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This paper analyzes the existing routing solutions and identifies their
disadvantages. Based on the obtained results, an algorithm for constructing the shortest
route on the map is proposed.
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VY nmaniii poboti Oyno mpoaHai30BaHO iCHYIOYi pilIeHHA i Treorpadidnoi
MapuIpyTH3alii, BUSBICHO iX Henosiku. Po3pobneno amroput™m mis moOyaoBU
MapIIpyTy 3 ypaxyBaHHSIM 00JacTeil BUAMMOCTI TPOMIKHUX ITyHKTIB.

KarouoBi cioBa: mimaHyBaHHA MapuipyTiB, TYPHUCTUYHI MapIIpyTH, O0JacTi
BUIMMOCTI 00’ €KTIB.

Puc.: 3. Ta6u.: 1. Bi6a.: 9.

Relevance of research topic. Today, automated systems for building and
visualizing routes are used in many industries. Route planners have become a part of
everyday life. Tourism is the most urgent area. The positive impact of information
technology on the dynamics of the local and international tourist flow has led to the
transformation of the tourism industry from a service-oriented to a diversified field of
activity aimed at meeting the diverse needs of millions of individual tourists [1].

The real-time planners used for tourist purposes are especially in demand.

Formulation of the problem. Existing algorithms are focused at finding the
fastest and shortest route. However, using systems that generate only the shortest
route, the tourist risks not to see many of showplaces in the particular area.

Analysis of recent research and publications. With the growing demand for
navigation systems and route planners, the number of researches in this area has also
increased. There are many systems that built the shortest path between the two points.
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Most of them can be divided in two main types of existing routing applications:
offline, or onboard planners and online or web planners. Numerous applications of
both types exist, this chapter will only name a few very popular ones and several that
are in some way related to this project.

TomTom is a large international company offering stand-alone navigation devices.
Their devices are some of the most popular, mainly due to the intuitive interface, speed
and accuracy of route calculations. Devices can count on routes for traveling on a car, bike
or on foot. Unfortunately, their routing algorithm and data sources are not open to
developers. TomTom has also recently released an online version of its route planner, but
this version does not have many features that offers a built-in version [2]. Among other
things, it lacks the ability to plan routes by bike or on foot. Also, neither an online version
nor a built-in version has a Ukrainian localization.

Google has launched its own routing service, called Google Maps [3]. This is a
very fast free service. Obviously, Google performs some preprocessing or caching to
make their routing service so fast, but the details and routing algorithm remain secret.
Google Maps is available in Ukrainian, but the Google Maps API does not allow to
modify the algorithm or consider the priorities of the objects when constructing the route.

Via Michelin is an online routing service based on the maps of the well-known
Michelin roadmap issuer [4]. The service is free and works fast, but again, the information
about the algorithms is confidential. Via Michelin is not available in Ukrainian, builds
only the shortest routes and does not always work exactly for cycling routes.

YourNavigation.org is a demo website for the YOURS project. The purpose of
the project is to create a routing website based on OpenStreetMap (OSM) data using
other open source applications. It uses an open source routing mechanism called
Gosmore [5]. The service is not very fast, and its website mentions that Gosmore is not
intended to generate routes longer than 200km. Planner gives the ability to choose
between two types of route: the shortest or fastest, and one of the nine modes of
transport, but it is only available in English.

OpenRouteService.org is another online service that uses OSM data [6]. As well as
YourNavigation.org, this is a non-profit service. The service uses the A * algorithm and is
slower on long routes than other analogues. OpenRouteService.org is available in
Ukrainian, can configure the types of roads, the type of route (fastest or shortest), the type
of vehicle and its type of fuel. However, as well as other similar services, it does not take
into account the types of intermediate points of the route and does not allow them to be
configured as a priority when constructing a route relative to the user's preferences.

The results of comparing the five routing services are shown in Table 1.
Unfortunately for the best performing applications the routing algorithms were
confidential. The two that did reveal their routing algorithm both used A*. It is
obvious that non-commercial routing services tend to stick with less complex
algorithms, to limit the time that needs to be invested. Commercial applications have a
lot depending on the performance of their service and can afford to invest more time
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and money in order to increase performance. It was found that most of the existing
solutions do not have the Ukrainian language version and none of them supports the
construction of tourist routes.

Selection of unexplored parts of the general problem. Nowadays, systems that can
generate route based on the types of objects on the map are unexplored and not investigated.
However, it would be useful to modify the route in such a way that it was, on the one hand,
short, on the other hand, covered as many objects of the given type as possible.

Table 1
Comparison of existing services
Supports
. Supports N
Name Algorithm | Data source Selectmg stcfrt Ukrainian | ? riorities .of
and destination intermediat
language .
e points
TomTom | confidential | Own data Addresses No No
Google . Both addresses
confidential | Own data Yes No
Maps and select on a map
Via confidential Michelin Both addresses No No
Michelin maps and select on a map
YourNavig A OSM Both addresses No No
ation.org and select on a map
Open Route A OSM Both addresses Yes No
Service.org and select on a map

Setting objectives. Thus, the actual task is to develop a system that when
constructing a route will consider its length and the number of objects covered by the
given type. Also, when calculating the route, it is necessary to reflect the limits of
visibility of each of the points, because it would be enough that the path would be
passed by objects, and not through them.

Presentation of the main material
1. The task of finding the shortest path

The problem of finding a route on a map can be represented in a simple form by
using a graph, as in Figure 1. To find the shortest path from, e.g., A to H, one would need
to find the collection of edges that connect A to H through any other nodes, for which the
sum of the weights is as low as possible. Throughout this paper, the length of the shortest
path from some node s to some node t will be referred to as the distance from s to t.

Consider the weighted graph ¢ = (V, E), where VV — is a finite set of nodes and
E - is a set of edges between these nodes. Number of nodes |V| we denote as n , and
the number of edges |E| - m. Each edge e has a weight w (e). The path is determined
by the sequence of nodes (vy, ..., vy), for which (v;,v;,1) €E Eand1 <i < k. A node
connected to a specific node v with some edge is called a neighbor v.
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Fig. 1. Weighted graph

If the starting node is a vertex s € IV and a finite node t € V then the shortest
path is defined as the path (s, ..., t), which has the minimum sum of the weights of all
edges in the path. The length of the shortest path from s to node v is defined as g (v)
and is also called the distance from s to v.

2. Algorithm A*

When traveling to a certain destination, it usually does not make sense to look
for a path in the opposite direction. Therefore, an algorithm that prefers the vertices in
the direction to the destination appeared and first visits them, unlike the Dijkstra
algorithm, which searches in all directions of space. The algorithm does not search in
the direction of the target node. Hart, Nilsson and Raphael [7] introduce the A*
algorithm, which adds heuristics to Dijkstra, making it more directional to the final
vertex. Instead of the weight of node v, we use the estimate of the shortest path §(v)
from the initial vertex to the finite, which runs through the node v. For this purpose, a
function (1) is introduced that represents the shortest path from s to t passing through
v, with §(v) being the distance from s to v, and h(v) is the distance from v to t.

f(w)=g)+h() (1)
Also, estimates of the values of functions were introduced:
f@) =) +h®) 2)

The estimate of the distance from s to v, §(v) is determined in the same way
as in the Dijkstra algorithm, it is the shortest path from s to v, found at the current
iteration. Estimation of the distance from v to t, h(v) is determined heuristively. This
function can be any function and often its definition is a separate task. Euclidean
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distance from v tot is most often used as heuristic function for route planning. The
heuristics should be admissible, that is, they do not have to overestimate the cost of the
route; the estimate of the path should be in the range [0; k] where k is the actual
distance, and the motoonon, ie, for each vertex v and adjacent vertex v' it must be
inequality (3), where c(v, v") is the actual distance between v and v':

h(v) < c(v,v) + h(v) 3)

3. Calculation of the weight of the edge

In order to solve the problem, it is proposed to introduce the following
definition of the function w(e):

w(e) = k(e) xw(e), 4)

where k(e) — the function which defines the value of the coefficient k for each edge e.

The value of k should be based on types of points, which areas of visibility cover
that edge e. Moreover k(e) € (0,1], accordingly w(e) € (0,w(e)]. Therefore, it will be
possible to take into account the type of intermediate point when constructing the route and
to achieve an increase in the probability of entering the priority object to the resulting route,
because at identical distances, the vertex, the edge to which passes through the scope of the
priority object will have a smaller value w(e). It means that when choosing a vertex v from
the set X such that § (v): = min,ex & (u) [9], where X: = set of nodes v for which the
path from s to v is not defined, the vertex with the smallest W (e) will be selected.

For each edge e; passing through the visibility of the vertex v, w(e;) will be
equal to the edge weight, multiplied by the coefficient k(v): w(e;) = w(e;) * k(v),
and for others edges w(e;) = w(e;), since for them k = 1. The calculated value w(e;)
can then be used in the algorithms for constructing the route instead of the distance
between the vertices that connect the edge e;, that is, its length.
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Fig. 2. Visibility of the node



Section 2. RT ICSFTI2019 107

4. Calculation of the object's visibility on the map

When calculating the route, it would be necessary to determine the scope of
visibility of each of the priority objects, that is, the set of points from which this object
will be visible on the locality. This is especially important in the context of a dense
building of the city, because the neighboring buildings can overlap the view of the object.

As an input to the system it is better to use OSM maps in XML format. All map
objects in OSM XML format are divided into 2 types: <node>, which consist only one
point and are described by parameters such as latitude, longitude and id (node id), as
well as ways (<way >), which can consist of 2 or more dots (up to 2000). The way
may be open or closed. These types of objects are interconnected by relations
(<relation>). Buildings, or rather, their boundaries are usually described by means of
closed way. This means that it is possible to get the coordinates of the boundaries of
buildings located within a radius from point x (lat, lon) from OSM XML maps.

By the method of ray tracing [8] it is possible to construct a polygon, which
would determine the scope of the object. The point of the start of all rays may be the
center of the object, but for the sake of greater accuracy, it is necessary to take two
more distant points from each other that are at the boundary of the object, for which
the polygon is calculated, because some buildings may be too long.

Figure 3 shows an example of constructing a polygon of an visibility area. In
order to construct a polygon, the point x of the rays is selected (in the picture - the
center of the object). A bounding circle is constructed with radius r, which is the
maximum distance from which the object can be seen. After that n rays with start in x
are throwed in all directions.

I, - bounds of the visibility area

- ray from the center of the
object

- blocked surfaces

e - thepoint of intersection of the
ray with a blocking surface or
a limiting circle

(O - limited circle with radius r

Fig. 3. Calculation of the object's visibility
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Each of the rays intersects either the limiting circle or the blocking surface. The
blocking surface mean the first boundary of the building, which occurs on the path of
the ray. A plurality of intersection points forms a polygon, or the area of visibility.

5. Calculation of the coefficient k

Most objects in OSM XML maps have metadata other than coordinates and
IDs. For example, the <amenity> tag may be one of the most useful for identifying an
object type. This tag is used to designate public infrastructure objects: banks, schools,
hospitals, cinemas, theaters, fountains, etc. Also, such tags as <tourism>, <building>
with value “architecture” would be useful in systems oriented on tourist routes
building. If it needed the route to go through parks and green areas, it be useful to find
all objects marked with the </eisure> tag with the value of “park”.

Once all the priority objects are found, it is necessary to determine the level of
their importance, since the monuments are different, and have varying degrees of
influence on the route. For example, for matching with each of the conditions you can
count points: +3 for the tag <historic>, +4 for <leisure> with the value of "park", +2
for a link to Wikipedia with an article about this object, +1 for each additional tag
<name>.

The sum of the points should be converted into a coefficient with a value within
(0; 1] and matched to each visibility area with the value of the factor of the object
around which this area was constructed.

Conclusions. This paper analyzes the existing routing solutions and identifies
their disadvantages. Based on the obtained results, an algorithm for constructing the
shortest route on the map is proposed. Using this algorithm to modify Dijkstra and A*
algorithms, it’s possible to create a system for constructing tourist routes.
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€srenis 3yopuy,
Ounexkcanap Ioapyo6aiisio

MOBYJIOBA HAMKOPOTIIIOTI'O MAPIIPYTY HA KAPTI
3 YPAXYBAHHSIM OBJIACTEW BUAUMOCTI
MHNPOMI’KHUX ITYHKTIB

AKTya/IbHicTh TeMHu aociif:keHHsi. ChOrojiHI aBTOMAaTHU30BaHI CHCTEMU
noOyI0BH Ta Bi3yami3almii MapumpyTiB BHUKOPHUCTOBYIOTHCS y 0araThbOX Taiy3siX, a
TUTAHYBAJIBHUKA MAapIIPYTiB CTAdM HEBiJ €MHOI0 YAaCTHHOIO IMOBCSKICHHOTO KUTTS.
Ocob6mmBo 3aTpeOyBaHMMHU CTajJdM B HaIll JHI 1 MPOJOBXYIOTh aKTUBHO PO3BHUBATHUCS
CHCTEMH IUTaHyBaHHS MapIIPYTiB, IO MPAIIOIOTh B PEXKUMI PEaTbHOTO Yacy.

IMocTanoBka mpodjemu. IcHyroui anroputMu 31e0UTBIIOrO HAaMpaBiieHl Ha
MIOIIYK HAWMIBHMAIIOIO Ta HAWKOPOTIIOro Mapwpyrty. IIpore BHKOpHCTOBYHOUM
CHCTEMH, 1110 TeHEPYIOTh JIUIIE HAWKOPOTIINA MapIIPyT TYPHCT PU3UKY€E HE TOOAUYNUTH
YaCTUHY IaM’SITOK JJaHOT MICLIEBOCTI.

AHaJIi3 OCTaHHIX A0CJiAXKeHb i po3po0oK. 3 pOCTOM MONUTY Ha HaBiramiiHi
CHCTEMH Ta TUIAHYBAJIBHHUKIB MApPHIPYTiB, 301IBIIMIACE 1 KUIBKICTh JOCTIKEHD y LIl
ramy3i. Hacammepen 3’SBHJIOCH YMMas0 CHCTEM, IO OYyAyIOTh HAHKOPOTIIUH IIISX
MDK JBOMAa TOYKaMu. Y naHiil poOoTi Oyno mpoaHai30BaHO iCHYIOWI PIIICHHS ISt
reorpadiuHoi MapmpyTH3alii, BUSBICHO TaKl iX HEJOJIKU SIK BiACYTHICTH MiATPUMKU
YKpaiHCBhKOi MOBH Ta MOOYIOBH TYPUCTUYHUX MAPIIPYTIiB.

BujijieHHs1 HeOCTIKEHNX YACTHH 3arajibHol npodsjemu. Ha nanmii momeHT
HEJIOCITI/DKCHUMH Ta HEPeali30BaHUMHU € CHCTeMH sKi O mpu 1moOyIoBi HAMKOPOTIIIOTO
MapIIpyTy BPaxOBYBaJIM THUIM 00’ €KTIB, 1110 € HA MalTi, Ta KJIacH(IKyBaJIH 1X 32 TEMaTHUKOIO.

IMocranoBka 3aBAaHHs. AKTYaIbHOIO € PO3pOOKa CHUCTEMH, IO MPU MOOYIOBI
MapuipyTy Oyze BpaxOBYBaTH HOT0 JOBXKHHY Ta KUIBKICTb OXOIUIEHMX 00’ €KTIB 33JaHOTO
tury. Takox mpu po3paxyHKy MapIpyTy HEOOXITHO BpaxyBaTh MEXi BUAUMOCTI KOYKHOTO
3 IyHKTIB, aJDKE JJOCTaTHBO, 100 MIISIX MPOXOIMB MOB3 00’ €KTH, @ HE KPi3b HUX.

BukianeHHsi oCHOBHOro marepiaiay. Y pgaHiii poOoTi Oyao 3arporoHOBaHO
ITOPUTM TIOOYZIOBM HAWKOPOTIIIOTO NUIAXY, IO 0a3yeThCsi Ha 00JACTSX BHIUMOCTI
NPOMDKHUX TYHKTIB. BU3Ha4eHO MOHATTSA 00JacTi BUAMMOCTI, po3poOIeHO MeTox ii
PO3paxyHKy Ha OCHOBI KOOpJHMHAT 00’€KTa, BITHOCHO SIKOTO TSI 0OJIACTH OYIyEThCS Ta
KOOpAWHAT OyiBeb, 10 3HAXOAATHCS HE Aali, HXK JIesKa BiJICTaHb 7° Bl IIEHTPY 00'€KTa.

BucnoBku. byio npoananizoBaHo iCHYrOY1 pillleHHs MOOYI0BU HAMKOPOTILIHNX
MapHIpyTiB Ta BHUSBJICHO iX HeAodiku. Ha OCHOBI OTpuMaHUX pe3yJbTaTiB OyJio
3allPOMOHOBAHO AITOPUTM IMOOYAOBHM HAMKOPOTIIMX MapuipyTiB. BukxopucToByroun
JaHUN anropuT™ s Moaudikamii anroputMiB JledkeTpu Ta A*, MOXKIIMBE CTBOPEHHS
CHCTEMHU NOOYJOBH TYPUCTUYHUX MAPIIPYTIiB.

KirouoBi cioBa: mimaHyBaHHS MapuIpyTiB, TYPHUCTUYHI MapuIpyTH, OO0JacTi
BUIMMOCTI 00’ €KTIB.



