Potentials of linked data for
geographic maps and spatial analysis

AURIN® Y Austratan Urbon Resoarch Network Porta S,
(82 Al P oy AP gy T 2 Fhche nnt ST |

+ 3 T e AN Eo X

LR m 7% [/ 2Kymeton & ‘

v o Jil> Y
. Daylestord '+
T ok

Creswick ' -

mduree)
Ballarat

204 313 s 711 880 1049 1218 1387
Diabetes - Rate per 100

. Phillip Island,

Simon Scheider*,
*Department of Human Geography and Spatial Planning
Universiteit Utrecht



The data surge and classical map services

Are classical map services well suited to cope with the surge?

Data source Data layers
Street data

* = 2
Buildings data = -

Vegetation data = e *
S e

* %
Integrated data

Date are organized in layers
Purpose: mapping and analysis, not sharing

Origin and use are homogenous, not
heterogeneous

Layers are organized in fixed tables, cannot be
arbitrarily linked

Links result from:
= Space (overlay) and unique names (key)
= not via semantic relations



1) A web view on (geographic) maps

Linked open data (LOD) Cloud 2015

Linked (geospatial) data:
- Everything can be linked

to everything else
- Most things are linked

to space
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How can historians find
maps? :

Kurhannoversche Landesaufnahme des |

Question:

“What was the type of
landcover around Hildesheim
in the 19™ century?”

1) Manual search
(through 20.000 maps?)

2) Text field search:

- title:

(“Gaul3sche Landesaufnahme”
“‘Berghe Ducatus’,...)

- author:

(Gerhard Mercator, ...)

- year of production

(1680, 1839, ...)

-key words: (“topographic map”,
“Flurkarte”)

o B 2 " 24 = : [y gy I s
Sample from the map repository at ISTG
(Institute for comparative urban history),
Munster




How can (we support) historians (in) find(ing)

(answers in) maps?

1) Manual search

Technical challenges:

(through 20.000 maps?)

2) Text field search:
- title:
(“Gauldsche Landesaufnahme”

“Berghe Ducatius’,...)
- author:

(Gerhard Mercator. ...)
- year of production
(1680, 1839, ...)

-key words: (“tbpographic map”, |

“Flurkarte”)

Not scalable!

Language?

How to pick the ,right*
place/space? (,the area
around Hildesheim®)

How to pick the right time?
(,19th century®)

How to pick the ,right"
terms? (which correspond
to the answer?)

There are many
languages in maps (Latin, ...)!

Placenames are changing!
Historic maps are distorted and
lack CRS!

Terms are ambiguous!

There is too much content!

There is nameless content

(e.g. ,landcover around Hildesheim®)!



Formally encoding map contents

Scheider et al 2014: Encoding and Querying Historic Map Content
Map contents can be treated as sets of assertions that can be extracted by looking

at the map:

content
tensional : :
f?‘.?ﬂs_'.cfr??) In linked data, In the Semantic Web,
T “represents | —— this translates into a - nameless content
@ i — named graph: - wealth of content
can be addressed by intensionality:
:= set of content - logical quantification
assertions (extensional) _blank nodes content

(intensional)

: Some ?x ?y ?z '

represents : 5 .
O p > jq ; @represents ¥

dbp:Hinterpommern rdf:rype phen:Territory. . '
! ! if:rype | - = (named) > T I

dbp:Hinterpommern phen:partOfObject dbp:Prussia. :map a J:represents.:River. .- constralnt
‘ RDF graph network



Encoding maps as linked data

For example, the map about Hildesheim 1840:

Document (graph)

LIF

Linked Data for
eScience Services

Content graph (:hildesheim)
(describing the map as document) (describing content assertions)

:4354_Hildesheim a maps:Map;

maps:digitalImageVersion :4354_Hildesheim. jpeg;

maps:represents thildesheim;

maps:hasScale "1:28526.1"""xsd:string;

maps:mapSize "62.4 * 55.5 cm"" "xsd:string;

maps:medium maps:Paper;

maps:mapsTime "1840"" "xsd:gYear;

maps:mapsArea _:4354_Hildesheim geom.

_:4354 Hildesheim _geom a geo:Geometry

geo:asWKT "<http://www.opengis.net/def/crs/EPSG/0/4326>
POLYGON ((9.874690102339652 52.251560896729222, 9.874324681594004
52.126487663211606, 10.07547489355107 52.1268449901813,
10.073392224324136 52.252405987705664, ©9.874690102339652
52.25156096729222) )" "sf:wktLiteral.

_:someroadla phen:Road ;

phen:connects _:somevillage ;

phen:connects dbp:Hildesheim
_:someroad2 a phen:Footpath
dbp:Hildesheim a phen:City
:somevillage a phen:Village
:someblock a phen:Block ;

phen:partOfObject dbp:Hildesheim

:somebuilding a phen:Building
:somehill a phen:Elevation
:someforest a phen:Wood
:somepasture a phen:Pasture
_:someplace a phen:Non—inhabited
dbp:Innerste a phen:River ;

phen:connects dbp:Hildesheim




LIFE

Querying historical map contents eScience Services

Which maps contain information about ...

the types of landcover around Hildesheim in 18407 F’P Class
SELECT DISTINCT ?map ?class WHERE | :node1Bg4sodecxrs | historicma Village
map maps:represents g mmodei8rasodeckrs | historiemapsphen:Block
maps:mapsTime "1840"" "xsd:g¥ear . :node18gasodeckys | historicmapsphen:Building

GRAPH ?g {{dbp:Hildesheim %p ?o}UNIOHN{%?a %?d dbp:Hildesheim}
?instance a ?cl .

mnode18r4zodecyri | historicmapsphen: Elevation
:nodeifeqsodecyys | historicmapsphen:Wood
?instance a ?7class . :nodeifgasodecrys | historicma :Pasture
?class rdfs:subClassOf phen:Landcover. :node1Bzasodecwrs | historiemapsphen:Non-inhabited

}




LIFE

Linked Data for

Georeferencing and annotating historic maps etence sanvies

e
1) GeoreferenCIng £ ).uni-muenster.de:81/code/geo !l + €| B~ Google Q) & @ ® 5 @ v
5| Most Visited v  [@eMail v [@UniMuenster v [@media v [ilLanguages v Wetter Minster, Deu... W Charles V, Holy Roma... Meistbesucht v rste Schritte »
. :
b -~
t H T WESTFALISCHE : Historic Map Georeferencer
u OI I Iatlc WILHELMS-UNIVERSITAT u x
— MUNSTER Miinster
calculation > L-image +
~  Groningen,
» 2 - Control Points & J Bestner)
Of ( = Emmén
v 3 - Map area / P el d
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Ale & CP_005 1ab\r0:k,./_/H::g§§E?“§rﬁleiaa ‘&’;u—/ y
- map scale - o g )
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ithub

Project in github
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LIFE

Georeferencing and annotating historic maps e e

2) Describe contents

Automatically B +

€ | @ gvsiidemo unimuenster.de:s1/code/georet bt + €| B~ frankfurt a ¢ Q R @ |
S u g g eSted CO nte nt B2 Most Visited ~ eMail »  UniMuenster ~ gamedia ~  gElanguages = [ Wetter MOnster, Deu... W Charles V, Holy Roma... BMeistbesucht » | | Ersto Schritte
based on map area’ e — orticimipriy Historic Map Georeferencer u @
LM S-UNIVERSITAT Pl

time window e it

* 1 -Image [ Suggested tags
Suggest tags

Prease select the tags relevant to the map.

N

image urt:
per.cerest/MT017212150. 199

Loag image

Reuse of external e

information recources BERGHE
Duca&tﬁ,

(e.g. the state Berg ] M ARCK CO-

Palatinate-Zweibricken - \iew remave
Prince-Beshopric of Paderbom - view remove
Electoral Paiatinate - view réenve

Prince-tshopric of Lége - yiew remove

Ll ) R

& Borg (state) - view remove

mitatus et

at Dbpedia) * WA COLON TEN.
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% duchy - in the Rhineland of Germany. Its captol
fis Diceeehis | was DOsselsort. Tt existed from the &arly 1210 to
| the 191h centuries..., |
" A : MW [eMOVe
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can contribute to e S —

the same map
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2) A geographic view on the Web of Data?

(Over and above just loading background maps)

- N~ )
§ GEMET e Y R ey ArcGIS ~ Elgene Karte Karte andern & Anmelden
L = Exporer Fire Brigade
2 corde
FAO = = - i . .
o —— = v [Z] Details || BB Grundkarte | 3 Drucken | 5 Messen X ‘O‘l
Jainfo Gowk I — - s | ‘ ’
Education >
o ol = ) e 3
Geo- B

Info zu dieser Karte
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7 und andere Karten von Esri und
Enakiing e E Oper 7= 4 A AN 1 Tausenden von Organisationen

S - = =3 /;‘ M zu erkunden, und reichern Sie
Dt
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Facetted search with maps (Gfacet)

Gfacet: o

Faceted Mellon Collie And The Infinite Sadness
browser Wit In Technicolor

with Google
map

(Heim, Ertl,
Ziegler 2010)

¥ Songs (6/10) FE=b%
Titel Status
The Greatest Man That Ever Lived (Variations  valid
on a Shaker Hymn)
Troublemaker valid
My Name Is Jonas valid
Tonight, Tonight valid
valid
valid
Shiver invalid
invalid
Cemeteries Of London invalid

- Add Facet -

partOf

¥ Albums (3/5) 20X
Tieel Status A
Mellon Collie and the valid
Infinite Sadness
Weezer (Red Album) valid
Weezer (Blue Album) valid
Parachutes invalid
Viva La Vida invalid siteiby Y EandE ) @D o x
SaddiEacas = Tive! ‘szatu:A |
4 Weezer [ valid
Smashing Pumpkins valid
Coldplay invalid
- Add Facet - | w
IsFrom
¥ Citys (2/3) G 2o x
Tie! | sootus &
Los Angeles [ valid
Chicago valid
London invalid

isLocatedAt

- Add Facet - v
WipHfesinlr) ¢



Spatio-temporal explorative query of linked data

Display

Y

Constructive
suggestions

Retrieve T T

Result|Query|

Explore
Query
Text Zoom Scrol Focus
search pan
Classify | Instantiate| Browse

Tt

Construct [€————

Select| Type

Scheider et al 2016: Exploratory guerying of SPAROL endpoints in space and time



http://www.semantic-web-journal.net/system/files/swj947.pdf

Spatio-temporal explorative query of linked data (SPEX)

S P EX Spatio-temporal content explorer () o 0 Endpoint: http://giv-lodum.uni-muenster.de:8081/parliament

Rottendol N
S

(?), phen:Village

aps:mapsPhenomenon

maps:Map
X
aps: S R s
wdps:hasScale | | o ooking for: maps Map i G R S
(2 classes available) Clear Map ” Clear Timeline I

@ Things of a kind © Particular things

Specify relationship to other things (7) aich

‘ 1756 1757 1758 1759
Filter results by map window
Remove Temporal Filter
Results (5): download results as JSON Query:
. : i 4 SELECT -
?maps A :Map ?var1 “?phen:Village R E
Ubersichts Karte von Hannibal's Zug Uber die Alpen 1:14130528.3 Modtiers *
WHERE {
Ubersichts Karte von Hannibal's Zug tber die Alpen 1:14130528.3 Gap ar a maps:Map.
“var0 maps:hasScale var1.
Carte Particuliere D'Amstelland 1:1157907.8 noName ar0 maps:mapsPhenomenon var2.

“var2 a phen:Village. o
Gefecht bey Reichenberg in B6hmen 1:834759.1 Reichenberg { .



Maps from the 18 century showing a historical event
(e.g. the French Revolution) 2: Zoom to 18t cent,

@ maps:Map
@ maps:Map X
3 1 am looking for: maps:Map © Mapbox © OpenStreetMap Improve this map
1:am looking for: maps:Map © Mapbox © OpenStreethap Improve this map {sdcassesavalalic) Clear Map
(44 classes avall = @ Things of a kind ©© Particular things
5 [ Clear Map | Clear Timeline J
@ Things of a ki g Specify relationship to other things (12) D U [] ﬂ
phen:March
speciy relations Maps:Place (s I I |I l“ | |I "l
P } Filter results by map window ATy 730 1789,
Fiter resus by« Maps:TopographicMap 1650 1700 1750 1800 185¢ Ellfer Fesuifs by fime Window
Filter results by time window
Go to time slider and set search interval by scrolling in/out. Then click this link. J
maps:Map Q maps:Map
'aps:mapsPhenomenon aps:mapsPhenomenon
| am looking for © Mapbox © Openstreetiiap Improve this map
Things that are maps:Map connected via maps mapsPhenomenor to something else - " ==
- Map ear Timeline
| (12restons avaiabie) maps:digitallmageVersion
For exampie: maps:hasScale 1] il I dbprontEvent
Things that are maps created by some persor i SR
maps:mapSize Al
s0 1760 1770 1780 1790 1800 | am looking for: dbp-ont:Event |
maps:mapsPhenomenon (@2 ciasses aval L = 7
= dbp-ont:Even . .
maps:medium @ Things of a k 711 1801 4 Content ClaSS. 18]
wuery. phen:Event
2vari SELECT = Specify relations N Query: EVe nt
DISTINGT E Specity relations. Phen:Invasion
2dbp-0 Y ~ SELECT -
Mediterranean_Sea WHERE ( " dbp:River DISTINCT E
Pvard 3 maps:Map. French_Revolution R .
Gemmania ‘Nar) maps:mapsPhencmenon Aarl = phen:River WHERE {




But: The view on data changes with the analysis context

Amorphous Geographical view on Data
data,

huge sizes

Raster Map
Web of Data

Scatterplot
> How to choose?

o [ 2N\ | Sl S How to automate?

Map




Taking referents, observation context and analysis purposes
Into account

Linked
data

Geographical view on data

. Raster ma
Time P

Compare values
Location

Scatterplot
Quality

’ Combine values
Choropleth ’

Object map
Event

Compare locations

Measure Support , Compare times



A choropleth map and a scatterplot
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Taking referents, observation context and analysis purposes
Into account

Linked
data

Geographical view on data

Time Compare values
Location Scatterplot

ualit ' Combine values
Q Y Choropleth
Object map
Event

Measure Support



A trajectory and point map

ontent l H Profile 1 G, Search 1 © Howdol... 1 @ Feedback  F Invite a Friend

'®
£
Indian Head
0

. |
[« [23.8mi +1055e. / 1059 . |

7
Map dnmwmz:éoogh- erms of Uss
Vele (Jgrade




Taking referents, observation context and analysis purposes
Into account

Linked
data

Geographical view on data

Time
Location
Quality
Object

Event

Compare locations

Measure Support Compare times

Point map



Taking referents, observation context and analysis purposes
Into account

rreferencedBy rreferencedBy

Ordlnal ll1 5%"
elementOf

Interval ObjectRs R
b
7 A % .
partOf
"The

http://data.aurin.org.au/datasource/dataset- http://data.aurin.org.au percentage of

"unemployment_
rate_percent"

:hasMeasure

comparableTo

http://data.aurin.org.au/datasource/datz
Scheider, Tomko 2016: Knowing whether "= R e labout DO Health iga prof .
spatio-temporal analysis procedures L
are applicable to data sets http:/data.aurin.org.au/datasource/dataset-  http://data.aurin.orgau  “Number of  http://data.aurin.org.au/datasource/datz



Conclusion

A Web of data view on geographic maps

* Is produced by every geospatial linked data portal

« May help accessing map contents as well as map documents
* Requires generating (named) content graphs

» E.g. based on crowdsourcing

A geographic (map) view on the Web of data

* One fits all solution: Can be realized using maps as facets

« Or by using exploratory spatio-temporal querying

« Challenge: changing the geographic view on data
depending on referents, context and analysis purposes



