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Annotrauus. IlomuepkuBaercs BaxxHocTh [ UC B pa3nuyHbIX 001acTsAX, BKIHOYAs
KapTorpadupoBaHue, OTCIICKUBAHKUE TPAHCIIOPTA U MOHUTOPUHT KauecTBa BO3AyXa. ITO
HCCIICIOBAHUE HAIPaBJICHO Ha pa3paboTKy reorpaduyeckol UHPOPMAIIMOHHON
cuctembl (I'MC), apmanTupoBaHHON K TOPOJCKOW Cpene, 4YTO YAOBIETBOPSIET
noTpeOHOCTh B (P(HEKTUBHON M aIalTUPyEeMON CHCTEME, CIIOCOOHOW TMOMIePKUBATh
MPOIIECC MPUHATHS PEIICHUN U TUIAHUPOBAHUS B TOPOACKUX ycloBusX. [Ipennaraemas
['MC-cucrema mpenna3HadeHa ajisi 00pabOTKH M aHayM3a OOJBITNX 00HEMOB JTaHHBIX,
OXBATBHIBAIOIINX KaK TEOMPOCTPAHCTBEHHYIO, TaK W HEreonpoCTPAHCTBEHHYIO

uH(pOpMaIMIO, C y4eTOM TakuX (AKTOpOB, Kak JOPOKHOE [BHKEHHE U penbed


mailto:aubakiro
mailto:v@kbtu.kz

MexyHapoIHBIH JKypHAI TPUKJIAHBIX HayK B TexHojorwui "Integral™

mecTHocTH. [Ipenmonaraercs, 4ro cucrema OyaeT MacmITaOMpyeMoW, MOAYJIHHOU H
HaCTpaHBaeMOﬁ, YTOOBI COOTBETCTBOBATH paBH006pa?>HI>IM Tpe6OBaHI/I}IM Pa3INYHbIX
TOPOACKUX YCIOBUH. B 3TOM wuccnegoBaHnM s pacCMOTPIO IUIFOCBI U MUHYCHI
CYHIIECTBYIOIIUX pabOT, METOJOB M pEHICHUH B pa3paboTKe COBPEMEHHBIX
reonHGOPMAIIMOHHBIX CUCTEM, a TaKXKe MPEJI0XKY U MPOaHATU3UPYIO JTYUIITHN MOIX0/
AJIs1 CO3JJaHHA MOIIHOI'0O MHCTPYMCHTA HpOCTpaHCTBeHHOﬁ OpUCHTAall1 B FOpOI[CKOﬁ
cpene.

Abstract. The significance of GIS across various domains, including mapping,
transportation tracking, and air quality monitoring, is emphasized. This research aims to
develop a Geographic Information System (GIS) tailored for urban en- vironments,
addressing the need for an efficient and adaptable system capable of supporting decision-
making and planning in city conditions. The proposed GIS system is designed to process
and analyze large volumes of data, encompassing both geospatial and non-geospatial
information, while considering factors such astraffic and relief. The system is intended to
be scalable, modular, and customizable to cater to the diverse requirements of different
urban settings. In this research I will review pros and cons of existing papers, methods
and solutions in developing modern Geographic Information Systems and suggest and
analyze better approach to make powerful tool for spatial orientation in urban
environments.

Karwuesbie ciaoBa: ['MC-monenupoBaHue, TOPOJCKHE YCIOBUS, WH(HOPMAIIMOHHBIE
TCXHOJIOTHUH.

Keywords: GIS modeling, urban conditions, information technology.

I. INTRODUCTION

In today’s urban environments, the need for an efficient andsuitable Geographic
Information System (GIS) is widespread. The objective of this research is to develop a
GIS system capable of aiding people in navigating city conditions, taking into account

factors such as traffic and relief. The systemshould possess the ability to process and
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analyze large volumesof data, including both geospatial and non-geospatial data, to
facilitate decision-making and planning in urban areas. Furthermore, the system should
be designed to be scalable, modular, and easily customizable to accommodate the require-
ments of different urban environments.

GIS has become increasingly indispensable across various domains, including
mapping, transportation tracking, and air quality monitoring. Gu Kuiying emphasizes the
importance ofintegrating multiple objectives into decision-making processeswithin urban
environments [1]. To address this issue, a systemis proposed that employs geospatial and
non-geospatial data to optimize the location and delivery of location-based services.
Another noteworthy approach to utilizing GIS in urban condi- tions was presented by
Kohn Tobias [2]. Their work introducesa GIS-based decision support system for the
installation of underground pipelines in urban environments. Gerina Federicadescribes an
intriguing method that combines dynamic patternsand machine learning in Python [3].
The article presents the development of a system that employs air quality sensor data to
identify cooking activities in a kitchen setting, with the aim of assisting individuals in
tracking their food intake and maintaining a food journal. The article outlines the
methodol- ogy used for data preprocessing and analysis, including featureextraction and
selection, as well as the application of machine learning algorithms for activity
recognition. Fayzrakhmanov Rustam Abubakirovich proposes the creation of a universal
geographic information system that utilizes machine learning and natural language
processing techniques to analyze literary works [4]. The paper details the design and
implementationof a Literary Mapping Geoinformation System (LMGS) that enables users
to visualize and explore the spatial distributionof literary works, as well as analyze the
relationships between literary works and their geographical locations.

The absence of in-depth examination or comparison of the proposed framework with
current GIS development method- ologies is a limitation shared by all of the papers that
were discussed, which makes it challenging to assess the innovationor efficacy of the

suggested methodology. Moreover, there isa lot of data, maitaining all of the conditions,
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including traffic and respite, is challenging.

. METHODOLOGY

Data Collection. The first step involves identifying and col- lecting relevant data
sources for modeling spreading concen- tration. This includes data such as air quality
measurements, meteorological data, and traffic data. The data will be acquired from
reliable sources and subjected to preprocessing and quality control procedures to ensure
accuracy and consistency. The model for the Data Collection in general looks like fetching
all of the raw data from the different types of sources, such as sensors, user clicks or
manual data inserting, then collected data load to database, for example centralised data
warehouse[Fig. 1]. In this storage, manipulations, classifying, model training is used.
After all of the process, developers canload data to interface to give output about traffic,
concetration,e.t.c.

Spatial Analysis and Modeling. Spatial analysis techniqueswill be employed to
generate continuous concentration sur- faces. This will involve utilizing spatial
interpolation methods to estimate concentration values at unmeasured locations basedon
the available data. Additionally, various data layers such as land use and transportation

networks will be integrated to
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Fig. 1. GIS Data Model.
evaluate their influence on spreading concentration. Mathemat-ical models or algorithms
will be developed and calibratedto predict spreading concentration accurately. As a tool
for Spatial Analysis and Modeling there used open-source python library PySALJ[Fig. 2].
To create continuous concentration surfaces, PySAL provides interpolation techniques
including inverse distance weighting (IDW)[Fig. 3] and Kriging[Fig.4]. These techniques
can be used to extrapolate concentration levels from measured places to unmeasured

ones.

Fig. 2. PySAL for Spatial Analysis and Modeling.

GIS Development. A customized GIS system will be designed and implemented to
facilitate modeling of spread-ing concentration. The GIS system will include a
database for storing and managing the collected data. User-friendly interfaces and
visualization tools will be developed to support data exploration and analysis. GIS
functionalities, includ- ing data querying, mapping, and spatial analysis, will be
incorporated into the system. Real-time data feeds will beintegrated to enable dynamic
modeling and visualization ca- pabilities. GIS Development Design step involves

identifying and collecting relevant data sources for modeling spreading
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Fig. 3. Inverse Distance Weighting.
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Fig. 4. Kriging.

concentration[Fig. 5]. It may include air quality measurements, meteorological data, traffic
data, and other relevant spatial andnon-spatial data. The collected data will serve as inputs
for theGIS system.

Model Evaluation and Validation. The developed model will be evaluated and
validated to assess its performance. Evaluation metrics such as accuracy, precision, and
error analysis will be employed to gauge the model’s reliabilityand effectiveness.
Model outputs will be compared against observed data or reference datasets to validate
the results. Sensitivity analysis will be conducted to understand the impact of input
parameters and assumptions on the model outcomes.

Case Study and Application. A specific urban area or casestudy site will be selected
to apply the developed GIS system for simulating spreading concentration. The system
will be utilized to model and analyze the spreading concentration patterns in the chosen
area. The results will be analyzed and in-terpreted to gain insights into the concentration

dynamics and potential implications for urban planning and environmental management.
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Fig. 5. GIS Flowchart.
n. EXPERIMENTS AND RESULTS

The aim of this article is to research the area of GIS using python and machine learning,
next is to develop GIS that will satisfy all of the city conditions.

To achieve this goal, there is a need of conducting research on the latest GIS
technologies and data processing methods,as well as on the specific challenges of urban
environments. Also | need to develop and test prototypes of the GIS system, using real-
world data from urban environments.

A lot of work has be done to research existing papers, identify pros and cons, find weak
points and develop better solution. There are a number of significant tasks and actions that
can be carried out in the context of the thesis on the creation of GIS for modeling spreading
concentration in city settings. First, extensive data collection initiatives might be started
to compile pertinent information such measurementsof the air quality, weather data, and
traffic data. The basis for modeling and analysis would be this data. To guarantee data
quality and consistency, data pretreatment procedures suchas cleaning, integration, and
transformation should then be carried out. After the data has been prepared, a solid GIS
system that uses modeling and geographical analytic methods can be developed. In order
to do this, spatial interpolation techniques must be used to create continuous concentration

surfaces. Additionally, extra spatial layers must be integrated to fully account for the
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influence of numerous elements, and mathematical models must be calibrated to make
precise predictions.

The results of thesis on provide valuable insights into the dynamics of spreading
concentration and its implications for urban environments. Through research, there were
uncover distinct patterns of spreading concentration, identifying areas of high
concentration or hotspots within the selected urban area or case study site. These
concentration patterns can help in understanding the spatial distribution of pollution or
other relevant factors impacting the environment.

Moreover, this research may shed light on the influence of various spatial factors on
spreading concentration. By grating data layers such as land use, transportation networks,
and other relevant variables, there can be explored correlationsand relationships between
these factors and concentration patterns. This analysis can offer valuable information for
urbanplanning, environmental management, and decision-making processes.

Additionally, the evaluation of the performance and accu- racy of developed models is
crucial. By assessing the effec- tiveness of spatial interpolation methods and the
performance of mathematical models, it can determine the reliability of calculated
predictions. This evaluation helps in understanding the strengths and limitations of the
models, and their abilityto capture concentration dynamics accurately. The expected
results of this thesis is a fully functional GIS system that can be used to support decision-
making and planning in urban environments. The system should be capable of
processingand analyzing large volumes of data, including geospatial and non-geospatial
data, and should be scalable and customizable to meet the needs of different urban
environments. The systemshould also incorporate the latest advances in machine learn-
ing and artificial intelligence, to support more accurate and efficient data analysis and

decision-making[Fig. 6].
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Fig. 6. Prototype of GIS App.
Iv. CONCLUSION

In conclusion, this thesis lays the foundation for further advancements in GIS
development for modeling spreading concentration in city conditions. By addressing the
identified limitations and incorporating future research directions, the field can benefit
from improved methodologies, more accu- rate predictions, and enhanced decision
support systems for sustainable urban planning and environmental management.

In terms of future work, several avenues can be explored. Firstly, expanding the scope
of the research to include more diverse urban environments and case studies would
enhance the generalizability of the findings. Additionally, incorporating real-time data
streams and advanced predictive modeling tech-niques can improve the accuracy and
timeliness of spreading concentration predictions. Moreover, integrating stakeholder
engagement and participatory approaches can enhance the usability and acceptance of the
GIS system among decision- makers and urban planners.
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