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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 conireythe geographic analysis of terraim-e
vironmental changes and the development of landscape andhsetdein a specific area.
These spatial changes are many times preserved only through maps that are often available
only in analogue form or, in theest 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 automat
cally convert lhe raster historical maps to vector data. The extracted vector dataegives r
searchers and historians the opportunity to detect and determine more easily spafal chan
es in an area over time and also makes easier the combination and the analysis af historic
and modern data in order to highlight in a faster manner the differences between maps
dated on various time periads

Introduction

Hi stori cal maps are regarded as a considerabl ¢
linked to humaractivity 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 su
roundings. Combining the content of different historical maps and sgastianges on the eiRv

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, environmegtal chan

es and the development of landscape arttbs®ints 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 theifurther 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, orstmecahdata of

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 easibasal changes in an area over time. For this reason, nt-is i

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 vectation algorithms, none of them seems to gice a
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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 characteristicé is usua
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 sburce sof
ware in order to corert raster historical maps to vector form. The basic stages of this procedure
are the scanning and the correct georeference of the map, theopessing and the cleaning of

the image from artifacts dbatthe spatial featuregreautomaticallyrecognized. Theihals stage
concerns the automatic vectorization of the different characteristics of the historical mags inclu
ing also removal of spikes and optionally a light generalization in order to improve linesrand co
rect shapes correspondent hoge depicted on the maps. This methodology has been applied on
different Swiss historical maps showing interesting and promising results for dungnize
vectorization procedure for any map sheets of a certain type of historical maps.

The next steps dhis 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 obtamsdts 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 ofaster historical maps, we have used two of the most representative histo

ical maps of Swiss Cartography dated baxihe 19" and 20" century. These arthe Johannes

Wild Topographic Map of the Canton of Zuri¢b8521865) and th& opographic Atlas oSwit-

zerlandby the Swiss Federal Office of Topography under Colonel Hermann Siegfried- (1870
1926).

TheTopographic Map of the Canton of Zuriffig. 1) in scale 1:25000 is a multicolor, lithograph

map, constructed in 32 sheets from 1852 to 1865 by Johannes Wild1884)} engineer and
cartographer, professor of Topography and Geodesy in ETH of Zurich. The geodetic basis used
forthismapsere was t he ASchmidt edatunm qerster pothvad thewldh 1 8 2 8 «
observatory in Bern. The map is drawn in an equal area, untrue conicaitipmj&nown as

Bonne projection or as modified Flamsteed projection, using theepriltMe r i di an of Par
1990, H°hener and KI ©°ti 2012 ).
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Figure 1: Wildés Topographical Map of the Canton of Zurict
(Source: Institute of Cartography and Geoinformation, ETH Zurich).
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Wil ddbs map was used ITapbgeaphicfAttas of Switzerlairag.n2g the uct i o
official map series published by the Federal Topographic Bureau under Colonel Herngnn Sie
fried, al so used in this st aaofl:250 ferghfe Swissd 6 s a
plateau, the French Redps, the Jura Mountains and southern Ticino, and a scale of 1:50000 for

ot her mountain regions and the Swiss Alps. The
Map and its grid is traced evetp00 meters in the map sheets dated before 1913 and every 1000
meters in those dated after 1917. Siegfriedds
replacement by the new National Map of Switzer
etd. 2013a).

In our study, wdocusmainly 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 rtligms 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 3: Part of the city of Zuri ch mapsMWblishddns189®ife publ i s h
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 automaticsectorization of data depicted on a map, especially when this map is dated cent
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, chetkimggintermediatee-

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 prprocessing in ordeto 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 clegng 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 thiose depic
ed on the maps. Optionally, a light generalization can further improve the oitbkre

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 o&the whol
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 theltre§ithe 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 importamd shoulchot be neglected (Tsioukas et al. 2006).

To apply the vectorizatioprocedure 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 sinesothtgon proved

to be in a way insufficient for the recogniti
the maps in 800dpi resolution. In this resolution, the different characteristics of a map are clearer

and can be easily recognized durihg automatic vectorization procedure (Fig. 5).

Another thing which also plays an i mpostant r
sional scanner can give clear and crisp images, something which is not happening usinrg a co

mon grade A3 scanndn this case, the A3 scanner provides a grained image wiévem color

artifacts although it can provide scanned maps in higher resolution (1200dpi). Therefoee, the r

sulting image is less good for processing than the one coming from the professional $Egay.

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 edsibr separ

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

Correct rectification of historicainaps

The next important step in the vectorization procedure is the correct rectification of historical
maps. Depending on the analysis the researches fglao, every map sheet is first georeferenced
to its projection systermiorder to get its physical dimensions, eliminating possible geometric
deformations induced by scanning (Fig. 7) (Tsorlini et al. 2013Db).
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35.29 cm 29.75 cm 29.74 cm 35.29 cm
-0. -0. -0.06 §
o i 0.001% 9080 Displacement of 1mm on the
-0.17 cm map in scale 1:25000 = 25 m
Hlaom —47.08 cm Naked eye resolution in this scale

(accuracy of the map) =5m
52.7cm - 52.52cm

Topographical Map of Zurich, J. Wild, 1846 -0.18 cm
Scale 1:25000

35.35 cm — analogue (A), 35.29 cm - digital (D), - 0.06 cm - difference (D-A)

Figure 7: Differences in the dimensions of Wil gdlmthemap shee:
particular scale play important role to the result of the study influencing mainly its accuracy (Source: Tsorlini ebal. 2013

In the case of a comparative study with other maps, the georeferencing is performed through
proper transformation® one to one correspondence with the other maps in a common projection
system (Kousoulakou et &011, Tsorlini et al. 2010, 2013a, bljhis procedure (Fig. 8) caot be
characterized as simple, since every historical map is uniqgue and shaadftmnted acording-

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 tdowedfo
(Boutoura et al. 2006, Livieratos 2006).

Registration of maps (Georeference) - Comparative analysis of maps (Transformation)

Historical Maps Scanning Historical Maps

(analogue form) (digital form)
T
i
Reconstruction of : Georeference Historical IEhy in
maps’projection | their projection Transformmap to
system \i/ system new projection
Grid in historical
maps” projection Georeferenced
Transformations’check ----3 maps in modern
\:/ proj. slystem

Convert projection

s Historical Grid in
§ modern proj. system

i
Modern maps i

Definition of s 2

projectionsystem Grid in modern ot . 3
,,,,,,,,,,,,,,,,,,, >| -t ” ..+ Digital comparison
projection system of all the maps

Georeference Georeferenced
modern maps

Figure 8: Pocedure followed for the correct registration of the scanned historical maps and their digital comparison with
other mapgSource: Tsorlini et al. 2013a,.b)

Image preprocessing of maps

The next stage in the vectorization procedure whialys an important role in the recognition of
the different characteristics of the map is themacessing of the historical georeferenced map in
order to make the targeted image more uniform and visible and thus, its characteristicssmore di
tinguishablefrom each other. This can be done gradually in different steps due to eaclcaistor
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mapbds uniqueness. Il n any case, the procedure d
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 pprocessing 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, weamsedpes
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 morphol
gy of shape’s In addition, in this step, we can optionaliggate the image or separate image
channels or subt_rgct‘chgn_n('elas from each other in order to highlight some special features (Fig. 9).

95 | b

Figure 9:By subtracting the channels of the image, it is possible to highlight specific features of th@ynsaptracting
from the initial image (left) the blue channel from the red one it is possible to have the rivers of the map (middle) while i

case of subtracting the green channel from the red one and then from the result the blue channel the contoapsaafithe m
be easily highlighted (right).

RGB channels processing

A more general way of highlighting specific features from the map is to process the R&B cha

nels separately and to select the best combination of parameters for combining differént thres

olds for the RGB channels. This is a more precise and controllable manipulation of cmannel i

formation than the optional channel subtraction mentioned before. This step can be done by vis

ally investigating the image series generated with different parametksekacting the best oo

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

Thecommand to threshold pixelsd values of the R
convert %~nl.pngchannel R-thresholda -channel G-thresholdb -channel B-thresholdc
%~nl_rgba b c.png

wherea, b, c are the thresholds used for each channel.

! More information about th€eospatial Data Abstraction Library (GDAL) and the OGRdigrcan be found in
the relevant websitedittp://www.gdal.org/and http://www.gdal.org/ogr/index.htméind about ImageMagiin
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 hig
lighted differently When wsing 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 780-60 for RGB channels, the rivers will be highlighted (middle) and with the combinatigtb50
50, contours of the map will be clearer (right). In these two cases, the buildings are also highlighted but there pogsblack s
all over the map as well and this makes tcognition 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 seledidrpnevious step
the appropriate image with the parameterized channels combinations that highlights the features
of the maps intended to be extracted. In this step, we apifplyzy color separation with a fixed
threshold value of 50% to the specific imageorderto make transparent all colors that are too
different from our target color, followed by a procedure that eliminates the transparen®¢ and r
sults in a binary image.
The results from the image processing procedure give us the opportunity toapsereh image
for the vectorization. The main idea for the selection of parameters in this step is to haee the fe
tures which will be recognized as contiguous as possible (without missing parts) and also not to
have too many additional features that awe 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 tooamany p
rameter choices (since it would increase the output space too much). Furthermore, we define the
color ofthe specific features on the generated imasieg the hexadecimal notatfon
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, thusotheands for fuzzy color
separation and the elimination of transparency resulting in a binary image would be:
convert %~nl_t40.pngmatte ( +clone-fuzz 50%%-transparent "#000000" }compose
DstOut-composite %~n1_t40_f50.png
convert%~nl_t40 f50.pnealpha extractnegate %~nl_binary.png
The result for the execution of these steps is a collection of binary images produced with a diffe
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 remainen the r
sulted images, since they have the same color as the buildings (Fig. 11, lefssiBlepeolution
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 aboutthe hexadecimal notation of colors can be found on several websites on the internet,
such asttp://www.colorhex.com/or http://htmkcolor-codes.info/
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