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ABSTRACT 

The following “work in progress” paper describes the current 

status of the research and software development project “Virtual 

Map Forum 2.0” (VK2.0), which is funded by the German 

Research Foundation (DFG). Since April 2013 the projects builds 

a spatial data infrastructure (SDI) for publishing, searching and 

accessing historic map collections and place names at the Saxon 

State and University Library Dresden (SLUB). During the first 

project phase the main work was the development of a crowd 

sourced georeference process, to initially georeference around 

6.000 historic plane survey sheets, and the implementing of an 

mapping and searching infrastructure. By supporting OGC 

compliant service interfaces like WMS, WFS, WMTS or CSW, 

and a license model based on CC-BY-SA, the infrastructure tries 

to foster an open and easy access to the spatial data provided 

through the SLUB. Therefore mostly established open source 

products like UMN Mapserver, MapCache, GeoNetwork, 

PostgreSQL, PostGIS and GDAL, are used. Also a WebGIS 

portal, primarily based on OpenLayers 3, for accessing, searching 

and visualizing the georeferenced maps, was developed.  
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1. INTRODUCTION 
With the growth of the digital library, also a growing number of 

digital historic map archives appear which are widely available 

over the internet and open to the public. Popular examples are the 

map collection from David Rumsey (David Rumsey 2014) [1], 

which hosts over 48.000 digital maps and images, or the map 

collection of the German Photographic Collection (Saxon State 

and University Library Dresden 2014) [2], which offers access to 

over 22.000 digital maps and images. These collections allow 

searching and visualizing of historic maps by using a web-based 

browser interface and thus facilitate the access to cultural heritage 

data. At the same time they also help protecting and conserving 

the valuable original collections. Although this is a big 

improvement, they often fail to benefit from their real spatial 

context. Therefore, in the last years, a number of archives, 

libraries and private actors have begun to georeference parts of 

their digital historic maps [3,4]. That means spatial information is 

assigned to their historic map images allowing completely new 

ways of searching and visualizing historic map collections [5].   

In April 2013 the Saxon State and University Library Dresden 

(SLUB) in cooperation with the University of Rostock launched a 

project for making valuable data sources in document archives 

accessible. Funded by the German Research Foundation (DFG), 

the project “Virtual Map Forum 2.0” (VK2.0) aims to establish 

libraries as a spatial data provider. Scientists around the globe 

shall be able to easily access the rectified historic map images, 

through a spatial-temporal searching and mapping infrastructure. 

Additionally as an enhancement of the web presentation of the 

library, average users shall have the opportunity to do a spatial-

temporal searching and visualization of the georeferenced maps 

and place names. Regarding this uses cases, the project builds a 

spatial data infrastructure (SDI) for georeferencing, publishing, 

accessing and visualizing of historic maps and place names. The 

whole infrastructure shall rely on free and open source software 

and all results shall be open and free to the public. As a 

consequence the SDI shall completely rely on standardized GI-

services and data models. 

2. ARCHITECTURE 
During the first project year main topics were the architectural 

concept and initial implementation of a spatial data infrastructure 

as well as the development of tools for georeferencing, searching 

and visualizing of the historic maps. Thereby the focus lay on a 

collection of plane survey sheets, which were produced between 

1868 and 1945 with a scale 1:25.000. The digital image files are 

scanned as Tagged Image File Formats (TIFF) with an average 

resolution of 400 dpi and 24-bit colour depth. Along with the 

given scale the results have an average ground resolution of 1.6 

meters per pixel. The collection comprises mostly parts of Middle 

and Eastern Europe and especially offers Saxony/Germany in high 

density. In consequence map sheets with different timestamps 

exist for multiple areas.  

A summary of the current state of the SDI is illustrated in figure 1. 

It comprises a number of standard compliant services as specified 

by the Open Geospatial Consortium (OGC), e.g. Web Map 

Service (WMS), Web Feature Service (WFS), Web Map Tile 

Service (WMTS) and Catalogue Service for the Web (CSW). To 

some extent the services are using their own data backend as the 

catalogues or the caching services, but they also share data 

resources like the messtischblattdb, the central database of the 

VK2.0, which is used by one of the WMS, the WFS and the 

“VK2 Backend Services”. The latter one encapsulates the user 

management and parts of the georeferencing tools, especially for 

running the transformation process of the georeferencing 

workflow. Tools for collection and validation of georeference 

parameters as well as for searching and visualizing the referenced 

maps are provided by the WebGIS-based portal application of the 

project. In the following the current state of the project will be 

described in detail. 



 

 

2.1 The Georeferencing Process 
Essential for making historic maps accessible via OGC services is 

the assignment of spatial information to the digital images. As a 

result much of the first years’ work addressed the georeferencing 

process. Although open source (MapWarper [6]) and commercial 

(Georeferencer [7]) software tools were available, the project 

partners develop a new georeferencing application offering a 

different workflow and toolset. This is due to the special 

characteristics of the plane survey sheets. These can be assigned 

to a national map sheet line system, where each map sheet 

describes an area of 10 minutes longitude and 6 minutes latitude. 

This fact, allows the preprocessing of the spatial coordinates of 

the four map corner points. Considering this, it is only necessary 

to extract the four pixel coordinates from the digital map image 

and create four ground control points (GCP) per plane survey 

sheet by matching them with the spatial coordinates. Using these 

GCPs it is possible to run different transformation algorithms and 

assign the spatial information to the respective map sheet. 

At the beginning of the project the use of image-recognition 

software was evaluated to automatically extract the pixel 

coordinates from the corners of the plane survey sheets. Although 

this approach is still investigated it was pushed back at the project 

start. This was because of the special characteristics of the plane 

survey sheets, which make an automatic image-recognition very 

difficult. Moreover in the future the georeference tools shall also 

support other historic map types. Therefore as an alternative, next 

to the automatic image recognition solution, a web-based 

crowdsourcing approach is implemented. The feasibility of such 

an approach has been proven by other projects in the recent past 

([4,8]).   

2.1.1 Crowdsourced georeferencing  

In detail the crowd sourced georeferencing workflow can be 

divided into four steps. As a first step, the user searches and 

chooses the plane survey sheet he wants to georeference. For this 

the portal application allows the retrieval of unreferenced maps 

via place names, map sheet numbers or pan- and zoom-

navigation. In addition the national map sheet line system is 

displayed as a grid via WMS and WFS layer to visualize the 

unreferenced as well as the already georeferenced maps. By 

clicking on a grid cell the user can choose a particular map sheet 

for the area he wants to work on and is then directed to step 2 of 

the georeferencing process.  

As a second step the user 

captures the pixel coordinates of 

the four map corner points by 

navigating on the original map 

and placing points (see Figure 

2.). The original map is 

visualised via Zoomify tiles [9]. 

Based on the extracted pixel 

coordinates, the client generates 

GCP and sends them, together 

with a hidden map identification 

string, to the VK2 Backend 

Service. For the given request parameters the service then 

generates  a georeferenced result and publishes it as a temporary 

WMS layer, which URL together with the layer name is send back 

to the client.  

The assignment of spatial information through transformation 

algorithms in the VK2 Backend Service is based on the 

Geospatial Data Abstraction Library (GDAL) [10]. At first the 

four GCP are added to a temporary copy of the original map 

images using gdal_translate. The image is then transformed with 

a first order polynomial by the tool gdalwarp. Using a Shapefile 

for representing the bounding box of the georeferenced map, 

redundant outer content is clipped away. Finally the tool 

gdaladdo is used for adding image pyramids to the resulting 

GeoTIFF. 

In case of the temporary processing of georeference results for an 

user validation process, fast response times are more importantly 

than storage optimization or fast data access of the service. So the 

VK2 Backend Service makes width use of the GDAL VRT 

dataset. By saving all georeference parameters in a single VRT 

file, the service prevents unnecessary long input-/output-

transaction on the disk storage. This is due to the fact, that a VRT 

is a small text file with a size less than 1 MB and TIFFs are large 

image files, which in our case are often bigger than 30 MB. 

Through also moving the clipping task of the redundant outer 

content of the georeference maps from the server to the client, this 

leads in summary to service response times within 1-2 seconds.  

Finally the user can validate his georeferencing work. Via the 

portal application the user can inspect the georeferenced map 

through visualisation of a WMS layer on top of an already 

referenced base layer. By using different tools like a transparency 

slider or a layer spy, the user can evaluate his work and update the 

georeferencing parameters if necessary. Once passing the user 

evaluation, the georeference parameters are confirmed. After a 

second double checking of the confirmed parameters through an 

authorised person, a permanent and public resource of the 

georeferenced plane survey sheet is computed. For each 

georeferenced map the user is awarded achievement points, which 

improve his position in a user ranking list. 

2.1.2 Automatic image recognition 

This approach tries to use image recognition software instead of a 

crowdsourcing community for detecting the pixel coordinates of 

the map corners. Therefore the project tries to further improve the 

work from Herold and Roehm (2011) [24], who developed an 

automatic edge detecting tool for modern plane survey sheets 

based on the image processing software Halcon [25].  



 

Generally the software tries to extract the inner map edges, 

through the use of image recognition algorithms and then 

calculates their intersection coordinates (see Figure 3.). The 

detected pixel coordinates of the edges could then be used in the 

georeference process described above. Regarding the historic 

plane survey sheets, a problem arises, due to the strong variety of 

the edge designs as well as the different sizes of the map sheets. 

Therefore the image recognition algorithm has to be extended to 

handle the different map style cases. First results for this approach 

are expected for the late summer of 2014. 

2.2 Publishing the georeferenced maps 
After acquiring a valid georeferenced result the historic maps, are 

made public available via the SDI of VK2.0. It is then possible to 

perform a spatial-temporal search for plane survey sheets and to 

access the map images fast and easily. In addition, because the 

SDI is based on open GI-standards, the metadata are published in 

compliance with ISO 19115/19139.  

The maps are published via WMS service which supports spatial-

temporal requests. Due to the historic dimension of the maps the 

WMS also has to implement a Time-Profile. Furthermore the 

plane survey sheets are aggregated to one single layer because of 

their thematic affinity. The described service is implemented by 

using the open source product UMN Mapserver [11]. It ships with 

a support for Time-Requests, which is realized by using a PostGIS 

time index. The time index refers to different GDAL VRT datasets 

by a location attribute. They aggregate the respective plane survey 

sheets of the given timestamps and through that allow a 

straightforward approach for processing image pyramids for the 

VRT.  

For faster access to the georeferenced map images a caching 

service is used. By seeding a given tile pyramid a caching service 

is able to quickly respond to requests with pre-processed image 

tiles. The cache is implemented using the open source software 

MapCache [12] in conjunction with a disk cache. The software 

supports multiple service interfaces like WMS, WMTS or Tile 

Map Services (TMS). Through the use of a dimension parameter 

it also supports time requests, which is core requirement for the 

chosen layer architecture. However this architecture still causes 

problems with the cache. Taking all timestamps together the layer 

describes large parts of Middle and Eastern Europe. These areas 

then define the extent for one unique tile grid, which the software 

uses for processing a complete cache for every timestamp. But the 

particular timestamp often describes less than 5 % of this area, 

which in consequence leads to a huge amount of unnecessary 

symbolic links in the file system and long reseeding times. For a 

reduction of the reseeding times an OGR [10] data source as a 

restriction for the area of concern is used. In this way the cache is 

only updated for the given area described through the OGR data 

source. For reducing the size of the disk cache and also 

supporting transparent tiles a mixed image format is used. It uses 

the Portable Network Graphics (PNG) format if transparency is 

needed and otherwise the Joint Photographic Experts Group 

(JPEG) format for compression. 

To enable spatial searching workflows, a metadata record is 

published through a geo-catalogue and a CSW for every plane 

survey sheet. Both services are implemented with the open source 

product GeoNetwork [13]. The metadata records are based on a 

template which is ISO 19115/19139 compliant and was developed 

for the project. The original data comes from the existing library 

system. Because of its draft status the service is not yet connected 

to other metadata catalogues, but this task will be evaluated in the 

near future. In addition to the catalogue application a small 

collection of metadata is also published via WFS layer. The WFS 

is also implemented through UMN Mapserver with a time index 

and is especially used by the VK2.0 portal application for 

different user interactions. 

For publishing newly georeferenced plane survey sheets via the 

SDI of the VK2.0 the data sources of the services have to been 

updated regularly. This task is done by an update script which is 

written in Python and executed every 12 hours. Initially the script 

queries the database for new registered and valid georeference 

results. If found it aggregates them by timestamps and performs 

update processes for each of them. Within this update process it 

creates a persistent georeferenced maps based on the valid 

parameters for the plane survey sheets and saves them as 

GeoTIFF. The process is thereby enhanced, in comparison to the 

process described in paragraph 2.1., through better image 

compression and data access parameters. Thereafter the newly 

generated GeoTIFFs are registered in the database and the 

corresponding plane survey sheets are marked as transformed. 

That way the WFS can access these maps via the time index. For 

publishing the map sheets via WMS, the VRTs have to be updated 

for the complete timestamps. Thereby especially the recalculating 

of image pyramids for the VRT can consume greater amounts of 

time and processing resources, which is positive correlated with 

the number of plane survey sheets connected to the particular 

timestamp. This task is thus performed in an extra update cycle. 

After recalculating the VRTs, the cache has to be reseeded. This 

can also need some time and processing resource, which can be 

strongly decreased through the use of OGR data sources in form 

of spatial restrictions, meaning that the cache is only reseeded for 

areas for which plane survey sheets are available. As last step all 

newly processed plane survey sheets are pushed to the catalogue 

service using the CSW transaction interface via generated POST 

requests. 

2.3 Visualization of the historic maps 
The georeferenced data is open to the public and can be used for 

different geospatial applications. The data is accessible through 

OGC services and is licensed under a creative commons license 

(CC-BY-SA). The SLUB as host and data provider tries to 

guarantee a 24/7 access to the different services. This enables 

spatial scientists to search for and integrate interesting datasets in 

their local GIS environment. Nevertheless a lightweight WebGIS 

application was built around the georeferencing tools. It allows 

searching and visualization of the historic maps through a simple 

web-based user interface. 

The backend of the WebGIS application is based on a 

PostgreSQL-/PostGIS-database [14], the Pyramid Web 



Application Development Framework [15] and SQLAlchemy 

[16]. The Pyramid Framework beside other functions, handles the 

routing, the authentication and the authorization of the users. It 

also supports server side templating and the use of language 

dictionaries through different plugins. On the client side mainly 

the Javascript libraries OpenLayers 3.0 beta [17], JQuery [18] and 

Google Closure Library [19] are used. In summary, the portal 

application makes wide use of the service infrastructure. It offers 

tools for searching maps by place names or map navigation. Also 

a time slider enables the restriction of the desired time period and 

a table shows the offered map sheets for the selected map extent 

together with their thumbnails. It is also possible to display 

different map sheets on an OpenStreetMap layer or on top of each 

other. Together with a transparency slider and a layer spy tool, 

this allows the comparison of different georeferenced maps. 

OpenStreetMap was choosed as a base layer, because its high data 

resolution allows a better analysis of building or landscape life 

cycles. Through click events on top of the map sheets it is further 

possible to view the original maps, see a summary of the map 

metadata or go forward the catalogue service. Beside that basic 

functionally a user history and a ranking based on the achieved 

georeference points is given.    

3. RESULTS 
In a first beta test including project staff and students 2.500 plane 

survey sheets could be georeferenced. It took an average user 

about 80 seconds to finish the complete georeferencing process of 

a single map. The obtained data is accessible via WMS [20], 

cached service [21] and catalogue service [22]. The 

georeferencing tools together with different searching and 

visualization tools are accessible via the portal application of the 

VK2.0 project [23]. In July 2014 the portal application will enter 

the beta release phase and will then be open to the public.  

4. NEXT STEPS 
As next steps georeferencing capabilities are to be extended. 

Support for the georeferencing of other map types is to be added 

and the usability of existing open source tools is to be evaluated. 

Furthermore a historic place name directory will be generated by 

adding functionality for the georeferencing of points of interest 

based on old maps. Also the whole georeferencing process shall 

be extended with better tools for validation of the georeferencing 

results, for example through quality parameter, which are 

computed with the help of statistical methods and through 

possibilities for users to update and further improve existing 

georeferenced maps. Beside that capabilities for uploading and 

publishing historic maps over the SDI of VK2.0 should be 

designed and added. Finally the developed SDI will be further 

tested, continuously improved and published under an open 

source licence.  
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