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In densely populated areas or indoors, the accuracy of GPS signals can be significantly reduced.
This is because satellite signals can be obscured by buildings and reflected from them, which creates so-
called multi-layer reflections. As a result, the system can incorrectly determine the position, which leads
to a significant error. This creates serious problems for indoor navigation, especially if high accuracy is
required. Alternative indoor navigation technologies are being actively developed to solve this problem.
Since Wi-Fi routers are often found in indoor environments, they can be used to determine location. This
allows you to choose the approximate location with an accuracy of several meters. However, this system
requires many access points for accurate operation, which is a problem in the case of Lviv Polytechnic
National University buildings. There is incomplete or no coverage, large wall thickness, underground
passages between buildings, and classrooms in underground rooms. Therefore, there was an objective
need to develop a project for the implementation of navigation and positioning in enclosed spaces by
developing a mobile application for searching for classrooms and offices, forming and visualizing routes
based on two-dimensional matrix codes and taking into account the Location Services indicators overlaid
on the plans of the academic buildings of Lviv Polytechnic National University. It is proposed that a QR
or Aztec code be used to determine the location and provide brief information about a particular office
or classroom of an academic building. The location can also be set manually or determined using data
from the saved plans of the university buildings and campus. The Dijkstra algorithm is used to calculate
the shortest path. This made it possible to develop a conceptual model of the information system,
considering the stakeholders' requirements.

Keywords - Navigation, Positioning, Two-Dimensional Matrix Codes, Conceptual Model, UML
Diagrams

Problem Statement

Satellite navigation is not the best solution in densely populated areas or indoors. In densely built-up
areas, the accuracy of GPS signals can drop from 5 to 10-15, and sometimes even up to 30 meters (Barnes
et al., 2003). And indoors, the accuracy of the aforementioned signals is out of the question since there is
practically no signal there. However, while navigation in densely populated areas of cities can still be carried
out using Wi-Fi access points, indoor navigation is not so simple. Almost the only unsolved problem in
geopositioning is the inability to use satellite navigation indoors.

Lviv Polytechnic National University is one of the largest higher education institutions in Ukraine and
Eastern Europe. A large number of educational buildings (most of which are architectural monuments built
in the first half of the XIX century) (University Presentation Materials | Lviv Polytechnic National
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University, 2025), an increase in the number of foreign students, applicants, and participants of conferences
and various events who enter these atypical premises and get lost in endless corridors, determine the objective
need for technologies that help to navigate in buildings and premises.

Existing indoor navigation solutions are based on data obtained from Wi-Fi access points, IMES, and
network towers (Khalil, 2023; Khalil, 2025). Given the fact that the density of Wi-Fi points in the buildings
of Lviv Polytechnic National University is quite low (coverage is incomplete or non-existent), the large
thickness of the walls, underground passages between buildings, and the presence of classrooms in
underground premises, we can objectively conclude that the accuracy of the data obtained from access points
will be pretty low, and triangulation by cell towers will not provide sufficiently accurate coordinates, which
is simply unacceptable in our case.

It is for these reasons that there is an objective need to develop an information system for the
implementation of navigation and positioning in enclosed spaces by developing a mobile application to
search for classrooms and offices, form and visualize routes based on two-dimensional matrix codes
(Normand & Viard-Gaudin, 2002; Falas & Kashani, 2007), and taking into account the indicators of Location
Services (Marbutt & Schiefer, 2011; Yang, 2012), superimposed on the plans of academic buildings of Lviv
Polytechnic National University.

GPS provides excellent positioning results when a sufficient number of satellites are in the line of
sight. In recent decades, Assisted GPS (A-GPS) has been showing good results, which is why it has become
the predominant technology for consumers. However, developers are still faced with the issue of positioning
in urban areas and indoors.

Other technologies are needed to solve the problem of positioning indoors, especially. Many startups
and companies are actively working to solve these problems. However, despite the progress, accurate indoor
navigation remains a challenge due to the limitations of each of these technologies, especially in large or
complexly structured spaces. The main disadvantages of these programs are that navigation and positioning
in these systems require a Wi-Fi network, which incurs additional costs for its acquisition and setup.
Therefore, they are unavailable for organizations with a small budget and low turnover.

The rapid development of mobile platforms and the emergence of powerful phones have provided
developers ample opportunities to create multifunctional software solutions. The developed conceptual
model of the information system should consider the possibility of implementing a software solution for
Windows Phone.

Therefore, it is relevant to develop algorithms for the implementation of navigation and positioning in
closed rooms to search for audiences and offices, form and visualize routes based on two-dimensional matrix
codes, and consider the indicators of Location Services.

Analysis of Recent Studies and Publications

There are different approaches to improving navigation accuracy in densely populated areas or
indoors.

Integration of different technologies. For example, combining GPS with other technologies, such as
Wi-Fi, Bluetooth, or cellular networks, can improve location accuracy in difficult environments.

Advanced positioning systems. For indoor and tall buildings, systems based on internal localization
(e.g., UWB — ultra-wideband technology) are used to achieve accuracy of up to several centimeters.

Network corrections. To improve accuracy, you can use so-called differential correction systems
(DGPS) when data is transmitted through ground stations to correct satellite signal errors.

Such innovations are being actively developed to facilitate navigation in urban environments,
including autopilots, mobile devices, and delivery services.

Positioning Technologies

Alternative indoor navigation technologies are being actively developed to solve the problem of indoor
navigation, and there are several main ones.
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Technologies that help detect the coordinates of users' current location and navigate the terrain are
developing rapidly (Khalil, 2023; Khalil, 2025). As we all know, Global Navigation Satellite Systems
(GNSS), such as GPS technology, are practically flawless for positioning only as long as we are in a clear
field. Even cell phones can provide meter accuracy for positioning outdoors. A-GPS technology makes it
possible to work within a second after a cold start and, in some cases, to work indoors.

However, modern positioning technologies still have many shortcomings, especially when working
inside buildings and in densely built-up neighborhoods. Not every room has sufficient conditions for GPS
signal reception (Khalil, 2023; Khalil, 2025).

The last decade has seen tremendous changes in the availability and diversity of satellite navigation
systems, both regionally and globally. Along with the legacy GNSS GPS, three regional systems (QZSS,
BeiDou-2, and IRNSS/NavIC) provide operational services in the Asia-Pacific region. Together with
BeiDou-3 and Galileo, a total of four systems provide services on a global scale. Today, most navigation
satellites support dual-frequency open service signals for civilian users, which satisfies the growing interest
in high-precision navigation in mass applications. IGS has recognized this evolution and has been
systematically building new capabilities in support of multi-satellite GNSS data collection (or simply multi-
GNSS) and product development through its Multi-GNSS Working Group and Multi-GNSS Experiment
(MGEX), which has since evolved into the Multi-GNSS Pilot Project.

Satellite Positioning Technologies. Most likely, in the next two to three years, combined multi-GNSS
systems will displace single-system systems (Pratap Misra & Per Enge, 2001; Morton et al., 2021). And not
because it will solve the problem of indoor navigation, but because it gives a real advantage when navigating
in densely built-up areas.

The QZSS system (Satoshi Kogure et al., 2020; Yamasaki & Noguchi, 2023) uses an inclined
geostationary orbit to ensure that the satellite is close to the zenith in Japan (and, as a result, in the
surrounding areas). In this respect, it is unique among the main GNSS: it is designed exclusively to maintain
reliable reception in cities in the home region.

These next-generation GNSS (Grewal et al., 2020) include the modernized GPS-III system of the
United States, the European Galileo system, and the Chinese BeiDou system. In addition, several regional
navigation satellite systems (RNSS) and space-based augmentation systems (SBAS) will broadcast
additional signals for PNT users (Manglik, 2024).

Wi-Fi localization. Since Wi-Fi routers are often found indoors, you can use them for location. This
method involves measuring the signal strength of multiple Wi-Fi access points and comparing them to a
database that contains information about the distance to various access points in the room. This allows you
to determine the approximate location with an accuracy of several meters. However, this system requires a
large number of access points for accurate operation, which can be a problem in some cases (Khalil, 2023;
Khalil, 2025). Wi-Fi positioning is used in many smartphones, along with GPS.

Accelerometers and Gyroscopes, which are referred to as microelectromechanical systems (MEMS)
(Bao, 2005), are sensors with moving parts that can determine the orientation of a device in space or its
movement. Both sensors are widely used in smartphones, where they are used to set the correct screen
orientation (portrait or landscape), as well as for gaming. Since they are already included in most devices,
they are a natural complement to positioning technology, and many companies are trying to link motion
sensors with GPS to improve the accuracy of indoor and urban navigation. This augmentation principle is
already used in most smartphones and some navigation devices.

Magnetic compass. Similar to the accelerometer and gyroscope, a magnetic compass is already built
into many smartphones. Various technologies are used to determine the earth's magnetic field, including Hall
sensors, induction compass, and MEMS (Bao, 2005). The performance of such devices is, to some extent,
affected by the proximity of metal objects and even more so by nearby magnets. Users may not notice the
magnets around them, but there are quite a few in the modern technical environment, especially in cars. Any
system that reproduces sound contains a magnet, and the more powerful the system, the stronger the magnet.
Based on this, magnetic sensors alone are not very reliable positioning assistants, but in combination with
other sensors, such as gyroscopes and accelerometers, they can be very useful (Khalil, 2023; Khalil, 2025).
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Altimetry is another type of MEMS sensor (Bao, 2005). Typically, their principle of operation is
based on measuring the level of deformation of the indicator surface due to atmospheric pressure using
piezoelectric sensors. Integrating altimeters with GPS has already proven itself in devices such as tourist
navigators. Such integration is also proving to be useful in other user devices, especially smartphones.

Cellular Positioning Technologies. Three cellular wireless technologies, AFLT, MRL, and Cell-ID
(LaMarca & Eyal de Lara, 2022), are components of A-GPS (Caffery & Stuber, 1998). A-GPS is used to
accelerate the start of GPS operation in a mobile device or to directly determine the coordinates of a mobile
device without receiving data directly from the satellites. In this case, information about the current state of
navigation satellites comes from the network of the cellular operator. For this purpose, an Internet connection
must be configured on a mobile device, smartphone, or communicator.

The need for the development and implementation of A-GPS was caused by the long delay time that
occurs when a device with GPS navigation searches for a satellite signal (Motroni et al., 2021) and data with
coordinates from satellites. The delay can range from tens of seconds to several minutes in areas with many
high-rise buildings.

Digital television and Radio. Positioning with digital television (DTV) is accomplished by estimating
the distance from the DTV tower, similar to GPS and AFLT. However, DTV towers are not precisely
synchronized with each other, and positioning by DTV requires building an infrastructure that links the clock
offsets of different towers (Khalil, 2023; Khalil, 2025).

Pseudo-Satellites or Pseudolites broadcast GPS-like signals from ground-based transmitters (Ladd
et al., 2004). Usually, these signals differ slightly from GPS signals in frequency, but otherwise, they are
similar and can be received by a regular GPS receiver without additional equipment.

The positioning accuracy of the pseudo-planes can reach five centimeters when measuring the phase
of the carrier. The operation requires sophisticated and precise transmitter equipment, which greatly
increases the cost. However, pseudolites are highly valued and have their place in the market.

IMES and Lighthouses. IMES technology (Ni et al., 2004) allows for full-fledged indoor positioning,
and from this point of view, it is the most interesting of all. IMES uses beacons, which are radio transmitters
that emit a very weak signal that is intended only for data transmission (but not for distance determination,
and this is its main difference from pseudo-liters). The power of each IMES transmitter is so low (from 0.1
to 0.4 nanowatts) that the signal can be received only within a radius of 10 meters from the transmitter. The
positioning system works on the principle "If you can hear me, you are here". As is obvious, the accuracy of
such a system does not exceed ten meters.

Bluetooth i BLE (Bluetooth Low Energy). Bluetooth is also used for indoor navigation. The system
works on the principle of determining the distance between the device and several Bluetooth beacons
installed in the room. This makes it possible to create accurate indoor maps and track the user's movement
with high accuracy (up to several centimeters in some cases).

Ultra-Wideband Technologies (UWB). It is one of the most advanced technologies for indoor
navigation, which can provide accuracy of up to several centimeters. UWB technology allows you to
determine the exact location by measuring the signal propagation time between devices. UWB is used to
create indoor localization systems in complex environments, such as large shopping centers or complex
architectural spaces.

Infrared Systems. Infrared sensors can be used to track the location of people or objects indoors. They
allow for very accurate navigation systems, but they are limited in use in open spaces due to their short range.

Combination of Different Technologies. One of the most effective ways is to combine different
methods. For example, Wi-Fi can be used to determine a general location in a room and then move to more
precise systems, such as Bluetooth or UWB, for more accurate positioning.

Developers still need to address the issue of positioning in urban areas and indoors. This can be
achieved by increasing the number of satellites, sensors, and wireless positioning methods.

Analysis of existing information systems for indoor navigation

The most common software products for indoor navigation include «Google Maps», «My Way
Aéroports de Paris», and «American Museum of Natural History Explorer.
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«Google Maps» — an application for indoor navigation (Google, 2012). The main innovation in
Google Maps is, of course, the introduction of indoor navigation. Google Maps can guide customers to the
right shopping mall or airport and help them find the right place inside these buildings. At the moment, this
feature is in test mode and is available only for a limited number of buildings.

In addition to navigation inside buildings, Google Maps has a redesigned interface, added building
diagrams of some airports and hypermarkets; a drop-down list of basic functions at the top of the screen; and
the ability to turn off the screen darkening function in navigation mode.

«My Way Aéroports de Paris» (2025) — The official geolocation and positioning program, both

indoors and out. My Way Aéroports de Paris is a free service for passengers using Android and iOS mobile
phones. It is available in French and English. This is the official geolocation and positioning program, both
inside and outside Charles de Gaulle Airport. This software solution covers all departure and arrival
terminals, including TGV stations and parking lots. Geolocation around the airport uses NAO Campus
technology based on WiFi rather than GPS.

«American Museum of Natural History Explorer» — is a mobile application for the American
Museum of Natural History. AMNH Explorer contains all kinds of information about the museum's
collections for all exhibits without exception, from the T-Rex to the Star of India Sapphire (Explorer App |
American Museum of Natural History, 2019). The app contains both original and pragmatic functionality.
The Explorer app can use the museum's Wi-Fi network to determine the user's location. In this case, the app
works much like a GPS navigator, but only indoors, and offers step-by-step instructions for moving to the
object the user is looking for with arrows and maps. Unlike GPS, the museum system uses Wi-Fi
triangulation (Santi et al., 2021), allowing for indoor location determination.

According to the developers of the Mall Buddy software solution, now you no longer need to
constantly waste your precious time looking for directions in the retail chains of your city. The mobile
application will help users find their way inside shopping centers as well. The program tells the user where
they are, what is happening around them, and how to get to the store or restaurant they are trying to find. It
is also possible to register via Facebook if the user suddenly wants to brag about his new purchase.

The main disadvantages of the programs under consideration are that navigation and positioning in
these systems require a Wi-Fi network, which incurs additional costs for the purchase, configuration and
maintenance of this network. Therefore, they are not available for organizations with a small budget and low
turnover.

Another important disadvantage of these systems is that most of them are built on a thin client
architecture, which in turn has several significant drawbacks: the need for constant communication with the
network; limited user interface; rather low performance due to network costs; critical problems on the server;
high communication costs; testing a mobile application is significantly complicated due to the large number
of micro-browsers.

Formulation of Article’s Objectives

The work aims to develop algorithms and a conceptual model of an information system to enable users
to build an optimal route when navigating indoors. With the help of the designed information and navigation
system, the owner of a mobile device will be able to view building plans and navigate them. Considering
that the initial requirements and data for the project development are based on the implementation of indoor
navigation at Lviv Polytechnic National University, it is necessary to take into account all possible options
for technologies and methods for determining location coordinates in various types of indoor spaces.

This will allow you to perform the following navigation tasks: search for the desired classroom,
department, dean's office, or administration; route planning according to the user's current location; visual
representation of the route on building diagrams; the ability to quickly find the exit from the building in case
of emergency. This system will be relevant for users, as it will significantly speed up and simplify the process
of finding the best route, providing students and employees, applicants, and participants of conferences and
various events with contact information about departments, deans' offices, reception offices and various
public organizations of the university.



Conceptual model of the information system for indoor navigation and positioning based... 119

The scientific novelty and innovation of the work are the implementation of navigation and positioning
in enclosed spaces, the formation and visualization of routes based on two-dimensional matrix codes, and
taking into account the indicators of Location Services superimposed on the plans of educational buildings
of Lviv Polytechnic National University.

Todays, it is vital to develop a conceptual model and implement a project for indoor navigation and
positioning since a comparative analysis of existing navigation and positioning methods has not revealed
any analogs for this system, given the special conditions of navigation in the premises of Lviv Polytechnic
National University.

Main Results

Most navigation giants have long been looking toward indoor navigation (Fig. 1).

Fig. 1. An example of indoor navigation

Until recently, it was impractical, but a solution has been found. A user sees a large number of different
access points when trying to connect to the Internet using Wi-Fi (Ladd et al., 2004) in the city center. It is
their indexing and determination of their coordinates that Google has been engaged in for quite some time.
Knowing the exact coordinates of these access points, it is quite easy to navigate them because you can
calculate your coordinates based on the measurement of signal strength from the three nearest Wi-Fi access
points (Ni et al., 2004).

In this case, all you need to do is use access point navigation, which is a program that can analyze
signal strength data and calculate coordinates. Google has again met the developers of this positioning system
by releasing the Google Maps Geolocation application program interface. This interface allows developing
applications for Wi-Fi navigation (Elsanhoury et al., 2022; Risang Yudanto et al., 2023) and linking the
obtained coordinates to Google Maps.

The only problem is building maps, and then you can get a full-fledged indoor navigation system. It
should also be noted that the accuracy of the data obtained by this system will depend heavily on the density
and power of access points in the building.

However, for all its obvious advantages, the wireless hotspot navigation system also has its drawbacks.
Because the density of Wi-Fi hotspots in the buildings of Lviv Polytechnic National University is quite low,
and taking into account the factor of different types of premises both in terms of wall thickness and location,
the accuracy of the data obtained from the access points will be pretty low, which complicates the solution
of the positioning problem.

For these reasons, there is a need for a method of navigation and positioning in enclosed spaces for
mobile platforms. The software solution will be implemented to search for classrooms and offices and
generate and visualize routes, taking into account the indicators of Location Services (Yang, 2012) overlaid
on the plans of the academic buildings of Lviv Polytechnic National University.
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Methods for Recognizing Matrix Codes

In the modern world, information can be presented in the most bizarre forms. There are various reasons
for this, and these reasons are not always shorthand. A cell phone has now become an essential attribute of
almost every citizen.

There are two fundamentally different types of encoding:

Linear (one-dimensional). Its most common representative is the "barcode";

Two-dimensional, which is divided into stacked and matrix.

Two-dimensional matrix codes appeared in the early 1990s. In terms of compactness and reliability
of information storage, they are better than linear (one-dimensional) codes (e.g., EAN13, Code 39,
Interleaved 2 of 5). While linear barcodes usually allow encoding 10-30 characters (usually only numbers or
letters of the Latin alphabet), two-dimensional codes can hold 100 times more data.

In addition, two-dimensional codes contain error correction information (Ni et al., 2004), i.e., the data
is encoded in such a way that it can be read even if the target is partially damaged (for example, if part of it
is erased or torn off). Thus, with the same amount of encoded data, a two-dimensional code will be both
more compact than a linear code and more resistant to damage. Two-dimensional matrix codes look like a
matrix made up of square modules.

Linear and multi-level codes are simply "multi-layer" linear codes. Matrix encodings "pack"
information both horizontally and vertically, which makes it possible to radically increase the amount of
stored data and, accordingly, remove restrictions on their type - now it becomes possible to encode text data.

In the process of developing a method of navigation and positioning in enclosed spaces to store data
on the user's current location and brief information about a particular office at Lviv Polytechnic National
University (University Presentation Materials | Lviv Polytechnic National University, 2025), there was an
objective need to use containers that would contain this data. Two-dimensional matrix codes were chosen as
such containers (Huo et al., 2021; Anita Sondhi & Dr. Ravindra Kumar, 2022).

The term Matrix Code refers to a two-dimensional bar code based on the location of black elements
inside a matrix (Saha et al., 2003; Jiang et al., 2021). Each black element has the same size, and the element's
position encodes data.

A two-dimensional code contains coded information both horizontally and vertically. Since both
directions are informative, we lose the ability to use the so-called vertical redundancy. However, the fight
against errors when reading a barcode is quite simple - most standards for two-dimensional codes use
checksums to guarantee the reliability of the input information (Huo et al., 2021; Anita Sondhi & Dr.
Ravindra Kumar, 2022). The most common are two-dimensional matrix barcodes:

QR Code — a two-dimensional matrix code (2D barcode), which is depicted as a set of light and dark
elements — modules (Waters, 2012);

EZcode — 2D matrix code created by ETH Zurich and exclusively licensed by Scanbuy in 2006. This code
was created specifically for camera phones because of its simpler design compared to other two-
dimensional matrix codes. The EZ code specification for encoding and decoding is publicly available and
open;

MaxiCode (originally called UPSCode, Code6) is a two-dimensional matrix code developed by United
Parcel Service in 1992, created for shipping and receiving systems;

Data Matrix — The two-dimensional matrix code was developed in 1991 and is depicted as a set of light and
dark elements — modules (Neelima & Subhas, 2022; Son & Choi, 2024). This matrix code allows the
encoding of alphanumeric and byte data;

Aztec Code — a representative of the family of two-dimensional matrix barcodes (“ISO/IEC 24778:2024,”
n.d.-b), the image of such a barcode is a square monochrome matrix composed of dark and light modules,
in the center of which is a set of square central rings;

PDF417 — a two-dimensional matrix code, the symbolism of which provides good opportunities for encoding
data in a compact and convenient form for further automatic reading (Hahn & Jung, 2006).
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Matrix codes (Normand & Viard-Gaudin, 2002; Falas & Kashani, 2007) are not only a new method
of obtaining additional information about the user's current location and general information about the office
of interest, which in turn will help foreign students, applicants, participants of conferences and various events
who enter these atypical premises not to get lost in endless corridors.

By placing a matrix code image with the latitude and longitude coordinates of the collection point next
to the pointer, any user can now transmit the location coordinates in any way available to them (SMS, E-
mail, Twitter, FaceBook, etc.) (Ni et al., 2004).

Algorithms for Finding the Shortest Paths

Having received the coordinates of the points to form the route, the task of finding the optimal route
for navigation arises. When solving a wide range of applied problems, it is often necessary to find a route
that connects the given vertices in the graph G. Here is an algorithm for solving such a problem. In this
algorithm, the problem is reduced to finding a route in a connected graph G = (V, E) that connects the given
vertices V, U, V, where V¥ U. The number of vertices is m, and the number of edges is n.

The choice of a particular algorithm depends on the graph's characteristics and the task's requirements,
such as the presence of negative weights, the need for speed of execution, or the need to calculate all pairs
of shortest paths. Types of algorithms for selecting shortest paths (Wang, 2018; Chemes& Vetrov, 2023):
Terry's algorithm — is a method for finding the shortest paths in graphs with negative weights, which is

an improvement of classical shortest path algorithms, such as the Dijkstra and Bellman-Ford algorithms.
It allows the processing of graphs containing negative edge weights with high efficiency compared to
other methods. The algorithm uses an iterative approach, updating the values of distances to vertices step
by step. The main idea is to adapt the distances to vertices step by step and ensure that at each step, the
current shortest paths take into account even negative weights;

Wave algorithm (or width search algorithm) — is one of the classic algorithms for finding shortest paths
in unweighted graphs (where all edges have the same weight, usually weight 1). It is based on the principle
of breadth-first search and is commonly used to find the shortest paths from an initial vertex to all other
vertices in the graph;

The Dijkstra Algorithm (Siklichuk & Senyk, 2023) — is designed to find the shortest paths from one initial
vertex to all other vertices in a graph with non-negative edge weights. It uses a greedy approach, choosing
the vertex with the smallest known distance from the initial vertex at each step and updating the distances
to neighboring vertices;

The Bellman-Ford Algorithm (AbuSalim et al., 2020) — is suitable for graphs with negative edge weights.
It can detect negative cycles in a graph, which is important for tasks where such cycles may occur;

Floyd-Warshall Algorithm — is designed to find the shortest paths between all pairs of vertices in a graph.
This algorithm is useful when you need to know the shortest paths between all possible pairs of points in
a graph;

Johnson's Algorithm — combines the advantages of the Dijkstra and Floyd-Warshall algorithms to
efficiently find the shortest paths between all pairs of vertices in graphs with negative edge weights. This
algorithm can be faster than Floyd-Warshall on sparse graphs;

Search Algorithm A* (A-star) (Alpert & Onyshchenko, 2023) — an extension of Dijkstra's algorithm that
uses a heuristic function to speed up the search for the shortest path between two specific vertices. This
approach is especially useful in tasks where you must quickly find a route between two points, such as in
navigation diagrams.

If you need to find the distance from one vertex to another or all vertices of a graph and the weights
of all edges are positive or equal to zero, then the Dijkstra algorithm is the most efficient with a running
time of O(mlogn). If the weights of the edges can be negative, then the Bellman-Ford algorithm should
be used, which has a running time of 0(mn).
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If you need to find the distances between all pairs of vertices in a graph, the graph is sparse, and all
edges have nonnegative weights (Thrun, 2000; Sahoo & Choudhury, 2023), you can run the Dijkstra
algorithm n times. If the graph is sparse, but there may be edges with negative weights, then you need to use
the Johnson algorithm. If you need to find the distances between all pairs of vertices, the edge weights can
be negative, and the graph is not sparse (M goes to n?), then you should use the Floyd-Warshall algorithm.

None of the above algorithms can be applied to graphs containing negative cycles. However, the
Bellman-Ford algorithm (as well as the Johnson algorithm) and the Floyd-Warshall algorithm can detect
such cycles.

In our case of indoor navigation, Dijkstra's algorithm proved to be the most effective for finding the
shortest paths in a graph with non-negative edge weights. The simplest implementation of the Dijkstra
algorithm uses an array of distances and an array of labels. The algorithm has the following steps.

Step 1. Initialization: create an array of distances d[ ], where we set the distance to all vertices to oo
(infinity), except for the starting vertex start, for which the distance d[start] = 0. Create an array of
visited][ ], where each vertex initially has a value of 0 (not visited).

Step 2. Basic cycle. There are still unexplored peaks:
Step 2.1. We find the vertex U with the minimum distance d[u];
Step 2.2. Mark the vertex U as visited (visited[u] = 1).

Step 2.3. For all the neighbors v of vertex u, we check:
If v is unvisited and there is a shorter path through u to v than the previously known one:

dlv] > du] + w(u,v),
then update the distance value to v:
dlv] = du] + w(u,v),

where d[u] — current minimum distance to the top u, w(u, v) — weight of the edge between the vertices u

and v.

Step 3. Finish. The cycle ends when all vertices are visited (all marks are equal to 1). As a result, the
array of distances d[ ] contains the shortest paths from the initial vertex start to all other vertices.

Conceptual Model

Developing a conceptual model of an information system makes it possible to identify its main entities
and determine possible relationships between them (PMI, 2021; Avi Parush, 2015)[50-53]. Identifying and
taking into account requirements at this stage helps to optimize resources in subsequent phases of the
development life cycle. This helps to avoid unexpected changes and the addition of new components to the
recommender system, which usually requires significant additional time and resources (de Schipper et al.,
2021; (Veres et al., 2019)).

During the development of the system's conceptual model, UML diagrams (Unified Modeling
Language) were created to simplify the understanding of the information system project (The OMG®
Specifications Catalog, n.d.). Using such diagrams increases the convenience of project support and
facilitates documentation development. A use-case diagram was developed to describe the functionality of
the information and navigation system of Lviv Polytechnic National University (Fig. 2), which reflects the
user's interaction with the information system and shows the connections between the user and various use
cases.
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Information and Navigation System

Search for a specific
audience

Transfer of location General plan of the

academic campus
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List of departments
Administrator
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Save the route buildings

<<extend>>

Vidalennya route

Fig. 2.Use case diagram

There are two actors in the system: "User" and "Administrator".

The "User" is a person who has all the capabilities to control the program. This entity directly serves
as a source of influence on the modeled system. In turn, the use case describes the services the system
provides to the actor. Each use case defines a specific set of actions the system performs in a dialog with the
"User" actor. Accordingly, the following use cases have been formed: "Search for a specific classroom";
"Transfer location"; "View plans of educational buildings"; "Determine current location"; "Detailed
information about classrooms"; "View list of institutes"; "View list of departments"; "View list of
classrooms"; "Save route"; "View routes"; "Delete route". The options for using "View routes" and "Delete
route" are related by the relation of extension because the user in some cases, but not always, at his discretion,
can delete a route due to its inexpediency for himself.

An "Administrator" is a user who configures the information and navigation system. The set of its use
cases is as follows: "General Campus Plan"; "General Campus Plan"; "Academic Building Plans".

Since writing software solutions involves the use of an object-oriented approach, the architecture of
the main classes of this information and navigation system was designed and developed (Fig. 3).

The ISOLoader class is designed to load a local database into an isolated storage. Its methods:
CopyFromContentToStorage — loads the database into an isolated storage; CopyStream — copies data from
one file to another.

The Searcher class is designed to search for academic buildings, institutes, departments, offices, and
employees of a higher education institution using the specified parameters. It implements six functions:
GetBuildingByName — searches for an educational building by its name in the database and returns general

information about this educational building and geographical coordinates that are necessary to draw a
path on the map to the specified building;

GetlnstituteByName — searches for an educational institute by its name in the database and returns general
information about this institute and its coordinates on the plan of the educational building, which is
necessary to draw a path on the map to the institute dean's office;

GetDepartmentByName — searches for an academic department by its name in the database and returns
general information about this department and its coordinates on the plan of the academic building, which
is necessary to draw a path on the map to the department (teaching);
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GetCabinetByName — searches for a study room by its name and the building to which it belongs in the
database and returns general information about this study room and its coordinates on the plan of the
educational building, which are necessary to draw a path on the map to this study room;

GetWorkerByName — searches for the office of a certain employee of a higher education institution by name
in the database and returns general information about this employee of the university and the coordinates
of his/her office (if the employee does not have his/her own office, it is assumed by default that he/she
belongs to a certain department, i.e. the teacher of this department will be considered his/her office) on
the plan of the academic building, which is necessary to draw a path on the map to the office of a certain
employee of a higher education institution;

SimpleSearch — finds the path from the given point 1 to the endpoint 2.
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Fig. 3. Class diagram

The Drawer class is designed to visualize a path on a map. Its main functions are: DrawRoute — draws
a path on the map; DrawPin — draws a mark on the map.

The NUPushPin class characterizes a pin on the map. Its main fields are Latitude and Longitude,
which indicate the coordinates of the pin on the map, as well as the image field, which stores information
about what image to display on the pin.

The RoutesHistory class is designed to store information about the user's last five routes. It contains
fields: RoutesHistory ID — the identifier of one of the five last routes; HistoryRealName — a name that is
assigned by the program automatically (for example, 102 room of the Main building — 302 room of the Fifth
building); RoutesID — route identifier.

The MyRoutes class is designed to store information about the user's routes. It contains fields:
RoutelD — route identifier; MyName — user-defined name; HistoryReallD — identifier of one of the last five
routes; HistoryRealName — a name that is assigned by the program automatically (for example, 102 room of
the Main Building — 302 room of the Fifth Building).
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The University Building class is designed to store information about academic buildings. It contains
fields: UnBuildingID — identifier of the academic building; Name — name of the building; Address — address
of the building; FloorCount — number of floors; Longitude — geographical longitude of the academic
building; Latitude — geographical latitude of the academic building.

The Institute class is designed to store information about academic buildings. It contains fields:
InstituteI D — identifier of the educational institute; Name — building name.

The Department class is designed to store information about academic buildings. It contains fields:
DepartmentlID — identifier of the academic department; Name — name of the department; InstitutelD —
identifier of the educational institute to which the department belongs.

The Cabinet class is designed to store information about classrooms and offices. It contains fields:
CabinetlD — identifier of the cabinet; Name — the name of the cabinet; TypeOfCabinet — type of cabinet
(classroom, laboratory, office, etc.); Parent — address of the building; Floor — floor on which this cabinet is
located; Longitude — X coordinate of the location of the cabinet of the academic building on the map; Latitude —
Y coordinate of the location of the cabinet of the academic building on the map; Department!ID — identifier of
the academic department to which the cabinet belongs; InstitutelD — identifier of the academic institute to which
the cabinet belongs; UnBuildinglD — identifier of the academic building in which the cabinet is located.

The Worker class is designed to store information about employees of Lviv Polytechnic National
University. It contains fields: WorkerID — employee identifier; PIB — employee's name and initials; Post —
employee's position; InternalTel — internal phone number; ExternalTel — external phone number; CabinetID
— cabinet number (Dean, Vice-Rectors, Rector); DepartmentlID — identifier of the academic department to
which the employee belongs; InstitutelD — identifier of the academic institute to which the employee belongs;
UnBuildingID - identifier of the academic building to which the employee belongs.

The NULPDataContext class is designed to store general information about all academic buildings, institutes,
departments, offices, employees of a higher education institution, the history of recent routes, and the user's routes.

Fig. 4 shows an Activity Diagram that explains how the process of building the shortest route for users of
this system takes place. The activity diagram can be used to describe the dynamic behavior of the system.

Start positioning

e}

Choase an academic Choose a campus plan Select a route from My
campus plan Rautes

L

Start navigation

eI<
-

> Find coordinates - || Find coordinates -
[Entcr the Iocat\on] QR code ]{ “Artec code ]
v
Enter your
destination
Calculate the minimum
route

’ [do not save]

——

Save the
calculated route

]
Show the route
on the map

Fig. 4. Activity Diagram



126 O. Veres, Yu. Veres

After the user launches this information and navigation system, he/she should select the general
campus plan and the campus plan of Lviv Polytechnic National University. You can also select a plan saved
in My Routes. After that, you can see where the selected entity is located (academic building (on the general
plan of the Lviv Polytechnic National University campus); institute, department, etc., on the maps of
academic buildings of the university) and start navigation by drawing a route to this entity. The next step is
to determine (obtain) your current location by setting your coordinates manually or using two-dimensional
matrix codes (QR code, Aztec code). To calculate the minimum route, you need to get the coordinates of
your destination. This action can be performed manually using two-dimensional matrix codes or by obtaining
the coordinates of the selected entity from the description of its characteristics. After obtaining the
coordinates, we apply the Dijkstra algorithm to build the minimum route. It is possible to add a new route to
My Routes. The calculated route is superimposed on the corresponding plan as a line.

Means of Realization of the System Prototype

To develop a mobile application, we recommend Flutter (Flutter, 2024). Flutter is a set of development
tools and an innovative framework developed and maintained by Google. It allows you to create cross-
platform applications for Android, i0S, the web, and desktop computers. Flutter differs from other cross-
platform solutions in that it uses its engine for rendering native elements. This framework uses the Dart
programming language. Dart offers a wide range of customizable widgets and tools for creating native
interfaces for both mobile and web applications. Use Drift as a database. Drift (formerly known as Moor) is
a powerful ORM library for Flutter and Dart that simplifies the work with SQLite databases through reactive
data flows and code generation.

Generally, Flutter together with Drift provides a powerful and efficient platform for developing mobile
applications with efficient data storage.

Conclusions

This study analyzes modern positioning methods and describes technologies for recognizing matrix
codes and algorithms to find the shortest paths.

A conceptual model of an information system for navigation and positioning in the academic buildings
of Lviv Polytechnic National University was developed. Class, activity, and use cases diagrams are provided
to demonstrate the main scenarios of using the system and its key elements. Based on this project, a prototype
information and navigation system was implemented. This software solution provides a wide range of
features for a potential user, namely:

Viewing the general plan of the academic campus and the campus of Lviv Polytechnic National University;

Viewing general information (address, telephone number of reception offices, etc.) about academic
buildings, institutes, departments, offices, and employees of Lviv Polytechnic National University;

Search for academic buildings, institutes, departments, offices, and employees of the university, which is
carried out by entering the name of the academic building, institute, department, or classroom number
from/to which the user needs to get;

the possibility of laying the shortest path to a particular office by entering the name of the building and the
number of the classroom from which the user wants to go (or by pointing the phone camera at two-
dimensional matrix codes that will be posted on the entrances to the buildings, doors of deans' offices,
teaching rooms, and offices of the university administration) and entering the name of the endpoint. As a
result, one shortest path is displayed;

a visual representation of the path from one point to another, including a route line displayed on the plan of
the educational building of interest to the user.

The potential user of this software product can be any owner of a Windows Phone device who is a
student or employee of a higher education institution, an applicant, or a participant in conferences and various
entertainment and information events. For these people, this software solution will be a good assistant in
navigating the academic buildings of Lviv Polytechnic National University. The information and navigation
system of Lviv Polytechnic National University implements a small part of the functionality used for
navigation and positioning inside the premises, which, if necessary, can be expanded in future versions with
the necessary functionality.
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B ymoBax rycroHaceineHHX paiioHiB a00 B mpuMilleHHAX TO4YHICTh curHajiiB GPS mMoxke cyTTEBO
3HUKYBATHCh. Lle moB'sA3aH0 3 THMM, 1110 CYNYTHUKOBI CHTHAJIM MOKYTh OyTH 3aTiHeHi OyAiBIAAMH, a TAKOXK
BimoOpaxkaTHch Big HHX, IO CTBOPIOE Tak 3BaHi OaraTtomapoBi BigoOpa:kennsi. B pe3yabTari,
iHopMmaniiina cucTeMa MOKe HeNIPABWIBHO BU3HAYMTH NO3ULII0, 10 NPU3BOAUTH 10 BEJIMKOI NOXUOKHU.
Ile cTBOpIOE cepiio3Hi MpodjeMu I HaBiramii B 3aKpUTHX NPUMilEHHAX, 0CO0JUBO AKIIO0 MOTPiOHO
3a0e3neYuTH BUCOKY TOYHicTh. /1 BUpilIeHHs Hi€i mpo0/eMu aKTUBHO PO3BHBAKOTHCS AJIbTEPHATHBHI
TexHoJorii HaBirauwii aust nmpumimenb. Ockinbkn Wi-Fi mapmpyrusaTtopu 4acro € y npuMilneHHSX,
MO3KHA BUKOPHCTOBYBATH iX /ISl BUSHAYeHHs Micue3Haxom:keHHs. Lle 1a€ 3Mory BUSHAYMTH OpPi€HTOBHE
Miclie3HaXO1KeHHs 3 TOYHICTIO 10 Kinbkox MerpiB. IIpoTe, 1151 TouHOT po6oTH Hi€l cucTeMu HeoOXiTHA
HASIBHICTHh BeJIHMKOI KUIBKOCTI TOYOK JAOCTYIY, 110 € Npo0deMoI0 y BUnajaky kopnycis HaunionaasHoro
yHiBepcuTery «JIbBiBcbka moJgirexHika». TyT HOKPUTTS € He MOBHMM a00 B3araji BiICyTHiM, 4epe3
BeJIMKY TOBIUMHY CTiH, MiI3eMHi mepexoau Mix KopmycaMH Ta HasIBHICTIO ayAuToOpii y minzemMHuXx
npumimeHHsax. Tomy BUHMKJIa 00’ €KTHBHA HeOOXiIHiCTH po3po0JIeHHsI NPOEKTY peanizanii HaBirauii Ta
NMO3MUIOHYBAHHS B 3AKPUTHX NPUMillleHHAX, LLJISIXOM PO3P00JIeHHSI MOOLILHOI'0 32CTOCYHKY JJISl IOLIYKY
ayauTopiii i podounx kaliHeriB, (popMyBaHHs Ta Bidyaaizauii MapmipyTiB Ha OCHOBi JBOBMMipHMX
MATPHYHHX KOJiB Ta 3 BpaXyBaHHAM moka3HUKiB Location Services, Hak1aieHUX HA IUIAHH HABYAJIbHHX
kopnycie Hanionanbnoro yHiBepcurery «J/IbBiBcbka moJiiTexHika». 3anponoHOBaHO [1Jisi BU3HAYCHHS
MiCle3HAXO/KeHHSI Ta MOAAHHA cTHCa0I iHopmauii npo meBHUil po0oyuil KadiHeT 4YM ayAMTOPiI0
HaBYAJIBHOTO Kopmycy BukopuctoByBaTH QR a6o Aztec koxa. Micue3Haxo/:KeHHSI MOMKHA TaKOXK
3aJaBaTH BPY4YHY 200 BM3HAYMTH SIK JaHi 3i 30epe:keHUX IJIAHIB HABYAJIbHHMX KOPIYCIiB Ta KaMiycy
yHiBepcuTety. liifi 00uMcIeHHA HAKOPOTIIOro LLJIAXY 3acTOCOBY€EThCsl aaroputm lelikerpu. e gamno
3MOry po3po0UTH KOHUENTYAJIbHY MO/ieJIb iHpopManiiiHoi cucTeMH 3 BpaXyBaHHAM BUMOT 3allikaBJIeHHX
CTOPiH.

KuouoBi cj10Ba — HaBirauisi, no3uniltoBaHHs, IBOMIpPHiI MAaTPUYHi KOJM, KOHLENTYAJIbHA MO/1eJIb,
aiarpamu UML



