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Summary: Historical maps provide crucial insights into past landscapes, yet their traditional
analogue format restricts accessibility and analysis. Digitization and vectorization of these
maps can enhance their usability by integrating them with Geographic Information Systems
(GIS). This paper presents the result of the ongoing study for the vectorization of a 19th-
century Austro-Hungarian cadastral map of Trentino, Italy, using Object-Based Image Ana-
lysis (OBIA) and other image processing techniques. Initial OBIA methods faced challenges
with segmentation sensitivity due to the colour variations and scan resolution. Adjustments
in threshold parameters led to over-segmentation and under-segmentation issues. Other ap-
proaches like zero crossing and colour filtering were tried but none of the tested approach
has yield satisfactory results. The paper highlights the need for tailored vectorization ap-
proaches and continued methodological advancements to effectively process historical maps
for large-scale digitization projects. Despite ongoing challenges, this study underscores the
potential of combining various techniques to improve the accuracy and efficiency of trans-
forming historical maps into valuable geospatial datasets.

1. Introduction: from the map to the Historical GIS

Historical maps are invaluable resources for understanding the spatial and temporal dynamics of
past landscapes and territories. They can offer insights into land use changes, urban development,
and environmental transformations. However, the traditional use of these maps is often limited by
their analogue format, which restricts accessibility, searchability, and integration with modern ge-
ospatial datasets. The digitization and vectorization of historical maps overcomes some of these
limitations by transforming them into digital formats that can be easily analysed and integrated with
Geographic Information Systems (GIS).

Vectorization, in particular, involves converting raster images of historical maps into vector data,
where geographical features are represented by points, lines, and polygons. This process enhances
the utility of historical maps by enabling precise geospatial analyses, facilitating overlay with con-
temporary datasets, and supporting dynamic visualization. The transformation of historical maps
into vector formats is not only a technical endeavour but also a critical step in preserving and le-
veraging our cartographic heritage. Data collected by historical maps could be organized and ma-
naged in order to build a Historical GIS, namely a dataset with georeferenced historical information
(Grava et al. 2020). The importance of Historical GIS has been highlighted both for their usefulness
in research and as an informational basis to support analysis and provide information for territorial
governance (Gregory and Ell 2007). For a long time, data collection from historical cartography in
a GIS environment was carried out manually. Despite the results achieved, this process is consi-
dered time-consuming and resource-intensive in terms of human effort (Iosifescu et al. 2016). Not
surprisingly, many studies based on manual vectorization of historical cartography are conducted
at the local scale or on limited areas of space.
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In recent years, advancements in machine learning and image processing have significantly im-
proved the efficiency and accuracy of map vectorization. Automated and semi-automated vectori-
zation techniques have emerged, allowing for large-scale digitization projects that were previously
impractical. Despite these advancements, challenges remain, including the handling of diverse map
styles, varying levels of preservation, and the integration of heterogeneous data sources. Literature
has repeatedly emphasized the need to increase the number of case studies and sources used, in
order to discuss challenges and potentialities and to refine methodologies (Pavelkova et al. 2016;
Besana et al. 2019; Gobbi et al. 2019; Asokan et al. 2020; Gede et al. 2020; Iras 2020; Zatelli et al.
2022; Schlegel 2023).

In response to these insights, this paper presents a method applied to the vectorization of a historical
map, specifically a sheet from the Austro-Hungarian cadastre created in Trentino (Italy) in the 19th
century. While many attempts to work on this source have been conducted in various European
regions, the application of an automatic processing method is still ongoing (Timar and Biszak 2010;
Pavelkova et al. 2016; Dolejs and Forejt 2019; Bacior 2023).

In particular, the current work, aims to develop the vectorization of the map not only obtaining a
vector layer with the land use and land cover (LULC) but also by identifying each individual ca-
dastral parcel and converting it into a distinct polygon. This layer would be highly significant be-
cause it could be integrated with datasets on individual land uses, parcel values, and the property
system, retrieved from the cadastral registers.

The paper presents the ongoing work, discussing problem and potentialities of applied methods
using a single sheet (Dajano municipality, sheet number 7) as pilot project. Firstly, the Object-Based
Image Analysis (OBIA) has been tested. Secondly, a two-stage approach based on black lines recog-
nition and simpler pixelwise maximum likelihood classification is being developed. Although in
this article, about this second approach, the focus is on the extraction of boundaries and the ap-
proaches taken to achieve it, since it poses the greatest difficulties; while the retrieval of the LULC
classes by a pixelwise maximum likelihood classification is a simpler procedure and hence omitted.
While the work is still ongoing, first result shows significant questions, challenges and perspective
that are discussed in the following paragraphs.

2. Materials and sources

The Austrian Land Registry, also known as the Hapsburgs or Franceschino cadastre, is one of the
most prominent fiscal documents produced in Europe during the 19th century. In Trentino (Italy),
which was part of the Empire at the time, it was created between 1853 and 1862 (Dai Pra 2013).
The cadastral documents include, in addition to the registers, detailed top-down maps at the scale
of 1:2.880 of individual cadastral parcels. These maps were drawn up using a projection system
centred at the Pfarrturm in Innsbruck. The current Province of Trento territory corresponds to
13,297 map sheets each one covering an area of 288 ha, and measuring approximately 52.68 x 65.85
cm.

The maps can be downloaded in JPEG format from the OPENkat website (Provincia autonoma di
Trento n.d.) and are released under the Creative Commons Attribution 4.0 license; although to have
a better image quality, the original scans in TIF format were retrieved directly from the Servizio
libro fondiario e catasto of the Autonomous Province of Trento. These files have the scanned re-
solution of 230 PPI, 24-bit colour depth, compared to the compressed JPEG file that have a resolu-
tion of 96 PPI, 24-bit colour depth. The digital maps are georeferenced in the ETRS89/UTM 32 N
(EPSG 25832) reference system and have a ground resolution of around 0.32 m.
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Due to their nature as fiscal documents and the scale used, these records provide detailed infor-
mation on land use and cover, settlement systems, and property structure. Additionally, unlike other
contemporary cadastres, these maps feature rich iconography, with colours and symbols represen-
ting different cultivations, making them easily readable without the textual registers (Buffoni et al.
2015; Gilardi 2013). Consequently, the Franceschino cadastre has been widely used for studies on
landscape and territorial history in the Alpine context, focusing on agricultural (Sarabia et al. 2016;
Gabellieri 2019), wooded (Tattoni et al. 2010; Dai Pra and Gabellieri 2021), and urban areas (Dia-
mantini and Franceschini 2015). Although various methods for automatic vectorization of the sheets
of this document have been successfully tested in the past (Gobbi et al. 2019; Zatelli et al. 2019),
they have not yet been applied at the parcel scale.

3. Methods

The vectorization of the map to retrieve the cadastre parcels with LULC information is performed
through the Object-based Image Analysis (OBIA). As described in Gobbi et al. (2019), this method
combines image segmentation and machine-learning classification. The approach chosen for the
segmentation is the region-growing algorithm which requires the settings of two parameters: a
threshold value and a minimum size value. The threshold parameter varies between 0 and 1 and it
defines the grade of sensitivity to radiometric changes between pixels: to low values corresponds a
higher sensitivity and is more likely for different pixels to be placed in different segments. The
minimum size parameter represents the lowest number of pixels that a single segment should have.
Smaller segments are merged to the neighbouring segment with most similar radiometric values.
While the approach is effective for creating a LULC map from the cadastre map (Gobbi et al. 2019),
it is very difficult to extract the lines corresponding to the parcel boundaries. This is due to the
nature of the original map, which is hand-drawn with lines varying in thickness and colours and,
most importantly, where the lines are discontinuous, presenting unintentional gaps which make it
difficult to identify them as lines. Additionally, the digitalization of the maps with limited resolution
creates pixels with mixed colours from the (black) lines and the background, making the classifica-
tion more difficult.

Furthermore, it is difficult to separate handwritten lines and text, since they often have similar col-
our, size and shape features. For these reason two different approaches have been used for the LULC
map creation and the boundaries extraction.

4. Results

4.1. Object-Based Image Analysis

Ideally, Object-Based Image Analysis (OBIA) should be able to identify all the different type of
objects in a map by a two-steps process of segmentation, where pixels belonging to the same object
are grouped in a segment, and classification, where object are assigned to a class. Therefore, it
should be possible to identify both the different parcels and their LULC class and the boundary
lines as distinct objects. In reality the choice of the segmentation parameters, threshold and mini-
mum number of pixel segments, is always the result of a trade-off between the need to identify
small and often non uniformly coloured objects and the necessity of avoiding over-segmentation,
i.e. artificially dividing large objects into small segments, whose geometry has no relation to the
geometry of the object and therefore can be misleading during the classification process.
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Figure 1 shows the portion of one of the maps that was used for the tests. Main colours correspond
to different land use and coverage. Brown corresponds to the woodland, bright green to the mea-
dows and grasslands, and light green to the pastures. Other colours refer to buildings, watercourses,
or arable land. The parcels may also have small symbols that denote secondary crops and complicate
the work on the map. Figure 2 presents the result of the segmentation process with the threshold set
to 0.2 and the minimum size set to 1,000.

Figure 1: portion of the sheet number 7 of the Dajano Municipality, part of the Hapsburgs cadastre, on which elaboration was
made.

Figure 2: segmentation of the map in figure 1 with threshold equal to 0.2 and minimum size equal to 1000.
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Figure 3 represents an enlargement in correspondence to the large woodland parcel in the centre
of the original map. In figure 3b it can be noted how the threshold is too sensitive to the radio-
metric (colour) changes in the pixels of the same object and creates different segments for the
same single parcel.

Figure 3: a) enlargement of figure 1 and b) relative segmentation.

In other cases, the threshold is not sensitive enough to detect radiometric changes in pixel and
the result is that different parcels are merged with other adjacent parcels. This can be seen in
the enlargement of figure 4 where parcels 1799, 1800 and 1805 are recognized as a single seg-
ment. The same can be said for the parcels 1779, 1759, 1762, 1768, 1769 and others.

Figure 4: a) enlargement of figure 1 and b) relative segmentation.

4.2. Boundaries extraction
4.2.1 Zero crossing
The application of a “zero-crossing” filter (Krishnamoorthi and Bhattacharya 1998) assigns an ima-

ge pixel to an edge by: 1) applying the Fourier transformation to the image, ii) filtering the trans-
formed image using a Fourier transform of the Laplacian of a two-dimensional Gaussian function,
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ii1) applying the inverse Fourier transform to the result, iv) searching the pixels corresponding to a
sign change in the values, and v) selecting as edges the cells where a sign change occurs and the
absolute value of the change is greater than a given threshold.

The application of this approach to the cadastre maps correctly identifies the colour discontinuities
but each boundary line corresponds to two discontinuities: one between the parcel colour and the
boundary line colour and a second one between the boundary line colour and the parcel colour on
the other side; as seen in figures 5.

Figure 5: application of the “zero crossing” algorithm to the cadastre map (particular) a) with and b) without original map in
background. Double lines for each boundary are present.

Different approaches have been tried to extract a single line. On the raster maps the median line
could be found by intersecting two buffers around the two parallel lines: the problem with this
approach is that the distance between the lines, which depends on the thickness of the line on the
map, is different for each line. Therefore, it is impossible to find a buffer width suitable for every
line. Another possibility is to use an algorithm creating the median lines after transforming the map
into a vector map, but this approach cannot be used in this case because it assumes that the pair of
lines whose median line must be found are uniquely identifiable by their category or by an attribute.
In the case of the application of the “zero-crossing” algorithm all the lines have the same category.

4.2.2 Colour filtering

The boundaries of parcels have a black/dark grey colour on the map. The colour varies because the
map is handwritten, and it was more than one century old at the time that the digital copy has been
created. Moreover, the low-resolution scan mixes the colour of the of the lines and of the surround-
ing areas.

The image is encoded using 8 bit per colour; therefore the black colour corresponds to the RGB
triplet (0,0,0) while white corresponds to (255,255,255). However, because of the colour variations
described above, the thresholds for extracting the boundary lines have been set to (130,155,130).
Selecting all the pixels with RGB values below these thresholds identifies clusters of pixels only in
part corresponding to the boundary lines (figure 6a). Therefore, a thinning algorithm has been ap-
plied to uniquely identify the position of the boundary line (Jang and Chin 1990) as shown in figure
6b.
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Figure 6: a) pixels remaining after selecting only values below the thresholds and b) map after thinning.

It is then possible to create a vector map containing the lines corresponding to the boundaries. The
vector lines are filtered (figure 7) to remove artefacts using both the geometry, by removing very
short lines and snapping vertices within a threshold, and the topology, deleting the so called “dan-
gles” (i.e. small lines protruding from other lines); while these operations clean the map and get rid
of lines resulting from the noise on the image, the problem of the gaps in the original lines remains.
In principle, it should be possible to close the gaps by snapping the vertices using a suitable distance
threshold, however some gaps are very large, so much so that the closest vertices to the initial o
ending points are not the vertices on the other side of the gap.

Figure 7: vector map after filtering.

To solve this problem a new approach is under study, which would have the additional benefit of
regularizing the boundary line, therefore helping in reducing the effect of the noise on the image.
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So far none of the tested approach has yield satisfactory results, however an approach using energy
density and the shear transform by Miao et al. (2013) seems to be promising.

5. Discussion

As said earlier, this paper presents the current status of an ongoing work. As shown in the result
section, the work encountered various issues with the vectorization process. In the first place the
OBIA method is problematic due to the difficulties in setting the threshold parameter. Setting a low
value would result in over-segmentation, meaning that in a single parcel more than one segment are
created. Setting a higher value would resolve this problem in these areas, but it would also result in
under-segmentation in other areas where the separation lines are not distinctly defined, merging
different parcels in the same segment. This problem is due to the fact that the map is hand-coloured,
making it harder to identify the single features, whereas in printed map colours are more uniform
and it is easier to select an optima threshold. Another issue is the resolution of the scan, being at
only 230 PPI is not enough to properly represent on the digital map the geometric feature present
in the original map, especially when it comes to the separation lines of parcels. As it can be noted
in the red circles in figure 8, there are gaps in the lines in the original map and the colour of the
pixels that should represent the line is more green than black, making it almost impossible to detect
for the algorithm. This represents a difficult obstacle to overcome. At the time of the writing, some
solutions are explored based on the work of Spinello and Guitton (2004) and Miao et al. (2013).

Figure 8: a) and b) examples of gaps in boundary lines in the original map.

6. Final remarks and perspectives

Although many methods are available for the vectorization of historical maps, not all maps are
suitable for a standard approach, applied as it is described in scientific literature. As it is shown in
this paper, to obtain a satisfying result, it is often necessary to combine different techniques, and
sometimes to explore new ways in order to succeed. This article is an example of how vectorization
of historical maps can still be a complicated task on which new studies and researches are needed.
This is particularly relevant for hand-drawn maps, in which shapes and colours can be different for
the same class of object on a single map sheet. Moreover, small imperfections which do not hinder
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the ability of a human to read correctly the map, can have a huge impact on the ability of algorithms
to extract the relevant information preserving its consistency.

The final goal of the project is to create a land use and woodland cover map, which will also include
information on land structure and property systems. This source map could be profitably compared
with the current one both to verify changes in land use and to assess the impact of property systems
on these changes. Therefore, digitizing each individual parcel is crucial. The work will continue on
other sheets from the same source to refine the process and address open issues.
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