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Abstract

Theuseof computersoftwareasanaid to rugby andsportscoachingin
generaljs becomingncreasinglyutilized. Videoedsportis the mostwidely
usedform of raw datafor sportsanalysis,thoughit is currently not being
usedtoits full potential.Patternsof playermovementandposition,bothfor
individuals and groupingsof players,are importantfor understandinghe
complities of professionateamsports,andyet are not beingadequately
addressed.

This paperoutlinesa projectthataimsto supportcoachingand/orcom-
mentaryby visualizingandmeasuringhesimilarity of video-dernved spatio-
temporalinformation, and enablingtimely accesgo relevant video clips.
Specifically methodsby which a userof spatially-enabledportssoftware
canvisualizespatio-temporaindrugbyobjectinformationwill bediscussed.
Two issuesareexamined:(1) powerful spatio-temporalepresentatiotech-
niguesfor rugby constructgsuchasthe pitch, playersandamalgamations
of players:team,scrum lineout,backline)and(2) userinterfacedesignand
how it enablesugbyobjectrepresentatioalongsidethe spatio-temporavi-
sualizationfacility.
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Intr oduction

The majority of teamsportsareinherentlyspatialin nature.Considerthe follow-
ing exampleof spatialbehaiour from rugbyunion,whereaprolific try scorethas
beenobsenedto scorethe majority of triesontheleft-handsideof the pitch from
setplayssuchasscrumsoccurringat least22 metresrom the oppositiontry line.
The oppositioncoachhasaccesgo a digital video archve, andwould like to be
ableto formulatea spatialqueryfor easyretrieval of video segmentsshaving the
prolific try scoremperforminghis or herpiecederésistanceSimilarly, acommen-
tator, having just seensuchatry executedive,would liketo beableto call upthe
detailsof all suchinstancegor presentatiomnduseduringhalf-timeandthe post
gameanalysisof the match.

Software exists that canprocesgjueriesto retrieve timed segmentsof video,
but the spatialaspecthasbeenneglected,which is surprisinggiven that videos
arerich in spatialinformation. This paperdescribesa projectthat exploresthe
spatialaswell asthetemporalpotentialof videoinput. It aimsto enablereal-time
accesgo archvedvideofootage whichis retrievedvia a spatiotemporatuery A
furtheraim is to displayto usersthe retrieved video sggmentandits generalized
pseudo-3Ddescription.

This paperconcentratesn the visualizationaspect spatiotemporaandob-
ject representationThe displaywill bein the contect of designingan interface
for rapidly describingspatiotemporapatternsand for conceptualizinga sports
domainin termsof a hierarchyof objects. Othertasksinclude implementing
thequeryandretrieval elementsdevelopingspatiotemporasimilarity techniques
(which will be testedon video input) and constructinga software systemto al-
low spatiotemporapatterngo be coded displayedandindexed. This would bea
type of Video Information Systemwhich, asdefinedby ChangandLee (1997),
“manageghevideoinput, videoprocessingyideoquery videostorageandvideo
indexing to provide a collectionof video datafor easyaccesdy a large number
of users”. Initial progresdowardscreatingsucha systemis alsodetailed,exem-
plifying how spatiotemporaandobjectvisualizationinteract. Whigham(2000)
describeghe projectproposain moredetail,andalsoprovidesareview of video
manipulation spatialsimilarity techniqguesindindexing.

Althoughit is acknavledgedthattheresearchdescribedn this papercouldbe
appliedto mary disciplinesin whichthemodellingof spaceandtimeis important,
thedomainof rugbyunionhasbeenchoserfor theinitial prototype.In rugby, the
playing field provides the requisitespatialreference,and the time of an event
is always shovn on the video. Uniqueto rugby are complex patternsinvolving
players,groupingsof players(suchasscrumsandthe backlines)andthe referee.
It is mainly this compleity that makesrugby a particularly suitabletestfor this
research.



This paperwill first provide abackgroundputlining thetrackrecordof exist-
ing sportssoftwarein the mainandidentifying wherethey fall shortin providing
amuchneededspatio-temporafacility. Sucha facility will subsequentlype de-
scribed,from the point of view of spatiotemporaind objectrepresentatiomand
interfacedesign. Finally a discussiorwill signpostwhat hasbeenachiered and
whatis yetto bedone.

Background

The useof computersoftwarein sportis well establishedthis sectionoutlines
a few examples,including one casestudy Videois the mostcommonraw data
sourceusedwith software for sportsanalysis,for example Dennisand Carron
(1999); Changand Lee (1997), which is no surprisegiven its ubiquity. There
is alsoan elementof technologicaladvancesenablingwidespreadiseof digital
video,in improveddatastorageimageprocessinggdatacompressiomandtelecom-
munications(ChangandLee,1997). A videorecordingcontainsa large amount
of databut relatiely little inherentsemantics.This datais deliveredin aneasily
understoodorm, asvideo is a visually powerful medium, being largely unab-
stracted.Whenviewed, a videorecordingis capableof providing a greatdealof
informationfor notonly sportsfans,but alsocoachesandplayers.

Recently the viewing of sporthasbeengiven extra interest,with broadcasts
of footageandassociate@raphicsoverthe WWW (‘webcasts’)anda move from
what hasbeena passve experienceto an active experience wherethe useris in
control (Salzbeg etal.,2001). Simulationsandsportsgamedorm anothemgroup
of software,enablingscenariocexplorationaswell asthe entertainmenelement.
Thoughfalling far shortof reality, simulationscansatisfy“What if. .. ?” specula-
tion atthefanlevel, for instancef therewasdisagreemeniith a coachs tactics
(Casti,1997).

Examplesof sportssoftwareinclude SportsCodeKeyToAnalysisand Game-
Planner SportsCodavill be presentedsa casestudyto exemplify wherecurrent
sportssoftware falls shorton a spatiotemporabasisand what may be doneto
remedythis.

A screenshotof SportsCodas shown in Figure 1 (SportsBc, 2002). The
softwareis designedo capturevideosegmentdor easyfuturequeryandretrieval.
This would be usefulin arugby matchsituationwherea coachmaywantto cap-
tureinstance®f basiceventssuchasscrumsigriesandkicks. Thefirst stageis to
create'code buttons’ representinghe teamin possessionThe featuredgameof
New Zealandv. SouthAfrica hasthe buttons‘NZ poss’and‘SA poss’defined.
Subsequentlyputtonsrelatedto specificeventswerealsodefined- theseare‘text
buttons’. Oncethe button configurationhasbeenfinalised,a digitisedvideo of a



rugby gamecanbe playedback,duringwhich the usermarksthe startandfinish
of agiveneventwith a pressof therelevantbutton. Thevideo segment(andtime
interval) associatewvith aneventis storedfor laterqueryandsubsequenetrieval.
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Figure1: A screenshotof SportsCode.The useraddsbuttonsto capturespe-
cific segmentsof a sportsvideo, which arestoredfor future queryandretrieval -
(Sportsec,2002)

SportsCodgossessesuserfriendly andeffective interfacefor non-specialist
usagelt hassomeusefulfeaturesuchastheuseof lagtimeto capturesventsthat
occurtoo swiftly for the userto reactat the video playing speed.(Lag timesare
pre-definedime intervals for startingvideo extractionbeforethe time indicated
by thefirst button click andendingextractionafterthe secondoutton click). The
invocationof the codebuttonscanbe plottedagainstheinstance®f text buttons
(e.g. tries, scrums)to producea 2D codematrix, a displayof statisticsaboutthe
game. Furthermoregventscanbe combined(i.e. by checkingfor time overlap)
to form a powerful querymechanism.This would enablea rugby union coachto
askfor all instance®f aspecificscenaridike adropkick attemptthathit thepost
andthenreboundedIn SportsCodeéhe spatialdimensioncanonly be implicitly
representedby the configurationof buttonsin the interface(e.g. in depictinga
scrumand/ or backlineformation).

KeyToAnalysisallows the userto recordevent descriptiongand associated
spatiallocations)during a rugby game.However, this is asfar asspatialcapabil-
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ities stretch- thereis no facility for linkage betweenspatialobjects (Whigham,
2000). GamePlanner(GamePlanner2002) is designedior coachego demon-
strategamestratagyiesto their players.It is anextensionof the practiceof usinga
whiteboardor blackboardo drav configurationsandmovementf playerswith

addedsupportfor animationandspecificknowledge(e.g. in therugbyversionof

GamePlannethereis afacility to specifythe numberof playersin andangleof a
scrum).Otherexamplesof softwareusagean sportincludetheinvestigatiorof ag-
gressiorin sport (Kirkeretal.,2000)andtheteachingof sportsskills (McKethan
andTurner,1999).

Unlocking Spatiotemporal Information

Shortfalls of Existing Software

In this examplewe contendthat existing sportssoftware goesso far, but not far
enoughespeciallyin the spatialdimension.SportsCodeés goodat ‘propositions’
(explicitly assigningattribute valuesto anobject)but thesegettoo numerousand
cannotbe programmedn advance. Consideringthe above drop kick example;
in a query eventsare groupedtogetherthrough checkingfor overlappingtime
intervals, but thereis no storageof sequencesothereis noway to queryadrop-
kick / miss/ rebound try scenariounlesscodedextremelycarefullywith exactly
sucha queryin mind. To introducea spatialelement,the rugby field could be
dividedinto a 6x2 matrix (the pitch is divided alongthefield by thetry lines, 22
metrelines and halfway line, and acrossthe field by a line passingthroughthe
centrespotandbetweerthe posts) with eachof the 12 areagnappednto a button
in SportsCodeTheusercouldthenqueryary playin oneof thecentre4 areaqi.e.
betweerboth 22 metrelines)thateventuallyleadsto a try beingscored.Without
ary links, thereis no way of queryingthis, unless'movesthatleadto tries’ was
originally codedat a higherlevel of abstractionBut in this casetheuserhasto do
considerablevork in codingcomple relationships.

Value of a Spatiotemporal Approach

It is proposedherethat a spatiotemporaapproachio rugby canunlock the po-
tential of a versatile,datarich mediumsuchasthe video. The potentialfor use
of spatialandtemporalinformationfrom video was recognisecby Changand
Lee (1997). Adopting sucha methodwould enablea move from propositionsto
relationshipsjn which eventsarelinked in spaceandtime. Implicit in this are
patternsof player movementand position, their modeof representatiomndthe
ability to handlespatiotemporatjueries.In rugby coachingthe areaof systems



rugby is closestto whatis beingproposecdhere,with eventssuchasscrumsand
kicks depictedasboxeslinkedby arrons. The spatiotemporaframevork enables
a synopticview of rugby, wherean eventis not tackledin isolationbut is repre-
sentedwith all precedingand subsequentoves,aswell asconstituentobjects.
Thenext sectionexploresvisualizingrugbyunionin spaceandtime.

Representation

An effective spatialand temporalrepresentatiorof eventson a rugby pitch is
essentiat removing spaceandtime would renderary eventmeaninglessn the
overall scopeof the game. In spatio-temporatepresentationthe ideal situation
Is to have the modeof visualizationas closeto the visual richnessof video as
possible but with semantics.The mainreasons coach-playecommunication
comple ideasand stratgies have to be put acrossfrom one party to the othet
Depicting a rugby gamein the sameway as a military wall map (with arrows
depictingarmymovementsill have alimited visualeffect, eventhoughthis has
beena principalmeansof communicatiorfor rugby coachesThis mainly results
from alack of adequateéemporalvisualization,wherea specificarrov may have
adateassociateavith it, but thereis nothingdynamicimmediatelydiscernabld¢o
theviewer. This is a staticview (a snapshotn time) that suitsthe mediumused
(i.e. paper blackboardswhiteboards)ut is ultimately restrictedby it. The use
of arrows are an attemptto breaktheseconstraintsand work well with simple
moves. However, it would be confusingandchaoticto have all the rugby moves
in a gameon the samestatic graphic, indicating that a dynamicrepresentation
mustbe usedto make optimumuseof theresourceswvailable.

Theoveralltemporalframenork of a gameis basedon gametime, which has
certaincharacteristics.All gamesare split into one or more parts,andtime is
normally restartecdat the beginning of eachpart. For instance a normalgameof
rugbyunionis dividedinto two halves,lasting40 minuteseach.Theseparameters
will changefrom sportto sportandevenwithin rugby union (in the caseof com-
petitions) whereequalpointsattheendof full time mayadd10minuteseachway
of extratime. Representationf this temporalframeavork is important,asqueries
may have to be madein a relative context. Relatve queriesmay concernevents
that occurfive minutesfrom the end of a game,or ten minutesfrom the startof
a game. Suchqueriesmay be basedon prior tactical knowledgeabouta team
(ateammay have a style of intenseattackearly in the gameandso queriesmay
be pitchedrelative to the starttime) or commonsenseknowledgeaboutathletes
competingn asport(tirednessnayleadto mistaleslatein the game- thiswould
entailaquerypitchedrelatve to the endtime of agame) (Whigham,2000).

For temporalrepresentationa definition of an atomic event asa methodof



discretizingtime is useful. Within arugby gameanatomiceventis anepisodeof
play betweerwhistles,correspondingo amanageablandself-containedegment
of digitizedvideo.

A similar discretizatiorof spacecould be used producinga grid containinga
setnumberof horizontalandvertical positionsfor any object(this grid is calleda
raster). Alternatively, location can be continuouswhereobjectsare pinpointed
through coordinatesrelative to somepoint of origin (a vector representation).
Within spatialrepresentatiothereis a distinctionto be madebetweerglobaland
local representationTo exemplify, the usercould click on ageneral(or ‘global’)
representatiorfsuchas a polygon enclosinga team)to derie ‘local’ represen-
tationsthat have more effective visualizationwhenfewer elementsareinvolved
(e.g.Feynmandiagrams Fermilab,2001;FO, 2002). Theseexamplesandmore
will be presentedindertheglobalandlocal typesof representation.

Global Representations
Abstraction

Representationof the two teamsas polygons. The two teamsin a gameof
rugby can be representedis two contiguousand non-overlappingpolygonsin
mary play situations(especiallysetplays), which betweenthem containall the
playersonthe pitch (Figure2a).

Thereareimportantcasesvherethis doesnot apply, mostnotablywhenthe
teamin possessiotis on the break,andthe two polygons(really two fronts, as
the sectionof polygonfacingaway from the oppositionis not importantin most
cases)nay be intermeshedFigure 2b). Whenthis happensthe breachesn a
front could be shavn asa ‘cut’ in the oppositionpolygon,which canwiden out
to model the player supportto the frontrunner(Figure 2c). A larger cut may
indicatea greaterbreakingopportunity- this couldbe a usefulquerymechanism.
The ultimateis a cut that dividesthe defendingpolygonin two; this is another
usefulqueryto potentiallyidentify breakavay tries. The cut alsoapplies(but may
be a lot deeper)whenthereis an attackingkick, wherethe cut follows the line
of the ball (andthe ball is regardedasanothermember’ of the attackingteam).
An analogousituationcouldbein the erosionof permeableock, wherethetwo
fronts are surfacesin profile, subjectto differing amountsof pressureor erosve
power (dependentn theattributesof playersin anattackingteam).



a) b) )

A = player on a break A = player on a break

Figure2: Examplesof abstraction(a) Teamsshovn astwo polygonswith oppos-
ing fronts(representatefield positionstakenfrom WRN, 2002);(b) Intermeshed
polygonsarising from an oppositionbreak;(c) Figure 2b in termsof a polygon
cut asopposedo intermeshegolygons. Arrows indicatea subsequensplit of

polygon

Analysis

Ideasabout freespacein rugby. Themeasuremertf areabetweerthefronts

couldbeusedto getanideaof theamountof spacgandthereforetime) available
to a playerwith the ball. The playerwould have his or herown attributes,which

wouldinfluencetheareaavailableto him or her. Thesesphereof influence’may
beaffectedby speedpower, ability to changedirection,andmaybeoriented.The

differential strengthsand weaknessesf the front (or surface)asoutlinedabove

may be correlatedwith the spheresf influenceof the playersalong that front

(Figure3a). Also, thefront of theopposingeam(andtheboundarie®f the pitch)

would spatiallyconstrairany sphereof influence.Thelogicalthingto doto lessen
this constraintis to passthe ball to a player with a larger sphereof influence
(which implicitly takesability and constraintanto account). In a backlinethis

shouldresultin the ball beingpassedlongtheline towardsthewing, wherethere
shouldbe the mostamountof spaceavailable.



a) b)

® Free space S

Wider for

a scrum half Longer for a

winger
Spheres of Influence Free space
Area lost psychologically

Figure3: Exampleof analysisifreespaceandindividual playersspace a) Back-
line example: Thefreespacéetweeropposingoackliness shavn, superimposed
by thehomebacklinesindividual sphere®f influence which differ in orientation
andsize,dependingn the attributesof the player;b) Psychologicalossof space
dueto thebananalefence

Rugbycanbeviewedin termsof trying to minimizethetime andspacewithin
which the oppositionhasto act, giving them lesstime to think and move, and
alsoforcing non-optimalplay. Thereare ways of creatingthe illusion of less
spaceto the opposition,for examplein a ‘bananadefence’(Figure 3b). This is
wherethe line of backshasbecomecurved so that the winger is almostlevel
with play. This createghe impressiornthatthe backsaremoreforwardthanthey
actually are. Although physically constrainingspaceto a degree, most of the
constrainingeffectis psychologicalastheoppositionpercevesthatthey have less
spacethanthey actuallyhave. Perhapsan areaboundedby the curved backline
anda straightline from packto winger could be usedto quantify the amountof
spacepsychologicallylost asaresultof thebananalefence.

An alternatve to using spheresof influencefor eachplayerlie in Voronoi
polygonsto representhespaceavailableto agivenplayer(seeFigure4). Thearea
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within aplayer’s polygonis closerto thatplayerthanary otherplayer Takingthe
conceptfurther, weightedVoronoidiagramscanbe usedto indicatestrengthand
directionalmobility. The caseof theleft winger(JonahLomu)in Figure4 reflects
speedandstrengthin going forward, but alsoa relatve weaknessn going back
(see Worboys (1995) for an introductionto Voronoi polygons). Finally, other
ways of manipulatingspaceinclude distortionalongthe xy planeasa function
of displacemenby spheresof influence. The resultis similar in conceptto a
cartogramamapwherethesizeof anareais not proportionalto geographiarea,
asis convention,but someotherattribute (Dent,1990). In this casethe attribute
in questionis thedeterminanbf sphereof influencesize.

Figure 4: Using Voronoi polygonsinsteadof spheresof influenceto represent
regions(hometeamon bottom). The caseof the left winger (‘fJonahLomu’) has
beenspatiallyweightedto reflectdirectionalmobility.

Representationof the rugby field asa probability map. Themapsin Figure5

show differentwaysof expressinghe probability of a playergettingto a certain
partof the pitch. A way to represenbarriersanddifficulty of movementis asan

attributein uniform xy space.Theproductwouldbeasurfacethatcouldbesuper

imposedon therugby pitch (wherebarriersareexpressedshills andmountains)
- Figure5a. The 3D visualizationof this surfacecouldbeeffectedby development
with graphicdanguagesuchasOpenGL(within theexisting Delphidevelopment
ernvironment).
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Figure5: Examplesof analysis: Probability maps. a) 2D surface showving the
players’strengthandspeedattributesasheightsabove the pitch (opposingeam).
Barrierstrengthrangedrom red(high) to blue (low); b) Costsurfacederivedfrom
the ‘elevation’ surface,indicatingthosepartsof the pitch thatareeasiesand(in
blue)hardes(in red)to getto, from thescrumhalfs point-of-view; c) Desirability
mapfor thewhite team.Desirabilityrangedrom dark (high) to light (low).

TheVoronoirepresentatiom Figure4 canbeusedo implementDelaunaytri-
angulation.TheresultingTIN (Triangulatedrregular Network) canbe combined
with therasterattribute valuesto createa space-fillingmapshaoving the samein-
formationasFigure5a (i.e. an alternatve methodto the interpolationroutines
usedto derive the rasters).From this surfacea costsurfacecould be calculated
(Figure5b), expressinghow hardit would be to getto the otherside of the bar
rier. Closelyrelatedto this mapwould be a desirabilitymap(Figure5c), shaving
the mostattractve areason the rugby field to an attackingplayer rangingfrom
oppositiontry line beingmostattractve to own try line beingleastattractve.

Local Representations

Local representationsapturesituationsthat aretoo comple to representt the
globalscale.The examplesn this sectionarebasedn thediagramghatRichard
Feynmandevelopedto depictinteractionsin particle physics (Fermilab,2001;
FO,2002).
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Figure6: Local Representatior-eynmandiagrams(Fermilab,2001;FO, 2002).
a) In particle physicsthe top diagramshavs photonemissionand collision. In
rugby terms(bottom) a similar configurationhasbeenusedto represent pass;
b) Collision of an electronand positronto producea photonbeforesplitting to
produceatauminusandtauplusparticle(top). Therugbyinterpretation(bottom)

canbe playerscorverging to form a scrum,ruck, maul or tacklesituationbefore
disentangling.

Figure6 shows two suchinteractionsandhow they could be usedto describe
situationsin rugby In Figure6a,thetop diagramshows anelectronstartingat 1,
emitting a photon(wavy line) at5, thenchangingdirectionto 3. The photonhits
anotherelectron(from 2) at 6, thenchangeglirectionto 4. The bottomdiagram
shaows what this might representn rugby terms. If the two electronsare play-
ersandthe photonemissionrepresentshe offloadingof the ball throughpassing
(hencethe changedangleof the ‘photon’ - thoughin Feynmantermsthe angle
now indicatesthatit is the electronstartingat 2 thatemitsthe photon)or kicking.
In Figure6b, thetop diagramshownvs anelectron(1) andpositron(3) meetingat 5,
wherethey areobliterated emittinga photon.At 6, a photonsplitsinto atauplus
(4) andatau minus(2) particle (‘directions’ of arrows in Feynmandiagramsdo
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not indicatedirectionbut the type of particle). In rugbytermswe may chooseto
ignorethedirectionof arrows to avoid confusion(bottom). Whatresultsis arich
representatiortheinitial two constructouldbetheplayerandtheball, separate
atfirst but joining togetherto achieve a specialstateindicatedby the photonline,
beforeparting. Alternatively, theinitial constructscould be both playersandthe
photonline representa tackle. Finally the configurationcould represenplayers
from the sameteamcorverging to form ascrumor aruck or maul.

Implicit in both typesof interactionshovn in Figure 6 is movementin two
dimensionavhereoneaxisrepresentspace(x) andthe otherrepresentsime (t).
In the electron- photon- electrondiagram,x is left-to-right andt is upwards;in
the electron/positron photon- tau plus/tauminusdiagram x is upwardsandt is
left-to-right.

Thisrepresentatioalonemaybesuficientfor limited situationsputthegame
of rugbyis a 3D phenomenoifor moreif therugby playersarerepresenteavith
attributes),which implies a representatiothat canusethe secondspatialdimen-
sion(y). Someattemptsat a 3D Feynmanrepresentatiofor the rugby movesin
Figure6 have beenshavn (Figure7).
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Figure 7: Local representation3D Feynmandiagrams(arrows indicate player
movement,wavy line indicatesspecialstateand xy projectionis shovn). a) A

player(moving from 1 - 5) passesheball at 3 andis recevedby a secondplayer
(moving from 2 - 6) at4; b) Formationof a maul- playersl,2 and3 corverge at
4, move forwardallittle distanceasa maulanddisbandat 5, moving to positions
6, 7 and8 (they axisis from end-to-endf therugbyfield).
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Object Representation

The Object Hierar chy

Thepreviousmeanf representatiodepictatsomelevel variousrugbyelements.
Thesecould be the polygonalconfigurationof an entireteam,smallergroupings
suchasscrums,ndividual playersandthe movementsof objects. Eachof these
elementdeave a spatio-temporalootprint, but they have to be classifiedn some
fashionsothatthereis anentity (whichis embeddedh alogical framevork) onto
which spatio-temporatlatacanbe attached.This is effectedthroughconceptual
classificationn termsof anobject-orientedierarchy(i.e. anontologyof rugby).
In termsof objectorientation objectsareinstance®f classesin this casegclasses
canbesaidto betheresultof breakingdown the domainof rugby unioninto its
constituentlementqsee Worboys (1995)for anintroductionto objectorienta-
tion).

Threecatagoriesof class(mappableo a rugby element)have beendefined:
objects(objectsthatarefoundon arugbyfield asopposedo objectsin aconcep-
tual hierarchy),actionsandtemplateqFigure 8). Objectsare elementalentities
(cannotbe brokendown further)foundin rugby, suchasa player refereeandball.
Actions form a classificationof objectbehaiour, suchaspassandkick i.e. the
player(object)kicks (action). Finally, templatesarecombinationsof objectsand
actions,storedbecauseucha groupinghasmeaningasa whole(i.e. agrouping
of playersto form a scrum). As well asstoringrecognisectonstructsn rugby;
templatescan be usedas signpostdo specificrugby stratgies (e.g. bananade-
fence).

Thefiguresdepicthierarchiesof classeswheresubclassearesaidto inherit
from the classesabore them. For example,in Figure 8b, Kick hasthree sub-
classesChip, PuntandGrubbey all of whichinheritthe characteristicsf Kick.

Similar classificatiomactvities have beenobseredin socceyin the designof
ToPlay software. A hierarchicalmodel(or ‘digital rulebook’) of two partswas
devised,outlining key componentandapplicationto a specificgame(whichis a
subseDf all possiblemoves- Salzbeg etal., 2001).

The Interface

Thesehierarchieshave beenusedto form part of a userfriendly interface(pro-
grammedn Delphi), designedo extractandqueryspatiotemporapatternsrom
video. Thisinterface(calledSCRJM - Spatio-ChronologicaRugbyUnionModel)
is intendedemulatethesimplicity andease-of-usef SportsCodéFigure9). Parts
of the threehierarchiesare displayedin the bottom-rightpane. Root and child
nodescanbe addedandnamedby the user thenlinkedto an objectto placeon
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Home Away
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Figure8: A selectionof (a) objects(b) actions,and(c) templatefoundin rugby
renderedin an object-orientedhierarchicalarrangementarrangedby class. A
classinheritsthe characteristicef the classaboveit in the hierarchy
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the pseudo3-dimensionakpatialrepresentatiomf a rugby field (occupying the
top-left of the interface). The rugby video clips themselescanbe accessedia
a databasevhich appeardottom-left, listing clips (or atomic events)occurring
in threegamesof the 1999 RugbyWorld Cup. The usercanclick on arecordin
the databaseinda Video Controlswindow will be displayedto manipulatethe
video (with controlssuchasplay andslow motion). Theremainingtop-rightpane
displaysthevideoitself, in this caseshaving a scrumfrom the Walesv. Australia
game.Thescrumandconfigurationof backscanbe seenspatiallyon the pseudo-
3D pitch andin the hierarchy wherethe relevantnodehasbeenhighlighted.
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Figure9: A screershotfrom SCRUM, with the pseudo-3Dspatialrepresentation
(with superimposedcrumandplayerobjects)onthetop left; videoclip database
is bottomleft; videois top-right; objecthierarchyis bottom-right.

Discussionand Conclusion

Sportssoftware providesvaluablefacilities for visualizingandanalyzinggames
suchasrugby, mostly by usingvideo asa raw datasource. However, they ig-
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noretherich storeof spatiotemporaiformationimplicit in avideo. A prototype
software systemhasbeenconstructedhat exploits this resource wherein spa-
tiotemporalpatternsaarecoded displayedandindexed. This paperpaysparticular
attentionto the display of objects(in a hierarchy)and the complex spatiotem-
poral patternsassumedy thoseobjectsduring a gameof rugby, distinguishing
betweenglobal andlocal representationslt is intendedthat someof thesevisu-

alizationmethodswill be usedto extendthe existing capabilitiesof the software.
A queryingcapabilitywill bebuilt into the interface,wherethe queryis built up

from active objectsor iconssuchasthoseon the pitch planin Figure9. This ap-

proachis similar to the useof sketchingfor dataqueryand subsequentetrieval

(Egenhofer1997). A furthertaskis to develop similarity measuredasedon the

representations.

The useof videoto studyspatiotemporapatternamplies that objectswithin
eventshave to be distinguishableand generalisable Also thereshouldbe suffi-
cientdatacapturedfor a numberof patternsof interestto be tested.Finally and
mostimportantly recordedeventshave to be spatiallyandtemporallyreferenced.
Thereferencingschemesutlinedin this paperassumehatobjectsin avideocan
be pinpointedpreciselyusingonly informationcontainedelsavherein the video
shot. For instance photogrammetryandvideographycould usereferencepoints
(i.e. pointsthatare preciselyknown, suchasary line intersectionon the pitch)
to fix the positionof mobile objects videoframeby videoframe. An experiment
with photogrammetnappliedto avideostill (Figure10) hasestablishedhatit is
possibleto adequatelycalculatethe position of objectsfrom long camerashots,
althougherrorincreasesvith distancerom the cameraHowever, the majority of
rugbygamevideo coverageemploys closerangeactionshotsratherthana synop-
tic view, makingcontinuousobjectlocationtrackingchallenging.Anotherfactor
reducingprecisionis objectmovement.A possiblesolutionmaylie in the useof
software suchasToPlay (for soccer) which usesmissiletrackingtechnologyto
transferordinary footageto 3D graphics (Chaudhary2001), subsequentlylis-
seminatedn awebcast(Salzbeg etal., 2001).

In theshort-termyideois thebestavailablespatio-temporatiatasource how-
ever thetime will comewhenit is supersededly technologicabhdvancessuchas
GPSreceverssmall enoughto be attachedo playersanddelivering high preci-
siondata.Anticipatingsuchatime, in this papemwe havzeassumedhatpreciseand
accuratecoordinatesvill becomeahenorm. Thereis alreadycompellingevidence
of progressin wearabletechnology with the recentannouncemenof a soccer
shirt that usessavn-in devicesto monitor the pace,accelerationpulserate,and
temperatur®f thewearer (Fox, 2002).

For now, and from a spatial point of view, a more suitable path would be
an emphasisaway from precisionand more towardsrecordingand representing
the topology of objectsandthe fuzzy spatialmodelingof objects,which would
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have an effect on objectrepresentationThe emphasin relative positionthatis
associateavith topologycomeso the fore whendescribingpatterns.

Figure 10: Using broadcasvideoto captureplayercoordinates.The right-hand
paneis a single video frame marked with four control points correspondingo
identifiablefield locations. The left-handpanecontainsthe correspondingecti-
fiedimagelocatedon a (partial) pitch outline. (From2001BledisloeCup Match,
Australiavs. New Zealand Carisbrook Dunedin.)
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