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A DIGITAL ANALYSIS OF LAND PLOTS AND URBAN DEVELOPMENT
PLANNING

Abstract. The relevance of the study is driven by the challenges of modern
urbanization, such as infrastructure overload, social and environmental issues, which
necessitate new tools for sustainable urban development. The article presents the
development of a web application designed to automate the planning of
development for individual land plots within the framework of comprehensive
territorial development. A comparative analysis of existing software solutions
(ArcGIS Urban, CityZenith, CityEngine) was conducted, revealing their limitations,
including high cost and complexity of adaptation. As an alternative, the architecture
and a functional algorithm for a web application are proposed and implemented. The
application integrates data from the Public Cadastral Map and OpenStreetMap to
analyze infrastructure within a 500-meter radius of a plot. The system automatically
generates recommendations on permissible types of development based on Land Use
and Development Rules. The application's operation is demonstrated through the
analysis of plots in Volgograd, including functional and load testing. The developed
tool offers practical value for municipal authorities, developers, and designers by
optimizing the urban planning decision-making process.
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Introduction

In the context of modern urbanization, where cities become centers of
economic growth and cultural development, issues of rational use of urban territory
are particularly relevant (Ratcliffe, Stubbs, Keeping, 2021; Masik, Sagan, Scott,
2021). Population growth and intensive urban development lead to global
challenges: infrastructure overload, housing shortages, increased traffic flows, and
environmental degradation (Torgashev, 2020; Bereitschaft, Scheller, 2020). These
problems require a new approach to territory management that goes beyond
traditional development methods (Milshina, 2021; Eltarabily, Elgheznawy, 2020).
One of the key tools for solving these tasks is the concept of comprehensive
territorial development (CTD), which allows for the creation of multifunctional,
comfortable, and sustainable urban spaces (Azorin, 2024; Giles-Corti, Lowe,
Arundel, 2020). CTD is a systematic process of urban territory development aimed
at optimizing the use of land resources, modernizing infrastructure, and forming a
safe environment (Erbyagina, 2021; Guseva, 2023, Popkova, Konev, Kanyukov,
2023; Ronchi, Arcidiacono, Pogliani, 2020). This approach integrates various
elements of urban development: residential and non-residential objects, social and
engineering infrastructure, creating a balanced environment (Kil, Filippov,
Tatarintsev, 2022).

With the development of digital technologies in spatial planning, geographic
information systems (GIS) have begun to play a special role (Parygin,
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Sadovnikova, Shabalina, 2017). They allow for the automation of infrastructure
and transport accessibility analysis, modeling of various development scenarios,
assessment of the environmental impact of projects, and the creation of digital
twins of urban territories (Xia, Liu, Efremochkina, 2022). These tools significantly
improve the accuracy of calculations and reduce the time required for design. An
analysis of the existing process shows the need to automate key stages of land plot
assessment for development planning, which will improve calculation accuracy,
speed up analysis, and reduce the workload for specialists.

Within the framework of analyzing existing solutions for urban development
assessment and CTD, three tools were considered: ArcGIS Urban, CityZenith, and
CityEngine. These systems are used for modeling, analyzing, and visualizing the
urban environment using modern technologies. The following criteria were defined
for comparison, reflecting their functionality and applicability in urban planning:

e Determining the permitted use of a land plot: the system’s ability to
account for legal and regulatory restrictions on land use, necessary for complying
with urban planning regulations;

e Determining the permissible development area of a land plot: the ability to
calculate the maximum development area corresponding to established norms,
which affects the economic efficiency of projects;

e Determining the development density of a territory: assessment of
development density, which determines the sustainability and comfort of the urban
environment;

o Integration with other systems: the ability to exchange data with external
platforms and databases, enhancing the tool’s compatibility;

e Development scenario modeling: the presence of functions for creating and
analyzing various territory development options;

e Analysis of environmental/infrastructure impact: the ability to assess the
impact of development on ecology, transport, and social infrastructure;

e Solution cost: costs associated with acquisition, implementation, and
operation of the system, important for choosing an affordable tool;

e Configuration flexibility: the ability to adapt the system to specific tasks
and project requirements;

o Use of real data: support for working with up-to-date urban environment
data, ensuring analysis accuracy.

A comparative analysis of the solutions ArcGIS Urban, CityZenith, and
CityEngine was conducted based on the specified criteria, and the results are
presented in Table 1.

Table 1. Comparison of Existing Solutions

Criterion / Solution ArcGIS Urban CityZenith CityEngine
Determining permitted land
use
Determining permissible
development area
Determining  development

. =+ — +
density
Integration  with  other . N .
systems

108 CoLNOonornA ropodA. 2025. Ne 3. C. 106—117




0. V. Savina, A. A. Demin, K. G. Moupegnou Nzoussi, S. Yu. Katerinina, V. V. Larin

Criterion / Solution ArcGIS Urban CityZenith CityEngine
Develgpment scenario N N N
modeling
Env1ronmenta.l/1nfrastructure n n n
impact analysis
Solution cost — — —
Configuration flexibility - + +
Use of real data + + +

The conducted analysis revealed the strengths and weaknesses of modern
solutions for CTD and urban development assessment. These tools have significant
potential for planning and analysis; however, their use is limited by high cost and
implementation complexity.

The developed system takes these factors into account, offering an affordable
solution using open data and the possibility of integration with GIS, which allows
for improving the efficiency of urban planning processes.

Conceptual Software and Information Solution for Digitalizing Development
Planning of a Plot

Currently, the process of analyzing the development efficiency of land plots
for CTD projects includes labor-intensive stages performed manually: input of plot
information, collection and processing of data from heterogeneous sources (Public
Cadastral Map — PCM, Land Use and Development Rules — LUDR), analysis of
characteristics, matching the plot with the LUDR map, checking social
infrastructure, and generating recommendations. To eliminate the shortcomings of
this approach, such as high time consumption and the likelihood of errors, an
automated process was proposed, presented in Fig. 1.
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Fig. 1. Automated Process for Planning the Development of a Territory Plot

The new process begins with the user entering the cadastral number of the
land plot. After that, the system automatically connects to the Public Cadastral Map
(PCM) API to obtain the plot boundaries, area, and permitted use, and data on the
surrounding infrastructure (roads, schools, stops) is loaded from OpenStreetMap
(OSM). Regulations are extracted from the Land Use and Development Rules
(LUDR). At the processing stage, the loaded data is checked for correctness,
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duplicates are removed, and it is converted to a unified format. The system
identifies errors, such as discrepancies between PCM and OSM data. Next, the
program calculates the plot area, and development restrictions (sanitary and
protection zones) are checked based on the LUDR. Network analysis algorithms
determine the distance to social infrastructure objects (schools, clinics, shops) and
the transport network (stops). Based on this data, the system calculates the
development coefficient (DC) to assess current use. Finally, the program suggests
project options based on plot size, LUDR data, and the calculated DC. The analysis
results are displayed on an interactive map, and a report is generated in PDF
format.

To implement this process, a modular architecture was designed, built on a
client-server model. The server side is implemented using the asynchronous Quart
framework and the Python language. It processes user requests, interacts with
Pynspd (for PCM) and Overpass API (for OSM), performs data analysis, and
generates reports. SQLite database is used for caching and storing intermediate
data. The client side is implemented as a web interface based on HTML, CSS,
JavaScript using the Leaflet.js library for displaying interactive maps, as shown in
Fig. 2.
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Fig. 2. Application Architecture

The decomposition of the server side includes a data loading module,
responsible for obtaining plot geometry and LUDR zones via Pynspd, as well as
infrastructure data via overpy; a data processing module, which converts the
received data into GeoJSON format, normalizes it, and saves it to SQLite; an
analytics module, performing analysis of infrastructure objects within a 500-meter
radius of the plot; a recommendation generation module, generating development
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proposals; and a report export module, creating PDF reports using ReportLab. The
decomposition of the client-side components includes an interface that provides
input of the cadastral number and viewing of results. It also includes a visualization
module, which displays the plot geometry, LUDR zones, and infrastructure objects
on the map using Leaflet.js, and an export module, allowing the user to initiate the
download of a PDF report. The developed architectural solution automates the
analysis process, ensuring flexibility, scalability, and ease of maintenance.

Implementation and Algorithm of Operation

The application's server side, built on Quart, is the main element of the
system, responsible for automatic information processing and recommendation
preparation. SQLite database is used for data storage, including three main entities:
land plots  (territories), infrastructure objects  (infrastructure), and
recommendations (recommendations). Geodata is stored in GeoJSON format,
ensuring integration with Geopandas and Shapely libraries for spatial analysis.

The developed algorithm covers the full cycle of operation — from the user
inputting data to the preparation of recommendations and their display, which
speeds up the process and improves the accuracy of the results. The process begins
with the user specifying the cadastral number of the plot via the web interface.
After entering the number, the system automatically requests data from various
sources. Information about plot boundaries and Land Use and Development Rules
(LUDR) zones is loaded via the Public Cadastral Map API using the Pynspd
library. Data on infrastructure (schools, shops, stops) is extracted from
OpenStreetMap using the overpy library and Overpass API.

The obtained plot data is analyzed using the Shapely library. The program
determines the centroid of the plot (its geometric center) and creates a coverage
area (buffer) with a radius of 500 meters around this point. At the next stage, the
program identifies infrastructure objects within this buffer zone and classifies
them. This classification includes social objects (schools, clinics, kindergartens),
commercial objects (shops, shopping centers), transport objects (public transport
stops), green zones (parks, squares), and residential buildings (apartment
buildings). The sequence of steps performed by the application is shown in Fig. 3.

Based on data from the LUDR, plot area, and analyzed infrastructure within a
500-meter radius, the system generates recommendations. For example, it can
suggest the optimal type of development (residential building, commercial object),
point out a shortage of certain objects (schools, green zones), or confirm that the
plot complies with its designated purpose. The analysis results are displayed on an
interactive map implemented using the Leaflet.js library. The user can view the
plot, the coverage area, and infrastructure objects. Furthermore, the system allows
saving the results as a PDF report, created using the ReportLab library, which
includes text, tables, a map, and recommendations.

The developed web application allows users to input data about land plots,
analyze their characteristics, visualize information on a map, and receive
recommendations. The application interface consists of two key components: a
sidebar (for data input, management, and result display) and an interactive map (for
visualizing plots, zones, and infrastructure objects). The visual representation of
the main screen is demonstrated in Fig. 4.
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The main functions of the application include: searching for a land plot by
cadastral number; displaying a list of available plots; visualizing the plot on the
map (blue polygon) and the buffer zone with a radius of 500 meters (green circle).
The map also shows cadastral blocks (red polygons) and Land Use and
Development Rules (LUDR) zones (purple polygons) with labels of their codes and
numbers. The system analyzes infrastructure within a 500-meter radius, generates
recommendations (e.g., “Apartment Building” or “Add Kindergarten”), and allows
exporting a report to PDF. Detailed information about the plot is presented in
Fig. 5.

Fig. 5. Plot Information Screen

Functional testing was conducted to assess the system's performance and its
compliance with requirements. Test scenarios were developed, including searching
for and displaying a plot by cadastral number, analyzing the plot's infrastructure,
and exporting a report to PDF. Functional testing confirmed that the system
successfully implements all stated functions; all test scenarios were completed
without errors. An example of a generated report is presented in Fig. 6.
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Fig. 6. Report in PDF Format
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Fault tolerance testing was conducted to check operation in non-standard
situations. Test 1 involved entering an incorrect cadastral number (e.g., “abc123”).
Test 2 simulated a failure of an external service (Public Cadastral Map), where when
entering a correct number, the PCM service is unavailable. Test 3 simulated 50
simultaneous requests for plot search and report export. Actual results showed that
the system correctly handles incorrect data and failures, issuing error messages, and
handles high load without crashing (average response time — 10 seconds).

General testing of the entire program was carried out on the “High
Performance Computing Complex” deployed at the Department of Digital
Technologies for Urban Studies, Architecture and Civil Engineering at Volgograd
State Technical University as part of the implementation of the strategic academic
leadership program “Priority 2030”.

Conclusion

As a result of the conducted research, an application for planning the
development of a plot within an urbanized territory was developed and successfully
tested. The created application is a tool that allows for a comprehensive analysis of
land plots, assesses their potential for development, and generates substantiated
recommendations considering urban planning regulations and infrastructure
provision. The developed application takes into account the main stages of the
existing CTD assessment process and allows optimizing the process of selecting
the most effective project for territory development.

The potential scope of application of the developed system covers many areas:

e Municipal authorities can use the system for urban planning and land
resource management;

e Developers and investors — for assessing the investment attractiveness of
plots and selecting optimal development projects;

e Analysts and designers — for supporting the development of CTD
projects.

Prospects for further development of the system include the following areas:

e Expanding functionality through the integration of additional data sources;

e Supplementing analytical data for forecasting economic -efficiency,
implementing machine learning methods for identifying patterns and optimizing
recommendations;

¢ Creating a mobile version for operational access to the system from mobile
devices;

e Adapting the system for analyzing large territories, for example, entire
districts or cities, using more powerful databases such as PostgreSQL with
PostGIS.
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LIN®POBOM AHAAM3 3EMEABHBIX YUACTKOB
U ITIAAHUPOBAHUE 3ACTPOVKU
YPBAHU3UPOBAHHOM TEPPUTOPUU

AKTyaABHOCTb HCCACAOBAHUS ODYCAOBACHA BBI3OBAMH COBPEMEHHOM ypOAHM3AIIMM:
HCPCIP}WCHHOCTEIO I/IHLi)pachyKTypr, COIMUaAbHBIMHA n 9KOAOTHUYECCKUMH
mpobaeMaMH, TPEOYIOINMMU HOBBIX HHCTPYMEHTOB AAf  YCTOHYHBOIO —PasBHTHA
ropoAoB. B cratbe mpeacraBacHa paspaboTka BeO-IIPHAOKCHHS, IIPEAHAZHAYCHHOIO
AAA ABTOMATH3ALUM IIAAHHPOBAHUS 3ACTPOUKM OTACABHBIX 3EMEABHBIX YYACTKOB B
pAMKAX KOMIIACKCHOIO pasBHTHA TeppUTOpUil. [IpOBEeACH CPaBHUTCABHBIH AHAAUS3
cymectsyrornux mporpammesix perreHuii (ArcGIS Urban, CityZenith, CityEngine),
BBIABUBIIIHMI MX OIPAHUYCHU, TAKHC KAK BEICOKAA CTOUMOCTD U CAOKHOCTD 2AAITTAIIAIL
B kadecTBe aABTEPHATHBHI IIPCAAOKEHA APXUTEKTYPA U PEAAM3OBAH AATOPUTM PabOTHI
BEO-ITPHAOKEHHA, KOTOPOE NHTEIPUPYET AAHHBIC U3 IIyOAMYIHOH KaAACTPOBOM KAPTH U
OpenStreetMap aaf arasnsa nadpactpykrypst B paanyce 500 m ot yuactka. Crcrema
ABTOMATHYCCKH TICHEPUPYET PEKOMEHAALIMU IIO AOIYCTUMOMY THITY 3aCTPOHKH Ha
ocHoBe IlpaBua  3emaemoAb3OBaHUS —©  3acTpoiiku.  Pabora  mpHAOKeHHA
[IPOACMOHCTPHPOBAHA HA IIPHMEPE AHAAU3A YYACTKOB B I. BoArorpaase, BKArOuUas
(YHKIIMOHAAPHOE W HATPY30YHOE TeCTUpOBaHHE. PaspabOTaHHEI HMHCTPYMEHT
IIPEACTABASCT IIPAKTIYCCKYIO IIEHHOCTD AASL MYHUITHITAABHBIX BAACTEH, ACBEAOIIEPOB M
HpOCKTI/IpOBH_[I/IKOB, OHTI/IMI/I?;I/IPYH HPOHCCC HpI/IHHTI/IH rpaAOCTpOI/ITC/\BHI)IX pemeHI/II;'I.

KaroueBble CAOBA: KOMIIAGKCHOE PAa3BHTHE TEPPUTOPHH, KAAACTPOBBIE AAHHEIC,
HHQPPACTPYKTYPHBIH AHAAU3, reonH(OPMAITHOHHEIE CHCTEMBI, Python,
OpenStreetMap, BeO-ITpHAOKEHIE, YPOAHN3NPOBAHHAA TEPPHTOPHA.

Aan  wwmraposanms:  Casuna O. B, Aéwmun A. A, Myneeny Hzyeenw Ko I,
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BaaroaapHocT

MccaepoBanue  BemoAHeHO 1pu  mopAepikke  «Llerrpa  nudpoBeIX  HaydHO-
00pPa30BATEABHBIX IIPOCKTOB H Pa3pabOTOK B chepe IPOMBIIIACHHOIO HCKYCCTBEHHOIO
natearektay  LI2RED-MM  Boarl'TV, cospaHHOTO B paMKax — peaAH3aniun
00OpPa3OBATEABHBIX IIPOTPAMM TOI-YPOBHA B cepe HCKYCCTBEHHOTO MHTEAACKTA
(Coraarrernme Ne 70-2025-000756). ABTOpPBI BEIPAKAIOT OAATOAAPHOCTD KOAAETAM IIO
kadpeApe IU@POBBIX TEXHOAOTHH B ypPOAHHCTHKE, APXHTEKTYPE M CTPOHTEABCTBE
NAuC BoArl'TV, mpuHHMABIITHIM y9acTrE B Pa3pabOTKE IIPOEKTA.
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