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AJTOPUTMIYHO-IPOTPAMHUMN METO/JI 1J151 PO3PAXYHKY
OIITUMAJIBHOT'O POSMIINEHHA YKPUTTIB 3 BUKOPUCTAHHSAM API
TA KAPTOI'PA®IYHUX JAHHUX

YV cyuacnux yxkpaincekux micmax posmiujeHHs yYKpummie 30e0iibui020 YNpasiaemsvcs 3a 00NOMO2010 CIAMUYHUX
I'IC-opienmosanux npoepam, saxi Haoaroms iHgopmayini kapmu He3 pearbHo20 Yacy OnmumMizayii Yu nPOSHO3HO20 aHa-
i3y, Li incmpymenmu donomaeaioms 3HAx00UmMu YKpummsi, aie He 8paxo8yronb OUHAMIYHI 3MIHU WITbHOCMI HACENeHHS,
MPAHCROPMHOI OCMYRHOCMI YU NPO2ANUH Y NOKpummi. IcHy1oui piuienns ne 6UKOPUCIOBYIOMb CKIAOHT MAMeMamuyni
Mmooeni, a 6azyrmspcs Ha 3a30a1e2i0b GUBHAYEHUX KPUMEPIAX ma ICIOPUYHUX NAAHAX, U0 MOJICe NPU3BOOUMU 00 Hepig-
HOMIPDHO20 00CHYnY 00 YKpummie, 0coOIu80 8 patioHax i3 UCOKOI WLIbHICIIO HACELeHHs aD0 00MeXHCeHo MOoOilb-
nicmio. Ha 8i0miHy 8i0 0eAKUX MIXCHAPOOHUX piuleHb, wo inmeepyroms mooentosanns I'IC ma ananiz mpancnopmuux
Mmepedic, YKpaincbke npocpamme 3a0e3neuents He NOGHICIIO a0anmyemscs 00 WeUoKoi ypoauizayii ma 3min y MicbKitl
iHGhpacmpykmypi, wjo nioxkpecnioe nompeby y Oiibul YOOCKOHAIEHUX NiOX00ax 3 ONMUMI3ayielo 6 peaibHoMy 4aci Ojis
NOKpauwjenHs 20mogHocmi 00 Had3euyaunux cumyayii. Cmamms npucesiuena po3pooyi ONMuUMi308ano20 nioxody 00 po3-
MiUjeHHs HOBUX YKPUMMIG Y MICbKUX YMOBAX ULTAXOM SUKOPUCIAHHI 0OYUCTIOBATIbHUX AI20PUMMIE Md 2e0npOCHopO8UX
Oanux. 3anponoHo8arUll ANOPUMMIYHO-NPOSPAMHULL MEeMOoO 8PAX08VE 0eMoepaiuny cCmamucmuKy ma npocmoposuii
aHani3 015 BUSHAYEHH HAUDLIbIU eheKMUBHUX MiCYb PO3MAULYBaAHHA YKpummie. ¥ eenuxux micmax YKpainu, maxux sx
Kuis, e cnocmepicacmuvcsi 8UCOKa WibHICb HACENEHHSL, Pe3YIbmMamu 00CAi0ANCeHHs C8i0Uamb NPO HeOOXIOHICb PO3MI-
W eHHSL BEIUKUX YKPUINMIG NOONU3Y OCHOBHUX MPAHCROPMHUX 8Y37118. Y NepeoMiCmsx GeuKux micm, maxux sx JIboea ma
Odecu, ykpummnisi OOYLIbHO POZMAUOBY8ATU 8 MENCAX S-KIIOMempos8oi 301U 8i0 2yCmonacelenux paionie, ujob zabesne-
YUmMu 3pyUHULE 00CMYN Yepe3 OOPOICHIO Md 3ANI3HUYHY Mepedxcy. /s ciibCobKux mepumopiil nepeddauaemocs piGHOMIpHE
po3miueHHs OLbULO] KIbKOCT MEHWUX YKPUMMIG OJisk NOKPUMMS eTUKUX NIOW.

Y 0ocnioscenni sukopucmano ogiyitiny kapmy ykpummie micma Kueea 0ns po3pobku ma peanizayii mooeni Xagpgpa
6 cepedosuwyi Python, wo 0o3eonsac epaxogyeamu nomoyHuii po3nooin HacenenHs ma ykpummis. OCHO8HI emanu 3anpo-
NOHOBANH020 MEMOOY GKAIOUAIOMb PO3PAXYHOK YEeHmpPY 8a2u Oisl WINbHUX KIACMEPI8 HACENeH s, 2eHepayiio NomeHyill-
HUX MICYb OJis VKPUMMIG, IHMEePaAKmuUeHy 6i3yanizayiio po3nooiny yKpummie ma Kopueye8anHsl po3mauty8aHHs Ha OCHOGI
peanbHux obmedicens. 3anpononosana memoouxa inmeepyemocsa 3 niamepopmamu GIS (QGIS, ArcGIS) ma 0oszsonse npu-
tmamu 06IPYHMOBAHT PIUEHHS U000 PO3MIUeHHS YKPUMMIG ) PEHCUMI PednbHO20 YAaC).

Knrouosi cnosa: ancopummiuHo-npocpamHuii mMemoo, YKpUmms, MicbKe NIAHYBAHHSA, 2e0NpOCMOpOoSull aHAi3,
moodens Xagpgpa, onmumizayis, GIS.
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ALGORITHMIC-SOFTWARE METHOD FOR CALCULATING OPTIMAL SHELTER PLACEMENT
USING API AND MAPPING DATA

In contemporary Ukrainian cities, shelter placement is primarily managed through static, GIS-based software
that provides informational maps without real-time optimization or predictive analytics. These tools help residents locate
shelters but do not dynamically address coverage gaps, population density shifts, or transportation accessibility. Lacking
advanced mathematical models, existing solutions rely on predefined criteria and historical planning rather than data-
driven optimization, resulting in potential disparities in shelter accessibility, particularly in high-density or mobility-
limited areas. Unlike some international solutions that integrate GIS modeling and transportation analysis, Ukrainian
software does not fully adapt to rapid urbanization and infrastructural changes, highlighting the need for a more advanced,
real-time optimization approach to improve emergency preparedness. The article focuses on developing an optimized
approach for shelter placement in urban environments using computational algorithms and geospatial data. The proposed
algorithmic-software method integrates demographic statistics and spatial analysis to determine the most effective shelter
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locations. In large Ukrainian cities like Kyiv, where population density is high, the findings suggest that large-capacity
shelters should be placed near major transportation hubs. In suburban areas surrounding cities like Lviv and Odesa,
shelters should be positioned within a 5 km radius of densely populated regions to ensure accessibility via road and rail
networks. For rural areas, a more evenly distributed network of smaller shelters is recommended to maximize coverage
across larger territories.

The research utilizes an official bomb shelter map of Kyiv to develop and implement the Huff model in Python,
accounting for existing population distribution and shelter locations. The core steps of the methodology include
computing a weighted central point for dense population clusters, generating potential shelter locations, interactive
GIS based visualization, and refining placements based on real-world constraints. The proposed method integrates with
GIS platforms such as QGIS and ArcGIS, enabling real-time decision-making for optimized shelter distribution.

Key words: algorithmic-software method, shelters, urban planning, geospatial analysis, Huff model, optimization, GIS.

Problem statement

In contemporary Ukrainian cities, the strategic placement of shelters and evacuation points is essential for ensuring
public safety and effective response. With ongoing urban expansion and increasing population densities, optimizing the
distribution of shelters becomes a key priority for urban planners.

Existing Ukrainian software solutions for shelter placement primarily function as static and informational tools
rather than dynamic, optimization-driven systems. These applications typically provide users with maps and databases
indicating the locations of designated shelters, often relying on manually collected data and predefined criteria. They
serve as essential resources for public awareness and emergency preparedness, enabling residents to identify nearby
shelters based on their address or GPS location. These tools do not actively optimize shelter distribution or address
coverage inefficiencies in real-time.

Most of these software solutions rely on GIS-based mapping without incorporating advanced analytical models. They
display shelters’ locations but lack predictive capabilities, meaning they do not account for population density changes,
transportation accessibility, or potential gaps in coverage. Many existing platforms do not integrate real-time data, making
it difficult to adapt shelter placement strategies in response to urban development, population shifts, or infrastructural
changes. These applications often do not employ mathematical optimization techniques to minimize accessibility
disparities across different city districts. Instead, shelter locations are generally determined based on historical planning
or administrative decisions rather than data-driven models. As a result, areas with high population density or limited
mobility options may suffer from inadequate shelter accessibility, leaving residents vulnerable in emergency situations.

While some international solutions incorporate GIS modeling and transportation network analysis, they may not
fully account for the rapid urbanization and infrastructural challenges specific to Ukrainian cities. The lack of real-
time adaptability and optimization in existing software highlights the need for a more advanced approach that actively
improves shelter placement through dynamic modeling and scenario-based analysis.

This research focuses on enhancing shelter placement by utilizing computational algorithms and data-driven
decision-making processes. By integrating geospatial data with demographic statistics, the research offers a structured
methodology to assist city authorities in determining optimal locations for shelters. This approach is particularly
relevant for major Ukrainian metropolitan areas, where rapid urbanization and shifting population densities necessitate
adaptive planning strategies.

Related research

Traditional approaches to shelter placement often overlook critical factors such as the distribution of residents,
transport accessibility, and the varying levels of risk across different areas. The gravity-based Huff model presents itself
as a valuable tool for optimizing shelter placement by accounting for these factors [1].

Gravity models are widely utilized in urban planning and spatial economics to assess location attractiveness and
movement dynamics. In this context, the attractiveness of a shelter is defined by factors such as its size, capacity, and
safety features. The Huff model calculates the probability that individuals will select a particular shelter based on its
accessibility and appeal [2]. The article [3] explores site selection models for natural disaster shelters, categorizing them
by objectives and hierarchy, analyzing solution methods, and highlighting future research directions for optimizing shelter
location and resource efficiency.

The article [4] focuses on the spatial optimization of emergency shelters using urban-scale evacuation simulations.
It analyzes short-term fixed shelters, identifying gaps in evacuation efficiency and areas with the highest number of
non-evacuated people. The study provides quantitative data on shelter demand, necessary additions, and optimal shelter
distribution across different urban areas. The findings offer a data-driven approach to improving emergency shelter
planning, enhancing disaster response efficiency, and optimizing urban resource allocation. The urban-scale evacuation
simulation allocates evacuees from demand points to nearby shelters, considering multiple objectives. A dataset of
demand points, shelters, and road networks was analyzed using network analysis to calculate evacuation distances.
Python processed the data to determine evacuee distribution and evacuation times, with spatial statistics and visualization
completed in ArcGIS (Fig. 1).
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O Emergency shelter ) Demand point
Fig. 1. A simplified conceptual diagram of the evacuation simulation [4]

For non-evacuated individuals, spatial optimization redistributed them to plots without shelters or available resources.
Priority was given to plots with over 1000 non-evacuated people, ensuring shelter areas exceeded 2000 m? and met
relevant standards. Overlapping and concentrated target plots were optimized for resource efficiency and feasibility. Fig. 2
illustrates the spatial optimization of emergency shelters, where black points represent demand locations that require
evacuation. The red areas indicate plots with existing shelter resources, while the green areas mark potential locations
for new shelters. The black lines and arrows show evacuation routes connecting demand points to shelters. Overlapping
circles suggest areas where multiple shelters serve the same demand points, highlighting the need for efficient resource
distribution. Letters (A-I) denote key optimization target plots, where additional shelters can be strategically placed to
maximize coverage and improve evacuation efficiency. Black points represent unserved demand areas, red plots indicate
existing shelter resources, and green plots are potential new shelter sites. To ensure efficiency, priority is given to plots
with over 1000 non-evacuated people, shelters must exceed 2000 m?, and target plots should be concentrated rather than
scattered. The final shelter size and type are determined based on standards, supply, and demand analysis.

Fig. 2. The concept of optimizing shelter locations [4]
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The research [5] focuses on optimizing shelter locations and evacuation routes while considering uncertainties in
disaster scenarios. It proposes a two-stage stochastic evacuation model using Benders decomposition to minimize total
evacuation time by efficiently assigning evacuees to shelters and routes. The model incorporates second-order cone
programming and employs advanced techniques like multicuts, Pareto-optimal cuts, and a cutting plane algorithm to
improve computational efficiency. Practical tests with up to 1,000 scenarios demonstrate the effectiveness of the approach
in solving large-scale evacuation problems within reasonable time limits.

The goal of this article is to optimize shelter placement using proposed computational algorithm and geospatial data,
providing a structured methodology for city authorities to adapt to urbanization and population shifts, ensuring strategic
shelter distribution, improved accessibility, and enhanced public safety in large Ukrainian metropolitan areas.

Proposed method for calculating optimal shelter placement

This research finds that in high-density urban areas such as Kyiv, large-capacity shelters should be situated near major
transportation hubs. In suburban areas surrounding cities like Lviv and Odesa, shelters should be positioned within a 5 km
radius of densely populated regions to ensure accessibility via road and rail networks. Rural areas, on the other hand,
require a greater number of smaller shelters distributed over larger areas to maximize coverage.

The research utilizes data from an official bomb shelter map of Kyiv to develop and apply the Huff model in Python,
taking into account population density and the current distribution of shelters. While shelter maps help residents locate
the nearest safe place, challenges arise in densely populated areas where high demand may exceed the available shelter
capacity. This issue becomes particularly critical when shelters have limited space, potentially leading to overcrowding
and access difficulties during emergencies (Fig. 3). The research aims to address these concerns by optimizing shelter
distribution and accessibility for residents.

o o
. o
¢ 00 o
o}
1 " % )lz % 0 O
00°
O, 0
0900
; (6}
o®
(8) N

Fig. 3. Fragment of the shelter map in Kyiv [6]

The proposed method ensures that shelters are optimally positioned to enhance accessibility while addressing variations
in population density. The probabilistic Huff model supports this optimization process (Fig. 4).

The proposed methodology follows core steps.

1. Computing a weighted central location for population clusters based on density analysis. This process examines
the spatial distribution of residents and determines a centroid that reflects population density. The latitude and longitude
of each cluster are weighted according to the number of residents at that location. By summing these weighted values and
dividing by the total population, the model identifies an optimal reference point for new shelters.

2. Generating potential shelter locations in proximity to the computed central point. Using the weighted center as a
reference, new shelter sites are strategically distributed in a radial or grid-based layout to enhance accessibility. Factors
such as distance, population coverage, and transportation infrastructure influence the placement strategy.

3. Mapping and visualizing existing shelters, population density, and proposed locations through an interactive
GIS platform. The generated map offers an intuitive representation of shelter distribution, highlighting underserved
regions and assessing the effectiveness of the proposed locations. Tools like Folium and GIS software enhance the visual
analysis.
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Input: Existing shelters and population points

i

Calculate average population position

i

Apply Huff Model:
Calculate attraction probabilities

/
Determine new shelter location
(based on low attraction probability)

i

Output: Proposed shelter location

Fig. 4. Algorithm workflow of the proposed method

4. Refining the shelter distribution iteratively based on real-world constraints and expert feedback. The preliminary
locations are adjusted to account for land use regulations, infrastructure feasibility, and accessibility requirements.
Input from urban planners and emergency management authorities ensures that the final shelter placements meet safety
standards and community needs.

Algorithmic implementation steps

The process of optimizing shelter locations involves several computational steps to ensure that the shelters are
strategically positioned to maximize accessibility and serve the most densely populated areas. Below is a detailed
breakdown of the methodology used for this implementation.

Step 1. Compute the weighted average position of population points.

To accurately determine a central reference point based on population distribution, a weighted average of the
geographical coordinates (latitude and longitude) is computed. The weight assigned to each coordinate is proportional to
the population at that specific location. This ensures that locations with higher populations exert a greater influence on
the computed center.

By using this weighted approach, the calculated central point better reflects the distribution of the population rather
than just the arithmetic mean of coordinates.

Software implementation:

° # Function to calculate weighted average position

def calculate_average_population_position{points):
total_populaticn = sum{point['pcpulation’] for point in points)
avg lat = sum(point['lat"] * point['population’] for point in poimts) / total population
avg_lon = sum(poimt[‘lon’] * point['population®] for point in poinmts) / total population
return avg_lat, avg_lon

# Sample population data

population points = [
{"'name’: 'Point 1', 'lat": 58.4515, 'lon': 28.5258, '‘population’: 18ea},
{"'name*: 'Poimt 2', 'lat": 58.4535, 'lon': 28.5265, 'population®’: &88},
{"'name*: 'Point 3', 'lat’: 5e.452e, 'lon': 20.5228, ‘population’: 128a},

]

# Calculate central population-weighted point

avg_lat, avg lon = calculate_average_population position(population_points)
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Step 2. Generate potential shelter locations.

Once the weighted central point is determined, it serves as a reference for placing new shelters. The shelter locations
are generated using a systematic approach, ensuring they are placed in a way that optimizes coverage of highly populated
areas. The shelters are arranged in a radial pattern around the central point to improve accessibility and distribution.
Software implementation:

‘) # Function to generate new shelter locations
def generate_new_shelters(base_lat, base_lon, count):
return [
{"'name": ¥'New Shelter {i+1}"', 'lat': base_lat + ©.801 * i, "lon': base lon + 8.881 * i}
for 1 in range{coumnt)
]
# Generate three new shelters based on the central population poimt
new_shelters = generate_new_shelters{avg_lat, avg_lon, 2)

This method ensures that new shelters are systematically positioned within the vicinity of high-density areas,
maximizing the number of people they can serve efficiently.

Step 3. Visualizing the data on an interactive map.

To facilitate analysis and decision-making, an interactive map is created to visualize existing shelters, population
points, and the newly proposed shelters. The Folium library is used to generate a user-friendly map, where different
markers are used to represent population points, current shelters, and new shelters:

# Function to create and visualize the map
def create_map(existing_shelters, population_points, new_shelters, map_title):
m = folium.Map(location=[50.4501, 30.5234], zoom_start=15)
# Add existing shelters as blue markers
for shelter in existing_shelters:
folium.Marker(
location=[shelter[ ‘lat’], shelter[‘lon’]],
popup=shelter[ ‘name’],
icon=folium.Icon(color="blue’, icon=’info-sign’)
).add_to(m)
# Add population points as green circles
for point in population_points:
folium.Circle(
location=[point[ ‘lat’], point[‘lon’]],
radius=point[ ‘population’] * 0.1,
color="green’,
fill=True,
fill_opacity=0.6,
popup=f»{point[ ‘name’ ]} - Population: {point[ ‘population’]}»
).add_to(m)
# Add new shelters as red markers
for shelter in new_shelters:
folium.Marker(
location=[shelter[ ‘lat’], shelter[‘lon’]],
popup=shelter[ ‘name’],
icon=folium.Icon(color="red’, icon=’info-sign’)
).add_to(m)
# Define existing shelters
existing_shelters = [
{‘name’: ‘Shelter 1’, €‘lat’: 50.4501, ‘lon’: 30.5234},
{‘name’: ‘Shelter 2’, ‘lat’: 50.4547, ‘lon’: 30.5238}

]
# Create and display the map
map_object = create_map(existing_shelters, population_points, new_shelters, “Shelter

Optimization Map”)
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The create_map function takes lists of shelters and population data and generates a map centered on Kyiv (50.4501,
30.5234) with a zoom level of 15. Existing shelters are marked with blue icons, new shelters with red icons, and population
points are represented as green circles, where the circle size is proportional to the population.

The interactive map provides a clear representation of how shelters are distributed relative to population density. It
aids decision-makers in evaluating the effectiveness of proposed locations and making necessary adjustments if required.
Research results

Proposed algorithmic-software method ensures that new shelters are placed in optimal locations based on population
density. The weighted average calculation enables precise determination of a central reference point, while the radial
placement strategy improves accessibility. By integrating an interactive map, decision-makers can analyze shelter
distribution and make informed choices to enhance coverage in high-density areas (Fig. 5).
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Fig. 5. Software simulation new shelter placements while considering the attractiveness
of existing shelters and population density

The images depict an interactive map simulation for optimizing shelter placement based on population density and
the attractiveness of existing shelters. The green circles represent the coverage areas of the shelters, while the red and
blue markers indicate the locations of existing and newly proposed shelters. The second image appears to illustrate an
improved shelter distribution, with optimized placement to cover more densely populated areas effectively. This suggests
that the algorithm successfully refines shelter locations to minimize coverage gaps and enhance accessibility. The system
supports integration with GIS platforms such as QGIS or ArcGIS via API connections, allowing urban planners to
dynamically update shelter locations based on real-time data. APIs enable automated data retrieval from government
databases, population statistics, and transportation networks, ensuring that shelter placement is continuously adjusted to
urban expansion and demographic shifts. Through API-based interaction, users can run optimization queries, visualize
different shelter placement scenarios, and simulate emergency response times under varying population densities and
traffic conditions. For instance, in a district with a population density of 10,000 people per square kilometer, the algorithm
can recommend placing high-capacity shelters within a 500-meter radius of major residential areas. In contrast, suburban
areas with lower densities may require smaller shelters distributed over a larger radius (e.g., 2—5 km) to ensure accessibility
via road networks. The system can also be used to analyze accessibility during peak traffic hours, suggesting alternative
shelter locations based on predicted congestion patterns. By leveraging real-time data and algorithmic optimization, city
planners can enhance emergency preparedness, ensuring that shelters are optimally positioned to serve the maximum
number of residents efficiently. The model can further be expanded to account for factors such as infrastructure
constraints, land-use policies, and multi-modal transportation options. The suggested algorithm presents a scalable and
effective solution for optimizing shelter placement in urban environments, particularly in major Ukrainian cities. By
utilizing population density data, geospatial analysis, and mathematical modeling, the approach ensures that shelters are
positioned strategically to enhance accessibility, reduce coverage gaps, and improve public safety. Its adaptability allows
it to accommodate different city sizes, population distributions, and additional factors such as transportation networks
and shelter capacities. Unlike existing Ukrainian software, which primarily provides static and informational tools, this
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method integrates advanced optimization techniques to address spatial disparities and accessibility challenges. While
international solutions often emphasize GIS-based modeling and transportation analysis, they may not fully consider the
dynamic nature of urban development in Ukraine. By applying the Huff gravity model, proposed approach bridges those
gaps, taking into account both the accessibility and attractiveness of shelters.
Conclusions and future work

The proposed method strengthens urban safety by enabling data-driven decision-making and real-time scenario
modeling through integration with GIS platforms like QGIS or ArcGIS. Future advancements may include real-time data
integration, adaptation for other emergency infrastructures, and the use of machine learning to predict population shifts
and urban expansion.

The proposed software method establishes a solid foundation for more sophisticated urban planning strategies,
ensuring that safety infrastructure evolves in response to changing demographics and city landscapes.
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