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Summary: Historical maps from different periods of time are very important for many
types of research. They can show the development of a place through the time and their
use can be profitable in different studies concerning the geographic analysis of terrain, en-
vironmental changes and the development of landscape and settlements in a specific area.
These spatial changes are many times preserved only through maps that are often available
only in analogue form or, in the best case, as scanned raster images. Since the scanning of
these maps is not always sufficient for their further analysis, it is useful and practical to
have historical maps in vector form and the most important, to have a method to automati-
cally convert the raster historical maps to vector data. The extracted vector data gives re-
searchers and historians the opportunity to detect and determine more easily spatial chang-
es in an area over time and also makes easier the combination and the analysis of historical
and modern data in order to highlight in a faster manner the differences between maps
dated on various time periods.

Introduction

Historical maps are regarded as a considerable part of world’s cartographic heritage, intrinsically
linked to human activity through time, since they depict the special characteristics of an area, its
toponyms that existed in the place at a specific period of time, its boundaries or its physical sur-
roundings. Combining the content of different historical maps and showing changes on the envi-
ronment, usually apparent only through maps in case no other written source exists, arouse the
interest of many researchers dealing with the geographic analysis of terrain, environmental chang-
es and the development of landscape and settlements in a specific area.

Unfortunately, this historical information is often available only in analogue form or in the best
case, as scanned raster images. The problem in this case is that the scanning of these maps is not
always sufficient for their further analysis. What will be really helpful for researchers is to have
historical maps in vector form; ideally, to have a tool to automatically convert the raster historical
maps to vector data since it can be easily compared with modern data, or even historical data of a
different time period. Vector data is suited especially for this task due to its format and size. It can
be better combined and analyzed and this will give researchers and historians the opportunity to
detect and determine more easily spatial changes in an area over time. For this reason, it is im-
portant to automate the raster to vector conversion process.

However, although many researchers are working on this field the last decades and there are
commercial products including good vectorization algorithms, none of them seems to give ac-
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ceptable results automatically. This automatic vectorization process is even more challenging to
be implemented for historical maps, since the vectorization of their spatial characteristics is usual-
ly difficult due to their design, their low graphical quality, their degradation caused by the passing
of time and the amount of data depicted on them.

In this paper, a new generic methodology will be presented based on free and open source soft-
ware in order to convert raster historical maps to vector form. The basic stages of this procedure
are the scanning and the correct georeference of the map, the pre-processing and the cleaning of
the image from artifacts so that the spatial features are automatically recognized. The finals stage
concerns the automatic vectorization of the different characteristics of the historical maps includ-
ing also removal of spikes and optionally a light generalization in order to improve lines and cor-
rect shapes correspondent to those depicted on the maps. This methodology has been applied on
different Swiss historical maps showing interesting and promising results for automating the
vectorization procedure for any map sheets of a certain type of historical maps.

The next steps of this research are the extension of the existing methodology to include advanced
processing of vector data for specific shape recognition or for spatial text extraction in order to
further refine the obtained vector data and the combination of the obtained results with modern,
vector data in order to be qualitatively and quantitatively evaluated.

Historical maps to be vectorized

In this project, in order to apply the different algorithms and to standardize the procedure followed
for the vectorization of raster historical maps, we have used two of the most representative histor-
ical maps of Swiss Cartography dated back to the 19" and 20™ century. These are the Johannes
Wild Topographic Map of the Canton of Zurich (1852-1865) and the Topographic Atlas of Swit-
zerland by the Swiss Federal Office of Topography under Colonel Hermann Siegfried (1870-
1926).

The Topographic Map of the Canton of Zurich (Fig. 1) in scale 1:25000 is a multicolor, lithograph
map, constructed in 32 sheets from 1852 to 1865 by Johannes Wild (1814-1894), engineer and
cartographer, professor of Topography and Geodesy in ETH of Zurich. The geodetic basis used
for this map series was the “Schmidt ellipsoid from 1828” and its datum center point was the old
observatory in Bern. The map is drawn in an equal area, untrue conical projection, known as
Bonne projection or as modified Flamsteed projection, using the prime Meridian of Paris (Diirst
1990, Hohener and K16ti 2012 ).
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Figure 1: Wild’s Topographical Map of the Canton of Zurich, Map sheet No. 18 (left). Detail of the city of Zurich (right)

(Source: Institute of Cartography and Geoinformation, ETH Zurich).
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Wild’s map was used later for the construction of Topographic Atlas of Switzerland (Fig. 2), the
official map series published by the Federal Topographic Bureau under Colonel Hermann Sieg-
fried, also used in this study. Siegfried’s atlas is drawn using a scale of 1:25000 for the Swiss
plateau, the French Pre-alps, the Jura Mountains and southern Ticino, and a scale of 1:50000 for
other mountain regions and the Swiss Alps. The map projection’s system is the one used in Wild’s
Map and its grid is traced every 1500 meters in the map sheets dated before 1913 and every 1000
meters in those dated after 1917. Siegfried’s map sheets were revised several times until their
replacement by the new National Map of Switzerland on 1952 (H6hener and Kl16ti 2010, Tsorlini
etal. 2013a).

In our study, we focus mainly on the city of Zurich using maps from these two map series (Fig. 3)
published on different years and we use different algorithms to vectorize existing raster historical
maps and to see how effective these algorithms can be if they are used in different map sheets of
different properties. In this way, we define a generic vectorization procedure containing some
basic steps that should be followed in order to have in the end a reliable and accurate result.
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Figure 2: Siegfried’s Topographical Atlas of Switzerland, Map sheet No. 161 published in 1893 (left
center (right) (Source: IKG, ETHZ).
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Figure 3: Part of the city of Zurich in Wild’s map published in 1845 (left) and in Siegfried’s maps published in 1893. Differ-

ences in the content and the colors of the maps which can influence the vectorization procedure are obvious from this figure
(Source: IKG, ETHZ).
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Methodology for the vectorization of the raster images

The automatic vectorization of data depicted on a map, especially when this map is dated centu-
ries ago, is not a simple procedure mainly due to the quality of the map and the way the features
are depicted on it. It requires various steps and careful analysis, checking of the intermediate re-
sults in every step in order to find reliable parameters for the automatic vectorization and to obtain
the desired result at the end.

The procedure followed for the vectorization of raster maps consists of five fundamental stages
(Fig. 4) which can be performed using free and open source software and are fundamental for
obtaining a reliable result in the end. These stages are:

a) the correct scanning of the map

b) the correct georeference of the map

c) the image pre-processing in order to clean the artifacts of the scanning process and accentuate
the spatial features in order to be automatically recognized in the next step

d) the automatic vectorization of the different characteristics of the historical maps and

e) the automatic cleaning of the resulting vector data by removing the undesired vectorization
artifacts such as spikes in order to improve the lines and the shapes correspondent to those depict-
ed on the maps. Optionally, a light generalization can further improve the final results.

Historical maps Scanning of
in analogue form historical maps

Correct Georeference
of historical maps

Image pre-processing Artifacts Cleaning
of georeferenced map of the images
Automatic Vectorization of Automatic Cleaning
different characteristics of vector data

Historical data
in vector form

Figure 4: Procedure followed for the vectorization of historical maps. Different colors show the important stages of the whole
procedure.

Scanning of historical maps

The first stage of this procedure is the proper scanning of the historical maps, so that they can be
accurate representations of the prototype, preferably in scale 1:1. This process is not something
simple, since there are many things which affect the result of the scanning such as the material
and the physical condition of the map as well as the date and the method it was constructed. For
this reason, this step is important and should not be neglected (Tsioukas et al. 2006).

To apply the vectorization procedure to a scanned historical map, it is essential to scan the map in
high resolution in order to provide an optimal starting image for processing. For this reason, the
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map sheets used for this research were scanned at first in 400 dpi but since this resolution proved
to be in a way insufficient for the recognition of the map’s different features, we finally scanned
the maps in 800dpi resolution. In this resolution, the different characteristics of a map are clearer
and can be easily recognized during the automatic vectorization procedure (Fig. 5).

Another thing which also plays an important role is the scanner’s quality. The use of a profes-
sional scanner can give clear and crisp images, something which is not happening using a com-
mon grade A3 scanner. In this case, the A3 scanner provides a grained image with un-even color
artifacts although it can provide scanned maps in higher resolution (1200dpi). Therefore, the re-
sulting image is less good for processing than the one coming from the professional scanner (Fig.
6).

Figure 5: Scanning in different resolution. Left: the map sheet was scanned in 400dpi. Right: the map sheet was scanned in
800 dpi. In the right image, the different features of the map sheet are more recognizable and can be easier separated.

Figure 6: The same map sheet scanned in 800dpi in two different scanners, one common grade A3 scanner (left) and one
professional AQO (right). The image from A3 scanner is grained, thus less good for processing.

Correct rectification of historical maps

The next important step in the vectorization procedure is the correct rectification of historical
maps. Depending on the analysis the researcher plans to do, every map sheet is first georeferenced
to its projection system in order to get its physical dimensions, eliminating possible geometric
deformations induced by scanning (Fig. 7) (Tsorlini et al. 2013b).
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Figure 7: Differences in the dimensions of Wild’s map sheet in analogue and in digital form. These differences existed in the
particular scale play important role to the result of the study influencing mainly its accuracy (Source: Tsorlini et al. 2013b).

In the case of a comparative study with other maps, the georeferencing is performed through
proper transformations to one to one correspondence with the other maps in a common projection
system (Kousoulakou et al. 2011, Tsorlini et al. 2010, 2013a, b). This procedure (Fig. 8) cannot be
characterized as simple, since every historical map is unique and should be confronted according-
ly. It has its own geometric and thematic properties and for this reason it is important first to make
its documentation and evaluation before deciding the methodology necessary to be followed
(Boutoura et al. 2006, Livieratos 2006).

Registration of maps (Georeference) - Comparative analysis of maps (Transformation)
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Figure 8: Procedure followed for the correct registration of the scanned historical maps and their digital comparison with
other maps (Source: Tsorlini et al. 2013a, b).

Image pre-processing of maps

The next stage in the vectorization procedure which plays an important role in the recognition of
the different characteristics of the map is the pre-processing of the historical georeferenced map in
order to make the targeted image more uniform and visible and thus, its characteristics more dis-
tinguishable from each other. This can be done gradually in different steps due to each historical
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map’s uniqueness. In any case, the procedure described below and the tools used remain the same,
though sometimes combined differently in order to get a better result.

Conversion of the georeferenced image to the appropriate format

The first step of the image pre-processing is the conversion of the georeferenced image in PNG or
lossless JPEG format so as to be more easily processed. In order to do that, we use free and open
source software such as the Geospatial Data Abstraction Library (GDAL) for raster geospatial
data formats, the related OGR library for vector data formats and ImageMagick for the morpholo-
gy of shapes’. In addition, in this step, we can optionally negate the image or separate image

channels or subtract chann_e‘Ls: trg)m each other in order to highlight some special features (Fig. 9).

IS

Figure 9: By subtracting the channels of the image, it is possible to highlight specific features of the map. By subtracting
from the initial image (left) the blue channel from the red one it is possible to have the rivers of the map (middle) while in
case of subtracting the green channel from the red one and then from the result the blue channel the contours of the map can

be easily highlighted (right).

RGB channels processing

A more general way of highlighting specific features from the map is to process the RGB chan-

nels separately and to select the best combination of parameters for combining different thresh-

olds for the RGB channels. This is a more precise and controllable manipulation of channel in-
formation than the optional channel subtraction mentioned before. This step can be done by visu-
ally investigating the image series generated with different parameters and selecting the best com-

bination of parameters that optimally highlights the targeted features to be extracted (Fig. 10).

The command to threshold pixels’ values of the RGB channels in a different percentage is:
convert %~nl.png -channel R -threshold a -channel G -threshold b -channel B -threshold ¢
%~nl_rgb_a b _c.png

where a, b, c are the thresholds used for each channel.

! More information about the Geospatial Data Abstraction Library (GDAL) and the OGR library can be found in
the relevant websites: http://www.gdal.org/ and http://www.gdal.org/ogr/index.html and about ImageMagic in
http://www.imagemagick.org/
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Figure 10: By processing the different RGB channels from the initial image (Fig. 9 left), the features of the map are high-
lighted differently. When using as threshold the same value 40% for each channel, the buildings are highlighted in black
(left), whereas if we use different threshold for every channel, other features of the map will be highlighted. For example,
using the threshold of 70-40-60 for RGB channels, the rivers will be highlighted (middle) and with the combination 50-45-
50, contours of the map will be clearer (right). In these two cases, the buildings are also highlighted but there are black spots
all over the map as well and this makes the recognition of the buildings difficult.

Conversion to binary images
For the automatic vectorization of features from raster maps, it is important to have binary images
containing preferably only the extracted features. For this reason, we select from the previous step
the appropriate image with the parameterized channels combinations that highlights the features
of the maps intended to be extracted. In this step, we apply a fuzzy color separation with a fixed
threshold value of 50% to the specific image in order to make transparent all colors that are too
different from our target color, followed by a procedure that eliminates the transparency and re-
sults in a binary image.
The results from the image processing procedure give us the opportunity to use an optimal image
for the vectorization. The main idea for the selection of parameters in this step is to have the fea-
tures which will be recognized as contiguous as possible (without missing parts) and also not to
have too many additional features that are not belonging to the targeted class of features. For the
fuzzy color separation, a fixed value for 50% is used in order to avoid having to do too many pa-
rameter choices (since it would increase the output space too much). Furthermore, we define the
color of the specific features on the generated image using the hexadecimal notation?.
For example, based on Fig. 10, if the buildings were about to be vectorized (HEX color for black
is #0000000), the threshold would be 40 for each channel, thus the commands for fuzzy color
separation and the elimination of transparency resulting in a binary image would be:

convert %-~nl t40.png -matte ( +clone -fuzz 50%% -transparent "#000000" ) -compose

DstOut -composite %~n1_t40_f50.png

convert %~nl_t40 f50.png -alpha extract -negate %~n1_binary.png
The result for the execution of these steps is a collection of binary images produced with a differ-
ent combination of parameter and threshold values, from which the best result for vectorization
will be selected according to the features targeted for vectorization (Fig. 11).
An important problem that can be already identified concerns the labels which remain in the re-
sulted images, since they have the same color as the buildings (Fig. 11, left). A possible solution
can be to use software which can recognize the texts from the map, so as to be then extracted from
it or to eliminate labels in a later step (after vectorization) through shape recognition algorithms.

2 More information about the hexadecimal notation of colors can be found on several websites on the internet,
such as http://www.color-hex.com/ or http://html-color-codes.info/
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Figure 11: Binary images resulting from the process describe above, applied to the images depicted in Figure 10. The features
to be vectorized in each of them are, from left to right, the buildings, the rivers and the contours.

Cleaning images using morphology of shapes
As mentioned earlier, for the automatic vectorization it is necessary to have a very good input
image, which can be obtained with further image processing. In this step, the binary images are
improved using tools to clean the morphology of the shapes through eroding of small regions that
are clearly not part of the targeted shapes, while keeping or even filling in (on the negated image)
the pixels that are part of the features which are about to be recognized®.
Different morphology techniques and parameters can be used in a different order sometimes, ac-
cording to the features that should be extracted from the image. These parameters are related to
the shape kernel selected for a specific procedure and the times this procedure should be repeated
in order to give the desirable result. Optionally, in order to visually survey and recognize the best
candidate for vectorization, it is possible to produce the edges of the features in order to simulate
the possible output of the vectorization.
In our example, the commands in the case of buildings’ recognition in ImageMagick should be:

convert %~n1_binary.png -write MPR:source

-morphology close rectangle: bxb *

-clip-mask MPR:source "

-morphology erode:16 square "

+clip-mask %~n1_binary_cleaned_b.png

copy %~nl.wld %~nl_binary_cleaned_b.wld /Y
where b defines the size of the eroding rectangular shape applied to a selected binary image ob-
tained from the previous steps.
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Figure 12: The three previous images (Fig. 11) cleaned from most of the artifacts using the morphology of shapes technique.
There are still artifacts in the three images but they will be cleaned after their vectorization.

¥ More details about this procedure can be found in the ImageMagick documentation:
http://www.imagemagick.org/Usage/morphology
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Furthermore, for the vectorization of rivers, contours or other linear characteristics, it is possible
to use additional methods in order to have the same or even better results. For example, if only the
close procedure which is used to reduce or remove any “holes” or “gaps” in the image is applied
to the negated form of this image, then the gaps will be filled instead of being removed and thus,
the linear features will be highlighted.
In the case of rivers the commands would be:

convert %~n1_binary.png -negate %~n1_binary_neg.png

convert %~nl_binary neg.png -write MPR:source *

-morphology close rectangle: bxb % ~n1_binary_cleaned close_neg_b.png

convert %~nl_binary cleaned_close_neg_b.png —negate %~n1_binary_ cleaned_close_b.png
where b defines the size of the closing rectangular shape applied to a selected binary image ob-
tained from the previous steps. The generated images, which resulted in the steps of this morphol-
ogy procedure, are presented in Figure 13, where it is shown that the river is contoured better with
the procedures mentioned before.
These different tools and techniques can be combined and used in different order according to the
historical map to be vectorized and the results obtained in every step of the entire procedure. The
most important issue is to focus on obtaining an image cleaned, if possible, from all the artifacts
that are not part of the features to be vectorized.

Figure 13: The binary image (left) coming out using a threshold of 65% in each RGB channel and the generated images
resulting from shapes’ morphology process using the close procedure with different sizes of rectangle kernel (Middle: the
size of the rectangle is 5x5, Right: the size of the rectangle is 10x10). In this case, using the right image for the vectorization
can give better results, since the shape of the river and the lake is better defined.

Automatic Vectorization of historical data depicted on raster maps

Having obtained and selected the best binary images suitable for the automatic recognition of
specific features which are about to be recognized, the automatic vectorization process is achieved
by using two utility programs of the GDAL library, namely gdal_contour and gdal_polygonize
with the commands:
gdal_contour -i 1.0 %~nl_binary_cleaned.png %~n1_binary_cleaned_line.shp
gdal_polygonize %~n1_binary_cleaned.png -f "ESRI Shapefile™
%-~n1_binary_cleaned_poly.shp
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Figure 14: Automatic vectorization of buildings (left), rivers (middle) and contours (right) in the area of interest, using differ-
ent binary images (Fig. 13) which highlight the extracted features.

Experimenting with these processes, it is discovered that the gdal_contour utility applied on a
binary image with an equidistance parameter of 1.0 can be a very effective vectorizer producing
smooth lines, which is not the case for the well-known utility gdal_polygonize. As consequence,
both utilities are used in parallel, gdal_polygonize for vectorizing area features and gdal_contour
for vectorizing line features. The result from gdal_contour will also be used for the automatic
cleaning of the generating vector data from artifacts which do not belong to the features. This is
necessary in order to get better vector data equivalent to that depicted on historical maps showing
correctly the different features of it. The results of the automatic vectorization procedure applied
to each binary image of Figure 12 are presented in Figure 14 as polygons overlaid to the initial
image in QGIS environment, since the vector files coming out from this procedure are shapefiles.
The same software will be used for the elimination of spikes in the vector cleaning process, as
well.
Automatic Cleaning of Vector Data

Vector data coming from the automatic vectorization of raster data though it can be achieved well
enough by this process, it may show many topological errors in the geometry of the features
which may prevent the further process of the data or may cause loss of existed correct data. This
could also be done manually but in case of large maps with lots of data, it will take much time to
be completed. For this reason and due to the fact that many of the artifacts have similar properties
which help to their mass removal, it is easy to clean a big part of these errors from vector data,
automatically. This can be accomplished using any GIS software (e.g. QGIS Desktop in our case)
or spatial database.

The automatic cleaning of vector data roughly consists of three main steps, from which the first
two steps can be done in a different order as well, depending on the initial image used for this
process and the features which are about to be recognized. These steps are:
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a) elimination of outliers based on the computed area — in that way, the vectorized objects which
have a very small size are removed from the file,

b) identification and elimination of spikes and other vectorization artifacts and

¢) final cleaning of vector data, improving the shapes of the objects so as to be equivalent with
those drawn on the historical map.

Elimination of the outliers

In the first step, the elimination of the outliers is achieved by automatically erasing from the data-
base all the vectorized features that are clearly wrong such as area shapes or linear features with a
very small size. Such small size area or line features can be identified as artifacts of the
vectorization process and can be removed.

A way to do that is first to compute the area and the perimeter for the polygon resulted features
and the length for the linear features and then to add them as new fields to the datasets and erase
the appropriate features. The “right” threshold value for eliminating the outliers depends on the
acceptable value range for the target features. For example, in the recognition of buildings from
Siegfried’s map, we have chosen a very conservative threshold of 14 square meters for area fea-
tures and of 10 meters for the line length (Fig. 15). Using these thresholds, we can mark some
erroneous features as outliers and then delete them from the datasets. Such thresholds can be also
set more aggressive and as a consequence, more topological errors will be eliminated.

Depending on the map, sometimes it is even possible to eliminate the labels that were erroneously
included in the vectorization results, if the size of these features is larger than the size of the build-
ings and for this reason, they can be easily recognized. In our buildings features example, we no-
tice that we could eliminate parts of the label Ziirich, which is so prominently displayed on our
test area, since it has a very high value for the area, larger than the area of any building we en-
counter on this map (Fig. 15 right).
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Figure 15: The outcome of the automatic vectorization of the buildings depicted of the area of interest on Siegfried’s map
(left) and the results after erasing features having area less than 14 square meters (middle) or area larger than the buildings
(right).
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Identification and elimination of spikes

The second step concerns the identification and the elimination of spikes, which is a very complex
task. Several solutions were attempted based on geometry analysis trying to identify sharp chang-
es in line direction, but unfortunately the results were not satisfactory because in most cases the
change in the line direction is happening over many subsequent vertices. Furthermore, the com-
plexity involved in testing various threshold values for the directional change and the number of
vertices for which this change should be measured proved computationally challenging. For this
reason, a simpler algorithm was implemented as a Python plugin for QGIS, based on the fTools
plugin in order to identify and later subtract these spikes from the polygon features.

This algorithm is based on creating two sequential buffer zones with a specific buffer distance
around and then inside the extracted features, dissolving in the same time all the lines and merg-
ing features which are close to each other. In order to define the specific distance, the medium
width of a spike is first measured and then, buffer zones of this distance around all the features are
created followed by an interior buffering on the result with the same distance, which effectively
highlights the spikes on each feature (Fig. 16, b, c).

However, there can be small side-effects, which in some cases are undesirable. For example it is
possible to have very small buildings marked as spikes, or the corners of other small buildings to
become “rounded” when the buffering distance is too large in relation with the building size. This
effect can be eliminated either by using a smaller estimated spike length or by automatically de-
fining proportionally smaller thresholds for smaller buildings.
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Figure 16: After erasing the outliers (a), the spikes in green are detected and separated from the features-buildings
in red (b, c) resulting in a more clear depiction of the buildings (d).

After the spikes are marked, they will be subtracted from the polygon layer with a simple differ-
ence operation resulting in polygon features without spikes (Fig. 16, right). The output of this step
has solved the “spikes” problem; however, there are still some “dots” in the results, due to the
fragmentation caused by the difference operation and some small “donut holes” on the buildings
(Fig. 17).

Final cleaning of the vector data

The last step of this process is the final cleaning of the dots by erasing the outliers with the very
small area and filling the donut holes in the polygon features by creating again buffer zones with
the buffer value chosen to be the double of the cell size of the original image. Optionally a light
simplification of the result could perform better the shapes of the features. This can be done using
either QGIS or the OGR utility program.
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Figure 17: Erasing the dots around the features (purple spots) and filling the donut holes on the surface of the features.

In this step we have to mention that this procedure also produces some less optimal results when
some features are too thin to be recognized as the target features; however, we fortunately ob-
served that the occurrence of these problems is relatively low and thus they can be corrected man-

ually with little effort (Fig. 18).

> Y

Figure 18: Less than optimal results of the vectorizing procedure described above. Buildings which were not vectorized or
erased during the automatic process are marked in blue.
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In the case of automatic vectorization of the rivers and the contour lines existing on the historical
map, the main procedure is very similar, although sometimes it is necessary to change the order of
the different processes or to repeat one of them again according to the image and the generated
results of every step. The final result of the automatic vectorization process applied to the specific
area of Siegfried map for the buildings, the rivers and the contour lines, after the cleaning of the
data is shown in Figure 19.

From the result of this process, it is obvious that this methodology and the algorithms used work
well enough for buildings, rivers and contours as polygon features. In case it is desired to have
rivers and contours as line features since they are linear phenomena, it is also possible to apply to
them a thinning process, in order to get simple lines along their direction.

Figure 19: The final result of the automatic vectorization process for the extraction of buildings, rivers and contours for the
specific area in Siegfried’s map.

Vectorizing linear features as lines

Generating the axis of the linear features existing on a map in order to have only one line along
their direction can be done easily using the result of the previous procedure and applying on it a
GRASS plugin called r.thin. This plug-in scans the input raster map layer and thins non-zero cells
that denote linear features into linear features having a single cell width. Another way to do that,
using again the result of the previous procedure, is through the image pre-processing procedure
where it is possible to get the axis of the linear features while working with morphology of shapes
and skeleton tool. The result coming out in both cases is a raster image, which will be then
vectorized.

Figure 20: The different steps in the process of automatically creating the axis of the linear features from their polygons.
Analytically, a: the result of the previous procedure, rivers and the lake in vector form as a polygon, b: river and lake merged
together through buffer zones, c: the result of skeleton procedure (black) applied to the raster image of the previous result and
final the result of the procedure which is the axis of the rivers in vector form. In this case the part of the axis inside the lake of

Zurich should be erased. It is used so as to have the source of the Limmat River starting from the Lake of Zurich.
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In this procedure, sometimes the algorithm creates double lines around the central row of pixels
(Fig. 21) instead of creating one line in the middle of it. This problem can be solved by splitting
the double lines in the corners and erasing one of the two lines. Since the two lines are so close to
each other having a distance of 1 pixel in between, and taking into consideration that the river
from one bank to the other is minimum 30 pixels in the specific image, it is not a mistake to keep
randomly one of these lines. Before splitting the two lines or even after, a light simplification
should be applied in order to have a straight line.

Figure 21: A detail of the result coming out from the skeleton procedure applied to the rivers (left), the simplified version of
this “double” line (middle) and the result from the manual editing of this line (right).

Vectorization methodology applied to other maps

Implementing the same automatic vectorization procedure to other historical maps and executing
the algorithms with the same parameters as used for the Siegfried map cannot assure that the re-
sults will be satisfactory and depict all the appropriate features of the map. That is normal and
expected since each map has its own properties, which are more complicated in case of historical
maps dated centuries ago.

In order to see what the results would be in case of using the same algorithms for a different map
but keeping parameters selected for the Siegfried map, we have used the same area on Wild’s map
(1855), which is older than Siegfried’s map (1893). The extraction of buildings in vector form
was not very successful in this case, mainly because of the style of the buildings. The only build-
ings which are correctly vectorized were those on the left side depicted more intensely. The other
buildings’ shapes were not recognized by the algorithm since it was using the parameters for the
Siegfried map. However, this situation can be easily improved by adopting the parameters to the
specific map type (Fig. 22).

Regarding linear features, in case of rivers, the algorithm can give a satisfactory result without
changing any parameter (Fig. 23) something which is not happening in the case of contour lines,
where none of the corresponding features can be recognized using the same algorithm. The result
obtained for the contours in Figure 24 has come out after changing the used thresholds of the
RGB channels in that way that the image can have more distinct colors which could be easily rec-
ognizable by the algorithm.
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Figure 22: Buildings recognition in Wild’s map (left). There are buildings which are not extracted in the binary image (mid-
dle) and others which are also erased during the image cleaning process (right).
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Figure 23: Rivers’ recognition in Wild’s map (left) using exactly the same algorithm as in Siegfried’s map. The result is
satisfactory in the binary image (middle) and after the image cleaning process (right), as well. The dots and the artifacts can
be easily erased in a next step.
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Figure 24: Contours’ recognition of Wild’s map (left). Out-of-the-box, the algorithm used with the parameters from Sieg-
fried’s map didn’t give any result for Wild’s map. The correct result came only after changing the some parameters such as
the thresholds of RGB channels in the image processing step. After parameter modification, an almost clear image came out

with its conversion to binary form (middle) which was totally clear after the image cleaning process (right).

Conclusion - Future Plans

Working with different maps and implementing the algorithms of the different stages of automatic
vectorization procedure to different images proves that the procedure can be followed in every
case. Once the optimal parameters were found for a specific map, all subsequent map sheets can
be processed with the same parameters in an automatic manner and we can automatically use the
same parameters for similar region types in order to obtain satisfactory results.
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It is required however to adapt the parameters used in each step to the specifics of different maps.
Changes in the parameters or in the order of the intermediate steps are necessary to be done ac-
cording to the initial historical image and to the features intended to be vectorized. In this way, it
is possible to obtain better results in the intermediate stages, which will lead to a satisfactory final
result.

The most important step of this procedure is the image processing before the vectorization of fea-
tures, as well as its correct and high resolution scanning resulting in an image of better quality and
with distinct colors. An image like this can make easier the features recognition and extraction
from it so as to be vectorized. Moreover, the correct rectification of the historical maps in their
projection system gives researchers the opportunity to compare vector data extracted from specific
historical maps with other data from the same area and to study in that way the changes that
occured in the environment or to work on statistical and spatial analysis of the extracted data.

The next steps of this research are the implementation of these algorithms to a larger area includ-
ing non urban districts with significant height difference and also, the extension of the existing
algorithms to have the ability of text extraction and shape recognition in order to further refine the
obtained vector data. This will result in clearer raster images and more topologically correct vec-
tor data. Topologically correct vector data extracted from these raster images facilitates their
combination with modern vector data or other historical data, in order to be qualitatively and
quantitatively evaluated for the final goal of quantifying changes in an area through time.
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