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How to understand better the knowledge provided by Google results to build future "smart vehicle-centric" applications? What is the knowledge expertise required to build a smart vehicle application (e.g., driver assistance system)? Automotive companies (e.g., Toyota, BMW, Renault) are employing Internet of Things (IoT) and Semantic Web technologies to model the automotive sector. We aggregate this "common sense knowledge" in an automotive dataset which comprises 42 semantics-based projects between 2005 and 2019. The knowledge is already encoded with knowledge representation languages (e.g., RDF, RDFS, and OWL) and supported by the World Wide Web Consortium (W3C). However, only a subset of those projects share their expertise by publishing their ontologies online. For this reason, at the current time of writing, only 16 ontologies are processable. Our innovative Knowledge Extraction for the Automotive Sector (KEAS) methodology analyzes what are the most popular terms required to build a smart car, it provides: 1) a set of keyphrase that are synonyms to smart cars to find domain-specific knowledge, 2) synonyms are used to build a corpus of scientific publications to train the k-means machine learning algorithm, 3) a dataset of smart car ontologies that we collected, is analyzed by the k-means algorithm, and 4) the extraction of the most common terms from the ontology dataset for the automotive sector. Our KEAS findings can be used as a starting point for further domainspecific investigations (e.g., Volvo willing to integrate semantic web) and for future information extraction from structured knowledge.

Introduction

How to understand better the results provided by Google to build the future "smart vehicle-centric" applications? What is the knowledge expertise required to build a smart vehicle application such as the driver assistance system? According to PC magazine 5 , a smart car is an automobile with advanced electronics. Microprocessors have been used in car engines since the late 1960s and have steadily increased in usage throughout the engine and drivetrain to improve stability, braking and general comfort. According to Gartner's 2018 prediction 6 , "IoT platforms","Autonomous Driving Level 4", and "Knowledge Graphs" are the next challenges for the coming 5-10 years or even beyond.

Automotive companies (e.g., Toyota 7 [START_REF] Zhao | An Ontology-Based Intelligent Speed Adaptation System for Autonomous Cars[END_REF], BMW [START_REF] Klotz | VSSo -A Vehicle Signal and Attribute Ontology (Short Paper)[END_REF] [3] [4] [START_REF] Klotz | A car as a semantic web thing: Motivation and demonstration[END_REF], Renault [START_REF] Armand | Ontology-Based Context Awareness for Driving Assistance Systems[END_REF]) are already employing Internet of Things (IoT) and Semantic Web technologies. BMW Autonomous Driving in the Internet of Cars Summer School 8 demonstrates interest in IoT technologies and even Semantic Web technologies [START_REF] Gyrard | Ontology-based Intelligent Transportation Systems[END_REF]. BMW is designing the Vehicle Signal and Attribute (VSSO) ontology 9 [2] and the Vehicle Driving Context (VDC) ontology 10 . auto.schema.org 11 defines 4 types, 20 properties and 3 enumeration values (in December 2018) which clearly shows that the knowledge could be extended. Volvo is investigating the integration of semantic web technologies (RDF, Linked Data, ontologies) for automomous cars 12 .

Acquiring knowledge about automotive (e.g., technological survey, reading scientific publications and staying updating with the latest progresses) is a timeconsuming approach. The survey about transportation ontologies [START_REF] Katsumi | Ontologies for Transportation Research: A Survey[END_REF], published in 2018, can be easily enriched with numerous ontologies that we collected within the LOV4IoT ontology catalog for IoT and transport 13 that we designed. The survey [START_REF] Katsumi | Ontologies for Transportation Research: A Survey[END_REF] compares 11 ontologies according to 7 criteria: 1) Precision (relationship diversity, axiom complexity), 2) Evaluation, 3) Knowledge management services, 4) Generality, 5) Granularity, 6) Competence, and 7) Span.

We designed the "semantic-based IoT smart vehicle" LOV4IoT dataset thats collects common sense knowledge for the automative sector. We classified 42 projects between 2005 and 2019 since they claim that the knowledge is already encoded with knowledge representation languages (e.g., RDF, RDFS, and OWL) and supported by the World Wide Web Consortium (W3C). However, only a subset of those projects share their expertise by publishing their ontologies online. For this reason, at the current time or writing, our dataset comprises only 16 processable ontologies.

Motivation are as follows:

-M1: Why cannot we find the entire PhD thesis, entitled "Using Ontologies and Intelligent Systems for Traffic Accident Assistance in Vehicular Environments" [START_REF] Villalba | Using Ontologies and Intelligent Systems for Traffic Accident Assistance in Vehicular Environments[END_REF] published in 2014 relevant for smart car on the first page of Google results? It is provided on the third page on Google14 whereas years of research and expertise are explained in the thesis. -M2: How to find more knowledge than Google for a specific domain (e.g, smart vehicle)? -M3: Why does the Google Knowledge Graph cannot provide results to handle the synonyms used for the automotive domain (e.g., smart car, smart vehicle, smart mobility)?

Research questions are as follows:

-RQ1: How to automatically analyze structured knowledge (e.g., ontologies) from existing projects? We found that numerous projects designed ontologies that are also explained within scientific publications can be analyzed. -RQ2: What are the most used entities (e.g, concepts, instances) within those ontologies? Statistical methods can help to achieve this task.

Contributions are as follows: Our innovative Knowledge Extraction for the Automotive Sector (KEAS) methodology understands the "common sense knowledge" required to build smart vehicle applications which provides:

1. C1: A set of keyphrase synonyms for the smart vehicle domain to find domain-specific knowledge in past or current projects that published their results within scientific publications, 2. C2: Synonyms are used to build a corpus of scientific publications to train the k-means machine learning algorithm, 3. C3: A dataset of smart car ontologies is built and analyzed by the k-means algorithm to cluster knowledge, and, 4. C4: The extraction of the most common knowledge for the automotive sector.

We refined a previous methodology [START_REF] Noura | Concept Extraction from the Web of Things Knowledge Bases[END_REF] that we applied to the smart vehicle domain in this book chapter.

Structure of the Paper: Section 3 introduces the related work. Section 4 explains our Knowledge Extraction for the Automotive Sector (KEAS) methodology to find the relevant knowledge already implemented within ontologies. Section 5 evaluates our proposed approach. Section 6 concludes the paper and provides future work.

Background and Related Work

Toyota Motor Europe (TME) 15 uses auto.schema.org in their web site to describe cars to sell. For instance, 7000 URLs including the type "Car" from the TME web site have been encoded and indexed by Google.

auto.schema.org16 defines 4 types (BusOrCoach, CarUsageType, Motorcycle, MotorizedBicycle), 20 properties (accelerationTime, acrissCode, body-Type, emissionsCO2, engineDisplacement, enginePower, engineType, fuelCapacity, meetsEmissionStandard, modelDate, payload, roofLoad, seatingCapacity, speed, tongueWeight, torque, trailerWeight, vehicleSpecialUsage, weightTotal, wheelbase) and 3 enumeration values (DrivingSchoolVehicleUsage, RentalVehi-cleUsage, TaxiVehicleUsage) (in December 2018). It clearly shows the the knowledge could be extended.

OpenSensingCity17 references 12 ontology URLs relevant to mobility: Transport, travel domain, transportation networks, transport disruption, soft mobility, PASSIM, location concept for travel support system, route, ASK-IT, road, transit.

SAREF4AUTO is being specified and supported by the ETSI standard; the ontology code and specification cannot be found yet, only those slides can be investigated [START_REF] Wetterwald | Slides: Towards a SAREF extension for Automotive. W3C Workshop on Data Models for Transportation[END_REF] at the time of this writing.

Conclusion:

Ontology-based projects are introduced in Table 1 when ontologies are publicly available, that we analyze thanks to the KEAS methodology in Section 4.2. Other projects related to the topic that cannot be used since ontologies are not shared (as depicted in Table 2). Although scientific publications were really interesting, those ontologies have been discarded since we cannot find their ontology online (see Table 2).

Knowledge Extraction for the Automotive Sector (KEAS) Methodology

The long-term vision of the Knowledge Extraction from IoT-related ontologies project is depicted in Figure 1. In this paper, we are focused on the Ontology code extraction algorithm and the Ontology Dataset components applied to the smart vehicle domain. [START_REF] Lorenz | Ontology of Transportation Networks[END_REF] 2005 Ontology of transportation networks Table 2. Other Ontology-based IoT automotive projects that cannot be employed since ontologies are not available (even upon request). Legend: Ontology Availability (OA) has been search on Google and Google Scholar a set of specific keywords, as an example those keyphrases: 1) start with ontology-based, 2) finished with ontology, or 3) start with semantic-based. Keyphrases are as follows:

- For the set of scientific publications, we focused on the following criteria: -Are ontology URLs available within the scientific article? Frequently, URLs are missing. Authors have been contacted to retrieve ontology code and we enriched the dataset when receiving positive answers. 1 summarizes the 16 ontologies that share their ontologies online, which is the smart vehicle ontology dataset later analyzed. Other ontology-based projects are referenced in Table 2, unfortunately, the ontologies cannot be processed yet since they are not accessible. -Are sensors mentioned within the paper? -Are there reasoning mechanisms and already defined rules to interpret data generated by the smart vehicle applications? -Is the reference section provide more resources to investigate? We enrich our scientific publication dataset accordingly (e.g., LOV4IoT-transport knowledge repository).

The main difference between our survey and the existing ones, is that our survey is the result of a continuous enrichment of the LOV4IoT ontology catalog since 2012 and we provide tools to support the reuse of the survey outcome (e.g., dump of ontology code). Meanwhile, we are aware of Systematic Literature Review (SLR) guidelines such as [START_REF] Budgen | Performing Systematic Literature Reviews in Software Engineering[END_REF] [60] [START_REF] Rizzo | Semantic Enrichment for Recommendation of Primary Studies in a Systematic Literature Review[END_REF].

Building the corpus of knowledge for the transportation domain

To train the dataset, we need to build a corpora of knowledge for the transportation domain. word2vec helps in transforming texts from either scientific publications or ontologies into vectors that can be processable by machine learning algorithms. word2vec performs the training of the term embeddings and the process of building a word2vec model for all identified unique words. The word2vec algorithm is based on neural networks and builds a vocabulary from a pre-training text model and attaches the vector representations to each word. Around 20 of the terms were not part of the pre-trained model thus we removed those terms from the list of words. The output of this step is the word embedding vector space representation. The genism python library is used to implement word2vec.

Transport Ontology Dataset: We have collected 16 ontologies that can be downloaded and analyzed (as depicted in Table 1): 2 ontologies are excluded since they were in Chinese or German. We released the list of ontology URLs within an online table 18 . For the convenience of the developers, we created a tutorial web page (http://lov4iot.appspot.com/?p=queryTransportOntologiesWS) to either use the web service or easily download the dump of the ontology code that we collected.

For instance, the developer can query the web service http://lov4iot. appspot.com/perfectoOnto/getOntoDomain/?domain=Transportation which returns the list of the projects relevant for the smart car domain that we collected within the LOV4IoT ontology catalog for transport 19 , it includes: the name of the project and the ontology, the ontology URL, and additional information such as the scientific publication describing the ontology (see Figure 2). The web service is more up-to-date with latest ontologies collected, compared to the dump file. However, when the projects are not maintained anymore, the URLs can become dead links, which is the reason we store the ontology code within dump files.

Evaluation

Planned Evaluation: To identify the most popular concepts from smart car ontologies, the proposed KEAS methodology is evaluated in an empirical study which includes an analysis that gives a complete overview of the performance of the descriptiveness of the most popular concepts (in the same way it has been done in our Knowledge Extraction for the Web of Things (KE4WoT) work [START_REF] Noura | Automatic Knowledge Extraction to Build Semantic Web of Things Applications[END_REF]). The objective of this experiment is to identify if the keywords provided by KE4WoT can sufficiently describe existing ontologies.

Ontology Selection: 16 smart car ontologies are collected from LOV4IoT for evaluation purposes (Table 1). The most important ontologies in each domain have been selected according to the following criteria:

-Citations of the scientific publications describing the ontology (e.g., the SSN ontology v1 [START_REF] Compton | The ssn ontology of the w3c semantic sensor network incubator group[END_REF] has more than 1000 citations): higher is the number, better the ontology might be. However, this criteria cannot be applied to recent publications. -Journal impact factor and conference ranking: higher the ranking is, better would be the ontologies. Within the references section, the ranking is added for publications cited and classified within Table 1 and Table 2. -Recent publications increase the chance to have the authors maintaining the ontology and integrating previous ontologies. -Ontologies disseminated in standardizations (e.g., W3C Web of Things ontology 20 , W3C SSN/SOSA ontology [START_REF] Haller | Semantic Sensor Network Ontology[END_REF], ETSI M2M SAREF ontology [START_REF] Daniele | Interoperability for smart appliances in the iot world[END_REF]) can be considered as more reliable. -Industrial partners involved, the project is considered more impactful, and the implementation is more reliable. -Domain experts involved (not computer scientists) since they share their human expertise. -Ontology code that can be downloaded, because, in science, the experiments should be replicable, following the FAIR (Findability, Accessibility, Interoperability, and Reuse) principles.

Ground Truth Dataset Design: Domain experts can participate in the questionnaire to design the ground truth (a similar questionnaire for smart cities, weather, and smart home is available online 21 , see [START_REF] Noura | Automatic Knowledge Extraction to Build Semantic Web of Things Applications[END_REF]) for detailed information). Experts were either involved in developing smart car ontologies or are an open audience having the domain expertise to describe each ontology using three keywords. The participants' level of expertise in the automotive domain and knowledge engineering, is asked in a Likert scale of five levels, from 'totally 

Conclusion and Future Work

The Systematic Literature Survey (SLS) in any research topics is a time-consuming approach. Finding knowledge returned by Google results still require a huge work on learning, classification and summarizing. To ease this time-consuming task, we built a "common sense knowledge" dataset for the automotive sector comprising 42 projects between 2005 and 2019. However, only 16 ontologies are processable and published online with knowledge representation standards. Our innovative Knowledge Extraction for the Automotive Sector (KEAS) methodology aims to analyze the most popular knowledge required to build smart vehicle applications by applying the k-means machine learning algorithm to a dataset of 16 ontologies that we collected. This work highly encourages researchers to share their reproduceable experiments by publishing online their smart vehicle ontologies. As a future work, we would like to re-generate an ontology to aggregate and unify the knowledge from existing ontologies. Furthermore, we would like to automatically recognize the sensors mentioned within ontologies and scientific publications to maintain our IoT dictionnary, and reasoning mechanisms used to detect abnormal sensor data and execute actions. 
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Table 1 .

 1 4.1 Survey methodology to collect ontologies for smart vehiclesScientific Publication Corpus and Ontology Dataset. We collected a total of 42 projects from 2005 to 2018 more or less related to smart vehicles. However, the aggregation of knowledge has been done since several years. The methodology Ontology-based IoT automotive projects used in the dataset that we analyzed.

	Authors	Year	Expertise	OA Reasoning
	Klotz et al. [2] [4] [5] 2018	BMW: Vehicle Signal and Attribute	OWL restriction
	OpenSensingCity	2018	Parking Scenario	
			Bike Scenario	
	CityPulse [11] [12]	2016	Traffic Analysis Scenario	-
	Gyrard et al. [3]	2014	Transport Ontology	Jena rules
	BMW Summer School			
	Morignot et al. [13]	2013	Autonomous Vehicle Assistance	foggy -> mode manual
	Zhao et al. [14]	2017-2014 Toyota: Safe Autonomous Driving	SWRL
	[15] [16] [17] [1]			
	Lecue et al. [18]	2014	STAR-CITY: Transport Ontology	-
	Ruta et al. [19]	2017	iDriveSafe Ontology	OWL restrictions
	[20] [21]			
			Mafalda projet (3 ontologies)	
	Maarala [22]	2017	Traffic Ontology	16 rules, OWL restrictions
	Bermejo et al. [23]	2013	Road Traffic Management Ontology	77 rules/actions
				(SWRL DLSafe rule in the ontology)
	Dardailler et al.	2012	W3C Road Accident Ontology	
	Corsar et al. [24]	2015	Transport Disruption Ontology	OWL restriction
	Codescu et al. [25]	2011	Open Street Map and Route Planning	
	Grausberg,	2008	Driver Assistance System Ontology	OWL restriction
	Fuchs et al. [26] [27]			(rule speed max min)
	Hepp et al.	-	W3C Vehicle Sales Ontology	No owl:Restriction

Legend: Ontology Availability (OA)

  ' to 'totally agree'. The experts are given the list of ontologies (through a series of figures from the ontology classes in Protege) in different domains to select the top three keywords that best describes that ontology in relation to the keywords that were obtained from the main concepts in the generated clusters. Domain experts chose keywords among a total number of keywords in our evaluation form.

	20 https://www.w3.org/TR/wot-thing-description/
	21 https://bildungsportal.sachsen.de/survey/limesurvey/index.php/716626/
	lang-en

disagree

"Smart car ontology" search on Google, December 2018

http://bit.ly/2Y3A1xL

https://auto.schema.org/

http://ci.emse.fr/opensensingcity/ns/result/domain/transportation/

rules Liu et al.[START_REF] Liu | Ontology-Based Context Representation and Reasoning Using OWL and SWRL[END_REF] 2010 Road surveillance system SWRL rules (inform, alert) Niaraki et al.[START_REF] Niaraki | Ontology Based Personalized Route Planning System Using a Multi-Criteria Decision Making Approach[END_REF] 2009 personalized route planning Yue et al.[START_REF] Yue | Traffic Accidents Knowledge Management Based on Ontology[END_REF] 2009 Traffic accident Zhai et al.[START_REF] Zhai | Fuzzy Semantic Retrieval for Traffic Information Based on Fuzzy Ontology and RDF on the Semantic Web[END_REF] 2009 Traffic information (dryness, dampness) Sun et al.[START_REF] Sun | Context-Aware Smart Car: From Model to Prototype[END_REF] 2009 Smart car Belhadef et al.[START_REF] Belhadef | Urban Ontology-Based Geographical Information System[END_REF] 2009 Urban geographical information system Regele et al.[START_REF] Regele | Using Ontology-Based Traffic Models for More Efficient Decision Making of Autonomous Vehicles[END_REF] 2008 Autonomous Driving System: trajectory planning, traffic coordination Mair, Eigner et al.[START_REF] Eigner | Collision Avoidance in VANETs -An Application for Ontological Context Models[END_REF] 2008 Collision avoidance in VANETs Ontology (in German) Cheng et al.[START_REF] Cheng | The Design and Implementation of Ontology and Rules Based Knowledge Base for Transportation[END_REF] 2008 Transportation Ontology-based reasoning (Racer) rule-based reasoning (Jess, LISP, SWRLJessTab) Hu et al.[START_REF] Hu | Ontology Driven Adaptive Data Processing in Wireless Sensor Networks[END_REF] 

shorturl.at/jEIQ7

http://lov4iot.appspot.com/?p=lov4iot-transport
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