedback type 785 1.97
Automatic test initiation upon athletg
_ No 781 1.96
detection
Impact resistance ON 763 191
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Absolute Relative

DesignSpecification Threshold Target

Importance Importance (%)

Variance in test results for a giveg
< 0.5 seconds 736 1.85
athlete
Sportspecific equipment tracking No 729 1.83
Adjustable height 1 setting 713 1.79
No. of displayable characters on marksg 1 character 662 1.66
No. of unique colours displayable ¢
3 colours 662 1.66
marker
User can create custom tests No 651 1.63
Sensor response time 0.01 seconds 650 1.63
User feedback Posttest 637 1.60
Marker load capacity 7N 615 1.54
Ingress Protection P44 613 1.54
Adjustable tests difficulty 2 test difficulties 575 1.44
Length x width of each marker 200 x 200nm 528 1.32
Internal parts enclosed 90% 490 1.23
Noise produced by audio stimulus 80¢99dB 469 1.18
Accuracy of time measurement 0.01 seconds 453 1.14
No. of tests before athlete is familig
) 2 tests 385 0.97
with test
No. of sensor athways marke 2 sensor
_ yop Y Y 378 0.95
stimulus uses pathways
Number of user commands 3 commands 326 0.82
Height of each marker 300 mm 308 0.77
Response time after user input
3 seconds 273 0.68
command
Type of device system can connect to 1 type 264 0.66
Tools required to change/recharg
1 tool 222 0.56
battery
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, o Absolute Relative
DesignSpecification Threshold Target

Importance Importance (%)

No. of previous tests stored at any give

_ 1test 213 0.53
time

Device power modes 1 mode 180 0.45
Extralow voltage system <12V 172 0.43
Number of loose parts 2 parts 138 0.35
Noise produced by system <60 dB 114 0.29
Device bootup time 10seconds 98 0.25
ll:l:;zber of programming languagg 2 languages 82 0.21

By employing theHouse of Qualitythrough utilisation of thequality-function-deployment

process, the design specificatiotisat were deemed to have the most significant importance
were able to be determine(Tablel?). These specificationsere found to have the most design
requirements corredted with them so they were found to be the specifications to monitor

carefully.
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Tablel7: Most important specifications determined through the House of Quality

Specification

Relative

Importance

(%)

Analysis

One of the very reasons as to why this project is be

Number of _
_ undertaken. The system needs to be able to incorpot
incorporated 4.70 N _ .
. as many components of agility as possible, with a foct
agility components . -
the physical, perceptual and decistareking factors.
Cost of manufacturing the prototype was deem
_ significantly important. The budget meant th
Manufacturing
4.55 componentswould needto be researched and compare
cost
against one another to decide carefully the most suita
at the lowest cost possible.
The project was identified to be substantiah the
System designe objectives to complete.d’have a successful system by t
and built by due 4.40 end of it, carewould needto be taken to manage tim¢
date wisely and focus on the specificatiomgich are most
important.
With the system being wireless andrpable, a naximised
o battery life is important With the increasingly larg
Maximised battery, ' _
- 4.27 number of functions to accomplish, the amount
lifetime _ .
electronic hardware grows, thus, careful selection ne|
to be made to ensure battery life is not adversely affect
Communication between devices is important as |
markers need to be able to communicate when a ball
Intra-system
o 4.23 been removed and when the next marker needs to
communication _ _ S
activated. Thus, the intraystem communication is vital t
ensure randomness ohe test.
An increasing number of functions means an increaj
Numberof parts 4.10

number of parts to achieve the aims and objectives.
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Relative

Specification Importance Analysis

(%)

The number of markers will establish theal number of
sequences possible to be implemented, as well as t
testing area zone (which will dictate the total time tak
Number of _ .
3.90 to setup the test), the complexity of setting up and ev
markers . _
the time taken to build the system prototype. There g
significant trade-offs when selecting an approprial

number of markers.

Designing and developing a prototype that would be g
to function indoors and outdoors would be a significg
Functions indoors challenge. The mechanical design would needbt®
and outdoors 364 developed appropriately, as well as close attention
selection of electronic hardware, which is resistant

environmental factors such as direct sunlight.

Safety is always an important specification to follow. C
Safe to use 3.76 would be taken & ensure the prototype is safe to use |

the administrator and the athlete.

It would be important to ensure that the test couls
Number of
) function with at minimum, Australian rules football. Tin
sporting . . .
_ 3.51 permitting, a degn should be developed, which
professions
compatible with other sports too, such that the targ
compatible with
market is increased significantly.
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3.5. Concept Development

Up until this pointthe project had progressed throughe design process a systematic and
logical mannerThe problem definition stagestablisheddentifying needs, clarifying objectives
conducting market research and setting a set of clearly ddfil@sign requiremerg Thisbrought

forth the conceptual design stage, establishing functional structumes developing an
appropriate set of design specifications with target valtlest reflected the previous stages of

the project. Using thequality-function-deploymentmethod, the House of Qualityvas able to
establish correlations between requirements and specifications, such that the most important
specifications could be determinedlhese specifications would now be the forefront in
conceptualisation and development dfe prototype as the project entered the solution concept

stage of the design process.

It is in this stage that multiple solutions would be generated and evaluated against one another
to determine the best possible concept solution for the projétte aimwas to develop a concept

solution, which was optimised througthorough analysis and evaluation of the alternatives.

3.5.1. Preliminary Conceptualisation
Osborn (2013jound that by following twad A YLX S LINA Yy OA L)X S& LINRRdzZOSR 6
2F 2dzRIASYSy ¢ | yR aTlhdgl yoidér fosstimaliNdcEertide tHjnkgtieA G & ¢ @
well-known creative method dbrainstorming(developed by Osbormwyasfirst conducted, which
enabled generaton of a broad scopeand large number ofideas without criticismto avoid
inhibition of a creative flow(Cross, 2000; Thompson and Lordan, 19@3pornpresented four
basic rules to be followedyriticism shoulde avoided (deferred judgement), freewheeling to be
welcomed (which may stimulate originality), quantity is wanted and combinations and
improvements to be sought outherefore, these principles were followed whilst brainstorming
in this project (Appendix CC.J). The firstbrainstorming session was quitedad, delving into
areas such as initiation of the test, signal deactivation, audio and visual stimuli, measurement
protocol, safety and programmin@igure €1). Thenext brainstorming session specifically was
for the mechanical designvhichinvestigatedareas such as height adjustment, shape, material,
inner design and how to position the ball on the markEigure € 2). These brainstorming

sessios aimed to get ideas out there arzkginthe flow of creativity.
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3.5.2. Generaton ofDesign Alternatives
To develop a set of design alternatives, a morphological doaltd be developed, which is a tool
for generating a set of means to accomplish primary functions of a design. By breaking down the
design into gorimary functionestablished through th&nctional decomposition conducted when
determining thefunction stucture, the design was able to ledertaken in a more manageable
way. The morphological chart was used as a basis for identifying possibitgon alternatives to
meet the functions specifiednmth further additions made through iteration, as more ide@sre

presented that established further functions needing todwhieved

Morphological charts were developed for the electrical and software components of the design
(Figure31) and for the mechanical components of the desifiig@re32). The norphological
charts show the final charts that were developed, which include functions and their
corresponding meanthat were discovered to be needed later in the project when more in depth
component selection was conducted. Therefor@,maintain the flow of this thesighere are

some functions discussed later in Sect®@ Concept Evaluatian
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Function Means

Electrical Design

Singleboard ) ) BeagleBone o
Arduino Raspberry Pi| Teensy 3.6 Mbed PIC32 Pololu AStar Flinduino
Microcontroller Black
Measure marker Ultrasonic Infrared ) LasemDistance Measuring Laser Range
LIDAR Tape Measure
distance Sensor Sensor Measurer Wheel Finder
Sense position in spac§g Gyro Sensor IMU Accelerometer
Rotate sensor Stepper Motor DC Motor Servo Motor Manually
Transmissive
_ Absolute
Motor Encoding Photo
_ Encoder
interrupter
Mount
Resist tangled wires Slipring Processor with
Sensor
) . _ _ 14-Segment
Display visual stimulus LED LCD Screen| LED Matrix .
Display
Character Display Letters Numbers Symbols
_ _ Segment )
Feedback mechanism LED LCD Screen | LED Matrix . Speaker Laser Diode
isplay
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Function Means

N Touch Proximity/ ) _
Force Sensitivg N ) Infrared ) i Ultrasonic Mechanical
Sense ball _ Capacitive LIDAR Ambient Light _
Resistor Sensor Sensor Switch
Sensor Sensor
_ ) _ StandardCar
Auditory Stimulus Piezo Buzzer| SmallSpeaker
Speaker
) ) ) _ ) _ Lithium Coin )
Power source Ni-MH LiPo Lilon Ni-Cad Lead Acid Alkaline - LiFePo4
e
User/System interface/ ) o Momentary )
_ Serial USB Ethernet Bluetooth Wi-Fi Rotary switch
input Button
Intra-system o _
o Bluetooth Wi-Fi Nordic General RF Cellular
communication
o _ Through the
N Selfinitiated Automatic
Initiate test User/System
(Button) Sensor)
Interface
Software Design
Programming Languagg C/C++ C# Python Java JavaScript Ruby

Figure31: Electrical and software design morphological chart
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Function Means

Mechanical Design

o _ Shaped
Assist in Detection of _ )
SpringLoaded| Mechanical
Ball
Design
Purchase
Enclosure Manually Buildl Commercial
Product
_ Vacuum ) o Lasercut
Enclosure Material PVC/PC Sheelf Bucket PVC Pipe 3D Printing Wood Metal
moulding Acrylic
) Lasercut Commercial _ ) ) _
Sensor Rotation _ Belt and Pulley Chain Drive Drive Belt Worm Drive
Acrylic Gears| Metal Gears
Environment
Shield Sensor from _ Clear CCTV _
. Acrylic Glass Polycarbonate Resistant
Environment Dome
Sensor
o Adhesive Adhesive Pad
Anti-slip Rubber Mat )
Bumper Strip Protector
_ ) Doublesided ]
Hardware Mounting | Metal Brackets 3D-Print T Velcro Cable Ties
ape

Figure32: Mechanical design morphological chart
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3.5.2.1. Evaluating Design Space
From the morphological charts developed, the corresponding design spaseable tobe
determined which is the total number of design combination possibili(@gm et al., 2014)The
design spae was determined by multiplying each number of means corresponding to each

function by one another, as shown in the calculation below:

~ z

g X o 1 ¢8 v ppwpmAT i AET AOETT O

Acompletetable that represents the total number of means corresponding to eachtfanavas
developed TableD- 1 in Appendix DD.1) alongsideafull calculationconducted The aboveralue

is a very approximate value, sintteere are some functionthat could use more than one mean
listed, but also some functions could use the same mean as one used in another function, thus
the total number of possible combinatiomsay vary. Furthermoret is alsoimportant to note

that not all combinations are feasihlas the combinatorial arithmetic does not account for the
need for parts and hardware to synchronise into a common soluti®verthelessit is clear to

see an overwhelmingly large number of possible combinations.

Therefore, instead of using the traditial method of developing a set of design id#aat used a
mixture of meansit made more sense in this project to address each function separayely
assesmg the best possible mean that corresp@uto each discretdunction. Through this, the
most optmal mean could be selected for each function, which could then be integrated together
into a final concept solutiorin some cases, multiple functiomsere addressed together wher

was deemed appropriate to do so

3.5.3. Evaluabn ofDesign Alternatives
Throudh the morphological charts developéar the electricaland software components of the
design(Figure31) and the mechanical components of the desigrgure32), the means for
achieving specific functioried beerlisted. Now a more wtlepth approach waable to betaken,
to evaluate the design alternativeend to select the best approach to take achieving each
function. An evaluation of design alternativesas completed througla decision matrixyhichis
a tool forcomparingalternatives via a numerical approachhe process was followed from the

procedure outlined byHaik and Shahi(2011)

Each decision matrix had a set of criteria customised to best evaluate the alternatives to achieve
the optimum solution for the given function. Ttset of criteria were given aveighting factor

based m the design specifications developed in the previous stageythghting factorsieeded
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to add up to 100% as stated blaik and Shahi(2011) Each alternativevas thenevaluatedas to

how well it met thecriteria, receiving a rating factor betweencdL0. Similarly, to how thélouse

of Qualitywas employed through thguality-function-deploymentmethod, the weighting factor

and rating factorwas multiplied together and summed across all the criteria éach desiq
alternative. The alternative with the greatest score was deemed the best possible mean for

achieving the given function.

3.5.3.1. SingleBoard Microcontrolles
Whilst still early in the conceptualisation stage of the projeittwas unclear the amount of
electronc hardware componentshat would be required toprovide asolution to the design
problem It was also uncleaof the number ofconnectionswhich would be made to the
microcontrollerand what type of connections would be ma@iéC, SPIJARTTX/RX, Analag,
Digitalor PWMto name a few. It was also unknown how large the program would become
(number of variables, program length), so memory requirements were also unkidwenrefore,
it was essential to choose a microcontroltéat had a larger capabilitlarge memory, RAM,
input/output pins, analogue pins, all communication methodg)that there was flexibility and
allowance in componentry selection. Having a microcontroller with a larger capacity of features
reduced the risk of not having the minimumauarements to produce a solutiothat provided
the essential featuresThis would also help make the prototyping stage a lot easier, as there
would be more flexibility invhere components could be connected to and if peripherals needed
to be changed for &rnatives.Furthermore, it was essential to choose the microcontroller first
to ensure compatibility of peripheral hardware, since some components may only work for some
microcontrollers (for example, it may work with Raspberry Pi but not Arduisultiple design
iterations would be required before the commercially available product, minimisation and

reduction of noressential features could hemoved later.

Severakypes ofmicrocontrollers were investigateitito the feasibility for this projectArduino,
Rasplerry Pi, Teensy, Mbed, PIC32, Polol8tar,BeagleBard or Flinduina It should be noted

that the Raspberry Pi isot a singleboard microcontroller, but realla singleboard computer

but will be referred to as a microcontroller from here for convenieimcdiscussion in this thesis
(Little Bird Company, 2018a) was known that multiple variants existed between companies, so

it was essential to choose an appropriate model when comparing. The product with the largest
capabilitywith mostreasonable costvasconsidered. As eesult, the following microcontrollers

were selected as alternatives to evaluateduino Mega 2560 (Arduino, Ivrea, Italy), Raspberry Pi
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Model B+ (Raspberry Pi Foundati@gmbridge, United KingdgmTeensy8.6 (PJRC, Sherwood,
Oregon, USA), PIC3gicrocontrollers in general (Microchip, Chandler, Arizona, USStaA
(PololuCorporation Las Vegas, Nevada, USBgagleBone Black (BeagleBoard, Michigan, USA)

and theFlinduino (Flinders Universitidelaide, Australia).

To assist in the evaluation processdatailed comparison was made between the various
microcontrollers for the most important feature@ableE 1 in Appendix EE.J. The table
compares cost, input/outputs (I/Oanalogue input, programming language, memory, RAM, CPU

clock speed and operating/input voltage.

3.5.3.1.1. Microcontroller Alternatives Decision Criteria
The criterigthat was deemed most important ievaluating themicrocontroller features was that
it was lowcost, the number ofi/O pins it containedthe ease of programming, if @oulddirectly
interface with hardware, the clock speed, RAM, memory and the experience the author had with
the product(Tablel8).

Low-cost was considered significantly importaag italigned with keeping thé Y I y dzF | O G dzNXR y
O 2 Sjpeéification downwhich had a high relative importanoé 4.55%(Table16). As a result,

this criterion was given a weighting of 40%. The number of 1/0O ports was significantly important,

as mentioned earlier that there needed to be an allowance forpgalaility of multiple types of
connections for the peripheral hardware, thus was given an importance weighting ofE23¥.

of programming and use experience both corresponded witheé a i SY RS&AA3IYy SR | yR
RdzS RAltib&gh this specification ftha high relative importance (4.40%)able 16), the

weighting factors for these criteria were lofhoth 5%) as the author was confident in their
programming skillsso the learning curve for adapting to a new microcontroller would not be as

high as for someone just beginning to program. Directly interfacing with hardware, clock speed,

RAM and memory were considered equally important in the decision process, so agtrgigen

a weighting of 10%.
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The citeria that was deemed the most important features of the microcontroller and their

corresponding weightingsere then tabulated Tablel8).

Tablel8: Microcontroller decision matrix criteria and corresponding weigHtatpr

Criteria Weighting (%)

Lowcost 40
Number of inputs/outputs 20
Ease oprogramming 5

Directly interface with hardware 10
Clock Speed 10
RAM & Memory 10
Use Experience 5

Total 100

3.5.3.1.2. Microcontroller Alternatives Evaluation
Using the criteria and corresponding weighting factors, the decision matrix for evaluating which
microcontroller alternative to use could be develop@ilgure33). Thedecision matrix found the
Arduino Mega 2560 to be a suitable candidate with a total score ofFadtorsthat pushed this
alternative to have the highest score was cost, the number of I/O pins, the ease of programming
and that it could directly interfacevith hardware. Arduino singiboard microcontrollers can be
02dAKG G 'y SEGNBYSte t2¢6 0280 6KSy LIJzNOKLFaAyY
made by a company other than Arduino. This is possible as Arduino is arsapee hardware
and software company. With multiple libraries available, Arduino microcontrollers are very easy
to program, with the benefit of using C/C++, which the author is very familiar with. Electronic
hardware can easily interface with the Arduino, which would makeeoting sensors and other

peripheralsfar easier.
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De.sig.n Number of Ease of P
W, ~ Criteria Low-cost interface with ~ Clock Speed Use Experienc
She,, inputs/outputs | programming
. hardware

Microcontroller

Alternatives

ArduinoMega 2560 LY 4 ! 14 = 05 = 10 1 0.1 1 0.1 2 0 7.1

Raspbely Pi 3 Model B+ S 20 9 10 8 04 4 04 e 10 2 05 e 05 5.8

6 6 10 10 6 5 0
: 6.2
Teensy 3.6 2.4 1.2 0.5 1 0.6 0.5 0
6 2 8 10 5 5 10

FRDMKE4F Mbed 2.4 0.4 0.4 1 0.5 0.5 0.5 >7

PIC32 2 10 8 10 4 4 4 59
0.8 2 0.4 1 0.4 0.4 0.2

BeagleBone Black 4 8 9 10 10 10 0 6.65
1.6 1.6 0.45 1 1 1 0 '

Pololu AStar 7 3 8 10 1 5 0 54
2.8 0.6 0.4 1 0.1 0.5 0 '

Flinduino 9 3 10 10 3 2 2 6.3
3.6 0.6 0.5 1 0.3 0.2 0.1 '

Figure33: Decision matrix for microcontroller alternatives Legend
X Rating factor (G 10)
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3.5.3.2. MeasureMarker Distance
Measuring the distance between markers was deemed a very important characteristic of the
system as itwould be required to maintain standardisation of the tedthe various means
identified in achieving thisvas using an ultrasonic sensanfrared sensor,light detection and
ranging scannei{DAR laser distance measurer, tape measure, measuring wirdaker range
finder. These meansauld be separatedinto two categories; hardware based and human based.
A systenthat can measure markettistance using hardwar@ould befar more convenient and
faster than one where a human must do the measuring; however, it is also costlier and time

consuming as programming, calibration and validation needs to be completed.

Referringto the design specifations,the @ & G S LJa NB-ljizddh NEBndad SR ES G 1 Sy
setdzL) { K $ad tefativé inportance ratings of 2.@and 2.08%(Table16), respectively.
Additionally, the correlation matrix developed from the House of Quéligble B1in Appendix

B: B.1) showed that there was a negative correlation betwetrese specifications and the
Gy dzY 6 S NJ 2, WhicH hadd rSIaiBedmportance of 3.¥able16). This meant that it was
desirable to increase the number of markers, but this in turn would increase the complexity of
the setup process. Therefordaving a systerthat is selfaware and able to assist in measuring
the markerswould be ideal to meet theest setup specificationsandassist in miingthe system
simpler to useandeasing the setip process complexitysing a system to measure the distances
between markersvould remove humaserrors and help make the test more consistanid able

to be standardisedwhen used across various sporting clubsir@titutions. Therefore, it was
deemed necessary to attempt tevelop a systenthat could assist the user by automatically
detecting the distances of the markers and determining the location requiheswould remove
humanassociated meandA detailed comparison chathat compared features of each device
type regarding total cost, typical range value, if it is usable outdoors, the resolutiorofigldw,

if it is Arduino compatible and any furtheoteswere tabulated(TableE 2 in Appendix EE.2.

3.5.3.2.1. LiDARScanner
Generally, LiDAStannersare quite expensive with prices in the thousands. However, there were
found to be a fewthat were of lowcost, between $229 and $595 including the Scanse Sweep
(Scanse LLGan LeandroCalifornia USA) LiDARLite (Garmin CorporationNew Taipei City
Tawan), RPLIDARShanghai Slamtec C8hanghaiChing and the TeraRanger Ey®erabee St
GenisPouilly Francé. With these lower prices that would meet the budget restrictions, it meant

that the LIDAR scanner was a feasible hardware option for meagiistagnce within the system.
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3.5.3.2.2. Distance Measurement Alternatives Decision Criteria
To select an appropriate distance measuring device, a sgitefiawas developedo assess each
alternative mean againstThese were found to be lowost, maximum distance @asurement,
usable outdoors, resolution (accuracy), fielfdview (how wide angle the sensor detects),
compatibility with Arduino and if it could be made autonomous (no need for human interference)
(Tablel19). As with the microcontroller criteria, lowost was consideredhostimportant, with a
weighting factor of 25%. The specificatian¥ dzy O A 2 Y & A y R &l M¥ery highR 2 dzii R
relative importance (3.84%Yablel6), so it was imperative the device could be used outdoors,
combating the natural environment such as sunlight, wind and. r@tie specificationd | NB |
occupiedd & U S & (i als6 Aad EhRjlyr&ative importance (2.95%[Table16). Thus, it was
important for the sensor to be able to detect distances far away. As a relafiettwo criteria
had importance weightings of 20%. It was important that the hardware was compatible with
Arduino, so this criterion received a weighting of 15%. The specificatindzil) (i danddSael S LI
required to sedzLJ {ih&dahigher importance faors (2.28% and 2.01%, respectivellyin the
importance factor for thed  OOdzN> O& 2F GKS RA a@LLyoiiTableYss I & dzZNB Y
Therefore,it was deemed moremportant to ensure the sensor could be used autonomously
(weighting factor 10%)without the need for human interference to make measurements of the
markers, than have a senstirat had a higher resolutiof6% weighting factor)rhe criteria and

corresponding weighting factomsere thentabulated(Tablel9).

Tablel9: Distance measuremeufecision matrix criteria and corresponding weighting factor

Criteria Weighting (%)

Lowcost 25
Max distance measurement 20
Usableoutdoors 20
Resolution 5

Fieldof-View 5

Arduino Compatible 15
Autonomous 10
Total 100
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3.5.3.2.3. Distance Measurement Alternatives Evaluation
Using the criteria and corresponding weighting factors, the decision matrix for evaluating which
distance  measurement sensor alternative to use could be developed
Figure34). The decision matrix found these of a LIDABcannerto be most suitablewith a total
score 0f8.6. Factorsthat pushed the LiDARcannerto have such a high score was that it was
deemed a great allounded device that met most of the criteria walith a variety of cheaper
LIDARscannesavailable, the device could be levost when comparedgainst the laser distance
measurer, laser range finder and the amount of ultrasonic and IR sensors required to produce a
working solution concept. LIDAR soars are generally not affected significantly by outdoor
environments due to the use of a laser, the fielidview is very small, they can be programmed

directly using and Arduino and they can be made to measure autonomously.

i Laser SFO02 Laser
w, Alternatives Ultrasonic Infrared LiDAR
%'b Distance Range
l‘/},g Sensor Sensor Scanner -
Criteria Measurer inder
Lowcost 0.25 9 6 8 ° 3
2.25 1.5 2 1.25 0.75
Max distance 3 3 7 10 8
measurement 0.2 0.6 0.6 1.4 2 1.6
Usable outdoors | 2 ° 1 0 0 10 2 10 2 10 2
Ut 8 4 4 10 4
Resolution 0.05 0.4 0.2 0.2 0.5 0.2
) . 3 2 10 10 10
Fieldof-View 0.05 0.15 0.1 0.5 0.5 0.5
Arduino 10 10 10 0 10
Compatible 0.15 1.5 1.5 1.5 0 1.5
10 10 10 5 10
Autonomous 0.1
1 1 1 0.5 1
Totab 1 6.9 4.9 8.6 6.75 7.55

Figure34: Decision matrix for distance measurement sensor
Legend

X Rating factor (G 10)
Relativeimportance
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3.5.3.3. Sense Position in Space
Sensing positiomispace was only relative to design solutidimat required the marker to be able
to know its position and angle of rotation. If using an ultrasonic or IR sensor, then the idea of
manually rotating the marker to detect the two markers next to it was thoughtTinqus, having
evaluated the means for distaeeneasurement and finding the LiD&@&hsorto be most suitable;
the need for sensing position in space was not necessary to meet the engineering specifications

and design requirements.

3.5.3.4. Rotate SenspMotor Encoding Resisting Tangled Wires
At this point h the project, it was unknown that sensor rotation would be required; it was not
until the LiDARscannerwas selected that this function was found needing to be solved. As a
result, evaluating a sensor rotation mechanjssubsequent motor encodingnd resstance of

tangled wiredss discussed in Secti@6.2 Rotating the LIDABhd Section3.6.3 Motor Encoding

3.5.3.5. Display Visual Stimulusuditory Stimlus& Character Display
One of thenon-negotiabledesignrequirements was to display a visual and audio stimulus when
a marker becomesactivated, so that an athletecan react andrun towards the market
Incorporating a stimulus into the test would increabed y dzY o SNJ 2 F Ay O2 N1LJ2 NI G SF
I 3 A fink an&athlete performing the test, meeting the most important specification with
importance of 4.7%Tablel16). Havingboth an audio and visual stimulugould meanthat two
sensory pathways are activated for the athlebecreasing the number of sensory pathways the
marker uses (relative importance of 0.9%fm Table16). When visually scanning for the next
marker to activate, the auditory cugould help them know which direction the marker is in, then
the visual stimulusvould helpto confirm which markerd run towards. Additionally, having two
sensory pathways activated means that the system accounts forpasgible disabilities an
athlete may posses® KA OK Y|l & AYLI AN GKSY FTNRBY dy2NXNIf &

hearing.

Choosing theéype of vsual stimulus was quite straightforward. It was known that it needed to be
able to display a character, so this ruled out usore singleLED.The remaining possible

alternatives to use as the visual stimulus was an LCD screen, LED matrix or a segisplaigd d

3.5.3.5.1. LCD Screen
Liquidcrystal displays (LCDskeme an alternative investigated into. There are a few types of

different LCD screens; the ones researched were numeric serial enabled and gaphissnore
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for displaying lines of textnumeric seriaknabled) while the another can be used to display
imagesor graphicsSome various LCD screehat are compatible with Arduino microcontrollers

are shown irFigure35.

Figure35: Various Arduino compatible LCD scregitfie Bird Company, 28b)

3.5.3.5.2. LEDDotMatrix
The LEM@ot matrix was considered a viable option as the visual stimiilismade up of multiple
LEDgreferred to as pixels in this contexdjranged in anatrix. It could be constructed in a way
that allows a multitude of charaers to be displayed. It was determined that the matrix would
need to be a minimum of 7 x 5 pixels (35 pixels) to display all alphanumeric cha(gigars36).
Thada 61 & O2YyFTANNSR U(KNRdAzZAK Y2RI | QBhe BadtiHad K@lakA O 5 S
Company, 2004)
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Figure36: Alphanumeric characters displayed on an LED miiergpattanapong, 2018)
LED matrix displays generally consist of a red, green and blue (RGBh&mBtrix can displag
wide variety of colouraising additive colour througpulse width modulation (PWMjutput,
which controls the duty cyclef each LED ligtfthe ratio of time the LED is on to the time it is pff)
thus adjustinghe brightness intensitySome examples of LED matrix displays are showigure

37.

Figure37: Various LED matrix displalsdafruit, 2018)
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3.5.3.5.3. Segment Display

Segment displays were investigated, which presented the possibility & 74 or 16segments

The most commorsegment displays are theségment displayHigure38a andFigure38b) and
16-segment displayRigure38c andFigure38d).

Figure38: Various segment displaykittle Bird Company, 2018b)

A 7-segment was not able to display all characters clearly; for example, it is not possible to
RAFTFSNBYGAIGS || W. Qsefnéht HisplaycantoppRedent! ciiRdtelisslly | £ f & =
4 WbhQX WaQs WYwQ 2N W, Qd ¢Kdza>x (GKS YAYyAYdzy ydz
was found to be a I4egment display (FSD), however, asegment display (SISD) would present

a larger number of possible characi€Figure39).

Figure39: Displaying characters on a segment disgRgrts Not Included, 2017)

3.5.3.5.4. Visual Display Alternatives Decision Criteria
A set of criteria was developed to evaluate the visual display alternatives againstpguotsthat
were deemed important to compare against was the number of displayable characters, multiple
colour capability, size, lowost and minimised current dra@lalde 20). Aligning with both the
microcontroller selection and distance measurement sensor;dost had the highest weighting
(35%), which aligned witthe important specification of keeping Y I y dzF | Ol diowh.y 3 02 a
Additionally, ensuring a maximisedtbery was of high importance (4.40¢8)ablel6). Wih a lot
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of hardware requirements, minimised current draw was needed for all components, thus this
criterion was given a 25% weighting to reflect this. The number of displayable character
unigue colours had medium relative importance values (1.68%)le16), whichwas important

to maintain the unpredictability and randomness of the test,these two criteria received a 15%
weighting. The specification fotength and width of each markeand height had low relative
importance valuesf 1.32% and 0.77%d able16), respectively Thusthe size of the display was
only given a weighting of 10%he criteria and respective weighting factevere thentabulated
(Tade 20).

Tale 20: Distance measurement decision matrix criteria and corresponding weighting factor

Criteria Weighting (%)

Number of Displayable

Characters o
Can Display Multiple Colours 15
Large Size 10
Low-Cost 35
MinimisedCurrent Draw 25
Total 100

3.5.3.5.5. Visual Display Alternatives Evaluation
Using the criteria and corresponding weighting factors, the decision matrix for evalubéng
visual display hardware alternatives wdesveloped(Figure40). Through the matrix, it was found
that the LED matrix received the highest score. There were many benefits with this component;
there was an extremely largemount of characters displayable (including all alphanumeric), they
candisplay a wide variety of colours through PWM duty cycle control, they can be of quite a large
AT S FTYR aAYAfFNI&@ (2 d&Owereyh®ap clalS NdilabRy & 2F GKS
The LCD screen was very expensive, used a lot of power and parts suitable for the Arduino were
not very large. It was founohost segment displays were either very small, which was an issue as
it needed to be viewed from distance out in direct sunlighiternatively,they were extremely
large displaysthere was no in betweerwhich mean a trade-off in the mechanicatiesign size.
The major consideratiothat eliminated the segment display was that it was not able to display

more than one colour.
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Alternatives

Segment
Weigp,,. LCD Screen LED Matrix _
ting Display
Criteria
: 4 0.15 10 9 6
Number ofDisplayable Characters 15 135 0.9
. . 0.15 10 10 4
Can Display Multiple Colours = 15 0.6
. 0.1 6 10 4
Large Size 0.6 1 0.4
0.35 3 10 10
Low-Cost 0 35 35
L 0.25 3 5 7
Minimised Current Draw 2o 195 1.75
1
Totals 5.4 8.6 7.15
Legend
X Rating factor (G 10)
y Relative importance

Figure40: Decision matrix fovisual stimulus display

3.5.3.5.6. Test Layou€Conceptualisation
The way the markers would be segp in the testlayout was an important factor to consider.
Originally, it was thought that with four markers, the test would be-getin a square, with a
marker at each corner. Other ideas were presented on the use of perhaps six markers instead of
four, which could bepositioned to form a regular hexagdRigure F1 in Appendix EF.1). An
increasing number of markers would be ideal to increase the number of possible locations the
athlete would need to run to. A hexagon was decided as the layout@mtehf six markers were
to be used, because the distance between each marker was consistent and would assist in
allowing the test to remain as standardised as possible. Other possible configurations could be
investigated; however, this would involve ingth research and analysis. Now that it was known
that LED matrix displays would be used as the visual stimulus, further conceptualisation was
developed with the possibility of using multiple displays per markgyufe F1 andFigure F2in
Appendix FF.J).
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3.5.3.5.7. Auditory Stimulus
Selecting an appropriate audio stimulyas trivial all it would needwas tobe loudenough to be
heard when outdoorsThe choices were either a piezo buzzesmall speakeor a standard car
speake® { Gl YRIFNR OF NJ aLJ)SI{SNA Oy NI ydthe désigre 56 KS NB
would likely need a lot of components, edrad to be taken to ensure that there would be enough
room within the enclosureThus, the size factauled outselecting a car speakekdditionally, it

was unknown how they would perform with the prototype.

With a small speaker or piezo buzzer leftexide, he problem was knowing what would be loud
enough to order the correct parit the point in time for deciding between the two, there was
not a lot of time left, as lead times needed to be accounteda®mwell as developmentt was
decidedthat both a speaker and a piezo buzzeould be purchasedsince gpiezo buzzewas

found to be verycheap € $2)and it could be used as a feedback mechanism anyway.

3.5.3.6. Feedback Mechanism
User feedbackeceived a medium importance rating of 1.66Pablel6). A feedback mechanism
was required for the system so thatuser is madaware of when input has been received and
processedwhen the test has begun and when it has finished. This was di@nmortant when
conducting the literature review, through experimentation with the Freelap Timing System and
observing thathis system did not providéeedback when a test Ithinitiated, whichprovided

uncertainty if the test was recording the tinog nct.

The specificatiomt y dzY 6 SNJ 2 ¥ TFHadaRnediudnlimpdréarciSratiag of 1.97Fable

16). As a result, it was decided thdte system would incorporatéoth a visual and auditory
feedback mechanism. As described above, the piezo buzzer was very cheap and was considered
for the auditory stimulus, thus was purchased with the backup plan of using it as a feedback
mechanism. As it was determined that LED matspldys would be used as the visual stimulus,
these could also be used as a feedback mechanism too. Thus, selecting the auditory and visual

stimulus provided accomplishment of meeting other specification needs.

3.5.3.7.Sense Badind Assistance in Detection usingddanical Design
One of the essential design requirememtas the integration of sporspecific equipment (such
as a game ball) with the system. It was established that the ball would be placed on the marker,
where the athlete would be required to remove By removing the ball, it would deactivate that

marker, thereby reactivating another one. For this to occur, the marker needed a method of
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sensing that the ball was positioned @rand sensing when it has been removed. This could be
accomplished with gurely electricalsolution using just hardware, or @mechanicaklectrical

combinatory design could be implemented.

There were thoughts on using a sprlegded system in combination with a mechanical switch or
force-sensitive resisto(a type of resistace sensor)As a ballwvould beplaced on the marker, it
would push a platform dowthat would bespringloaded Figure F3 in Appendix EF.]. The
force-sensitive resistor would sense the force imposed through the weight of theebs#inse of
force would mean the ball is there and no force would mean it has been rem8&udarly, the

same concept could be used but with a mecisahswitch replacing the foregensitive resistor.

The idea of using a touch capacitive sensor was investigated, but it was founthihaensor
required a conductive object to touch it (the object needs to hold an electrical charge) to sense a
change m capacitanceThus, this would ba sensorthat is more inclined to be used with the
G§2dzO0K 27F 'y AwhihigZchriduzivé A3 & redulk, Jhid Gebign alternative was not

further considered in the design making process.

Purely electrical degn solutions considered was the use of a LIDAR sensor, IR eenkmsonic
sensor.As the sensor would only need to detect the spspecific equipment a short distance
away, another type of distance measurement sensor was considered, the proximsiyr,sehich

is able to detect objects at close range.

3.5.3.7.1. Proximity Sensor Integrated with Ambient Light Sensor
There are several principlésat can be applied for the application of a proximity sensor; infrared,
capacitive, doppleeffect, inductive, magnét, optica) radar, sonar or photocellhe principle
method considered in this application was the use of an infrared. Normally, an infrared sensor is
unable to be used iwvery bright ambient light conditions, such as in direct sunlight outdoors,
howeverthrough research and investigation, it was determined that when integrated with an
ambient light sensofALS) filtering techniques could be usddr ambient lightcancellationto
correctly measure tb distance in direct sunlight (Silicon Laboratories, 2013; Vishay

Intertechnology, 2015)
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3.5.3.7.2. SportEquipment Sensinglternatives Decision Criteria
The hardware to sense the spespecific eqipment was deemed one of the most essential
components of the device, thusxtra care needed to be taken when evaluating the alternatives
available.The criteria deemed most suitable to compare against wasdaost, resistance to
sunlight, waterproof degin, minimised complexity and the confidence in developing a désain

would be applicable in this contegfable21).

A lowcost component was essential, as mentidnpreviously, so this criterion received a
weighting factor of 30%n line with meeting the project due dates, the compondmat would
result in the least complex design would be preferred, to minimise possible risks of failure, as well

as simplicity irdesign. As a result, minimised complexiégeived a weighting factor of 25%.

Having a systenthat could detect the ball both indoors and outdoors was deemed extremely
important, thus being resistant to sunlight received a weightingd82n line withintegration of
incorporating a waterproof design with the component, also receiviid®¥weighting factor
Confidence in developing a desitat can integrate the hardware into a feasible solution had a
small, yet importance in comparing the alternativexlaas a result, receidea weighting factor

of 5%.The criteria and corresponding weighting factors for evaluating the sensor to detect the

sport-specific equipmentvere thentabulated(Table21).

Table21: Sportspecific equipment sensor decision matrix criteria and corresponding weighting

factor
Low-cost 30
Resistant tdSunlight 20
Waterproof Design 20
Confidence of Application in this Contex 5
Minimised Complexity 25
Total 100

3.5.3.7.3. SportSpecific Equipment Sensorehitatives Evaluation
Using the criteria and corresponding weighting factors, the decision matrix for evaluh&ng
alternative sensors to use for sensing when sgmecific equipment is positioned on the marker

wasdeveloped(Figure4l). The decision matrix determined the proximity sensor with integrated
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ambient light sensor the most suitable component for this application. This hardware performed
well across all criterissuch aseingresistant to sunlight with minimised complexitgketching
possible concept solutions using this senfeigure F4 in Appendix EF.J), it could be placed
behind a section of lasaut acryic (Perspex) embedded into the mechanical design. This meant
that implementing a wateproof design using this would be very simple. There was a high
confidence that this hardware would work as intended, whereas a sensor like the ultrasonic would
not be ale to be used behind any kind of solid object (including Perspex). The LIDAR scanner was
very expensive compared to the other components and using it in this context was questionable.
The electricamechanical design solutisnnvolving a force sensitiveesistor or mechanical
switch were ultimately determined to have too much complexity, as well as uncertainty around

developing a produdhat could have a waterproofed prototype if using two platforms.

Confidenceof
Resistant Waterproof Minimised
Applicationin
to Sunlight Design ! Complexity
this Context
Alternatives
Force Sensitive 8 10 5 5 0
) 5.65
Resistor 2.4 2 1 0.25 0
LiDAR 0 10 10 5 6 5.75
0 2 2 0.25 1.5
Infrared Sensor 8 0 10 0 10 6.9
2.4 0 2 0 2.5 '
Proximity/Ambient | 7 10 10 9 10 o
Light Sensor 2.1 2 2 0.45 2.5 '
Ultrasonic Sensor | 5 10 0 0 10 6
1.5 2 0 0 2.5
Mechanical Switch| 10 10 5 5 7 3
3 2 1 0.25 1.75
Legend
X Rating factor (6 10)

Relative importance

Figure41: Decision matrix for sensor to detegtortspecific equipmerguch as a game ball
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3.5.3.8. Development of a Master and Slave Component

At this point, it was determined that it would be most suitable to separate the system so that it
contained the markers and a separate primary device which would do the distance measuring
communication betweenhe markers andiser interaction handlingnd processingThus, this

primary device could be referred to as the master device, while the markers could then be
referred to as slavelevices As the LIDAR scanner was found to be the most suitable distance
measirement sensor, the master device could be positioned in the centre of the slave
components and perform the distance measurement for setting up the test. Some early

conceptualisation for the marker was develop&igure F5 andFigure F6 in Appendix EF.J).

3.5.3.9. Power Source
It was decided that determining a suitable power source would be determined later in the
development stage of the project when it was known how much current draw each device would
consume and thus the power requirements of thgstem. Therefore, battery alternatives

evaluation and selectioare described in SectioB.7.12

3.5.3.10. User/System Interfac® Intrasystem Communication
An essentiaffirst order specification was that the system needed to be wirelegsich was
deemed necessary through the competitive market analysis and by the proposal made by Dr.
Elliott. It was decided to evaluate the intsystem communication as well as the user/system
interface together, since the hardware used to achieve one, may very well be able to achieve the
other function. The options for system communication included Bluetooth technologykiwi
Nordic radiefrequency (RF), general RF and cellular. A detailed analysis was conducted,
comparing various specifications of each type of communication, including cost, the typical range,
data rate transfer speed, frequency, power consumption, if it sapport multiple conections
simultaneously, if it has mobile phone or computer compatibility and any important further notes
(TableE 3, presented imMppendix EE.3.

3.5.3.10.1. System Communication Alternatives Criteria
The criteia deemed most suitable for comparing the system communication alternatives was
low-cost, the number of connections possible, phone and computer compatibility, the maximum
range achieved, if it could work independent of other hardware and the power coptsamof
the hardware(Table22).

125



As with all other component selection, lesost was deemed the most criteria with weighting
factor of 30%. This aligned with redugithe manufacturing coswith relative importance of
4.55%(Tablel6). Additionally, maximised battery lifetintead a high relativenportance (4.27%)
(Table 16), thus power consumption was established to have a weighting factor of 25%.
increased maximum range of the device would increase the opportunity for increasing timgtest
zone areawhich had a medium importan¢2.95%)Tablel6), thus,this criterionreceived a 20%
weighting factor Working independent of other hardware would mean a minimisation in the
number of parts in the systepwhich had a high relative imporiae (4.1%)Tablel6), as well as
reducing the manufacturing costherefore, this criterion received a weighting factor of 10%.
Aligning with this weighting factoconnection with a phone or computer was as important, since

it would be very beneficial if the system used to communicate between devices could also connect
to the user.The number of connections the device could make was of importance, but compared
with the other criteria, not as high, so it was given a 5% weighting faCtwe. criteria and

corresponding weighting factors were then tabulat@@lble22).

Table22: System communicatioiecisiomrmatrix criteria and corresponding weighting factor

Criteria Weighting (%)

Phone/Computer Connection 10
Low Cost 30
Number of Connections 5

Maximum Range 20
Independent of Other Hardware 10
PowerConsumption 25
Total 100

3.5.3.10.2. System Communication Alternatives Evaluation

Using the criteria and corresponding weighting factors, the decision matrix for evalttaging
communication hardware alternatives weeveloped

Figure4?2). This matrix was evaluated in a different way, compared with the other evaluation
techniques. The reason for this was because the highest scoring alterneds the Nordic RF,
which is not compatible with mobile phoser computes. Similarly, the second highest scoring
alternative was general RF, which again is not compatible with either mobile phane
computers. The hardwarethat would be able to support eithea mobile phoneor computer

compatibility (or both) was cellular, Bluetooth and WHi. Bluetooth receivethe highest score of
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these three alternatives, as it had compatibility with both mobile phone alaghtop with inbuit
Bluetooth or a computer with a Bluetooth dongle also had aeasonable cost compared with

the other user device alternatives. It also worked independent of other hardware, which was
something WAFi and cellular both could not achieve, asfVhee@d a router to connect to and
cellular nee@d an antenna and a SIM card. Thus, Bluetooth communication was selected as the

communication type for communicating with the mobile phone or computer.

For intrasystem communication, the matrix determined the Nor&E to be best suited for the
application. They were found to have an extremely good maximum range, worked independent
of other hardware and were deemed very good cost. The number of connec¢liahsould be

connected was slightly limited, bstill was &ceptable for the number of markers to be used in

the system.
Alternatives
e/g,/)t. Bluetooth Wi-Fi NordicRF General RF Cellular
//,g
Criteria
Phone/Computer 10 10 0 0 10
Connection o 1 1 0 0 1
Low Cost 0.3 ! ° 9 8 3
2.1 1.5 2.7 2.4 0.9
Number of 2 10 6 6 10
) 0.05
Connections 0.1 0.5 0.3 0.3 0.5
Maximum Range | g2 3 2 10 8 6
0.6 0.4 2 1.6 1.2
Independent of 10 0 10 10 0
Other Hardware 0.1 1 0 1 1 0
Power 4 7 9 10 5
. 0.25
Consumption 1 1.75 2.25 2.5 1.25
Totals 1 5.8 5.15 8.25 7.8 4.85
Legend

Rating factor (0 10)

y

Relative importance

Figure42: Decision matrix fosystem communication
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3.5.3.11. |Initiate Test

In terms of initiating the test, three options were presenték user selfinitiation the testusing

a button, automaticdetection using a sensor or through the user/syst communication
interfaceusing Bluetooth as determined in the communication alternatives evaluai@ally, a
systemthat couldautomatically detect when to initiate the test would be optimidbwever, due

to time constraints presentedhis would not likely be able to be implemented in this project. It
was deemed most suitable that the useould indicate when the test should initiate using a
command through Bluetooth. This would be simplest to implement and would work with the

hardware already selecte

3.5.3.12. Programming Language
Now that itwas knowrthat the Arduino would be used as the microcontroller for this project, it
was now known that C/C++ would be the language used since this is the native language for
Arduino(Arduino, 2018)This meant C#, Python, Java, JavaScript and Ruby could all be removed

as means for this function.

3.5.3.13. Encloste Material
The enclosurghat the electronic components would be contained in needed to be determined.
A decision needed to be made whether to purchase afpbgicated enclosure or to custom
design one. There was benefits and limitatidios each option.Purchasing a pré&abricated
enclosure would be timsaving and trustworthy to use as an enclosure; however, it would cost
money to buy the enclosures, as well as the time to customise it so that it could house the
electronics. Custom designing one wouidké more time, however it wouldenerallycost less
money to do so and give the ability to customibe enclosure so that the electronic hardware
could be mounted appropriately. It was therefore decided to design and develop a customised
enclosure. It wasmportant to select a materialhat would achieve the best outcome when
compared against a set of design critefi&ae enclosure material and method alternatiwesre
polyvinyl chloride (PVC)/polycarbonate (PC) sheet, vacuum moulding, a bucket, PVE8Dpipe,

printing, wood, metal or lasecut acrylic

3.5.3.13.1. Enclosure Material Alternatives Decision Criteria
The criteriaused to evaluate the enclosure mater@ternatives was loveost, highstrength,
being usable outdoors, minimised construction time andtomisablgTable22). Low-cost was
given a weighting factor of 30% to assist in reducing the manufacturingTamsinsure that the
systemwould bedesigned and hit by the due date (4.4% importanc€)able16), minimised
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construction time was deemed essential during the selection procestblishing a 30%
weightingfactor. One of the primary reasons for deciding to design and develop the enclosure
was to provide customisatigrtherefore this criterion was given a weighting factor of 25%. It was
important that the design would be able to be used outdoors (3.84% irapog)(Table16),
however this criterion was not deemed as important as the other criteria mentioned, therefore
receiving a 10% weighting factorhe weight of the syem had medium importance (2.65%)
(Tablel6), so the weight of the material did have some importance, so it was established to have
a weighting factor of 10%iaving anaterialthat would beof high-strengthwasimportant enough

to compare the alternatives against, as the dewsasuld needto be able tohave a maximised

load capacity (1.54% importanc@)able16) to hold the sportspecific equipment, as well as be
able to withstand impacts from the athle{@.91% importance(Tablel6); therefore was given

a 5% weighting factor. The criteria and corresponding weighting factors for enclosure material

alternative selection is shown ifable22.

Table23: Decisiormatrix criteria and corresponding weighting fackdor enclosure material

alternatives

Low-cost 30
Highstrength 5

Usable Outdoors 10
Minimised Construction Time 25
Customisable 20
Weight 10
Total 100

3.5.3.13.2. Enclosure Material Alternatives Evaluation
The decision matrix for evaluating the enclosure material alterna{iwggire43) found \acuum
mouldingto be deemed unsuitableas it would not be able to be used outdoors as it would not
be possible to make it waterproof or sun resistaAtditionally, Flinders Univetgi was only
capable ofproducinga thickness of Imm, therefore it would have incredibly low physical
strength, which would likely not even be able to hold any of the sppetific balls. A bucket was
very cheap and would require minimal construction tilng had low strength and was not able

to be customised at all, as well as not looking aesthetically pleasing at all. PVC piping would have
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been a good option; it could be purchased innig, 90mm, 150mm, 225mm, 300 mm or 375

mm diameters; the most sudible would have been 1586m or 225mm. However, this alternative

was also not customisable and had specific minimum lengths able to be purchased, which meant
the cost was significantly high. Wood and metal did not meet the requirements for minimised
constuction time and weight. Additionally, metal was not completely usable outdoors, because
it would get very hot in direct sunlight; this would be very bad for the hardware as well as create

a safety hazard if touched.
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Design N . Minimised
itar Hig Usable
W@/g/) : critena Low-cost Construction Customisable  Weight
Z strength Outdoors _
Enclosure Time
Alternatives
PVC/PC Sheet 2 : £ z e : 5.8
1.5 0.4 1 0.5 1.6 0.8
Vacuum Moulding 10 1 3 6 7 10 7.25
3 0.05 0.3 1.5 1.4 1 '
Bucket 9 2 10 10 0 7 7
2.7 0.1 1 2.5 0 0.7
PVC Pipe 2 8 10 8 0 7 4.7
0.6 0.4 1 2 0 0.7
3D Printing 10 4 1 6 10 10 78
3 0.2 0.1 1.5 2 1 '
Wood 6 8 8 2 8 5 56
1.8 0.4 0.8 0.5 1.6 0.5 '
Metal 4 10 4 2 7 3 43
1.2 0.5 0.4 0.5 1.4 0.3 '
LaserCut Acrylic 10 6 7 4 8 6 79
3 0.3 0.7 1 1.6 0.6 '
Figure43: Decision matrix foenclosure materiahlternatives Legend
X Rating factor (G 10)
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3D printing was found to be the best candidate for material selectighich is a process of
additive manufacturingUsing 3D printing would mean flexibility in the design, being able to be
heavily customised exactly as required. The use of 3D printing would mean that design iterations
could easily be conducted to make changes and adjustments as necdssaag. notedthat
Flinders Universitynad in possession approximately fourteen 3D printers (Ultimaker 2+ and
Ultimaker 2+ Extended, Ultimakegelderland Netherlands), which meant they would be easily
accessibleA major benefitin using 3D printingvould bethat Flnders University allow/free
accessfor students touse these printersit would be essential to ensure that the cost of
development remained within budget. Thus, it was concluded that the time spent on designing
the CAD models heavily outweighed the cofstieveloping the enclosures using any of the other
design alternatives within the decision matrikigure 43). Therefore, the enclosures could

essentially be develomeat no manufacturing cost using this design metiothis project

3.5.3.14. Sensor Rotation
At this point in the project, it was unknown that sensor rotation would be required; it was not
until the LiDARscannerwas selected that this function was found needimgbte solved. As a
result, evaluating a sensor rotation mechanism and subsequent motor encoding is discussed in

Section3.6.2 Rotating the LIDAR

3.5.3.15. Shield Sensor from Environment
Two sensors needed to be shielded from the environment (particuduly to rain). Several
options were presented to protect the sensors, including acrylass, polycarbonate, clear
CCTV dome or developing a customised 3D ghrattwould protect it. Gass or acrylic couldave
been used to shield theproximity sensor with integrated ambient light sensdrhese two
alternatives could beémplemented easily with the mechanical design. As Flinders University
offered acrylic lasecutting, this option was selected since it was readily available, and it could be
cut to specification. For the LiDABanner thoughts around enclosing it specyallith 3D printing
was investigatedThe author had experience with LiDABannertechnology through a work
placement internship and knew that the scanner could detect objects through glass windows
Window glass has 830% transparencfThe Gale Group, 197%nowing the LiDR scanner could
work with this transparency, evaluation of using a clear CCTV dome could be deter@iresd.
company selling one claimed transparency of 97% and low distortion factor of 0.16%. This
deemed the part to be appropriate for use with the LiDARnser and thus was selected for

shielding it against the environment.
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3.5.3.16. Antislip
Ensuring the componentsould not slipwasimportant for positioning and maintaining position.
Therefore, a rubber mat, adhesive bumper strip and adhesive pad protectorsosasidered.
The adhesive pad protectors were selecesithey were very small and could easily be fixed to

the mechanical design towards the end of the project when everything had been finalised.

3.5.3.17. Hardware Mounting
To mount the various hardwareomponents, metal brackets, custom designed 3D prints and
doublesided tape was considered. Ideally, metal brackets would be best suited. Although not
desirable, double sidethpe, Velcro and cable ties were considered options too. Using these were
consideed acceptable as the system being developed was a mbobncept prototype. These
alternatives would be used as a very last resort. With the many different hardware components,
it was deemed necessary to aim to develop custom designed 3D printed martsath

component.

3.6. Concept Evaluation

So far, the dvelopment and analysis of the morphological cheatl provided a set of means for
accomplishing various functiorequired to achieve the aims and objectives for the project
solution. Through careful anadys, nonviable means were able to be eliminated during the
selection process. The remainialjernatives were evaluated against a set of critenhich were
weighted alongside a rating factty establish the most optimal meaof the selection setit was

then required to make further refinements in the design solution, through moredapth
investigation and evaluationlhis would assist in finalising development of a suitable concept

solution.

3.6.1. LiDARScanneComparison
It was established that a LIDAR scanner would be the most suited sensor to measure distance of
the markersto assist in setip of the system. Among the mg LIDAR scanners on the market,
suitable candidateshat were within the budget range were found; Scanse Sweep, LIDAR Lite
v3HP, RPLIDAR Al and A2 and the TeraRanger BvoA6@etailed analysis of the devicess
made, comparing cost, distance rangearsaate, sample rate, distance resolution accuracy,
current consumption and if it was usable outdoors, ivas Arduino compatible and if it had

integrated system 360rotation (TableE 4 in Appendix EE4).
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3.6.1.1.LIiDAR Scanner Alternati&scision Criteria
Through the analysis made of the various devicésither refined set of criteria were established
to evaluate the alternativebased on the featurethat were deemed most importaniow-cost,
maximum distance measurement, scan ragmnple rate, current consumption and if the scanner
could automatically rotate 360The corresponding weighting factors for these criteria can be
observed inTable24. Lowcost and maximum distance measurable were the critdra were
deemed most important during the selection process (40% and 30% weighting factors,
respectively). The amount of currerdresumption was the next significant criteria with weighting
factor of 15%, to help minimise battery consumption. Finally, other features deemed important

were sample rate, scan rate and 366tation with 5% weighting factors.

Table24: LiDARscannerdecision matrix criteria and corresponding weighting factor

Criteria Weighting (%) ‘
Low-Cost 40

Max Distance 30

36 Rotation 5

Scan Rate 5

Sample Rate 5

Current Consumption 15

Total 100

3.6.1.2.LIDAR Scanner Alternatisluation
The decision matrix for evaluating the LIDAR scanner alternafivigare44) established the
LiDAR Lite v3HP to be the ba#iernative, with lowest cost, maximal distance measurement and
lowest current consumptionAlthough it did not have integrated6(° rotation, a custombuilt

mechanism could be developed to provide it with rotation.

In terms of the alternatives he Scanse Sweep had the worst current consumption with a high
cost anda mediumsample rate. The RPLIDAR Al l@ascost buthad a low maximal distance
andscan rate. Conversely, the RPLIDAR#®a higlsample rate and a better maximal distance

but was very expensive. Both RPLIDAR scanners had high current consumption and low scan rates.
The TeraRanger Evo was very-lowgt, howeveit claimed 60m maxmal distance was reduced

when in direct sunlight. The sample rate was specified sdhis criterionwas given aera
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Alternatives

w, Scanse LiDAR Lite TeraRanger
s RPLIDAR A: RPLIDAR A:
& Sweep v3HP Evo60m
Criteria
Low-Cost 04 3 10 9.5 1 10
1.2 4 3.8 0.4 4
MaxDistance 0.3 10 10 3 4 8
3 3 0.9 1.2 24
360° Rotation 0.05 10 0 10 10 0
0.5 0 0.5 0.5 0
Scan Rate 0.05 10 6 1 1.5 4
0.5 0.3 0.05 0.075 0.2
Sample Rate 0.05 > ° 6 10 0
0.25 0.25 0.3 0.5 0
Current 1 10 2 2 7
. 0.15
Consumption 0.15 15 0.3 0.3 1.05
Totals 1 5.6 9.05 5.85 2.975 6.6
Legend
X Ratingfactor (0- 10)
y Relative importance

Figure44: Decision matrix for LiDASRanneralternatives

3.6.2. Rotating the LiDABcanner
With the LIDAR Lite v3HP being the LiBé&hnernf choice, it was found to be important to have
a means of rotating the sensdrarious conceptualisation ideas were developed in an attempt to
incorporate a 3D printed enclosure surrounding an assembly mechanism which would be capable

of rotating the LIDR scannerHigure F7 andFigure F8in Appendix EF.J).

The most logical andable means of achievirtge function of rotating the LIDAR scanneas to

use a steppemotor, DOmotor, servo motor, oby manually rotating the wholdevice To set the

test up ina waythat could become standardised meant that the exact positions of the markers
would beneeded to be knowrfior assisting the setip. Thus, manually rotating the whole device
was deemed far to imprecise and inaccurate. This left selection of the three different mators.
brief overview of these motors is described in the next sections to understand which motdd w

be best suited for this application.
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3.6.2.1. Stepper Motor
A stepper motorhas the capabilityo rotate at preciseangles as well as rotate aaccurately
controlledspeedqMuiiiz & al., 2008) Simply put, is is achieved as the stepper motor can move
in discrete stepghrough powering a set of inner coils (grouped into phases) in a specialised
sequence. The magnetic field generated by the coils causes a magnet attached hafthto s
move.Reversing the sequence causes rotation in the opposite diredfEmmous types of stepper

motorsexist in the marketKigure45).

Figure45: Various stepper motof&arl, 2015)

3.6.2.2.DC Motor
DC motors can rotate a shaft by converting direct current (DC) power into mechanical drergy.
shaft will continue to rotatevhile DC power is supplied to the motor; thukey are continuous.
They are the most commaype of motor and have two forms; brushed and brushl@&sished
DC motors are cheap, easy to run and come in a wide variety peshand sizefFigure46).
Brushless DC motors are generally better, having high efficiency, noiseless operation, higher
speed ranges, better speed versus torque elateristics and have a long operating (ficrocip
Technology, 2003)

Figure46: Various types of DC motdiisarl,2015)
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3.6.2.3. Servo Motor
Two variations of theotary servo exist a positional servaand a continuous rotatioserva A
positionalservohas precise control of its angular positioging carefullstimed pulses, however
it is limited in the amount of rotatiort can achievé€Earl, 2015; ISL Products International, 2017)
A positionalservo is unable to make a complete revolutigenerally it hasraangilar rotation
range of motion of 18)(ISL Prducts International, 2017)Conversely, the continuous rotation
servo can complete a full revolution, spinning continuously with control over speed and direction;
this type of servo loses its ability to precisely control the positierl, 2015)Thereexistvarious

typestypes of servo motorfFigured?).

PARALLAX

Figure47: Various types of servo motofBarl, 2015)

3.6.2.4. Motor Alternatives Decision Criteria
When evaluating the motor alternatives, the decision criteria foomakt important to compare
was if the motor could achieve precise angular and speed control, had low current consumption
and was able to have continuous rotatighable25). Precise angular positioning was deemed
most important, with a weighting factor of 50%, asvituld berequired to position the markers
exactly in the correct position. Continuous rotation was also very important with 30% weighting
factor, ast would beintended to put the distance measuring master component in the ceoitre
the slave componentand rotate the LIDAR scanner arouB8C° to correctly measure the
positions of the devicesThe other two criteria were given a 10% weighting factor as e
still deemed important, but not as important as precise angular positioning or continuous

rotation. The criteria and corresponding weighting factors can be se€ahte25.
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Table25: Motor alternatives decisiomatrix criteria and corresponding weighting factor

Criteria Weighting (%) ‘
Precise Angular Positioning 50
Precise Speed Control 10
Low Current Consumption 10
ContinuousRotation 30
Total 100

3.6.2.5. Motor Alternatives Evaluation
The decision matrix for evaluating which motor alternative to sefEgjure48) determined the
stepper motor to be the most suitable motor to use for gt of the markers. This was because
it was able to achieve high precision angular positioning, as well as preeisé spntrol with

continuous 360rotation.

Alternatives
Stepper
W@/gh . DC Motor  Servo Motor
ting Motor
Criteria
Precise Angular Positioning 0.5 10 3 10
5 15 5
Precise Speed Control 0.1 10 7 10
1 0.7 1
Low Current Consumption 0.1 2 6 9
0.2 0.6 0.9
Continuous Rotation 0.3 10 10 0
3 3 0
Totals 1 9.2 5.8 6.9
Legend

Rating factor (G 10)

Relative importance

Figure48: Decision matrix fomotor alternatives for rotating the LIiDAR scanner
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3.6.2.6. Coupling thévlotor andLiDAR Scanner
To ensure that wires would not get tangled, a slip ring imasstigated to beisedin the design
whichwould maintainwired connectionsvhilstallowing continuous rotatiorwithout getting the
wires tangled and damagedhe problem with using a slip ring was that the motor could not be
directly connected to the LIDAR scanner to rotate it. Thwgas important to establish a coupling
method such that the LiDA&tannercould be rotated using thenotor; which would beoffset at
a distance Alternativesthat were deemed possible means for accomplishing this function was

lasercut acrylic gears, comencial metal gears, a chain drive, drive belt or worm drive.

3.6.2.6.1. Motor-LIDAR Scanner Coupling Decision Criteria
The criteria used in the decisignaking process involved it being lamst, having a high
efficiency, being able to maintain a constant velocityo,ahe noise produced, the maintenance
required and the amount of slippindpat could occur(Table26). Lowcost was deemed most
important, with weighting factor 30%ollowed by minimal maintenance required with weighting
factor 25%1lt was essential for the alternative to make as little noise as possible, so this received
a 15% weighting factor. It was not desirable for slipping to occur as well as to maintaistanton
velocity ratio, so these were given weighting factors of 15% and 10%, respectively. As the load
would be small, the torque required would also remain low, so efficiency was not of a big concern,
thus this was given a weighting factor of 5Pfae criteia and corresponding weighting factors can

be seen inrable26.

Table26: Decision matrixriteriafor alternatives forcoupling motor and LiBR scanner

Criteria Weighting (%)

Low-Cost 30
Efficiency 3

Constant Velocity Ratio 10
Minimal Noise Produced 15
Minimal Maintenance Required 25
Minimal Slipping 15
Total 100
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3.6.2.6.2. Motor-LIDAR Scanner Coupling Alternatives Evaluation
The decisiomatrix for determining the coupling method to use for the motor and LiDAR scanner
(Figure49) foundthat using laseicut acrylic gears was deemed most suitable, #dsistcould be
done inhouse at Flinders University without consuming any of the budget delegated. The use of
lasercut gears would mean a constant velocity ratiould bemaintained, with no slipping and
no maintenance requiredSome conceptualisation skahing to incorporate this coupling of the

motor and LIDAR scanner was developEdjre F9 and Figure F10 in Appendix FF.1. The

limitation in using a geared mechanismould bethat it would produce a bit of noise,ub this

trade-off was justified.
i LaserCut
b Alternatives Commercial
&y Acrylic Chain Drive  Drive Belt Worm Drive
é7/72‘/,,6) Metal Gears

Criteria GRS
LowCost 10 5 2 8 2

0.3 3 1.5 0.6 2.4 0.6
Efficiency £ £ E = 3

0.05 0.3 0.3 0.4 0.5 0.15
Constant 10 10 9 2 10
Velocity Ratio A 1 1 0.9 0.2 1
Minimal Noise 2 1 4 10 8
Produced 95 0.3 0.15 0.6 1.5 1.2
Maintenance 10 2 2 4 2
Required e 25 0.5 0.5 1 0.5
Minimal Slipping L Ly L £ 2

0.15 1.5 1.5 1.5 0.45 0
Totals 1 8.6 4.95 45 6.05 3.45

Legend
X Rating factor (G 10)

y Relative importance

Figure49: Decision matrix foalternatives involvingouplingthe motor and LiDAR scanner
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3.6.3. Motor Encoding
Only after having ordered a stepper motor was it found out that it is unable to know its angular
position in space. This meant thiie motorwould beable to control precise angular positioning,
however itwould not be able to know which way the LIDAR scanweuld bepointing. Thus, it
was imperative to determine a way of encoding the stepper motor so that there could be a
referencepoint to refer to. Two options were presented to encode the stepper to provide a datum
reference point which could be calibrated to; using a transmissive pkaterrupter or by an
absoluteopticalencoder.lt was found the absolute opticehcoders were extremely expensjve
ranging from $12&250 (DigiKey Electronics, 2018)Conversely, a transmissive pheto
interrupter could be purchased for a significantly lower price of $Zé8@mentl14, 2018)As a
result, the transmissive photmterrupter was selected as the method for encoding the stepper

motor.

Through some research and investigation, the ViSi@gT2103 (Vishay Intertechnoldggjvern,
Pennsylvania, 8A) was found to be the perfemdmponent to use as the datasheet specified that
it contained a daylight blocking filte6Eketcheswere created which assisted ideation and
development towards imigmentation of the Vishay TCST2103 as a motor encitgure F11

in Appendix EF.J).

3.6.4. Finalisation of Electronic Componentry
Through assistance from the Engineering Technical Semdaesat Flinders Universityit was
determined that DEDC step down buck converters would be required to regulate the voltage
from the batteryfor various componentsAt this stage, it was thought that-Hirectional logic
level converters would also be required to reduce the logic level inputsatoecomponents,
however it was later found in the embodiment stage during electronic component development

and integraton thatthe existing logic level inputs were safe for all the hardwameponents

A preliminary functional block diagram was generatedboth the master and slave component
(Figure50 and Figure51, respectively)which aimed to determine the connections between the
various electronic componentss well as confirm if they re@ad a logic level converter or BC
DC step down buck converteiThe functional block diagram allowed visualisation of key
component details and connections to confirm compatibilily.should be noted that after
development of the prototype, many errors we determined with these functional block

diagrams After the hardware connection interactions were confirmed, correct functional block

141



diagrams associated with the master and slave component were develdpgdré H 1 and

Figure H2 in Appendix HH.1, respectively).

Stepper Motor
DC 3V DRVER25
Battery DC 8245V @
5V
5V 5V /O V3 _| BT Module
> 33-5V
5V
. ) } 5V
LiDAR FC RGB LED VS| NrR24L01+
475 -5V 5V Tolerant 5V 19-36V
Figure50: Preliminary functional block diagram for the master component
Battery DC 3A LED
DC 5V 3.6A
DC 3A LED
DC 5V 3.6A
DC 3A
DC

- 12C | SEN 36002
L .
ngg AI'dllll’lO 355V 150mA
3v3
Speaker

NRF24L01+ Piezo buzzer AMP
19-3.6V 5V 255V 500mA

Figure51: Preliminary functional block diagram for tekavecomponent
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3.6.5. Summary of Concept Evaluation
Through investigation, research and analysis, a set of select design alternatives were sedected
possible means fomeeting specific ésign functions. By evaluating the means against a set of
criteria customised for the functiotinrough a decision matrjhe most optimal alternative could
be established for integrating into the solution produ@y repeating the process for each
function, the best performing alternative for each design function was able to be determined. The
solution concept stage had therefofermulated a set of mechanical, electrical and software
design featureswhich when integrated, would provide the best possibbeitcome for the
proposed agility testing systenThrough further analysis and refinement, a set of suitable
components were selected corresponding to each mean. This selection process involved careful
selection of the best suited components usifugther research, investigation anengineering
common sense. Therefore, the functions, corresponding means and selected compfoméhés
final concept solution wer¢abulated (Table27 and Table28). It should be noted that some of
the components selected and presented in this section were deemed either inadequate or
unsuitable byprogressing through the embodiment stage and integrating the solution together.
Justifications and reasoning to why components were exchanged for another is discussed further
in the embodiment stage of this thesis in SectBori Additionally details on thefinal components
selected including the partame supplier, catalogue number, link, quantity purchased, the unit

price, shipping and the subtotelere also tablated (Table K1 in Appendix KK.1).
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Table27: Most optimally established means for electridakign functions

Function

Mean

ElectricalDesign

Componen(s)

Singleboard

Microcontroller

Arduino

Arduino Mega 2568 Prototype Shield

Measure marker

distance

LiDAR Scanner

GarminLiDARLite v3HP

Rotate sensor

Stepper Motor

Bipolar Stepper, 200 Steps/Rev, 2.8
1.7A/Phase (Using DR\ZDriver)

Motor Encoding

Transmissive Photmterrupter

Vishay TCST2103

Resist tangled

6-wire Slip Ringvith Flange (22mm

Slipring
wires diameter)
Display visual
) LED Matrix CJIJMCb4 RGB LED 8x8 Matrix
stimulus
CJIJMCb4 RGB LED 8x8 Matrix, Piez
Feedback LED Matrix, Piezo Buzzer and Las
Speaker 2.048kKRed Laser Diode
mechanism Diode
Module, Single RGB LED Module
Si1145 UV / Ambient Light / Proximity
Sense ball Proximity/ Ambient Light Sensor

sensor (SES6002)

Character Display

Letters, Numbers and Symbols

Letters, Numbers and Symbols

I RI FNUzA G o ¢ pmpfied]

Auditory
Small Speaker usingMono 2.5W Class D Audio
Stimulus
Amplifier (PAM8302)
Sunfounder Bluetooth 4.0 HXIO
User/System
_ _ Bluetooth Master Slave ModuleButtonSwitch
interface/ input
module
Intra-system _ nNRF24L01¥Fransceivewith Socket
Nordic RF

communication

Adaptor

Initiate test

Through the User/System Interfact

Usingcommand viaBluetooth Low

Energy (BLE)

Regulate Voltage

Stepdown Buck Converter

LM2596 DeDCStepdown Adjustable
Power Supply Module
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Table28: Most optimally established means farechanical and softwardesign functions
Function Means ‘ Components

Mechanical Design

Enclosure Manually Butii Manually Built
Enclosure o o
_ 3D Printing 3D Printing
Material
Sensor Rotation Lasercut Acrylic Gears Lasercut Acrylic Gears

Shield Sensor _ . ,
. Lasercut Acrylicand Clear CCTV ¢NJ yaLl Nsyu ng [/
rom
_ Dome Camera Dome
Environment

SelfAdhesive Black Anti Slip Silicong

Anti-slip Adhesive Pad Proteato
Bumper Pad Shock Absorbers
Hardware o o o
_ 3D-Printing Primarily3D-Printing
Mounting

SoftwareDesign

Programming . C/C++ (written in the Arduino softwareg
++
Language program and Microsoft Visual Studio

3.7. DesigrEmbodiment

The term embodiment design was first introducedliterature by Frenchwhich describes the
stageof adesign proceswherethe layout design is established (component configurations) and
form design (design shape and individual component malgx(French, 1971; Pahl et al., 2007)
Through conceptualisation, generation of alternatives and evaluation of these alternatives for
determination of suitable design means and components, the solution concept could nowde use

to produce a definitive layowind formof the proposed solutiofor design embodiment.

Using concept sketchingigure F1to Figure F11in Appendix EF.J) as a guide hite master and
slave devicalesigrs were modelled usinghree-dimensionalCADsoftware (Autodesk Inventor
Professional 2018, AutodesBan Rafael, CaliforniedSA}o visualise the solution ahto ensure
that integration of parts would be successful. With this projecttailing the design and
development of a proebf-concept prototypethat had not been developed before, it was
deemed most suitable for desigrg and manufacturingcustomcomponents using3D printing

opposed to purchasing commercially available parts, which could be further investigated in future
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work. The major benefits for using 3D printing was established in Se&i513.13.2 To
summarise the findings from this sectid@D) printing would provide means of rapid prototyping
custom shaped designs as welltasting integration ofcomponent assemi#s At the time of
working on this thesisklinders Universityyad many 3D printers availablas well asupplying
complimentary filament for students to printvhich would reduce budget significantly compared

with other manufacturing processes.

Prototype derelopment followed CAD modelling, which entailed assembling the mechanical
design, testing electronic componentry by wiring together components and writing preliminary
software code for individual components, integrating electronic components togethefirzaity
integrating the mechanical, electrical and software design layouts togefftaus, this section
aimedto provide a comprehensive description and explanation for the processes in developing a

final design embodiment from the initial solution concept

3.7.1. ComputerAided Design Assemblies
A completed CAD assembly was developed for both master and slave components of the system
to visualise the interaction between the various components. Using datashtbetfiardware
componentghat were not going to besddered onto theArduinoprototype board were also CAD
modelled so that integration betweetine customised 3D printed parts could be determined for

better alignmentand for mounting

It should be noted that the final CAD assemblies presented in this seatére a result of careful
design optimisation and refinement through multiple iterations of various stages of the design
process. By implementing customised 3D printed parts, it meant that the components could be
adjusted and optimised when tested fortégration with the current design at the time. A lot of
adjustments were made when the electronic hardware arrived, wiiehe reverse engineered

into CAD software using Vernier callipers and a ruler. Thus, many of the components seen in the
following rencered CAD assembly images were a result of optimisation achieved later in the
design embodiment stage, however, to maintain flow of this thesis, the final assemblies have been

shown here.

Another important thing to note was thatu to significant time costraints, the CAD assembly
had to be developed whilshany ofthe electronic components werstill in transit due to long
shipping or lead timedt was imperative to begin 3D printing as soon as possible, since it was

known that six slave components andeomaster component needed to be developess a
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result, the slave enclosure was developed to be as large as possible within the engineering
dimensional specification constraint. This was done so that there was enough room to house all
electronicsas adedgnthat would betoo small which could not house all electronics would be
detrimental to theproject Converselya desigrthat would beslightly larger would leave room

for design refinement and optimisation for future work.

Another major drawback tdnis situation was that many electronic component dimensions were
unknownas datasheets were either not supplied or were not descriptive enough to generate a
CAD model repligasuch as the speakenr the LiDAR.ite. Additionally, as it was decided to
evaluae battery alternatives closer towards the end of the projebe battery sizeand shape

was also unknownAs a result, no mount was able toibéegrated into theslaveenclosure design

for either the speaker or batteryVelcro mounts were included in éhmaster enclosurewhich

was developed later. Howeverud to time constraints, mounts were nable to bedeveloped

or printed to attach to theslaveenclosure thus development of such mounts wdsemed

necessary for future work.

3.7.1.1. Master Component CAD Assembly
Various views of the master component CAD assearelghown in this sectioffrigure52 - Figure
58). Alabelledisometric viewhas beenshown to provide a perspectiveeen from the outside
when viewed in realife (Figure52). Theenclosurewasmade from three components; the base,
lid and wall.The lid and base of the enclosun@ad been developed to incorporate a sndp
feature to avoid use of tools when changing or rechaydire battery. Additionally e enclosure
was designed this wago simpler mounting of inner component®uldbe achieveds well as for
replacing partsf required Inthe image someother outercomponents can be seen, such as the
Ot SI NJ / / ¢ 4he tog, whikBwisthouRtgd to the enclosure lichlatching ON/OFF button
for isolating the battery when the systewould bedesired to be offamomentary button module
and small laser cubut acrylic to position over a small hole in the enclosure wall, such that the
RGB LED module can be seen from the outéidgmiliarlyangled isometric viewas beershown
with hidden visibility ofi KS Sy Of 2 & dzNB A derhie (Figyurd53), 50 theyirRer n £

componentry can be inspected.
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Figure52: Isometric view of the master component CAD assembly
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Figureb3: Isometric view of the master component CAD assemitiyremoved walls, lid and dome covering
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The master component inner componentry is quite complex in nature, primarily faiotaéon

of the LIDAR scanner. This is achieved by coupling the stepper@mgular rotation to the
LiDAR scanner assembly through the set of taserlcetalspurgears.One gear is mounted to
the shaft of the stepper motor, by fastening it to a commeial Pololu shaft hub mount. The
coupled gear is mounted between a spacer on top and a mount bejevhiith hasa circularcut-
out beneath itto slide onto a steel collahat is tightened onto the top section of the slip ring
using an Allen keyThe LiBR scanner is then mounted ¢ime top of this assembly, wittthree
long fastenes screwedthrough the four components (in descending order from the top: LiDAR
scanner mount, spacer, acetal gear and steel collar moiayunted to the LIDAR scanner mount
isa laser diodewhichwould be used toassisthe user when setting up the markerg@/ithin this
gearLiDAR scanner assembly, a small protrusion has been designed suchtioaidtpass
through the slit of the transmissive phototerrupter, such that a rierence origin positiomvould

be known.

Another important feature to note ithis imageis the small slit at the top of the LIDAR scanner
mount. Thiswas incorporatedas originally the cord from the LIDAR scanner interfered thi¢h
né R2YS g KiRyid. Thus?theisit Allosd the cord toremain restrained within the

mount so that itavoiced contact with the dome.

A top view of the inner componentry of the master devieggure54) further assiss visualisation
of the assembly and where components are relative to one another. A small protrusion with a slit

is shown on the right so that Velcocouldbe used to fix the &ttery in place.
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Figure54: Top view of the master component CAD assembly

Figure55 shows a side view of the inner componentry of the master device, Rigure56
showing the same viewut with a crosssection of all components so even the enclosure and
dome can be observedhese images further assist in visualising the complex integration of parts

of the master component.
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Figureb5: Side view of the master component CAD assembly
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Figure56: Crosssectional side view of thmaster component CAD assembly
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Acloseup view of the interaction between the steebllar LIDARjear mount protrusion and the
transmissive photanterrupter (Figure57) shows how the LIDAR scanner rotates through the
coupled gearing mechanisnThe steetollar LiDARjear mount contains arptrusion which

moves with the direction of the LIDAR scanner and thus the direction of the LIDAR scanner can be
given a reference point. The stepper motoain control angular positioning precisely through

steps, thus the calibration ensures the system is consistent each time it is used.

-

LiDARLite vV3HP

LiDARViount

Laser Diods
Assembly

Coupled
Gearing
Mechanism

Transmissive
Photo-
interrupter

Photo
interrupter |_|ght B|Ocking SteelCollar LIDAR
Mount )
Protrusion Gear Mount

Figure57: Closeup view of the photenterrupter used as a reference point for the LIDAR scanner
angular position

A crosssectional view of the enclosure lid and wall for the master compofieat CAD assembly
(Figure58) shows he enclosure has been designedamploy a snagit design so that no tools
are required for recharging or changing the battery. The small indentation on the left is so an

individual can get a grip on the lid using their fingers to pull it off.
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Figureb8: Crosssectional closeip view of the master component sifipdesign

3.7.1.2.Slave Component CAD Assembly

The slave component is responsible for presenting the athlete with a visual and audio stimulus.
Various viewf the slave component are presemten this sectionKigure59 - Figure74). An
isometric view of the outer aaponentry of the slave devicgigure59) shows thatti contains

two LED matrix displays on the outside, which are positioned &t T20s provides the athlete

with a larger viewing angle to see the visual stimulus with, since the possibility of seeing it from
far angles is possible. One notable feature of the slave component is the two protrusions on the
top. These have been speciallgsigned such that spedpecific equipment, including Australian
rules football, netball, basketball and rugby can be positioned on top of it, whilst also allowing the
user to position their hand underneath it for quickly picking the ball up from thekerairhe ball

is sensed via the IR proximity sensor with integraa&®& This is shielded behind a lasmit square

of clear acrylicwhichis fixated into the enclosure.

155



Sport Equipment
Mounting Protrusions

IR Proximity/

Enclosure Top

Section
LED Matrix

Acrylic Lase | ALS Integratec
CutOut Sensor

FEEEEEFSE
ENREEEED
FEEEBENE

Enclosure
Bottom Section

Enclosure
Latching Bottom Cover
ON/OFF Button

Momentary Button Module

Figure59: Isometric view of thelavecomponent CAD assembly
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A front view of the slave componerfFigure60) shows thatooth LED matrix displays are easily

visible. The latchig ON/OFF button can also be seen with the momentary button module too.

Figure60: Frontview of theslavecomponent CAD assembly

Similarly, to the master component, the slave component is also composed of three major
componentsfor the enclosure; it contains ®p half section the primary bottom section and a
base.The slave component was designed this waytticee reasons; the Ultimaker 2+ 3D printer

did not have a build heighhat was tall enough for the desigsimpler mouring of electronic
componentry with more opennessand significantly decreased print timeBrinting as one
component wouldhavetaken over four days, while printing in two parts reduced print time to
approximatelyless thantwo days (0.15mm layer height and 10% infill), likely due to minimising

the need for supports.

Figure61 shows a labelled backnd frontview (Figure6la andFigure61b, respectivelydf the
inner componentry of the primary bottom sectiotn these images, the DOC step down
converter can be s, which will regulate the voltage to usable values for the hardware. The
Arduino and prototype shield are mounted at the back, with the two buttons at the front. There
is an empty sectiowhich wasoriginally for another DOC step down convertéFigure6la) so

that there would be one for each LED matrix since they have a current liBAtL éfowever, upon

testing the matrixdisplays it was determined thathey could be chained together and still use
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less tharBA. This primary bottom half of the enclog had snagit protrusions designed so that

they couldconnect with an opposing counterpart on the top enclosure half.

Originally, there was an idea to create some small openings or holes at the front of the design to
allow for speaker sound to pass thugh the enclosure housing. However, to try to minimise

ingression of water or dust into the enclosure, this design idea was disregarded. It was also
establishedthat high volume speakers were being purchased, which should allow passage of

sound through theenclosure medium.
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Figure61: Closeup views of the inner componentry of the slave component bottom section
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The top half section of the slave componefftigure62) showsthe snapfit counterpartsthat
house the snagit protrusions from the primary bottom section. In this image, the mounting

method for the proximity/ALSs shown, with fastening to théop half section of the slave
component

IR Proximity/
ALS Integrate
Sensor

Enclosure Top
Section

Snapfit Protrusion
Housings

Figure62: Top half section of the slave component enclosure with sensietéct a ball

A cross sectional view of the top half of the slave compon@igure63) showsthe snapfit

assembly mechanism interaction, as well ashibé for theproximity/ALS to sense through.

Figure63: Crosssectional closeip front view showing the sndjit assembly and ball sensing slit
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The base of the slave compone(figure64) shows wherdhe screws connect to the primary
bottom half, with holes that are indented so thidie surfacecan remain flat. Additionally, a snap
fit mechanism was develope@here the autha received inspiration from a simple TV remote
(Figure65), which emplogd a snagpfit cover so that batteriegould be replaced easily with no
screws. The snafit developedfor the slave component basesedthe TV remote as a guide for

development, but it was customised to suit thesign of theslave component.

Push Inwards for
Release of Snap
fit Cover

Snapfit
Cover

Enclosure
Bottom Cover

Indentations for
Screw Heads

Figure65: Inspiration from a simple TV remote for developing a ditaqase
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A cross sectional view of the sndip assembly for the slave component ba$egure66) shows
the interaction between the cover and the baske simple snaflit mechanism was employed

so that no toolsvould berequired to be used to changrechargethe battery.

Clip Hook Loc Push Inwards for

Release of Snap
fit Cover

Snapfit Cover

Enclosure Indentations for
Bottom Cover Screw Heads

Figure66: Closeup crosssectional view of the snafit design

A crosssectional viewtaken at the centre dividing thefront and backsectionsof the slave
componentare shown Figure67). The inner front sectionHigure67a) shows positioning of the

IR proximity and ALS integrated sensor, one of thdd@3Btep down converters, latching ON/OFF
button and momentary button module and LED matrix mounting locations. The inner back section
(Figure67b) shows positioningfdhe Arduino Mega and one of the DC/DC step down converters.
Both images show positioning of the battery, sHagover and snatiit locking assemblyThese
images have been included to further visualise the inner componentry layout. As already

previousy discussed, no mount was developed for the speaker or battery due to time constraints.
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Figure67: Crosssectionaviews of the slave component CAD assembly showing the fnm@rsection (a) antback sectiorgb)
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A side view of the markefFigure68) presentsthe slanted flat backinglhe reason for this was
found duringthe competitive market analysis, which found that majority of the competing
products were able to perform prplanned agility tests as well as reactive ones. As a result, it was
decided that the marker could be positied with the flat part on the groun@Figure69), such

that the proximity/ALS sensor is facing slightly to the side. Two markers could be positioned facing

one anotherso that a timing gate is mad€igure69). Therefore, when positioned in this way, the

athlete couldrun straight through them and be detected.

Figure69: Representation of how twslave componerstcanbe positionedon the flattened backing
to form a timing gate
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Various sport specific gammllswere positioned on top of th&CAD modelled markerEigure71

- Figure74). These balls were CAD modelled with specifications determined through the research
conductedin the conceptual design phase. The models could then be tsadulptout the
enclosure top half so that they could be positionetfectly to remain positined until an athlete
removes themFigure71to Figure72shows various views of an Australian football positioned on

the marker.Figure73 and Figure74 show a netball and basketball positioned on the marker,

respectively.

Figure70: Closeup view of the Australian football positioned on the slaamponent CAD assembly
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Figure71: Isometric views of the slave CAD assembly with an Australian football positioned on top

Figure72: Front and sideiew of the slave CAD assembly véthAustralian football positioned on
top
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Figure73: Isometricand sideview of the slave CAD assembly véthetballpositioned on top

Figure74: Isometricand sideview of the slave CAD assembly vathasketbalpositioned on top
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3.7.2.  Summary of Final Solution ConcEptbodiment
The engineering design process had chartered through a logical and systematic methdiiaiogy
enabled the development of aolution concept for both the master and slave components.
Through these design layouts visualisethiere-dimensionalCAD software, thembodiment for
the solution concepbf the system had been established. This now could provide the framework
for physcal embodiment of the system by developing and constructing a psbobncept
prototype. With a preliminary mechanical design, the parts required to be 3D printed were
processed for manufacturing whilst electronic component testing was in progiissectrical
hardware was tested in isolation using solderless prototype breadboards and jumper wires
initially to ensure the part worked and software program was written appropriaidiying the
electronics inthe correct circuitand programming the hardwarwas achieved by following the
respectivedatasheets usingArduino and third partyf A 6 NI NB & 9 (within th# iBrary O2 RS
package) as well as throughvarious community forums primarily from Arduino
(https://forum.arduino.cq, StackExchangehi{ps://arduino.stackexchange.coyrand cplusplus
(http://mwww.cplusplus.com). All coding was completed in the Arduino ID&duino, Ivrea, Italy)
for all Arduino based programmingnd Visual Studio Community (MicrosofRedmond,
Washington, $A) for all computeprogrambasedprogramming. Whenall components were
confirmed working, inégration of one component at a time to the main circuit was accomplished,
ensuring compatibility at each stage. The integration of some hardware components caused
complications to arise, as well as integration of some mechanical and electrical components
bringing forth attention issues with the design. These challenges facedthednethods to

overcoming them are discussed throughout fiolowing sections.

The design process for development, construction and assembly of the master and slave devices
was conpleted through an iterative process concurrent mechanical, electrical and software
design. Thus, this thesis provides a logical description of development of all components of design
as opposed talescribing these separatelyhe developmental progressi for the master and

slave component prototype embodiment is discussed separately to maintain flow of this,thesis

however these componentsere also developed simultaneously.

168


https://forum.arduino.cc/
https://arduino.stackexchange.com/
http://www.cplusplus.com/

3.7.3. SlaveComponent Development
With anticipation of developing six slave components, it was imperative to work through the
development stage of the marker as quickly as possible. The proposed strategy for developing all
devices, was to first focus on integrating all components of onkendaogether and confirm that
the device was working correctly. Once all hardware components were confirmed working,
including after developing the prototype shield, then the remaining marker devices would be
assembled. Thus, this section shows developmeh one marker, butfinal successful

developmental iterationsvere repeated for all other markers.

3.7.3.1. Enclosure Design
As mentioned in Sectiod.7.1, many design iterations occurred to get to the final CAD assembly
shown. Thus, there are many components in this sectlwat were not shown in the CAD
assemblywhich were optimised in latestages of the design process as required. The preliminary
enclosure design for the marker was 3D printed and is shovwarseparate partgFigure75).
The reason foprinting in two parts was already mentioned in Sect®i.1.2 To reiterate the
enclosure was printed in separation for three primary reasons; one was duesigndicant
reduction in printing time as thisinimisedthe need for printing supports throughout the centre
(which take longer to print than the design itself); another because the Ultimaker 2+ 3D printer
does not have a build voluntbat has a large enagh height (The Ultimaker 2+ Extended did, but
only two were available for use with restricted access); the last reason was for more accessibility
when mounting electronic component$his can be seen irigure76, with a top view showing

how no top section improwaccessibility significantly.

Figure75: Preliminary marker enclosure printed in two pieces
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