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#include <WiFi.h>
#include <HTTPClient.h>
#include <ArduinoJson.h>
#include <Wire.h>
#include <Adafruit. BME680.h>
const char* ssid = "MERCUSYS _5G_27";
const char* password = "dk32645dk";
const char* serverAddress = "http://cleanairapi.com";
const int serverPort = 80;
const String endpoint = "/api/air_quality data";
Adafruit. BMEG680 bme;
void setup() {

Serial.begin(115200);

// TlipxnrouenHs 1o Wi-Fi mepexi
WiFi.begin(ssid, password);
while (WiFi.status() '= WL_CONNECTED) {
delay(1000);
Serial.printin("Connecting to WiFi...");

b
Serial.printin("Connected to WiFi");

// Taimamnizaris cencopa BME680

If ('bme.begin()) {
Serial.printIn(*Could not find BMEG680 sensor!");
while (2);

¥

Serial.printin("BMEG680 sensor found");

//'Y cTaHOBKa 1HTEpBaJly BUMIPIOBaHb
bme.setTemperatureOversampling(BMEG680_OS_8X);
bme.setHumidityOversampling(BME680_OS_2X);
bme.setPressureOversampling(BMEG80_OS_4X);
bme.setlIRFilterSize(BMEG680_FILTER_SIZE_3);
bme.setGasHeater(320, 150); // 320*C for 150 ms

}

void loop() {
// BuMmiproBaHHS TTOKa3HUKIB SIKOCTI TTOBITPS
float temperature = bme.temperature;



¥
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float humidity = bme.humidity;

float pressure = bme.pressure;

float gasResistance = bme.gas_resistance / 1000.0; // KouBepryBanHus B kOM
float airQualitylndex = bme.readGas();

/I CtBopennst JSON 06'exta

DynamicJsonDocument jsonDocument(200);
jsonDocument["temperature"] = temperature;
jsonDocument["humidity"] = humidity;
jsonDocument["pressure'] = pressure;
jsonDocument[“gasResistance™] = gasResistance;
jsonDocument["airQualityIndex"] = airQualityIndex;

// TlepetBopenHus JSON 006'ekTa B psaoK
String jsonsString;
serializeJson(jsonDocument, jsonString);

// BignpaBka POST 3anuty Ha cepsep

HTTPClient http;

http.begin(serverAddress, serverPort, endpoint);
http.addHeader("Content-Type", "application/json™);
int httpResponseCode = http.POST(jsonString);

if (httpResponseCode > 0) {
Serial.print("HTTP Response code: ");
Serial.printin(httpResponseCode);

}else {
Serial.print("Error sending POST request! HTTP Error code: ");

Serial.printin(httpResponseCode);
by

http.end();

delay(60000); // 3atpumka B 1 XBHIMHY TIEpe]l HACTYITHUM BUMIPIOBaHHSM
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Po3miin Model:

import Foundation
import MapKit
import Observation
import SwiftUl
import XCAAQI

enum LocationStatus: Equatable {
case requestLocation
case locationAuthorized(String)
case error(String)
case requestAQIConditions
case standby

¥

@Observable
class ViewModel: NSObject {
let locationManager = CLLocationManager()
let aqiClient = AirQualityClient(apiKey: "Al-
zaSyA610RI_yWfGJctGLEiIZSZdCl43zDaWh6c™)
let coordinatesFinder = CoordinatesFinder()

var currentLocation: CLLocationCoordinate2D?
var locationStatus = LocationStatus.requestLocation
var position: MapCameraPosition = .automatic

var annotations: [AQIResponse] =[]

var selection: AQIResponse?

var presentationD = PresentationDetent.height(176)
var lat: Double =0

var long: Double =0

var radiusArray: [(Double, Int)]

init(radiusArray: [(Double, Int)] = [(4000, 6), (8000, 12)]) {
self.radiusArray = radiusArray
super.init()
locationManager.delegate = self
locationManager.requestWhenInUseAuthorization()
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}
@MainActor

func handleCoordinateChange(_ coordinate: CLLocationCoordinate2D)
async {
do{
self.locationStatus = .requestAQIConditions
self.position = .region(.init(center: coordinate, latitudinalMeters: O,
longitudinalMeters: 16000))
let coordinates = getCoordinates(coordinate)
self.annotations = try await agiClient.getCurrentConditions(coordi-
nates: coordinates.map {($0.latitude, $0.longitude)})
self.locationStatus = .standby
} catch {
self.locationStatus = .error(error.localizedDescription)

k
¥

func getCoordinates(_ coordinate: CLLocationCoordinate2D) -> [CLLoca-
tionCoordinate2D] {
var results: [CLLocationCoordinate2D] = [coordinate]
radiusArray.forEach {
results += coordinatesFinder.findCoordinates(coordinate, r: $0.0, n:

$0.1)
}
return results
}
// 3aKOMEHTOBaHUI METOJI /I OTPUMAHHSI TAaHWX 3 BIACHOTO CepBeEpa
/*
@MainActor
func fetchAQIDataFromServer() async {
do {
let serverURL = URL(string: "http://cleanairapi.com/api/air_gqual-
ity_data")!
let (data, ) = try await URLSession.shared.data(from: serverURL)
let decoder = JSONDecoder()
let agiResponses = try decoder.decode([AQIResponse].self, from:
data)

self.annotations = agiResponses
self.locationStatus = .standby
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} catch {
self.locationStatus = .error(error.localizedDescription)

extension ViewModel: CLLocationManagerDelegate {
func locationManagerDidChangeAuthorization(_ manager: CLLocation-
Manager) {
switch manager.authorizationStatus {
case .authorizedWhenInUse:
manager.requestLocation()
default:
self.locationStatus = .locationAuthorized("Unauthorized location ac-
cess")

k
k

func locationManager(_ manager: CLLocationManager, didFailWithError
error: any Error) {
self.locationStatus = .error(error.localizedDescription)
¥
func locationManager(_ manager: CLLocationManager, didUpdateLoca-
tions locations: [CLLocation]) {
guard let coordinate = locations.first?.coordinate else { return }
If currentLocation == nil {
lat = coordinate.latitude
long = coordinate.longitude
Task { await self.handleCoordinateChange(coordinate) }

¥

currentLocation = coordinate
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Po3nminn ViewModel:

import Foundation
import CoreLocation

struct CoordinatesFinder {

let R = 6371000.0 // paxgiyc 3emii B MeTpax
let pi = 3.141592653589793 // koHCTaHTA TIi

// OyHKIIA A1 KOHBEpTAalli rpalyCiB y pajaiaHu
func deg2rad(_ deg: Double) -> Double {
return deg * pi / 180

¥

// OyHKIIA A1 KOHBEpTalli pajiaH y rpaaycu
func rad2deg(_ rad: Double) -> Double {
return rad * 180 / pi

¥

// OYHKIIS 17151 3HAXOKEHHSI KOOPJIMHAT Ha KOJI1 HAaBKOJIO 33J1aHO1 TOUKH
func findCoordinates(_ coordinate: CLLocationCoordinate2D, r: Double,
n: Int) -> [CLLocationCoordinate2D] {
// KonBepTailisi BXITHUX JAHUX Yy PalaHu
let phil = deg2rad(coordinate.latitude)
let lambdal = deg2rad(coordinate.longitude)
letd =r /R // kyToBa BincTanb

// TH1iani3anis mycToro MacuBy i 30epiraHHs KOOpAuHAT
var coordinates: [CLLocationCoordinate2D] =[]

// LIk 1O PI3HUX a3UMYyTax
foriin0..<n {
// KoHnBepTarlist a3UMyTy B pajiaHu
let theta = deg2rad(Double(i) * 360 / Double(n))

// 3actocyBaHHs (HOPMYIIH JIJI 3HAXOKEHHS TOUKH IPU3HAYCHHS
let phi2 = asin(sin(phil) * cos(d) + cos(phil) * sin(d) * cos(theta))
let lambda2 = lambdal + atan2(sin(theta) * sin(d) * cos(phil), cos(d)
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- sin(phil) * sin(phi2))

// KoHnBepTallisi BUXiTHUX JaHUX y TPaLyCH
let lat2 = rad2deg(phi2)

let lon2 = rad2deg(lambda2)

// JlonaBaHHsI KOOPAUHAT O MacCUBY
coordinates.append(.init(latitude: lat2, longitude: lon2))

¥

// TIoBepHEHHSI MACHBY KOOPAHHAT
return coordinates

k
k

Po3nin View:

import MapKit
import SwiftUl
import XCAAQI

struct ContentView: View {
@State var vm = ViewModel()
var body: some View {

Map(position: $vm.position, selection: $vm.selection) {
ForEach(vm.annotations) { aqgi in
Annotation(agi.aqiDisplay, coordinate: agi.coordinate) {
CircleViewAqi(aqi: aqi, isSelected: aqi == vm.selection)
by
tag(aqi)
.annotationTitles(.hidden)
¥
}

.mapStyle(.hybrid(elevation: .flat, pointsOfinterest: .all, showsTraffic:
false))

/[.mapControls {
/I MapUserLocationButton()
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/I MapCompass()
Il'}
.Sheet(isPresented: .constant(true)) {
ScrollView {
VStack{
If let selection = vm.selection {
selectedAQIView(aqi: selection)
}else {
If vm.locationStatus != .requestLocation && vm.locationSta-
tus !=.requestAQIConditions {
locationFromView
}
iIf vm.locationStatus == .requestAQIConditions {
ProgressView("Requesting AQI conditions ... just wait ...")
}
iIf vm.locationStatus == .requestLocation {
ProgressView("Requesting current locations ... just wait ...")
}
if case let .locationAutorized(text) = vm.locationStatus {
Text(text)
}
if case let .error(text) = vm.locationStatus {
Text(text)
}
}
}
}
.padding()
.safeAreaPadding(.top)
.presentationDetents([.height(24), .height(176)], selection:
$vm.presentationD)
.presentationBackground(.ultraThinMaterial)
.presentationBackgroundlInteraction(.enabled(upThrough:
.height(176)))
.InteractiveDismissDisabled()
}
.onChange(of: vm.selection) { oldValue, newValue in
if oldValue == nil && newValue !=nil {
vm.presentationD = .height(176)
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}
}
.navigationTitle("Air Quality")
.navigationBarTitleDisplayMode(.inline)
.toolbarBackground(.ultraThinMaterial, for: .navigationBar)
}
func selectedAQIView(aqi: AQIResponse) -> some View {
HStack(spacing: 16) {
CircleViewAqi(aqi: aqi, size: CGSize(width: 80, height: 80))
VStack(alignment: .leading) {
Text("Coordinate: \(agi.coordinate.latitude), \(agi.coordinate.longi-
tude)")
Text(aqgi.category)
Text("Dominant Pollutant: \(agi.dominantPollutant)")
Text(aqgi.displayName)
}
}
.padding(.top)
.padding(.horizontal)
frame(maxWidth: .infinity)
}
@ViewBuilder
var locationFromView: some View {
Text("Get AQI current (around a coordinate)")
font(.headline)
.padding(.bottom, 8)

HStack {
Text("Latit")
TextField("Enter latitude”, value: $vm.lat, format: .number)
Text("Long")
TextField("Enter longitude™, value: $vm.long, format: .number)
by
.keyboardType(.decimalPad)
textFieldStyle(.roundedBorder)
.padding(.bottom, 8)

HStack{
Button("Use current location™) {
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vm.lat = vm.currentLocation?.latitude ?? 0
vm.long = vm.currentLocation?.longitude ?? 0
Task {

await vm.handleCoordinateChange(.init(latitude: vm.lat, longi-
tude: vm.long))

¥

¥
frame(width: 170, height: 35)

.background(.green)
.foregroundColor(.black)
.clipShape(Rectangle())

Button("Refresh AQI") {
Task {

await vm.handleCoordinateChange(.init(latitude: vm.lat, longi-
tude: vm.long))

}

}

frame(width: 120, height: 35)
.background(.green)
.foregroundColor(.black)
.clipShape(Rectangle())

}
}
}

#Preview {
NavigationStack {
ContentView(vm: .init(radiusArray: []))
by
by

Poznin CircleViewAqi:

import SwiftUl

import XCAAQI

struct CircleViewAqi: View {
let agi: AQIResponse
var isSelected: Bool = false
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var size: CGSize = .init(width: 44, height: 44)
var body: some View {
Circle()
.stroke(Color(red:  aqgi.color.red, green: agi.color.green, blue:
aqgi.color.blue), lineWidth: isSelected ? 4 : 3)
frame(width: size.width, height: size.height)
.overlay {
Text(aqgi.aqiDisplay)
foregroundStyle(.white)
fontWeight(.bold)
}
scaleEffect(isSelected ? CGSize(width: 1.5, height: 1.5)
CGSize(width: 1, height: 1))
¥
#Preview {
CircleViewAqi(aqi: .init(agiDisplay: "23", color: .init(red: 0.2, green: 0.5,
blue: 0.5)), isSelected: true)
}
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Po3pooxa

dooamka 0an I10S,

Ha0aHHA OaHUX NpPo
aAKICMb noeIMpN

Inodzomyeae cmydenm 2pynu i
ITIP-20-1
Kocenxo M.A.

Hayxoeuil kepieHUk

cmapwuit eukaadayd kagheopu PTIKC
TI'arnwun /1.1

Pucynok B.1 — Tutynbauit cinaiig npe3enrarii
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Pucynok B.2 — [lepenik 3a1aHux Tem
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Pucynok B.3 — KonkpeTHo 3a1aHi Temu

Pucynok B.4 — Beryn



Y cyuactnomy ceimi po3po6ka iHHO8AYIUHUX PIUIEHb 043
MOHIMOPUH2Y MA AHAAI3Y AKOCML NOSIMPR MAE NEPUOPAOHE
3HAUEHHA.

CmeopeHHA MOOLAbHUX 000aMmKié CIMA.A0 8ANCAUBUM
iHCMpYyMeHmom y 60pomuoi 3a vucme 006KinAA.

Jlodamox donomazae nideuwyumu 06i3HaAHIiCMb 2pomadcbkocmi

npo exoa02iuHi npoGaemu.

OuikyeaHHs Kopucmyeadis nNoe 'a3aHi He MIAbKU 3 MOYHICIMIO
danux, aae i 3 NPoCcMoMmol0 6UKOPUCINAHHA NPOZPaMU, WEUIKICTIIO
1 MOMNCAUBICTIIO OMPUMAHHS NEPCOHANTIZ08AHUX PEKOMEeHOaUiil.

4 cnodiearocw, W0 yeil nNPpoeEKM npuHece 3HaUHUIL 6HECOK Y
cmeopeHHa Giavul HuUcmoz20 i 6eanevHo20 cepedosuuia 01 6cix.
BnpoeaodiceHna maxux Mo6iabHUX 000amMKieé CNPUSE NOATNUUEHHIO
300poe'a i axocmi dcumms A100eil Y 6CbOMY C8iMi 1 € 8ANHCAUBUM
KpOKoM Yy eupitieHHi 2100a.1bHOT npob.aemu 3a6pyoHeHHA noeimps.

Pucynok B.5 — [letansha iHdopMmarliis BCTymy
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Pucynox B.6 — AKTyanbHICTh



€K0102THMHO020 CMAaHY HABKOAUUHbLO20
cepedosuuia, WO MA€E NPAMUIL 6NLAUB HA
300p086'a HaceaeHH ma ekocucmemu.

3a daHumu BcececeimHbOl Op2aHi3auli 0XOpoHU
300poe's (BOO3), noHad 90% Hace1eHHA
ceimy ouxae nosimpam, aKe nepesuliye
Jdonycmumi piéHi 3a0pPYyoOHEeHHA.

Pucynoxk B.7 — JleranpHa iHdopMallisi akTyaabHOCTI
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CTPYKTYPA

ITPOEGKTY

Pucynok B.8 — CtpykTypa npoexTy



Sensor

€ damuuxk (air quality sensor), saxuii
3uumye 0aHil NPo AKICMb NOSIMPA.  [Ere NE I (o TEU))

I dani nepedaromuven Ha naamy ESP32,
nioxAoMeHy 00 dam4uka Yepe3 NitHoal TS
3'eOnamns. '

+transferData()
IHomum ESP32 nidkarouaemwvbes 0o Wa-Fi
Mmepedict ma pooums POST sanum na
cepeaep. » Server

+makePostRequest()

Bionoeidno, 3 Hawoz2o dodamia mu
+makeGetRequest()

pooumo GET sanum 0o cepaepa 0asn
OoMpuMaHMia 0aHux.

Application

+makeGetRequestFromServer()

Pucynok B.9 — [letanpHa iHbopMaIlis CTpyKTypU MIPOEKTY
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Pucynok B.10 — Peamnizariist npoexTy



ESP32 CKETY JIJI R
IMEPEJTAYT TAHUX 5
HA CEPBEP :
POFOTA 3
GOOGLE API
10S TOJTATOK

BUCHOBKH

Pucynok B.11 — KoHkpeTHu#i 11aH peanisaiii mpoeKTy

BMEG80

(7]
]
[
L
m

naamu ESP 32.
Camy s#c nramy niokaouuUmo
do Wi-Fi mepeici ma nuuwemo
ckemu 042 nepedauil 0aHuUx HA
cepeep y JSON gpopmamai.

BRARRAPRRERERRRERRES

Pucynoxk B.12 — [linkmtodeHHs: cxeMHu Ta Tiepenada JaHuX Ha CepBep



laat Ham nompioHo
apooumu GET request
3 dodamxky 0do cepseepa
3aednaku memooy

fetchAQIDataFromsServer()

Ta dexodyseamu JSON
daiin 0aa mosxcausocmi
6UKOPUCMAHHA YUX OaHUX
Yy dodamky

Pucynok B.13 — Bukopucranus nepefaHux JaHUX y JOJATKY

Oonax 0asn demoncmpayii po6omu dodamika Yy yiit Oun1omHiit
po6omi s 6ydy euxopucmosyeamu Google AQI API zamicmwb
eaacHozo cepeepa. Ife piuienHs 06paAHO 3 MEMOI0 CNPOUICHHS,
PO3pO6KU Ma 30CepeoHceHHA HA PYHKUIOHANbHOCMT
dodamka. Hanucanns cepeéepa 04 yb020 dooamxka cmaHe
MeMo10 MO€ET Mazicmepcovkoi Ouna1oMHoi po6omu.

Modeav danux dodamra 6yde 6a3yeamucs Ha
cmpyxmypi, axy Hadae Google AQI API, 3
006po6KoI0 Ma 61006parcaHHaAM daHux Yy
dodamxy.

Jlani 3 API 6yoymv ompumyeamucs
yepe3 2enepyrouuil kou (API key)

AirQualityClient(

Pucynok B.14 — Po6ota 3 Google API



SwiftUl Swift Xcode

i0S Jlaa peaaizayii I0S dodamxa
MVVM BUKOPUCMOBYEMBCA:
. v Swift — ocnoeHa mosa
Architecture npozpamyeanns
n Swift v SwiftUI — Heo6xioHuilL hpeitmeopk

019 YyHKYIOHaAABbHOTL NoO6YJdo6U

v Xcode — ocHoeHe iHmezposaHe
\__ 2ep

cepedosuwye 015 I0S po3po6ru
v MVVM — apximexmypa no6ydosu
10S npoexmy

—

Pucynok B.16 — Ilpuxnag po6otu 10S nonarka

-



BUCHOBKHU

Y yiit dunaomuiii po6omi Mu po32AaHYAU PO3POOKY KOMNAEKCHOL cucmemu 04
MOHIMOPUH2Y AKOCMI NOBIMPS, AKA BKAOHAE ANAPAMHY HACMUNHY, pobomy 3
cepeepom ma mMob6iavHuil dodamoxk 0aa i0S. Cucmema do3eoasne
Kopucmyeaiam ompumyeamu akmyaabHi 0aHi npo akKicms noeimps 6 pexcumi
peaavHozo0 uacy, euxopucmosyroxuu apximexmypy MVVM (Model View
ViewModel) 0aa zabe3neuenna 1imxozo0 po30inreHHA A021KU, 0aHUX ma
npeocmaeneHHA.

Ha nouamxy mu peaaizyeanu anapamiy Y acCmMuHy cucmemu, SKd 6KA01ae
damuuk axocmi noeimps, niokaoueHuit 0o naamu ESP32.

Mo6iabHuit do0amoxk 04a i0S 6ye poapob.aenuii 3 euxopucmanusam SwiftUI ma
apximexmypu MVVM.

Jaa eidobpasicennsn danux mu euxopucmoeyeaau MapKit, wjo dozeoauno
cmeopumu iHmepaxmueHy Kapmy 3 KpY208uUmMil AHOMAYIAMU, AKI 8KA3YIOMb
Ha pieeHb axocmi nogimpst.

3azanom, ya cucmema demoHcmpye edexmueHruii nioxio 00 MOHIMOPUH2Y Mma
eizyaaizayii aAxocmi noeimps, 6UKOPUCNOBYI0HU CYHACHI MEXHOA0z211.
Peanizayin oxonarwe eci emanu 6id 36opy daHux 0o ix 6ido6parceHHa Ha
MO0ibHOMY NpUCMpoi, 3abe3nexyioiu Kopucmyeaiie aKkmyaasHo0
iHdopmayielo npo cman noeimpa Yy ixXHboMy pezioHi. Y maitoymuvomy
ModcAUBA THMeEZPaYia 3 8AACHUM CEP8EPOM 04 NOKPAWEHHA MOHHOCMT 0aHUX
ma poawupennn iyHryionarsHocmi dodamxka.

Pucynox B.18 — JleTanpHa iHpOpMAIIis 1010 BUCHOBKIB



Pucynok B.19 — 3akmtounuii crnaii mpe3eHTarii



JNOIOATOK I
(JloBimkoBwit)

BIIOMOCTI ATECTALIITHOI'O TTIPOEKTY

91



92

No JlomaTkoBi

/o [To3nauenus HaiimenyBaHHs BIZIOMOCT1
TekcToBl JOKYMEHTH
1 [NosicHIOBaNIbHA 3aIIMCKAa 92 c.
3m | Apk. Ne oKyM. ITiam. Jlata
Po3po6.  [Kocenko Po3p061<a JAOJAaTKy I 10S. Jlitepa | Apkym | Apkymis
[lepesip. ["anwmH Hananusa nanux mpo SIKICTB I10-| Y | | 1 1
H. xouTp. [|biTueHko BITDAI.
P p XHYPE
Ka a PTIK

3aTB. Bapyaauii benp c




