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B cmammi posensinymo npoyec yOOCKOHANEHHS A8MOMAMU308AHO20 NPOYECY BUSHAYUEHHS OLIAHOK Ma MiCYb KOHYEH-
mpayii 00pOAHCHbO-MPAHCROPMHUX NPUSO0, WO 3HAX00AMbCA Ha mepumopii 1eano-Dpankiecbkoi micbkoi mepumopians-
Hoi epomaou (MTT). Bionogiono oo 3simy naoanozo [enapmamenmom Iampynvuoi Honiyii Ypainu y Ieano-@pankis-
coKitl obnacmi npoananizosaro 1626 00podicHbO-mpancnopmuux npu2oo i3 NOMepniiumMu, wo Mai micye Ha mepumopii
lsano-@panxiscokoi micvrkol mepumopianrvnoi epomaou 3 2017 no 2023 poxu. Buxioni 0ani 6ynu nepemeoperi 6 3pyuHull
07151 nO0AnbLUOi 06POOKU U0 3 GUKOPUCTNAHHAM MOGU npozpamyeants C# ma 3aneceno y pensyitiny 6asy 0aHux.

Busnaueno koopounamu Kod’CHOT 00POACHbO-MPpAHCNOPmMHUX npueoou 3acobamu cepgicy Geocoding API 6i0 Google.
3aona moxcaueocmi pyuroi Kopekyii KoopOuHam npogedeHo iMnIeMeHmayiro Moxcaugocmi ymounenns micysa JTI wins-
Xxom nepecysanms mapkepa no kapmi. Peanizosano REST API 3 suxopucmannsa ASP .NET ma Entity Framework Core 0ns
MOIHCTUBOCTNE BUKOPUCAHHA OAHUX OYOb-AKUMU 8e0 MA MOOLTbHUMU 3ACMOCYHKAMU.

3 memoio susageHHA Micyb KOHYEHMPAYIi O0OPOHCHLO-MPAHCROPIMHUX NPUSOO NPOBEOeHA KIACTNEPUIAYIS OOPOHCHLO-
MPAncnopmuux npu2oo Ha kapmi. Po3podneno 6ed-3acmocynox ma npogedeno 8izyanizayiio npuzoo, WisAxXomM HameceHs
ix na xapmy 3 euxopucmanusa cepgicy Google Maps Javascript API.

Peanizosano moocnusicmo inempayii JTI1 3a pokom 84uHeHHs, CIMAHOM ROKPUMNISL, OCBIMIEeHICINI0, RO200HUX YMO8,
HAAGHICTNIO WIMYYHUX CROPYO, 3ATYYEHICIIO NIUOX00i8 YU GeIOCUNEOUCTIE, HAAGHICIIO 3A2UDIUX YU BAIICKO MPABMOBA-
HUX, Mowo.

IIposeoeno cmamucmuunuu ananis kinekocmi JTII 3 3aeubaumu ma nomepninumu 3a KOJceH pik OKpemo Ha mepu-
mopii micma ma OTI, nposedeno ananiz 3a2ubUX/BAINCKOMPABMOBAHUX/TLESKOMPABMOBAHUX MATO3AXULEHUX YYACHUKIB
00POICHBLO20 PYXY (NiUOX00i6 Ma 8e10CUneOUcmis)

Busegneno 18 micyv konyenmpayii JTI na mepumopii micma Isano-@panxiecvra 3a 2021-2023 poku, dns KodxcHOL
3 HUxX nposedeno auaniz kinokocmi JTII 3a ocmanHitl kKaneHOapHUUl ik ma 3a OCIAHHI MPU POKU MA NEPeBaANCArOYUL
mun J{TII (n0606e uu 6oKo6e 3imKHeHHs, HAi30 Ha niwoxoda, gerocuneducma, mowo). Ha 3acioanni 3 xomicii be3nexu
00podicHbO20 pyxy leano-@panKiscokoi MicbKol mepumopianbHol 2pomaou po3eisiHYmo HAOAHUL 36IM MA PEKOMEHO0-
8AHO PO3pOOUMU 3aX00U U000 YOOCKOHANIECHHS YMO8 MA OP2aHI3ayii O0OPOAICHLO20 PYXY OJis 3abe3neyeHHs: o2o be3nexu
i 3ax00u w000 niksidayii npuyun eurnukrenns JT11.

Kniwouosi cnoea: 0opodcnbo-mpancnopmua npuzood, micye KoOHyeHmpayii, 2eonpocmopogi oami, 6esnexa pyxy,
Google Maps, REST API, C# ASP .NET, EF Core.
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WIMPROVEMENT OF THE AUTOMATED PROCESS OF DETERMINING AREAS
AND PLACES OF CONCENTRATION OF ROAD AND TRANSPORT ACCIDENTS
IN THE URBAN TERRITORIAL COMMUNITY OF IVANO-FRANKIV

The article examines the process of improving the automated process of determining areas and places of concentration
of traffic accidents located on the territory of the Ivano-Frankivsk Urban Territorial Community (MTG). According to the
report provided by the Department of the Patrol Police of Ukraine in the Ivano-Frankivsk region, 1,626 traffic accidents
with victims that took place on the territory of the Ivano-Frankivsk urban territorial community from 2017 to 2023 were
analyzed. The raw data were transformed into a form convenient for further processing using the C# programming
language and entered a relational database.

The coordinates of each traffic accident were determined using the Geocoding API service from Google. For the
possibility of manual correction of the coordinates, the possibility of clarifying the place of the accident by moving the
marker on the map was implemented. Implemented a REST API using ASP .NET and Entity Framework Core for the
ability of using data by any web and mobile applications.

In order to identify the places of concentration of traffic accidents, clustering of traffic accidents on the map was
carried out. A web application was developed, and accidents were visualized by mapping them using the Google Maps
Javascript API service.

The possibility of filtering road accidents by the year of occurrence, condition of the surface, lighting, weather
conditions, the presence of road elements, the involvement of pedestrians or cyclists, the presence of dead or seriously
injured people, etc. has been implemented.

A statistical analysis of the number of road accidents with fatalities and injuries for each year separately on the
territory of the city and OTG was carried out, an analysis of dead/severely injured/slightly injured vulnerable road users
(pedestrians and cyclists) was carried out.

18 places of concentration of road accidents in the territory of the city of Ivano-Frankivsk for the years 2021-2023
were identified, for each of them an analysis of the number of road accidents in the last calendar year and in the last three
years and the predominant type of road accident (frontal or side collision, hitting a pedestrian, cyclist, etc). At the meeting
of the traffic safety commission of the Ivano-Frankivsk urban territorial community, the provided report was reviewed and
it was recommended to develop measures to improve the conditions and organization of road traffic to ensure its safety
and measures to eliminate the causes of road accidents.

Key words: traffic accident, place of concentration, geospatial data, traffic safety, Google Maps, REST API, C#, ASP
.NET, EF Core.

IMocranoBka npodsieMu

3rigHo 3i craructukoro Jlenapramenty narpyiabnoi nominii [1] y 2023 poui cranocs 23 642 JITII, B sikux 3aruHynu
3 053 mroguHU.

IMonan 37% cepen 3aruOIUX Ha JOPOrax — HAWBPA3IHUBIII YYACHUKH JTOPOKHBOTO PyXy: MIMIOXOAM Ta BEIOCHIIC-
mqucti. BogHouac, 6imeiricts JITTI cramucs 3 BUHU BOIIB.

HaiinommpeHimmmu npuuauHaMu aBapiii npuroz Oynu:

— MepeBUILEHHS Oe3Me4HOT Ta BCTaHOBJIEHOI mBUAKocTi (41,7%);

— TMOpPYIIEHHs IPaBUI MaHEBpPyBaHHA (22%);

— MOpYIIEHHS TpaBUII MPOi3Ay nepexpects (8,5%);

Ha i crarri npunanae 72,2% JATII.

3aranom, 6inbIn Hixk monoBuHa (56,2%) cmeprenbuux ITII Ha goporax YkpaiHu cTaaucs yepes MepeBHICHHS 0e3-
NEeYHOT Ta BCTAHOBJICHOT IIBUAKOCTI.

BinmoBimHO /10 MOPSAKY BUSBICHHS aBapiliHO-HEOE3MEUHUX MUISHOK Ta MICIlh KOHIIEHTPAIlT JOPOKHBO-TPAHCIIOPT-
HUX MpUTo[ [2] opraH ynpasiiHHs LIOPOKY 110 15 Gepe3Hst 3aiiicHIOE BUsIBICHHS Micb (Ais1HOK) KoHeHTpauii JTII ta
aBapiifiHO-HEeOe3MeUHNX UITHOK CTaHOM Ha 31 TpyaHs IONEpeAHbOro KaJeHAapHOro poky. OpraHu yrpasiiHHS OTpHU-
My0Th iHQopMarito crocoBHo JITII 3acobamu emuHoi iHpOpMartiiiHoi cuctemu MBC abo Bin oprany (mizpo3ainy)
HarionanpHoi1 mosinii Ha migcTasi 3anuty npotsirom 30 IHIB.
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OckinbKu Hapasi BiICYyTHS cEcTeMa aBTOMaTH3allil BU3HAYeHHS MicIlb Ta qutHOK KoHueHTpamii ATII, a indhopmaris
mpo ATII HagxonuTh B popmari HEMPUAATHOCTI I 11 aBTOMATHYIHOTO OIPAILIOBAHHS aKTYaJIbHUMH 33/Ia49aMy € 3a/1a9a
nudpoBizallii, cHcTeMaTH3alii Ta K1acTepu3arlii iHpopmarii mpo T0poKHBO-TPACTIOPTHI MPUTOAH.

AHaJIi3 OCTaHHIX AocTizKeHb i myOmikaniii

ABtopu [3] BupIIIyIOThH JaHy 3a/1ady BUKOPHCTOBYIOUH IporpaMHe 3abe3nedenns Excel i3 Makpocamu 3 BUKOpUCTaH-
HsM MOBH nporpamyBanHs VBA [4] (Visual Basic for Application).

[IpoTe nanwmii miaxim Mae psq HEAOMIKIB:

— Moga VBA 3acTapina i He Ma€ Takoi THyYKOCTI, SIK CyJacHi MOBH ITPOTpaMyBaHHS.

— Bukopucranns kaurn Excel sk cxoBHIIa JaHNX YHEMOXIIUBIIIOE BUKOPHCTAHHS CXOBHIIA, SIK OCHOBHOTO y BEO Ta
MOOITBPHHX 3aCTOCYHKAX.

— BincytHs MoxnuBicTh aBTOMaTH30BaHOi Kopekmii koopanHat JTII y BUMagKy HETOYHOTO BiIIPAIFOBAHHS T€OKO-
JIMHTY, 4epe3 HEKOPEKTHO BBeneHy aapecy TIL.

Buk/ageHHs 0CHOBHOTO MaTepiaJly A0CTiaKeHHs

O6mixoBi kaptku JTII magani [lenapramentom [arpyneroi [lomimii y [Bano-®pankiBeskiit obmacti. Ilpukian kapTku

HaBeseHo y Tabmmmi 1.

Tabmms 1
O0sikoBa KapTKa A0POKHBO-TPAHCIIOPTHOI MPUTOIH
JlaTa Ta yac CKOEHHS Buja npuronu Jlopo:xHi yMOBH Hac. nynkr Byauns
. T : . .
22.03.2021 18:01:00 Hai3x Ha nimoxona VT TIOKPHTT IBano-PpaHKiBCbK Axanemika Caxaposa
actanbsToOeTOHHE,
JlonaTkoBa npuB si3ka OcHoBHa npuynna JATII JATII — yyacHuk
IMepexpectst Caxaposa-HopHoBona INopymieHHs TpaByI MaHEBPYBaHHS Jlerko TpaBMOBaHHI

st 36epexenns qanux I TII Bukopucraemo Entity Framework Code First [5].

Kiac C#, mo monemtoe JITII micTuTHME HACTYITHI BIaCTUBOCTI:

— public Guid Id — ynikansauii inentudikarop JTII;

— public DateTime Timestamp — gara ckoenns JTIT;

— public string Type — turt ATII (3itkHeHHSI 60KOBe, 3iTKHEHHS JJ000BE, TOIIO);

— public List<string> Reasons — moxmusi npuunnau JATIT (Hemomepkanns muctaniii, [lepeBumenns 6e3meuHol
MBUAKOCTI, TOMIO). CITiJl 3a3HAYUTH, 10 OJHA TOPOKHBO-TPAHCTIOPTHA MIPHUTOa MOXKE MaTH JeKijbKa MPUIHH,

— public Address Address — aapeca ckoenns JITTI;

— public Environment Environment — ymosu J{TT1;

— public List<string> Casualties — 3aru6ii, Ba)KKO TpaBMOBaHi, JIeTKO TPaBMOBaHi,

— public Coordinates Coordinates — koopauaatu JITII.

Kiac agpecu y cBoro 4epry MiCTUTUME HACTYITHI BIACTHBOCTI:

— public string City — Hacenenuit nmyHkT (IBaHo-®paHKiBChK, U ceno B MTI);

— public string Street — Bymu1s;

— public string Additional Address — mogarkoBa nmpuB’si3ka (epexpects, OyIUHOK, TOIIIO).

Krnac Environment:

— public string SurfaceType — T nHokpuTTs (AchanibToOCTOHHE, YOPHOIIECOCHERE);

— public string SurfaceCondition — cTan HOKPHUTTS (Cyxe, MOKpE);

— public string Lighting — ocBiT/IEHICTD (I€Hb, HIY, IITYYHE OCBITICHHSN);

— public string RoadElements — qoposkHi elemeHTH (MPsiMa, MIIOX1IHUH [TEPEXi, MePEeXPecTsi, TOLIO);

— public string Constructions — TOpokKHi KOHCTPYKIIii (MiCT, IIJITXOTPOBi, TOIIO);

— public string Weather — morogsi yMoBH (XMapHO, SICHO, JOIIl, CHIronan);

— public List<string> TrafficTools — 3acobu oprasizarii JOpOKHBOTO PyXy (IOPOXKHI 3HAKH, PO3MITKA);

Knac Coordinates:

— public double? OriginalLatitude;

— public double? OriginalLongitude — koopauHaTH BU3HAYEHI T€OIOKAIIIETO;

— public double? ShiftedLatitude;

— public double? ShiftedLongitude — 3miieHi kKOOpAMHATH, y BUIAAKY IIOBHOIO HAaKJIaJAaHHS ACKIJILKOX TOYOK OJHA Ha
OJTHY, IPUYUHH Ta METOIH 3MIIIEHHS KOOPIWHAT PO3MISAAI0OTh AaJli y MaTepiali;

— public double? ManuallyCorrectedLatitude;

— public double? ManuallyCorrectedLongitude — ckopuroBasi Bpy4Hy KOOPAMHATH, HE 3aBXK A1 T'€OIO0KAIlis Ja€ BipHI
JlaHi, 0cOOIMBE Yepe3 HEBIPHO BHECEHI ajpecu mpariBHuKamu [larpymnbroi [ominii;

— public bool? IsPlaceOfAccidentConcentration — uu € miciiem konuetparitii J{TTI 3a momepeaHi poku.
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3 MeTor0 30epeKeHHsI BCiX JaHUX y OAHIA TaObmumi Oyo 3aCTOCOBYBAaHO MiAXiJ 3 BHKOpHCTaHHS owned entities
1 pe3yabTaTi OTpUMaiH TaOIHII0 300pakeHy Ha PUCYHKY 1.

Puc. 1. In3aiin Tadaumi Accidents

3 METOI0 aBTOMAaTH30BaHO 3allOBHEHHS 0a3M JaHMX, TOYaTKOBI AaHi Oyno ckomioBaHo y daiin Excel Ta peanizoBano
napcep 3acobamu MoBu C# 3 Bukopucranus 0iomiorekn ExcelDataReader [6]. [Ipuunnn ATII y kapTkax gacto Komy-
FOTHCS BIATIOBIIHO JI0 TAONHI 2, OT:Ke HEOOXiTHO TIEPETBOPUTH I1i KOAX B TEKCT.

[icns 3anecenns panux npo JTII y 6a3y, Bunukae norpeba orpumaru koopanHara Micus JATII mis mopansioro
HaHeCeHHs #oro Ha kapty. lle HalickiaqHina 3aja4a yepe3 MoraHy SKich BXIIHUX JaHWX: YacTo JaHi MoraHo Bingop-
MaroBaHi, BiICYTHI BYJIUIsL, OyANHOK, TOIIO. /IJIsT aBTOMaTH4HOTO T€OKOlyBaHHS BHKOPHCTOBYBaBcs cepBic Google Api
Geocoding [7].

JIist KOXKHOT JIOKaIii BiMIPaBIIsBCS 3aluT 3a ajapecoro https://maps.googleapis.com/maps/api/geocode/json?key={ke
y}&address={address}

ne key — nepconanbuuit API ximtou Bix cepsiciB Google, a address — koHKaTeHarlist MoJIiB

{accident.Address.City}

{accident.Address.Street}

{accident.Address.Additional Address}

V BinnoBiae Bix APl orpumyemo json 00’ €KT, He0OXiHI HAM KOOPANHATH 3HAXOIATHCS 32 aApecaMu

jObject["results"][0]["geometry"]["location"]["lat"] Ta

jObject["results"][0]["geometry"]["location"]["Ing"].

Pesyneratn reokomyBanHs 3amucyroteest y monsi Coordinates.OriginalLatitude ta Coordinates.OriginalLongitude.
JloBoui yacTo ajgpecH CIiBNaal0Th, KOMY B PE3yNbTaTi TeOKOoNalil MU OTPUMYEMO II€HTHYHI KOODAMHATH IS AEKiIb-
KOX TOYOK, JUIS TOTO MO0 Marh 3Mory ix po3pi3HaTd Ha kKapti y nons Coordinates.ShiftedLatitude Ta Coordinates.
ShiftedLongitude 3anmucyBanucs 3cyHyTi koopaunatu Ha 0.00001.

3 METOI0 MOJICTHICHHS PyYHOTO KOPUTYBaHHS KOOPJMHAT Ha KapTi — peajli3oBaHa MOMJIMBICTh 3MiHU KOOPIUHAT IIJIs-
XOM IepecyBaHHsI Mapkepa Ha kapti. st iboro Oyno BukopucraHo AdvancedMarkerElement [8] 3 6i0miorexu Google
Maps Ta peanizoBano POST touxy noctymy na API. CkopuroBaHi BpyuHy KOOpauHaTH 3anucyBaiucs y nmoins Coordinates.
ManuallyCorrectedLatitude Ta Coordinates. ManuallyCorrectedLongitude.

Jnst 3pyYHOro KOPHCTYBaHHS KapToro pealizoBaHa MoxJiuBicTh Qinbrpanii JTII 3a kpurepismu. 3araapHuil BUIIIS
API 300paxeH0 HA pUCYHKY 2.
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Tabmmi 2
Hpuyunn ATIT
Kon ITpuunna
01 KepyBaHHS TpaHCTIOPTHUM 3aCO00M y HETBEPE30MY CTaHi

02 IlepeBuiIEHHS BCTAHOBICHOI INBUAKOCTI

03 IlepeBumieHHs 6e3meuHOl IBUAKOCTI

04 HeBukoHaHHS BUMOT CHI'HAJIIB PETyIIOBAHHS

05 Tlopy1ieHHs MpaBuiI EPEeBE3CHHS MACAKUPIB

06 Tlopy1eHHs npaBuI MaHEBPYBaHHS

07 TopymeHHs IpaBHI TPOT3Y MIIIOXiJHUX MEPEeXOiB

08 IlopymenHs npaBui mpoisay 3yIMHOK TPOMaJICHKOrO TPaHCHIOPTY

09 Tlopy1eHHs nmpaBuil KOPUCTYBAHHS OCBITIIOBATEHUMH MPUIIAIAMU

10 Tlopy1eHHs npaBuiI HalaHHS 0€3MEePEeIKOHOTO MPOT3Ly

11 TlopymieHHs paByII 3yIHHKH 1 CTOSIHKH TPAHCIIOPTHOTO 3ac00y

12 TlopyuieHHs mpaBui MPoi3ay 3ali3HUYHUX Tepei3iB

13 Ilopy1ueHHs: paBII HEPEBE3CHHS BAHTAXIB

14 TMopyuienns npaBuI OyKCHPYBaHHs

15 TopymeHHs npaBHI 0OrOHY

16 Buiza Ha cMyry 3yCTpiuHOTO pyxy

17 Tlopy1eHHs mpaBuil Npoi3ny nepexpecTb

18 VipaBiiHHA HECIIPAaBHHM TPAHCIIOPTHHM 3aCO00M

19 Henonepxanus aucraHmii

20 TlepeBTroma, COH 3a KEpMOM

21 Tlopy1ueHHs paBHiI HPOI3aY BEIHKOrabapuTHUX Ta BeJankoBaroBux T3

22 Ilepexin y HEBCTaHOBIEHOMY MiCIli

23 HeBukoHaHHSI BUMOT CHT'HAJIIB PETyIIOBAHHS

24 HeouikyBanuii BuXiz Ha NpoOi3HY YaCTHHY

25 Ilimoxin y HeTBepe3oMy CTaHi

Puc. 2. API

B pesymerari ananizy JTII 3a 6 pokiB oTpuMaii HACTYITHI CTaTHYHI JaHi — pUCYHKH 3—6.

Puc. 3. Kiabkicts ATII 3 norepnisinmu 3a 2017-2023 poxu
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Puc. 4. Kiabkicts ATII 3 3arnéaumu 3a 2017-2023 poxn

Puc. 5. KiibkicTb 3aru0iux y po3pisi Mmajo3axuiieHuX y4aCHUKIB JOPOKHBOTO PyXy

Puc. 6. Haiidoinbm yacti npuunnu ATII
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BucHoBku

Bukopucrosyroun cepsic Geocoding API Bin Google, Oymu BusHaueHi koopanHary koxnoi JTII, a Takox peai-
30BaHa MOXJIMBICTh py4HOI KOpekuii micid npuroau. Jlauni Oynu Bi3yanizoBaHi Ha KapTi 3a noromororo Google Maps
Javascript APIL.

PeasnizoBano moxuBicts ¢inerpanii JTII 3a pisHuME nmapaMeTpamu, TaKUMHU SK PiK BYMHEHHS, CTaH MOKPHTTA,
TorofHi yMoBH TomIo. [IpoBeseHo crarucTiHuHmit aHaii3 KinbkocTi Ta Tunis J{TTI, a Takox aHai3 y9acHUKIB JOPOKHBOTO
PYXY, III0 TOTIOMarae BUSIBUTH ITPOOJIEMHI acTieKTH Oe3MeKH Ha Joporax.

3a nonomororo knacrepusanii JATTI Ha kapTi Oyno BusiBieHo 18 micup KoHIeHTpanii moaiil Ha Tepuropii micra. s
KO)KHOTO TAKOTO MiCIIs IIPOBENICHO JETAIbHUHA aHai3 KUTBKOCTI Ta THITIB TIPUTOI.

[NokazaHo, mo OiybIIe MOJOBHMHM 3arnOAMX 1 BaxkkorpaBMoBaHux npu JTII cknagaroTe Majgo3axuINeHi YYaCHUKH
JIOPOXKHBOTO PYXY.

Ha ocHoBi ananizy qaHux KoMmicist 0e31eKH JOPOXHBOTO PyXy PEKOMEHIYE PO3POOUTH 3aXO0AH IOA0 YAOCKOHAJICHHS
YMOB Ta OpraHi3amii JOpoXXHBOTO PyXY Ul 3a0e3nedeHHs Oe3rekn Ta JikBifamii npuanH BuHUKHeHHs A TII.
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