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Abstract

Administrative populated areas, such as territorial districts, correspond to demographic and infrastructure databases, as
well as data on the utilities provided, health care facilities available, and more. Determining the location and the required
number of health centers in a given administrative region depends on all these parameters.

The article presents the developed cluster method for determining the location and number of necessary new health centers
for a certain populated region in Bulgaria. A basic requirement for access to these centers through the existing transport
network and within a certain timesinterval has been met. Spatial data has been prepared for the integration of the transport
infrastructure with the geographical coordinates of the settlements, as well as of the existing health facilities. The number
of clusters has been empirically optimized to achieve maximum health care coverage of all settlements in the municipality,
within the set time interval for.movement. The results for determining the optimal number of clusters representing the
new health centers are presented and analysed. The possibilities for continuing the research were discussed.
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1. Introduction

Currently, theres a lot of research on the need to create efficient health networks in Europe and appropriate analyses
on the necessary complement to the available health facilities that provide timely care in the administrative regions [1],
[2].. Together. with the analysis of the perspectives and the necessary measures to improve health care, the different
approaches to implementing these measures have been analysed [3], [4]. Health regions are not just territorial areas, but
representa set of demographic, infrastructural, transport network parameters, as well as health facilities/centres for
qualified health care. For this reason, determining the appropriate location of needed additional new health care centers
by region is a function of this set of parameters. In this type of research, it is most appropriate to use Geographic
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Information Systems (GIS) methods to optimally determine the geographic location of the necessary health centers, due
to the possibility they offer to integrate the above parameters/databases with the geographic coordinates of the settlements:

The researchers in [5] apply five different methods for determination the new design temperature for Sarajevo based
on the period 2001-2020, aiming to calculate the heating needs of one residential unit. It is done in order to demonstrate
the influence of different design outside temperature on the heating needs in a geographical region. The authors of[6]
consider climate change when designing infrastructure facilities. Their research aims to assess the flow rate data based
on the daily measured values obtained at the Reljevo hydrological station on the Bosna River. The analyses are conducted
for two time periods, to obtain the temporal distribution of relevant flow rate data. The coincidence of.hydrelogical
parameters along the perceived changes is observed. Monthly and yearly changes of hydrological parameters along the
perceived changes are observed based on the analysis of variance, applied to the flow rate data. As awresult, maximum
flow rates are found in the summer period, which should be considered in flood management. But these both methods are
not based on the integration of geographic spatial coordinates with databases used for the research. In‘these cases, the
creation of such integrated data in a preprocessing stage and its implementation in GIS software platforms, would facilitate
the subsequent necessary analysis. Such integration would also create an opportunity for easy reflection in the proposed
studies of the dynamic changes in the databases.

The paper in [7] presents a research, that is closest to what we offer in this publication. Tt concerns solving a logistical
task related to a methodology for a Local Centers location analysis based on GIS. The proposed method uses a GIS for
data collection, spatial analysis, generating alternatives, and producing maps for further.analysis. The authors used the
GIS for an analysis of the location attributes, including a number of relevant factors, namely spatial position, intermodal
connections (road, water, air and rail transport), the size of the available location, topography, local traffic connections,
equipment of communal infrastructure, constraints in the area, etc. But the emphasis in our research falls more on the
creation of integrated GIS data and empirical determination of logistic time/transport infrastructure parameters, when
creating new health care centers.

The proposed article presents the developed cluster method for empirical determining the location and number of
necessary new health centers for a certain populated administrative region in.Bulgaria. A basic requirement for access to
these centers through the existing transport network and within a certain time interval has been met. Spatial data has been
prepared for the integration of the transport infrastructure with the.geographical coordinates of the settlements, as well as
of the existing health facilities. The number of clusters has been empirically optimized to achieve maximum health care
coverage of all settlements in the municipality, within the set time.interval for movement. The results for different number
of clusters representing the new health centers are presented and analysed. They aim to ensure that the people from the
settlements in it will be able to receive emergency medical care no more than 10 or 15 minutes away by car. For this
purpose, a spatial analysis is applied to select the best locations. For the purpose of the study, a licensed software product,
ArtGisPro was used.

2. Creation of shape files with settlements and existing medical centers

At the stage of preliminary preparation of the_spatial data, it is necessary to create shape files that represent the
relationship between the geographical coordinates of the settlements in the studied administrative region and the
parameters of the existing road transport network. With the help of Google Maps, the addresses and coordinates of the
medical facilities in the Pleven administrative region have been located. The website of the Ministry of Health [8] was
used as a source of information about medical‘facilities, where all medical facilities in the country are described. Looking
at the capabilities of different geo-browsers, we decided to use Google Earth [9] to create a file with basic information
about the treatment centers.

Google Earth Pro have been used in this research, because it offers full functionality, including creating files in KML
(Keyhole Markup Language) format,intended for sharing. KML format files can be easily converted to SHP format files
that are processed directly by ArcGIS software. The obtained KML file contains Placemarks, Ground Overlays, Paths,
Polygons, Styles for Geometry,'Screen Overlays, etc.

For the purposes of our development, KML files were created, for three medical centers in Pleven region in Bulgaria
and one file for all settlements in the same region: SVETA-MARINA-PLEVEN, SVETI-PANTELEYMON-PLEVEN,
GEORGI-STRANSKI<PLEVEN and PLEVEN_REGION_POINTs. The KML files are converted to SHP format with
point geometry, using Rython functions in Jupiter environment. Subsequently each of the obtained shape files, contains
the necessary source spatial data, including the spatial geographic coordinates of the existing three medical centers and
of all settlements in the region.

3. Development of clustering model

The developed model for determining the location of appropriate new medical centers consists of the following steps:

o |Initially, in the used ArcGis software platform, the established shape file with the point layer
PLEVEN_REGION_POINTs is loaded, which shows the centroids of the settlements in the Pleven region, shown in
Fig.1.
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o Add/overlay all three layers of the three existing medical centers SVETA-MARINA-PLEVEN, SVETI-
PANTELEYMON-PLEVEN, GEORGI-STRANSKI-PLEVEN and adding a sketch file. to enter symbols and text on
the map, shown in Fig.2.
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Fig. 2. Point layer with centroids of the three existing medical centers

o The first part of the task of locating new emergency medical centers is to determine which settlements are within a 10
- minute drive by car, to each of the three existing medical centers. For this purpose, the Create Drive-Time Areas
tool was used. Thanks to mathematical calculations, analysis, and overlay method, this tool creates a polygon that
includes all the points that can bereached in a fixed time through the existing transport network and depending on
whether the distance is covergd on:foot or by vehicle. The graphical presentation of obtained polygons are shown in
Fig.3 for SVETI-PANTELEYMON-PLEVEN & GEORGI-STRANSKI-PLEVEN and in Fig.4 adding SVETA-
MARINA-PLEVEN.

Fig.3. Settlements within a 10 - minute drive by car to Fig.4. Settlements within a 10 - minute drive by car to
SVETI-PANTELEYMON & GEORGI-STRANSKI SVETI-PANTELEYMON & GEORGI-STRANSKI &
SVETA-MARINA
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e The next step is to determine the number of settlements that are outside these 10-minute access zones.

For SVETI-PANTELEYMON these are 158 settlements in 32.35 km? area; for SVETA-MARINA these.are.156
settlements in 31.76 km? area and for GEORGI-STRANSKI again 158 settlements in 34.12 km? area. All 158 settlements
outside the three 10-minute access zones are represented in Fig.5.

Fig.5. All settlements outside the three 10-minute access zones

o Different number of new locations are successively assigned, to create clusters of settlements with a distance to the
location of 10 minutes by car.

Initially, it was launched with the selection of a small number of new locations/clusters, with the aim of maximum

coverage of the remaining settlements without 10-minute access to the three main medical centers.

For choosing three new centers/clusters (given in green.colour), the obtained map is shown in Fig. 6. In this case the total

number of settlements outside the 10-minute range t0 the established new three cluster centers is 115.

Fig. 6. Distribution of the settlements connected to the three new centers.

For choosingithree new centers/clusters, the obtained map is shown in Fig. 6. In this case the total number of settlements
outside,the 10-minute range to the established new three cluster centers is 115.

For choosing ten new centers/clusters (given in green colour), the obtained map is shown in Fig. 7. In this case the total
number of settlements outside the 10-minute range to the established new three cluster centers is 95.
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Fig. 7. Distribution of the settlements connected to the ten new.centers.

For choosing twelve new centers/clusters (given in green colour), the obtained map issshown in Fig. 8. In this case the
total number of settlements outside the 10-minute range to the established newsthree cluster centers is 68.

Earthstar Goographics | Esn, TomTom, Garmin, Founsquace, MET

Fig. 8. Distribution of‘the settlements connected to the twelve new centers

¢ In the next step, the selected roads from the real road infrastructure to the nearest newly created center are calculated
and displayed on the map. Some roads between settlement A and cluster centers B, C and D with corresponding travel
time of 15 min, 53 min and 1h & 20 min, are shown in Fig. 9.

Pordim

Fig. 9. Calculated roads between settlement A and cluster centers B, C and D
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4. Summary of results

For the purposes of the study, attempts were made to optimize the ratio between the minimum number of new.ceniters
needed, with the maximum number of covered settlements in a certain time interval of car travel and the minimum number
of remaining uncovered (in an area outside the clusters) settlements. The best ratio is obtained with 12 clusters and.15
min time range of coverage. Table 1 show the corresponding ratios.

Number of clusters at 3 clusters| at 10 clusters at 12 clusters
1?“”.“)6: of Se“"}fme”ttsﬁ 663 | /3 3/5/413/ | 6/3/7/3/5/5/4/5]
rinutes away from the 5/5/5/ 25 6/3/5/ 38

respective cluster center
Total number of settlements

outside the 10-minute range to the 115 95 68
established cluster centers
Total number of settlements
outside the 15-minute range to the 98 72 16
established cluster centers

Table 1. Ratios obtained with different clusters and different time:range of coverage

Number of Number of settlements out of the clusters
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Fig.10. Representation of ratio between number of clusters and number of settlements out of 10 and 15 min access time
5. Conclusion

When there is a need to build new health centers, the main problem is how to optimally combine the number of new
centers with their territorial location, so that for a certain travel time (the health coverage area) along the available
transport network maximum, number of settlements will be served.

This article presents the clustersmethod for determining the location of new health centers for a populated Pleven
region in Bulgaria, according to a basic requirement for access to these centers within a certain driving time interval. For
this purpose, the necessary shape.file'was created and a study was conducted for different distances of the settlements.

The proposed method allows conducting different experiments with changing the parameters in the individual steps
of the algorithm, such as varying the number of clusters, in order to obtain an optimal distribution for the settlements.

The results show.that by increasing the number of clusters to 12, an optimal minimum number of settlements
remaining outside the range of 15 min for access was obtained.

The capabilitiesof the GIS software also offer the export of the developed method as a web application. This is a
prerequisite for easy orientation of the population in the region for quick access to the nearest center.

The method.can be multiplied for other administrative regions, after preparation of the corresponding shape file.

The limitations ofthis study are given to cases where spatial databases (locations of settlements, data on an up-to-date
transport network or/information on existing hospital facilities) are missing for certain population regions in a given
country. Ifi case such spatial data exists and is available, the proposed method provides a way to create the shape file
needed to implement the proposed method.

As a.continuation of the development, other parameters from the spatial data such as population density, age
distfibution, etc. can be included. Adding a layer with the age distribution of the population in the settlements and linking
the type/specificity of health services to the age distribution is also of interest and can be included in the further
development of the method.
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