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ДОДАТОК А 

Код програми 

  



76 

 

Повний код прошивки МК 

#include <WiFi.h> 

#include <WiFiClientSecure.h> 

#include <PubSubClient.h> 

#include <DHT.h> 

 

#define DHTPIN 16 

#define DHTTYPE DHT22 

#define MQ2PIN 34 

 

const char* ssid = "Wokwi-GUEST"; 

const char* password = ""; 

 

const char* mqtt_server = "9813d476b2c6412da20337b36a2e3c95.s1.eu.hivemq.cloud"; 

const int mqtt_port = 8883; 

const char* mqtt_user = "Sterben624"; 

const char* mqtt_pass = "WaffenSS624"; 

 

const char* topic_temperature = "diploma2025/temperature"; 

const char* topic_humidity = "diploma2025/humidity"; 

const char* topic_gas = "diploma2025/gas"; 

 

WiFiClientSecure wifiClient; 

PubSubClient client(wifiClient); 

DHT dht(DHTPIN, DHTTYPE); 

 

unsigned long lastSendTime = 0; 

const unsigned long sendInterval = 1000; 

 

#define MQ2_RL_KOHM          5.0 

#define MQ2_VC               5.0 

#define MQ2_ADC_REF          3.3 

#define MQ2_ADC_RES          4095.0 

#define MQ2_CLEAN_AIR_FACTOR 9.83 

 

float LPGCurve[3] = {2.3, 0.21, -0.47}; 

 

float mq2_R0 = 10.0; 

bool mq2_calibrated = false; 

 

void connectWiFi() { 

  WiFi.begin(ssid, password); 

  Serial.print("Connecting to WiFi"); 

  while (WiFi.status() != WL_CONNECTED) { 

    Serial.print("."); 

    delay(500); 

  } 

  Serial.println(" connected"); 

} 

 

void reconnectMQTT() { 
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  while (!client.connected()) { 

    Serial.print("Connecting to MQTT..."); 

    String clientId = "ESP32-"; 

    clientId += String(random(0xffff), HEX); 

    if (client.connect(clientId.c_str(), mqtt_user, mqtt_pass)) { 

      Serial.println("connected"); 

    } else { 

      Serial.print("failed, rc="); 

      Serial.print(client.state()); 

      Serial.println(" try again in 5 seconds"); 

      delay(5000); 

    } 

  } 

} 

 

float mq2_getRs(int adcValue) { 

  float vrl = (adcValue * MQ2_ADC_REF) / MQ2_ADC_RES; 

  if (vrl <= 0.0) { 

    return 1e6; 

  } 

  float rs = MQ2_RL_KOHM * (MQ2_VC - vrl) / vrl; 

  return rs; 

} 

 

void mq2_calibrate() { 

  Serial.println("Calibrating MQ-2..."); 

  float rsSum = 0.0; 

  const int samples = 50; 

  for (int i = 0; i < samples; i++) { 

    int adc = analogRead(MQ2PIN); 

    float rs = mq2_getRs(adc); 

    rsSum += rs; 

    delay(100); 

  } 

  float rsAvg = rsSum / samples; 

  mq2_R0 = rsAvg / MQ2_CLEAN_AIR_FACTOR; 

  mq2_calibrated = true; 

  Serial.print("MQ-2 R0 = "); 

  Serial.print(mq2_R0, 2); 

  Serial.println(" kOhm"); 

} 

 

float mq2_getLPG_ppm(int adcValue) { 

  if (!mq2_calibrated) { 

    return -1; 

  } 

  float rs = mq2_getRs(adcValue); 

  float rs_ro = rs / mq2_R0; 

  float logRSR0 = log10(rs_ro); 

  float logPPM = (logRSR0 - LPGCurve[1]) / LPGCurve[2] + LPGCurve[0]; 

  float ppm = pow(10, logPPM); 

  return ppm; 
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} 

 

void publishSensorData() { 

  float temperature = dht.readTemperature(); 

  float humidity = dht.readHumidity(); 

  int gasRaw = analogRead(MQ2PIN); 

  float gasPPM = mq2_getLPG_ppm(gasRaw); 

 

  Serial.print("Raw="); 

  Serial.print(gasRaw); 

  Serial.print(" LPG="); 

  Serial.print(gasPPM); 

  Serial.println(" ppm"); 

 

  if (!isnan(temperature)) { 

    String tempStr = String(temperature, 2); 

    client.publish(topic_temperature, tempStr.c_str(), true); 

  } 

 

  if (!isnan(humidity)) { 

    String humStr = String(humidity, 2); 

    client.publish(topic_humidity, humStr.c_str(), true); 

  } 

 

  if (gasPPM >= 0) { 

    String gasStr = String(gasPPM, 0); 

    client.publish(topic_gas, gasStr.c_str(), true); 

  } 

} 

 

void setup() { 

  Serial.begin(115200); 

  dht.begin(); 

  pinMode(MQ2PIN, INPUT); 

  connectWiFi(); 

  wifiClient.setInsecure(); 

  client.setServer(mqtt_server, mqtt_port); 

  mq2_calibrate(); 

} 

 

void loop() { 

  if (!client.connected()) { 

    reconnectMQTT(); 

  } 

  client.loop(); 

  unsigned long currentTime = millis(); 

  if (currentTime - lastSendTime >= sendInterval) { 

    lastSendTime = currentTime; 

    publishSensorData(); 

  } 

} 
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Модель SensorReading 

namespace SensorMonitor.Models 

{ 

    public class SensorReading 

    { 

        public long Id { get; set; } 

        public string SensorType { get; set; } = string.Empty; 

        public decimal Value { get; set; } 

        public DateTime Timestamp { get; set; } 

    } 

} 

 

Модель User 

namespace SensorMonitor.Models 

{ 

    public class User 

    { 

        public int Id { get; set; } 

        public string Username { get; set; } = string.Empty; 

        public string PasswordHash { get; set; } = string.Empty; 

        public DateTime CreatedAt { get; set; } 

    } 

} 

 

MQTT сервіс 

using MQTTnet; 

using MQTTnet.Client; 

using SensorMonitor.Models; 

using SensorMonitor.Data; 

using System.Text; 

using System.Globalization; 

 

namespace SensorMonitor.Services 

{ 

    public class MqttService 

    { 

        private IMqttClient? _mqttClient; 

        public event Action<SensorReading>? OnDataReceived; 

        public event Action<string>? OnStatusChanged; 

 

        public async Task ConnectAsync() 

        { 

            try 

            { 

                var factory = new MqttFactory(); 

                _mqttClient = factory.CreateMqttClient(); 

 

                var options = new MqttClientOptionsBuilder() 
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                    .WithTcpServer("9813d476b2c6412da20337b36a2e3c95.s1.eu.hivemq.cloud", 

8883) 

                    .WithClientId($"WPF_Client_{Guid.NewGuid()}") 

                    .WithCredentials("admin", "Admin123") 

                    .WithTls(new MqttClientOptionsBuilderTlsParameters 

                    { 

                        UseTls = true, 

                        AllowUntrustedCertificates = true, 

                        IgnoreCertificateChainErrors = true, 

                        IgnoreCertificateRevocationErrors = true 

                    }) 

                    .WithCleanSession() 

                    .Build(); 

 

                _mqttClient.ApplicationMessageReceivedAsync += OnMessageReceived; 

 

                await _mqttClient.ConnectAsync(options); 

                OnStatusChanged?.Invoke("Підключено до MQTT"); 

 

                // Підписка на топіки 

                await _mqttClient.SubscribeAsync("diploma2025/temperature"); 

                await _mqttClient.SubscribeAsync("diploma2025/humidity"); 

                await _mqttClient.SubscribeAsync("diploma2025/gas"); 

            } 

            catch (Exception ex) 

            { 

                OnStatusChanged?.Invoke($"Помилка: {ex.Message}"); 

            } 

        } 

 

        private Task OnMessageReceived(MqttApplicationMessageReceivedEventArgs e) 

        { 

            try 

            { 

                var topic = e.ApplicationMessage.Topic; 

                var payload = 

Encoding.UTF8.GetString(e.ApplicationMessage.PayloadSegment); 

                OnStatusChanged?.Invoke($"Отримано: {topic} = {payload}"); 

 

                if (decimal.TryParse(payload, NumberStyles.Any, CultureInfo.InvariantCulture, 

out var value)) 

                { 

                    var sensorType = topic switch 

                    { 

                        "diploma2025/temperature" => "Temperature", 

                        "diploma2025/humidity" => "Humidity", 

                        "diploma2025/gas" => "Gas", 

                        _ => "Unknown" 

                    }; 

 

                    var reading = new SensorReading 

                    { 
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                        SensorType = sensorType, 

                        Value = value, 

                        Timestamp = DateTime.Now 

                    }; 

 

                    // Зберігаємо в БД 

                    SaveToDatabase(reading); 

 

                    // Повідомляємо UI 

                    OnDataReceived?.Invoke(reading); 

 

                    OnStatusChanged?.Invoke($"Оброблено: {sensorType} = {value}"); 

                } 

                else 

                { 

                    OnStatusChanged?.Invoke($"Не вдалося розпарсити: {payload}"); 

                } 

            } 

            catch (Exception ex) 

            { 

                OnStatusChanged?.Invoke($"Помилка обробки: {ex.Message}"); 

            } 

 

            return Task.CompletedTask; 

        } 

 

        private void SaveToDatabase(SensorReading reading) 

        { 

            try 

            { 

                using var db = new SensorDbContext(); 

                db.SensorReadings.Add(reading); 

                db.SaveChanges(); 

            } 

            catch (Exception ex) 

            { 

                OnStatusChanged?.Invoke($"Помилка БД: {ex.Message}"); 

            } 

        } 

 

        public async Task DisconnectAsync() 

        { 

            if (_mqttClient != null && _mqttClient.IsConnected) 

            { 

                await _mqttClient.DisconnectAsync(); 

                OnStatusChanged?.Invoke("Відключено"); 

            } 

        } 

    } 

} 
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ДОДАТОК Б 

Апробація результатів кваліфікаційоної роботи 
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ДОДАТОК В 

Демонстраційний матеріал 
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