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Abstract
The paper presents an automated technology for updating selected elements of technical and cadastral maps. The main
source of data is georeferenced laser scanning technology utilizing the Leica MS60 station with purpose-controlled,
low-volume, scalable scanning. The evaluation technology is based on object-based filtering of laserscanned data using
the current un-actualized form of technical or cadastral map. The supporting background for classification of objects
can be also the orthophoto from a dron or aerial photogrammetry. Algorithmization based on edge detection is
intended primarily for updating buildings, fenced plots, roadways, visible aboveground technical infrastructure and
trees. Algorithmization based on the detection of digital terrain models is intended to update changes in landscaping
and altimetry. The technology is based on the use of standard analytics tools in ArcGIS or QGIS with support of Python
scripting language.
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INTRODUCTION
At the end of 2017 one of the most important tasks of the State Administration of Land Surveying and Cadastre was
completed, namely digitization of cadastral maps in the Czech Republic. In total, the cadastral map was implemented in
digital form in 12,954 cadastral territories, which is 99,0% of their total number. In the remaining 1% of the cadastral
territories it was not possible for technical and legal reasons to create a digital form of the cadastral map and the
situation is solved by the process of land consolidation in the territory or by new mapping.
The aim of the digitization of cadastral maps was to achieve the compatibility of technical part of the cadastre of real
estates with other spatially defined data, which will make the information system of the cadastre of real estate a more
complex information system about the territory and will serve the broad needs of users from various fields. The basic
long-term objective is further improvement of cadastral maps by the updating of the cadastral documentation by new
mapping. Updating by new mapping will complement the renewal based on land consolidation results. Additionally,
mapping will also be realized in locations where the cadastral map does not have the necessary accuracy because it was
created by digitization of an analogue cadastral map or from earlier, less accurate measurements.
One of the technologies for maintenance and updating of selected cadastral map objects is laser scanning technology.
When using this technology, it generates a large amount of data (cloud) that ordinarily requires sophisticated hardware
and software support during data evaluation. The article deals with the modified technology of collecting and evaluating
the scanned data for refining the position of selected elements or detecting changes of buildings and other uniquely
identifiable objects in digital cadastral maps or their erroneous display. The role, by its nature, belongs to the processing
of large volumes of data that the authors dealt with in the project described in the publication [1].

RELATED WORKS
Laser scanning is one of the advanced methods of data collection. However, there are relatively few publications
dealing with the use of this technology in relation to the cadastre of real estate. The topic closest to this article is the
study [2] in which the authors compare the methods of terrestrial surveying, photogrammetry and laser scanning for the
acquisition of data for the real estate cadastre. Selected objects - buildings and structures were several times surveyed
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by the above methods and the results were compared from different points of view. The work [3] deals with the use of
aerial scanning for updating the cadastre database in Slovenia
Paper [4] reports on a study designed to establish automated procedures for the development of a digital model to assist
in faster and better services and delivery of real-estate services by integrating 3D laser scanning and BIM technology. It
proposes an intuitive and interactive building model that is easy to query and navigate, and thus support property
developers, buyers and sellers in the property sales sector. An outline of the new approach is provided to illustrate the
benefits of the proposed method to the real-estate services sector. The key arguments in the paper are consolidated by
the results of a qualitative study amongst real-estate professionals, which sought to determine the added value of BIM3D laser scanning in comparison to conventional building surveying and Computer Aided Design (CAD) methods.
The work [5] addresses the integration of building interiors into the real estate cadastre information system. The paper
[6] deals with the use of remote sensing and image recognition methods for monitoring land registry objects. The topic
of publication [7] is the use of laser scanning to refine the hedonic price estimate in the real estate appraisement
process.
Paper [8] presents two integrated solutions for realistic 3D model acquisition and reconstruction; an early prototype, in
the form of a push trolley, and a later prototype in the form of an autonomous robot. The systems encompass all
hardware and software required, from laser and video data acquisition, processing and output of texture-mapped 3D
models in VRML format, to batteries for power supply and wireless network communications. The autonomous version
is also equipped with a mobile platform and other sensors for the purpose of automatic navigation. The applications for
such a system range from real estate and tourism (e.g., showing a 3D computer model of a property to a potential buyer
or tenant) or as tool for content creation (e.g., creating 3D models of heritage buildings or producing broadcast quality
virtual studios). The system can also be used in industrial environments as a reverse engineering tool to update the
design of a plant, or as a 3D photo-archive for insurance purposes. The system is Internet compatible: the photo-realistic
models can be accessed via the Internet and manipulated interactively in 3D using a common Web browser with a
VRML plug-in.
3D scanning of indoor spaces by various methods is dealt with in article [9]. The results are compared and an optimal
method for generating a point cloud for the given purpose is proposed. The Chapter in the book [10] discusses
appropriate methods for implementing 3D virtual city models. The article [11] proposes a method for estimating the
volume of timber in forestry in Hedmark (Norway) territory using aerial laser scanning. The study [12] analyzes various
methods of spatial data acquisition in the Czech and Slovak Republics. The thesis also shows the state of the given issue
in education and in practice in both countries.

METHOD OF SOLUTION
The acquisition of georeferenced data is based on the use of the Leica MS60 motorized geodetic scanning system with
the possibility of mounting on the vehicle in combination with GNSS. The scanned cloud is immediately in field
georeferenced in the national coordinate system by the Leica MS60 multi-station geodetic measurement of to at least 2
points determined by GNSS-RTK. The data acquisition technology includes two vehicles with GNSS and a geodetic
reflective prism mounted on the roof to provide orientation and one vehicle with the Leica MS60 geodetic scanning
multi-station.

Fig. 1 – Purposeful selection of the scanned area by fencing
The collection of scanned data is acquired by the Leica MS60 multi-station from one location in more targeted sectors
as required (Figure 1), so that the partial clouds are sparse and thus small enough to capture the required cadastral map
objects, especially buildings and other uniquely identifiable objects . The benefit is a significant reduction in the amount
of data that is immediately backed up to the cloud storage and are available as shared for viewing or evaluating by
others. Another benefit is the possibility to perform an immediate checking of the cloud in terms of completeness of the
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coverage on the multi-station display with the possibility of immediate comparison with the digital form of the cadastral
map or orthophoto (Figure 2) with the possibility of detecting contradictions or changes and their marking in the form
of an attribute.

Fig. 2 – Scan scanned cloud to orthophoto image

The proposed evaluation procedure is based on parametric filtering from the input cloud above the objects of the
updated digital form of the cadastral map with the aim of significantly reducing the data volume with subsequent
detection of the edges of the buildings and other objects. The process takes place as much as possible automatically in
two phases:
1. preprocessing in a special application created in Borland Delphi,
2. evaluation in one of the GIS programs (Geomedia, ArcGIS or QGIS).
The aim is to design a suitable method for automated updating of selected elements of technical and cadastral maps.
Authors are focused on buildings and structures. The essence of the update is to identify the differences in the layout of
buildings or structures between the real state and the drawing in the map. Input data is: a point clouds representing the
current state in field and a map in digital form including given location. In case of non-compliance, 2 variants may
occur:
1.

Actual status has more objects than drawing in the map,

2.

Current status has fewer objects than digital map.

In case ad 1), the process of detecting changes can be described by a mathematical model:
R = (C → D) – (S → B)

(1)

D = fr(C)

(2)

B = fb(S)

(3)

where R is the resultant set of objects, the set C represents the point cloud of the laser scan, and S is the set of objects in
the digital map. The set D is obtained from the point cloud by preprocessing by the fr function, and then the set B is
generated by applying the buffer (function fb) to the set S. The function fr realizes the edge detection (contours of
buildings and structures), the parameter fb (buffer) is the accuracy criterion according to ČSN 01 3410 standard (for
example, for the 3rd class of the map accuracy, the boundary break point standard deviation of the 14 cm is
determined).
In case ad 2), the change detection process can be described by a similar mathematical model with the same symbolism:
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R = [(C → D) → B] – S

(2)

D = fr(C)

(4)

B = fb(D)

(5)

If R = {∅}, then no changes are detected, if R ≠ {∅}, then there are differences between current maps of cadastre of real
estates and the actual state in reality. The block diagram of the whole process is shown in Fig. 3.

Cadastral maps

Cloud points

Preprocessing
in Delphi

Spatial analyses in GIS

Evaluation of results

Obr. 3. The concept of detecting changes of selected objects in technical and cadastral maps
In Figure 3, the fb function provides the "Spatial analyzes in GIS" block, the fr function is implemented in the
"preprocessing" block. While the fb buffer function is generally known from spatial analyzes, finding a suitable fr
function required a number of experiments. Edge detection based on a central discrete convolution proved to be
inappropriate for its time-consuming performance. Applying a convolutional filter to a 15x10-meter building in ArcGIS
lasted about 8 minutes processing time on a desktop computer, which is totally inappropriate for the next process. It is
more advantageous to use the cloud point aggregation according to the position in the plane (x, y) with the attribute of
point frequency in the z-axis (height of the object) and the filtration:
Select x, y, count(z) from list group by x, y having count(z) > p

(6)

where the list is a list of laser scan point coordinates, and p is the parameter that specifies the height of the object
(according to the cloud resolution) in which we guide the imaginary plane of the cut that separates buildings or
structures from other objects in the field.
Unfortunately, this filtering could not be done in GIS because GIS, including Python scripts, currently does not support
the "group by" aggregation clause. For this purpose, a special program was created in Delphi, which is used to prepare
the input data - see Figure 3. The program has these functions:
1. divides the input cloud of points into segments of smaller data volume so that data can be processed on
common technical and program resources (desktop computers),
2. in each segment, it will filter the cloud of points according to the relationship (3),
3. modifies the resulting data file into a suitable format for further processing in GIS (in the case of QGIS it is a
CSV format).

EXPERIMENTAL RESULTS
The method proposed in the previous chapter was verified at a selected location in Brno (Czech Republic). Fig. 4a
shows a cloud of points around a building, in Fig. 4b is a raw cloud with a point filtering. Points dyed red fit the
aggregation function in Equation (6). Fig. 4 to Fig. 6 contain only input data slots and serve to demonstrate the proposed
method.
In Fig. 5a is a filtered cloud of points along with part of the cadastral map. In the next Fig. 5b is marked a buffer of 14
cm around a building plotted in the cadastral map (see relationship 3 or 5). Another example is shown in Fig. 6. On the
left (Figure 6a) there is a cloud of points around the building, the right part (Figure 6b) contains a cloud after filtration
with overlapping part of the cadastral map.
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a) building with point cloud

b) raw point cloud

Obr. 4 - Laser scanning of a building

a) cloud point after filtration with cadastral map

b) cloud point after filtration with buffer application

Obr. 5 - Point cloud processing in coincidence with digital cadastral map
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a) building with points cloud

b) cloud after filtration with cadastral map

Obr. 6 - An example of detecting changes in the cadastral map
In Fig. 7 is an example of Fig. 6 after processing in QGIS. Green areas represent a buffer around buildings in the
cadastral map, blue is a cloud and a red filtered cloud of points.

Obr. 7 - View the result in the QGIS map window
The resulting detection of changes in the cadastral map with respect to the current state is shown in Fig. 8. It is the
application of the relation (1) i.e. the actual state in this case has more objects than the drawing in the map.
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Obr. 8 - The result (difference) in the QGIS Map Window

CONCLUSION
The article proposed a method that identifies the edges of the ground plan of buildings using an aggregate function in
the input point cloud. After this filtering, the cloud is compared to the state plotted in the current cadastral map in
digitized form. As a result, it detects changes in object drawings and can be used to update changes in landscapes and
engravings in cadastral and technical maps in digital form. The process takes place as much as possible automated in
two applications: 1. in a special program in Borland Delphi, and 2. in a suitable GIS program (Geomedia, ArcGIS,
QGIS). In our post, we describe the QGIS application, which is freely downloadable from the Internet. The proposed
method is relatively fast, easy to use for technical and software applications, and can be used to detect field changes in
arbitrary digital maps in conjunction with laser scanning. The results can be used to update the relevant digital maps.
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