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Territories of the Holy Roman Empire (HRE) around 1400

ú
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• Digitised

• Structured
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• Applied

Wikipedia
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Background and research focus

• Background
• BSc Psychology with Cognitive Science
• MSc Computational Science
• PhD candidate in data-driven modeling of

socio-historic systems

• My research
• System: Letter correspondence of reformers
• Data: 20,000 letters, 3,000 people, sending-

and (receiving) dates + locations
• Method: Social network analysis

• Who writes how many letters to whom
• From where to where and when
• No letter content

ú Insights about Reformation with

quantitative methods
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Motivation

Research question

How does the religious ideology of reformers affect their letter correspondence network?

• No information on religious ideology of reformers in letter correspondence data

• Holy Roman Empire (HRE) was comprised of lots of territories (patchwork rug)

• Territory ruler determined religion

• Reformers moved between territories

• Test assumption that reformers moved to places that support their religious ideology

• Match reformers to territories ú assign religious ideology to reformer
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Motivation

Research question

How does the religious ideology of reformers affect their letter correspondence network?

• Match reformers to territories ú assign religious ideology to reformer

HistoGis: Where was point X,Y at time Z
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Assign religious ideology to reformers within a certain period

• Steps
• Temporalised spatial query: Where was reformer (point X,Y) at time Z ú territory A
• Content query: Which religious ideology did territory A support at time Z ú Lutheran
• Inference: Reformer was Lutheran at time Z

• Problems
• No geo-political vectorised maps from 16th century available
• No structured data on territory-religion match available
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Assign religious ideology to reformers within a certain period

• Approach: Construct geo-spatial dataset of territories

• Desired Output
• GeoDataFrame of reformers who are matched to activity places, territories, and religious ideologies

(potentially over time)

reformer placeGeo territoryGeo territoryName activityStart activityEnd religion

Luther Point(...) Polygon(...) Kfm. Sachsen 1530 1540 lutheran

Calvin Point(...) Polygon(...) Genf 1530 1540 calvinistic
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Workflow: Vectorise raster map
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Vectorise raster map: Input

• Raster file of geo-political map

• Territories separated by colour
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Vectorise raster map: Scan, pre-process, geo-reference

1 Scan geo-political map

2 Pre-process scan

• Crop legend

3 Geo-reference scan

• Look-up geo-coordinates of locations
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Vectorise raster map: Polygonise

1 Scan geo-political map

2 Pre-process scan

3 Geo-reference scan

4 Polygonise map

• Extract polygons based on pixel colour
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Vectorise raster map: Fill

1 Scan geo-political map

2 Pre-process scan

3 Geo-reference scan

4 Polygonise map

5 Fill holes in polygons

• Buffer function
• Measure accuracy by randomly sampling

points in bounded rectangle and categorising

them as

true positives, false positives,

true negatives, false negatives
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Vectorise raster map: Prepare filtering

1 Scan geo-political map

2 Pre-process scan

3 Geo-reference scan

4 Polygonise map

5 Fill holes in polygons

6 Prepare filtering of non-territory polygons

1 Filter by area

• Hardcoded rule: Discard all polygons with

area < threshold

2 Match polygons of different colours

• If area(polyR) ≈ area(polyB) and 0.95 ∗
area(poly R) ≤ area(polyR ∩ polyB) :

Match
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Vectorise raster map: Filter

1 Scan geo-political map

2 Pre-process scan

3 Geo-reference scan

4 Polygonise map

5 Fill holes in polygons

6 Prepare filtering of non-territory polygons

7 Filter non-territory polygons by colour

• Rivers
• Labels
•Borders
• Sea
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Vectorise raster map: Merge

1 Scan geo-political map

2 Pre-process scan

3 Geo-reference scan

4 Polygonise map

5 Fill holes in polygons

6 Prepare filtering of non-territory polygons

7 Filter non-territory polygons by colour

8 Merge polygons belonging to the same
territory

• If same colour and shared border or

intersection: Merge
• Does not work for enclaves
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Vectorise raster map: Output

• 6,562 territory-polygons

• For comparison: 611,854 polygons after polygonisation step
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Vectorise raster map: Output
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Workflow: Crawl Wikipedia
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Crawl Wikipedia: Get territory names

1 Crawl Wikipedia’s list of HRE territories

• Parse Wikipedia’s page on ‘List of

territories in the Holy Roman Empire’

2 Extract HRE territory name from html
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Crawl Wikipedia: Structured

1 Crawl Wikipedia’s list of HRE territories

2 Extract HRE territory name from html

3 Structured crawl

• Query wikidata to extract HRE territory

attributes
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Crawl Wikipedia: Semi-structured

1 Crawl Wikipedia’s list of HRE territories

2 Extract HRE territory name from html

3 Structured crawl

4 Semi-structured crawl

• Crawl Wikipedia’s infoboxes of HRE territories
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Crawl Wikipedia: Evaluation of crawlers

1 Crawl Wikipedia’s list of HRE territories

2 Extract HRE territory name from html

3 Structured crawl

Ý No hardcoded string-formatting needed

Ä No time-stamped data (change of religious ideology)

Ä Large loss: from 687 to 30 territoies

4 Semi-structured crawl

Ý Time-stamped data available (change of religious ideology)

Ä Hardcoded string-formatting needed

Ä Large loss: from 687 to 58 territoies
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Workflow: Assemble territory-specific data set
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Assemble territory-specific data set

1 Match polygons to territories

• Spatial join
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Workflow: Assign ideology to reformer
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Assign religious ideology to reformer

1 Approximate place of activity

• Location where reformer sent+received most

letters

2 Match activity places to territory

• Spatial join

3 Match religion of territory to reformer
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Workflow: Evaluation

1 Automated vectorisation of raster map
• Generalisable approach with few manual inspections (buffer size, cut-off area, filtered colours)
• Spot test are promising

ú Systematic validation with manually vectorised map

ú Refine exploration of parameter space

ú Filter first then fill holes

2 Crawl Wikipedia
• Enrich shapefiles with non-geo-spatial attributes
• Unstable solution which requires a lot of manual work

ú Also consider other more structured data sources
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Summary

1 Generalisability
• Automated vectorisation by RGB-values
• Enrichment by Wikipedia

2 Feedback
• Validation and publication

3 Communication of reformers
• Effect of religious ideology on letter correspondence network (initial RQ)

4 Migration of reformers
• Factors and events driving the movement of reformers

(e.g. support for religious ideology, wars, characteristics of ruler)

5 Confessionalisation
• Factors and events driving adoption of protestant ideologies (e.g. situation in neighbouring territories)
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