
Lost in Time, Spae, and MeaningAn Ontology-Based Approah toRoad TraÆ Situation AwarenessNorbert Baumgartner1, Werner Retshitzegger2, and Wieland Shwinger21 team Communiation Tehnology Management GmbH,Goethegasse 3/3, 1010 Vienna, Austria,norbert.baumgartner�te-am.net,2 Johannes Kepler University Linz,Altenberger Str. 69, 4040 Linz, Austria(werner.retshitzegger|wieland.shwinger)�jku.atAbstrat. Situation awareness in road traÆ management3 aims at de-termining the meaning of information by examining relations amongtraÆ objets in time and spae, thus being a andidate for applyingontologies. Existing ontologies for situation awareness are, however, onlypartly appliable, sine they primarily fous on a quantitative represen-tation of time and spae and do not suÆiently attend qualitative issueswhih are a ruial prerequisite for road traÆ management. This pa-per ontributes a set of requirements for road traÆ situation awarenessderived from typial road traÆ management senarios. On this basis,an ontology for road traÆ situation awareness is extended by oneptsidenti�ed in existing, well-established spatio-temporal aluli. The ap-pliability of these onepts is demonstrated using the exemplary roadtraÆ management senarios.1 IntrodutionAhieving situation awareness (SAW) or ontext awareness (CAW)4 involves thedetermination of the meaning of information about physial objets in highly-dynami, heterogeneous environments. By the derivation of relations5 amongthese physial objets [3℄, they are, depending on, e.g., the appliation domainor the assessing agent's purpose, lustered to situations. Consequently, ationsan be taken based on the identi�ed situations. Ontologies have been reentlyregarded to be bene�ial for SAW [3℄, sine they allow, for example, a formalapproah to model ontext [4℄.3 Our work is partly supported by the ASFINAG TraÆ Telematis Ltd. whih,among others, develops and operates the TraÆ Management and Information Sys-tem (TMIS) for Austrian's highways [1℄.4 In the sope of this paper, the notion SAW is used as a synonym for CAW; f.Dokhorn Costa et. al. [2℄ for the notion of situations in CAW.5 The notion of relation is used with its mathematial interpretation in mind.



2 A prominent environment for SAW appliations is the �eld of road traÆmanagement, in whih agents ontrol road traÆ based on the assessed traf-� situations using either diret measures (e.g. by means of speed ontrols) orindiret measures (e.g. via warning messages) [5℄.The notions of time and spae are ubiquitous in road traÆ management and,atually, in SAW appliations in general (.f. [6℄). For reasoning about situationsthat involve traÆ objets with their spatio-temporal loations, the quantitativerepresentation of these loations (e.g. oordinates) is not suÆient; rather, qual-itative approahes employing primitive, spatio-temporal relations (e.g. "in thearea of") should be utilized [7℄. As an evaluation of existing SAW ontologies hasshown [8℄, suh qualitative aspets of time and spae are still not suÆientlyattended.After an overview of related work in Set. 2, this paper provides a set ofrequirements for road traÆ SAW derived from typial road traÆ managementsenarios (Set. 3). On this basis, an ontology for road traÆ SAW is extendedby onepts identi�ed in existing, well-established spatio-temporal aluli (Set.4). The appliability of these onepts is demonstrated using the introdued roadtraÆ management senarios (Set. 5). It has to be emphasized, however, thatthe proposed ombination of onepts in terms of an ontology is only a �rst steptowards an atual proof-of-onept implementation in a road traÆ managementsystem. This next step is also addressed in Set. 6, in whih we summarize theontribution of the paper, state lessons learned, and desribe further prospetsof our work.2 Related WorkConsidering related work, it is �rst of all interesting to note that there are ur-rently, to the best of our knowledge, no speialized, formal ontologies for the areaof SAW in road traÆ management. Consequently, in this setion, we presentan overview of domain-independent SAW ontologies that are appliable to roadtraÆ management and examine their qualitative spatio-temporal onepts. Ina still larger ontext, we also have a look at ommon top-level ontologies, sinethey naturally model all aspets of time and spae.As has been shown in our evaluation done in [8℄, existing domain-independentSAW ontologies sarely support qualitative spatio-temporal onepts. An ex-eption is the Standard Ontology for Ubiquitous and Pervasive Appliations(SOUPA) by Chen et. al. [9℄. SOUPA supports temporal onepts adhering tothe DAML-Time6 ontology, whereas the inorporated spatial onepts are inu-ened by OpenCy7 and OpenGIS8. Unfortunately, Chen et. al do not provideexpliit use ases or a motivation for their hosen spatio-temporal onepts.Moreover, it is unlear how spatio-temporal reasoning is enabled and universal-ity regarding the plurality of spatio-temporal aspets is ensured.6 http://www.s.rohester.edu/�ferguson/daml7 http://www.openy.org8 http://www.opengeospatial.org/standards/gml



3The Context Ontology Language by Strang et. al. (CoOL, [10℄) is not itselfan ontology for SAW; rather, it is an interoperable language for representing on-texts using ontologies. CoOL is based on the ASC model (Aspet-Sale-Context)whih enables the assoiation of objets with ontext information in di�erentsales and aspets. Strang et. al. provide a basi set of aspets and sales as wellas mappings between di�erent sales (e.g. between nautial miles and kilome-ters). These onepts inlude mainly quantitative spatio-temporal information,qualitative approahes that enable reasoning are not mentioned, although theopen arhiteture of CoOL ould likely allow an extensions by qualitative sales.Sine SAW ontologies hardly inorporate qualitative spatio-temporal on-epts for reasoning about situations, one may suggest the diret usage of spatio-temporal onepts of top-level ontologies via importing respetively mappingthem into a domain ontology for road traÆ management (f. [11℄ for suh anapproah in the domain of personal information management). In the ontextof our spei� appliation domain, however, suh an approah is not feasibledue to three reasons. First, we want to omit the burden of a omplete top-levelontology on a reasoning engine. Seond, top-level ontologies may make ontologi-al ommitments that are orthogonal to the requirements of SAW in road traÆmanagement. Finally, we want to keep our ontology as simple as possible in orderto ease its usage by domain experts. Thus, we adhere to an approah also takenby SOUPA [9℄ and employ onepts from qualitative spatio-temporal aluli thatunderlie the spatio-temporal onepts in most top-level ontologies and motivatetheir seletion on the basis of the requirements of road traÆ management.3 Requirements for Spatio-Temporal ConeptsSituation awareness in road traÆ management requires spei� spatio-temporalonepts. Starting with rather quantitative, spatio-temporal loations of traÆobjets, we subsequently identify ertain qualitative aspets of time and spae.These qualitative, spatio-temporal aspets have to be expressible by appropriatespatio-temporal relations whih form the basis for assessing road traÆ situa-tions. Eah of the below requirements is motivated by real-world road traÆmanagement senarios.
Fig. 1. Three road traÆ situations depiting di�erent spatio-temporal aspetsLoations in Time and Spae. Road traÆ management handles informationabout traÆ objets in the past (e.g. a leared aident), the presene (e.g. a



4measured traÆ jam), and the future (e.g. sheduled roadworks or foreast blakie). In order to de�ne the requirements for suh temporal information, we borrowa notion from the �eld of temporal databases. Information about objets (e.g.the duration of a traÆ jam, f. 1(a)), their attributes (e.g. the length of a traÆjam), and relations with other objets are assoiated with valid time intervals[12℄. In order to assess past and future traÆ situations, one may thereby hoosea orresponding time instant of assessment and examine the valid informationat that moment. Regarding the granularity of temporal information, seonds areertainly �ne enough, as even sensor measurements at every minute are veryommon in road traÆ management9.Amongst others, one kind of information that evolves over time is the spatialloation of an objet. In road traÆ management, traÆ objets are usuallyloated at parts of the road network (e.g. a traÆ jam on a direted road segment,f. Fig. 1()), i.e. the abstrat struture of spae for loating objets should be agraph representation of the road network. Regarding the granularity of distanesin suh a graph, meters are suÆient.Qualitative Spatio-Temporal Aspets. After loating objets in time andspae, we want to determine spatio-temporal relations among objets in orderto assess road traÆ situations at the hosen time instant of assessment. Thatis, these relations o�er the voabulary for desribing relevant, momentary typesof situations (e.g. aident "in the area of" roadworks). Suh spatio-temporalrelations have to express di�erent qualitative spatio-temporal aspets. Althoughthere are a lot of suh aspets of time and spae proposed in literature (f. [13℄,[14℄), many of them are not really neessary for SAW in road traÆ management.The following aspets desribed in Cohn and Hazarika's overview of qualitativespatial reasoning [13℄ are motivated by our simple road traÆ management se-narios10. However, by ombining the spatio-temporal relations that express thebelow aspets more omplex traÆ situations may be onstruted.Fig. 1(a) depits the dangerous traÆ situation of an aident "in front of" atraÆ jam "in" a tunnel. This leads us to the �rst aspet, mereotopology, whihallows to express objets being onneted with, part of, or overlapping otherobjets, e.g. a traÆ jam "in" a tunnel. The seond aspet is orientation, i.e.an aident "in front of" a traÆ jam. Regarding the spatial orientation in roadtraÆ management, one an impliitly determine the orientation of an objetby its loation on a direted route segment. The ombination of both aspetsontributes to the desription of the above situation whih would lead to a blokof the tunnel in a real-world setting.The next situation, shown in Fig. 1(b), is slightly more ompliated withrespet to situation assessment and involves roadworks "shortly after the endof" and "near" a football game. In suh a situation the roadworks should be9 In fat, we fous on highway traÆ management whih is less granular than urbanroad traÆ management.10 Although Cohn and Hazarika provide an overview of spatial aspets only, the adoptedaspets of spae an be interpreted with respet to time as well.



5suspended in order not to obstrut leaving visitors of the football game. Thisexample again depits two kinds of aspets. The �rst one is orientation, thistime from a temporal point of view, e.g. roadworks are "after" a football game.In addition, being "shortly after" and "near" indiate the aspet distane fortime respetively spae. Finally, note that temporal relations like, for example,"after" are just needed, if we want to express relations that are independent fromthe time instant of situation assessment, e.g. roadworks are sheduled "after" afootball game.Fig. 1() depits a senario that may lead to a rerouting of road traÆ beauseof a traÆ jam that is "shorter" than a traÆ jam "on an alternative route".Whereas "on an alternative route" is a speial interpretation of orientation in aroad network, "shorter" deals, again from a spatial point of view, with size, ourlast aspet of interest.Reasoning with Spatio-Temporal Relations. Conerning reasoning withspatio-temporal relations, it would in priniple be possible to diretly deriveall relations among objets by investigating their loations. Sine, however, es-peially spae indues a high level of detail, i.e. a large number of route seg-ments that have to be onsidered, the omputational e�orts aompanying thederivation are not feasible. Consequently, a �rst requirement for reasoning withspatio-temporal relations is that one should be able to infer relations amongroad traÆ objets. For example, given the two relations in Fig. 1(a) involvingan aident "in front of" a traÆ jam and the same traÆ jam "in" a tunnel,one may infer that the aident is "in" or "in front of" the tunnel.With spatio-temporal relations that support reasoning proesses at hand, theseond requirement omes into play. Cheking the satis�ability, i.e. determiningwhether a set of objets satis�es the relations desribed in a type of situation,has to be omputationally tratable.A �nal requirement in this ategory deals with inomplete information whihis evident in road traÆ management (e.g. the end of a deteted traÆ jam is un-known). Adequate spatio-temporal relations have to support the representationof and reasoning with suh inomplete information.4 Spatio-Temporal ConeptsIn order to meet the requirements stated above, we identify and ombine oneptsfrom various spatio-temporal aluli in the following setion. As a prerequisite,we briey introdue a very basi ontology we have developed for representingtraÆ objets in a uniform way and extend it step by step using the identi�edspatio-temporal onepts.Fig. 2 depits this basi SAW ontology for road traÆ management, whihhas been developed using OWL11, and gives some speializations as needed forour senarios desribed in Set. 3. Note that similar basi onepts may be foundin most domain-independent or top-level ontologies (f. [8℄).11 http://www.w3.org/TR/owl-features
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Fig. 2. Basi onepts of our ontology for road traÆ SAWA physial Objet ontributes to situations and has a stable identity (e.g. anAident has, in ontrast to a measured veloity, a stable identity). An objet isrelated with other objets by instanes of a binary Relation, whereas instanesof Attribute represent the intrinsi harateristis of an objet and providethe basi knowledge for deriving relations among objets. Finally, a Situation"ontains" at least one objet (ontainsObjet) and is derived from Objet;thus, situations may be treated as objets.Fig. 3 shows the below disussed spatio-temporal extensions to our ontologyat a glane. In order to get a small and exible ontology, we swap out the di�erentidenti�ed spatio-temporal aluli into ontology modules that an be plugged intothe SAW ontology.Loating Objets in Time and Spae. Regarding the temporal loationof objets, we diretly utilize OWL-Time12 in our ontology. In ontrast to aomplete top-level ontology, OWL-Time is a small and exible ontology tailoredto temporal onepts, for whih a �rst-order axiomatization, whih serves asthe basis for deriving temporal relations, is provided. Regarding the level ofgranularity, OWL-Time enables the representation of time instants up to deimalfrations of seonds whih are �ne enough for our requirements. To ope with ourrequirement regarding valid time intervals, the extensions to our ontology basedon OWL-Time are twofold. First, we model valid time intervals of attributes,relations, and situations by adding the objet property holds to eah of theorresponding lasses. The range of this property, i.e. a valid time interval, isrespresented by the OWL-Time lass ProperInterval. Seond, we add the lassLifespan, again borrowed from the area of temporal databases [12℄, and deriveit from Attribute as well as assoiate it with ProperInterval. The lifespan,i.e. the valid time interval of the whole objet, is the basis for loating objetsin time and deriving temporal relations.In order to deal with the required spatial loations, we follow the approahoutlined by Bateman and Farrar [14℄. Objets do not onstitute spae themselves;12 http://www.w3.org/TR/owl-time
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Fig. 3. Spatio-temporal extensions to our ontology for road traÆ SAWrather, they are loated at spatial regions in strutured spae whih supports thederivation of spatial relations. A strutured spae that meets our requirementsare route graphs that, although originating from the �eld of agent navigation, re-semble graphs of road networks quite well. Roads represent routes, i.e. a sequeneof direted segments whih are, as ommon in the �eld of road traÆ manage-ment, onneted by plaes like juntions, parking plaes, et. Moreover, plaeshave an underlying referene framework|in our ase, the number of meters fromthe beginning of the route whih satisfy our requirement regarding the granular-ity of spae. In addition, we add the notion of a spatial region and de�ne it as anon-empty set of sequenes of route segments13 that may be oupied by an ob-jet. To inorporate spatial loations into our ontology, analogously to Lifespan,we derive the attribute Loation and assoiate it with SpatialRegion (f. Fig.3)14.Spatio-Temporal Relations. As mentioned in Set. 3, spatio-temporal rela-tions provided by our SAW ontology for road traÆ management should notonly express the stated aspets of time and spae but also exhibit the desiredreasoning apabilities15.First of all, the basis for extending our ontology with temporal relations isthe hoie of temporal primitives beause these determine the appliable aluli.As we are mainly dealing with time intervals, we suggest time intervals as tem-poral primitives whih are for several reasons preferable to time points [15℄. Awell-known theory that provides thirteen relations between time intervals (e.g.13 Note that we expliitly not use the notion path, in order to avoid onfusion betweenposition and movement.14 We adhere to the modeling approah of separating qualities (Loation, Lifespan)and their peuliarities (SpatialRegion, ProperInterval), f. [14℄.15 Sine the subsequently introdued aluli alltogether involve more than sixty spatio-temporal relations, it is beyond the sope of this paper to desribe them in detail.For an in-depth overview, we refer to related work like [13℄ or [14℄.



8"before", "during") is Allen's time interval algebra [15℄. Regarding the express-ible aspets, these relation over mereotopology and orientation. Moreover, Allenalso provides an approah to infer relations based on transition tables. Althoughheking satis�ability has been proven to be NP-Complete in Allen's interval al-gebra, there exist tratable sublasses of the problem [16℄. Hene, we extend ourontology by Allen's relations. When dealing with inomplete information, how-ever, Freksa [17℄ argues that Allen's relations are not eÆient nor ognitively ad-equate. Freksa provides an alternative approah based on semi-intervals, that is,relations between beginnings and endings of intervals (e.g. "older", "survives").Aording to Freksa, these relations enable eÆient, oarse reasoning with in-omplete knowledge. Thus, we additionally inorporate Freksa's relations andhoose the appropriate alulus dependent on the types of traÆ situations weare interested in. Furthermore, we add the aspet distane in form of quantitativetemporal relations (OWL-Time duration) respetively simple qualitative tempo-ral relations ("shortly" and "long"). Regarding duration (size), we also add twosimple, easily-derived, and transitive relations|an objet may live longer orshorter than, respetively as long as another objet, whereby equivalents to thelatter ase an also be found in Allen's or Freksa's relations.Turning to spatial relations, the region onnetion alulus (RCC) [18℄, es-peially its version with eight relations (RCC-8), is well known for representingmereotopologial relationships between spatial regions. They are similarly inor-porated in most top-level ontologies and an be interpreted with respet to ourroute graphs. Although heking satis�ability in RCC-8 is NP-hard, reent work,espeially by Renz et. al. [19℄, demonstrates that large tratable sublasses ofRCC-8 and similar aluli exist. As with time, we additionally inorporate theRCC-5 alulus whih enables oarser reasoning. Regarding orientation, we justonsider intrinsi approahes [20℄, beause we only need binary spatial relationsbetween two objets without third referene points. A very generi and exiblealulus that, amongst others, enables binary relations is the oriented point re-lations algebra (OPRAm) [21℄. A omputational advantage is that OPRA maywork with di�erent granularities whih enable oarse as well as �ne-grained rea-soning. Although not very intuitively, the relations may be interpreted withregards to route graphs as well (e.g. two objets are "RightLeft" if they are onparallel, alternative routes to the same destination). Spatial distane is treatedakin to temporal distane (meters respetively "lose", "far", et). Finally, spa-tial size is also handled similarly to temporal size, but we onsider di�erent levelsof granularity (e.g "muh larger").Regarding our requirement for reasoning with inomplete information, theabove aluli for time and spae enable the representation of unertainty bydisjuntions of relations among objets (e.g. an aident is spatially overlappingor part of a tunnel). This is, however, only neessary if a �ne-grained level ofdetail is needed; when utilizing oarse knowledge one may abstrat from thesedisjuntions by providing speialized relations for suh ases (e.g. [17℄). Notethat there are objets, whose temporal or spatial loations are sarely known(e.g. the extent of a traÆ jam in an area without sensors)|for suh situations,



9disjuntions of relations or oarse relations are ertainly suÆient. Even if there ismore information available, we suggest that the followed approah to representinomplete information should still serve as the basis for more sophistiatedmethods (e.g. the provision of probabilities for disjuntive relations).A few �nal notes on omputational tratability|all of the desribed aluliemploy a joint exhaustively and pairwise disjoint (JEPD) set of base relations.For suh arbitrary qualitative spatio-temporal aluli, Renz et. al. [19℄ have de-veloped an algorithm for identifying large tratable sublasses of the onsistenyproblem. In our ontext, we de�ne the onsisteny problem as follows: "Given aknowledge base onsisting of objets and a not exhaustive set of relations betweenthem, determine whether there is an instane of a given situation type whih isonsistent with our knowledge base." Although there are several involved rea-soning problems (e.g. minimize situation types, f. [19℄), the most important oneis to derive unknown relations. As already stated in Set. 3, the derivation ofrelations has to be possible without the prior omputation of an exhaustive setof relations between all known objets, whih is, in fat, exatly our reasoningproblem. Sine �nding unknown relations as well as most other reasoning prob-lems with respet to JEPD aluli an be redued to the onsisteny problem inpolynomial time [19℄, it is suÆient to restrit ourselves to tratable sublassesof the onsisteny problem. Suh tratable sublasses restrit the possible dis-juntions of relations in a alulus. For example, Renz and Nebel [22℄ identi�ed amaximal tratable fragment of RCC-8 whih inorporates all eight relations and,overall, allows 64 of the 28 possible disjuntions of these relations. For our pur-poses, this sublass suÆes16. Consequently, the identi�ed aluli an be appliedto determine the satis�ability of a situation type in reasonable time.5 Appliation to Road TraÆ Management SenariosWith the proposed spatio-temporal extensions to our basi ontology for roadtraÆ SAW and the orresponding inferene mehanisms at hand, we are nowin a position to desribe the types of situations depited in Set. 3. Due toits simpliity, we follow the human-readable syntax of the Semanti Web RuleLanguage17 (SWRL)18 for the following formal spei�ation of OWL lass re-spetively objet property membership. For reasons of brevity, we suppose thatthe valid time intervals orresponding to the situation assessment time instantare impliitly hosen.16 However, the hoie of a sublass is dependent on the alulus and the situationtypes we are interested in.17 http://www.w3.org/Submission/SWRL18 Note that SWRL does not allow variables in the onsequent that do not our in theanteedent. To be able to express our examples, we dismiss this language requirementand regard suh variables as instanes that have to be reated in ase the rule "�res".



10 The formalism is further explained by expressing our �rst senario in Fig.1(a):/* Fig. 1(a) */Aident(?a) & TraffiJam(?b) & Tunnel(?) &relatesFrom(?a, ?z) & relatesTo(?z, ?b) & r8:ExternallyConneted(?z)relatesFrom(?a, ?y) & relatesTo(?y, ?b) & opra1:BakFront(?y)relatesFrom(?b, ?x) & relatesTo(?x, ?) & r5:ProperPartOf(?x) =>SituationA(?s) & ontainsObjet(?s, ?a) &ontainsObjet(?s, ?b) & ontainsObjet(?s, ?)This rule, whih ombines onepts from di�erent spatio-temporal aluli,should be read as follows: If between instanes of the lasses Aident andTraffiJam the RCC-8-relation ExternallyConneted as well as the OPRA1-relation BakFront hold, i.e. an aident is in front of a traÆ jam, and thetraÆ jam is related with an instane of Tunnel by an instane of the RCC-5relation ProperPartOf, then a situation ontaining all three objets is reated.This situation is an instane of the lass SituationA, a derivative of Situationthat represents the senario shown in Fig. 1(a). In the following, the two othersenarios shown in Fig. 1 (b) and () are similarly formalized./* Fig. 1(b) */Roadworks(?a) & FootballGame(?b) &relatesFrom(?a, ?z) & relatesTo(?z, ?b) & tempDist:Shortly(?z) &relatesFrom(?a, ?y) & relatesTo(?y, ?b) & Allen:After(?y) &relatesFrom(?a, ?x) & relatesTo(?x, ?b) & spatDist:Near(?x) =>SituationB(?s) & ontainsObjet(?s, ?a) & ontainsObjet(?s, ?b)/* Fig. 1() */TraffiJam(?a) & TraffiJam(?b) &relatesFrom(?a, ?z) & relatesTo(?z, ?b) & opra1:RightLeft(?z) &relatesFrom(?a, ?y) & relatesTo(?y, ?b) & spatSize:Shorter(?y) &SituationC(?s) & ontainsObjet(?s, ?a) & ontainsObjet(?s, ?b)Regarding the representation of inomplete information, we return to the �rstsenario and assume that the exat loation of the aident is unknown. Thus,a disjuntion of relations would hold among both objets (e.g. also the RCC-5relation PartlyOverlapping). Nevertheless, the situation would be reognized,sine the trigger ProperPartOf is still valid.Finally, as shown by their appliation to all three senarios, the spatio-temporal extensions to our basi ontology are apable of overing all requiredqualitative spatio-temporal aspets suessfully.6 Summary and Lessons LearnedIn this paper, we have identi�ed onepts from various well-established spatio-temporal aluli that meet the requirements of SAW in road traÆ management.



11We proposed a �rst approah to ombine these onepts in an appropriate on-tology and demonstrated its appliability to a ouple of small, real-world roadtraÆ management senarios. The immediate bene�t for a road traÆ engineeris that the de�nition of situation types based on the suggested spatio-temporalrelations are appliation-independent and may failitate knowledge sharing be-tween traÆ management systems.In the ourse of this work, it has been shown that the identi�ed spatio-temporal relations should beome the working language of a road traÆ engi-neer for speifying relevant road traÆ situations. Thus, the applied relationsshould be intuitive and easily understood. Although many of the utilized spatio-temporal aluli originate from the �eld of ognitive sienes, we believe thattheir ombination may still be too omplex. Whether a graphial user interfaehiding tehnial issues solves this problem is an open issue.Another interesting issue that ame up is that, although we seleted thespatio-temporal onepts with road traÆ management in mind, we believe thatthey are|maybe extended by further aspets of spae and time|appliable ina more general, domain-independent ontext. This may be ahieved by fator-ing out all domain-independent onepts and ombining them into a domain-independent ontology for SAW appliations, whih ould leverage qualitativespatio-temporal onepts in ontrast to related work.Regarding future prospets of our work, we are urrently inorporating ourontology into a framework for SAW in road traÆ management. In the nearfuture, we are going to deploy a prototypial implementation of this framework ina road traÆ management system in order to support traÆ operators ahievingSAW in omplex road traÆ management senarios.Referenes1. Deweis, N.: ASFINAG TraÆ Telematis Ltd. In: Speial Session SS47 'Intelli-gent infrastruture, ahievements and progress in Austria', ITS World Congress,London, UK. (2006)2. Costa, P.D., Guizzardi, G., Almeida, J.P.A., Pires, L.F., van Sinderen, M.J.: Sit-uations in oneptual modeling of ontext. In: Proeedings of the 10th IEEEInternational Enterprise Distributed Objet Computing Conferene Workshops(EDOCW'06), Hong Kong, China, IEEE Computer Soiety (2006) 6{163. Llinas, J., Bowman, C., Rogova, G., Steinberg, A.: Revisiting the JDL data fusionmodel II. In: Proeedings of the Seventh International Conferene on InformationFusion, Stokholm, Sweden. (2004) 1218{12304. Strang, T., Linnho�-Popien, C.: A ontext modeling survey. In: Proeedings ofthe First International Workshop on Advaned Context Modelling, Reasoning andManagement, Nottingham, England. (2004)5. Kirsh�nk, H., Hernandez, J., Boero, M.: Intelligent traÆ management models.In: ESIT 2000 - European Symposium on Intelligent Tehniques, Aahen, Germany.AC-01, Aahen, Germany (2000) 36 { 456. Kappel, G., Pr�oll, B., Retshitzegger, W., Shwinger, W.: Customisation for ubiq-uitous web appliations|a omparison of approahes. International Journal WebEngineering Tehnologies 1(1) (2003) 79{111
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