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Introduction

• Transportation	data	integration	à
improves	transportation	services	e.g.	trip	
planning
• Mainly	focused	on	public	transportation	
services
• Individual	and	collective	transport	services	
e.g.	dynamic	car	pooling	are	not	taken	into	
account	or	not	fully	integrated
• Integrating	such	services	will	boost	the	
performance	of	existing	solutions
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The	Integration	Problem

• Heterogeneous	data	representations
• Many	formats	and	representation	models

• Spatiotemporal	feature
• Dynamicity	of	the	network
• e.g.	Stops	may	appear/disappear	in	real-time

• Dynamicity	on	the	network
• unexpected	events	such	as	alerts
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Problem
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How	to	achieve	the	
integration	of	the	
transportation	data	

sources?



Open	Transportation	Data

• Companies	are	moving	towards	
publishing	their	data	for	public
• This	allows

• Better	market	visibility
• Support	for	better	transportation	
applications

• Multiple	formats
• GTFS
• CSV
• Shape

• Connecting	these	data	together	
allows	easier	access	and	richer	
information	– Data	Interlinking
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What	is	data	interlinking?

• Finding	relations	between	
entities	in	different	datasets
• Discovery	based	on	a	linkage	
rule	defined	by
• Preprocessing	functions
• Distance	functions
• Threshold

• If	a	rule	is	valid	then	a	link	is	
created
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Related	Work

• MELINDA	[Scharffe et	al.	2011]
• A	framework	for	integrating	open	data

• DataLift [Scharffe et	al.	2012]
• A	platform	for	transforming,	interlinking	and	publishing	open	data

• GeoKnow [Athanasiou et	al.]
• Same	objective	as	DataLift
• More	specific	to	geospatial	data
• Column	indexing,	faster	interlinking	and	querying

• LinkedGeoData [Auer	et	al.]
• An	approach	to	integrate	and	publish	OSM	data	as	open	data

• [Silk]	and	[LIMES]
• Interlinking	tools
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Example	– Transportation	
Data

(X1,Y1)

(X2,Y2)

Bike	Sharing	Station

Bus	Stop

Linking	Rule
• Get	the	coordinate	of	both	

locations
• Calculate	the	geometric	

distance
• Link	if	distance	<	threshold

<BikeStation1><owl:sameAs><BusStop1>

Problems
• Limited	distance	functions
• Insufficient	information	level	

(output)
• Static	links

Is	this	enough?
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Introducing	New	
Transportation	Connections
• Existing	approaches	discover	sameAs
links
• Dedicated	to	equivalence	matching
• We	want	a	link	that	is	able	to
• Define	a	connection	between	two	
transportation	points	of	transfer
• Affected	by	the	status	of	transportation	
system
• Time	schedule
• Operating	days
• Real-time	status

• Capable	of	expressing	information

PT1 PT2

Connection	
X

Distance

Cost

…
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Design	Phase

Link++

• Consists	of	two	phases
• Design	phase
• Execution	phase

• Enables	users	to	define
• Custom	functions
• External	libraries
• Custom	linking	rules
• Custom	output

• Can	be	customized	to	fulfill	
any	interlinking	problem
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Interlinking	Tools	- Outputs
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baseURI =	http://www.vedecom.fr/transport

http://sncf/stops/660

48.885252 2.303599 Ampere wagram

baseURI:lat baseURI:lon baseURI:stop-name

http://velib/stops/348

48.8859131283 2.29323415107
Berthier 

stuart merril

baseURI:lat baseURI:lon baseURI:stop-name

baseURI:connections/1
baseURI:source baseURI:destination

StopPoint:DUA76:1058 17107
1.2 KM 549.4048922576488

baseURI:departureStation baseURI:arrivalStation baseURI:distance baseURI:time

owl:sameAs

Comparison	between	our	connections	and	
existing	links
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Evaluation
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Railway	services
http://www.sncf.com/
1067	train	stations

Bike	sharing	services
http://www.velib.fr
1242	bike	stations

VELIB	dataset	http://opendata.paris.fr/explore/dataset/stations-velib-disponibilites-en-temps-reel
SNCF	dataset	http://gtfs.s3.amazonaws.com/transilien-archiver_20160202_0115.zip

Find	connections	between	
two	different	modes	of	
transportation	to	enable	

Multimodality



Process

1. Transform	data	into	RDF
• DataLift framework	[Scharffe et	al.	2012]

2. Define	custom	functions
• Google	distance	API
• More	precise	results

3. Define	linking	rule
• Bike	to	bike	station:	If	a	cycling	path	exists	within	three	kilometers,	create	a	
connection
• Bike	to	train	station:	If	a	walking	path	exists	from	one	stop	to	another	within	
one	kilometer,	create	a	connection

4. Define	output	pattern
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Linking	Rule
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“Functions.walkingDistance”

parameters

function threshold



Output	Pattern
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Connection	Generation
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3643	new	connections	
between	SNCF	and	VELIB

319594	internal	connections	
between	VELIB	bike	stations



SNCF	vs	SNCF+VELIB
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Minimum	Estimated	
Arrival	Time	Problem

Departure	Station	
“StopPoint-DUA76-
356”

Departure	Time	
14:00



SNCF	vs	SNCF+VELIB
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Departure	
Station	
“StopPoint-
DUA8739300”

Departure	
Time	14:00



More	information



Discussion

• Transportation	data	integration	is	important	to	enable	Multimodality
• Existing	approaches	focus	on	interlinking	datasets	based	on	
equivalence	matching
• Generated	links	lack	the	properties	relevant	to	a	transportation	link
• Our	approach	enables	interlinking	beyond	equivalence	matching
• Custom	functions,	rules	and	output	patterns
• Provide	a	rich	semantic	connection	between	entities
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