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Problem

Labor-intensive to analyze

across time & space

1886 1904
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Idea

Decompose
to building blocks

then use

Linked Data & the Semantic Web

OpenStreetMap

to build a

Knowledge Graph
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Why Linked Data?

Across-domains

Query & visualize

Structured
interpreted by humans & machines

Semantic
relationships, properties, metadata

Fuel Discovery

Make data 
widely available

Break down

data barriers
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Our Approach
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Automatic Feature Segmentation

• Goal: create partitions of geo features (segments)

– Entity matching/linking & entity “partitioning” task 

– “Building Blocks”

• Use a spatially-enabled database service (PostGIS)

– PostgreSQL extension
• Manipulate & transform spatial data

• Allow incremental additions over time 
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Feature Segmentation – cont’d
segments of different 

map edition 

current “building blocks”
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Feature Segmentation – cont’d
segments of different 

map edition 

current “building blocks”
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Geo-linking

• Goal: map segments to Linked Open Vocabularies

– Entity matching

– Enrich data to fuel discovery

• Use a reverse geocoding service (OpenStreetMap)

– LinkedGeoData instances

OpenStreetMap
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Geo-linking – cont’d
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Geo-linking – cont’d
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Geo-linking – cont’d
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Generate RDF

• Goal: construct a KG from the data we collected 

– Useful semantic representation

– Support downstream spatial reasoners

• Construct a meaningful semantic model

– OGC GeoSPARQL standard

– Universal conventions

– Easily queried
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Semantic Model
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We constructed a KG
Now what?
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Use Case
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Use Case

SPARQL
endpoint

Railroad segments 
that are similar in 

1962 and 2001

Railroad segments that 
are present in 1962 but 
are not present in 2001
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Use Case

SPARQL
endpoint

Can you show me a 
subset of what’s 

abandoned?
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Evaluation

Railroad data from a collection of historical maps:
• Bray, California (7)
• Louisville, Colorado (4)

• Segmentation
– Runtime
– Number of nodes

• Geo-linking
– Runtime
– Correctness (Precision, Recall & F1)

• RDF
– Query time
– Query complexity
– Query robustness
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Results

• Segmentation
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Results – cont’d

• Geo-linking
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Results – cont’d

• RDF
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Discussion

• Complexity of changes in original topographic maps

• Quality & level of detail

• Crowdsourcing
– LinkedGeoData

• How can we do better?
– Segmentation:

• Optimize buffer size hyperparameter (heuristics/learning)

• Normalize & denoise the original data

• Parallel processing

– Geo-linking:
• Expand to additional KBs (Wikidata)
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Related Work

• Transforming geospatial vector data into RDF
– Kyzirakos et al. [1], Usery et al. [2]
– Do not address:

• Geospatial entity intra-linking or distant linking
• Semantics

• Geographical data conflation
– Li et al. [3], Ruiz et al. [4]
– Do not address:

• Linked Data or Semantics

• Geospatial data integration in the web 
– Prudhomme et al. [5]
– Do not address:

• Geospatial entity intra-linking or distant linking
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Future (present) Work

• Extend

– Wetlands

– Forests

– Highways
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Conclusions

• Unsupervised approach to integrate, relate, & 
interlink geospatial data from digitized resources

• Publishable structured semantic-rich linked spatio-
temporal data

• Enables users to easily understand & analyze
geographic information across time & space

• Fuel discovery

• Source code available at:
https://github.com/usc-isi-i2/linked-maps

https://github.com/usc-isi-i2/linked-maps
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