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Abstract  

The present report is the end result of the project that was carried out as part of the Geomatics 

Synthesis Project in cooperation with AllMaps, an open-source platform dedicated to the 

viewing and georeferencing of historic maps. The main objective of the project was to 

automatically georeference historic map series curated and digitised by the Dutch National 

Archive. This was based on the corner coordinates of the map sheets. The first issue that had 

to be tackled was the reprojection of the original coordinates which were in Bonne projection 

to WGS84 coordinates. To determine the corners of the map content within the sheets two 

methods were implemented. The first one detects the lines based on HoughLines Probabilistic 

Transformation and the second one detects lines based on the distribution of black pixels in 

the rows and columns of the images. In addition to map sheets with corner coordinates, there 

are two other sets of images which were georeferenced utilising a convolution neural network 

that performs feature matching. The feature matching was performed by running the two sets 

of images against the georeferenced sheets with known corner coordinates. To minimise the 

search space for this process a geocoder was used to determine the approximate location of 

the image. The implemented methods appear to hold the potential for georeferencing old map 

series. It is worth noting that the developed algorithms, while effective in many cases, may 

encounter challenges when dealing with irregularities on map sheets caused by the passage 

of time, such as damage. Consequently, there is a great opportunity to further enhance the 

algorithms to ensure they can consistently and accurately georeference images, even when 

faced with such irregularities. This ongoing development will lead to improved georeferencing 

accuracy and user confidence. 

Keywords: Automation, Georeferencing, Map Series, Cartography, Historic maps, Allmaps, 

Open data, AI, Feature matching, Corner detection, Bonnebladen, TMK, Bonne projection, 
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Preface 

Synthesis - Etymology 

Synthesis comes from the Latin synthesis, from Ancient Greek ůɨɜɗŮůɘɠ (s¼nthesis, ña putting 

together; compositionò), from ůɡɜŰɑɗɖɛɘ (sunt²thǛmi, ñput together, combineò), from ůɡɜ- (sun-

, ñtogetherò) + Űɑɗɖɛɘ (t²thǛmi, ñset, placeò)(Synthesis - Wiktionary, the Free Dictionary, n.d.). 

The Synthesis Project is a fundamental component of our curriculum, offering students a 

unique opportunity to bridge theory and practice in the field of Geomatics. In this project, 

students collaborate with external partners, such as companies, governmental agencies, or 

TU Delft research groups, to address real-world geo-information challenges. The project aims 

to provide a holistic understanding of the entire geo-information process, from data collection 

to interpretation, visualisation, and application. It also emphasises project management skills 

and encourages effective communication and cooperation among diverse stakeholders. It is 

an experiential learning opportunity that bridges the gap between academic knowledge and 

practical application within the field of Geomatics. By working on real-world geo-information 

problems, students gain a comprehensive understanding of the entire process, apply their 

skills, develop project management expertise, and enhance their collaborative and 

communication abilities. This holistic approach ensures that graduates are well-prepared to 

tackle the complex challenges of the geo-information industry (Course Browser Searcher, 

n.d.). 

The array of courses we've undertaken as part of our Geomatics program has been pivotal in 

not only broadening our knowledge base but also in honing the practical skills essential for the 

successful execution of the Synthesis Project. These courses, which span a diverse range of 

geospatial disciplines, have collectively formed the educational framework upon which we 

have built our project. They have provided us with a multifaceted skill set and a comprehensive 

understanding of geospatial technologies, positioning us at the forefront of addressing real-

world geo-information challenges. Practically, the majority of the courses that we have taken 

during the first year of our studies contributed to the successful outcome of our project. 

Namely, GEO1000: Python Programming, GEO1002: GIS and Cartography, GEO1003: 

Positioning and Location Awareness, GEO1006: Geo Database Management Systems, 

GEO1007: Geoweb Technology, GEO1009: Geo-information Governance, GEO1015: Digital 

Terrain Modeling and GEO5017: Machine Learning for the Built Environment. 
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1. Introduction 

In collaboration with Allmaps, an open-source platform dedicated to the viewing and 

georeferencing of historic maps, our team aims to accelerate the georeferencing process for 

historic map series curated by the Dutch National Archives. This project seeks to harness the 

power of automation to address a fundamental challenge in the realm of historical cartography 

- the labour-intensive and time-consuming nature of georeferencing. 

Historical maps are invaluable treasures, encapsulating the geographical and cultural 

knowledge of bygone eras. They provide essential context for scholars, archaeologists, and 

urban planners, enabling a deeper understanding of how our landscapes, boundaries, and 

societies have evolved over time. Yet, georeferencing these maps, especially when dealing 

with extensive map series comprising thousands of individual sheets, is a task that requires 

expertise. 

Our primary aim is to enhance the usability and accessibility of these historical maps by 

incorporating geospatial information. Georeferencing not only enriches the maps but also 

makes them more accessible to researchers, educators, and anyone with an interest in history. 

Moreover, by accelerating this process through automation, we hope to inspire other 

institutions to share their collections as open data, further enriching the global repository of 

historical knowledge. 

Our approach draws upon our knowledge in cartography, geodesy, digital processing, and 

insights obtained from a comprehensive literature review. We are committed to developing a 

method that can expedite the georeferencing of the Dutch National Archives' map series, and 

potentially serve as a template for similar projects in the future. 

Challenges abound in this endeavour, given that we are working with raster images of old 

maps. These challenges encompass transforming coordinates from the archaic reference 

systems used in the maps' creation, accurately stitching together map sheets that may include 

loose islands and overlapping areas, and mitigating errors introduced by manual steps in the 

process. Furthermore, the inherent complexities of automating processes for non-machine-

readable data and dealing with damaged or distorted map sheets is expected to be 

encountered. 

Historical maps, as timeless artefacts, offer us a portal to the past, and through this 

collaborative effort, we hope to unlock their potential in a modern, digital age. Our mission is 

twofold: to make the Dutch National Archive's georeferenced map series available on the 

AllMaps platform, and to create a scalable and adaptable method that can potentially benefit 

other institutions and projects seeking to bring historical maps to life through georeferencing 

and automation. 
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2. Problem definition 

In this section we introduce the problem we try to solve as well as our motivation. The 

limitations that characterise the project and the needs to successfully complete it are also 

listed. 

2.1 Project summary 

In collaboration with AllMaps, an open-source platform for the viewing and georeferencing of 

historic maps, our team aims to accelerate the process of georeferencing historic map series 

from the Dutch National Archive, using automation. Georeferencing increases the usability 

and value of digitised maps by adding geospatial information. This process is labour-intensive 

and time-consuming when done manually, as map series can consist of hundreds to 

thousands of individual sheets. Accelerating this process increases the availability and 

usability of historical maps, for free and without restrictions, as a tool for research, education, 

and anyone with a general interest. Increasing the relevance of the digital maps can also 

incentivise archives to publish more of their collections online as open data. Our approach 

includes the use of our Cartography background, Geodesy knowledge, digital processing, and 

literature review. The final goals of this project and our collaboration are to make the supplied 

map series available on the Allmaps online platform and to develop a method adaptable to 

other institutions or projects. 

 
Figure 1The rich picture with an overview of actors and their interests. 

2.2 Research question 

Currently the process of georeferencing old map series requires a lot of manual work and it is 

very time consuming. To get a better understanding of how this process works, every scanned 

image of the archive is georeferenced individually by manually choosing points on the historic 

map and an already georeferenced web-map on Allmaps platform. But these archives consist 

of thousands of images since each map sheet is usually divided into smaller sheets. Our 

partner aims to georeference the whole collection of maps curated by the Dutch National 
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Archive. Therefore, accelerating this process is considered to be essential. By doing so, 

making those georeferenced maps available to the public with incorporated geographic 

information, is then facilitated. Our team will try to tackle the challenge of accelerating the 

process of georeferencing with the use of automation. Or more specifically, we will develop a 

method to accelerate the process of georeferencing of the Dutch National Archivesô map 

series, using automation.
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3. Theory and context 

3.1  IIIF and the NA 

IIIF is ña set of open standards for delivering high-quality, attributed digital objects online at 

scaleò Home. (2023, July 10). IIIF. https://iiif.io/. It consists of several APIôs concerning the 

retrieval, display, access and metadata of images on the web. It is separated into several parts 

of which the Image API and Presentation API are most relevant for this research.  

The Image API is about the retrieval of an image from its server and the Presentation API 

adds metadata, references multiple images together or in the right order. The Georeference 

extension is also part of the Presentation API. It describes a way to create a Georeference 

Annotation, where the metadata needed for georeferencing is stored. This annotation is in 

json format with a body of GeoJSON point coordinates. Therefore, the coordinates must be 

expressed in the WGS84 CRS (Georeference extension, n.d.). 

The National Archives only utilise the image API. Instead of the presentation API they 

have an xml inventory detailing the metadata of the images. J. Schoonman has parsed 

this xml and put the relevant information in json format.  

3.2 !ƭƭƳŀǇǎΩ ŎǳǊǊŜƴǘ ǿƻǊƪƛƴƎǎ 

Allmaps consists of two major components. The Allmaps Editor and the Allmaps Viewer. In 

the Editor a user loads an image by requesting it from its IIIF server through a URL, manifest 

or collection. Then, the user adds a mask by clicking along the edge of the map area, the pink 

line in figure  2. 

A manifest is the prime unit in IIIF which lists all the information that makes up a IIIF object. It 

communicates how to display your digital objects, and what information to display about them, 

including structure, to varying degrees of complexity as determined by the implementer. (For 

example, if the object is a book of illustrations, where each illustrated page is a canvas, and 

there is one specific order to the arrangement of those pages). 

A collection is a set of manifests (or óchildô collections) that communicate hierarchy or gather 

related things (for example, a set of boxes that each have folders within them, and 

photographs within those folders)(How It Works, n.d.). 
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Figure 2 Creating a mask in the Allmaps Editor. 

The next step is to georeference. The user clicks at a point on the map image (figure 3, left) 

and its corresponding point on OSM (figure 3, right), this pair is called a GCP (Georeference 

extension, n.d.). There need to be at least 3 point pairs to georeference the image. For the 

best result, these points should not lie on the same line and should be evenly distributed over 

the map area. Corners of man-made features that are as old as the map make the most 

accurate GCPs. 

 

Figure 3 Picking point pairs in the Allmaps Editor. 

The Allmaps Editor combines the mask and points into a georeference annotation page that 

can be processed and read by the Allmaps Viewer. To see the result of the georeferencing, 

the user is directed to the Allmaps Viewer (figure 4). 
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Figure 4 Displaying the result of georeferencing tin the Allmaps Viewer. 

The Allmaps Viewer processes the provided annotation page by transforming the image to 

align the image to the base map. For this it uses either a first order polynomial or thin plate 

spline transformation. This is specified in the annotation page but can be switched with a 

keyboard shortcut. 

3.3 Map history, projection, sheet index, characteristics 

The Dutch National Archives houses a large collection of historical maps depicting places all 

over the globe. A selection of these are photo scanned without distortion at 300 dpi and 

published on their website (https://www.nationaalarchief.nl/) in compliance with IIIF standards. 

In our research we will focus on three map series, the óveldminutenô (fieldminutes) and the 

ónettekeningenô (neat drawings) of the ñTopographische en Militaire Kaart van het Koninkrijk 

der Nederlanden" (TMK) and the óminuutbladenô (minute sheets) of the ñChromo-

Topographische Kaart des Rijks in Bonneprojektieò (Bonnebladen). These map series 

originate from the 19th century and are part of the effort to create a cohesive map of the entire 

country of the Netherlands. The process of creating the map started with measuring angles in 

a network of triangles spanning the country, connecting to both Germany and France. These 

angle measurements were then used to calculate distances, this is the triangulation of 

Krayenhoff.  With a projection and distances established, the map could be filled in with 

topographical features. Thas was done using a combination of copying previous local maps, 

especially from the cadastre, and in situ drawings. These copies and field drawings together 

are called the óveldminutenô, the first version recognisable as a map. In the next step, the 

collection of veldminuten is copied onto a grid of rectangular sheets which are the 

ónettekeningenô. Finally, the neat drawings are transferred to a printing medium to create the 

final copies to be distributed for use. 

The archive has taken the sheet index into account in their naming of the files and structure 

of the archive. The last number in the file name is the sheet number. 

https://www.nationaalarchief.nl/
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3.3.1 TMK 

The TKM was created between 1834 and 1944, both the veldminuten and nettekeningen are 

digitised by the NA. The TMK uses the ógewijzigde projectie van Flamsteedô also called the 

óFransche projectieô This is an adapted version of the Sinusoidal, SansonïFlamsteed or the 

Mercator equal-area projection where the main meridian passes over the Westertoren of 

Amsterdam instead of the prime meridian and the average parallel is at 51°30' latitude instead 

of the equator (Topographisch Bureau, 1861). 

 
Figure 5 Example of a page with a corner coordinates table from The Meetkunstige beschrijving van Nederand 

(1861). 

The Meetkunstige beschrijving van Nederand (1861) also has tables for the coordinates of all 

towns and cities measured and for the corners of the sheets (figure 5). 
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Figure 6 Examples of scans of the TMK veldminuten. Left: Non-rectangular shape of some scans. Right: shows 

an island without reference of where to place it along the mainland. 

 
Figure 7 Example of a scan of the TMK veldminuten with a damaged bottom left corner. 
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Figure 8 Example of a scanned sheet of the TMK nettekeningen, showing the white border around the map 

sheet. 

 
Figure 9 Example of a scanned sheet of the TMK nettekeningen, showing an irregular sheet. 

3.3.2 Bonnebladen 

The Bonnebladen are the successor to the Strookkaarten der Verdedigingsliniën des Rijks, 

and were made between 1865 and 1951. There are multiple versions of the same sheets as 

new maps were drawn at different points in time, figure 10. The earliest sheets are based on 

the veldminuten of the TMK and later sheets are based on newer reductions from cadastral 
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maps. Linden (1973) calls the ógewijzigde projectie van Flamsteedô the ñBonneprojectieò which 

places the Bonnebladen in the same CRS as the TMK. 

 

 
Figure 10 Examples of the Amsterdam sheets from 1876 (top)  and 1892-1902 (bottom)respectively. These 

sheets also have worn corners.  
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mapseries TMK Bonnebladen 

name Veldminuten Nettekeningen Minuutbladen 

CRS Bonne projection Bonne projection Bonne projection 

scale 1:25000 1:50000 1:25000 

number of scans 414 290 2991 

number of sheets 
in index 

62 62 776 

characteristics The ókartonnenô 
(sub-sheets) are 
scanned individually. 

 

The pattern for 
combining the full 
sheet is highly 
irregular in shape. 

 

The sub-sheets have 

worn rounded 

corners and edges 

and have a black 

background. 

Sub-sheets have 

irregular shapes and 

sizes 

Sub-sheets are 
scanned separately 
and scanned 
combined into full 
sheets. 

 

Each subsheet is a 
quarter of the size of 
the full sheet 

 

A full sheet has a 
white paper border 
and a black 
background 

The sheets 

containing only 

water were not 

made. 

The sheets have 

worn rounded 

corners and edges 

and have a black 

background 

Table 1 Overview of the map series 
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4. Methods 

4.1 Research approach schema 

Method: Map matcher  

This method is specifically geared to the ñveldminutenò, which are hard to position in an 

automated way. We first find the exact positions of the ñnettekeningenò and then we place the 

ñveldminutenò based on automatically matched features on the ñnettekeningenò. Finally we 

apply the georeferencing to the individual ñveldminutenò. 

Strengths Weaknesses 

- If matching works well, this method 

can achieve high accuracy as the 

ñveldminutenò will be placed on the 

ñnettekeningenò, which would be 

georeferenced based on the original 

source coordinates. 

- Matching might not work for all 

sheets or produce incorrect results. 

- Still would require manual work. 

We developed a flowchart to visualise the whole pipeline of this method (Figure 2). During the 

creation of this flowchart, we determined that this method combines the strengths of method 

2 with innovative automated processing.  

We also saw opportunities for it to be widely usable. In our proposal, the fieldminutes are 

automatically placed on a highly similar reference map (the neat drawings of the same map). 

If the system can be made to rely on map features and not on a particular map, its usability 

could extend to many map series. As long as you have a georeferenced map that shares some 

similarities with your input map, it could perform the georeferencing in a highly automated way. 

The main weakness of this method is the complexity of the matching. Depending on how 

successful we are in implementing this determines how usable the solution is. We are however 

confident that we can get it to work on the TMK field minutes as we have a highly similar 

reference map to perform the matching on. This means that the requirements of our client will 

be fulfilled almost certainly. The neat drawings of the TMK and the Bonnebladen are 

georeferenced using source coordinates, leading to very high accuracy. The fieldminutes of 

the TMK are also georeferenced with high accuracy when the matching algorithm performs 

adequately. 
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Figure 11 Sketch flowchart of the map matcher method. Starting from top left, following the arrows it goes through corner coordinate matching 
phase, an automated placement on reference map phase, and a web interface phase. 
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4.2 Scoping/ Managing expectations: MoSCoW 

Must 

ǒ IIIF annotation of each mapsheet 

ǒ Georeference mapsheets 

ǒ Describe our project, process and results in a final report 

ǒ Give a final presentation of the project on Geomatics day 

Should 
ǒ Provide quality indices that can indicate the georeferencing quality 

ǒ Make method also work for similar map series 

Could 

ǒ Make a method work for many map series - Interoperability 

ǒ Write a scientific paper about our projectôs findings and results 

ǒ Prepare a presentation about our project for an event outside of the 

synthesis project course. 

Wonôt 

ǒ Fully automate the whole process of georeferencing old map series 

ǒ Georeferencing each map sheet automatically on an individual 

basis 

Table 2 MoSCoW division of tasks 

4.3 Research limitations 

- Due to the nature of the Synthesis project course, we have limited time and a strict 

deadline to complete our research. 

- Unavoidable inaccuracies in historical maps. 

- Limited open source access to existing georeferenced historical map series. 

- The accuracy of georeferencing depends on the quality of the historic maps and the 

reference data. Poor-quality or damaged maps may pose challenges. 

4.4 List of needs 

- High-quality scanned map sheets, preferably already in IIIF format. 

- Sources with corner coordinates of map sheets. 

- Existing software libraries or services for necessary steps like feature matching. 

- Well-structured and annotated archive, with identifiers for each map sheet. 

- Accurate transformation from the bonne projection to WGS84 

- The manifest IIIF presentation API with information from the NA xml metadata  
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5. Workflow 

5.1 Phase 1 

5.1.1 WP1: Finding and processing the corner coordinates of both the TMK and 

the Bonnebladen 

The goal of this work package was to deliver the corner coordinates of full TMK and 

Bonnebladen map sheets in the WGS84 CRS and in a GeoJSON format. These CRS and 

format were chosen because they are part of the IIIF standard that both the archive and 

Allmaps use.  

The workflow for this package was to 1) find the corner coordinates of the map sheets in their 

original CRS and convert these to a machine readable format, 3) find and execute the 

transformation from the original CRS to WGS84, 4) output the WGS84 coordinates of the 

sheets to GeoJSON. 

The sheet corner coordinates of the TMK are written down in the borders at the corners on 

the sheets themselves and in a table in the book óMeetkunstige beschrijving van het Koningrijk 

der Nederlanden, bevattende de getallenwaarden, gebruikt bij de zamenstelling van de 

topografische en militaire kaart van het rijkô (1861). The bonne projection coordinates in the 

table were manually copied from the pdf of the book to a csv file which could then be parsed.  

 
Figure 12 The sheet index of the TMK.  

After spending several weeks looking for a similar source for the Bonnebladen but not finding 

it, a different approach was used. Because the sheet index of the Bonnebladen follows a very 
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regular grid structure, the corner coordinates for each sheet can be calculated when their 

position in the grid is known. For this, parts of the code of Schoonman (2023) and Meijers 

(2023) were used.  

 
Figure 13 The sheet index of the Bonnebladen. 

The first step in this process is to create a bounding grid measuring the maximum number of 

rows and columns in the sheet index. Next, the grid cells are assigned their sheet number. 

This was done by giving each row a description of how many óemptyô cells there are left of the 

map and how many map sheets are on the row. In the south of the Netherlands there are 

several rows where there are empty cells in between filled cells. These were included by 

adding them to the number of filled cells in the row but giving them the sheet number ó0ô. The 

other filled cells were numbered top to bottom left to right according to the sheet index. Finally, 

the corner coordinates were calculated based on the distance from the origin (the top left 

corner of sheet number 666 near Chaam), each cell is 40000 metres wide and 25000 metres 

high. 

The next step for this work package was to transform these bonne coordinates to WGS84. For 

expertise on Dutch CRSs Jochem Lesparre from the Kadaster was contacted. He made and 

shared a nationwide PROJ pipeline to go from Bonne to RDNAP or WGS84 (Lesparre, 2023). 

Furthermore, he also shared information on the accuracy of the transformation. Van Riel 

(1924) published a direct transformation between bonne and RDNAP which has sub-meter 
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accuracy for the first-order triangulation points. However, in one tested area it has a standard 

deviation of 74 metres for topographical features because of the inaccuracy of the original 

map. 

 
 

+proj=pipeline +z=0  

+step +proj=bonne +lat_1=51.5 +lon_0=0 +a=6376950.4 +rf=309.65 +pm=4.883882778 +inv  

+step +proj=cart +a=6376950.4 +rf=309.65  

+step +proj=helmert +convention=coordinate_frame +exact +x=932.9862 +y=86.2986 +z=-197.9356 
+rx=2.276813 +ry=1.478043 +rz=4.673555 +s=50.09450  

+step +proj=noop  

+step +proj=cart +ellps=WGS84 +inv  

Figure 14 PROJ Pipeline to transform from Bonne to RDNAP and WGS84, by Lesparre (2023) 

The PROJ pipeline from Bonne to WGS84 consists of 5 steps. The third, transformation (3) in 

figure 15, is based on the table of Van Riel (1924). This step creates residuals of up to 6 

meters relative to the table of Van Riel in a whirly pattern, typically associated with the 

inaccuracies of a triangulation. 

 
Figure 15 residuals from transformation (3)  from Krayenhoff X,Y,Z to ETRS89 X,Y,Z relative to Van Riel. By 

Lesparre (2023). 
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The final step of this work package was to write both sets of sheet corner coordinates to 

GeoJSON. All the coordinates of a map series are written to one file where the four corners of 

a sheet are grouped in a MultiPoint feature with the sheet number as its id. 

 

  
Figure 16 The resulting corner coordinates from the TMK (left) and Bonnebladen (right). 

A weakness of this approach is that both of the methods to get the corner coordinates in the 

original CRS had steps of repetitive manual copying down of numbers which were susceptible 

to errors. These errors only became apparent after visualising the georeferenced map sheets 

but were then easy to spot, trace back, and correct. 

In the case of the TMK it was discovered that map sheet number 24 is shown in the sheet 

index as a full size sheet and the corner coordinates of the full sheet are given in the 

óMeetkunstige beschrijving van het Koningrijk der Nederlanden, bevattende de 

getallenwaarden, gebruikt bij de zamenstelling van de topografische en militaire kaart van het 

rijkô (1861), however the map sheet in the archive is executed as a half sheet because most 

of it is empty sea. This was then rectified in the csv with the bonne projection coordinates of 

this sheet. A more recent sheet index (Bladindeling Van De Nettekeningen, n.d.) shows more 

irregularities, especially around the borders in the South. However, only the missing sheets, 

50, 56 and 59 are an issue in the dataset from the National Archive. 
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Figure 17 A modern sheet index of the TMK, by Kadaster. 

 
Figure 18 Upside down zwolle 304 and right side up Zwolle 304A. 

The Bonnebladen also have several exceptions to its regular grid. For example, sheet 10.304 

Zwolle is scanned upside down in the archive. It might make more sense for the archive to 

correct the orientation of the image than to include an orientation check into the automated 

workflow. Another irregularity occurs around the border around Limburg. Here, sheets are not 

executed in the regular size given by the sheet index because most of the sheet area is not 

Dutch territory. If these different sizes are not taken into account the algorithm will stretch the 

image to fill the size of a full sheet. 
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Figure 19 Irregular sheet sizes in Limburg, by Schoonman (2023). 

5.1.2 WP2: Corner detection 

A vital part of automating map georeferencing is detecting the corners within which the map 

content exists for each sheet. Using the terminology of AllMaps, this step will create a mask 

of the map as illustrated in Figure 20 and Figure 21. Detecting those corners will enable 

assigning the coordinates, retrieved from the previous work package to the corners of the 

detected mask. As can be seen in the mentioned figures, the map sheet sets have different 

characteristics which impose handling them in differently. To do so, two approaches were 

developed, one based on the geometric characteristics to determine lines and one on the 

colours to remove the background of the images. The former applies to the ónettekeningenô 

map sheets while the latter one was used for the óveldminutenô and the óbonnebladenô. 

 
Figure 20 (a) Example of TMK nettekeningen map sheet. (b) Example of mask on the same map sheet. Source: 
https://service.archief.nl/iipsrv?IIIF=/ca/6c/10/d3/d1/cf/46/8f/bc/b6/c1/1d/6e/de/ec/9f/8c525345-e566-4796-8f1d-

38f7187ce69c.jp2/full/full/0/default.jpg 
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Figure 21 (a) Example of TMK veldminuten map sheet. (b) Example of mask on the same map sheet. Source : 
https://www.nationaalarchief.nl/onderzoeken/archief/4.TOPO/invnr/7.1.1/file/NL-

HaNA_4.TOPO_7.1.1?eadID=4.TOPO&unitID=7.1.1&query= 

The goal of the first method is to identify the horizontal and vertical lines that enclose the 

region of the image with map content and from them extract the corners. The first step of the 

process is image preprocessing which includes cropping the image to discard the black 

background as well as reduce the white border. After that, the image is converted to grayscale 

and then a threshold is applied to convert the image into black and white (Figure 22 (a) and 

(b). Then, morphology operations are utilised to separate horizontal and vertical lines into two 

different images. More in detail, based on OpenCV library the horizontal and vertical lines are 

separated using erosion and dilation with kernels as structural elements. The size of the 

kernels is 21ṋ1 for the horizontal lines and 1ṋ15 for the vertical ones. Following this, 

HoughLines Probabilistic Transformation is applied to the images that only consist of 

horizontal and vertical lines separately (Figure 22 (c) and (d)). The detected lines are then 

filtered based on their bearing with a threshold of 4 degrees from the horizontal (180°) or 

vertical axis (90°) (Figure 22 (e) and (f)). Finally, from those filtered lines the ones with 

minimum and maximum x and y value are kept since it is assumed that those are the ones 

which are part of the outer border of the map. A mask to be valid has to be a minimum area 

equal to the 80% of the total area of the image, otherwise it is discarded and the mask 

becomes equal to the whole image. This technique has good results in regular sheets, which 

do not have damaged edges and the margin between the edge of the sheet and the map is 

wide. If the sheet has irregularities such as worn edges or the mapôs borders are the same 

with the sheetôs edge then the algorithm performance is not accurate since it is very sensitive 

to them (Figure 23).  
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Figure 22 Steps of image processing to detect lines. (a) bitwise image (b) black and white image (c) image after 
applying horizontal structural element with overlaid green lines as detected from HoughLines Probabilistic 
Transformation (d) image after applying vertical structural element with overlaid green lines as detected from 
HoughLines Probabilistic Transformation (e) final horizontal lines after filtering based on angle (f) final vertical lines 
after filtering based on angle. 

To evaluate the accuracy of that method the automatically generated masks were compared 

with manually generated masks and the Euclidean distance of corresponding points (e.g. top 

left with top left, etc.) was calculated. This process was carried out for a set of 31 images out 

of a total of 59 images. As mentioned before the algorithm has high accuracy in regular sheets 

scoring for example in some cases a Euclidean distance average of 3.83 and 7,83 pixels. The 

table with the comparison results can be found in Table 9 (page 82). The unit of measurement 

used in the table is pixels and the distance 0 to 4 is the distance of points on the 4 corners 

starting from top left and clockwise. It is important to mention here that due to some code bug 

that was solved by the time writing the present report the mask generator and the quality check 

algorithm have some strange behaviour that is not systematic (i.e. not the same in every 

image) and therefore it was difficult to debug. 
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Figure 23 Example of damaged map sheet. 

The second method for the óveldminutenô and the óbonnebladenô map sheets is based on a 

completely different concept. The main idea behind it is that different columns and rows of an 

image have different numbers of black pixels. When there is a column or row with significantly 

more black pixels this is a good indication that there lies a line. Following the initial steps of 

the previous method the image in question is converted to grayscale and a threshold is applied 

to have an array with 0ôs and 1ôs. After that, the number of black pixels (1) is counted for each 

row and column of the image. In addition to that, the standard average number of black pixels 

and standard deviation are calculated. Based on the total number of pixels in each column or 

row the local maxima is calculated. This is done by comparing the number of black pixels of a 

row or column with each two immediate neighbours (previous and next one). After acquiring 

the indices with more black pixels than their neighbours, they have to be filtered. This is done 

by comparing the number of black pixels with a value. The value to identify a peak is defined 

by the average number of black pixels and a multiple of the standard deviation as shown in 

below: 

ὼȇ„Ὥẗ ὥ ὴὩὥὯ ᶅ Ὥ ɴ  ὍάὥὫὩὶέύίȟύὬὩὶὩȟὼȇ ὸὬὩ ὥὺὩὶὥὫὩȟ„Ὥ ὸὬὩ ὨὩὺὭὥὸὭέὲȟὥὲὨ ὥ Ὥί ὧέὲίὸὥὲὸ 

 ὼȇὮ „ẗ ὥ ὴὩὥὯ ᶅ Ὦ ɴ ὍάὥὫὩ ȟύὬὩὶὩȟὼȇὮ ὸὬὩ ὥὺὩὶὥὫὩȟ„ ὸὬὩ ὨὩὺὭὥὸὭέὲȟὥὲὨ ὥ Ὥί ὧέὲίὸὥὲὸ  
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Figure 24 Example of identifying peaks of black pixels. The constant used is a=4. On top left is the number of 
black pixels per column. On top right the thresholded image. On the bottom left is the original image. On bottom 

right is the number of black pixels per row. 

Since it is assumed based on visual check that by setting the constant a equal to 4, the peaks 

are close to the edges, from the final peaks the ones chosen to define the mask are those 

which have the greater value. To define the cornersô points, the minimum and maximum x and 

y values of the selected edges are then extracted. A disadvantage that comes with that method 

is that there is no metric to quantify the accuracy of the mask detection except for visual 

checking. This is because there were not manually created masks to test against the 

automatically generated ones. 

5.1.3 WP3: Automated writing of IIIF georeference annotation pages for the 

TMK and Bonnebladen   

This part of the workflow combines the results of WP1 and WP2 into annotation pages that 

can display the images in the Allmaps Viewer. The package processes one map series at a 

time. 

First, for each sheet the sheet number is extracted from the metadata and the pixel corner 

coordinates are extracted from the mask in the annotation page created in WP2. Next, the 

sheet number is used to look for the corresponding geographic corner coordinates in the 

GeoJSON generated by WP1. The corresponding pixel and geographic coordinates are stored 

as óControlPointsô that are written to an updated annotation page. 

These annotation pages can then be loaded individually or as a series into the Allmaps viewer. 
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5.2 Phase 2 

5.2.1 WP4: Search box determination and processing 

For the second phase of the project, the results of the first phase are required. We aim to 

georeference the field minutes of the TMK using the georeferenced neat drawings from Phase 

1, put together as a whole and then used as a base map for the process. 

Work Package 4, the first work package of the second phase, aims to determine a search box 

that defines the borders of the reference map used for the feature matching of Work Package 

5. 

A search box in our case, is a box, defining the borders of the search area of the feature-

matching tool that follows up in our pipeline. It is used as a reference map so that the position 

of the map sheet that is being georeferenced- in the case of the TMK, each fieldminute- is 

detected on the base map. In that way the feature matcher no longer needs to search for 

matches on the whole base map, but only around the area that the search box determines 

that it should. Thus, the process of feature matching is a lot faster and we make sure that the 

detection of the corresponding features is done in the correct area. That way we ensure that 

the georeferencing is not based on invalid GCPs detected in random areas around the map, 

a potential weakness of the deep learning model.  

For our specific project, we can use the neat drawings of the TMK as base map for 

georeferencing the field minutes. Due to the structure and metadata of the Dutch NA, it is easy 

for us to retrieve which field minute should be on which neat drawing. Therefore, for our 

project, it is not required to use the search box to limit the area, since we have a limited area 

in the neat drawing. Also, since the original neat drawing is full quality and not warped, the 

georeferencing from feature matching is expected to be of higher quality. 

However, for the sake of reproducibility and interoperability, we still wanted to implement a 

way that allows any kind of map series to be georeferenced using our method with any type 

of base map. That way, even if the sheet structure is different between maps, or no sheet 

division is used at all, the pipeline can still work. For that, we came up with the idea of the 

search box determination step.  

We decided the search box would be created from a centre point, and an offset on the x and 

y axis from this point. In our implementation, we ask the user of the library to give this centre 

point as a coordinate in WGS84. In our study case, the Dutch NA has included as metadata 

the title of the map sheet that the field minute belongs to. This title corresponds to a geographic 

location in the Netherlands. Both for us to use, and any other user of the library we 

implemented a geocode function to produce the search box centre point from that toponym. 

For our study case and because we are dealing with historical maps, we chose to work with  

the World Historical Gazetteer, which is a digital platform that works with open data principles 

and compiles historical place names and associated data. A strong point of this platform is 

that it does not matter if the user gives it an older version of the toponym because it is aware 

of the historical toponyms that are included in its database. 

We make use of the WHG in the ñgeocoderò file of our source code that performs the actual 

geocoding of a toponym. More specifically, it takes the toponym and a list of ISO country codes 

as input. It validates the input to ensure the list of country codes is not empty and that each 

code is valid. Then, it constructs a URL to query the WHG API with the toponym and the 
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provided country codes. It sends an HTTP GET request to the API and processes the 

response. If a single match is found, it extracts the WGS84 coordinates and returns them in 

the form of a GeoJSON. If more than one or none are found it returns None. During tests, we 

noticed that one toponym can correspond to more than one country. That is the reason why 

the user is also asked to give the code of the country at the start.  

 
Figure 25 Searching for ñAmsterdamò on the WHG gives back 3 countries ISOs(NL, ZA, US).  

To determine the x and y offset of the searchbox, project-specific information is needed. If the 

user gives a centre point close to the geographic centre of the map sheet they are 

georeferencing, a small search box could be used. In our case, the toponym in the metadata 

corresponds to the toponym of the much bigger neat drawing that the field minute is part of. 

We inspected the nettekeningen to determine if the toponym is located in the centre or more 

unpredictably distributed. 
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Figure 26 With a red point: Amersfoort on the neat drawing of the TMK shown with opacity. On the bottom right, a 

field minute corresponding to Amersfoortôs neat drawing. 

From this, we concluded that the toponymôs location on the neat drawing map sheets is 

irregularly distributed.  

We conclude that, both from the field minuteôs toponym belonging to a much larger neat 

drawing map sheet and the actual location of this toponym on the neat drawing being irregular, 

we need to use a searchbox much larger than the field minute and even substantially larger 

than a neat drawing. 

Based on the size of the neat drawing area and the distribution of the toponyms, while still 

minimising the search box area to improve performance, we ended up with an x offset of 30 

km on both sides of the centre point and a y offset of 20 km above and below the centre point. 

The example in Figure 27 shows a searchbox(red) created from the toponym of sheet 

ñAmelandò, where Ameland is not located in the centre of the map sheet(blue). Because of the 

selected offset, still the entire map sheet lies inside the search box. As visible by the remaining 

space around the sheet, even if the toponym lies further from the centre, the search box will 

span the entire sheet. 
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Figure 27 The selected search box(red) for the fieldminute of Ameland(blue). The red point represents the centre 

point of the search box, where Ameland was geocoded. 

After determining the search box area, the next step is extracting the searchbox as an image 

from the reference map. We thought of multiple methods for achieving this, including a WMS 

server or writing our own code to extract from a IIIF manifest. Due to the complexity of creating 

our own WMS server or developing our own exaction code that could work across multiple 

individual IIIF images, we decided to go for a ready-to-be-used solution our client informed us 

about. Allmaps offers a XYZ tile server1 solution that can produce image tiles from a supplied 

IIIF georeference annotation. We implemented code that requests all tiles within the search 

box area, and combines them into one composite image. 

Our client informed us about the downsides of this solution, including the negative impacts of 

CRS warping and image quality degradation on the georeferencing result. Also, implementing 

our own image extraction could be much faster.  

This whole process has been implemented in the SearchBox and ReferenceMap classes, 

which work packages 5 and 6 use to continue with the pipeline. 

 
1 XYZ map tiles for IIIF maps georeferenced with Allmaps / Allmaps | Observable (observablehq.com) 

https://observablehq.com/@allmaps/allmaps-tile-server
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5.2.2 WP5 & WP6: Finding feature matches between map and reference map 

In these work packages, the map-to-be-georeferenced is compared with an already 

georeferenced map using feature matching. The georeferenced map ñreference mapò comes 

from work package 4. In our project the maps-to-be-georeferenced ñinput mapò are the 

veldminuten of the TMK.  

Originally the plan was to split the input map into several different images that would describe 

different features on the map. For example a roads map, a water map, and a buildings map. 

This idea was based on the paper Automatic contentȤbased georeferencing of historical 

topographic maps (Luft & Schiewe, 2021). In this paper, the water features from a historical 

map are extracted and, using a feature matching algorithm, compared with a modern day map 

of the same area. 

 
Figure 28 Result from Luft & Schiewe: Matches of detected features between source image (i.e., the segmented 

input map image, left) and the target image (i.e., the reference OpenStreetMap data, right). (Luft & Schiewe, 

2021). 

We considered using this exact approach, and then also adding masks for buildings and road 

features. 

Our segmentation attempts ran into a dead end however. It turns out on the TMK veldminuten 

water features are often much less easily distinguishable than on Luft & Schieweôs map sheets 

of Germany. Within the TMK fieldminutes series the colour used for water varies significantly, 

making it very challenging to automatically extract the water features. Initial tests to extract 

water features were therefore unsuccessful.  
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Figure 29 Water features on the Delft TMK fieldminute sheet. The water features are easy to distinguish due to 

the blue colour use. 
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Figure 30 Water features on the Utrecht TMK fieldminute sheet. Water features are almost impossible to 

distinguish based on colour. 

For the segmentation of buildings, colour would also be an appropriate filtering method as 

red is used to denote buildings on the map. On closer inspection, we found that even within 

the same map series (TMK veldminuten and TMK nettekeningen) the method for drawing 

buildings can differ a lot. 

 
Figure 31 Amersfoort on the TMK fieldminutes. Buildings are drawn with high detail. 
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Figure 32 Amersfoort on the TMK neat drawings. Blocks are drawn with an outline. 

 
Figure 33 Delft on the TMK neat drawings. Blocks are drawn as solid red blocks. 
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Figure 34 ós Hertogenbosch on the TMK neat drawings. Blocks are drawn with a red drop shadow. 

Finally, the sources we found for methods to extract road networks all required the maps to 

be already georeferenced for that specific method to work (Uhl, 2022) or require retraining of 

a deep learning model (Jiao, 2022). 

The combination of these conclusions led to the decision that segmentation of historical maps 

that would also be reusable for other map series was not feasible within the time and resources 

of this project. 

Following this decision, we performed a range of experiments. Firstly, we tried out algorithms 

for template matching (OpenCV: Template matching, n.d), which is the process of moving a 

sample image across a target image and, using statistical analysis, determining the most likely 

position of the sample image on the target image. The results from this method for our specific 

project were promising, when input images were placed in approximately the correct location 

on the reference map. However, due to the nature of this algorithm, it would completely fail on 

even minor rotation and scale changes in either the input image or the reference image. This 

would mean it could definitely not work on a reference map in another CRS. Also, based on 

manual overlaying, it turned out that the fieldminutes do not overlay exactly with the neat 

drawings. Based on these two conclusions, we decided a more advanced method of placing 

the fieldminutes was needed that could account for all these challenges. Feature matching 

algorithms seemed the obvious choice for this, as we could transform the image based on the 

found matches. 

We tested multiple feature matching implementations, including ORB (Oriented FAST and 

BRIEF) (Rublee et al., 2011) and SIFT (Scale Invariant Feature Transform) (Lowe, 1999). We 

experimented with these feature matching techniques both on the raw image, and on a pre-

processed image. We tested the following preprocessing techniques: Thresholding, Canny 

edge detect, Sobel edge detect, erode, and dilate. All with a combination with Gaussian blur. 

We both inspected the raw results and clustered results using DBSCAN (Ester, 1996). Upon 

inspecting the results, none of the tested methods produced promising results. Even when 

testing feature matching between two identical sheets but with slightly different processing (to 

simulate differences in map scale and style) barely any actual matches were found. 
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Figure 35 Subset from result from ORB based feature matching on edge masks of a fieldminute sheet (left) and a 

neatdrawing sheet (right). 

 
Figure 36 Subset of ORB feature detection match results on the same fieldminute (left and right) with altered 

edge detection parameters. Manual inspection revealed only one correct match. 

Finally, we found the paper and codebase Deep learning algorithm for feature matching of 

cross modality remote sensing images (Lan et al., 2021). This deep learning model promised 

to produce much more similar descriptors for the same features on two maps that were 

significantly different (i.e. matching between a colour satellite image and an infrared satellite 

image, two satellite images at different moments in time, and even between OpenStreetMap 

and a satellite image).  
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Figure 37 Image from GitHub repository of Lan et al., showing found features between OpenStreetMap(left) and 

satellite image (right). (Lan et al., 2021) 

Already when using the model and supplied pipeline out of the box, the results were very 

promising. Many matches were found between the input image and the reference map, and 

outliers were effectively filtered out by the use of DBSCAN (Ester, 1996) in the code of Lan et 

al.. 

 
Figure 38 Plot from result of running the code from Lan et al. on a sample TMK fieldminute (left) and 

corresponding neatdrawing (right). 

We adapted part of the code of Lan et al. to work with both directly georeferencing from the 

corresponding neatdrawing and by using the reference map derived from workpackage 4 

combined with a location hint from geocoding the title of the fieldminute. The retrieved matches 

are passed onto workpackage 7 to perform further filtering and turn them into a georeference. 

5.2.3 WP7: Georeferencing based on matches and output to IIIF 

We transform the found matches that are below an arbitrary residual threshold that is linked 

to the resolution of the image using an affine transformation. After this transformation, we keep 

a specified number of matches with the lowest residuals (different values used, but often 

keeping 4 or 5 for the georeferencing). These matches are then georeferenced by associating 

the pixel coordinates on the reference map to coordinates in the WGS84 CRS. In the case of 

the reference map retrieved from the XYZ server inaccuracies are introduced here. In the case 

of using our IIIF image annotations of the neat drawings as reference, we can use their 

georeferencing directly to interpolate the pixel coordinates. 

As in workpackage 3, the georeferencing is exported to GeoJSON and included in the 

reference annotation pages. Workpackage 7 mostly got absorbed by the other 

workpackages. 
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Figure 39 Matches before and after filtering based on residual length.


































































































