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AHOTANLIA

Bunyckna kBasgigikaniiina maricrepcbka podoTa ckiagaeTbes 31 BCTyIy, 4
pPO3/UTIB, BUCHOBKIB Ta COIUCKY BUKOpUCTaHUX Jikepen (11 HaiimenyBanb). MicTUTD y
co61 14 pucyHkiB, 7 Tabnuip Ta 5 10AaTKIB. 3arajpHUi 00cAT poOOTH CTaHOBHUTH 99
CTOPIHKH.

Temorw pobGotu € “Meroan HEHPOMEPEKEBOTO PO3Mi3HABAHHS OO0 E€KTIB B
CUCTEMiI TPOMAJCHLKOTO KOHTPOJIFO 3aKOHHOCTI TapKyBaHHS Ha 0a3l XMapHHX
TEXHOJIOTII”.

00’ekTOM pPOOOTH € HEUPOMEPEKEeBI METOAM Ta XMapHI TEXHOJIOTI Yy
nporpamMHux cuctemax aBromaru3aiii. IIpeamerom — mpoekTyBaHHS Ta po3poOKa
KOMIUTeKCHOT mporpamHoi cuctemu «Parking Controly st aBTomaruzarii mporiecis
3BITYBaHHS Ta OOPOOKH aKTiB HE3aKOHHOTO MapKyBaHHS 3 BUKOPUCTAHHSIM TEXHOJIOT1H
HEeHpoMepeIKeBOTO PO3ITi3HABAHHS Ta XMapHUX TexHojoriid Microsoft Azure.

Metow poboTH € Halaro/DKEHHs KOMYHIKAIli MDK TpoMaJsHaMH Ta
BIIOBHOBA)KEHUMHM CIIyKOaMH €BakKyallli, a TaKoXX 3MEHILIEHHS KUIbKOCTI aKTIB
HE3aKOHHOTO TIAPKyBaHHS IUISXOM TIPOEKTYBaHHS Ta PO3POOKH KOMILIEKCHOT
nporpamuoi cuctemu «Parking Controly, mo Hamae MOXIMBOCTI JJIs 3BITYBaHHS,
0OpoOKHM Ta pearyBaHHs 100 aKTiB MOAI0HUX MPABONOPYILIEHb.

PesyabTatu podoru: dopmainizoBaHi MPOIECH KOHTPOIIO 3a 3aKOHHICTIO
napkyBaHHs. JlociipkeHl Ta onucani MiIXoAu 10 HeHpOMEPEKEBOTO PO3Ii3HABaHHS
HOMepHUX 3HakiB. CIIPOEKTOBaH1 Ta PO3poOJIeH] 3araibHa apXiTeKTypa MpOrpaMHOT
CHCTEMH, CXOBHIIA JaHUX Ta porpamuuii mpoaykt «Parking Control.

Kiro4oBi cj10Ba: KOMIUIEKCHA MPOTrpaMHa CHCTEMa, aBTOMaTH3Aallisl, porpaMHa

apxiTekTypa, Azure, Blazor, HelipomepexeBe po3mi3HaBaHHS.



ABSTRACT

The final qualifying master's thesis consists of an introduction, 4 chapters,
conclusions and a list of sources used (11 items). Contains 14 figures, 7 tables and 5

appendices. The total volume of the work is 99 pages.

The theme of the work is "Methods of neural network recognition of objects in

the system of public control of the legality of parking based on cloud technologies”.

The object of the work is neural network methods and cloud technologies in
software automation systems. Subject - design and development of a comprehensive
software system "Parking Control" to automate the reporting and processing of illegal
parking with the use of neural network recognition technologies and cloud technologies
Microsoft Azure.

The goal of the work is to establish communication between citizens and
authorized evacuation services, as well as reduce the number of illegal parking acts by
designing and developing a comprehensive software system "Parking Control"”, which

provides opportunities for reporting, processing, and responding to such offenses.

Results of work: Formalized processes of control over the legality of parking.
Methods of neural network license plate recognition have been studied and described.
The general architecture of the software system, data warehouses, and the software

product "Parking Control" are designed and developed.

Keywords: complex software system, automation, software architecture, Azure,

Blazor, neural network recognition.
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BCTYII

Ouinka cy4yacHOro craHy o00’ekra po3poOku. IIBUAKUN pPO3BUTOK
TEXHOJIOTIM Halae MUPOKUM CHEKTP MOKIMBOCTEH JJIsl MiJBUILEHHS 3pY4YHOCTI Ta
e(eKTUBHOCTI BEJIUKOTO CIHEKTPY IMPOIECIB JIOACHKOI MiIsUTBHOCTI MUISIXOM iX
aproMaru3aiiii. OJHUMHU 3 OCHOBHUX TEXHOJIOTIYHUX PIIIEHB, 110 € HEBiJ EMHUMU
PYIISIMU TIPOTPECY CHCTEM aBTOMAaTH3allli, MOXKHA Ha3BaTH XMapHI TEXHOJOTIi Ta
3ac00M HEUPOMEPEKEBOTO PO3Mi3HABaHHS 300pakeHb. llepmri HamawTh MIUPOKI
MOYKJIMBOCTI OpTraHi3ailii KOMIT IOTEPHUX PECYpCiB, CXOBHI JaHUX Ta CHCTEM
KOMYHIKallli y BHUIJISIII TOTOBOTO BeO-CepBiCy, SKHHA JIETKO KOHQITypyeThCs,
MacIITa0y€eThCsl Ta HE Ma€ HEOOXITHOCTI Y MOCTIMHIN 1HQPACTPYKTYpHIN MATPUMIII,
IO MOKJIAAa€ThCs Ha MOCTavyaIbHUKA MOCTYT. 3acOOM pO3Mi3HABAHHS Y CBOIO YEpry
HAJAal0Th MOXJIMBICTH aBTOMATU3yBaTH Ti MPOLECH, IO [0 LbOr0 BHUMAaraipacs
Oe3mocepenHs yq9acThb onepaTopa-JIroauHu.

Cdepa KOHTPONIIO 32 3aKOHHICTIO MAPKyBaHHs J0CI HE OTpUMayia OakaHOTO
piBHS aBromaru3anii. IloBiZOMJEHHA TIpO TOPYIIEHHS JOCI HaAXOAsTh [0
BIIOBHOBAKEHUX CIyXO Tele(OHOM UM IUISXOM MUCHMOBHX 3asB, 110 HETaTUBHO
BIJIMBA€ Ha €QEKTUBHICTh KOMYHIKalli MK TpoMaAsHamMu Ta €(QEeKTUBHUMHU
CiIy>k0amu, aJipke B TaKUi CHOCiO0 HEMOXKIIMBO OI[IHUTH BaJiAHICTh TIOTOYHOI CKapTu
0e3 BUI3/y ONepaTUBHOI IPYIIH.

TakuM 4yMHOM cHCTEM aBTOMAaTH3allll KOHTPOJIO 3a 3aKOHHICTIO MapKyBaHHS
MO>KHA OXapaKTepU3yBaTH SIK TaKl, [0 MAIOTh yC€ HEOOX1THE TEXHOJIOTTYHE MIATPYHTS
y BUIVISAI BUILIEHABEJIECHUX TEXHOJOTIM, MPOTE IIE HE € PO3KPUTUMHU y BUIIISAL
KOHKPETHHX NPOTPaMHHUX pIlIeHb, II0 BXE MAIOTh MPAKTUYHE 3aCTOCYBaHHA. Y
NOAIOHUX CHUCTEMaxX XMapHI1 TEXHOJIOTI HaJar0Th MacHITa0OBaHy Ta MIATPUMYBaHY
1H(DPaCTPYKTYpy, a 3acoO0M HEWPOMEPEKEBOIO PO3MIZHABAHHSI — MOXJIMBOCTI [0
aBTOMATUYHOI'O PO3MI3HABAaHHS HOMEPHUX 3HAKIB IMOPYIIHMKA YU O€3M0CEpPEeNIHbO
camoro (paxkTy MpaBOMOPYIICHHS K TaKOTO.

AKTYyaJbHICTH PO00TH Ta NiACTaBH 10 ii BUKOHAHHS. CydJacHi ajneHi TeMIu

ypOaHizamii BeayTh 3a COOOI0 OJHY 13 OCHOBHHUX MpOOJEM BEIUKUX MICT —
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nepeHacu4eHHs: aBToMOoOUIsIMU. OKpIM CKJIaIHOTO Tpadiky Ha 4aci TaKO>K MUTaHHS
HecTaul NMaKkyBaJIbHUX TepuTopiid. KokHa HOBOOY/OBa, COTHI SIKMX KOXHOT'O POKY
BUHUKAIOTh Ha MEpINid BUIBHINA TalsBUHI, MOKpPHUBA€E MOTPeOy Yy MApKOMICISAX Y
KkpamomMy Bumnajaky Ha 40%. JloriyHUM HacliAKOM MOJIOHOTO € Te, 1[0 BOJIi 4acTo
MOPYIUIYIOTh yCl 3araJIbHONIPUMHATI MpaBWiia MapKyBaHHS, CTBOPIOIOYH HE3PYUYHOCTI
JUISl 1HIIUX, a 1HOJII HaBiTh YTBOPIOIOYM aBapiiiHi cuTyarlii. Biama micT 3akitoudae
KOHTPAKTH 31 CITy’k0aMM e€BaKyailii, MpoTe O0C1 HE ICHY€E MEHTPATI30BaHOTO 3ac00y, 3a
SIKUM TPOMAJITHHH MOYKE TIOBIJOMHTH MPO aKT HE3aKOHHOTO TMapKyBaHHS, a OTIepaTop
eBaKyalliifHOi CITy>KOM y CBOIO Uepry MpOaHaji3yBaTH MPABOMOPYIICHHS Ta JIUIIE 3a
3aikcoBaHOT HEOOX1THOCTI BUKIMKATH ekinax. [lomibHa cuctema Hagana 6 3mory
O1TbIl €()eKTUBHO BHPINIYBaTH MNPOOJIEMY HE3aKOHHOTO IMapKyBaHHS y BEIHMKHUX
MICTax, 1110 pOOUTH OOpaHy TeMy aKTyaJIbHOIO.

Mera ii 3aBnanHsi po6oTu. Metoro poOOTH € HalaroHKeHHsI KOMYyHIKaIlii Mix
rpOMajTHaMH Ta BIIOBHOBAKEHWMH CITy’KOaMH e€BaKyallii IUIsIXoM IMPOCKTYBaHHS Ta
po3poOkK KoMIulekcHOi mporpamHoi cuctemu «Parking Control», mo Hagae
MOXJIMBOCT1 JJIsl 3BITyBaHHs, OOpOOKM Ta pearyBaHHs IIOAO AakTIB MOJIOHUX
MpaBONOPYIIeHb. /{7151 JocATHEHHS 1€ MeTH OyJI TIOCTaBJICHI HACTYTIHI 3aB/IaHHS

- JOCIIJIUTH ICHYIOUM 3aCO0U 3BITYBaHHS Ta MEXaHI3MH pearyBaHHS MO0 aKTiB

HE3aKOHHOTO MapKyBaHHS;

- JIOCIIIUTH Cy4YacHi 3aCO0M Ta TEXHOJOT11 pO3pOOKH KOMILIEKCHUX MPOTrPaMHUX

CHCTEM, a TAKOXK apXITEKTypH iX B3a€EMO/III.

- 03HAMOMMTHCS 13 XMApPHUMH TEXHOJIOTIIMU AZUIe Ta KOTHITUBHUMU CepBicaMu

HEHPOMEPEIKEBOTO PO3MTi3HABAHHS;

- pO3pOOUTH TEXHIYHE 3aBJaHHS A0 MPOAYKTY BIAMOBIAHO 10 (YHKIIOHATBHUX
noTped rpoMajisiH Ta €BaKyalliiHUX CITykO0;

- CHOPOEKTYBaTH Ta PO3POOWTH KOMIUICKCHY mporpamHy cuctemy «Parking
controly.

006’exkT, MeToau Ta 3aco0u po3podseHHsi. O0’ekToM po3poOsIeHHs € 3acid

aBTOMAaTHU3allii KOHTPOJIO MAPKyBaHHS y BUIJISI Cy4acHOT KOMIUIEKCHOI IPOTpaMHO1i
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cucteMn Ha 0a3i xmapHoi 1uiatdhopmu Azure Ta 3aco0iB  HEHMpPOMEPEIKEBOTO
PO3Ii3HABaHHS.

[Tin gac po3poOku Oyiia BUKOpHCTaHA €BOJIOIINHA Moaenb. Bepcii mpoaykTy
pO3pOOISIIMCS TOETAMHO 3 ITEPaliiHOI0 Baigaliel0 (YHKLIIOHATBHOTO aCHEeKTy
KIHI[EBUMU KOPUCTyBayaMu. 3BHYANHMMH TpPOMaJasHaMH (KIIEHTCHKUN MOOUIbHHIMA
JI0/IaTOK) Ta PEJICTABHUKAMU €BaKyalliHO1 c1y>k0u (BeO-10/1aTOK aIMIHICTPYBaHHS ).

B sKxocTi 1HCTpyMEHTIB CTBOpEHHsS OyJaud BHUKOPHCTaHI. 1HTETpOBaHE
cepenosuine po3pooku Visual Studio 2022, Microsoft SQL Server, Azure Portal ta
CYITyTHI POTpamMHi 3acO0H.

Moxausi cepu 3acrocyBannsi. Po3poOienuii mporpaMHHU MPOAYKT MOXKE
BUKOPHUCTOBYBATUCS BEJIMKUMU MICTaMH, L0 MalOTh KOHTPAKTH 3 €BaKyalllMHUMHU
ciyk0aMu JJi1 aBTOMaTH3AaIlll MpoIleCcy 3BITYBaHHS IIOAO aKTiB MOPYIICHHS MPaBUI
napkyBaHHs. PazoM 13 M, po3poOieHa nporpamHa 6a3a Moxke OyTH ajantoBaHa 10
IIMPOKOTO CHEKTPY MPEAMETHUX 00NIacTell, MPOIECH SIKUX MOTPEOYIOTh EKCIIEPTHOTO

KOHTPOJIIO.
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PO3JILI 1
TEOPETUYHA YACTUHA

1.1 AnaJji3 npeaMeTHOi 00J1acTi Ta ICHYIOUMX MeXaHi3MiB 3BiTYyBaHHS 11010

NMOPYIIEHHS MPaBUJ NAPKYBAHHS

3a OCHOBY /Ji1 BHMBYEHHS ICHYIOUMX MEXaHI3MIB €Bakyallli y BHMaaKax
HE3aKOHHOTO MapKyBaHHs OyJid 0OpaHi 3aKOHO/aB4l Ta aJIMIHICTPATUBHI MOJIO0KEHHS
micta Kuena.

3rigHo 3 moctaHoBoro KMJIA, 1110 3aTBepAniIo CTBOPEHHS BiAMOBIIHOT CITyK0u
1HCIIEKIIi1, TPOMaJSTHUH, 110 CTaB CBIAKOM MOPYIIEHHS MPaBWJI NapKyBaHHS, TOBUHEH
3BepTaTHCA 0 NaTpyiabHOI nmoumimii. [Ipu nbomy, Sk 3a3Ha4ar0Th MpaliBHUKY 1HCIIEKIII],
3poOUTH 11e MOYKHA TUTBKH y MMCbMOBIN (hOpMI, a/I>Ke 4acTO BUi3/1 ONIEPaTUBHOI TPYyIH
HE € pallloHaJbHUM Yy TakuX BUMaJKax. [[ms mojadi 3asiBU HEOOXIAHO 3poOUTHU
nekuibka (otorpadiii, Ha SAKUX BUIAHO MICIEBICTh, JIOPOKHI 3HAKH YU PO3MITKY,
BKa3aTU MICTO, aJpecy, JaTy, HOMEpHI 3HAaKu aBTOMOOLIS Ta KOHTAKTHI JIaHi
rpoMajsiHiHA, 1O 3BiTY€. [licas 4oro 3BIT HEOOXITHO PO3APYKYBAaTH Ta BIANPABUTH
JUCTOM Y BIIJIUICHHS MaTpyJbHOI momitlii. [lomimist y cBOrO 4epry MOBHHHA MPOTITOM
30 mHIB pO3MJISIHYTH CKapry, BCTAaHOBUTH OCOOMCTICTh TNPABOMOPYIIHHUKA Ta
BIJIMTOBIIHUM YHHOM TIOKapaTH HOTO, SKIIO MOPYIICHHS A1MCHO MaJIO MICIIE.

3po3ym1iiI0, 110 MOAI0HMM TOBrUH Ta OI0OPOKPATHU30BAHMI MPOILIEC HE € 3PYIHUM
JUIsl TPOMAJSHUHA, [0 CTaB CBIAKOM IPABOMOPYIICHHS Ta HE € ONEpaTHBHUM B
[IJIOMY.

Buxonsuu 13 aHani3y iCHyIOUMX MEXaH13MiB 3BITyBaHHs Ta aJITOPUTMIB pOOOTH
JepKAaBHUX Ta €BaKyalllMHUX CIYyXO0 BIJAMOBIJIHO JO0 BHUIQAKIB HE3aKOHHOTO
NapKyBaHHsS, MOXHA BUAUIMTH  HACTyIHI  MPOIECU:  3BITyBaHHSA  IOJO
MPaBOIMOPYIICHHS, O0OpoOKa 3BITY €KCIEPTOM €BaKyalliliHO1 CIIy>KOW, eBakyaris
aBTOMOOUTIA eKimakeMm, aJMIHICTpyBaHHS JIIOJACHKUX Ta aBTOMOOUIBHUX PECypcCiB

eBaKyall1iHOi cIyXKOu.
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[Ipouec 3BITYBaHHA TPOMAISHUHOM LIOJ0 MPABONOPYLIEHHS  3T1JHO
BUILEONMCAHOTO JOCHII)KEHHS, TTOBUHEH JO3BOJISITH JIIOJIMHI HA/IaBaTH HACTYMHY
1H(pOopMaIriio:

- ma”HopaMHI OTO, Ha AKUX SIKICHO BioOpakeHa ycst HeoOX1Ha iHhopMmaris st

BHU3HAYEHHS aKTy NPaBOINOPYLIEHHS;

- ($OTO HOMEpPHHUX 3HAKIB aBTOMOOUIS, 110 HA TYMKY TI'pOMasSHUHA, MOPYIIye

IpaBuJia MapKyBaHHS,

- iHdopMaIllI0 NpOo JOKAIII0 MPABOMOPYIIEHHS IJs BIAMNOBIAHOIO pearyBaHHS

CIIY’K0 y BHMAIKy HEOOX1THOCTI.

[Tportec 06poOKM OTpUMAHUX 3BITIB IOJATAE Y TIEPETIISIl €KCIIEPTOM HadaHUX
$boTO MpaBOMOPYIIEHb, a TAKOX CYIyTHIO iH(opmariito. BianmoBigHO 10 HamaHUX
naHopaMHUX ()OTO ONEPATOPOM MPUNMAETHCSA PIMIEHHS 4YM JIHCHO HasBHUM aKT
MPABOIMOPYIICHHS 3T1IHO aKTyallbHUX HOPMATUBHUM JIOKyMEHTIB. Pe3ynbTyiounm
KPOKOM € BIJIMIOBIIHE pearyBaHHs. MIATBEP/KEHHS a00 BIIXHUIIEHHS TOTO UM 1HIIOTO
3BITY BIANOBIJHO [0 BHMCHOBKIB Ha €Taml aHaiizy HajaaHux ¢(oTo. Y BUNAAKY
HiATBEPKEHHS] MPaBOMOPYIIEHHSI B1AOYBAa€ThCS MPU3HAUYECHHS BHUIMAJKYy TOMY 4YH
IHIIIOMY €BaKyalllifHOMY eKilaxy 3 oIy Ha HOro JOCTYMHICTb, K (I3UYHY, TaK 1
TEepUTOpiaJIbHYy. SIKIIO * 3TiIHO BHCHOBKY €KCIepTa y paMKaxX IMOTOYHOI 3asBU
BIJICYyTHE MPABONOPYUIEHHS K TaKe, HAJAEThCS OOIPYHTYBaHHA 3 MOCUJIAHHSMM Ha
BIJIMOBIAHI ITpaBUJIa MApKyBaHHS, 0 € 3aiKCOBAHUMU B paMKax JIepKaBH.

Ha psay 13 mpouiecom oOpoOKM Mae Miclie aaMiHICTPYBaHHS PECYpCiB Ta
CTaTUCTUYHOTO aHAMI3Y AISUNIBHOCTI cy>x0u. L{e mepim 3a Bce meperiisii CTaTUCTUIHUX
MOKA3HUKIB MIOA0 3BITIB (CKUIBKMA OYyJO 3BITOBAaHO BMIIAJKIB, 3 SIKHX PalOHIB, SIKI
TEHJICHI[li KIJTBKOCTI, SIKa YacTHHA 3BITIB OyJia MiATBEp/KEHA TOIO) Ta YIPaBIIHHS

00pOoOHUKaMU, eBaKyalliHUMU €KiMa)kaMyd Ta aBTOMOOUISIMHU.
1.2 HeiipoMepe:xeBe po3niZHABAHHS HOMEPHHUX 3HAKIB

VY KoHTEKCT1 Oi3HEeC-Tpolecy, MO0 PO3MISAAAETHCSA, MA€ MICIIE aBTOMAaTH3aIlis

Mpoliecy po3Mi3HABaHHS HOMEPHUX 3HAKIB, (DOTO SIKUX HAJA€ TPOMAJSHUH Pa3oM 13
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3BITOM IO MpaBomnopyiieHHs. [le HagacTh MOXKIMBICTh MIATATHYTH 1H(OPMAILIiIO TIPO
aBTOMOOLIb Ta BIAaCHUKA 0€3 HEOOX1HOCTI pyYHOrO BBOAY HOMEPY, LIO IMiJBUIIUTH
KOPHUCTYBallbKU KOM(OPT IpOMaJsSHMHA Ta BIJIKMHE MOKJIMBICTb MOMWIKU NpHU
BBO/JIl. Y paMKax IOTO pO3/LIy 3alpONOHOBAaHI MiAXOAU J0 JOKaJi3alli HOMEPHOIO

3HAKy 3 TIOJAIBIIUM HOTO pO3Ii3HABAHHSIM.
1.2.1 Jlokamizaliiss HOMEPHOTO 3HaKy Ha 300pa)KeHH1

[lepmiiM KpOKOM € TONIYK PETiOHy HOMEPHOTO 3HAKy Ha OPHUTIHATLHOMY
300pakeHHI. 3arpOMOHOBAHUHN aNTOPUTM 0a3y€eThCs HA METOAaX 00pPOOKH 300pakeHb
Ha OCHOBI TPaHUIIb.

I[{i wmetomu O0OpOOISIOT, 300paKEHHS, OTPUMYIOYM TPAHUIN IUIIXOM
BU3HAYEHHS TOYOK, SIK1 MAIOTh Pi3Ki 3MiHU sickpaBocTi. [lepenan sckpaBocTi B 06J1acTi
HOMEPHOTO 3HAKy € OUIbII MOMITHUM, HIXK Y THIIMX MICISIX 300pakKeHHs, aJKe Mae
OUIBbII BUpaXEHI1 IPAaHMII Ta TEKCTYpHI ocoOnuBOCTi. Pa3oM 13 muM Taki MeToau
HaJMIPHO YYyTJIMBI JO HEOAKaHMX TpaHUlb, TOOTO BOHU HE € MIAXOIAIIUMHU s
CKJIagHUX 300paxkeHb. Jlnsg BuplmIeHHsS Ii€i TpoOJeMH BUKOPUCTOBYETHCS

MOKPAIIEeHHS 300pa)KEHHS 3 MOJAIBIIIUM BUKOPUCTAHHIM MOP()OIOTTYHUX METO/IIB.
1.2.1.1 TlokpartieHHs: OpUTIHATBEHOTO 300paKEHHS

3o00pakeHHs 31 CKIagHUM (OHOM 3a3BUYall MICTUTH IIIyM, 1110 TPU3BOJAHUTH JI0
HeOakaHOI MIUTBHOCTI TPaHUIlb, 110 BU3HAYAIOTHCS Ha 300pakeHHI. g ycyHeHHS
IIIYMiB BUKOHAEMO 3rOPTaHHs 300pa)KEHHS 3 BAKOPUCTAHHAM MeaiaHHOro GiibTpy [1].

["onoBHa iAest MeA1aHHOTO (PUIBTPY MOJISTAE Y MPOXOKEHHI CUTHATY €IEMEHT
3a €JIEeMEHTOM, 3aMIHIOIOYHM KOXXHHH 13 HHUX MEIIaHOK CYCIIHIX. Y TOTOYHOMY
BUIAJIKY JBOBHMIPHOTO 300pa)K€HHS, BIKHO IPOXOJKEHHS BKIIOYae y cebe BCl
€JIEMEHTH Yy KOJI1 33/1aHOTO pajiycy.

Ha pwuc. 1.1 300paxkeHo mnpuknaa 3HAWIEHUX TpaHULb [0 Ta MICHS
BUKOPUCTAaHHS MeniaHHoro GiabTpy. MokHa OauuTu, 10 3HAYHA KUIBKICTh
HeO0aKaHUX TpPaHULb B, HANPHUKIAJ, JOPOKHbOI OpPYKIBKM 3HUKJIA, [0 3HAYHO

MOKPAILMWIIO pPe3yJIbTaT.
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1.2.1.2 Bu3naueHHs rpaHullb 00 €KTIB Ha 300paKeHHI

Metoau BUSBIICHHS TpaHUIIb 3aCHOBaH1 Ha MPUHITUII 3HAXO/KCHHS IIKCEIIB 3
PI3BKUMHU 3MIHaMHU SICKPABOCTi, 1[0 BIJAMOBIJAIOTh «KOpPJIOHaM» OO0’ €KTIB Ha
300pakeHH1. BIIBIIICT, METO/MIB MOXHA TOEIHATH y JBI KaTEropii: Tpaji€HTHI Ta
narutaciBcbki Metonu [1]. BukopucraemMo rpaai€eHTHHH METOZA JUIS BU3HAYCHHS
I'PaHUIIb.

CriouaTky BUKOHYEMO 3rOpTaHHs 300paxeHHs 3a JonoMororo ¢inbrpa Cobdens,
o0 3HAWTU TPUOIU3HY aOCOJIOTHY BEIWYMHY Tpaji€eHTa Yy KOXHIA TOuIIl
300pakeHHS.

Oniepatop BHKOPHCTOBYE siapa 3 X 3, 3 SKUMH 3rOpTalOTh OPHUTIHAIBHE
300pakK€HHsI JUIsl BU3HAYEHHS HAOIM)KCHUX 3HAYCHb MOXIIHUX I10 TOPH3OHTATI 1

BepTHKani. Hexah A — 300paxenns, a G, ta G, — 1ABa 300paXeHHs, Ha AKX KOXKHA

TOYKa MICTUTh HAOIMIKEHI MOX1H1 10 X Ta Y. BOHM 3HAX0SIThCS HACTYITHIUM YHHOM:

-1 -2 -1 -1 0 +1
G,=10 0 O0[|*xAandG,=|-2 0 +2|*A (1.1)
+1 +2 +1 -1 0 +1

ae * - 1MBOBUMIpHA omepailisi 3ropTkd. TakuM YHMHOM y KOKHIM Todiri

300paXeHHs] HAOJIMKEHE 3HA4YeHHS TpajleHTy MOKHA 3HAWTH 4Yepe3 OTPUMaHHI
HAOMIWKEH] 3HAYeHHs MOXiMHNX: G = |/GZ + G

[ToTiM MM BUSIBIIIEMO KpaliOBI TOYKH 3a JOIMOMOTOIO IIOPOTOBOTO 3HAY EHHSI.

Pucynoxk 1.1. BusHaueHHs rpaHuilb Ha 300pakeHH1 J0 (3/11Ba) Ta Micis

(cipaBa) 3acTOCyBaHHS MEIIAHHOTO (PUIBTPY
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HesBaxkatroun Ha mnpoueaypu MOKpalleHHS 300pa)K€HHs IMepell MpOoIEecCoM
BUSIBJIICHHS TPaHUIlb, y JCIKHX BHUIAKAaX BEPTHKAIbHI TPAHHII OKpPIM THX, MIO
BHU3HAYAIOTh HOMEPHUH 3HAK, MOXYTh OyTH OUIbII I1HTEHCUBHUMH, IO MOXKE
MPU3BECTU JI0 HEKOPEKTHOTO BU3HAUEHHSI HEOOXITHOTO perioHy. 3aais BUJAJIEHHS
HeOaKaHNX BEPTUKAIBHHUX TPAHUIb BU3HAYMMO Y SKMX MEXKaX MU JOIyCKAEMO iX
JOBXHHY y paMKax HOMEPHOTO 3HAaKy Ta BHJIAIMUMO YyCi Ti, IO HE BXOMITH Y
copmoBanuii mianaszon [2]. 'paHuuHi 3HAYEHHS MalOTh BH3HAYATHCS BUXOIMYU 3

PO3MIPHOCTI BX1JJHOTO 300pakeHHSI.
1.2.1.3 BuokpemieHHs NpsIMOKYTHUKY HOMEPHOTO 3HAKY

BuznaunMo OakaHUil perioH SK Takuid, [0 Mae€ HaWOUIbLIY MIUTHHICTD
BEPTUKAJIbHUX TpaHUllb. TakuM YMHOM HEOOXI1JHO MEBHMM YMHOM OOpaxyBaTH IO
HIUTBHICTB. J{J1 HbOTO BUKOHAEMO 3rOPTKY 300pakKeHHs 32 HACTYITHUM U ITPaBUJIaMU:

1. BxizHe 300pakeHHs] pO30MBAETHCS HAa KBAJPaTHI MIKCEIbHI OJOKH HEBETUKOTO
po3mipy (2-3% po3MIpHOCTI OCHOBHOTO 300payKEHHS).
2. JIng KOXXHOTO Takoro OJIOKY paxyeTbcsl KUTbKICTh OumuxX mikcemiB (110

BU3HAYAIOTh MOTIEPEIHLO 3HANICH] TPAHUIII ).

3. KoxHuii mikcelnb pe3yabTyrodoro 300pa)keHHs (3rOpTKU) BIATMOBIIAE OJTHOMY

TakoMy OJIOKY. Horo SCKPaBICTh 33JJa€THCS BUZHAUCHOIO Y BIATIOBIIHOMY OJIOTI1

KUIBKICTIO OLJTUX MIKCENIB.

PesynbTatr poboTH Takoi 3ropTku 300pakeHuit Ha puc. 1.2.

Pucynox 1.2. Po3paxyHOK MITEHOCTI BEPTUKATLHUX TPAHUITH
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Jani yci mikceni, 3HaueHHs SICKPaBOCT1 SKUX MEHIIIEC 32 BU3HAYCHE MOPOTOBE
3HAYEHHA, BUJAIAIOTHCS 13 300paxkeHHsA. llicns mogaTkoBOro eramy 3ropTKH,
PO3MIPHICTb SIKOT BU3HAUEHA EKCIIEPUMEHTAIbHUM IUISIXOM Ha BX1JHUX 300pa)KEeHHSX,
Tpeda 3aJIUILUTHU JIMIIE UIbOBHM perioH. s mporo yci mikceni, SICKpaBICTh SIKUX
MEHIIIA 32 MAaKCUMaJIbHY SICKPaBICTh TOTOYHOI MATPUIll, BUAAISIOTHCS. Y pe3yJibTari
4Oro OTPUMYEMO OJMH, HAUOUIBII SICKpaBUM PErioH 300pa’KeHHS.

Jlns BU3HAYEHHS 3HAWICHOTO pPETIOHY Ha OpPWUTIHAILHOMY 300pakKeHH,
3HAUEHHS TIKCEIIB KOKHOTO 3 KBaApaTiB 3rOPTKHU, IO MOTPANUB JO PE3yJIbTYHUYOro
pErioHy, 3aJHMIIAIOTLCSA, a YCi 1HIN — BUIAISIOTHCA 13 300pakeHHS. TakuM 4uHOM

OTPUMYEMO 3HANACHUHN MPSIMOKYTHUM PEriOH HA TOYAaTKOBOMY 300pa’KEHHI.

Pucynox 1.3. Pe3ynbrar BU3Ha4YCHHS pEriOHY HOMEPHOTO 3HAKY
1.2.1.4 Tlonansiia oOpooOKa

Jnst migBuiieHHs: €(eKTUBHOCTI KPOKY CETMEHTAIlli CHUMBOJIB BH3HA4Y€HOTO
300pakeHHs] HOMEPHOTO 3HAKY, BAKJIMBUMHU JI0 BAKOHAHHS € HACTYITHI 2 KPOKH

1. BunpasieHHs niepekocy 300paxkeHHs. 300pakeHHs HOMEPHOTO 3HaKy Mae OyTu
rOPU3OHTAIBFHUM. TakuM YMHOM Ha IIOMY KpOIl HEOOX1JHO BHU3HAYUTH KYyT
MepeKocy 300pa)KeHHsI Ta BUKOHATH HEOOX1THUM MTOBOPOT.

2. O6pizanHs HenoTpiOHUX oOnacTeil BuaIeHOro periony. HemoTpiOHi oGnacri,
TOOTO 00MacTi, BIIMIHHI BiJ] O€3MOCEPENIHbO CHUMBOJIIB IJIACTHHHU, MO>KHA
CIOCTEpIraTH Ha OTPUMAHOMY 300pa)K€HHI MPSMOKYTHOTO PErioHy (IMB. PUC.
1.3). Jnsa mepexoay 10 mpoIiecy cerMeHTarrii, i o0acTi HeoOXiJHO BUAAIUTH

Ta 30CEPEUTHUCS Ha IKOMOTa BY3bKii paMIli, IKa MICTUTb JIMILIE CHMBOJIU 3HAKY.
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1.2.2 TIpotiec HeHpOMEPEKEBOTO PO3Mi3HABAHHS TEKCTOBUX 300pakeHb

Cepen OCHOBHHUX €TariB po3Mi3HaBaHHS TEKCTY MOKHA BUJIUTUTH HACTYIIHI

1. BxigHe 300pakeHHs] OUYHUILYETHCA BiJ LIyMYy Ta NPUBOAUTHCS 0 BUIIIALY, Y
AKOMY MOHa €()eKTUBHO BUUIATU Ta PO3Mi3HABATH CUMBOJIH,

2. 300pakeHHS pO30MBAEThCSI HA OJIOKM TEKCTy, 0a3yHuHuCh Ha OCOOIMBOCTSX
HOTO BUPIBHIOBAHHS Ta PO3MOILTY;

3. Jlami BimOyBaeThCs MO HA 300paKeHHSI PSAKIB, a i — OKPEMHUX CHUMBOJIIB
I8 OKpeMoi 0o0poOku KoxHOTo. Ilicas doro cucremMu po3mi3HaBaHHS
MPALOIOTh MO CBOIM CHEHHU(PIYHUM aITrOpUTMaM;

4. BuaineHi CHMBOJIM MOXYTh TOPIBHIOBATHCS 3 TOTOBUMH IIa0JOHAMH,
PO3ITi3HABATUCS HEUPOHHUMHU MEpPEXaMU UM BUAUISIOTHCS XapaKTCPUCTHUKH
CHUMBOJTY, 110 300pakeHui. Ha BUXO/1 IIbOTO eTary OTPUMYEThCS WMOBIPHUMN
BapiaHT cuMBoTy. [liciis yoro pobota Moxke OyTH MPOOBKEHA HA OCHOBI 1HIITUX

MGTOI[iB I YTOYHCHHA OTPUMAHOT'O PC3YJIbTATYy.

Ha mepmiomy erami 3a3BH4ail BUKOHYETHCS MIJABUIICHHS SIKOCTI 300pa)K€HHS
IUISIXOM 3aCTOCYBaHHSI HEOOXIIHMX BiJHOBIIOBAIbHUX (QUIbTPIB. Jpyruii eramn
MMOYMHAETHCS 3 POOIT 1O BUSABIICHHIO TEKCTY Ha 300paxeHH1. Cepes BITOMUX MMiIXO/TiB
MOHA BHJUIATA HACTYIHI: HAa OCHOBI KOHTypHOI iH(opmMmarii (ckemerusaris,
BUJIVICHHS KpaiB Ta KyTiB TOIIO), HA OCHOBI KOJILOPOBOT 1H(OpMaIlii (METO ricTorpam,
aHaJli3 TOJIOBHUX KOMIIOHEHT) Ta HAa OCHOBI aHaNi3y TEKCTypHOI iH(popMallii (MeTox
OIIOPHMX BEKTOPIB, IITY4YHI HEHPOHHI MEPEXKi, eKCrepTHi cuctemu) [3].

HacTynmHuM KpOKOM € cerMeHTallis TeKCTY, 110 Bi10yBa€TbCA Y IEKIJIbKa €TalliB:
BUJIIJICHHS PS/IKIB, CErMEHTAIlisl CJIIB Ta CerMeHTalliss cuMBoiiB. s dbopmanizamii
MOYEMO MPEICTABUTU BX1JIHE 300pakKeHHs Y TpajlallisiX CIpOTO Ta SIK IEBHY MATPHULIO
TOYOK sICKpaBocTi A: A = {aij},O <agj;<a™i=1l.nj=1.m, ge n, m —
PO3MIpH 300paKEHHS Y MIKCEISIX.

3agavya BUIIICHHS PSJKIB 3BOAUTHCS JI0 3HAXO/KEHHS BEPXHIX Ta HUKHIX

IPaHUIIb PSJIKIB TEKCTY 300paxeHHs [4]. Ainroput™ cerMeHTarii psiikiB 0a3yeThes Ha
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TOMY, IIO CEPEeAHs SCKPaBICTh B 300paKCHHSIX MIXPSAAKOBUX I1HTEPBAIIB 3HAYHO

HIDKYa 3a 300paKeHHS TEKCTOBUX psAAKiB. [lepmr 3a Bce 3HAXOAUTHCS CEpEIIHE

3HAYEHHS SCKPABOCTI YCIX MIKCEIBHUX PSAAKIB, a J1ajll — YChOTO 300paKeHHS .
=4B)=-%L a; - UB)=—%" L(B) (12)

Cepennsi SICKpaBICTh MDK PSIIKAMU € HEBEIUKOI. TakumM YMHOM SCKPaBiCTh
BEPXHBOI Ta HIKHBOI MEXI TEKCTOBOTO PSJKY MOXXHA BH3HAYHTH 4YEpPE3 CEPEIIHIO
scKpaBicTh 300pakeHHs (mosHauyaemo [°Ta P Bigmosigmo). Ilpomec cermenTarii
PSAAKIB TONSITae y TEperiail MacuBy cepeaHix 3HadeHb (ly,...,l,) Ta BUsABIEHI
MHO>XMHM TIap 1HJEKCiB (lf, lf’) MIKCEIbHUX PSAJIKIB, 10 BIAMOBIZAIOTH BEPXHINA Ta
HIDKHIN TpaHsIM 300pakeHHs PSAIKY HOMED I, 10 3a0BUTHHITH HACTYITHI YMOBH

JUIsl BEPXHbBOI TPAHUIII:

(limz <IAUimy <IOAW > PIADivr > PPIALivz < PIAUigs < 17) (1.3)

Ta JUISI HUJKHBOI.

(L > IDAUivr > DV (Uirr < PIAUivz < PIALivs < 1°)) (1.4)

Takum yntHOM (OPMYETHCSI MHOKMHA TTap 1HACKCIB BEPXHIX Ta HIDKHIX TPAHUIIb
pAnKiB. Pi3HUIIS MK 1HIEKCAMU — BUCOTa TEKCTOBUX PSJIKIB.

[lepen mouaTkoM mpolLiecy cerMeHTallii ciB Ha OCHOBI OTPUMAHHUX PSKIB BAPTO
3aCTOCYBaTH JI0 BXIAHOTO 300pakeHHS TOPOTOBUM  (UIBTP  IMiABHUINCHHS
KOHTPACTHOCTI. BiH J03BOJIUTH 3HU3UTH PIBEHB IIyMY Ta 3HAYHO HOJIMIIUTH POOOTY
AITOPUTMY.

VY cBo1O Uepry mpoiriec cerMeHTarlii ¢JiiB MoAI0OHUM 10 MONEePeHHO OMUCAHOTO,
ajpke 0a3yeThbes Ha TOMY, IO CePEIHs SICKPaBICTh B IHTEPBAIAX MK CJIOBAMHU MEHIIIA
3a CEpPEIHIO SICKPABICTh 300pa’KEHHSI.

BunisieHHs CHMBOJTIB y paMKaXx CJIOBA € OUTBIII CKJIATHAM MPOIIECOM, a/IKE 9acTO
CUMBOJIM B paMKax CJOBa pO3MilIeH] ONM3bKO OJMH JI0 OJHOIO Ta IHTEpBaIu HE
BUpaXEH1 TaK $ICKpaBO, MPOTE JIOTiKa pOOOTH 3aMINAETHCS KOJMIIHBOK. [lomryk
JOKTHhHUX MIHIMYMIB CEPEIHBOI SICKPABOCTI BiJIOYBA€ThCA HA CyMDKHHUX 1HTEpBajax

3MIHM $ICKpAaBOCTI CTOBOI[IB. Po3Mmip i1HTepBaly BHU3HAYAETHCS BUCOTOIO PSAKY Ta



21

3a3Bu4ail He nepesuiye 0.3 1boro 3HaueHHs. TOOTO po3Mip IHTEpBAY BU3HAYAEMO
sk dj = 0.3m, 1e M — BUCOTa CIIOBA.
AJTOpUTM CErMeHTallli CHMBOJIIB MOYHA OMUCATH HACTYITHUM YHHOM
1. JInst ycix miKceIbHUX CTOBOIIIB 3HAXOAUMO iX CEpPEIHE 3HAUCHHS ICKPABOCTI C;
32 aHAJIOT1YHOIO JI0 TIOTIEPEAHIX AITOPUTMIB (POPMYJIOI0;
2. Cepen OTpUMaHMX 3HAYEHb C; MEPIIMHA MIHIMYM IIYKaEMO Ha BIAPI3KY [ =
1 Yy d]
3. Ilpyn 3HAXOMKEHHI JOKATHHOTO MIHIMyMYy Il TIEBHOTO IHJEKCY i,lnin,
HACTYTIHUH MiHIMyM mIykaemo Ha Binpizky: @ = (i1, + 1), ., (i + 1 + d;);
4. Ilpouiec MOBTOPIOETHCS IO AOCATHEHHSI TPaHUIN 300pa)kKeHHs cioBa. Yci
3HAYEHHS, 110 BIJMOBIIAIOTH JIOKAIBHUM MiHIMyMaM, 30€pIraloTbCsl y CIUCKY
W,.
JlokanbHUI MIHIMYM SICKPaBOCT1 y CTOBOLI | € KaHAMAATOM Ha MPUHAIEKHICTb
JI0 MIXKCUMBOJIBHOTO IHTEpPBAJTy, SIKILIO 3HAYEHHSI CEPEIHBOI SICKPABOCTI C; Y HbOMY
MEHIIE MEBHOI IPaHIl CKPABOCTI Cp 1 MPU LIbOMY 3HAYEHHSI CEPEIHBOT ICKPABOCTI Yy

CTOBOIISIX Ha BIJCTaHI JBOX IMIKCENIB 3J1iBa Ta CIpaBa Oijiblie 3a 110 rpanuito. Camy
TPAHMUIIIO SICKPABOCTI aHAJIOTIYHO BU3HAYAEMO 32 CEPEIHBOIO SICKPABICTIO
c? = kP~ ci(B) (1.5)
ne 0 < kP < 1 — koedimieHT, a N — mupHHA 300paKEHHS CIOBA.
YMOBa Mi>KCHMBOJIBHOT TPAHUII TeTep BU3HAYAETHCS HACTYITHUM YHHOM:
(c; < c®IA((ciz > ®IV(cisz > ) (1.6)
VY pesynbTaTi 3 MOMNEPEHbO OTPUMAHOIO CHHCKY W, BUIydaemMo CTOBOIL,
CepellHd SICKPaBICTh SAKUX HE 3aJ0BUIbHSE BH3HA4YeHIH yMOBI. TakuM YHMHOM
OTPUMYEMO 300paXEHHS OKPEMHMX CHUMBOIIB, IO MOXYTh OyTH HepenaHi is
0e3nmocepe/IHbO PO3IMi3HABAHHS.
J171st 1bOro MO’KHA BUKOPUCTOBYBATH [TOBHO3B’ SI3HY IUITYYHY HEHPOHHY MEpPEXY
(muB. puc. 1.4), mo ckIagaeTbCcs 13 BXIAHOIO, BUXIJIHOTO Ta MPUXOBAHOTO IIApIB.

BxigHuit map ckiamaerbcs i3 N*M HEHPOHIB, A€ N — BUCOTA 300pa)K€HHs, a M —
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mrprHa. BuxigHii map, BianoBiaHo, i3 K Heliponis, ae K — posmip andasity. Buxiz

HEHPOHIB OJTHOTO IIapy € BXOAOM JUIsl 1HILIOTO.

Xz

X ¥
X yr
Pucynoxk 1.4. [ToBHO3B si3Ha HEHPOHHA MEpeKa
MaremMaTH4HO HEWpPOH — 3BAKEHUH CyMaTtop, y SKOTO €IUHUN BHUXIJ
BU3HAYAETHCS YEPE3 MOr0 BXOIM Ta MATPULIIO Bar HACTYITHUM YHHOM:
— — n
y = fu),u =Xz wix; + woxg (1.7)

JIe X; Ta W; CUTHAJIM Ha BXOJlaXx HEWpOHIB Ta Baru BXOMiB. [Ipu mpomy QyHkIis U
HA3WBAETHCS 1HIy KOBAaHMM JIOKAIBHUM 10JIeM, a f (u) — pyHKIis akTuBaiiii. MoKuBi
3HAQUEHHS CHWTHAiB Ha BXOJaX BBaKalOTh 3agaHnMu Ha idTepBam [0,1] Ta
BU3HAYAIOTHCS K JUCKPETHI UM K aHamorosi. [logaTkoBuil BXiJ X, Ta BIAMOBIIHA
oMy Bara Wo BUKOPHCTOBYIOTHCS IJis IHILIai3alii HEHpoHy. Y sKOCTI (yHKIII
aKTHBAIlll MOXXHa BUKOPUCTOBYBAaTH, HANpPUKIAd, CUTMOiNalbHY (QYHKI[IO, 11O €
MOHOTOHHO 3pOCTal0u00, BCIOAM IU(EPEHINIMOBAHOI0 Ta JO3BOJISIE TMOCHITIOBATU
ci1a0Ki1 CUTHAJIM Ta HE HACUYyBaTUCA B1Jl CUJIbHUX.

J171st KOpeKTHOT poOOTH HEMPOHHY MEPEKY BapTO HaBUYMTH. OJTHUM 13 METOIB €
METOJI 3BOPOTHOTO TIOIIMPEHHS TOMIIKA. FIOTo imes momsrae y MOIMpeHH] CUrHATIB
NOMWJIKM B1JI BUXOIB Mepexi A0 ii BXOJIB, y HampsMi, IPOTHICKHOMY HPSIMOMY
MONIIMPEHHIO CUTHAJIIB Yy 3BUYaliHOMY pexxkumi pobotu. Llelt meron € moaudikaiiero
KJIACHYHOTO METOJly TpaJl€eHTHOTO cmycky. Ilicis HaBuaHHsS Mojem ii MoOXHa

BUKOPHUCTOBYBATH JISI PO3ITi3HABAHHS.
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B3arani HaBuaHHA HEWPOHHOI MEpPEXi 3BOJUTHCA 1O BHU3HAYEHHS 3B S3KIB
(cuHarnciB) MI>K HEHPOHAMU 1 BCTAHOBJIEHHIO BaroBUX Koe(iuleHTIB. [Hakme kaxyyu,
CWJIM 1uX 3B’A3KiB. CIIPOIIEHO, aJIrOPUTMU HaBYaHHS HEUPOHHOI MEPEX1 3BOJATHCS
0 BU3HAYEHHS 3aJ€KHOCTI CHJIy 3B 43Ky HEWpOHIB BiJ YHUCIIa MPUKIAAIB, IO
HiATBEPKYIOTH 110 3aJICXKHICTD [4].

['enepariis TpeHyBajdbHOI BHUOIPKU 3IIMCHIOETHCS NUISIXOM 3aCTOCYBaHHS
CIIOTBOPEHUX 300paKeHb, CHMBOJIIB MIPUQTY, IKU BUKOPUCTOBYETHCS y TEKCTaX, M0
posmizHatoThes.  Cepen  omepailiii  COOTBOPEHHST MOXHA BHJUIMTH — OIeparlii
MacimTabyBanas (6e3 30epekeHHs MPOTOPIi BHUXITHOTO 300pa)KEeHHS), OO0pi3Ka
KOPJIOHIB 300pakKeHHs O BCIX T'PAHUILISX, ONepallii MOBOPOTY 3 MEBHUM KPOKOM Ta
3alryMiIeHHS 300paxeHHs: cumBoily. [lepeBara Takoro crnoco0y miArOTOBKU IMOJISITAE Y
BIJICYTHOCTI HEOOX1THOCTI BPyYHY MPOCTABISATH MITKH KJIaciB 300paKe€Hb, TOMY IO

3aBXK/IM B1JIOMO 300pa)KEHHS SIKOTO CUMBOIIY OOpOOIIIOETHCS B TaHUH MOMEHT.
1.2.3 [lepeBaru 3ropTKOBUX MEPEX IS 3a7a4 pO3Ii3HABAHHS

Bukopucranus TpaauiiitHOro 0araTomapoBOrO TMEpCenTpoHa M 3ajaad
po3mi3HaBaHHsA Mae psja Bu3HaueHWX HenomikiB [5]. Cepen OCHOBHHX MOJKHA
BUJIIJIUTH.

- Benuka po3MipHiCTh BXITHUX 300pakeHb MPU3BOAUTD JI0 MIBUKOTO 3pOCTaHHS
KUTBKOCTI HEHPOHIB Ta MEPEKEBUX CHHANTHYHMX 3B’s3KiB. Pazom 13 1iuM mae
30LTBIIMTUCSA 1 HaBYajbHA BHOIpKa, a 3a HEIO — Yac 1 CKIAIHICTh TPOIECY
HABYaHHS.

- IrHOpYyrOUM MeTy HaBYaHHS, KOMIIOHEHTH BXITHOTO IIapy MPEACTABISIOTHCS Y
JTOBUILHOMY MOPSAKY. TakuM 4YMHOM (PAKTUYHO TOMOJOTIS BXIIHUX JTAHUX HE
BPaxOBYEThCSA, MPOTE HACMIPaBAl BXIJHI 300paKEHHS MalOTh BHU3HAYEHY
JIBOBUMIPHY CTPYKTYpY, JI€ HasiBHA 3aJIEKHICTh MDK CYCIIHIMHU MIKCEISIMHU 3
IIPOCTOPOBOI TOUYKH 30Dy .
3ropTKOBI HEHPOHHI MEPEXi, 10 3aTOYEHI IS PO3Mi3HABAHHS JTBOBUMIPHUX

MOBEPXOHb 3 BHCOKMMH ITIOKa3HMKAMH 1HBaplaHTHOCTI IOJAO PI3HOMAHITHUX

CIIOTBOPEHD, NPECTaBIAIOTh COOOK BapiaHT apXITEKTypu OaraTolapoBOTro
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MEepPCeNTPOHy, IO BKIOYAE y cebe Takl IIapu: 3ropTKOBi, cyOaeckpermsallii Ta
MIOBHO3B sI3H1. ApPXITEKTypa BUKOPUCTOBYE MEpPEBAard ABOMIPHOI CTPYKTYpU BXI1AHHUX
JAaHUX-300paX€Hb 3a JOMOMOIOK METONy JOKalbHOI 3B’si3HOCTI. [lpu 1pOMYy
BIIOYBAa€EThCA OOMEXKEHHS KUIBKOCTI 3B’SI3KIB MDK HEMpOHaAMU MNPUXOBAHOTO
3rOPTKOBOTO IIApy Ta BXIAHUMHU AaHUMH. KOXXHUU HEHpOH MPUXOBAHOTO APy
MOB’SI3aHUM TUIBKUA 3 OOMEXKEHOI JIOKAJIbHOIO (aJe Tako, II0 HE Ma€ pPO3PHUBIB)
JIISTHKOIO 300payKCHHSL.
Camy omnepailito 3ropTKi MOKHa 3a/1aTu (pOpMyJI0I0:
(f X g)[m, Tl] = Zk,lf[m - k,Tl - l]g[k, l] (18)
ne f — Buximna matpurs 300paxenHs, a § — siapo 3ropTku. OCHOBHA inest y
YepryBaHHI 3TOPTKOBUX Ta cyOauckperusyrouumx mapiB. Cama Mepexa €

OJTHOCTIPSIMOBAHOIO Ta GaraTomapoBoo (JuB. puc. 1.5).

Kapra Kapta
3HayeHb 1 Kapra 3HaUeHb3  ponra
3HayeHb 2 3HaueHb 4

BxiaHuit

gap BuxigHui

CyBAECKPUTM3OBAHMI CyBRECKPUTU30BaHMI

wap . wap
3ropTroBuiA

wap 2

3ropTKOBM
wap 1

Pucynox 1.5. ba3oBa cTpykTypa 3ropTKOBOT HEHPOHHOT MEPEXi

[HBapiaHTHICTH 10 CIOTBOPEHb, MAcCHITA0yBaHHS YU 3pYIIEHb JOCATAETHCS
3aBMISIKM HACTYITHUM KOHIICTIITISIM peai3amii:

- BxigHuii curHam BiJ MONEPETHBOTO IIAPY HA KOXKHHUM 13 HEHPOHIB #ae Bif
JOKATBHOTO pEUENTUBHOrO Tojig. Taka opraHizaiis J03BOJISIE JOCSTTH
JBOBUMIPHOI 3B’ SI3HOCT1 HEHPOHIB.

- IlpuxoBaHi mapu MarTh O€3i4 KapT O3HAK, J€ HEUPOHU MAalOTh 3arajibHi
(shared) Barwm. Ile Hamae iHBapiaHTHICTD J0 3MIIICHb.

- Ilicnst KOXHOTO 3rOPTKOBOTO IIAPYy A€ OOYMCIIOBAIBHUM, IO JIOKAIHHO
yCEpEeNHIOE Ta poOUTh MABUOIPKY. TakuM YMHOM 3MEHUIYEThCS PO3LIUPEHHS

KapT O3HaK.
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3ropTkoBa HEWpPOHHA MeEpeka BHUKOPHUCTOBYE CIUIbHI Bard, HaKJIaJalouu
IMTYYHE OOMEXEHHS Ha AITOPUTM HaBYaHHS 3BOPOTHIM MOIMIHUPEHHSIM TTOMIJIKH TAaKAM
YUHOM, 11100 KOKHUI HEWPOH MPUXOBAHOTO MIapy MaB Habip Bar, CHUILHUHN 3 IHITUMU
HEHpOHAMH IHOTO IIapy. Y BHIAAKYy MPSMOTO TONIUPEHHS MOMMIIKH TaKa Mepexa
BUKOHY€ MaT€MAaTHUHYy OTEPAIli0 3rOPTKU BX1THOTO 300pakeHHs HabopoM (PLIBTPIB,
0 HAJAOTHCSA BaraMu MPUXOBAHOTO mapy. [IpoMi>KHUMH pe3ysibTaTaMu MEPEKi €
KapTU O3HAK — JBOMIPHI MaTPHIl, IO MPEACTABISIIOTh COOOI0 PE3yNbTaT 3rOPTKU
OKpeMUM (LIBTPOM.

[Map cyOauckperusamii BHUKOHYE ONEpalii0 TPyHMyBaHHS KapT O3HAK,
PO3IIISIIAI0YM PETIOHM P XP Ta arperyoyu 3Ha4yeHHs, OTPUMaH1 y pe3yJIbTaTi 3TOPTKU.
TakyM YWHOM 3HUXKYETHCS BaplaTUBHICTh JaHUX, IO 3a0e3nedye CTIHKICTh 0
TPaHCIALIN JIOKATbHOI 03HAKH Yy MEXKax OKPEeMOTo PerioHy. 3a yMOB, KOJIM OJIHA 1 Ta
caMa O3HaKa € 3CYHYTOK Ha Jeski 3HaueHHS (4X, AY) y TpaHUIgX, IO HE
NEPEeBUIIYIOTh P,  BIANOBIAHMM  HEWPOH, IO  IHKANCYJIOE  JIOKAIbHY
CyOQMCKpEeTU30BaHy O3HaKy 300pakeHHs, Oyjae Bce Iie akTuBHUM. Lle 3a0e3neuye
1HBAp1aHTHICTh JI0 MPOCTOPOBUX CIOTBOPEHBL. Y SKOCTI arperyrodoi QyHKIII mapy
cyOauckperu3allii MokHa BUKOPUCTOBYBATH (DYHKIIIO BHU3HAYEHHS CEPEIHBOTO YU
MaKCHMaJILHOTO 3HAYEHHSI.

3aBAsSKM BUKOPUCTAHHIO JCKUTPKOX TO3MIHHMX IMapiB  3TOPTKA  Ta
cyOauckperusallii, 3ropTKoBa HEWpOHHA Mepexa JO3BOJIE  OTPUMYBATH
MPEICTaBICHHS, 1110 HE3aJeXHI BlJl KOHKPETHOTO PO3MIIIEHHS JOKAIbHOT O3HAKH Y
300pak€HH1 Ta OJITHAKOBUM YMHOM pearyBaTh Ha HEOOXiaH1 00 €KTH, 110 TPUCYTHI Ha
JOBUIBHOMY Micii 300pakeHHs. Omepatiisi 3ropTku 3abe3rneuye iHBapiaHTHICTH JI0
TPAHCIIAIIT JIOKATBHUX O3HAK IO OCSX, MPOTE BApTO MATH Ha yBasi, MO apXiTEKTypa
3TOPTKOBUX HEHPOHHUX MEpEeX He IMepeadadae CTIMKOCTI A0 I1HMMX adiHHUX

NIEPETBOPEHDb, TAKUX K 0OEpPTaHHS UM 3epKaJIbHE B11OOpaKEHHS.
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1.2.4 3anponoHoBaHa HEMpOHHA Mepeka Ta 11 BUKOPUCTAHHS

VY mporeci po3mi3HaBaHHS CETMEHTOBAHUX CHUMBOJIIB BHKOPHUCTAEMO 0a3oBY
MITYYHY HEWPOHHY MEPEXy 3 OJHUM NPHUXOBAHUM IIAPOM, SIKOI JOCTaTHBO JIJIsI
OTPUMAaHHSI XOPOIIHUX PE3yJbTaTH Yy PO3pi3l MOTOYHOTO 3aBAaHHS (quB. puc. 1.6).
[ToOynoBaHa Mepexa € TPUIIAPOBOIO MEPEKEIO MPSAMOTO MOIIUPEHHS, IS SIKO1 Oynie

BHKOPUCTAHO aJITOPUTM HaBUaHHA MCTOAOM 3BOPOTHOI'O IMMOINUPCHHA ITOMHWIIKH.

80

BxigHuA wap MpHXOBaHWA Wap EMXIQHWA Wwap

Pucynox 1.6. CtpykTypa Mepexi s po3Mi3HaBaHHS CUMBOJIIB 3HAKY

Ha Bxig 10 Mepexi CUMBOJI TIOJIAETHCS Y BUTJISAI1 JBOBUMIPHOTO MAacCUBY OLITUX
Ta YOPHHUX MiKceniB 13 300paxenHs. [lomepeaHro BCi MaTpuili TPUBOJAATHCS 0
cTaHgapTu3oBaHoro po3Mipy (30 Ha 20 mikcesniB), pO3MIITyIOUHd CHMBOJI Y BEPXHBOMY
J1BOMY KyTli MaTpHLI.

Pazom 13 1iuM, 11006 CIPOCTUTH aHaT3 CKIAIHUX CTPYKTYPHHUX OCOOIMBOCTEH
KO)KHOTO CHUMBOJIY, TaKl SIK TOYKH 3’ €THAHHS, peOpa Ta MUKIH, KO)KEH CUMBOJI TAKOX
MIPOXOAMTH MpoIiec moToHIIeHHS 3 BukopuctanusM NWG anropurmy.

Enementn Matpuii 30epirarotbes y BxigHomy MacuBi X[K]. Takum umnHOM
PO3MIPHICTh BXITHOTO BEKTOPY piBHA KIJIBKOCTI €EMEHTIB MaTpPHUIIl 13 CUMBOJIOM, 110
1 BU3HaUa€ KUIbKICTh HEHPOHIB BXimHOTO mapy. Takum unHoM k = 30 * 20 = 600.

OnTuManbHUN pO3MIp TPUXOBAHOTO MIAPYy 3a3BUYAM 3HAXOJUTHCS MIXK

pO3MipaMy BXIIHMX Ta BUXIJHUX IIapiB a00 MOKe CTAaHOBUTH 2/3 po3Mipy BX1AHOTO



27

Hiapy IUIIOC po3Mip BUXIOHOro. TakMM YMHOM NPUXOBaHUM IIap OyB BU3HAUECHUMN
po3mipom y n = 300 HelipoHiB.

Po3mip BUXIZHOTO IIapy BHU3HAYAETHCA  KUIBKICTIO  CHMBOJIB, IO
BUKOPHUCTOBYIOTBCSL Y YKPaiHCBKMX HOMEPHMX 3HaKax craHjaptHoro tumy. Lle 12
aitep andasity Ta uudpu Bix 0 10 9. TakuM YMHOM PE3yIBTYIOUMI po3MIp — m =
22 HEWpOHHU.

Ha erami TpenyBanHs Oyno Bukopuctano 30 3pa3kiB KOXKHOTO 13 CHMBOJIIB, 1110
3arasioM ckiagae 660 HaOOpiB TECTOBUX JaHUX. 3alpONOHOBAHA Mepeka MpouIa
500 iTepariit 4711 KOKHOTO HAOOPY y MpoItieci mia00py mapaMeTpiB AJisk KOKHOTO IMIapy.
Taxum ynHOM OyJo BukoHaHo 330,000 iTeparriii st BXigHUX 660 HAOOPIB.

[Ticns 3aBepiIeHHS HABYAHHS MEPEXK1 Ta OTPUMAHHS BiJNIOBIIHUX 3HAYCHb Baru
KOXHOTO 3 HEHPOHIB, BOHM BUKOPHCTOBYIOTHCS JJIsl pO3Mi3HABAHHS HOBUX CUMBOJIB,
BUJIAIOYH Pe3yibTyrounii Macus Y[mM]. SIkimo Mepexa HaBueHa MPaBUIBHO, TO OJIHE 31

3Ha4Y€Hb BEKTOPY OyJ/ie MaTH 3HaYCHHS, 10 OJIM3bKE 0 OJIMHUIIL, & IHII — 10 HYJIS.
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PO3/ILI 2
MPU3HAYEHHS TA BUMOT'H 10 CHCTEMHA

2.1 Tlpu3HayeHHsI TA MeTa MPOrPaMHOI CHCTEMH

[Ipusnauenns noaarky «Parking Control» mossirae B Tomy, 1100:

- 3a0e3MeynuTd TPOMaJsIHaM MOXKJIMBICTh Yy 3pYy4YHil Ta JOCTymHid Qopmi
MOBITOMUTH BIIOBHOBAKEHUM CITy>K0aM 11010 aKTiB HE3aKOHHOTO MapKyBaHHS,
HaJIaBIIIA YCIO HOPMATUBHO 3aTBEPKEHY 1H(OpMaIIiio;

- HaJaTu MOXJIMBICTh €KCIIEPTaM €BaKyaliiHO1 CITyKOU ONepaTUBHO aHANI3yBaTU
HaJlaH1 3BITH Ta BIJMOBIIHUM YMHOM pe€aryBaTH Ha HUX;

- BBECTH CHCTEMY aaMIHICTPYBaHHS JIOACHKMX Ta TPAHCIOPTHUX PECypcCiB
CITy’KOM Ta aHAIITUKN €(PEKTUBHOCTI pOOOTH;

- HaJaroJuTH MEXaHi3M B3aeMOJli BiAJILTy OOpOOKM 3BITIB 3 €BaKyallMHUMU
eKiMmakaMu Juisi €heKTUBHOTO 1H(QOPMYBaHHS Ta PEaKIIii.

Metoro mporpaMHOi CUCTEMY € 3MEHIIEHHS KIJIbKOCTI BUIAJIKIB HE3AKOHHOTO
NapKyBaHHs Ta MIJIBUILEHHS €()EeKTUBHOCTI poOOTH €BaKyalliHUX CIyXO0 3a cranoi
KUIBKOCT1 pecypciB. [Ipu ycminmHoOMy BOpOBaJKEHHI Ta 1HTErpallii 3 BiAMOBIIHUMH
ClIy>k0aMu, T€ YM 1HILIE MICTO Ma€ MOXKJIUBICTh HAJTAIITYBAaTH €(EKTUBHY CITIBIIPAIIO 3
rpoMajsiHaMM, 3HAYHO TiJBUIIUBIIN MPOAYKTHUBHICTh pearyBaHHS 1 TaKUM YHHOM
3a0€e3MeUrTH BULLY SKICTh KUTTS rpoMajsiHaM 0e3 MaciuTaOHUX ()iIHAHCOBUX BIIMBaHb

Ha pepopMyBaHHL.
2.2 OyHKIiOHAJbHI BUMOTH 10 CHCTEMH

Buxoasum 13 omucaHoi MeTH Ta NPU3HAYEHHS MPOTPaMHOI CHCTEMH JIsi
MPOEKTYBaHHS (PYHKI[IOHATBHUX BUMOT OYyJIO BUJIUIEHO YOTUPHU OCHOBHI M1JICUCTEMHU

- aJMIHICTpaTOpa €BaKyaIliiHoi CIyK0u;

00pOOHUKA 3BITIB,;

€BaKyaIliiHOTO EKIMaxy;

rpomMajissHuHa.
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Bumorn 3agaBanucs y TOMy YMCIl HUIIXOM CTBOPEHHS Jlarpam IpeLe/IeHTIB
(muB. momatok A). Jami y po3autl HaBeneH1 (popmaiizoBaHl (PyHKIIOHATBHI BUMOTH
1010 KOYKHOT 13 M1JICUCTEM.

AJMIHICTpAaTOp €BaKyalllHOI CIy>)KOM MOBMHEH MaTH IIMPOKI MOMIJIMBOCTI
I0JI0 YIpaBJIIHHA pecypcaMu Ta aHajiizy poOotu cmyxOu. Bignmomimni (yHKIT
HaBeJlleH1 y Taou. 2.1.

Tabmuns 2.1

OyHKITIOHATHHI BUMOTH JI0 MiICHCTEMH aIMIHICTpaTOpa

OyHKITISA 3aB/laHHS

MOXXITUBICTH nepersiay iHpopmarrii 3a
AHai3 CTATUCTUYHUX | HACTYITHUMHU TOKa3HUKAMH: CKUIbKH 3BITIB 3 SKHX
MOKAa3HUKIB pOOOTH | pailoHIB OyJI0 OTPUMAHO, BIJICOTOK IMATBEPIKCHUX Ta

CITy>KO0H 3aBEPIICHUX 3BITIB, MepCOHAIbHA CTaTUCTUKA

edeKTUBHOCTI OOPOOHHUKIB Ta €BaKyalllMHUX EKIMaXiB.

o JonaBaHHhs, BUJIAJICHHS, penaryBaHHs,
AJIMIHICTpYBaHHS
. NpU3HAYeHHs Ha pailoHn OOpOOHWKIB 3BITIB Ta
JIOJICBKUX PECYpCIB
€BaKyallMHUX CMiBPOOITHUKIB, POPMYBaHHS €KINaXIB.

. JonaBanHsi, BUAAICHHs, peAaryBanHs iHGopmarlii
YrpaBiiHHA '
. IIOJI0 €BaKyalllHWX MalluH Ta iX XapaKTepPUCTHK.
TEXHIYHUMU pecypcamu
[Ipu3HaueHHsT MalUH 10 TOTO YM IHILIOTO TOIMEPETHBO
eBaKyallii
c(hOpPMOBAHOTO EKIMaXY.

OOpoOHUK 3BITIB Y CBOIO UEPTy BIIMOBITATHHUI OE3MOCEPEIHBO 3a aHAJI3 Ta
ompaloBaHHs 1HGOpMaIlii, 0 HAJAXOAUTH BiJ rpoMajsH. DYyHKIIOHATbHI BUMOTH
110710 1i€1 MiACUCTEMHU BioOpaxkeHi y Tadiu. 2.2.

VY cBow uepry miacucTeMa TpOMaJsHUHA Ma€ HaJaTh MOMY MOXIMBICTh
chopMyBaTu Ta BIAMPABUTH BCIO HEOOXiaHY 1H(pOpMaIlito A0 cucTteMu. Y Tadm. 2.3

MpeCcTaBIeHH] HeoOX1/TH1 (PYHKIIIT 11010 IILOTO MPOIIECY.
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Taomuns 2.2

OyHKIIOHAIBHI BAMOTH JI0 MiJICKCTEMU 0OpOOHUKA 3BITIB

OyHKIIA

3aBaaHHA

Po6Gora 3 mpodinem | mpo cebe, meperyisim OCOOMCTOI CTATUCTUKU — IOJO

VY1paBiiiHHS OCHOBHOIO KOHTaKTHOIO 1H(POpMAITIEIO

NPU3HAYEHUX 3BITIB.

[lepernsa mpu3HaueHux | Oynu  ompainpoBaHi, (uIbTpamis 3a  OCHOBHUMH

3BITIB

[lepersnsin 3BITIB, 110 MOTPEOYIOTH 0OPOOKH UM BAKE

ITIOKa3HUKaMH, BI/I6lp KOHKPCTHOTO I ACTaJIbHOI'O

OTIpAIFOBAHHSI.

O6poOka 3BITY

[lepernsin Hamanoi iHdopMmamii 1IO0J0  3BITY:
iHpopMallis PO JIOKAaliio, BOIS, MaHOpaMHi (HOTO
IpaBOMOPYIIEHHS. MOXKJIUBICTh BIJAMOBIIHOI peaKITli:
BIJIMOBA Yy BHIIAJIKy BIJACYTHOCTI MPaBONOPYIICHHS 3a
JYMKOIO TpalliBHUKa (3 HaJaHHSM apryMeHTaIlli) 4u
MIATBEPIPKEHHS 3BITY 13 MOXKJIMBICTIO HOTO MPU3HAYCHHS
70 eBakyaliiHoro eximaxy. Ileperyisam ictopuaHOi

1H(popmaii o0 yxe o0poOJeHUX 3BITIB.

Taomus 2.3

OyHKIIOHATHHI BAMOTH JIO MiICHCTEMHU TPOMAJITHUHA

OyHKIA 3aBaaHHsA
Po6ora 3 YrpaiiHHA OCHOBHOIO KOHTAKTHOIO 1H(OpPMALII€I0 PO
npodiieM cebe, mepersisii 0COOMCTOT CTATUCTUKH 1010 HAJaHUX 3BITIB.

3BITyBaHHS 1010

IIPABOTOPYIICHHS

Hananns HACTYIHOI 1HdopMmarrii 1010
IIPABOIOPYICHHS: doTo HOMEDPIB aBTOMOOLIS
MPaBONOPYIIHUKA, (OTO MaHOpPaMH, MICIE€3HAXOKEHHS Ta

OTITIOHAJIbHA JIOJIATKOBA 1H(GOpMAITis.
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MoOXIUBICTh TIEperasgaTd 1H(GOpPMAIliI0 MO0 TOTO,
[HpopmyBaHHs | AKMI BUCHOBOK HaJaB €KCIEPT BIANOBIAHOIO 1O TOIO YU
II0JI0 pe3YyJbTaTIB | IHIIOTO 3BITY: y BHUIAJIKy BIAMOBU — IMPUYHMHA, y BHUMIAAKY
00poOKHU MIATBEPHKEHHS — 4K OyJI0 BIJIMOBIIHE pearyBaHHs y BUTJISII

eBaKyarlli aBToM0oO1JIsI MPaBOMOPYIITHUKA.

OcCTaHHBOIO BHUJIJIEHOIO Y TMpoiieci (popMyBaHHSA (PYHKI[IOHAIbHUX BUMOT €
MiJCUCTEMa WICHA eKIMaxy eBakyariinoi koMmanau. CdopmoBaHi (yHKITIOHAIBHI
BUMOTH 30Cepe/KEH1 y Ta0. 2.4.

Taomuis 2.3

OyHKIIOHATHHI BUMOTH JI0 TiICHCTEMH TPAI[iBHUKA €BaKyaIlii

OyHKITISA 3aBaaHHs

VY1paBiiiHHS OCHOBHOIO KOHTaKTHOIO 1HPOpMAITIEI0
. npo cebe, Teperjsag OCOOUCTOI CTAaTUCTUKH  IIOJO0
Po6ota 3 mpodirem . ) o
NPHU3HAYEHUX 3BITIB, CKJIaQy CBOEl e€BaKyaridHOi

KOMAaH/IM Ta aBTOMOOLIIB Y PO3MOPSIKEHHI.

[lepernan npu3zHadyeHWX 3BITIB, QUIbTpaLis 3a

Po6oTa 3 OCHOBHMMHM  IIOKa3HMKaMu. MOMKIMBICT,  HaJaHHS

MPU3HAYEHUMU iH(dopmalii Npo BUKOHAHHS TOTO YW 1HIIOTO 3BITY YU

3BITaMM HaJaHHS TIOSCHEHHSI BITHOCHO TPWYWUH HEMOXJIHMBOCTI
eBaKyarlii.

2.3 HedynkuionajabHi BUMOTH

JoctynHictb. KoxkHa 3 KOpUCTYBalbKUM I1JCUCTEM Ma€e OyTH AOCTYNHA Y Oy/b-
AKUW 4ac. Y BUMAJKy 3alJTaHOBAHUX TEXHIYHUX POOIT YK aBapiiiHUX CHUTYyaIlil,
KOPHUCTYBaudl CUCTEMHU MarOTh OTPUMYBATH BIJNOBIIHE CIIOBIIIEHHSA, a caM AOCTYI A0

M1JICHCTEM TTOBUHEH BITHOBUTHUCS BIPOIOBXK J00U.

besneka. [loctyn a0 miacucreM mMae BiiOyBaTUCS BUKJIIOYHO MICHS YCHIIIHOL

ayteHTtudikaiii kopucrtyBauda. CeciiiHi TOKEHH Ta KJIFOY1 Ha CTOPOHI KITIEHTA MalOTh
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OyTH HEJOCTYMHUMHU JIO TMPOTPAMHOTO 3YMUTYBaHHSA. BiamoBigHI mporpamHi
3armoO1>KHUKHN MaloTh OyTH po3pobiieHi st 3axucty cucreMu Bijg XSRF ta XSSI arak.
Mae OyTu 3a0e3neueHa MOXKIUBICTh OJI0KYBaHHS KOPUCTYBaya JOBUIBHOI M1JICUCTEMH.
[Ipu mpoMy OOMEXEHHS IOCTYNY Yy PEKHMI pEaJbHOTO 4Yacy HE € KPUTUYHUM, a
BIJIMOBITHA PEAKITisl KIIIEHTCHKOT MIJICHCTEMHU Ma€ B1A0YBATHUCS TPU HACTYTHOMY ITiCIIs
onokyBanHs 3anuTy Ha APl 3araapHoro cepsepy cuctemu. KoMmyHIKaiis Mix
MiJcCUCTEMaMUd Ma€ BiIOyBaTUCS BUKIIOYHO Ha oOcHOBI 3axumienoro HTTPS

MPOTOKOJTY.

Jlokamizars. Iarepdeiic Mmae OyTH JOCTYMHUM YKPaiHCHKOKO Ta aHTJIIHCHKOIO
moBamu. [Ipu npomy 3a171s1 3anmo0iranHs po301KHOCTEHN Yy TpaKkTyBaHH1, 3HAYEHHS AT

y paMKax CUCTeMH BioOpaxkatoTbcs y MikHapogHomy dopmati — YYYY-MM-DD.

[TponyxTuBHicT, Ta mBHAKOMAIA. CTaHmapTHa KOH(ITypaiis CHUCTEMHU Mae
BUTPUMYBAaTH oJHOYacHy po6oty 10 ekcriepTiB Ta aBToMaTU4Hy 00poOKy 20 HagaHUX
rpomMajasiHaMu 3BiTiB. IIpu 11poMy vac Bi1oOpaXk€HHS Ha/IaHOTO TPOMAISTHUHOM 3BITY
y eKCIEPTHIN MiACUCTEM] HE Ma€ TIEPEBUIIYBATH S XBWIUH. PeTpocrieKTUBHUN TEpMIH

30epiranHs 00poOJICHUX 3BITIB — 6 MICSIIIB.
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PO3/ILI 3
PEAJIIBALIISI CACTEMHU «PARKING CONTROL»

3.1 Po3po0ka Oi3Hec-npoieciB Ta apXiTeKTypH NPOTrPaMHOI CHCTEMH

VY xoxai BUOOpY MIAXO/IB 10 MOOYTOBU KIIIEHTCHKUX THTEPQEICIB, 10 MaIOTh
HaJaBaTH 3aJjaHui y BUMoTrax (yHKI10HaI, OyJ10 chopMOBaAHO J1BA MOJIOKEHHS

1. lns rpoMansH Ta WICHIB €BaKyal[iiHOI KOMaHIW HaWOLIBII BIATUM
IHCTPYMEHTOM ISl B3aEMOJIIT 13 CUCTEMY € MOOUThHUM TenedoH, 1Mo Hapasl y
OUIBILIOCTI € i pyKoro. Pa3oM 13 nuM aganTuBHI BeO-CaliTH 4acTo HE HAJAIOTh
TOI'0 HATUBHOTIO JIOCBIy KOPHUCTYBaHHS, IK MOOUIbHI I0JIaTKHU.

2. Insi oO6poOHUKIB 3BITIB Ta aaMIHICTPaTOpiB Mae Miclie OUIbII cepio3He
pIIIEHHsI, aJKe IM HaJlaeThCsl OUTbIe PyHKIIIOHAIbHE HaBaHTaKEeHHS. OCKUIbKU
JIECKTON PIllIEeHHs MOTPeOyIOTh OMEpallifHUX MOTYKHOCTEH Ta J0JaTKOBHUX
KPOKIB JUIsl BIPOBA/DKEHHS Ta MIATPUMKH, T[€peBary cCiij HajaTH
1HTEpaKTUBHOMY BeO-/10JaTKY.

Takum uuHOM, 1HTEpdeiicu B3aeMOJlli KOPUCTYBayiB COPMOBAHI Yy BUTIJISI
JIBOX KOMITIOHEHT. BE0-101aTOK Ta MOOUILHHN JT0IATOK.

Buxonsuu 13 aHanizy npeaMeTHoi o0siacTi Ta (YHKIIOHATBHUX BUMOT OyIi0
PO3pO0IEHO apXiTEKTYypYy, 110 IPOIEMOHCTPOBaHa Ha puc. 3.1.

3aranbHU aJTOPUTM POOOTHU CUCTEMU MOXHA OMKMCATH HACTYITHUM YHMHOM

1. I'pomansana Hamae nani. Yepes APl moctymy mo maHuX, CTBOPIOETHCS 3BIT Y
0a31i gaHux cucremu. Pazom i3 1um (OTO MaHOpaMHu Ta HOMEPY aBTOMOO1IsS
3aBaHTaXyrOThcs 10 Azure Blob Storage. YwikanpHmii ineHTH}IKATOP 3BITY
CIIBMaJa€ 3 IMEHaMHM 3aBaHTAXKECHHUX JI0 cXOoBHIIa ¢oTorpadiii. Bin € ocHOBHUM
KJIIF0YeM JIoCTyIry Ao iHdopMmanii mojo 3BiTy sk y Blob Storage, tak i y 6a3i
JTAHUX CUCTEMHU.

2. 3aBantaxkeHHs Qaiiny mo Blob Storage axtuBye Bukonanns Azure Durable
GbyHKIII1, 10 BUKOHY€E HACTYITHI KPOKH: TIepeiae 3aBaHTaXeHEe (POTO HOMEPHOTO
3HaKy o Azure Cognitive cepBiciB, 1110 BUKOHYIOTh PO3ITi3HaBaHHSI HOMEPHOTO

3HAKy Ta MOBEPTAIOTh PO3Ii3HAHE 3HAYEHHS. 3a IMM HOMEPOM HacTymnHa Azure
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byHKIIST poOUTH 3amUT 10 JAEP’KABHOTO PEECTPY Ta 3HAXOAMUTH JIaHl IPO
aBTOMOOLUIb Ta Horo BiacHuKa. [licng yoro 3amucye naHi A0 0a3u CUCTEMH,
BUKOPUCTOBYIOUH YHIKATBHUHN 11€HTU(IKATOP, 1110 HAJAHUA IOTOYHOMY 3BITY.
3. Ilicna momepenHix ABOX KPOKIB MU OTPUMYEMO OCTaTOYHO C(HOPMOBaHI JaHi
oJ0 3BITY y 0a3l JAaHUX CHCTEMH 1 TaKUM YHHOM BeO-I0JaTOK Haaae
iHhopmanito oOpoOHUKY. Y ToOii e uac (HOTO maHopamu OepeThes
oesmocepennbo 3 Blob Storage, nme # Oyj0 mMOMEpPEeaHBO PO3MIIIEHO.
OmnpairroBanHs 3BITY BiIOyBa€ThCs IUIAXOM O€3MOCEpeHbOi B3aeMOJIIi BeO-
0MaTKy 3 0a3yro TaHuX CUCTeMHU, ajike okpemoro APl moctymy, sik Hanpukiazn

JU1s1 MOOLIBHOTO JIOJATKY, B€O-0/1aTOK HE TOTpeOye.

%] %]

«30L Databases «AZure Storage Accounts
State register Reports Photo Storage

Protocol: Get registration Protocol: Manage report
ADO.NET data HTTP photos

> o

Hl 2] 2]

«Azure Functions ==Mobile App== ==App Service==
Recognition Worker Citizens/Crews mobile app Evacuation Service Web App

>

o

Application Data
Service Interface

Protocol: | Send photo for Protocol: HTTP

HTTP recognition

—(—

Manage

E E application data E

«Azure Cognitives =<<App Service== «3QL Databasex
Component Data Access API Application database

Protocol:

ADO.NET

Pucynok 3.1. ApxiTekTypa porpaMHoOi CUCTEMU

Po3pobnena apxiTekTypa, 3aBIASKH CBOIM MOJIYJBHOCTI Ta €JIEMEHTaM
0e3cepBepHUX 00YHCIIEHb Y BUINIsAL AzZUre pyHKUIN, JO3BOJISIE OTPUMATH €(PEKTUBHY
CUCTEMY, III0 3/]aTHA JIO JIETKOTO PO3IIMPEHHS SK 3 TOYKU 30py HABAHTAKEHb, TAK 1
II0JI0 PO3LIMPEHHS TUX Ol3HEC-MIPOLECIB Ta JIOTIKH, 1110 BOHA MiATpUMye. B minomy,
IIPY HAKOMMMYEHHI JOCTAaTHHO BEIWKOI KITBKOCTI CIUIBHOI JIOTIKA JOCTYMY JO JTaHHUX
MK BeO-momatkoM Ta APl MoO1IBbHOTO 10AaTKy, MOXJIMBUM BapiaHT 3 MOBHUM il

nepeneceHHsM 10 API, 1o B cBoto uepry 103BOJUTH M030aBUTHCS TyOJIOBaHHS Ta
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1HKAICYJIOBaTH JIOTIKY JocTymy. Lle y cBoo uepry HajgacTh 3MOTY JIeriie J0/1aBaTu
HOB1 KOPUCTYyBallbKi 1HTepdeicu B3aeMO/li, aJl>Ke BOHU HE MaTUMyTh HEOOX1THOCTI
peai30ByBaTH JOTIKY B3aEMOIIT 3 JaHUMHU.

be3nocepenHbo po3noAll eramiB mpoiecy 0OpoOKH 3BITY MIXK CaMOCTIMHUMH

MpOrpaMHUMU Ta 1HPACTPYKTYPHUMH TIiICHCTEMaMH 300pakeHo Ha puc. 3.2.

......................

1. Citizen submits an

offense report

. 'Recognition .
module

oooooooooo

2. Recognition of the
provided license plate
photo

h
3. Obtaining the
regisiration data of
the offender and the
vehicle

4. Processing of the

. |report by an expert of
the evacuation
Senvice

oooooooooooo

----- Citizen subsystem « « « « « «

7. Information about the Y .
results of processing the (2
report is provided to the |7

citizen.

ooooooooooooooooooo

6. The crew receives

information about the

assigned report and
periorms the
evacuation.

A

Crew
® =*
subsystem

++++++++++++++++++++++++++++++++++++++++

ooooooooo

5a. The expert assigns a
report to the available
crew to carry out the
evacuation.

es

5b. Supplement the

Is there an report with the reason

offense?

fior the rejection.

M .
................................................. Expert subsystem. « « « =

Pucynoxk 3.2. [Iporec 06poOKk#H 3BITY y pO3pi3i MiICHCTEM
3.2 IlpoekTyBaHHA 0a34 JaHUX CHCTEMH

CrtBopeHHs1 0a3u JaHUX, 110 BiAMOBiAasa O OCHOBHUM BHUMOTaM MPEAMETHOI
o0JacTi Ta Ha PAAY 3 UM Maja 3pydHy JUIsl IPOTPaMHOT B3aEMO/IIT Ta ONTUMI30BaHY
CTPYKTYPY, BiIOyBaJIOCS MIISTXOM BUKOHAHHS HACTYITHUX €TalliB:

1. JlonaTkoBU# aHaJi3 TPEAMETHOI 00JIacTi, MO JO3BOJISE BUIUTUTH OCHOBHI

CYTHOCTI Ta 3pO3YMITH CTPYKTYpPY iX B3a€MO/II.

2. Etam iH(ooriYHOT0 IPOSKTYBAaHHS, IO MOJISITAE Y YaCTKOBO (DOPMaTi30BAHOMY
onuci 00’ €KTIB MPEAMETHOT 00JIacTi y TepMiHAX JESKOI CEMaHTUIHOT MOJIEII.

3. Jlaranoriuae mpoeKTyBaHHSI.

4. ®13u4He MPOEKTYBaHHs, TOOTO BIOOpaKEHHS JIOTIYHOI CTPYKTYpH 0a3u JaHUX

y CTPYKTYpY 30€piranHs.
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3.2.1 Anani3 npeaMeTHoO1 00macTi

Y gaxocti migxomy OyB oOpaHUl KOMIIPOMICHHI BapiaHT 00’ €IHAHHS
(YHKIIIOHAJIBHOTO Ta MPEAMETHOTO MIAXOdY.

3 oxHOTO OOKY YK€ Tepe]l €TarioM MPOEKTyBaHHs 0a3u JaHuX, OyJH BiJIOMI
(GyHKIIIT Ta KOMIUIEKCH 33/1a4, JJ1s 00CITyrOBYBaHHSA SIKUX CTBOPIOEThCS 0a3a JaHMX Ta
OyJi0 BHIAUIEHO MIHIMAIbHUI HaOlp 00’€KTiB MpeaMeTHO1 o0macTi mia 1ei onuc. 3
1HIIoro OOKy, NMpH BHUJIJIEHHI CYyTHOCTEH Ta B3a€MO3B’S3KIB NpUIUISIIacS yBara
MOXJIMBOCTI ~ MOJANBIIONO  PO3LIMPEHHS TMPOrpamMHOi  CUCTEMH  J10JaTKOBUM
¢byHITIOHATOM.

Buxonsun 13 mpeamerHoi oOmacti Ta Oi3HEC-NMPOoIeCy, IO aBTOMAaTH3YEThCS
CUCTEMOT0, OyJIH MOCTIA0BHO BUIUICHI CYTHOCTI 06a3¥ TaHUX CUCTEMH, IO TIOKPHUBAIIN
3aJ1ayi, ONKCaHl y PyHKIIOHAIbHUX BUMOTax (AuB. Tadi. 3.1).

Taomuis 3.1

OcHOBHI CyTHOCTI 06a3u JaHUX CUCTEMH

CyTHICTB Onuc

CykynHictb  1H(popMalii, 10  HAJAAEThCSH
3BIT rPOMAaISTHUHOM 1010 3a(pikcoBaHOTO

IpaBOMOPYIIEHHS. € IIEHTPATbHOIO CYTHICTIO CUCTEMH.

OcHOBHI JaH1 TPO aBTOMOOLTH Ta HOTO BIIACHUKA,

[IpaBonopyiHuK
HE0OX11H1 151 0OpoOKHU Ta eBaKyailii.
OG6po6HUK CyTHICTB, 1110 BTUTIOE 0CO0Yy 00pOOHHUKA 3BITIB.
EBakyariitnuit CyTtHicTh, 1O BTUIIOE 0cO0y CHiBpOOITHUKA
CHIBpOOITHUK €BaKyaIliiHol CITy»OH, IKUM 3aiMaeThCsl €BaKyalll€ro.

O0’eqHanHA IEKLIBKOX eBaKyaIiHux
_ . CHIBpOOITHHMKIB, II0 YTBOPIOE KOMaHAy Ta €
EBakyaniinui eximax . . .
0e3nocepelHbO CYTHICTIO, SIKIM MPU3HAYAETHCS 3BIT 10

BUKOHAaHHI.

EBakyartitinuit CyTHiCTh, IO BTUIFOE OCHOBHI €BaKyalliliHi

aBTOMOOLIb XapaKTEPUCTUKA TOTO YW IHIIOTO €BaKyalliHOTO
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aBTOMOOUIS 111 €heKTUBHOTO MPU3HAYCHHS BiIITOBITHO
70 crnenu(piki TPAHCIOPTHOTO 3acoly, M0 MOTpedye

eBaKyarlii.

3.2.2 TndonoriyHe NpoOeKTyBaHHS

Etan maB 3a Mmery mnoOyaoBy iH(pOpMAaIiiiHOI MoOJeni HaWBHUILOTO pPIBHA
abctpakiiii 6e3 opieHTalli Ha ikych KOHKpeTHy CKB/l uu Mmonenb nanux.

Cepen mMPOKOTO CHEKTPY MOJENEH ISl TOJaHHS TaHUX, 1110 BU3HAYAIOTh BU]I 1
3MiCT 1H(opmaliiHoi mozeni, Oyna oOpana Moaenb «CyTHICTB-3B’S30K» IO CTajia
Hapa3l (AaKTUYHUM CTaHIApPTOM B  1H(OJOTIYHOMY MojentoBaHHI. Bubip
apryMEHTOBAaHUM THUM, IO LIEH TUII MOJENEN € HATIISIAHUAM, J103BOJISIE€ TPOCKTYBaTH b/[
3 BEJIMKOIO KUIBKICTIO 00’€KTIB Ta aTpuOyTiB, a TaKOX peai3oBaHUil B OaraTbox
CHUCTeMaX aBTOMAaTH30BAaHOTO NMPOEKTYBaHHs 0a3 TaHUX.

ER-moneny ckiamaeTbes 13 CyTHOCTEH, 3B’A3KIB MIXK HHUMH, aTpuOyTIB, iX
JIOMEHIB Ta KJtouiB. KoxeH 00’ €KT mpeIMEeTHOT 00J1acTi XapaKTepu3y€eThCs EBHUMHU
HaboOpoM aTpuOyTiB, U0 BIIOOpa)xae WOro BIACTUBOCTI. ATpUOYTH, Y CBOIO Uepry,
BUKOPUCTOBYIOTBCS JUIsl BU3HAYEHHS TOTO, sika 1H(oOpMallis noBuHHa OyTH 310paHa
1010 TOTO YH IHIIIOTO 00’ EKTY.

Pe3ynbrar iHPOJOTIYHOTO MPOEKTYBaHHS HAaBEICHMM Ha puc. 3.3 y BUIIISAAL
cuponienoi ER-mgiarpamu. OkpimM BUIUIEHUX y pe3yJIbTaTi aHaANi3y CyTHOCTEH, TaKOX
Ha JIAHOMY eTari MOJielib 0a3u JaHUX BpaxOBYyBasla CyTHICTh TPOMAJISIHUHA, & TAKOX
HEOOXITHICTh TEBHOT CTPYKTYpH Uil 30epeXeHHs aapec IJIsg TOro o0 HaaaBaTu
MOXJIMBICTh HajaBaTH 1HGOpMAIIO MIOA0 JIOKAIllii mpaBomopyuieHHs. Mix
HABEJICHUMH CYyTHOCTSIMHU ICHY€ OJMH 13 MOKJIMBHUX 3B’A3KIB: OJWH JI0 OJHOTO, OJHH
no Oaratbox, Oarato 10 oaHOro abo Oararo mo Oararbox. Omnuc NESIKUX 3 HHUX

HaBeJieHUH y Tabnui 3.2.
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Tabaung 3.2

Onuc 3B’S3KIB M1 CyTHOCTSIMH

CyTtHoCT1 3B’A30K [Tosicnenns

I'pomaasiHuH MOXe HaJaBaTH, 0OPOOHUK

I'pomansiaun — 3BIT ompaimboByBaT  Oarato  3BiTiB.  Exkimax
O6poOHMK — 3BIT 1 1o N | npoBouTH €BaKyaIliro BiIMOBIAHO 10 6aratbox
Exinax - 3BiT 3BITIB. Y TOM K€ 4Yac 3BIT Ma€ JHUIIE OJHOIO

3BITyBaJIbHMKA, 0OPOOHHKA Ta BUKOHABIIS.

OG6poOHUK MOke OyTH MNPUKPITUICHUH
MEBHUX PAWOHIB, IO 30CEPEKYIOTh Yy CO01
O6pob6uuk — Jlokarris N o N Jokamii. Y TOHW Ke uyac JIOKalii MOXKYTb
Eximax — Jlokaris o OTpaIlbOBYBATHCA  OJHOYACHO  JCKLIbKOMA
0o0poOHMKaMU.  AHaJIOriYHa  CcUTyamis 3

€BaKyaIliiHUMH eKilakaMHu.

3BIT MOXE€ MaTH JIMIIIE OJIHY BiAMOBITHO
0  HBOTO  CYTHICTh, IO  30CEPEIKYE
3BiT — [HpOpMarIis Uno 1 iH(}opMaIrito mpo NpaBoONOPYIIHUKA. Y TOM Ke
PO MPaBOMOPYUTHUKA o yac, 3BICHO, CYTHICTh 1H(]opmalli € crabkoro
CYTHICTIO Ta Ma€ MaTu xo4ya O OJUH Ta JIUIIE

OJIMH 3BIT y 3B’SI3KY.

Pazom 13 1iuMm niesiki atpuOyTH Ha MpUBECHIM AlarpaMi MO3HA4YEHI SK CKJIaJIHI 3
METOI0 KOMIIAKTHOCTI Bi3yamizamii (ToOTO AedKi 3 HHUX BCE K YTBOPIOIOTH IUIACKy
CTPYKTYpY 31 CBO€IO MOJCIUII0, a HE € OKPEMOIO I1€PApPXIYHOI CTPYKTYpPOIO).

PosropHyTuii 3MiCT BiIHOCHO KOKHOTO aTpuOyTy npuBeAcHUM y Tadm. 3.3.
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AopaTtkoBa

iHpopmaLina

N 1— TpomagaHuH

YneH
eBakyauiiHol
KOMaHZAU

N

1

EBakyauifiHvin
aBTomMobine

MpaHnYHi esakyaLiiHi
XapaKTepucTUK

Pucynox 3.3. ER niarpama

Taomuis 3.3

3micT cknaaHux atpuoyTiB ER-niarpamu

ATpulyt CyTtHocTi 3micT
Cknaaauii atpuOyT, HasgBHUN Yy KOXKHOI
CYTHOCTI, II0 € KOPUCTYBaye€M CHUCTEMH:
['pomansiuun rPOMaJsiHUH, OOpPOOHUK, WIEH eBaKyalliiHOl
KonrtakTHa ) .
. . O6pobHUK KOMaHau. B mimomy cTpykTypa chouibHa s
1HpopMalis _ . o
UneH exinaxy | KOKHOTO Ta MICTHTh y coOl iM’sl, KOHTaKTHHUH
tenedon, email Ta momomikHy iHpOpMAIiO
npodiiio.
I'pomansHuH KoHa cyTHICTB, IO Omepye 3BITaMHU Ma€e
Craructuka O6poOHUK QHATITUYHY  CTaTUCTHKY, IO  BigoOpaxkae
UsieH eKkinaxy | 3arajibHy KUJIbKICTh 3BITIB (3 SIKOIO KOPUCTYBad y
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AKOMYCbh 3B’SI3Ky), fKa YacTWHa 3 HUX Oyna
00po0bieHa, miATBepKEHA Ta BUKOHAHA.
. Cknanena iHdopmaris mpo JOKailito, 10
Anpeca Jlokarns .
MICTUTB pailoH, aapecy Ta ii HoMep.
. [Hdopmaris moa0 TOoro, yu 0yB MOTOYHUN
Craryc 3BIT _ '
3BIT 0OpPOOJICHUH, MTIATBEPIPKEHUM Ta BUKOHAHUH.
[Hpopmarris ' Peectpariiini nmaHi mpo TpPaHCHOPTHHUN
_ [Hpopmaris npo _ '
po BO/I1S, 3aci0 (Tum, Mojenb, HOMEpP, PO3MIPU TOIIO) Ta
MPaBOIMOPYIIHUKA .
aBTO HOTO0 BOJIIAL.
I'pannuHi _ MakcuMalibH1 3Ha4eHHS NIMPUHU, BUCOTH,
| EBakyauiinuii
eBaKyalliiHi . JOBKMHU Ta Baru TPAHCIOPTHOTO 3acoly, II0
aBTOMOOLIb .
XapaKTep. MOke OyTH €BaKyHOBaHUN LIUM aBTOMOOLIIEM.

3.2.3 Jartanoriyde Ta (pi3uyHEe NPOEKTYBAHHS

Ha erami joriuHOoro mpoekTyBaHHs Oylia CTBOpEHHS cxema 0a3u JaHuX Ha
OCHOBI peJALIMHOI MOJENI IUISXOM BUKOHAHHSA HACTYIHUX KPOKIB: MEPETBOPEHHS
KOHIIETITYJIbHOI MOJENl y JIOTIYHY MOJENb JIaHWX, aHalll3 OTPUMAaHOi MOJENi Ha
(GyHKIIOHATBHY TOBHOTY, YTOYHEHHS OOMEXEHb IUIICHOCTI 0a3u JaHuxX Ta
rpadigHOTO TOAHHS JIOTIYHOT MOJIEN1 Y BUTIISI X aTpuOyTiB, 00OpaHUX MEPBUHHUX
Ta 30BHINIHIM KJIFOYIB Ta 3B’ A3K1B MK TaOJIUISIMU.

baza manux mpoekty peanizoByBasiacs Ha 6a31t Microsoft SQL Server, Oymna
crBopena nigxoaom Code First y Entity Framework Core Ta MoaudikyBasacs nuisixom
MEXaHI3My TOCIIIOBHUX Mirpaliiii 3MiH y MOJAEIAX CyTHOcTed. Cxema 0asm JaHuX
BisyaiizoBana 3acobamu Microsoft SQL Server Management Studio ta HaBencHa y
nonarky b.

OCHOBHI CYTHOCTI Ta iX 3B’SI3KM OyJIM peandi3oBaHi 3rigHO c(HOPMOBAHOI Ha
iH(pooTIYHOMY eTami cxemMu. Pa3om 13 TUM ckianHi aTpuOyTH y JIESKUX BUIIaIKaxX
TpaHC(HOPMYBAIKCS Yy OJHY IUIACKY MOJIENb 3 OUIBIIOI KUIBKICTIO BJIACTUBOCTEH, a
ekl — 'y lepapxiyHy CTpyKTypy TaOmuis. Hampukmnan, indopmariis mpo

NPaBONOPYIIHKUKA OyJia IMIDIEMEHTOBaHA y BUIJIsiII ofHiel Tabmuii ReportVehicles,
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10 MICTUTH y 001 yci He0OX1IHI BIACTUBOCTI BIJMIOBIIHO IO BKa3aHUX aTpUOYTIB. Y
CBOIO YEpry JIOTiKa JIOKAIli IpeacTaBisie coOO0 Tpu TAOMMI: paiioH, BYJIHIS Ta
KoHKpeTHuit ii Homep (Districts, Addresses, Locations). [ToniOHa peaizailis Ma€e MicIie
3 TOYKH 30py ONTHUMI3allli, aJ)Ke Ha BIAMIHY Bl NEPILIOTO MPUKIAaay, TYyT HE BUMAOK
3B’SI3KY «OJIH JI0 OJTHOTO». PalioHu MICTSATh 6araTo ByJIHIIb, BYJIHUIll — Oararo HOMepiB.

Oxpemoi yBaru 3aciiyroBye peaiizallis MOJeJIeH, 1110 € YaCTHHOIO O13HEC-JIOT1KU
Ta MaroTh O€3MOCepeIHIO MPUB A3KY JI0 3BITIB, aJi€ 32 CyMICHUIITBOM € KOPUCTYyBauaMH
CHUCTEMHU Ta MIPUUMAIOTh y4acTh Yy MpoIleci aBTopu3ailii. J{Jis Toro mob He No€IHyBaTH
MOJENb ISl (PI3MYHOTO KOPHUCTyBaua CUCTEMH 13 CyTHICTIO, HAPUKIIaJ, 0OpoOHUKa,
OyJla BUKOpUCTaHA HACTYTHHM IBOETAITHUNA BaplaHT:

1. KopucryBau cucremu npu peectpailii (a0 CTBOpPEHHI aJMiHICTpaTOpPOM) Ha
JAHOMY €Tarl pO3pOOKH BHOCHUTHCS y TAOJHUII0 caMe KOPUCTYBadiB CHUCTEMHU.
Bona micTuth y co0i CyTHOCTI, 10 O€3mocepeqHh0 MPUIMAaOTh y4acThb Y
MpoIeCl aBTOpHU3AIlli Ta HE 30CEPEIXKYIOTh y €001 HisIKOT Oi3HEC-JIOTIKU
CTOCOBHO TPOLIECIB JOJIATKY.

2. BigmoBigHO 10 poJTi KOPUCTYBava BBOJAUTHCS 3aIKC 0 TAOJIHIIL, IO BiATIOBiTa€
3a  CyTHiCTb  KOHKpetHoi pomi y  cucremi  (ReportsHandlers,
EvacuationCrewmates Torio) i Bxe 70 SIKUX BUKOHYETHCS MTPHUB’I3Ka 3BITiB Ta
HABKOJIO SIKMX peali3yloTbcs Ol3HEC-MPOoIecH, crenudidHl s PileHHS.
KoxHuii Takuil 3amuc, BIAMNOBIAHO, Ma€ MOCWIAHHS HA TOTO YM I1HIIOTO
KOPHUCTyBavya CUCTEMHU 13 BUIIEONMUCAHOT Tabnuili 0a30BUX KOPUCTYBAUiB.
3B’s13kM TUNy «Oarato 10 06aratboxX», K y BHUMAJAKy 3 TpylaMu Ta Mapami,

peasti3oBaHi 3a JOTIOMOTOO BBEACHHS AONMOMBKHUX Tabmuis. [IpaBuna intepnperariii
moneneir Entity Framework Core Tta rayukuii 3aci6 momudikanii Fluent API
JI03BOJISIIOTH TEHEPYBATH Ta IMHaMIYHO Mou]ikyBaTu 6a3u 6e3 Bukopuctanus SQL-

3aMuTIB 0€3MOCEPEHBO Y CIEIIATI30BAaHOMY MPOTPAMHOMY 3a0€3IE€UEHHI.
3.3 Po3po0Oka BeO-yacTHHH

[Ticns popmyBaHHA (QYHKITIOHAIIBHUX BUMOT Ta MPOEKTYBAHHS apXITEKTYpPH,

HACTYTHUM MUTAHHIM JI0 BUPILIEHHS CTa€ BUOIp TEXHONOTH po3poOku. L{e nuranus
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0COOJIMBO TOCTPO CTOITh y cdepl TEXHOJOTIM A BeO-po3poOKH, aJKe HHHI 1Ie €
OJIHMM 3 THX HaIpsMKIB, 10 MalOTh HAMOLIBII aKTUBHI TEMIH PO3BUTKY. Buxoasuu 3
TOTO, 110 Ha OyAb-SIKOMY PHHKY MOMUT MOPOJIKY€E MPOIMO3UIIIIO0, 3apa3 ICHY€ BEIUKa

KUIBKICTb OMII HaBITh Y paMKax cepu OAHIET MOBH MTPOTrpaMyBaHHS YU MIATHOPMH.
3.3.1 Bumoru 10 TeXHOoI0r11 3rigHO 3 IIOCTABJICHOIO 3a1a4€Er0

Cepen BuMoOr, MO OyaW TOCTaBJICHI 10 (YHKI[IOHAIBHUX Ta TEXHIYHUX
MOXJIMBOCTEW TEXHOJIOTIi MOYXHA BUIUTUTH HACTYIIHI

1. Illupoki MOMNKIHMBOCTI IMOJO CTBOPEHHS 3pPYYHOTO Ta I1HTEPAKTUBHOTO
KOPUCTYBAaIlbKOTO 1HTEpdeErCy.

2. EdextuBHa iHTerpamiss 3 xmapHoro 1miardgopmoro Microsoft Azure Ta
BIIMOBITHUMHU ~ CEpBICAaMH  SIK OCHOBHMMH IHCTPYMEHTaMH  XOCTHHTY,
pO3Ii3HaBaHHs Ta 3a0e31eueHHs (pparMeHTiB Oe3cepBEPHOrO PYHKI[IOHYBaHHS.

3. Huzpkuii piBeHb BHUMOr MIOJI0 TOTY>KHOCTEH KIIEHTCHKUX MAIIUH JUIs
KOM(OPTHOTO BUKOPUCTAHHS JOJIaTKIB.

Buxonsun 13 HeoOXxigHICTIO edeKTHUBHOI 1HTerpamii 3 Azure, a Takox
KOMIIETEHIII1 BIJMIOBITHO J0 HASIBHUX TEXHOJOTIN, OyJIO MPUIHATO PIIICHHS B MEPIITY
yepry 3ocepeautucs Ha argopmi .NET 1 Thx iHCTpyMeHTax, 1110 BOHA IPOTOHYE IS
CTBOPEHHSI Cy4aCHUX Ta IHTEPAKTUBHUX BEO-/I0/1aTKIB.

Hapazi ocnoBuuM iHcTpymeHnToMm € ASP.NET Core Ta, BiAnoBigHO, OCHOBHI
rioro Bapiamii: MVC, Razor Pages ta Blazor. IlpoanamidyBaBmm MOKIHBOCTI
TEXHOJIOT1M II0A0 CTBOPEHHS I1HTEPAKTHMBHOIO Ta CydacHOro iHTepdelicy 0e3
HEOOXITHOCTI y NIMPOKOMY BHUKOpHCTaHHI JavaScript, a Takoxx psgy iHIIHAX
MOXKJTMBOCTEH, 110 OyayTh OMMCaH1 Jaii, mepeBara Oyia HajgaHa came (pperMBOpKY

Blazor.
3.3.2 Bubip mnardopmu Blazor

Blazor siBnsie co00r0 TEXHOJIOTIO CTBOPCHHS BeO-I0AaTKIB 3 IHTEPAKTUBHUM
KOPHUCTYBAIbKUM 1HTEp(DericoM, sIKi MOXKYTh MPALIOBATH SIK Ha CTOPOHI CepBEPY, TaK 1

Ha CTOpOHI KiieHTa. [Ipu 11bOoMy IpH BU3HAUEHHI KOy, Y TOMY YHMCJI1 Ha KI1€HTChKIN
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CTOpOHI, BUKOpHCcTOByeThcss C# 3amicth JavaScript. Ile y cBowo uepry Hamae
MOXJIMBICTh BHUKOPUCTOBYBaTH moTyxHOcTi mwarpopmu .NET Ha ycix eramax
PO3pOOKH, TIOYMHAIOYH 3 CEPBEPHOI YACTHUHM 1 3aKIHYYIOUH KITIEHTCHKOIO [7].

Hapa3i Blazor po3ninenuii Ha ABi HOBHOIIHHI MIJICHCTEMU:

1. Blazor Server, 1110 103B0JISIE CTBOPIOBATH BeO-T0aTKH, SIK1 BIANPAIlbOBYIOTh Ha

CTOPOHI CEepBEPY;

2. Blazor WebAssembly mist cTBOpeHHs m01aTKiB KIEHTCHKOI CTOPOHH, IO
3aIyCKalThCs 0e3MocepeIHhO Y Opay3epi KoprucTyBayva.

Taxum unnOM, micns Bubopy cepen .NET ¢peiimBopkiB, He0OXiIHO 3poOUTH
BUOIp OaxkaHoi miardopmu Blazor, ska HafikpaliuM 4HHOM BiAMOBIIA€ BUMOTAM.

Blazor WebAssembly mae MOXJIHBICTh BHKOHYBAaTHCS O€3[IOCEPEIHBO Y
Opay3epi KiIi€HTa Tak, K Iie pooaTs JavaScript ¢hpeiimBopku, Taki sk React, Vue uu
Angular. Ile crae MOXKJIMBUM 3aBJSIKA BUKOPHUCTAHHIO HOBOTO BIIKPUTOTO CTaHIAPTY
— WebAssembly (WASM). Lls TtexHomoris Oyna mpeicTaBiIeHa MiKHAPOIHUM
xoHcopuiymoM W3C Ta po3poOnukamu Big Mozilla, Microsoft, Google Ta Apple.
Bona siBnisie co00r0 HaOip IHCTPYKUIN AJIsI CTEKOBOI BIPTYyaJIbHOT MAIlIMHU, IO MOXYTh
OyTH IIJUTIO KOMIIUISIIIT TSl BACOKOPIBHEBUX MOB IIpOrpamyBaHHsl, cepel akux € 1 C#.
Kon WebAssembly mae moctym g0 moBHOI (yHKIIOHAJIBHOCTI Opay3epa uepes
JavaScript 3aBmsku JavaScript Interoperability. ¥V cBoro uepry xox .NET, 1o
BUKOHYEThCA uepe3 iHeTpykiii WASM, 3amyckaeTbes y 130JIbOBAHOMY ITPOTPAMHOMY
cepenouini Opaysepa. [Ipu moOyzaoBi Ta 3amycky monatky Blazor WebAssembly,
daiinu ¢ kogom C# ta Razor xomnumorothes y 30ipku  .NET. Ilicng goro ckpunt
3aBaHTa)Xy€ CEpPEJOBHILE BUKOHAHHS Ta 301pKH 0 KIIEHTCHKOro Opaysepa. Takum
YIHOM J0JaTOK (DAKTHYHO BIAMPAIIbOBYE Ha CTOPOHI KITI€HTA.

Blazor Server y cBoro uepry BiAlpanboBy€e Ha CTOPOHI cepBepy. OHOBICHHS
€JIEMEHTIB KOPUCTYBAIbKOTO IHTEpdeicy Ta 00poOKa Moaiil BUKOHY€EThCS HUISIXOM
B3a€eMo/Iii KirieHTa Ta cepBepa uepe3 SignalR (mus. puc. 3.4). ToOTO KoM KOpHUCTYBaY
B3aEMOJII€ 3 I0JATKOM Yy Opay3epl, BUKIMKAIYH MO/ KOPUCTYBaIbKOTO 1HTEpPeiicy,

TO KJIIEHTChKA CTOPOHA BiJpaBiisie iHGopMallio Ipo MO/Ii10, CepBeEp i ONpalboBye Ta
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BIIMPABIISiE€ KIIEHTY y BUIMOBIAL IHCTPYKII IIOJO TOTO, SK HEOOXITHO OHOBUTH

eneMeHTH inTepdeiicy [7].

a
i

ASP.NET Core

SignalR DOM

Razor Components

NET

Pucynoxk 3.4. I[lpunnun podotu Blazor Server nonartkis

Po3ristHyBIIIH OCHOBHI IPHHIUIIKA POOOTH 000X IMiICHCTEM, BAPTO 3rafaTH Ipo
BUMOTY, III0 CHCTEMa He MOBHHHA MAaTH BEIIMKUX BUMOT MO0 MAIllMH KOPHCTyBaya.
Blazor WebAssembly, He3Bakaroun Ha iepeBard y BUTIISII IIBUAKOIIT Ta MOXKIIMBOCTI
GbyHKIIOHYBaHHS 0€3 MIAKIIOYEHHS 10 MEPExXy, MOoTpedye MiATPUMKY Opay3zepom
KopuctyBada TexHosorii WebAssembly, a Takoxk MmeBHUX MOTYKHOCTEH KOMIT 10TEpa,
a/pke JIOJATOK BIAMpallbOBY€e€ Ha CTOPOHI KiieHTa. Buxonsuu i3 1miporo BuOip OyB

3poOiieHuii Ha KOpucTh came Blazor Server BapianTy.
3.3.3 AcnekTu BUKOpUCTaHHS (HperMBOPKY

[ToGynoBa nojgaTky BigOyBasiacsi HA OCHOBI KOMITOHEHTIB, IO MPEACTaBISIOThH
co00I0 JIesIKU CaMOCTIMHHMX eneMeHT iHTepdericy. [lomiOHM miaxim m03BOJsIE
1HKAIICYJTIOBATH JIOT1KY PEHAEPHHTY Ta B3a€EMOJI1 3 KOPUCTYBaueM, a TAaKOK IIOBTOPHO
BUKOPHUCTOBYBAaTH KOMITIOHEHTH 32 HEOOXIJTHOCTI, K I1I€ BiIOYBAETHCA Y MOMYISIPHUX
Javascript ¢ppeliMBopkax Kili€HTCHKOI CTOPOHH.

Kitac koMnoHeHTy npeACTaBIsSeEThCS y BUIISAI RazOr po3MiTKu 3 BiATOBITHUM

posmmpenHsaM. [Toai6uuit niaxin go3soise komoinyBatu HTML po3miTky 3 kogom C#
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1 TaKUM YMHOM OTpUMYBaTH AWHAMIUHy TeHepailito iHTepdeiicy. Ha puc. 3.5 MoxHa
O0aunTu (¢parMeHT KOIy, IO BIANOBITAE 3a BIIOOpPaXEHHS CHUCKY 3BITIB IS
o0poOHuKa. TakuM YMHOM MM MAa€EMO MO>KJIMBICTh B SIKOCTI 0a)KaHOTO 3MICTY THX YU

THIIKUX €IEMEHTIB PO3MITKH 3aJ]aBaTH BIACTUBOCTI MOJEI.

<div class="row" style="margin-bottom: 15px">
<div class="col-6">
<divr<b>Date: </b></div>
<{p>@report.ReportedDate</p>
</div>
<div class="col-6">
<diwv>
<b>Is processed: </b>
<p>@(report.IsProcessed ? "Yes" : "No")</p>
</div>
</div>
<fdiv>

Pucynok 3.5. JleMoHcTpaitliss BUKOpUCTaHHS RazOr po3aMiTku

KomnoHeHT, sk 1 3BUYaifHi KJIacu, MOXe MICTUTH 3MiHHI, 30 30€piraloTh CTaH
KOMIIOHEHTa, Ta METOJH, IO BIJIMOBIIAIOTh 3a MOTro JIOTIKy. BOHM y CBOIO depry
3aJ1al0ThCS B paMKax cremniaabHoro 0noky @code. Hampukinan, oTpuMaHHs MoJei
BIIOYBAEThCS IIJISAXOM 1H €KIT BIAMOBIIHOTO CEPBICY Ta BHUKJIUKY METOY
MiJIBAaHTaXEHHS 13 0a3u JaHUX Yy OJTHOMY 13 METO/IB, IO BIAMOBIAAE TIEBHOMY €Tamy
KUTTEBOTO IIUKITy KOMIOHEHTY. 3HAUYEHHS, 1110 MIOBEPTAETHCS 3 CEPBICY, 30epIracThes
y OakaHiil BITACTHBOCTI KOMIIOHEHTY JIJIsl BUKOPUCTAHHS y PO3MITI (IUB. puc. 3.6).

Pazom 13 1uM MokHa OauutH, 10 BiactuBicTh Reportld Bu3sHaueHa
cnemianbHuM atpuOytom [Parameter]. Ile o3nadae, mo ineHTH(]IKATOp 3BiTY, IIO
MJJIATae BiJ0OpaKeHHIO, MepeIacThCcsl 3 0AaThKIBCHKOTO KOMIIOHEHTY 1 BU3HAYA€ThCS
K 3BUYaiiHUM arpubyT Tery. IlomiOHa mapamerpusaliisi J03BOJsIE 3pOOUTH

KOMIIOHEHTH O1JIBIIT T'HYYKHMHU Ta HiI[XOIL}IHII/IMH A0 ITOBTOPHOT'O BUKOPUCTAHHA.
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[ ara 'wv]
public string Reportld { get; set; }

private Report report;
private string panoramaPhotolink;

protected override async Task OnInitializedAsync()

{
var guidReportld = Guid.Parse(Reportld);
report = await ReportService.GetReportByIdAsync(guidReportld);
panoramaPhotolLink = ReportService.GetReportPanoramalink(guidReportid);

Pucynok 3.6. BusHaueHHs J10T1KH KOMIIOHEHTY

3a aHAJOTIYHUM TIAXOJ0M BiIOyBa€eThCs MOOYI0BA TUHAMIYHOTO 1HTEpQeEncy
BChOTO JoaaTky. IloBHuWil mpwkiIan 3agaHHSA OJHIET i3 CTOPIHOK JOJATKy MOXHA

noGauutH y noaatky B.1.
3.4 Azure Cognitive cepBicu a5 HeiipoMepe:KeBOTr0 po3Mi3HABAHHS

OnHMM 13 apXITEKTYPHHUX 3aBJlaHb, 1110 MaJIO OyTH BUPIILIEHUMHU — BUKOPUCTATU
MOYKJTUBOCTI KOMIT FOTEPHOTO 30py [JIs MPOILIECY PO3IMi3HABAaHHS HOMEPHHUX 3HaKIB
MPaBOMOPYIIHUKA 3a/J1s1 M030aBJICHHS KOPHUCTyBada HEOOXITHOCTI BBOJUTH HOTO
BpyYHy, HE Maro4yu BIJNOBIOHOI KBajiikamii y po3poOil MNOJIOHUX CHCTEM
BJIACHOPYY.

[Tnardopma xmapuux cepsiciB Microsoft Azure namae Taky MOXKIHMBICTB. Azure
Cognitive Services — 11e 3a3manerias ctBoperi API, ski goctymHi po3poOHUKaM, 11100
JOTIOMOITH 'y CTBOPEHHI I1HTENEKTYaJlbHUX MPOrpaMHUX CHCTEM HE Malouu
0e3mocepeIHbOTr0 JIOCBIAY y MAIIMHHOMY HaBYaHHI 4u ekcrnepTusu y cdepi Al. Y
3BUYHOMY TPOIECI MAIIMHHOTO HaBYaHHS PO3POOHUK MOBUHEH 310paTH HaBYAJIbHUM
HaOlp JMaHWX, a Jajl MEepeBIpUTH BATIAHICTH HA0OpY 3a OMOMOTOIO BiATOBIIHHMX
MOJIETICH, MICIIsl YOro OIIHUTHU pe3yiabTatu. Y Bumanky 3 Cognitive services 3amgaua
MPOCTIIIA — HA/IATH JIaHl, aje 1 Te JUIlle 32 HeOOX1THOCTI crieu(piYHUX NOoTped TUX Un
1HIMX O13Hec-mpoleciB. HaBuaHHs Ta MOLIYyK Hallkpammx Mojeneil BiaOyBaeTbcs
aBToMaTH4HO [8].

VY KOHTEKCTI 3a7a4l HEOOX1AHUM JI0 po3risiay OyB (yHKIIOHAN IIUX CEPBICIB Y

aCTeKTI KOMIT IOTEPHOTO 30py, a caM€ BHU3HAYEHHA 00 €KTIB Ta PO3Mi3HABAHHS
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CUMBOJIIB JIJIs1 TOTO 11100 CIiepIly TOYHO BUSHAUYUTH 00J1aCTh HOMEPHOTO 3HAKY, a MICIs
— po3mi3Hatu 0e3nocepeHbO MOTO 3HAUCHHS.

[Tpunnun po6otu APl BuzHaueHHs 00’ €KTIB TOCUTh MPOCTUN — OTPUMYIOUHU Ha
BX1J] Oa)kaHe 300paKE€HHs, y BIANOBIIb OTPUMYEMO KOOPAMHATH NPSAMOKYTHHUKA (Y
MmiKcensix), o obMexxye HoMmepHuid 3Hak. Jlami cranmapTHuMu 3acobamu .NET
HEOOX1THO 00pi3aTH MOYATKOBE 300pa)KEHHS 3TiHO pe3yJbTaTiB PO3MI3HABAHHS Ta
oTpuMaHe 300pakeHHsI 3HOBY BiINpaBUTH HAa 00poOKy API, ske B CBOIO uepry yxe
BUKOHAE MPOIIEC PO3MI3HABAHHS CUMBOJIIB.

Pazom i3 Gibmiorekoro CognitiveServices mu otpumyemo SDK, ocHOBHUM
incTpymerTom sikoro € ComputerVisionClient, 1o B cBoro 4epry Ma€e MUpOKHid Ha0ip
METO/IIB BIAMOBIIHO JO MOJJIHUBOCTEH tuiaTtdopmu. [ BUKOPHUCTAHHS KIIEHTY
HEOOX1IHO MaTH KIHIEBY TOUYKY MIAKIIOYEHHS 10 3apeecTpOBAHOTO Ha TMOpTall
Microsoft Azure KOrHITHBHOTO CEpBICY, IO MEPEAAETHCS K MapaMeTp KOHCTPYKTOpPA.
JI1s1 3py4HOr0 BUKOpPUCTaHHs OyJio po3p0o0JIeHO YHIBEPCATbHUI METO/, 110 MPUHMaE
Ha BX1J OakaHUM METOJ pO3Mi3HABaHHS Ta BHU3HAUa€ CTPATETi0 IOBTOPIOBAHOIO
BUKJIHIKY.

Takum 4YuHOM IS, HaNpUKIaA, PO3MI3HABAHHS YyXKE MIIATOTOBIEHOTO
300paX€HHS HOMEPHOTO 3HaKy y MeETOJ BapTo TMepedaTH sSK  METOJ
RecognizeTextAsync, ne mapaMmeTpaMu NepeaeThesl MOCHIAHHS Ha 300pakeHHs (Y
BUIIAJIKYy MOTOYHOTO JIOJATKy — MOCHIIaHHs Ha Qaiin goaarky y Blob Storage) ta tun
pO3Mi3HaBaHHS TEKCy. Y BHUIAIKy 3 HOMEPHUMH 3HaKaMu TUI OyB BHU3HAUCHUU 5K
«Printed». Metoa nosepue 00’ext Ty TextOperationResult, 1o MicTuTh pe3ysiabTar
pO3Mi3HABaHHS y BUIJISAI MAacUBY PAJKIB PO3MI3HAHOTO TEKCTY, MEPUIMMA 1 €AUHUN 3
AKHX 1 0ye OakaHUM 3HAYEHHSAM PO3I13HaHOTO HOMEPHOTO 3HaKy. [loBHMIT (hparmeHT
KJIacy, IO BIJNOBIJA€ 3a PO3MI3HABAaHHS CHMBOJIIB IIJATOTOBICHOTO 300pa)KEHHS

HOMEPHOTI'O 3HaKy MPUBEICHO y A0MaTKy B.2.
3.5 Azure Functions sik iIHCTPpyMeHT 0e3cepBepHUX 00YHCJICHD

BupimuBimm nmuTaHHS MO0 IHCTPYMEHTIB PO3IMi3HABAHHS HOMEPHUX 3HAKIB,

HEOOX1AHO OYyJ0 PO3B’sA3aTH APXITEKTYPHY 3a7ady IIO0J0 TOTO, SKUH KOMIIOHEHT
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cucteMu Oyne BHUKOHYBaTH pPOOOTY IIOAO pO3IMI3HABAaHHS HOMEPHOTO 3HAKY,
3BEpHEHHA A0 0a3u peectpy 3a iH(OpMalli€l0 Ta 3amucy 10 0a3u JaHUX CHUCTEMU
BIJIMTOBIJTHO 710 i7IeHTUdIKaTOPY 3BiTY. KOHIIENTyanbHO 1151 yacTUHA O13HEC-TIPOIIeCy He
MOBUHHA BIJIHOCUTHCS H1 O BEO-0aTKy, HI JO MOOUILHOTO A0JaTKy Ta oro API,
aJ’K€ € OKPEMOIO CTPYKTYPHOIO OJTMHUIICIO JIOT1KU. Pa3oMm 13 1M CTBOpPEHHS OKPEMOTO
O0OUYKCITIOBATILHOTO CepBEPY ISl OAI0HOT 3a71a4i HE € paIllOHATBHUM PIIIICHHSIM.
[Tnardpopma Azure Mae HaWOLIBII MIAXOAINES PIIICHHS I MOMIOHNUX 3a1a4 —
Azure ¢pynxkuii. Lle 6e3cepBepHMil KOHIIENT, 10 103BOJISIE€ PO3TOPTATHA T4 BUKOHYBATH
¢dparmenTu koay 6e3 moTpedu y cepBepHiil iHPpacTpyKTypi, B€O-cEpBEpl UM AKUXOChH

J0J1aTKOBUX KOH(piryparisx [9].
3.5.1 Azure Durable Functions jis opranizartii 6i3Hec-miporiecy

Pa3om 13 muM HEOOXiIHO 3BaKaTW Ha Te, IO 3a 1JEEI0 KOXKHA (PYHKIIA
MpEACTaBIIsiE COOOK0 OKPEMMM JIOTIYHUI KpOK, erarm oOpoOKM 4Yu OOYHUCICHb, a
omucaHuii Oi3Hec-polec, MO HEOOXITHO BUHECTH, CKIANA€ThCS 3 TPhOX. Takum
YUHOM, KOPUCTYIOUHCH JIHIIIEe 0a30BOI0 Bepciero AzUre GpyHKuUild Ta Oakarouu J1HCHO
30epertu MOyJIbHICTh Ta BAKOHAHHS IPUHITUITY €JUHOTO 000B’SI3KY, BAPTO CTBOPUTH
TpU OKpemi (yHKIIi1, 1110 Oy IyTh BUKOHYBATHCS mouyepropo. s peanizaiiii B3aemomdii
MO>KHA, 3BICHO, BUKOPHCTOBYBATH TMOBIJIOMJICHHSI y 4Yeprax, KOJM OJHAa (PyHKIIis
BIJIITPABJIS€ 110 3aBEPIICHHIO CBOET pOOOTH MOBIIOMJIEHHS, @ HACTYITHA aKTUBYETHCS 32
HOro OTpUMaHHs, aje NoAIOHUH MiIX11 € HaMIPHOIO CKIIAIHICTIO.

Onucanuii Gi3HEC-TIPOIIEC MOYEPrOBUX OMepalliil € 3BUYaHUM I1a0JIOHOM
naniora (yHkmin (auB. puc. 3.7) 1 s BUpimieHHS TOMIOHWUX 3a1ad  iCHYE
posmmmpennss Azure Durable Functions. Bono mgo3Bonise cTBOproBath (yHKIIT 3
MIITPUMKOIO CTaHy y O€3CepBEpHOMY CEpEJOBHUIL Ta BU3HAYaTH OaxaHl poOoui

MpOILIeCH 3aBASKHU PYHKIII OpKECTpaIIii.

G BXE EXOE EXO

Pucynoxk 3.7. [lla6mon naHItora pyHKIin
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3.5.2 AcnexTu peanizallii nporecy po3mni3HaBaHHS

[Tepmr 3a Bce HeOOXigHO 3amaTd KIEHT opkectpartopa. lle ¢yHKkis, o
BIJINOBIJIaJIbHA 34 3aIyCT Ta 3yNUHKY OpKecTpyro4oi (yHKLii Ta ii MoHITOpUHT. Came
KIIEHTChbKa (YHKIA 3aa€ SKUM caMe€ YWUHOM Oyjle BUKIUKATHUCS BUKOHAHHS.
Buxoasun 13 Oi3Hec-mpolecy, NpOLEC pO3Mi3HABAHHS Ta 3aBAHTAXKEHHS JTaHHUX
MOBUHEH B10YBaTHCS IMICIISI 3aBAHTAXEHHS KJIIEHTCHKUM MOOITTBHUM JIOTaTKOM (haitiny
3 HOMEPHUM 3HAKOM JI0 CXOBHILA. B 1iloMy OJHUM 13 BapiaHTIB y TAKOMY BHIIAJIKy
Oyno 6 Buxopucranus Blob Storage Trigger, mo BUKIWKaB OM BHUKOHAHHS IPH
3aBaHTaXEHH1 (DailiIiB, MPOTE 3 TOUKH 30pY 3PYUYHOCTI Ta €(hEeKTHBHOCTI peajizamii
OyJI0 MPUUHATO PIlICHHS HAa KOPUCTh 3BHMYaiHOro Http Trigger, Ha KiHIIEBY TOUKY
SKOTO 3BEPTA€TbCA MOOUIBHMHM  KIEHT Ticas 3aBaHTaxeHHs. Omnepyroun
IDurableOrchestrationClient,  kmienTchbka  QYHKIUS —~ 3alycKae  HEOOXITHHI
OpKecTpaTop.

OyHKIig opkecTpaiii, Oe3nmocepenHbo, 3amae OaxaHui OizHec-mporec. Y
MOTOYHOMY BHUIIAJIKy BiH MOJIATAE y TOYEPTOBOMY BUKIIMKY TPbOX (DYHKIIIH aKTUBHOCTI
yepe3 |DurableOrchestrationContext. Kosxna Taka ¢yHKIis € KOHTEHHEPOM s
(dbparMeHTy He3aJexHO1 JIOTIKM Ta BIAMOBIJIAE 3a CBIA OKpEMUN MOIYJIb OOPOOKH:

1. Tlpuiimae imeHTH(IKATOP 3BITY Ta BIAMPABILE BIAMOBIIHUHN (aill 3 HOMEPHUM
3HakoM 13 DIlOb cxoBuma 70 KOTHITUBHMX CEpBICIB, IO OMHUCAaHI Yy
MOIepeTHLOMY P03/, Ta OTPUMYE PE3yJIbTaT.

2. llpwmiimae po3mi3HaHWIA HOMEPHUN 3HAaK Ta 3BEPTAETHCA O 0a3w PEECTpY,
MOBEpTalOYM  y Mojeli iHdopMmaliio Ipo aBTOMOOUIL Ta OCOOHCTICTh
PABOTOPYIIHUKA.

3. Ilpuiimae Mozenb, 0 30cepeKye HeoOX1IHY 1H(GOPMAIliI0, Ta BUKOHYE 3aITHC
710 023U JaHUX CUCTEMHU.

[licns ycmimHOTO BUKOHAHHS BCIX TPbOX (DYHKIIHM MpOIEC € 3aBEpIICHUM, a
0a3a 1aHUX CUCTEMH MICTUTh MMOBHY 1H(OPMAIIiIO I0J0 NOTOYHOIO 3BITY. PparMeHTu
peauizaitii GyHKINT KIIEHTY OPKECTPATOPa, CAMOTO OPKECTpaTopa Ta MeIKuX (PyHKITIH

aKTUBHOCTI HaBeJeH1 y nojatky B.3.
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3.6 Po3poOka MoOIILHOTO 10AATKY

Buxopasuu 13 Toro, 1o oOpaHi BUIIE KOMIIOHEHTH apXiTEKTypH TaK UM 1HAKIIIE
BIJTHOCATBCS 10 €KocucTeMu po3poOku Microsoft, To BubGip TexHoiorii MOOITBEHOI
PO3pO0KH, 1110 HAWKPAIIUM YUHOM OyJIe B3aEMOIIATH 3 PEIITOI0 apXITEKTypH, HE OyB
HAJTO CKJIAJHUM, aJDKE CTEK 1IHCTPYMEHTIB PO3POOKH 1li€i €KOCUCTEMH MA€ BapiaHT 1
JUISL CTBOPEHHS MOOLIBHHUX J0maTKiB — Xamarin Forms. OkpiM mporo, 1 miardopma

Hagac MOJKJIMBICTb CTBOPOBATH AOOAATKH 3 €IHHOIO JIOTIKOIO oJpasy 1 TPbOX

mwiardopm: Android, i0S ta UWP.
3.6.1 Apxitektypa podoTu Xamarin.Forms

Xamarin mparroe Ha miaropmi Mono, sika moxke mparoBaT 3 Linux, iOS ta
inmmMu. Ha piBHI K0kHOT miaTdgopmu Xamarin BUKOPUCTOBYE psii CyOIuiatdopm,
takux sk Xamarin.Android ta Xamarin.iOS, depe3 siki TOIaTKH MOXYTh HAIPSIMY
BIJITIPABJISATH 3alIUTH JI0 PUKIAAHUX iHTepdericiB Ha mpuctposix [10].

3 Xamarin.Android xon C# xommintoeTbes y Intermediate Language, sikuit mpu
3aIyCKy CTBOPIO€ HaTUBHY 30ipKy. Ko Hampsimy He moske 3BepTarucs 10 APl Android
Ta JUIS I[bOTO BUKOPHUCTOBYE IMPOCTOPH iMeEH, mo Hagarotbes Android Runtime.
Creriansuuit mpommapok Managed Callable Wrappers (MCW) no3BoJisie TpaHCIIOBaTH
BUKJIMKHU Y HATHBHI Ta 3BepTaTHCS 70 pocTopiB imen Android.* ta Java.*. | HaBmaku
— Android Runtime 3BepraeThcs 10 moAarky Ha Xamarin depe3 nporrapok Android
Callable Wrappers.

Honatku Xamarin.iOS y cBoro yepry 3amicTh JI T-KOMITUISIIT BUKOPHCTOBYIOTh
AOT-kommismito (Ahead-of-Time) kony C# y nartuBauit ARM-koxa. Cenekropu
TPaHCITIOITh BUKIUKK Koxy Objective-C B xon na C#, a peectpaTtopy — HaBIaKH.
TakuM YMHOM 1i JIBa KOMIIOHEHTH 1 YTBOPIOIOTH MPOIIAPOK B3aEMOAll, IO Ha
uTrocTparnii BusHadeHui sk «bindingsy.

3aranpHa apxiTekTypa Xamarin BimoOpaxena Ha puc. 3.8.
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Pucynox 3.8. ApxitekTypa podotu Xamarin
3.6.2 ITigxoau Ta mporpamHi pilieHHs pO3pPOOKHU

VY sSKOCTiI IHCTPYMEHTY CTBOpEHHsI iHTepdelicy OyB oOpaHuil BapiaHT 3 MOro
omucoM y XAML, mo € moBoto posmitku Ha ocHoBi XML. IlopiBHioroun 3
MO>KJTUBICTIO HOTO 3a7aHHs KojoM C#, 11e Halano MOXKIIUBICTh PO3AUTATH TpadidHmi
iHTepdeic BiJl JOTIKH J0JATKY, @ TAKOXK OMUCYBAaTH HOTO Y OUIBIII 3p03yMuTiid Gopmi,
110 JIETKO MATPUMYETHCS Ta OHOBIIOETHCS.

Y xoai po3poOKH MOOIIBHOIO J0JaTKy BHKOPHCTOBYBaBcs mmiabion Model-
View-ViewModel, mo monsrae y posaiuieHHi (QyHKIIOHAILHOI CKJIAJA0BOI Ha TPH
KOMITOHCHTH:

1. View. [IpencraBiieHHs U4 KOPUCTYBAIbKUI IHTEPQEHC;

2. Model. Mopenb 4u aHi, siki BAKOPUCTOBYIOTBCS Y JIOATKY;

3. ViewModel. IIpomixkHui Mmap MK TPEACTABICHHSAM Ta TaHUMH, SKHMA
3a0e3rneuye X B3aEMOJIIO.

TakuM YHHOM MOKHA 3MEHIIUTH 3B’ SI3HICTh MK KOMITOHEHTaMH Ta PO3IUTUTH
BIJIMOBITAJIBHICTh MK HUMU [11].

[Ipuknazn 3aiaHHs] TAKUM YUHOM OJIHIET 13 CTOPIHOK, a caMe CTOPIHKU HaJIaHHS
JoKalii Ta J0AaTKoBOi iH(popMailii, po3mimieHuit y noaarky B.4. V skocti moxenei

BUKOPHUCTOBYIOTHCSl JJOMEHHI CYTHOCTI: paiioH, ajpeca Ta jokaiis. Jlorika y cBoro
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yepry 3ocepemkena y kiaci LocationProvidingPageViewModel.cs, mo Bignoigae 3a
3aBAHTAKEHHS JaHUX 3 NPOILIAPKY cepBICiB (y BHUIJIAAl JTOMEHHUX MOJENel) Ta
BU3HAYa€ BIIACTUBOCTI, 10 OyJe BUKOPUCTOBYBATU IIPEACTaBICHHS Y BUIJISII
LocationProvidingPage.xaml. Pa3zom i3 1mum Bapto 3a3HauutH, mo ViewModel
peanizye intepdetic INotifyPropertyChanged, mo mo3Bosisie CroBilyBaTH CHCTEMY
PO 3MIHM HOTr0 BIACTMBOCTEH. Y AAHOMY BMIIQJIKy MPU BUOOP1 JOKAIHHOI CYyTHOCTI
OUTBIII BHCOKOTO PiBHS, 3aBAaHTA)KyBaTH BIJIMOBIIHI CYTHOCTI HIDKUUX 1€papXIqHUX

PiBHIB.
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PO3/ILI 4
IMMPOTPAMHA CUCTEMA «PARKING CONTROL»

Hapa3i kommiekcHa mnporpamua cuctema «Parking Control» wmae Tpu
peaizoBaHi MiJCUCTEMH, [0 OMHUCAaH] Y PYHKI[IOHATHPHIUX BUMOTAX . aIMIHICTPaTOpa,
oOpoOHMKa 3BITIB Ta TrpoMajasHuHa. llepmi nBi — Ha 0a3i BeO-moAaTrky, a
GbyHKITIOHATbHE HABAHTAXKEHHS TPETHOI 30CEPEIKEHO Y MOOLTLHOMY JIOJIATKY.

Iurepdeiic Mae IHTYITUBHO 3pO3yMuUIHI (DYHKIIOHAT 1, TAKUM YHHOM, JOJIATKH
HE MOTPEeOYIOTh T0aTKOBOT KOPUCTYBAILKOI KBai(ikallii. Y Toi ke 4ac y mOTOYHII
Bepcii €[MHa MOBa JoKami3alli — aHriiiicbka. ToMy Uil BIEBHEHOTO KOPUCTYBAaHHS

JIOBUIBHOT 13 T1JICUCTEM ICHY€E HEOOX1JIHICTh Y 0a30BOMY BOJIOJIHHI HEIO.
4.1 3aranbHuil PyHKIiOHAJ MiACHCTEM Bed-10JaATKY

s BXony y miJicucTeMy ajMmiHicTpaTopa He0OX1THO MPOUTH aBTOpU3aIlito. Js
HEAaBTOPU30BAaHUX KOPHCTYBAuIB y BEPXHIM YAaCTHHI JOJATKy BiJOOpa)keHa KHOIKA
«Log iny». ITicns HaTUCKaHHS SKOT BiIOYBAE€ThCS MEpeXif IO CTOPIHKU aBTOpHU3aIlii
(muB. puc. JI.1.1). V Bumaaky > aBTOPU30BAHOTO KOPUCTyBada, BIAMOBIIHO
BiT0OpaXaroThCsl KHOTIKYM HAAIITYBaHb Ta BUXO/LY 3 TIOTOYHOTO MPOQIITIO.

[Ipu mepexoni M0 HaJalITyBaHb, BIAKPUBAETHCS CTOpIHKA aaMIHICTPYBaHHS
aKKayHTy, JI€¢ KOPHCTyBau Ma€ MOJIMBICTH 3MIHUTH MapoJib, MOIITY YU JOJATH
nBodakTopHy aBTeHTU(ikalio (auB. puc. [.1.2). Yci dopmu maroTe Bamigamiio a
KOPEKTHICTh BBEJICHUX JaHUX Ta CIOBIIIAIOTH KOPUCTYBaya MPU MOMUIKOBOMY BBOJII.

[Buakmii Ta 3py4yHHM mepexia MK (QYyHKIIOHATbHUMHU OJIOKAMH JOCSTA€ThCS
3aBASKH CTaTUYHOMY OOKOBOMY MEHIO, III0 MICTHUTH OIIlli BIAMOBIZIHO JO POJIi
MOTOYHOTO KOpPHUCTyBada. Pa3oMm 13 MM BiH € aJanTUBHUM, IO JO3BOJISIE 3PYYHO

KOPHCTYBATHUCS PillICHHSIM HaBiTh 3 Opay3epiB MOOLTBHHUX IPUCTPOIB (1uB. puc. J.1.3).
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4.2 Mlincucrema aaminicTpatopa

Jlns amMiHiCTpaTopa y HasBHOCTI Tpu (YHKIIOHAIbHI BKJIQAKHU: TEPETIIs
CTaTUCTHKHU, aJMIHICTPYBaHHS OOpOOHMKIB Ta aJaMIHICTpPYBaHHS €BaKyallliHUX
EKIMAaXiB.

Ha BkJaaiy craTHCTUKHA BUBEAEH]I OCHOBHI MOKA3HUKH 111010 3BITIB 32 BKa3aHUU
KopucTyBadeMm nepiof (nuB. puc. [[.2.1). Bizyamnizairisi MiCTUTB:

- JHIAHUN Tpadik KUTBKOCTI OTPUMAHUX Ta 3aBEPIICHUX 3BITIB 3a MICAISIMH;
- KpYroBy Jiarpamy, II[0 JEMOHCTPY€E€ MPOMNOPI[iHHE  CHiBBIAHOIICHHS

MiITBEP)KCHHUX Ta BIIXUJICHHUX 3BITIB;

- TricTorpamy KUIbKOCTI 3BITIB 3a pallOHaMHU.

Bxuagka agMiHicTpyBaHHA 0OpOOHMKIB 3BITIB IPUBOIUTH iX CIHCOK Y BUIJISIL
Ta0JIuIll, CTOBMYUKAMH SKO1 € 1M’ O0OpOoOHMKA, WOro CTaTyC, KUIbKICTh aKTHBHUX
3BITIB Ta paliOHM JI0 SKUX BiH HAJICKHUTh, @ TAKOXK KHOTMKY JUIS JTOJaBaHHSI HOBOTO
o0pobnuka (nuB. puc. [1.2.2). Tabnuis Hagae MOXKIUBICTh COPTYBAaHHA Ta QUIbTpAIIil
3a BCiMa KOJIOHKaMH. 3a BHOOpOM Oa)kaHOro 3amucy BiJIOYBa€ThCA MEpPeXiJl 0
1H(dOopMaIIi 1010 KOHKPETHOTO 00POOHUKA.

[Ipu nepexoAi 10 KOHKPETHOTO 0OpOOHMKA, aIMIHICTPATOP MOXE MEeperisiiaTu
OCHOBHI JIaHi, @ TaKoX 0auuTH O0COOUCTY CTATUCTUKY OOpPOOHUKA y JABOX KPYTOBHUX
niarpamax (muB. puc. /1.2.3). I[lepma nemoHcTpye BigHOIMIEHHST 00pOOJIEHUX 3BITIB 110
THUX, 1110 1€ MOTPEOYIOTh OMpPAaIIOBAHHS, APYTra — CIIBBIAHOIIEHHS MIATBEPIKEHUX Ta
BIJIXMJICHUX 3BITIB. Pa3oM 13 UM € MOKJIMBICTh 3MIHUTH CTaTyC Ta PallOHU, SIKI Mae
OMpallbOBYBATH MOTOYHUI OOPOOHHUK.

Mo3KIMBOCTI aAMIHICTPYBaHHS €BaKyallliHUX EKIMaXiB B I[IJIOMY aHAJIOTIYHI,
10 CTOCYETHCSA MOKIUBOCTEH MEperisny, 10/IaBaHHs Ta peJaryBaHHs. Aje y BUMAJKY
3 eKiMaXaMy HAJIAIITYBaHHIO MIJUISTa€ TaKOX CKJIaJ €KiNaxy Ta eBaKyallliHi

aBTOMOOLIIL, IO € Y PO3NOPSIHKCHHI.
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4.3 Ilincucrema oOpodHMKA 3BITIB

[Tepur 3a Bce 0OpOOHUKY HATAETHCS MOMIIMBICTh aIMIHICTPYBAHHS BJIACHOTO
npoditto Ta neperisna cratuctTuku (auB. puc. J1.3.1). B minomy iHTepdeiic noaioHuit
JI0 TOTO, IO BUKOPHUCTOBYE aJIMIHICTpaTop IS Teperismy iHdopmarii om0
00poOHMKa, OKpIM TOTO, IIO TYT BIJICYTHS MOJIMBICTh peAaryBaHHs CTaTycCy Ta
paiioHiB. AJie pa3oM 3 TUM HassBHUH (PYHKITIOHAJ JJIs 3MiHUA 9¥ BUAaneHHs GoTorpadii
npoduTro.

Ha BxJtajii 3BiTiB y CBOIO Uepry HasiBHHH 1X CIIUCOK 3 1H(OpMAIIE€I0 Npo JaTy,
craryc Ta jJokaiito (auB. puc. /[.3.2). HasBHa ananoriuaa MO>KJIMBICTh COPTYBAHHS, a
TakoX (UIbTpalii 3a BciMa BJIACTUBOCTAMH, Y TOMY YHCII 3 IIUPOKUMH
MOXKJIMBOCTSIMH 11010 HAAIITYBaHHS Jiana3ony aat (muB. puc. /1.3.3).

[Ipu BHOOpPI KOHKPETHOTO 3BITYy 13 CIHCKY KOPHUCTyBau IIE€PEXOJUThH
oesnocepenHbo a0 Moro oOpoOku (muB. puc. [.3.4, J1.3.5). [npopmariis npo 3BIT
BUBOJIUTHCA Y TPhOX CTPYKTYPHHUX OJIOKAX:

- OCHOBHI JIeTaJli: aTa 3BITYBaHHS, JIOKAIIis, CTATyC Ta J0JaTKoBa iH(opMmairis;

- 1H(opmMaIllis mpo aBTOMOOUTH Ta BIIACHUKA: PEECTPALIMHUI HOMED, MO/IEIb, THII
aBTOMOOLIS, MOTO PO3MIpH, Bara, a TaKOK KOHTAKTHI JIaH1 BJIAaCHHKA Ta HOTo
inenTudikamiinuii HoMep;

- maHopamHi (GOTO MPaBOTIOPYIIICHHS.

Hani, sxmo 3BIT e He OyB momepeaHbo OOpOOJICHMM, ICHY€ Bl OMINii:
HiATBEPIUTH 9 BigXxwiuTd (auB. puc. [[.3.6). Y Bunajaky miareep KeHHS 00pOoOHUK
Ma€e MOXIJIMBICTh BHOpaTH €Kimak Ha sKuUM Oyle Ha3HaueHa eBakyanisd. CHucok
MICTUTH y c001 eBaKyalliliH1 eKilmaxi, 0 MIXO0IITh 3a pailoHaMH, € TOCTYITHHUMH Ta
MaloTh BIJIMOBIIHI aBTOMOO1I1 Y PO3MOPSKEHH1. SKIO K 3a TUX YU 1HIIMX TPUYUH
OOpOOHUK mpuiiMae pIIICHHS BIAMOBUTH y €Bakyailii, TO BiH MOBUHEH BKa3aTu
MPUYHMHY BIIMOBHU y BIABEACHOMY IIOJII.

k1o k 3BIT OyB YK€ MEepeBEAEHUN Yy SKHIICh 3 ONMMCAHUI BUILE CTATYCIB, TO

0OpOOHHK Ma€ MOKJIMBICTh HA3HAYWTH 3BIT HA IHIIUN €KiMax, CKACYyBaTHU y BUIAJIKY
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MOIEPEIHLO  TIJITBEP/KEHOT0 3BITY YW HAaBHNAKM — IIATBEPAUTH IONEPEIHBO

CKACOBaHUMU.
4.3 Tlincucrema rpoMagsiHMHA

['poMansiHuH y CBOIO UEpry 4yepes J01aTOK Ha MOOUTHbHUN OTPUMYE MOKITUBICTh
HaJaTH yCI0 HEOOX1/IHY HOpMAaTUBHY 1H(OPMAIIIIO 111010 TPaBONOPYIIEHHS. [[7151 1boro
mpoiiec po3AuIeHW Ha Tpu 1HTep(dEWCHI eTanmu: HajgaHHS (GOTO MaHOpaMu
MPaBOMOPYIICHHA, (OTO HOMEPHOTO 3HAaKy Ta JaHi JIOKalii 3 J0JaTKOBOIO
1H(bOpMaIII€TO.

Cropinku HajaHHs GOTO MaHOpaMU Ta HOMEpa IO CyTi aHAJIOTIYHI (JUB. puC.
1.4.1). Hlomo ciocoOy HagaHHsS POTO KOPUCTYBad Mae JBi oniii (nuB. puc. J1.4.2):

- 3pobutu HOBY (oTorpadito. [Ipu 1bOMy BiJIKpUBAETHCS Kamepa MOOIIHLHOTO
TeneoHy Ta KOPUCTyBad MOE MOKJIHUBICTh 3poOuTH Oaxkane (oto. Jlam BiH
MOKe abo miATBEpAUTH 3po0IieHy poTorpadiro, abo cripoOyBaTH 1Ie pas;

- BuOparu cepen icHytounx gotorpadiit Ha ioro npuctpoi. [Ipu BuOop1 i€l omiii
KOPHUCTYBau MOJKETE uepe3 MPOBITHUK BHOpatu GoTo 13 rajepei abo OaxaHoi
TIAIKH.

VY CcBOIO 4Yepry CTOpiHKa HaJaHHs JOKalli J03BOJISIE KOPUCTYBayy BUOpaTu
MOYEeproBo paiioH, BynuIro Ta ii Homep (muB. puc. [[.4.3). Jlani iepapxiuHo
MIATATYIOTBCS BUXOJSAYM 13 TOTO, KWW BapiaHT OyB BUOpaHMil piBHEM BHIIE. Y
TEKCTOBOMY MOJ1 JOJATKOBOI 1H(opmalii KOprCcTyBad MOK€ BKa3aTH JaHi, 10 BiH
BBa)Ka€ KOPUCHUMHM (YTOUHEH1 OPIEHTUPH, Crielr(piKa aBTOMOOLIS TOIIIO).

Jlani rpomaassHUH MOe a0o MiATBEPAUTH BBEIEHY iH(OpMaIliio Ta nepeaatu

3BIT y 00pOOKY, 00 IMOBEPHYTHUCS JI0 SIKOTOCH 13 MOTIEPEIHIX KPOKIB.
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BUCHOBKH

Y xoal BuKOHaHHA poboTu “MeToau HEeUPOMEpPEKEBOTO PO3IMi3HABAHHS
00’€KTIB B CHCTEMI TIPOMAJICBKOTO KOHTPOJIIO 3aKOHHOCTI MapKyBaHHs  OyJio
BUKOHAHO HACTYITHI 3aBJIaHHS:

1. ITpoanaini3oBaHO ICHYIOUM 3acO0M 3BITYBAaHHS Ta pearyBaHHs LIOJO AakTiB
HE3aKOHHOTO MapKyBaHHs, (GOpMali30BaHO BIAMOBIIHI O13HEC-TIPOIIECH;

2. locaimpkeHo MIxoau 10 JIOKami3alii Ta po3mi3HaBaHHS HOMEPHHUX 3HAKiB.
3anpornoHOBaHO AJITOPUTM  Ha OCHOBI METO/IB BU3HAYEHHS TpaHUIllb, 3
MOJAITBIIIOIO CUMBOJIBHOIO CETMEHTAITIEI0 Ta HEHpOMEPEKEBUM
pO3Ii3HaBaHHSIM;

3. BuBueno TexHOMOTIi 1151 pO3pOoOKH KOMIUIEKCHUX MPOTPAaMHUX CUCTEM Ha 0a3i
xMmapHux TexHonorii: Blazor, Xamarin Forms, Azure Durable Functions, Azure
Cognitive Services;

4. CipoeKTOBaHO Ta po3poOJIEHO MPOrpaMHy CUCTEMY aBTOMAaTH3allll HaJaHHS Ta
0OpOOKHM 3BITIB I[0/I0 HE3AKOHHOTO MapKyBaHHSI.

Otxe, po3pobiieHa KOMIUIEKCHa NpOrpaMHa CHCTEMa HaJa€ MOXIUBICTh
rpoMajisiHaM y 3py4Hiil Ta eekTuBHIN (PopMi HagaBaTH yCIO HEOOX1IHY HOPMATHUBHY
iH(pOpMaIlito 100 aKTIB HE3aKOHHOTO TMapKyBaHHS, a €BaKyal[iliHUM CIyx0aM, y
CBOIO 4epry, 0OpOOJISITH Ta BIAMOBITHUM YHHOM pearyBaTH Ha 3BEPHEHHS TPOMAaJIsH.

PimenHs y»xe 3apa3 MOe BIPOBAKYBATUCS UIsl TECTYBAaHHA Yy MICTax 3aJis
MiIBUIIEHHS €()EKTUBHOCTI POOOTH CIIy’)k0 Ta 3MEHIICHHS KUIHBKOCTI BUMAIKIB
HE3aKOHHOTO TapKyBaHHS Oe3 BiAMoOBiaHOI peakmii. Pa3zom 13 muMm, po3poOieHa
nporpamMHa 0a3a Moke OyTH ajanToBaHa [0 IIHPOKOTO CHEKTPY MPEAMETHUX
oOJnacTel, MpoIecu SKUX MOTPEeOYIOTh EKCIEPTHOTO KOHTPOITIO.

Y Xxonal mnojanbmioi po3poOKH IJIAHYETHCS PO3IMIMPEHHS (yHKIIOHAIY,
BIIPOB/KCHHS IMIACUCTEMH €BaKyallliHOTO €KiMaXXy Ta JOCTIKEHHS MOXKIHBOCTI

1HTerpalli CUCTeMHU JUCHUILTIHAPHUX TTOKAPAHb.
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https://rep.bntu.by/bitstream/handle/data/27276/Raspoznavanie_tekstovyh_izo

brazhenij pri pomoshchi nejronnyh setej.pdf?sequence=1&isAllowed=y.

CunernazoB B. Inuboki HeWpoHHI Mepexi s BUPILICHHS 3aBJaHb
po3mi3HaBaHHsA 1 Kiacudikamii 300paxenHs [Enektponnuit pecypc]| / B.
Cunernazos, O. Uymauenko — Pexum goctyny 1o pecypcey: http://itcm.comp-
sc.if.ua/2017/Sineglazov.pdf.

Nijhuis J. A. Car license plate recognition with neural networks [Enexrponnuii
pecypc]/J. A. Nijhuis, M. H. Ter Brugge // IEEE — Pexxum noctymy 10 pecypcey:
https://ieeexplore.ieee.org/document/487708.

ASP.NET Core Blazor documentation [Enextponnuii pecypc] — Pexum

JOCTYITy 710 pecypcy: https://docs.microsoft.com/en-

us/aspnet/core/blazor/?view=aspnetcore-5.0.

Azure Cognitive Services documentation [Enexktponnuii pecypc] — Pexum

JIocTymy 70 pecypey:  https://docs.microsoft.com/en-us/azure/cognitive-

services/.
Azure Durable Functions documentation [Enexrponnuii pecypc] — Pexum

JIOCTymy  JIO  pecypcy: https://docs.microsoft.com/en-us/azure/azure-

functions/durable/.
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11.
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Xamarin.Forms documentation [Enektponnuit pecypc] — Pexum mocrymy a0
pecypcy: https://docs.microsoft.com/en-us/xamarin/xamarin-forms/.

The Model-View-ViewModel Pattern [ Enextponnuii pecypc] — Pexxum noctyiy
hi (o) pecypcey: https://docs.microsoft.com/en-us/xamarin/xamarin-

forms/enterprise-application-patterns/mvvm.



JOJATOK A — JIAT'PAMMU ITPELHEJAEHTIB KOPUCTYBALIBKUX
HIACUCTEM

60

KopexTyBaHHs B
KOHTaKTHUX AaHWX,
doTorpadii

npodinto ToLLo.

<<extend>>

AHaniz ocobuncroi
CTaTUCTUKU

- <<extend>> 3

PeparyBaHHs
npodinto

Mepernsg
npodinto

<<extend>> <<extend>>

QinbTpaia 3a
cTaTycoM, 4aToto,
NoKaLljero ToLLO.

PinbTpauis 3a
noKasHUKamum

- <<extend>> < -
3BITIB

PyHKLioHanbHe

Mepernsg cnvicky

<<extend>>
1
[}
1
[}

AamiHicTpyBaHHA
JaHuxX BXoay

--- <<extend>> ---( Mepernag 3siTy

Bubip exinaxy i3 Tux, Lo
[OCTYMHi Ta NiAXOAATL 3a
TUnom aBTomMobins Ta
paioHoM.

HazHauntn
eKinax

<<include>>

MigTBepAnTH
3BIT

afaTv NpUYnNH
BigMOBU

)
/ H
)
<<include>>

’ ]
¢ i
i

Bigxunntu 3BiT

Pucynoxk A.1. [liarpama npeneneHTiB miicucTeMu 00poOHUKa

JopaaBaHHn, BuganesaneHH
KoperyBaHHs eBakyauiiHux
aeTomobinie cnyxéu. 3B

pa

OCHOBHI CTaTUCTUYHI
NoKasHWKK Lo cTaTycis
iTiB, poznoginy no

AoHax Towo.

AaMiHiCTpyBaHHSA
PYXOMOro cknagy

AaMiHICTpyBaHHA
06pobHUKiB

Mepernsg 0cobUCTOT CTAaTUCTUKK,
AOAABaHHS, BUAANEHHS, KOpPeryBaHHs
0bpobHuKiB 3BITIB, IX paliioHie.

MNepernag
CTaTUCTUKKN

DyHKUIOHaNbHe
MEeHH

<<extend>>

AAMIHICTPYBaHHS
AaHWX BXoAy

e AaminictpaTop

AAMIHICTpYyBaHHA
eBakyauiiHnx
eKinaxis

o
-~

MNepernag ocobucTol CTaTUCTUKKA,
AOAABaHHS, BUAANEHHS,
KoperyBaHHs eBakyauiiiHnx
ekinaxis, ix cknagy, paioHie Ta
aBTOMOJIB Y PO3NOpaKeHi.

Pucynox A.2. Coporena aiarpama npereieHTiB aiMiHicTpaTopa
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JOIAATOK b — JTIATPAMA BA3U JAHUX CUCTEMH

AspNetRoles (dbo)
T W

Mame
MNormalzedhams

‘ConcurrencyStamp

- pp—————oa b ationC ates (dbo)
EvacuationCrews (dbo) :a:u ensrewm (dbo)
fu
Name
Name
) IsActive
sAvailable ageli AspNetUserRoles (dbo)
EvacuationCrewDistricts (dbo) TowTrucds Appiicationliserd | Userkd
? EvacustionCrewld koo e——tm > ¥ Rolsid
EvacuationCrewld
? Districtd
ReportsHandlers (dbo) ﬂ
e w AspNetUsers (dbo)
ReportsHandlerDistricts (dbo) i e w ~
e
# ReporsHandlerd
ep(?ns Tl Appicatonliserid UserMName
# [Districid
ImageUri W
Name
& TowTrucks (dbo)
7K
Districts (dbo)
% u GovernmentMumber
MaxAcceptableWsight
Name
MaxAcceptatlelength
Reports (dbo) Name
7K
ReportedDate
Addresses (dbo) Agditionaiinfo
L] isApproved
Mame sProcessed TowTruckReportVehicleTypes (dbo)
Districtid EvacustionCrewid ReportVehicles (dbo) ? TowTruddd
Locationid ¥ ¥ ReportViehiceTypeid
RejectionReason GovernmentMumber
ReportzHandlerid b Mosel
sCompleted Wieight
Locations (dbo) e !
- Width ReportVehicleTypes (dbo)
Code Ownerlame T
Addressid ‘OwnerPhoneNumber Name

‘OwneridentificationMumber
‘ehicleTypeName

Reportid

Pucynox b.1. Jliarpama 6a3u 1aHux cucteMu
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JOJATOK B — ®PAICMEHTHU PEAJIIBALII MPOT'PAMHOI CUCTEMUA

B.1 Ilpukaan 3axaHud iHTep@eiicy Ta JOriKH KOMIIOHEHTA

@page "/reporthandlers™

@inject IReportsHandlerService reportHandlersService
@inject IlocationService locationService

@inject NavigationManager navigationManager

@inject DialogService dialogService

@attribute [Authorize(Roles = RolesConstants.Administrator)]

J@if (reportHandlers != null)
{
] <RadzenCard>
] <div style="margin-bottom: 20px;">
<RadzenButton Icon="add" Text="Create handler"
Click="@(args => dialogService.Open<ReportsHandlerAddingDialog>("Handler creating"))" />

</div>
B <RadzenGrid Data="@reportsHandlerResponses” AllowFiltering="true" AllowPaging="true" AllowSorting="true"
TItem="ReportsHandlerResponse” AllowColumnResize="true" RowClick="(args) => OpenReportsHandler(args.Id)">
] <Columns>
<RadzenGridColumn TItem="ReportsHandlerResponse” Property="Name" Title="Name" Width="200px" />
] <RadzenGridColumn TItem="ReportsHandlerResponse" Property="IsActive" Title="Is active" Width="100px">
] <FilterTemplate>
<RadzenDropDown @bind-Value="currentActiveState" TextProperty="Text" ValueProperty="Value" Style="width:100%"
Change=@0nFilterChange
Data="@(Enum.GetValues (typeof(BooleanState)).Cast<BooleanState>().Select(t => new { Text = $"{t}", Value = t }))" />
</FilterTemplate>
</RadzenGridColumn>
<RadzenGridColumn TItem="ReportsHandlerResponse"” Property="ActiveReports"” Title="Active reports” Width="15@px" />
] <RadzenGridColumn TItem="ReportsHandlerResponse” Property="Districts” Title="Districts” Bubble="true">
B <FilterTemplate>
<RadzenDropDown @bind-Value="currentDistrictIds" Multiple="true" Data="districts" TextProperty="Name" ValueProperty="Id"
Change="0OnFilterChange" />
</FilterTemplate>
</RadzenGridColumn>
</Columns>
</RadzenGrid>

Pucynoxk B.1.1. CtBopenns iHTepdeiicy ¢ Razor po3miTkoro

@code {
private IEnumerable<ReportsHandler> reportHandlers;
private IEnumerable<ReportsHandler» filteredReportHandlers;
private IEnumerable<ReportsHandlerResponse> reportsHandlerResponses;

private IEnumerable<District> districts;
private IEnumerable<Guid> currentDistrictIds;

private BooleanState currentActiveState = BooleanState.All;
public enum BooleanState [:]

protected override async Task OnInitializedAsync()

{
reportHandlers = await reportHandlersService.GetReportsHandlersAsync();
districts = await locationService.GetDistrictsAsync();
currentDistrictIds = districts.Select(d => d.Id);
reportsHandlerResponses = ConvertGetResponse(reportHandlers);
dialogService.OnClose += DialogCloseAsync;
H
private void OnFilterChange()
{
filteredReportHandlers = reportHandlers;
if (currentActiveState != BooleanState.All)
filteredReportHandlers = filteredReportHandlers.Where(rh => rh.IsActive == Convert.ToBoolean(currentActiveState));
filteredReportHandlers = filteredReportHandlers
.Where(rh => rh.ReportsHandlerDistricts.Select(rh => rh.DistrictId).Intersect(currentDistrictIds).Any());
reportsHandlerResponses = ConvertGetResponse(filteredReportHandlers);
H
private void OpenReportsHandler(Guid reportsHandlerId)
{
navigationManager.NavigateTo("/reportshandler” + "/" + reportsHandlerId);
H

Pucynok B.1.2. 3aganHs J0TiKM KOMIIOHEHTY Yy dparMeHTi @code
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B.2 Peanizanis kjaacy po3niznaBanns 3 Azure Cognitive

private async Task<TextOperationResult> RecognizeAsync<T>{Func<ComputerVisionClient, Task<T»»> GetHeadersAsyncFunc,
Func<T, string> GetOperationUrlFunc) where T : new()

using var client = new ComputerVisionClient(clientCredentials) { Endpoint = subscriptionEndpoint };
T recognizeHeaders = await GetHeadersAsyncFunc{client);

string operationUrl = GetOperationUrlFunc{recognizeHeaders);

string operationId = operationUrl.Substring(operationUrl.LastIndexOf('/"') + 1);

TextOperationResult result = await client.GetTextOperationResultAsync(operationId);

for (int attempt = 1; attempt <= maxRetryTimes; attempt++)

{
if (result.Status == TextOperationStatusCodes.Failed || result.Status == TextOperationStatusCodes.Succeeded)
break;

await Task.Delay(queryWaitTimeInSecond};
result = await client.GetTextOperationResultAsync(operationId);

return result;

Pucynox B.2.1. YuiBepcanbna pyHnkuis a1 meroais ComputerVisionClient

public async Task<string> RecognizelUrlAsync{string imagelrl)

{
var textOperationResult = await RecognizeAsync(
async (ComputerVisionClient client) => await client._RecognizeTextAsync{imageUrl, TextRecognitionMode.Printed),
headers => headers.OperationLocation);
var stringResult = ProcessTextOperationResult(textOperationResult);
return stringResult;
¥

Pucynok B.2.2. Mertop po3mi3HaBaHHS CHMBOJIIB Ha 300pakeHHI

private string ProcessTextOperationResult(TextOperationResult textOperationResult)

{
StringBuilder stringBuilder = new StringBuilder();
if (textOperationResult != null && textOperationResult.RecognitionResult != null &&
textOperationResult.RecognitionResult.Lines != null && textOperationResult.RecognitionResult.Lines.Count > @)
{
foreach (var line in textOperationResult.RecognitionResult.Llines)
{
foreach (var word in line.Words)
{
stringBuilder.Append(word.Text);
¥
}
}
return stringBuilder.ToString();
}

Pucynok B.2.3. Meron 0OpoOku pe3yabTaTy po3Ii3HaBaHHS



B.3 Peagizanis kjaacy po3niznaBanns 3 Azure Cognitive

[FunctionName("PlateRecognitionOrchestrator_HttpTriggerStart”)]

public async Task<HttpResponseMessage» HttpStart(
[HttpTrigger(AuthorizationlLevel.Anonymous, "post™)] HttpRequestMessage request,
[DurableClient] IDurableOrchestrationClient starter,
TlLogger log)

{
var requestContent = await request.Content.ReadAsStringhsync();
string instanceld = await starter
.StartNewAsync("PlateRecognitionOrchestrator”, input: requestContent);
log.LogInformation($"Started orchestration with ID = '{instanceld}'.");
return starter.CreateCheckStatusResponse(request, instanceld);
¥

Pucynok B.3.1. ®yHkiris KIi€HTY OpKecTpaTropa

[FunctionName("PlateRecognitionOrchestrator™)]

-

{

public async Task RunOrchestrator(

[OrchestrationTrigger] IDurableOrchestrationContext context)

var requestContent = context.GetInput<string>();
var plateBlobDetails = JsonConvert.DeserializeObject<lLicensePlateBlobDetails>(requestContent);

var recognizedPlate = await context
.CallActivityAsync<string>(FunctionConstants.RecognizePlateByPhoto, plateBlobDetails.Mame);

var vehicle = await context
.CallActivityAsync<Vehicle>(FunctionConstants.GetVehicleDataByPlate, recognizedPlate);

var reportVehicle = mapper.Map<ReportVehicle>(vehicle);
reportVehicle.ReportId = plateBlobDetails.Name;

await context.CallActivityAsync(FunctionConstants.UploadVehicleDataToStorage, reportVehicle);

Pucynoxk B.3.2. ®yHkiris opkectpaTopa

[FunctionName(FunctionConstants.RecognizePlateByPhoto)]

0 reference

public async Task<string» RecognizePlateByPhoto([ActivityTrigger] Guid plateBlobName)
{

var plateBlobUrl = blobStorageService.GetPlateBlobUrlByName(plateBlobName.ToString());

var plateNumber = await plateRecognitionService.RecognizeUrlAsync(plateBlobUrl);
return plateNumber;

Pucynoxk B.3.3. Onna i3 Activity ¢pyskiii
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B.4 Peauizanis MVVM madgony 3 Xamarin

public class lLocationProvidingPageViewModel : ViewModelBase

{

public IEnumerable<District> Districts { get; set; }

public string Additionallnfo { get; set; }

District selectedDistrict;

bubllchistrict SelectedDistrict

{
get { return selectedDistrict; }
set
{
if (selectedDistrict != value)
{
selectedDistrict = value;
OnPropertyChanged();
H
}
}

Pucynok B.4.1. ®parment 3aganus ViewModel

public class ViewModelBase : INotifyPropertyChanged

{
public event PropertyChangedEventHandler PropertyChanged;
protected virtual void OnPropertyChanged([CallerMemberiName] string propertyName = null)
{
PropertyChanged?.Invoke(this, new PropertyChangedEventArgs(propertyName));
b
b

Pucynoxk B.4.2. Peanizanis INotifyPropertyChanged intepdeticy

J<ContentPage xmlns="http://xamarin.com/schemas/2014/forms"
xmlns:x="http://schemas.microsoft.com/winfx/2009/xaml" xmlns:viewmodels="clr-namespace:ParkingControl.Mobile.ViewModels"
x:DataType="viewmodels:LocationProvidingPageViewModel"
x:Class="ParkingControl.Mobile.Views.Reporting.LocationProvidingPage">
<ContentPage.Content>
<ScrollViews
<StacklLayout VerticalOptions="FillAndExpand" HorizontalOptions="FillAndExpand">
<StackLayout VerticalOptions="Start">
<Frame BackgroundColor=["Orange" Padding="24">
<Label Text="incident address" HorizontalTextAlignment="Center"
TextColor=0"White" FontSize="24"/>
</Frame>
<Label Text="District:"/>
<Picker Title="Select district" ItemsSource="{Binding Districts}" ItemDisplayBinding="{Binding Mame}"
SelectedItem="{Binding SelectedDistrict}" />
<Label Text="Address:"/>
<Picker Title="Select district" ItemsSource="{Binding SelectedDistrict.Addresses}" ItemDisplayBinding="{Binding Name}"
SelectedItem="{Binding SelectedAddress}" />

Pucynox B.4.3. ®parmenT 3ananns intepdeiicy 3 XAML



[XamlCompilation(XamlCompilationOptions.Compile)]
5 references

public partial class LocationProvidingPage : ContentPage

{

private readonly ReportingRequest reportingRequest;

public LocationProvidingPage(ReportingRequest reportingRequest)

{
this.reportingRequest = reportingRequest;
BindingContext = new LocationProvidingPageViewModel();

InitializeComponent();

protected async override void OnAppearing()

{
var vm = BindingContext as lLocationProvidingPageViewModel;
vm.Districts = await App.LocationsManagerInstance.GetDistrictsAsync();
base.OnAppearing();

}

Pucynok B.4.4. ITins’s3xa ViewModel mix xiac npepcraBieHHS
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JIOJIATOK JI — IHTEP®ENC PO3POBJIEHOI CUCTEMM

ParkingControl.Portal

.1 3aragabHi ejjemenTH iHTepdeiicy Bed-101aTKY

ParkingControl.Portal

Log In
Use a local account to log
in.

Email
Password

[J Remember me?

Pucynox /I.1.1. Cropinka aBTopu3aliii KOpucTyBaua

Hello admin1@gmail.com! Logout

Manage your account

Change your account settings

Email

Password

Two-factor
authentication

Personal data

Username

admin1@gmail.com

Phone number

Save

Pucynok /I.1.2. Ctopinka aAMiHICTpYBaHHS aKKayHTY
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e e e

|- ParkingControl Portal X + Q

i« G @ localhost44317 a #« » @ :

Parking Control

[ statistics

E Report handlers

121: Evacuation crews

Hello, admin1@gmail.com! Log out

Sorry, there's nothing at this address.

Pucynok /I.1.3. AganTuBHE HaBiramiiHe MEHIO

.2 Ilincucrema agMminicTpaTropa

Parking Control Hello, admin1@gmail.com! Log out
[ statistics )
Period: 12.05.2021 [¥] - 30.05.2021 (7 m
E Report handlers
121: Evacuation crews
12
S
o
2 M Completed
5
a -—-= .
I e T - - Received
£ = .. ~m--"
g L -
=z N m”
. S — ’
w’ S .\\\ -
N .
~m-

W Approved

Rejected

II IIII a

Pucynoxk /[.2.1. Cropinka nepersisgay cTaTUCTUKH




Parking Control

[ statistics

BS Report handlers

NAME =

1ZI Evacuation crews

Ivanna Hunko
Semen Antonov

Karina Mytsik

Oleksii Rud

Anton Bugai

Konstantin Makarenko

Darina Hrebenyuk

Artem Stepanov

ISACTIVE =  ACTIVE REPORTS =
All v
True 0
False 1
True 0
True 0
True 2
False 0
True 1
True 2

Hello, admin1@gmail.com!

DISTRICTS =

9 items selected -
LecHaHcbkuiA, MoinbCcKWii
OB6onoHCbKMiA, MNe4epcbkuit
OBonoHCLKNA, MeYvepcokuii
CBATOLUMHCLKWA, OBONOHCLKMIA, MedepcoKii
CONOM'AHCBKWIA, MoainbCKui
[LecHaHcbknia, Moginbckuii, [HINPOBCLKNA
LapHuLbknii, Conom'siHCbKUiA

[OapHuubrnia, Conom'aHCLKMIA

Pucynoxk /1.2.2. CropiHka neperisigy 0OpoOHHKIB CUCTEMHU

Parking Control

D Statistics

E Report handlers

A Evacuation crews

Hello, admin1@gmail.com!

lllia Peknevych

Email:
handler1@gmail.com

Phone:
+380662406023

Districts:

AapHnUbEMn, CONOM'AHCHKUA ~

Is active:

Assigned
reports

m Processed

Not processed

Processed
reports

Log out

Log out

m Approved

Refused

Pucynox /1.2.3. Ctopinka neperisay iH(popmalli mpo KOHKPETHOro 00poOHUKa
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.3 Ilincucrema o0poOHNKA 3BITIB

Parking Control Hello, handler1@gmail.com! Log out

=] Profile

lllia Peknevych

Email:
handler1@gmail.com

! Reports

Phone:

+380662406023

Districts:

Napunubkuit, Conom'aHCHKMIA

Assigned ® Processed Processed H Approved

reports Not processed reports Refused

Pucynox /1.3.1. Ctopinka neperisigy ocooucToi iHpopmarii

Parking Control

Hello, handler1@gmail.com! Log out

=] Profile

REPORTED DATE = LOCATION = 1S PROCESSED = ISAPPROVED =
! Reports

LWenTuupkoro All - All -

28.04.2020 12:21:37 Byn. Wentnupkoro, 1 False False

22.05.2021 14:20:00 Byn. Wentnupkoro, 26 False False

30.04.2021 17:563:21 gyn. WenTuupkoro, 5 True True

Pucynoxk /1.3.2. CTopinka neperiyisiy CucKy 3BiTiB



REPORTED DATE = LOCATION = IS PROCESSED = IS APPROVED =
= A llenTuubKoro All - All
< Mar v 2021 ~ > False
m« BT Cp 4 Mt G5 B False
B - ¢ Y e
Not equals 3 4 5 6 7 8 9
Less than 0 11 12 13 14 15 16

Less than or equals
17 18 19 20 21 22 23
Greater than

Greater than or equals %42 E 2 28 29 30

Pucynoxk /1.3.3. ®yHKIioHaT HaAITyBaHHS AaTH

Parking Control Hello, handler1@gmail.com!

=] Profile
© Main details
E Reports
Date: Is processed:
28.04.2020 12:21:37 No
Location: Is approved:
Byn. Wentuupskoro, 1 No

Additional info:
3abnokoBaHui TpoTyap Oins cxigHoro Bxody A0 Mapky.

& Vehicle infromation

Government number: BA2343PO Qwner: Mpuxoasko Cepriit Banepiioeuy
Model: Mercedes GL Phone number: +380443432324
Vahicle Type: MNozawnaxoerk Identification number: 1231131456

Size: 5000 x 1900
Weight: 3000

Pucynok /1.3.4. OcHOBHI aeTai moj0 3BITY

Log out
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Parking Control Hello, handler1@gmail.com! Log out

=] Profile
@ Main details il

B Reports
& Vehicle infromation it
@ Photo -

Pucynok /1.3.5. Ilepernisa naHopamMu paBONOPYILIEHHS

Report approving X Report rejecting X
NAME = APPOINTED REPORTS =
Lle He e npaBonopyLueHHsM. Yci HeobxigHi Buvorw ML BukoHaHi 3rigHo n.3.3.
oo ]
TisoGepeskHit 1 0 £
.
L=

Pucynox /1.3.6. /lianorosi BikHa peakIrii Ha 3BIT



1.4 Ilincucrema rpoMaasiHuHA

PICK IMAGE

TAKE IMAGE

CANCEL NEXT STEP

Pucynoxk /1.4.2.

PICK IMAGE

TAKE IMAGE

m
. — — — —— — T——

. AA 8448 CB:

NEXT STEP

327 & @

Downloads

AA 8448 CB | l-AA 8448 CB

PlatePhoto (1). PlatePhoto.jpg
! 145 kB May 24 ! 64.65 kB May 24

m Panorama.jpg
138 kB May 24

Onuii Bubopy dotorpadiii

73



LD s trict
LHinpoBCcbKKA

M eyn. LWenTuybkoro

Location

26

Some details.

CANCEL CONFIRM

Pucynox [1.4.3. ®dynkirionan HagaHHs JIOKAIIiT Ta T0AaTKOBOI 1H(popMaIIii
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Documentation Roadmap

Purpose and Scope of the SAD

This SAD specifies the software architecture for Public Parking Control system. This document
provides a comprehensive architectural overview of the system, using several different
architectural views to depict different aspects of the system. It is intended to capture and convey
the significant architectural decisions which have been made on the system.

What is software architecture? The software architecture for a system® is the structure or
structures of that system, which comprise software elements, the externally visible properties
of those elements, and the relationships among them [Bass 2003]. "Extemally visible”
properties refer to those assumptions other elements can make of an element, such as its
provided services, performance characteristics, fault handling, shared resource usage, and so
on. This definition provides the basic litmus test for what information is included in this SAD.

Elements and relationships. The software architecture first and foremost embodies
information about how the elements relate to each other. This means that architecture specifi-
cally omits certain information about elements that does not pertain to their interaction. Thus,
a software architecture is an abstraction of a system that suppresses details of elements that do
not affect how they use, are used by, relate to, or interact with other elements. Elements interact
with each other by means of interfaces that partition details about an element into public and
private parts. Software architecture is concerned with the public side of this division, and that
will be documented in this SAD accordingly. On the other hand, private details of elements—
details having to do solely with internal implementation—are not architectural and will not be
documented in a SAD.

Multiple structures. The definition of software architecture makes it clear that systems can
and do comprise more than one structure and that no one structure holds the irrefutable claim
to being the architecture. The neurologist, the orthopedist, the hematologist, and the
dermatologist all take a different perspective on the structure of a human body.
Ophthalmologists, cardiologists, and podiatrists concentrate on subsystems. And the
kinesiologist and psychiatrist are concerned with different aspects of the entire arrangement’s
behavior. Although these perspectives are pictured differently and have very different
properties, all are inherently related; together they describe the architecture of the human body.
So, it is with software. Modern systems are more than complex enough to make it difficult to
grasp them all at once. Instead, we restrict our attention at any one moment to one (or a small
number) of the software system’s structures. To communicate meaningfully about an
architecture, we must make clear which structure or structures we are discussing now—which
view we are taking of the architecture. Thus, this SAD follows the principle that documenting
a software architecture is a matter of documenting the relevant views and then documenting
information that applies to more than one view.

For example, all non-trivial software systems are partitioned into implementation units; these
units are given specific responsibilities and are the basis of work assignments for programming
teams. This kind of element will comprise programs and data that software in other

! Here, a system may refer to a system of systems.




implementation units can call or access, and programs and data that are private. In large
projects, the elements will almost certainly be subdivided for assignment to sub-teams. This is
one kind of structure often used to describe a system. It is a very static structure; in that it
focuses on the way the system’s functionality is divided up and assigned to implementation
teams.

Other structures are much more focused on the way the elements interact with each other at
runtime to carry out the system’s function. Suppose the system is to be built as a set of parallel
processes. The set of processes that will exist at runtime, the programs in the various
implementation units described previously that are strung together sequentially to form each
process, and the synchronization relations among the processes form another kind of structure
often used to describe a system.

None of these structures alone is the architecture, although they all convey architectural
information. The architecture consists of these structures as well as many others. This example
shows that since architecture can comprise more than one kind of structure, there is more than
one kind of element (e.g., implementation unit and processes), more than one kind of interaction
among elements (e.g., subdivision and synchronization), and even more than one context (e.g.,
development time versus runtime). By intention, the definition does not specify what the
architectural elements and relationships are. Is a software element an object? A process? A
library? A database? A commercial product? It can be any of these things and more.

These structures will be represented in the views of the software architecture that are provided
in Section 0.

How the SAD Is Organized

This SAD is organized into the following sections:

Section 0 (“Documentation Roadmap”) provides information about this document and its
intended audience. It provides the roadmap and document overview. Every reader who
wishes to find information relevant to the software architecture described in this document
should begin by reading Section 1, which describes how the document is organized, which
stakeholder viewpoints are represented, how stakeholders are expected to use it, and where
information may be found. Section 1 also provides information about the views that are
used by this SAD to communicate the software architecture.

Section 2 (“Architecture Background”) explains why the architecture is what it is. It
provides a system overview, establishing the context and goals for the development. It
describes the background and rationale for the software architecture. It explains the
constraints and influences that led to the current architecture, and it describes the major
architectural approaches that have been utilized in the architecture. It includes information
about evaluation or validation performed on the architecture to provide assurance it meets
its goals.

Section 0 (Not applicable.
VieWS”) specify the software architecture. Views specify elements of software and the

relationships between them. A view corresponds to a viewpoint (see Section 1.4) and is a
representation of one or more structures present in the software.

Sections 4 (“Referenced Materials”) and 5 (“Directory”) provide reference information
for the reader. Section 4 provides look-up information for documents that are cited

2



elsewhere in this SAD. Section 5 is a directory, which includes a glossary and acronym
list.

Stakeholder Representation

This section provides a list of the stakeholder roles considered in the development of the
architecture described by this SAD. For each, the section lists the concerns that the stakeholder
has that can be addressed by the information in this SAD.

Each stakeholder of a software system—customer, user, project manager, coder, analyst, tester,
and so on—is concemed with different characteristics of the system that are affected by its
software architecture.

This information is represented as a matrix, where the rows list stakeholder roles, the columns
list concerns, and a cell in the matrix contains an indication of how serious the concern is to a
stakeholder in that role. This information is used to motivate the choice of viewpoints chosen
in Section 1.4.

Table 1: Stakeholders’ concerns matrix

Concern ul Programming Architecture | Development
tools Performance costs
Stakeholder
Customer High Low High Medium High
End user High None High None None
Developer High High High High Medium
Tester High Medium High Medium Medium

Viewpoint Definitions

The SAD employs a stakeholder-focused, multiple view approach to architecture
documentation, as required by ANSI/IEEE 1471-2000, the recommended best practice for
documenting the architecture of software-intensive systems [IEEE 1471].

As described in Section 1.1, a software architecture comprises more than one software structure,
each of which provides an engineering handle on different system qualities. A view is the
specification of one or more of these structures, and documenting a software architecture, then,
is a matter of documenting the relevant views and then documenting information that applies
to more than one view [Clements 2002].

ANSI/IEEE 1471-2000 provides guidance for choosing the best set of views to document, by
bringing stakeholder interests to bear. It prescribes defining a set of viewpoints to satisfy the
stakeholder community. A viewpoint identifies the set of concemns to be addressed, and
identifies the modeling techniques, evaluation techniques, consistency checking techniques,
etc., used by any conforming view. A view, then, is a viewpoint applied to a system. It is a
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representation of a set of software elements, their properties, and the relationships among them
that conform to a defining viewpoint. Together, the chosen set of views show the entire
architecture and all its relevant properties. A SAD contains the viewpoints, relevant views, and
information that applies to more than one view to give a holistic description of the system.

The remainder of Section 1.4 defines the viewpoints used in this SAD. The following table
summarizes the stakeholders in this project and the viewpoints that have been included to
address their concerns.

Table 2:  Stakeholders and Relevant Viewpoints

Stakeholder Viewpoint(s) that apply to that class of
stakeholder’s concerns

Customer Use-Case, Process, Deployment

End user Use-Case, Process

Developer Use-Case, Process, Logical, Data, Deployment

Tester Use-Case, Process, Deployment

Use-Case Viewpoint Definition

Abstract

Viewpoint describes the set of scenarios and/or use cases that represent some significant, central
functionality. It also describes the set of scenarios and/or use cases that have a substantial
architectural coverage (that exercise many architectural elements) or that stress or illustrate a
specific, delicate point of the architecture.

Stakeholders and Their Concerns Addressed

All stakeholders of the system, including the end-users for high-level overview of the
relationships between use cases, actors, and subsystems.

Elements, Relations, Properties, and Constraints

Elements of the use-case viewpoint are actors that portrays any entity (or entities) that perform
certain roles in the system and use cases that describes the interactions that take place between
actors and the system during the execution of business processes.

Viewpoint relationship is a type of model element that adds semantics to a model by defining
the structure and behavior between the model elements. It includes activity edges, associations,
dependencies, and generalizations.




Process Viewpoint Definition

Abstract

Viewpoint describes the dynamic aspects of the system, explains the system processes and how
they communicate, and focuses on the run time behavior of the system.

Stakeholders and Their Concerns Addressed

All stakeholders of the system, including the end-users to understand the main processes of the
application at the level of their sequential interaction.

Elements, Relations, Properties, and Constraints

Elements are the main actions that occur during the described process, at a high level of
abstraction with an emphasis on the business process itself. They are combined into groups to
determine the subsystems in which certain stages of the process take place.

Relationships between the stages of the process determine the sequence of their execution.
Logical Viewpoint Definition

Abstract

A description of the logical view of the architecture. Describes the most important classes, their
organization in service packages and subsystems, and the organization of these subsystems into
layers.

Stakeholders and Their Concerns Addressed

The viewpoint is helpful within the functional analysis, and it’s also serves to identify common
mechanisms and design elements across the various parts of the system, which can be useful
for developers and testers.

Elements, Relations, Properties, and Constraints

The system is decomposed into a set of key abstractions, taken (mostly) from the problem
domain, in the form of objects or object classes. They exploit the principles of abstraction,
encapsulation, and inheritance. So used elements of the viewpoint are layers, classes,
boundaries, and controls. Relations specifies association, aggregation, inheritance, or usage of
elements within each other.

Deployment Viewpoint Definition

Abstract

A description of the deployment view of the architecture describes the various physical nodes
for the most typical platform configurations.




Stakeholders and Their Concerns Addressed

Viewpoint shows the mapping of the software onto the hardware and shows the system’s
distributed aspects. It’s useful for developers who deploy system infrastructure as well as for
customers because of security aspects of nodes distribution and communication firewalls.
Along with this, for effective testing, a high-level understanding of the distribution of the
system at the level of physical components is also necessary.

Elements, Relations, Properties, and Constraints

Elements represent computational, communicational or data resources of the system. Relations
between two nodes define communication between elements in any form: HTTP requests, via
message brokers etc.

Data Viewpoint Definition

Abstract

Describes the architecturally significant persistent elements in the data model.

Stakeholders and Their Concerns Addressed

The viewpoint is useful for developers who may operate with the data model at the business
logic level to understand the essential models of the system and the relationships between them.

Elements, Relations, Properties, and Constraints

Elements of view is any distinguishable object that is to be represented in the database.
Relationship: used to designate a logical association between entities. It is usually qualified by
the cardinality of the participant entities: one-to-one, one-to-many, or many-to-many
relationship. Conceptually, there are no topological constraints with respect to the relations in
a data model.

How a View is Documented

Section 3 of this SAD contains one view for each viewpoint listed in Section 1.5.

Each view is documented as a set of view packets. A view packet is the smallest bundle of
architectural documentation that might be given to an individual stakeholder.

Each view is documented as follows, where the letter i stands for the number of the view: 1, 2,
etc.:

Section 3.i: Name of view.

Section 3.i.1: View description. This section describes the purpose and contents of the view. It
should refer to (and match) the viewpoint description in Section 1.5 to which this view
conforms.

Section 3.i.2: Primary presentation. This section presents the elements and the relations among
them that populate this view packet, using an appropriate language, languages, notation, or
tool-based representation.




Section 3.i.3: Element catalog. Whereas the primary presentation shows the important elements
and relations of the view packet, this section provides additional information needed to
complete the architectural picture. It consists of subsections for (respectively) elements,
relations, interfaces, behavior, and constraints.

Section 3.i.4: Architecture background. This section provides rationale for any significant
design decisions whose scope is limited to this view packet.

Relationship to Other SADs

Not applicable.




Architecture Background

Problem Background

The current rapid pace of urbanization is one of the main problems of large cities -
oversaturation with cars. In addition to heavy traffic on time, there is also a lack of packing
areas. Each new building, hundreds of which appear on the first vacant lawn each year, covers
the need for parking spaces at best by 40%. The logical consequence of this is that drivers often
violate all generally accepted parking rules, creating inconvenience for others, and sometimes
even creating emergencies. City authorities enter contracts with evacuation services, but there
is still no centralized means by which a citizen can report an illegal parking act, and the
evacuation service operator can analyze the offense and call the crew only if necessary.

System Overview

The main purpose of the system is to automate communication between citizens and evacuation
services operating in the city. Such an automation system is being created with the aim of
improving the quality of life in cities by controlling cases of illegal parking in the most efficient
manner.

Goals and Context

For the target city of the system, a citizen who has witnessed a violation of parking rules must
contact the patrol police. However, according to the inspectorate, this can be done only in
writing. To do this, you need to take a few photos that show the area, road signs or markings,
indicate the city, address, date, car license plates and contact details of the reporting citizen.
The report must then be printed out and sent by letter to the patrol police department. The police,
in turn, must review the complaint within 30 days, identify the offender and punish him
accordingly.

Thus, based on the analysis of existing reporting mechanisms and algorithms of state and
evacuation services, the following processes were identified: reporting on offenses, processing
the report by an evacuation service expert, evacuation of a car by crew, administration of human
and automobile resources of evacuation service.

The offense reporting process as described above should allow a person to provide the
following information:

- Panoramic photos which show all needed information to determine the act of the
offense.

- Car license plate to identify the offender.

- Location of the offense for appropriate services response if necessary.

Significant Driving Requirements

There are some key requirements and system constraints that have a significant bearing on the
architecture. They are:




- The human factor in identifying the offender must be minimized. Thus, manual entry
of license plates is excluded.

- A mechanism for integration with state registers is needed to obtain information about
the infringer on the provided license plates.

- The possibilities of deploying system components are limited, in view of this, full cloud
compatibility with the target platform is required.

- The scale of using the system directly depends on its convenience for users in each of
the roles. For citizens, it is important to provide the necessary information as quickly
and conveniently as possible, which dictates the need for native accessibility of the
system. At the same time, it is important to consider that the part of the system
associated with the processing of reports and the administration of resources has large
amount of complex functionality and the system must have high portability.

- Since access to the relational storage of reports will be performed by many users at the
same time, it is necessary to ensure the integrity of the operations and data performed.

Solution Background

Architectural Approaches

The approach to providing information about the violation by the user is a fundamental point
in the formation of the architecture. In view of the requirements to exclude manual entry of
identification data, the choice was made in the direction of providing a license plate in the form
of a photo. At the same time, the idea of assigning the responsibility to the expert to manually
search for the necessary information in the registers by the number in the photo potentially
reduced the efficiency of the process and did not exclude the human factor from it.

It was decided to automate the process of recognition in the photo by using computer vision.
At the same time, due to limited resources, the option of developing our own neural networks
to solve this popular problem was not considered. Given the target platform for deploying
resources, the built-in Computer Vision service on Azure is used for these purposes.

Further, the system is divided into 4 functional components:

- Mobile app. It is used by citizens to provide all the information necessary for the report,
as well as by evacuation crews to receive information about assigned evacuations. The
choice in favor of the mobile application was indicated by its ease of accessibility and
native user experience. It was clear that for users in these roles, a smartphone would be
the tool for accessing the system. And a web application, in the context of the
requirements set, cannot compete with its native counterpart.

- Web application. Unlike the subsystems of the citizen and the evacuation crew, the
functional load for experts and administrators is much higher. In view of this, personal
computers are the priority target machine for these subsystems. Requirements for
accessibility and portability justified the choice in favor of a web application with a
near-native user experience, which a demanding desktop application could not provide.




- Data access API. To organize a single point of access to data, which has appropriate
mechanisms to protect data and ensure the integrity of operations performed, all
software components of the system access the database through a specialized APL

- Recognition functions. The task of this component is to encapsulate the logic for
obtaining data about the offender from a license plate photo. The first function accesses
the CV resource to obtain a string value, and the second receives the corresponding
information from the registers. In this way, maximum modularity and extensibility of
this participatory process is achieved.

.NET was chosen as the target platform for the implementation of the above components. The
following features were considered:

- Since the system assumes cloud hosting, the target platform should ideally have tight
integration with the cloud provider.

- To facilitate future support, all software components must be implemented on a single
platform.

The multi-level organization of the code with elements of the microservice architecture made
it possible to achieve a modular implementation broken down by duties.

Analysis Results

According to the load tests, the allocation of the data access layer as a separate component made
it possible to separate the load of operating with the database from the capacities of web and
mobile applications. In this way, the API can independently scale depending on the workloads,
as well as encapsulate the logic of maintaining the integrity of parallel data operations.

All components of the system successfully interact with each other thanks to a single platform,
which made it possible to use common resource libraries.

An independent license plate recognition module provides efficient closed integration with
computer vision service and government registries.

Requirements Coverage

Exclusion of the human factor in the identification of the offender: The identification process
takes place by processing the photo of the license plate using computer vision with further
automated receipt of the relevant information from the registries.

Cloud compatibility: All system components are designed in such a way as to be directly
reflected as a resource on cloud platforms. Thus, even the level of TaaS is redundant, the system
operates with PaaS.

Subsystems UX: The citizen and evacuation worker subsystems are implemented as a mobile
application, which provides the necessary accessibility and ease of use. In turn, the more loaded
expert and administrator subsystems are delivered as a full-fledged web application.

Database consistency: All operations with the system database are organized through a separate
software component that ensures the sequence of operations and data integrity.
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Product Line Reuse Considerations

Not applicable.
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Views

This section contains the views of the software architecture. A view is a representation of a
whole system from the perspective of a related set of concemns [IEEE 1471]. Concretely, a view
shows a particular type of software architectural elements that occur in a system, their
properties, and the relations among them. A view conforms to a defining viewpoint.

Use Case View

View Description

The view contains use cases or scenarios from the use-case model if they represent some
significant, central functionality of the final system. Central process of the system is a report
processing. A citizen accesses the system and report about the offence. Evacuation service
expert evaluates the situation and in case of violation confirmation may assign the report to
available crews that carry out the evacuation.

Primary presentation

Report a violation

Citizen

Process a report

Aszsign approved
report to crew

User Reports manager

Carry out assigned
report

View personal
statistic

Evacuation
crew

Figure 1: Architecturally significant Use Cases

Elements catalog

Login. This use case describes how a user logs into the Public Parking Control system. The
actors starting this use case are Citizens, Experts and Evacuation Crews.

View Personal statistic. Use case describes user's ability to view personal statistics. For citizens,
these are submitted reports, for experts - processed reports, for crews — carried out as assigned.
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Report a violation. This use case allows a citizen to report a violation of the parking rules by
providing panoramic photos and location.

Process a report. This use case allows an expert to view the submitted violation report with all
the necessary information and decide on its validity.

Assign approved report to crew. This use case allows an expert to assign a valid report to one
of the available evacuation crews.

Carry out assigned report. This use case allows an evacuation crew to choose one of the
assigned reports and, in accordance with it, perform the evacuation of the violator's car.
Architecture background

The authentication process is centralized for all users, regardless of the hosting platform of their
subsystem. At the same time, the report manager encapsulates all the necessary logic for storing
and accessing data.

Process View

View Description

The view describes the stage-by-stage processing of the report as the main process of the
system's life. The division of stages into responsible subsystems gives an understanding of how
the process is distributed among the components of the system.

Primary presentation

srssesssssssessesssses s s AN SUbSYSEM £ 5 5 5 e s

7. Information about the

oo

M 1. Citizen submits an results of processing the

. offenze report report is provided to the |7

: citizen. :

L e e
Recognition
T odule Cfrreereees

6. The crew receives

information about the

assigned report and
performs the
evacuation.

Y

2. Recognition of the
provided license plate
photo

Crew
. .
subsystem

®® s s s s s s s os s osEE E EEEEEEEEEEEEEEEEAEEEEE R,

5a. The expert azsigns a
report to the available
crew to carry out the
evacuation.

eFEE R R B B BB BB R
e

Trr e

A 4
3. Obtaining the
registration data of
the offender and the
vehicle

BEoEoEoE e s e B B B R R R R EEEEEEEEEEg

Faa e wowow e e s rEEEEEEE e ey

A

fes

s s s s s s ssdes s oswow

FaowowowowososoEEwww

s s s e e s s se s s s s s Ew e

k4
4. Processing of the
report by an expert of

5b. Supplement the
—Mo report with the reason
for the rejection.

Is there an
offense?

the evacuation
service

P R R I I I IR

#EEE e R R R R R R AR

sasmessrnannnmnerrnnenanerrannannrnarnannwsssnss s CAPSH subsystem. ...

Figure 2: Report processing flowchart
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Elements catalog

1: A citizen who discovered the offense generates a report containing the location, panoramic
photo, and photo of the license plate, as well as supporting information if necessary.

2: Automated process of license plate recognition on the provided photo with subsequent
transfer of its string value.

3: Integration with state automobile registries with obtaining detailed information about the car
and its owner.

4: Based on the information received, the expert of the evacuation service decides on the
validity of the report.

Sa: If the fact of violation is confirmed in the report, the expert assigns it to one of the crews.
In this case, the choice of the crew is based on its load.

5b: If the expert did not find an offense in the submitted report, the system makes it possible to
reject it. In this case, a prerequisite is an indication of the reason for the refusal.

6: When a report is assigned to a crew, its members receive a corresponding notification within
their subsystem. After the evacuation is completed, the report is marked as completed.

7: Regardless of the validity of the submitted report, upon completion of its processing, the
citizen is provided with the resulting information.
Architecture background

The stages of the process are clearly divided into the corresponding subsystems, which allows
them to be implemented by separate components at the software and physical levels.

Logical View

View Description

System applications are divided into layers based on the N-tier architecture. The layering model
is based on a responsibility layering strategy that associates each layer with a particular
responsibility. So, this view describes architectural layers and their dependencies on each other.
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Primary presentation
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Figure 3: Software’s layered architecture diagram

Elements catalog

Presentation Layer. Deals with presentation logic and the pages rendering.

Control Layer. Manages the access to the domain layer.

Domain Layer. Related to the business logic and manages the accesses to the resources layer.

Resources Layer. Responsible for the access to the enterprise information system (database,
data warehouse, storages etc.)

Shared Layer. Gathers the common objects reused through all the layers.

Architecture background

This strategy has been chosen because it isolates various system responsibilities from one
another, so that it improves both system development and maintenance.

Deployment View

View Description

All system components are deployed within the Azure cloud infrastructure. Within the diagram,
each node is the corresponding platform cloud resource (except mobile app that uses
corresponding publishing platforms).
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Primary presentation
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Figure 4: Component diagram

Elements catalog

Evacuation Service Web App. Portal for evacuation experts and administrators. Provides the
process of processing the report by an expert with its subsequent assignment to the evacuation
crew, as well as the possibility of administering the resources of the evacuation service (experts,
evacuation vehicles, etc.)

Citizens/Crews mobile app. Provides a process for submitting a report by a citizen, as well as
displaying information about assigned reports for evacuation crews.

Data Access API. Contains operations for interacting with system data, serves as a single-entry
point to the database.

System database. SQL Database that contains all the main data of the system, apart from state
registries.

Photo Storage for Reports. Storage account for blobs that stores photos that citizens attach to
their reports. Serves as photo source for Web App and Recognition Worker.

Recognition Worker. Azure Function that provides the process of recognition of a photo of a
license plate via Azure Cognitive with the subsequent obtaining of the corresponding data from
state registries.

Azure Cognitive. A computer vision service that performs the task of recognizing a license plate
in a photo.

State Register. Data storage of the state register of automobiles. It is an external government
source and is not part of the deployment component of the system.
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Architecture background
The view displays several architecturally important decisions at once:

- In view of the different requirements of the subsystems in terms of user experience,
they are divided into mobile and web applications.

- To maintain the integrity and sequence of performing operations with data by several
clients (web, mobile, functions set etc.), such operations are placed in a separate API.

- The process of obtaining registry data from a license plate photo is encapsulated in a
scalable block of functions.

Data View

View Description

The view shows architecturally significant persistent elements in the data model as well as their
relationships with each other and some additional properties for each entity.

Primary presentation
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Elements catalog

Report. The central entity of the system. It contains information about the offense transmitted
by the citizen and is the subject of processing for the expert and further appointment for the

evacuation crew.

Citizen, Expert, Evacuation crewmate. Projection of real users of the system depending on their
role.
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Evacuation crew. The crew consists of several crewmates as well as recovery vehicles at their
disposal. The characteristics of the available evacuation vehicles of the crew determine whether
it is suitable for a particular report.

Location. A report created by a citizen is specific to a specific location. At the same time,
evacuation experts and crews maintain their list of locations determined in districts scope. Thus,
the distribution of the load between the workers of the service is achieved.

Information about the offender. Registration data about the car and its owner, pulled from the
registers based on the car number.

Elements catalog

The star-like structure of building a data model is dictated by the organization of the business
processes of the system. Since most processes are focused on reports, such an organization
makes it possible to simplify data handling as much as possible by reducing the chains of
relationships.
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Directory

Glossary

Term

Definition

software architecture

The structure or structures of that system,
which comprise software elements, the
externally visible properties of those
elements, and the relationships among them
[Bass 2003]. "Externally visible” properties
refer to those assumptions other elements
can make of an element, such as its provided
services, performance characteristics, fault
handling, shared resource usage, and so on.

view

A representation of a whole system from the
perspective of a related set of concerns
[IEEE 1471]. A representation of a
particular type of software architectural
elements that occur in a system, their
properties, and the relations among them. A
view conforms to a defining viewpoint.

view packet

The smallest package of architectural
documentation that could usefully be given
to a stakeholder. The documentation of a
view is composed of one or more view
packets.

viewpoint

A specification of the conventions for
constructing and using a view; a pattermn or
template from which to develop individual
views by establishing the purposes and
audience for a view, and the techniques for
its creation and analysis [IEEE 1471].
Identifies the set of concemns to be
addressed, and identifies the modeling
techniques, evaluation techniques,
consistency checking techniques, etc., used
by any conforming view.
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Acronym List

API Application Programming Interface; Application Program Interface;
Application Programmer Interface

ERD Entity Relationship Diagram

HTTP Hypertext Transfer Protocol

IEEE Institute of Electrical and Electronics Engineers

00 Object Oriented

(O] Operating System

SAD Software Architecture Document

SQL Structured Query Language

UML Unified Modeling Language
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