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Abstract: The result of surveys largely depends on the
accuracy and measurement technique of the control net-
work. This research work presents the application Metrica,
dedicated for collection and navigation of geodetic control
network points. The main goal of this study is to present
the motivation, methodology, and issues with analysis of
the database of vertical control points. Such analysis
covers south part of Poland territory for the update of
the existing set of points of the vertical control network
on an ongoing basis. The application has been developed
with the use of a test database of points. The status of the
points was checked by means of a multi-stage analysis.
The prepared database of points was verified taking into
account the criteria defined by the authors. In order to
optimise the scoring analysis process, two groups of cri-
teria were distinguished: independent of each other and
those whose analysis was justified only under the condi-
tion of prior verification of other criteria. Based on the
analysis of the collected data, the main conclusion was
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the ongoing need to update the data on the matrix points.
It was found that information on points is often incomplete
and inaccurate, especially in terms of their horizontal posi-
tion, which often prevents efficient localisation of points.
One of the most significant findings was that only 55.6% of
the points available in the database were identified in
the field. It should be noted that despite the analysis
of the state of the matrix carried out in 2019 on behalf of
the GUGIK, there are still many points about which infor-
mation is not fully up-to-date. It is now possible to extend
the application with new attributes and validation rules
and conduct updates for several types of geodetic net-
works. Due to the extensive character of the discussed
subject, the study has been divided into two parts. The
continuation of this study is the second research work,
which presents the development of a mobile application
for the update of the geodetic control network. It will pre-
sent in detail the procedures and IT application develop-
ment processes.

Keywords: android applications, benchmark, geodetic
technologies, geodetic control network, java, vertical
control points

1 Introduction

Currently, universal access to mobile devices and the
internet affects the activities performed by every human
being. Freely accessible applications for such things as
entertainment, everyday life are joined with a source of
information applications that can be used for analysis
and research. Most applications enable users to collect
several types of information that together form a content-
rich database. This method should also be used in land
surveying, since this is an extremely data-driven field of
study, but it also might be applied in other fields, e.g.
surface or soil monitoring, cadastre systems, or road traf-
fics (Ilyushina et al. 2018, Sodango et al. 2021, Witkowski
et al. 2021, Guzy and Witkowski 2021).
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Surveyors, while performing tasks, spend a large part
of their time on the appropriate processing of the cap-
tured data and verification of their correctness. This is
pointed out in their papers (Krzyzek and Przewiezlikowska
2017, Przewiezlikowska 2020, Mréwczyniska et al. 2020). For
this reason, any form of assistance that speeds up this pro-
cess and provides the possibility of preliminary verification
of relevant information is an immense help in their work.

Some of the control network points are difficult to
access because the procedure of their establishment is
based more on the quality of geodetic controls, reliability,
geometrical strength, and cost rather than their topographic
location which was shown by Bielecka et al. (2014). Their
accuracy to a large extent determines the final result of the
performed surveys, which was presented in the study by
Medved et al. (2019). Therefore, the timeliness of informa-
tion on the actual status of the control network in the field is
a critical issue because, at the planning stage of their work,
surveyors have the opportunity to select an undamaged
point in the most convenient location.

There are many apps used in the daily work of a
surveyor. However, to date, no application has been
developed for the ongoing updating of the surveying
matrix. It is practically common to access the database
of matrix points at the level of national or local geopor-
tals. However, it is necessary to update the data on an
ongoing basis, as the state of the network changes over
time. Maintaining such a database only by a specific
group of people or organisation is inefficient, as can be
seen in many outdated warp information.

A similar approach is described in the publication of
Yerima et al. (2018), which presents a mobile application
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for Android that allows us to capture data and participate
in surveys using similar devices. A slightly different
approach was used by the authors of the ARGeo applica-
tion (Gazcon et al. 2018), for field data capture. In this
particular case, the application is aimed at geologists. It
allows us to capture and analyse data using mobile
devices. An unusual approach is to enable work even
without an internet connection. The authors have rightly
noticed that in some hard-to-reach places, an application
that requires a permanent connection to the internet can
significantly hinder work, especially when the point is
located in an area with poor mobile network coverage.
In Poland, there are geographic information portals
and applications that enable the presentation of control
points on a map. The basic application for publicly avail-
able data presentation is geoportal, which is available in
the following versions:
— mobile application for Android, i0S, and Windows
(Gléwny Urzad Geodezji i Kartografii, GUGIK 2022a),
— internet application (GUGiK 2022b).

This applies to the first-order and second-order con-
trol networks in a manner generally available to any user.
This application allows us to search for many important
collections and services of spatial data essential for land
surveying (GUGIK 2022a). It is important that the geoportal
contains a layer with data regarding the basic vertical
control network. Files in the .xls format are downloaded
together with a folder containing topographic descriptions
of points (Figure 1).

However, attention should be paid to the fact that the
geoportal does not contain the control network most
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Figure 1: File with data on the vertical control network retrieved from Geoportal. Source: GUGIK 2022a.
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frequently used by surveyors, namely, the third-order
control network. Updating the information about this
group of networks and making it accessible are especially
important for surveyors. This specific control network is
used for all assortments of works, as presented in the
study by Krzyzek et al. (2017).

The aim of the work was to develop a mobile applica-
tion to facilitate the updating of information on geodetic
warp points. This will be possible thanks to the ongoing
updating of point data, which will be done through
public collection of information. The assumption of the
application is a simple access to the possibility of updating
data on a specific database of matrix points by profes-
sional users — surveyors. The access and the appropriate
quality of the control network result in accuracy of all the
surveys performed, including record-keeping (Hanus et al.
2020). Therefore, this research work proposes a metho-
dology to develop an important and easy-to-use real-
time information update application — Metrica (Figure 2).

The second group of information systems are “Surveyor’s
portals” used exclusively by surveyors, only after authentica-
tion. The most commonly used control, namely, third-order
control, can be obtained on various surveyor portals.

The first and second groups include information por-
tals that are used to share centrally or locally collected
data to appropriate groups of recipients. At the same
time, they are periodically updated in terms of the control
network based on procedures related to the modernisa-
tion of the control network. The last periodic review of
level 1 and level 2 geodetic networks was conducted at
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the request of the Polish Main Geodetic Office (GUGIK) in
2019. Because of overlapping timing, the article pre-
sented in GUGIiK (2019) did not yet include the data
from the 2019 review.

The third group of applications includes those used
to present data after appropriate import, such as Google
Earth. In such a system, surveyors can only display what
they receive from the ZgiK (Geodetic and Cartographic
Documentation Resource). Google Earth is available in
the following three versions:

— mobile application for Android or iOS,

— website,

— computer application for PC, Mac, and computers with
the Linux system.

This programme also allows import of files with
point, xyz, coordinates, which were used in this analysis
to display points on the map and compare their actual
location in the field with the graphic part of topographic
descriptions (Google 2022). However, these applications
are not intended to jointly update the data.

The key group should include mobile applications
that enable displaying or searching for geodetic points
and adding them. Examples of such applications are
“Asystent Geodety” (BinSoft 2022), MERGDATA survey
(Farmerline 2022), GIS Mobile Applications (IGISMAP
2022), Locus GIS - offline geodata collecting, and SHP
edits (Locus 2014). For example, the “Asystent Geodety”
application available in Poland is a mobile application
for Android dedicated to users working in the fields of

Edt NAVIGATE
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GOOGLE MAPS

Figure 2: Data presentation in the proprietary METRICA application. Source: Authors’ original contribution.
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land surveying, geology, cartography, forestry, and many
others in which location plays a significant role. In the
free version, it is available with limited options. To have
full access to the services offered, it is necessary to pur-
chase a premium package. This programme can be called
a mobile position recorder because it quickly determines
the location of the client thanks to the built-in GPS
module. The accuracy with which calculations are made
and the operation of the GPS module are directly depen-
dent on the hardware used to operate the programme and
type of the receiver (BinSoft 2022, Chwedczuk et al. 2022).
The application collects data in the following coordinate
systems: PUWG 2000, PUWG 1965, 1942, PUWG 1992, BL
Kras., and BL WGS84. The built-in calculator allows the
conversion of coordinates between the supported coordi-
nate systems. Adding new points is possible by importing
data from a common .txt file or by manually entering the
coordinates. Using the GPS function, there is also an
option to add a point at the current location. The pro-
gramme has a length measurement function for any poly-
gonal chain that passes through the selected points and a
measurement of the area of any polygon (BinSoft 2022).
Despite the wide scope of application, this application
lacks functions that would allow the surveyor to update
and collect information about points on an ongoing basis.
It is not possible to create a database of points that would
be publicly available. Only points with given coordinates
are stored there. Database analysis has shown that it con-
tains a lot of outdated information and there are no simple
mechanisms on the geodetic market to quickly improve
these data. Table 1 shows the planned capabilities of the
application. These will be available to those who install
the application on their device and work on a specific
database.

The main goal of this study is to present the metho-
dology of a detailed analysis of the database of vertical
control points in the selected area, which is to be used to

Table 1: Comparison of the title application with existing tools
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develop a mobile application intended for the ongoing
update of the existing set of vertical control points, down-
loaded from the ZgiK. The developed application aims to
keep up-to-date information about a given vertical con-
trol point and to locate these points faster and in a more
precise manner in the field. A very important issue in
application architecture is the transfer of data between
the application, the server, and the database (Figure 3).

Users of the application are not fully aware of the
whole process of communication between the aforemen-
tioned tools. However, it is worth noting that all opera-
tions performed are complex and many conditions are
checked before the input information is positively veri-
fied. The example diagram shows the data flow when
adding a photo. This gives some idea of how the applica-
tion works.

A very important element of the application opera-
tion setup is the fact that only users with the appropriate
permissions can complete the data in it. Therefore, it is
crucial that data can be entered only by a client with the
appropriate education, i.e. a surveyor. It is unacceptable
for information about the matrix points to be edited by
someone without the necessary knowledge. It should also
be made clear that the geodetic control grid is practically
not used for any tasks other than surveying. There are
basically no industries that understand the principles of
establishing, measuring, and using a geodetic matrix.
Hence, this rules out the possibility of using crowdsour-
cing or Volunteered Geographic Information for updating
warp data. In the event of any need to view the points, the
application allows the use of the data as a Guest, but with
decidedly limited privileges, as illustrated in Table 2.

The conducted research studies on the assessment of
the condition and development forecast of the basic ver-
tical, gravimetric, and magnetic control networks (Graszka
et al. 2016) revealed that approximately 23% of bench-
marks of the basic vertical control network covered by

Tool Geoportal Google Earth Asystent Geodety Portal Geodety Metrica
Downloading a topographic description + — - + —
Navigating to a point — - — — +
Logging in/registration — — — + +
Measurements on the map + + + + -
Adding a new point available to all users — - — - +
Point database updated and available in real-time - — — — +
Display date and author of last modification - — — +
Importing points from a file - + + — —
Exporting points to a file + + + — —
Coordinate conversion between systems + — + — —
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Figure 3: Schema of data flow.

Table 2: Functions available to the user as guest and customer

Function User type

Guest Customer

Showing a list of points

View point information

View photos

View topographic descriptions
Display points on the map
Navigating to a point

Editing point information -
Adding a new point —
Adding a photo —
Adding a topographic description -
Deleting photo -
Deleting topographic description -

+ 4+ + o+ o+ +

o+ o+ o+ o+ o+ o+ o+ o+

the surveys were destroyed. The condition of the vertical
control points may be influenced by external factors. These
include environmental impacts that affect the subsidence
of vertical control points. Considerations on this subject can
be found in the research paper by Borowski et al. (2017),
where the earth marks of the vertical control network were

R T

Check if the point number existg

Fillin data about the
[ author and dates

Add the photo to the databasd

PR oum .. U

selected for the analysis, as well as in the paper on the imple-
mentation of the research programme written by WiSniewski
et al. (2014), which concerned the determination of the opera-
tional reliability of the vertical control network. An important
contribution for the presented subject describing the status of
the geodetic network is the publication.

2 Materials and methods

To design the application, a database that stores points
for the selected area was retrieved from ZGiK to verify the
status of these points in the field and to check the ratio-
nale for its development. Collecting the necessary infor-
mation about the geodetic network had fundamental
importance for determining the optimum procedures of
information updates with the help of the proposed appli-
cation. First, an analysis was conducted on how the loca-
tion of points in different areas influences their actual
maintenance status and accuracy. The first factor was
the division of the analysed control network with regard
to its location. For this purpose, the following point loca-
tion zones were distinguished:



DE GRUYTER

CC - City Centre,

— CCO - City Centre Outskirts,
— T-Town,

— RA —Rural Area.

The execution of the work was divided into several
stages. The first involved creating an up-to-date database
of points by performing an analysis of the status and
accuracy of their location in the field. Verification of the
location consisted in comparing the coordinates dis-
played using Google Earth, obtained from the documen-
tation centre, and the graphical part of the topographic
descriptions with the actual state in the field. The pre-
paration of the data for the database consisted in an
analysis of point data and its verification during field
interviews in several selected areas. The result of this
part of the work is a point condition analysis. For the
point condition analysis, 153 points were considered, of
which 85 were found in the field. These were used to
create the original database for the author’s Metrica
application.

2.1 Geodetic network

Pursuant to Article 2.4 of Kancelaria Sejmu (2021), the
geodetic control network is understood as systematic
collections of clearly identifiable points that have been
marked in the field with survey markers and whose location
has been determined in the national spatial reference
system in a manner appropriate for a given type of control
network, enabling its accuracy to be determined.

The geodetic network includes points of vertical con-
trol, the location of which has been determined in the
national spatial reference system, and the height deter-
mined in relation to the adopted reference area using
surveying techniques (MAiC 2012). Due to the important
function of survey markers, they are protected by law.
Persons who are owners or holders of real estate on
which survey markers are located as well as triangulation
structures or facilities protecting them are obliged to:

— avoid actions that could damage, destroy, or displace
these markers,

— report information on their damage, destruction, or
displacement endangering the life or property of other
people to the competent district governor.

Failure to comply with the abovementioned obliga-
tions may result in the imposition of a fine (Kancelaria
Sejmu 2021).

Metrica - for collecting and navigating geodetic control network points

— 235

The numeration of geodetic networks is uniform
throughout the country. The numbers of the control points
are assigned at the stage when the technical design is
prepared, therefore in accordance with the law in force
at the time. The current rules for the numeration of geo-
detic, gravimetric, and magnetic control points have been
regulated by the provisions of Chapter 9 (MAiC 2012).
However, the numeration of the points of the basic vertical
control network analysed in the selected area was pre-
pared at the time of validity of the Technical Guideline
G-2 — Vertical Control Network (GUGIK 1986). It should
be noted that in the lists from the ZGiK database (Figure 4)
concerning control points, two concepts appear simulta-
neously: point number and point identifier.

The rules for creating a point identifier are defined in
detail in GUGIK (2001). The point identifier consists of a
string of 13 digits. This system is closely related to the
position of the point, determined by the B and L geodetic
coordinates.

2.2 Vertical geodetic network database

Pursuant to §16 and 17 (MAiC 2012), information about the
points of the national geodetic network (NGN) is collected
in two sets:

— in the database of the national register of basic geo-
detic, gravimetric, and magnetic control networks —
GUGIK,

— in the database of the third-order geodetic control net-
works — district geodetic and cartographic documenta-
tion centre.

The state register of NGN collects observations and
the results of their elaboration for basic geodetic, gravi-
metric, and magnetic control networks throughout the
country (GUGiK 2022c).

The current statistical data on the number of points
in each type of the control network are presented in
Figure 5. The chart illustrates the vertical control network
analysed in this study.

2.3 Preparation of the database of points
used to create the application

To prepare the mobile application for the current update
of the network, it was necessary to define detailed proce-
dures for dealing with the point database. First came the
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Figure 4: Fragment of data file retrieved from ZGiK. Source: ZGiK, 2019.

determination of the up-to-date point database, by ana-
lysing the status and its accuracy in the field. These pro-
cedures initially involved defining the methodology of
making an inventory of the existing database and then
the determination of the rules for updating the control
network using the developed application. To confirm the
assumption regarding the timeliness of the data on the
control network and to state the validity of creating the

was used as a research object, covering a part of the
Matopolskie Province in the vicinity of the city of Krakow
(Figure 6).

The database consisted of 799 points for which the
following information was retrieved:
— B, L coordinates in the PL-ETRF89-GRS80 system,
— normal height PL-KRON86-NH,
— point location address,

application, the database of basic vertical control points - point ID,
[ NATIONAL REGISTER OF BASIC CONTROL NETWORKS ]
[ 53 000 ]
HORIZONTAL VERTICAL GRAVIMETRIC MAGNETIC
CONTROL CONTROL CONTROL CONTROL
NETWORK NETWORK NETWORK NETWORK
7 080 41 850 550 3530

Figure 5: Number of points of geodetic network (GUGiK 2022c).
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point number in the “1965” system,

control network order,

monumentation code,

information about the condition of the point.

A total of 153 points were selected for the analysis
from the obtained database. Their choice was based on
a selection aimed at distinguishing diverse types of
locations (Figure 7):

CC - City Centre,

CCO - City Centre Outskirts,
T - Town,

RA - Rural Area.

A research hypothesis was formulated that the type of
point location affects the quality of information about
points and their timeliness. The decisive factors are the
degree of urbanisation and the level of human interference
with the surroundings (the environment). This assumption
was intended to analyse to what extent these factors affect
the control network to be maintained in an appropriate
condition and timeliness. The designed types of locations
were intended to indicate to what extent location factors
determine:
point database completeness (the number of points
actually existing),
accessibility of measurement points,
timeliness of information about points,
examination of the technical condition of the points.

2.4 Characteristics of location types

As the CC and CCO, the authors chose Krakow which is
the capital of Malopolskie Province and the largest city in

Figure 6: Selected locations in Matopolskie Province.
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the province (Figure 7). The city’s infrastructure is advanced,
with dominant dense development.

The control points selected for the analysis, located
in the strict city centre, are within the limits of the CC and
CCO point location zones, which have been determined
by circles with a given diameter:

— CC-3km (marked in red),
— CCO - 5km (marked in yellow),
whose starting point is in the centre of the Main Square.

For the CC zone, 44 points were analysed, i.e. all
occur in this area, the distribution of which is illustrated
in Figure 7. All points were within a predetermined
circle with a radius of 3 km.

The area encompassing CCO contained 53 points
of the basic second-order control network, and all of
them were analysed. The points were evenly distributed
within the CC zone in a strip formed by circles with radii
of 3-5 km (Figure 6).

Another point location zone created for the analysis
is Towns (T, Figure 6). Two towns located south of
Krakow were selected: My$lenice and Skawina. Mysle-
nice is an urban-rural commune, which is the largest
commune in terms of the area in Matopolska. The topo-
graphy of the area is diversified, and most of it remains
undeveloped. There is only dense development in the
very centre of the town (Urzad Miasta i Gminy My$lenice
2016). Considering the area and population, Myslenice
is one of the smaller towns in Poland. The database in
Myslenice consists of 14 points of the basic second-
order vertical control network, all of which were ana-
lysed. Most of the points are located near main roads
and in heavily urbanised places.

The second of the selected towns is Skawina. It is
located in Krakow County in the urban-rural commune

Legend:

— Gty Centre

Gty Centre Outskirts
[ Gity (Krakow)

[ Town - T

[ Rural Area - RA

B Malopolskie Province



238 —— Anna Przewiezlikowska et al.

DE GRUYTER

Vertical control point
- (ity Centre
City Centre Outskirts

[] City (Krakow)
[JTown-T
[] Rural Area - RA

Figure 7: Presentation of selected control points in selected types of locations.

of Skawina (Gmina Skawina 2022). The direction of
the town’s development in recent years has created
favourable conditions for the growth of new invest-
ments. The rapid expansion of the town is favoured
by:

- its convenient location (Krakow is approximately 17 km
away),

— a lot of unused land,

— developed industrial zones,

— extensive communication network,

— diverse labour market providing employment for many
people.

In Skawina, nine out of ten existing points, which
form the database of the basic second-order vertical con-
trol network, were selected for the analysis.

In addition to urban areas, four representative urban—
rural communes located in RA were selected (Table 3):

— Czernichow,

— Liszki,

- Swiatniki Gérne,
Wieliczka.

The selection was aimed at checking points in areas
with lower investment development, where control points
are less used. Out of 83 points from the database, 33 points
of the basic second-order vertical control network located
in RA in villages near a large city were selected for the
analysis (Figure 7).

The points were selected with a view to various
degrees of the influence of external factors such as the
immediate vicinity of a busy road, location on private
properties, etc. Figure 7 illustrates the control points
selected for the analysis in all types of areas presented.
Table 3 demonstrates the most important data character-
ising the individual communes selected for the analysis
in terms of topography and geodesy.

2.5 Analysis of the condition of points in
selected research areas

The condition of the points was checked in several stages
based on a field inspection. The prepared database of
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Table 3: General information on selected communes, source (Polska w liczbach 2021; Polska w liczbach 2022a; Polska w liczbach 2022b; Polska w liczbach 2022c)
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points was verified considering various criteria defined

by the authors. The adopted criteria of the analysis

were related to the specificity of the available data on
points. The sequence of the analysis of individual criteria
was determined in detail.

1. Existence of the control point in the ZGiK database — B,
L coordinates data, point address, and the points are
also accessible in GUGIK (2022d).

2. Accessibility of the point for inspection — an inacces-
sible point is the one located on the property inacces-
sible to entry — no further verification.

3. Occurrence of the point in the field - the point physi-
cally exists in the field.

4. Existence of topographic description of the point.

5. Consistency of the point location with the graphic part
of the topographic description.

6. Consistency of the B, L coordinates with the actual
location of the point in the field — with the presenta-
tion in Google Earth — concerns the consistency of the
point location as indicated based on the coordinates
retrieved from ZGiK, displayed using Google Earth
with the actual location in the field. A significant
deviation in the location of a given point, which could
result in selecting an incorrect point or considering the
point as non-existent, was considered an irregularity.

7. Possibility of performing surveys on the point — when
it is possible to place the staff correctly on the point.

8. The point has been built-up — consequently, the survey
is impossible.

9. The point has been destroyed.

To optimise the point analysis process, criteria were
distinguished that could be analysed independent of
each other, e.g. 6 and 7, as well as those whose analysis
was justified only subject to prior verification of other
criteria, e.g. criterion 3 depending on 7. Therefore, the
above numeration of the criteria was given by topological
sorting of the graph according to the order of their ver-
ification presented in the diagram (Figure 8).

During the field inspection, various situations were
encountered when the condition of the control points
changed over time. One of the cases was when the point
was built-up, which hindered the performance of surveys
on that point. Such activities are the result of human
ignorance about the way the control network is used.
The direct analysis of the control network conducted in
the field demonstrated to what extent the information on
the points may be outdated. The comparison of the
existing status with the information retrieved from ZGiK
revealed that the main users of the network, i.e. sur-
veyors, can be frequently misled. Due to the numerous
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D: Necessity to update non-
existent data: photo of the

point, topographic
description, preferably using a
mobile application

END

Figure 8: Diagram of control network analysis according to the adopted criteria. Source: Authors’ original contribution.
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Figure 9: Schematic of the transitions between the different views in the application.

.|

irregularities identified in the status of information about In each of the groups of the necessary updates, the
the control network, it was decided to create a tool that scope of the data that need to be completed is adapted to
would make it possible to update the information about a specific case.

control points on an ongoing basis. It seems that the best Figure 9 shows the transitions between the various

solution for such work is a mobile application, which views of the application.

— would allow for the correct determination of the point There are many elements of this type, representing
location in the field, the stages of application construction. They will be pre-

— would enable real-time updating of the point information. sented in the following parts of the articles, as it is not
The diagram presented in Figure 8 demonstrates the possible to cover them all in one publication.

scope of the information on the control network that

needs to be updated depending on the identified discre-

pancies in the existing information on the point. They can 3 Conclusion

be divided into two main groups:
- update of outdated data - procedures A, B, C, F, G, Maintaining up-to-date information about the points’
- update of non-existent data — procedures D, E. heights is a challenging task due to the wide range of
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their distribution and lack of control over some changes
occurring in the points due to their location, e.g. on pri-
vate property. Therefore, the idea was to design a mobile
application that would allow surveyors to easily access
the information about the state of the matrix points.

In the first part of the work, it was necessary to pre-
pare a test database, which was used to design the appli-
cation. The article presents a methodology for direct
verification of the database during a field inspection con-
ducted by the authors of the study. Based on collected
data analysis, the main conclusion was that it is neces-
sary to update the matrix data. One of the most essential
elements was the fact that only 55.6% of the points were
identified in the field. It should be emphasised that the
analyses were performed shortly before the outbreak of
the pandemic. Since then, much of the matrix data in
Poland have been released and can now be downloaded
directly from the State Geoportal, which was not possible
in 2019. To perform the analyses, data were obtained by
indirect methods, from the Central Centre for Geodetic
and Cartographic Documentation. The quality of the data
meant that information on points was often incomplete
and inaccurate, especially regarding their horizontal loca-
tion, which often made it impossible to localise points.
Hence, it was necessary to plan a methodology for ana-
lysing the data available at that time, which is discussed
in the article. By releasing data via Geoportal, one can
observe successive changes in the matrix information. At
the same time, despite the performed analysis of the state
of the matrix conducted in 2019 on behalf of GUGIK, there
are still a lot of points that are not fully up to date.
Therefore, a real-time update process is highly advisable,
hence the need for a tool to update the matrix network on
an ongoing basis.

The developed application has possibilities for further
development depending on the type of matrix the recipient
will have to work with. An important addition will be, from
a localisation point of view, the search for a point by
address and the selection of an address from a list. For
users wishing to start working with the application in a
new area, the option to impose a specific structure for
adding point numbers and importing/exporting points
from/to a file will be of interest. As the application will
be used primarily on mobile devices, it is possible to down-
load photos and topographic descriptions to such devices.
Another important element to be developed is the possibi-
lity to convert coordinates between systems.

The result of the work is a mobile application Metrica,
which can be successfully implemented for updating geo-
detic control network points. The application was devel-
oped using a test database of points, in accordance with

DE GRUYTER

the original concept of the authors. It is now possible to
extend the application with new attributes and validation
rules and to perform updates for different types of geodetic
networks. Due to the extensive nature of the subject
matter, the study has been divided into parts. This study
is continued in a second research paper, which presents
the development of a mobile application for updating the
geodetic grid. In that, the IT procedures and processes of
application development will be presented in detail.
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