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Inclusive access has been considered essential and relevant for decades. However, this issue has been in demand in the
past years, both in Europe and Ukraine. One of the popular means of providing inclusive access within the city is information
systems that are friendly to people with disabilities. The theoretical basis of such systems is the smart city concept, which has been
briskly developed recently. It contains the principles of accessibility of public places, institutions, and establishments for people with
special needs. In this work, it is analyzed the well-known algorithms for building optimal routes and available information services
and mobile applications that solve the problem of visualizing public places and institutions with inclusive access and paving optimal
routes to them.
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OJIbI'A TTABJIOBA, ITABJIO PA/IIOK,
CO®IS KPABUVK, BIIAJIUCIIAB KYJIbBAUHUIA

XMeNbHULBKUH HAalllOHATbHUH YHIBEPCUTET

THO®OPMAIIIMHA CUCTEMA BI3YAJIIBAIII TPOMAJICBKUX MICIb TA
3AKJIAIB 3 MOXJ/INBOCTAMMU JJI1 IHKJIIO3UBHOI'O JOCTYITY TA
NNPOKJIAJAHHSA OIITUMAJIBHUX MAPHIPYTIB 10 HUX

Ha cborogHi nuTaHHs [HK/IO3MBHOIO AOCTYIY A0 POM3ACLKMX MICLb Ta 3aK/i1a4iB Ta [IPOK/IGAAHHS OMTUMASTbHUX
MapLUPYTIB [0 HUX € aKTYa/IbHUM AJ15 6aratbox MICT YKpaiuu. YrpoaoBx OCTaHHIX AecaTwiiTb YkpaiHa 1a €Bponesicbkmi Coro3
GKTUBHO 3aMIMatoTbCS PO3POGIIEHHSM THPOPMALIIIHUX CUCTEM, LYO € MPUUHSTHUMU [J15 BUKODUCTaHHS /1S JIIOAENH 3 OBMEXEHNMMU
MOX/MBOCTSIMU.  KOHLENLST pO3yMHOrO MiCTa, $IKa OCTaHHIM 4YacoMm pO3BUBAETLCS, BKIIOYAE TaKoX [PUHLMTN AOCTYITHOCTI
TPOMafACbKUX MicYb, OG'EKTIB Ta 3aK/IafiB A1 JHOAEH 3 OOMEXEHUMU MOXIMBOCTAMU. Y IPOLECI AOC/ILKEHHS POBEJEHO
[1OPIBHA/IbHIMY aHa/li3 FOTOBUX HASBHUX BEOIAATHOPM Ta MOBIIbHUX 3aCTOCYHKIB, L0 JOBOANTE, L0 B YKPAiHI Hapasi 6pakye Takmx
crieviani3oBaHmx IHCTPYMEHTIB | TEXHOIONU. TOMy pO3PO6/IeHHS IHGOPMALIIVIHOI cucTemu Bi3yasli3aLlii pOManC Kux Miclb Ta yCTaHOB
13 MOXJ/IMBOCTAMM [HK/IHO3UBHOIO OCTYITY Ta ONTUMAJIbHOI MapLLUPY TU3AaLIT € BKPaH aKTya/ibHUM 38BAaHHAM. 3D06/1eH0 BUCHOBOK, O
OCHOBHY [1po6/IEMY HEOOXIHO PO3JIMTU HA ABI MIACCTEMU — [IGCUCTEMY Bi3yasizauli Micyb T1a MgCUCTEMY BUIHAYEHHS
OINTUMAE/IbHUX MaPLLIPYTIB. KOXHA MigcucTeMa rnogiiSeEToCs Ha 4B nig3aaadl. [is Kpaloi Bizyasnizalii po3pobrieHo 4EPEBO po36UTTs
npobrem. [ po3po6rIeHHS MIGCUCTEMU BUSHAYEHHS MAapLUpyTiB 06PaHO aaropuTMu OfTUMAa/IbHOI oByAoBuU LW/ISXIB Ha OCHOBI
BUKOHAHO [1OPIBHA/IbHOrO aHasmizy. BCTaHOB/IEHO, O [porpamMHe 330e3r1eHeHHs] AJ1S BU3HAYEHHS ONTUMA/IbHUX MapLUpyTiB
HEOBXIAHO BUKOHATY TaKi Kpoku.: 1) iHTerpayis rigoncrem,; 2) Bubip 3acobis peasizauli — anaparHe 3a6e3rneYeHHs], T naargopmy,
onepaLjiviHa cucTema, Tl pPorpamMHoro 3a6e3rneqeHHs (BeGIHGOPpMaLiiHa CUCTEME, aBTOHOMHE [POrPamMHe 3a6e31eYeHHs abo
MOGITIbHU IOAATOK), 3) AN38IH MPOrpamMHoOro 3a6e3rneqeHHs, 4) peasizallis nporpamMHoro Kogy. HacamkiHelb, pobora Hag yciMa
333HAYEHUMN  BULLE [1i4334a4aMU Ta pPO3POGJIEHHS [HOOPMALIIVIHOI CUCTEMU BI3yasi3alii rpoMagCbkux Miclb Ta yCTaHoB i3
MOXIIMBOCTAMU [HK/TIO3MBHOIO AOCTYITy Ta ONTUMA/IbHOI MaPLUPYTU3ALII € METOIO 04albLUNX AOCTKEHD.

Knroyosi cnoBa: iHK/II03MBHMA AOCTYI, ONTUMASIbHA MaPLLUPY TU3ALIS, a/IrOPUTMU ITOLLYKY HAUKOPOTLLIOIO LUJISXY.

Introduction

Currently, the problem of inclusive access to public places and paving the best routes to them is relevant for
cities in Ukraine and around the world.

It is difficult for people with disabilities to reach vital places without assistance, such as a grocery store, a
pharmacy, the Department of Social Protection, the Pension Fund, and public utilities. In many cases, these are
working-age people who could perform work in a sitting position at least part-time. However, it is difficult for such
people to find a job, because it is primarily due to the difficulty of moving and the inability to use public transport
without outside access, especially during rush hour. That is why such people are often on social security. The study
[1] examines the link between the lack of infrastructure development for people with disabilities and poverty in the
country.

Thus the research related to visualization opportunities of public places and institutions with inclusive
access facilities and the most optimal routes paving is currently an urgent and relevant task.

Domain analysis
According to the official data of the State Statistics Service of Ukraine, as of January 1, 2019, the number
of people with disabilities amounted to 2,659.7 thousand or 6.3% of the total population. Since the beginning of
2015 alone, the number of people with disabilities has increased by 91.2 thousand people, including children — by
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10.5 thousand people. In particular, in Ukraine, there are no accurate official statistics on the number of people with
visual and hearing impairments. According to unofficial data, there are about 300,000 visually impaired people in
Ukraine, of which about 40,000 are blind, and more than 100,000 are hearing impaired (fig. 1).

2%
4% W people with visual

impairments

m completely blind people

people with hearing
impairments

m other low-mobility
categories

Fig. 1. Quantitative distribution of people with disabilities in Ukraine by category

Due to the presence of health problems, persons with disabilities need to take specific measures by state
and public institutions to ensure their full participation in society on a par with others [2]. Much attention has been
paid to solving these problems recently, but their lack of resolution outlines the main tasks for the near future. Thus,
for people with hearing and visual impairments, the issue of accessibility of transport, street, and social
infrastructure remains relevant. After all, ensuring the accessibility of all modes of transport and transport
infrastructure is essential for the full integration of people with disabilities into public life. The concept of
"accessible transport" is considered the accessibility of the vehicles themselves and their equipment according to
current standards and needs of people with disabilities. "Street and social infrastructure" includes parking spaces,
entrances to terminals, elevators and escalators, telephone booths, trade and catering establishments on the territory
of railway stations, recreation parks, cultural establishments, sidewalks, pedestrian and underground crossings [3].
The construction of new, reconstruction, and overhaul of existing transport, road, street, and social infrastructure
should consider the unique requirements of building codes and standards, considering the needs of people with
disabilities. Some improvements in accessibility for people with disabilities of rail, road, passenger road transport,
sidewalk equipment, underpasses, and pedestrian crossings have recently been observed, especially in large cities.
However, there are still several issues in this area that need to be addressed.

Analysis of existing solutions and technologies for the construction and visualization of the best routes to
public places with opportunities for inclusive access

With the development of new technologies and the constant increase in the informatization of society, this
problem has become possible. An analysis of existing solutions was conducted, namely information platforms,
websites, and mobile applications [4] that would solve the problem of visualizing public places and institutions with
opportunities for inclusive access and paving the best routes to them (Table 1).

The comparative analysis of the data given in Table 1 allowed concluding that there is no single
information system (website or mobile application) in Ukraine that would enable the user to simultaneously obtain
information about the availability of a particular public place or institution and pave the best route to it. Therefore,
the issue of developing visualization of public spaces and institutions with opportunities for inclusive access and
paving the best routes to them is currently relevant.

The situation analysis regarding the accessibility of Ukrainian cities conducted by the initiative group
Dostupno.ua (The Toster project) showed that not all institutions of even the largest cities in Ukraine are equipped
with special facilities for access to low mobility groups [7].

Fig. 2 shows the accessibility rating for 2020 of Ukrainian cities in a bar chart. According to the chart,
Chernivtsi is the most friendly to disabled people. Almost 20% of public places and institutions are equipped with
unique means of inclusive access. The lowest in the rating is Kherson; it has only 5.5% of public spaces and
institutions are disabled people friendly.

As can be seen from fig. 2, the chart still does not contain information about all major cities (regional
centers of Ukraine), and the rating of cities is quite low — on average in Ukraine less than 20% of public places and
institutions are equipped with special means of access for people with disabilities. Moreover, it does not contain any
information about the city of Khmelnytskyi.

Therefore, the work aims to develop an information system, which will consist of a web-based information
platform and a mobile application with an interactive map of the optimal routes for visualizing public places and
institutions with opportunities for inclusive access.
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Table 1
The summary of existing solutions and technologies for the construction and visualization of the best routes
Name of the Presentation form Functionality Free or paid Where is used
service (countries, cities)
DOSTUPNO.UA Websie and mobile Orienteering in Ukrainian cities and finding barrier- | free 26 Ukrainian cities, in
application for free friendly locations for people with disabilities, the expansion process
Android and i0S parents with young children, wheelchairs, and other
members of the less mobile population. The service
considers the level of convenience of entry — the
presence of a ramp, stairs; barrier-free space inside;
the convenience of toilets, facilities for people with
small children and prams, the availability of
parking, bicycle parking, pet-friendly locations, etc.
The map includes cinemas, cafes, restaurants,
shopping and entertainment centers, regional state
administrations, city councils, administrative service
centers, courts, museums, libraries, parks, banks,
pharmacies, supermarkets, railway stations, and
more [5].
GOOGLE MAPS Website and mobile | Provides routes paving between destinations, taking | free worldwide
application for into account modes of transport, optimality, and
Android and i0S speed also includes time calculating to complete the
route.
RouteXL Extension for | RouteXL is a service for delivery drivers for small | Free The USA only
Google Chrome, a | businesses, allows them to plan trips with multiple
mobile application | destinations. When users enter destinations,
for Android and iOS | RouteXL places them as quickly as possible,
automatically optimizing the route.
MapQuest iIMAC, PC, iOS, | MapQuest is a tool for creating routes, locating | Free with paid [ Mostly the USA
Android restaurants, grocery stores, gas stations, and even [ extensions
booking hotels. The limit of MapQuest is the
limited number of stops that can be connected for
optimized routes. MapQuest was not designed to
compete with more specialized routing programs.
PLOTAROUTE Website [6] Recreational routes, interactive maps, paving | Free standard | worldwide
alternative bike and running routes, green routes. membership
25.00% B chemihiv
M Vinnytsia
20.00% B cCherkasy
M Rivne
B Zhytomyr
M sumy
B Poltava
B chemivtsi

Fig. 2. Accessibility rating of Ukrainian cities [0]

Ivano-Frankivsk
B Kamianets - Podilskyi
M Ternopil

Mykolayiv

Kherson

The scheme of information system for public places and institutions visualization

To develop the system, decomposition will be carried out — the system will consist of part of the
visualization of institutions and part of the construction of optimal routes.

To develop a system for visualizing data on institutions equipped with special means for access of low-
mobility groups, open data was used, i.e., the information contained in open access and provided upon request to the
city government or in [8-10]. Data is provided in machine-readable format — CSV, XML, JSON, or API for easy
access during programming. Web service that allows marking specific points or objects on a map using open data
also has been used. The plan of work with open data to create user-oriented services is shown in fig. 3.
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oriented platforms

Open data Services

Fig.3. Scheme of work with open data for creating user-oriented services

Thus, this study has the following two vectors — work on the visualization subsystem of institutions
equipped with unique means for inclusive access and find the best algorithms for optimal routing and improve the
existing algorithms (fig. 4).

visualization
of institutions
with the
means for
inclusive
access

INFORMATION
SYSTEM FOR PUBLIC
PLACES AND
INSTITUTIONS
VISUALIZATION WITH
OPPORTUNITIES OF
INCLUSIVE ACCESS
AND THE MOST
OPTIMALROUTING

finding the
best
algorithms for
optimal
routing

Fig. 4. Nomponents of the Information system of visualization of public places and institutions with opportunities for inclusive access and
proposals

Subsystem for the visualization of disabled-friendly places and institutions

To create the visualization, a web service [11] has been used. With the help of this tool, necessary
information has been applied to the finished map of streets and houses using markers and the exact address of the
location. The color, symbol, and method of display on the map are chosen by the developer. The dot with the marker
is displayed in the right place with a caption that is best for displaying information to the user. The scale of the map
can be changed depending on the needs.

The prototype of the information system has been developed. Currently, it consists of a web-based
information platform, where the map of Khmelnytskyi has been marked with the places where the entrance to the
institution is equipped with special aids (ramp, railing) for people with disabilities. The data for the map has been
taken from [0]. The map is shown in fig. 5.
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XMeNbHALLKAR 00N ACKIANITERATYDINA, MY3EH My 3eii
g XMSﬂbHMHbﬁKM}ﬂ q nacHy HTP (DISNYHOI0 BUXOBaHHA Y4t
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Fig. 5. Map of Khmelnytskyi city with marked places, equipped for inclusive access Subsystem for Routes setting
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To build the optimal routes, several algorithms for building optimal routes have been considered [0] and

summarized in table 2:

Table 2

The summary of the comparative analysis of algorithms for building optimal routes

Name

Peculiarities

Algorithm tasks

Terry’s algorithm for
finding the route

The algorithm can have the following solutions:

1) going along an arbitrary edge, each time mark the direction in which it was
passed;

2) starting from some vertex v1, always move only along the edge that was not
traversed or was traversed in the opposite direction;

3) for each vertex v1 different from v, mark the edge that enters v1 first if the
vertex v1 is encountered for the first time;

4) based on some vertex v1 different from v, move along the first edge that enters
v1 only when there are no other possibilities.

One pair of nodes

Lee wave algorithm

Wave propagation is a breadth-first search in which cells are denoted by the step
number of the method at which the cell is visited. During the reverse move,
starting from the final vertex, the path is restored along which it was hit by
including cells with a minimum mark in it. A feature of the Lee algorithm is that
recovery starts from the end (initially, it is often impossible)

One pair of nodes

Dijkstra’s algorithm

First, the initial vertex is selected, and the path to all the others is unknown. The
main disadvantage of this algorithm is that it only works for graphs in which all
edges have only a positive value.

One entry

Bellman-Ford algorithm

The advantage of this algorithm is the ability to work with edges with a negative
weight. The algorithm uses the dynamic programming method (the main task is
divided into subtasks, where a solution is sought for each subtask, then the result
of the subtasks is transferred to the entire main task).

One entry. The weight
between nodes can be
negative.

Floyd-Worschel
algorithm

It has a low speed and does not provide for the calculation of edges with a
negative weight. A short path consists of other shortest paths in a graph with a
positive weight of any non-elementary edge (containing more than 1 edge).
Given a matrix that is filled with edge weights for each of the vertices. After that,
each vertex is iterated, where the weight of the edges between vertices A and B is
compared through vertex C. The shortest path between A and B is the minimum
value of these options. The translation of the algorithm is its ease of
implementation; the weakness is in the algorithm’s complexity.

All pairs of nodes

Johnson’s algorithm

Finds the shortest paths between all pairs of vertices in a graph. The algorithm
works if the graph contains edges from
positive or negative weight, but there are no negative cycles.

All pairs of nodes. The weight
between nodes can be
negative.

The algorithm uses several principles that allow it to find the critical path
efficiently:

1) any short path is either an arc between the start and end vertex or a faster path
in the subgraph from the start vertex to a vertex that has an arc to the end vertex;
2) if there are negative cost cycles, then there is a negative cost path;

3) the shortest path between any two points in a graph, or the same as in a
subgraph, or a sequence of shortest paths in a chart.

The complexity of the algorithm is the number of elementary operations,
performed by the algorithm for solving a particular problem.

Danzig algorithm All pairs of nodes

Thus the conclusion from the Table 2 can be made that the most acceptable way to determine the shortest
distances from a particular vertex to all vertices of the graph is the Bellman-Ford algorithm. Therefore this algorithm
will be chosen for further work.

Discussion and directions of further work

To develop the prototype of the Information System for Public Places and Institutions Visualization with
Opportunities for Inclusive Access and Optimal Routing, the first step is to investigate the needed functionalities
and requirements important for this type of system. Researching these functionalities and requirements would enable
understanding the complete system’s development process.

Therefore the problem breakdown tree has been designed to get a general overview of different subproblems of
the system. Each subproblem contains a set of tasks that are needed to solve. The problem breakdown tree is shown in
fig. 6.

To solve the main problem, the system has been divided into two subsystems — Subsystem for Visualization
of Places and Subsystem for Routes Setting. Each subsystem is divided into two subproblems. To develop the
Subsystem for Visualization of Places, the Information about the most relevant and frequently used places with the
abilities of inclusive access must be collected and structured. Then these places must be marked on the Custom Map.

To develop the Subsystem for Routes Setting, the algorithms for optimal routing must be selected using the
analysis as mentioned above from tables 2 and 3. Once the appropriate algorithm is selected and customized, the
server-side software must be developed. To tackle the main issue, the following steps must be taken: 1) integration
of the subsystems as mentioned above; 2) choosing the means of implementation — hardware, type of platform,
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operating system, type of software (web-based information system, standalone software, or mobile-based
application); 3) design of the software; 4) websystem implementation.

The main focus of this study is to solve the subproblem of integration of the subsystem for visualization of
the places and subsystem for routes setting.

Public Places and Institutions Visualization with
Opportunities for Inclusive Access and Optimal Routing
I
Subsystem for Subsystem for
Visualization of Places Routes Setting
I
Collecting the Marking Selection of Software
Information Places on Algorithms for Server Side
about the Places Custom Map Optimal Routing Design
—)( Integration )(7

)

Choosing the Means of
Implementation

( Software Design )

!

( Implementation )

Fig. 6. Problem Breakdown Tree

Conclusions

Nowadays, the issue of inclusive access to public places and institutions and paving the best routes to them
is relevant for many cities in Ukraine and around the world. In recent decades, Ukraine and Europe have been
actively engaged in developing information systems friendly to people with disabilities. The concept of a smart city,
which has recently been actively developed, also includes the principles of accessibility of public places, facilities,
and institutions for people with disabilities. During the research, a comparative analysis of the ready existing web
platforms and mobile-based applications has been conducted, proving that Ukraine currently lacks such specialized
tools and technologies. Therefore, developing the information system for public places and institutions visualization
with opportunities for inclusive access and optimal routing is an urgent task. It has been concluded that the main
problem should be divided into two subsystems — The Subsystem for Visualization of Places and the Subsystem for
Routes Setting. Each subsystem is divided into two subproblems. For better visualization, the problem breakdown
tree has been designed.

The work on all the subproblems as mentioned above and development of the information system for public
places and institutions visualization with opportunities of inclusive access and the optimal routing is the aim of further
research.
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