JTONATOK A

Texer nporpamu

using System;

using System.Collections.Generic;

using System.Data;

using System.Windows.Forms;

using MySqgl.Data.MySqlClient;

using DiplomaFomin.Database;

using DiplomaFomin.Services;

using Timer = System.Windows.Forms.Timer;

namespace DiplomaFomin

{

public partial class SimulationForm : Form

{

private Timer simulationTimer;
private Random rnd = new Random();
private readonly TelegramService _telegramService;

private Dictionary<int, bool> deviceFailed = new Dictionary<int, bool>();

public SimulationForm()

{

InitializeComponent();
this.FormClosing += SimulationForm_FormClosing;

_telegramService = new TelegramService(
"8061010453:AAGbcpz7YRY6rHHrUEEdvLXvQU-dVduZ81g",

-4799699635);
¥
private void StartSimulation()
{

simulationTimer = new Timer();
simulationTimer.Interval = 5000;
simulationTimer.Tick += SimulationTimer_Tick;
simulationTimer.Start();

}

private async void SimulationTimer_Tick(object sender, EventArgs e)

{
var (devicelds, thresholds) = LoadDevicesAndThresholds();
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If (devicelds.Count == 0) return;

foreach (int deviceld in devicelds)

{
if (deviceFailed.TryGetValue(deviceld, out var failed) && failed)

{
await LogDeviceReadingsAsync(deviceld, 0, 0,
anomaly: true, permanentFailure: true);
continue;

}

double temp = rnd.NextDouble() * 10 + 20;
double wet = rnd.NextDouble() * 20 + 40;

if (thresholds.TryGetValue(deviceld, out var th))
{

double targetTemp = (th.MinTemp + th.MaxTemp) / 2.0;
double targetHum = (th.MinHum + th.MaxHum) / 2.0;

double errorT = targetTemp - temp;
double errorH = targetHum - wet;

double kT =0.5;
double kH =0.5;

temp += KT * errorT;
wet += kH * errorH;

}

if (thresholds.TryGetValue(deviceld, out var thCheck) &&
(temp < thCheck.MinTemp || temp > thCheck.MaxTemp ||
wet < thCheck.MinHum || wet > thCheck.MaxHum))
{
await LogDeviceReadingsAsync(deviceld, temp, wet,
anomaly: true, permanentFailure: false);

string deviceName = GetDeviceName(deviceld);

string reason = "Threshold breach";

string msg = $"[Ipuctpiii «{deviceName}» (ID {deviceld}) 3a
mexamu nioporiB: T={temp:F1}, H={wet:F1}";

if ('NotificationExists(deviceld, reason))
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{

InsertNotification(deviceld, deviceName, reason, msg);
await _telegramService.SendMessageAsync(msg);

}

continue;

}

if (rnd.NextDouble() < 0.1)

{
if (rnd.NextDouble() < 0.5)

{
deviceFailed[deviceld] = true;
MarkDeviceAsFailedInDB(deviceld);
await LogDeviceReadingsAsync(deviceld, 0, 0,
anomaly: true, permanentFailure: true);
¥

else
{
await LogDeviceReadingsAsync(deviceld, 0, 0,
anomaly: true, permanentFailure: false);
¥

}

else
{
await LogDeviceReadingsAsync(deviceld, temp, wet,
anomaly: false, permanentFailure: false);
¥

k
}

private (List<int> devicelds, Dictionary<int, Threshold> thresholds)
LoadDevicesAndThresholds()
{
var ids = new List<int>();
var ths = new Dictionary<int, Threshold>();
deviceFailed.Clear();

const string sql = @"
SELECT d.id, d.is_failed,
I.min_temp, l.max_temp, I.min_hum, l.max_hum
FROM devices d
JOIN locations | ON d.location_id = I.id
WHERE d.status = 'active™;
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using var conn = new DbConnection().GetConnection();

conn.Open();

using var cmd = new MySglCommand(sgl, conn);

using var rdr = cmd.ExecuteReader();

while (rdr.Read())

{
int id = rdr.GetInt32(0);
bool isFailed = rdr.GetBoolean(1);
double? minT = rdr.IsDBNull(2) ? (double?)null : rdr.GetDouble(2);
double? maxT = rdr.IsDBNull(3) ? (double?)null : rdr.GetDouble(3);
double? minH = rdr.IsDBNull(4) ? (double?)null : rdr.GetDouble(4);
double? maxH = rdr.IsDBNull(5) ? (double?)null : rdr.GetDouble(5);

ids.Add(id);
deviceFailed[id] = isFailed;

ths[id] = new Threshold

{
MinTemp = minT ?? double.MinValue,
MaxTemp = maxT ?? double.MaxValue,
MinHum = minH ?? double.MinValue,
MaxHum = maxH ?? double.MaxValue

}

}

return (ids, ths);

}

private class Threshold

{
}

private void MarkDeviceAsFailedInDB(int deviceld)

{
try
{

DbConnection db = new DbConnection();
using (MySqglConnection conn = db.GetConnection())
{
conn.Open();
string updateQuery = "UPDATE devices SET is_failed = 1 WHERE
id = @deviceld™;
using (MySglCommand cmd = new MySglCommand(updateQuery,

public double MinTemp, MaxTemp, MinHum, MaxHum;

conn))



{
cmd.Parameters. AddWithValue("@deviceld", deviceld);

cmd.ExecuteNonQuery();

by
by
b
catch (Exception ex)
{
MessageBox.Show("[ToMunka OHOBIEHHS CTaTyCy MPUCTPOTO: " +
ex.Message);

¥
k

private async Task LogDeviceReadingsAsync(int deviceld, double
temperature, double wetness, bool anomaly, bool permanentFailure = false)

{
try
{

using var conn = new DbConnection().GetConnection();
await conn.OpenAsync();
const string insertQuery = @"
INSERT INTO device_readings
(device_id, reading_date, reading_temp, reading_wet,
reading_temp_value, reading_wet_value)
VALUES
(@deviceld, NOW(), @readingTemp, @readingWet, @tempValue,
@wetValue)";
using var cmd = new MySglCommand(insertQuery, conn);
cmd.Parameters.AddWithValue("@deviceld", deviceld);

if (anomaly && !permanentFailure)

{
cmd.Parameters. AddWithValue("@readingTemp", “threshold");
cmd.Parameters. AddWithValue(" @readingWet", "threshold");
cmd.Parameters.AddWithValue("@tempValue", temperature);
cmd.Parameters.AddWithValue("@wetValue", wetness);

}

else if (anomaly && permanentFailure)

{
cmd.Parameters.AddWithValue("@readingTemp", "permanent”);
cmd.Parameters.AddWithValue("@readingWet", "permanent");
cmd.Parameters.AddWithValue("@tempValue", temperature);
cmd.Parameters.AddWithValue("@wetValue"”, wetness);

}

else
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{
cmd.Parameters.AddWithValue("@readingTemp", "temperature™);

cmd.Parameters.AddWithValue(" @readingWet", "humidity");
cmd.Parameters.AddWithValue("@tempValue", temperature);
cmd.Parameters.AddWithValue("@wetValue", wetness);

}

await cmd.ExecuteNonQueryAsync();

¥

catch (Exception ex)

{

MessageBox.Show("[Tomunka 3anucy mokazanss: " + ex.Message);
return;

¥

if (anomaly)

{

string deviceName = GetDeviceName(deviceld);
string reason;
string messageText;

if ('permanentFailure)

{

reason = "Threshold breach™;
messageText = $"TIpuctpiii \"{deviceName}\" (ID {deviceld}) 3a
Mexamu noporiB: T={temperature:F1}, H={wetness:F1}";

}

else

{

reason = "Permanent failure™;
messageText = $"TIpuctpiit \"{deviceName}\" (ID {deviceld})
BUMIIOB 3 Jaay octatouHo: T={temperature:F1}, H={wetness:F1}";

}

if (NotificationExists(deviceld, reason))

{

InsertNotification(deviceld, deviceName, reason, messageText);

try
{

await _telegramService.SendMessageAsync(messageText);

}

catch (Exception)

{
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System.Diagnostics.Debug. WriteLine("He Branocs BianpaBuTu
Telegram-moBigomicHHs");

by
by

¥
by
private string GetDeviceName(int deviceld)
{

try

{

string deviceName ="";
DbConnection db = new DbConnection();
using (MySqlConnection conn = db.GetConnection())
{
conn.Open();
string query = "SELECT name FROM devices WHERE id =
@deviceld";
using (MySqlCommand cmd = new MySglCommand(query, conn))
{
cmd.Parameters. AddWithValue("@deviceld", deviceld);
object result = cmd.ExecuteScalar();
if (result != null && result '= DBNull.Value)
deviceName = result. ToString();
¥

}

return deviceName;

¥

catch (Exception ex)
{
MessageBox.Show("[Tomunka oTpuMaHHs Ha3BH MPUCTPOIO: " +
ex.Message);
return ";

k
k

private void InsertNotification(int deviceld, string deviceName, string
anomalyReason, string message)
{
try
{

if (NotificationExists(deviceld, anomalyReason))

{

return;

}
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DbConnection db = new DbConnection();
using (MySqlConnection conn = db.GetConnection())
{

conn.Open();
string query = @"
INSERT INTO device_notifications (device_id, device_name,
anomaly_reason, message)
VALUES (@deviceld, @deviceName, @anomalyReason,
@message)";
using (MySqlCommand cmd = new MySglCommand(query, conn))
{
cmd.Parameters. AddWithValue("@deviceld", deviceld);
cmd.Parameters.AddWithValue("@deviceName", deviceName);
cmd.Parameters. AddWithValue("@anomalyReason™,
anomalyReason);
cmd.Parameters. AddWithValue("@message", message);
cmd.ExecuteNonQuery();

¥
¥
}
catch (Exception ex)
{
MessageBox.Show("Tlomuika 3amucy crioBinieHHs: " + ex.Message);
}
¥
private bool NotificationExists(int deviceld, string anomalyReason)
{
bool exists = false;
try
{

DbConnection db = new DbConnection();
using (MySqlConnection conn = db.GetConnection())
{
conn.Open();
string query = "SELECT COUNT(*) FROM device_natifications
WHERE device_id = @deviceld AND anomaly_reason = @anomalyReason";
using (MySqglCommand cmd = new MySglCommand(query, conn))
{
cmd.Parameters. AddWithValue("@deviceld", deviceld);
cmd.Parameters.AddWithValue("@anomalyReason™,
anomalyReason);
long count = (long)cmd.ExecuteScalar();
exists = count > 0;

}



b
¥
catch (Exception ex)

{

ex.Message);

¥

return exists;

}

private void SimulationForm_FormClosing(object sender,
FormClosingEventArgs e)

{

if (simulationTimer != null)

{

MessageBox.Show("[Tomumnka rnepeBipku iCHYBaHHS CHIOBIIIEHHS: " +

simulationTimer.Stop();
simulationTimer.Dispose();

¥
}

private void buttonStarSim_Click(object sender, EventArgs e)

{

If (simulationTimer !'= null && simulationTimer.Enabled)
{
MessageBox.Show("Cumynsiiis Bxke 3amyiieHa.");
return;
}
StartSimulation();
MessageBox.Show("Cumynsiito 3amyiieHo.");

}

private void buttonStopSim_Click(object sender, EventArgs e)
{

If (simulationTimer != null && simulationTimer.Enabled)
{
simulationTimer.Stop();
MessageBox.Show("Cumyiisiiito 3ynuHeHo.");

¥

else

{

¥
}
}
}

MessageBox.Show("Cumynsiiis He 3amyiieHa.");
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JTOJATOK B

JeMoHcTpaniiHo-rpadgiyHuii MaTepiaj

MIHICTEPC OCBITH I HAYKH YKPATHHA

* XapKiBCbKHil HALIOHAJIBHHH YHIBEPCHTET palioelICKTPOHIKH

KA®Q®E]IPA KITAP
Po3po0i1eHHs 1HTErpOBaHOI CUCTEMH
KOHTPOJIIO Ta MOHITOPUHTY KJIIMAaTUYHUX
IIOKA3HUKIB XOJOIMILHUX Ta KIIMa
KOHTPOJbHUX VCTAHOBOK HA CKJIaJax

IMATIOTYBAB CT. I'P. AKTAKITy-22-1 ®OMIH B. .
KEPIBHUK KBAJIIOIKALIAHOI PO A J1O11. KA®. KITAP HOBOCEJIOB C. IL.

il C F il

AKTYAJIBHICTH POBOTH

CrabiIbHICTh KIIMATHYHHX NAPaMETPiB, OCOONHBO TeMMepaTypH Ta BOJIOIOCTI, MAa€ KIIOYOBY poib y 3abe3nedyeHHi

30epekeHHs AKOCTI MpoAyKuii mij 4ac 30epiranns abo Tpancnoprysanns. Lli napamerpn Ge3nocepeaHbO BILIHBAIOTH
Ha (pi3HyHMil CTaH, TEpPMiH MPHIATHOCTI TA CMNOXHBYI BIACTHBOCTI ToBapis. Haiibinbml 4yTIHBHMH [0 KOJIHMBAaHbL
MIKPOKJIIMATYy € MpPOAYKTH XapdyBaHHS, (apMaleBTHYHAa NPOAYKIiA, XIMIKATH, KBITH Ta IHII Marepiaud, sKi
noTpelyloTh CyBOPOro JOTPHMAHHA NEBHHX YMOB 30epiranus. BinxuneHus Bil HOPMATHBHHX YMOB MOMKE NMPH3IBECTH
J10 TICYBAHHSA, BTPATH TOBAPHOTO BHIVIAAY 400 HABITH MOBHOI HEMPHATHOCTI MPOLYKILT, O B CBOIO 4EPry CIPHYHHAE

tinaHcoBi 30HTKH, BTpaTy KIi€HTIB Ta MOTipIIeHHA penmyTalii koMnaHii.

[lepenyciMm 1e aKTyaIbHO [UIS CKJIAICEKHX 1 XOJIOAHWIBHHX ITPHMILIEHB, JI€ KOHTPOJIb KIIMATY € HeoOXiJHOI0 YMOBOKY
edpekTHBHOTO (YHKLIOHYBAHHSA NOTiCTHHHHX JIAHIIOTIB. Y TAKHX CEPElOBMINAX HABITh HE3HA4HI BiIXHICHHA Bil
BCTAHOB/ICHHX HOPM MOMYTb MaTH CYTTEBi HACHiIKH, TOMY MiINPHEMCTBA J€Aani YacTille BIPOBAKYIOTh CydacHi
aBTOMATH30BAaHI CHCTEMH KOHTPONK) T4 MOHITOPHHTY Mikpokiimary. Taki cHcTeMH 3maTHI B peanbHOMY wvaci
BilcHizKOBYBaTH KIIOMOBI mapameTpH, 30epiraTh icTopilo 3MiH, a TAKOK HAICHIATH MOBiIOMICHHS NMPO KPHTHHHI

BiJIXWJICHHS, IO JO3BOIAE ONEPaTHBHO BKHBATH 3aXOMiB LA iX YCYHCHHA.




META TA 3AJJAYI POBOTHU

Meroro kBamidikaiiiiHoi poboTH € po3pobKa IHTErpOBaHOT CHCTEMH /UIS MOHITOPHHIY TEMIEpaTypH Ta BOJOTOCT 3
peaizali€io CHOBIMIEHHS PO KPHTHYHI BIZIXIICHHS Ta BiIIPABKOIO X crioBimeHs B Telegram.

3ajiauami, 1110 NOTPiGHO BHPIMINTH y KBamidikamiitHoi pobori €:
— MPOBECTH aHAJIi3 CYYaCHIX CHCTEM MOHITOPHHIY KIIMATHYHHX MOKA3HHKIB 5Ki BHKOPHCTOBYIOTBCS HA CKIIa/ax;
JOCHIZANTH MOXIHBOCTI 3acTocyBanHs Telegram API juist omeparnBHOro iHQopMyBaHHS KOPHCTYBAdiB IIpo
BI/IXIUICHHS ITapaMeTpiB;
— BHOpaTH Ta oOIPYHTYBaTH IHCTPYMEHTH po3poOKH mporpamHoro 3abesneueHHs Ha ocHoBi C# i Windows Forms
JUIA peatizantii KopHeTyBalbKoro inTepdeiicy Ta cumyssnii loT-npuerpois;
— PpO3poOHTH NHporpaMHHiI MOTymh, IO 3abe3medye oOpoOKy. JOryBaHHA HAHHX, a TakoX (DOPMYBAaHHA Ta

Ha/ICHIIaHHA cToBimmeHb B Telegram y pa3si KpHTHYHNX BiJIXHICHB;

— PO3MIAHYTH MHTAHHS OXOPOHH IPALli.

CYYACHI CUCTEMU MOHITOPHUHI'Y KIIIMATY

OnHi€10 3 rONOBHHX CKIANOBHX CY4ACHHX KITIMATHYHHX cHcTeM BHeTynae I13, mo inTerpyetses 3 6a3oro ganux. 3a
aHAJIOTICIO 3 MpOrpaMaMH Uls o0MiKy CKIAJCHKHX Onepauii, y KIIMaTHYHHX CHCTEMAX Takok (DIKCYIOTBCH MOKA3HUKH
TeMIepaTypH, BOJOTOCTI, THCKY Ta CTAHY BCHTHIALiHHOro ofnajaHaHHA. 3a3pHual, Taki MporpamMH 4acTo OCHALIEHI
rpadiunmum inTepdeiicom, koTpuii BizoGpaikae noToYHI MapaMeTpH i Ja€ MOMUIMBICTH IHCTAHLIHHO KOPHTYBaTH ix.
3apas i3 nonynapuux Ha puHKy €: SensorPush, TempTRIP, Monnit.

Field 1 Chart
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BUKOPUCTAHI TEXHOJIOIII IT1J] YAC PO3POBKU

V npoexri BHKOpHcTaHO MoBy mporpamysanns C# Ta miardopmy Windows Forms y cepenosumi .NET s crBopeHns aeckromsoro intepdeticy. Js
36epexenns Ta 00pobku gannx € MySQL 3 migkmouennsm yepes Gibmiorexy MySql.Data. I'padiuna Bisyanisaiis KIiMaTHYHHX NOKA3HHKIB peasi3oBaHa 3a
nonomoroto Gibniorexkn LiveCharts.WinForms. [lns ekcnopry 3i6panux nanux y d¢opmari Excel sukopucrano 6iGmioreky ClosedXML. Hancunanus
TMOBIZIOMJICHb KOPHCTYBa4aM peastizoBano 3a gonomoroio Telegram API uepes odimiiiny Gibmiorexy Telegram.Bot. PoGora loT-npucTpoiB cumymoeTses i3
BHKOPHCTaHHSM TAiMepIB Ta reHepallii BUNAJKOBHX 3HAYEHb TEMIIEPATyPH i BOJIOTOCTI y 3a/JaHHX MeXKax.

Taiimepu
Ta
reHeparis

Moga nporpamyBaHHs I[Tnarpopma ba3a nanux Cumynsanis loT

bibinoreka
Telegram.Bot
SQL

N X

I'padiku Telegram API Excropr 0 Excel PoGora 3 BJ{

MOIYJIb CUMVYJIALIII [TIPUCTPOIB

Monyns cumysswii Bianosiaae 3a imitauiio po6oru [oT-npHcTpoiB, SKi BUMIPIOIOTH TEMIIEPATypy Ta BOJIOTICTh Y
CKJIAICBKMX MPUMIICHHSAX.

Lle no3Bonsie TectyBatH cucTeMy Ge3 (i3HYHHX CEHCOpIB.

Cumysnsuis BinOyBaeThes 3a JOMOMOIOI0 TaitMepa, O KOXKHI 5 CeKyH/I FeHepye HOBi JIaHi JUlsi KOKHOTO AKTHBHOTO
TIIPHCTPOIO.

3reHepoBaHi 3Ha4eHHs MOPIBHIOIOTHCS 3 MOPOraMH, BCTAHOBICHHMH JI/Is JIOKallii. Y pasi nepeBumenns abo
3HHKEHHS — CTBOPIOETHCS aHOMAJTis.

Cuctema 06po6uisie 1Ba THITH BiIXHJICHB:

— MEePEeBHILCHHS JOMYCTHMHX MEX (AHAIITHYHA aHOMAJTiA);

— BHNA/IKOBHIi IIOBHHI{ BUXi/l IPHCTPOIO 3 J1aJy (TIepPMAaHEHTHA aHOMAJTis).

AnoMmauii 3alMUCyOThCS B ()aisy JAaHHUX Ta BUKJIMKAKOTh HAJICHJIAHHA Telegram-cmmimcmm.
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TELEGRAM IHTEI'PALIIA

V npoekTi peanizoBaHo MOBHOLHHY iHTerpauito 3 Telegram-60Tom /uist iHpOpPMyBaHHS KOPHCTYBadiB y pexXHMi
PeabHOrO 4acy.
Cucrema aBTOMaTHYHO Hajacuiae Cl'IOBiU_lCHHﬂ npo:
— KPHTHYHI BiIXWJICHHS TeMIiepaTypH abo BOJIOrocTi;
— BHXIJI IPHCTPOIO 3 JIaay;
3aNHTH KOPUCTYBAYiB Ha OTPUMAHHA NPaB aJMiHicTpaTopa.
ToigomneHHs (OPMyIOTECA Ta HAJICHIAIOTECS 3a onomoroko Gibmioreku Telegram.Bot.
Jlns 06pobku kHonok (inline-kiaasiarypw) 3acrocoBano mexaHizm CallbackQuery, o 103Bossie anminicTparopam

B3aEMOJLIATH 3 GOTOM HanpsMmy.

NpuitkaTA Bigxuanti

1*

T ARSI e o

biiok-cxema '
aJITOPUTMY oo
poOOTH CHUCTEMU o =




Bizyanbhe
NpeICTaBICHHS
poOOoTH IporpamH, a
caMe Mokas
pe3ynbTaTiB rpadiuHuM

|l

| \J

‘f‘\”\ {W\ I‘r\»-’\.ﬂw«'\ KHN’ *»
|

Ta

TabJIUYHUM crocodam
%

BHCHOBKH

V pesynerati BuKoHaHOI KBaidikaniiinol poGotn Gymo cTBOpeHO CHCTEMY MOHITOPHHTY KIIMATHHYHHX ITapaMeTpiB
JUIA CKIAICHKHX TpHMillleHb, fka 3abe3leuye 3pydHY B3a€MOil0 3 KOPHCTYBaueM, HafiiiHe 30epiraHHA IaHHX,
CBOEYACHE PearyBaHHA HA KPHTHYHI BUIXIUICHHA Ta MOXUIHBICTB NoJanemIof aganTanii nin peanssi IoT-npuctpoi.
3amauami, mo Gymn Bupimeni y keanigikaniiiniit pobori e:
— MPOBEACHO AHAT3 CYJACHHX CHCTEM MOHITOPHHTY KIIMATHYHHX TTOKA3HHKIB AKI BHKOPHCTOBYIOTRCSA HA CKIAMAX;
— JOCTiLKeHO MOKIHBOCTL 3acTocyBaHHa Telegram API mms omeparneHoro iHQopMyBaHHA KOPHCTYBAadiB IIPO
Bi.’l.‘(IIJIE.'IIIl)I lIilp;.lMt‘I])iBl

BHOpaHO Ta OOIPYHTOBAHO IHCTPYMEHTH po3pobKH mporpaMHoro 3abesnedeHHs Ha ocHoei C# 1 Windows Forms
JUIA peanizanii KopHCTyBalbKoro inTepdeiicy Ta cumynamii loT-npucTpois;

O (1)0]’1!\[)-'B£1HH§[ T2 HAJICI/IAHHA CTIOBINIEHB

- p()'ipOﬁ:lCHO JIONATOK, IO 'l‘cl(—!t".lllt“ly&' OGPOGK)’. JIOTYBAHHA TaHHX, &
B Telegram y pasi KpHTHYHNX BiIXHJIEHB;

— PO3IIAHYTO NHTAHHA OXOPOHH IIpAIL.
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