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LAMPIRAN 

Lampiran 1 Source Code Arduino 

#include <Arduino.h> 

#include <WiFi.h> 

#include <WiFiManager.h> 

#include <HTTPClient.h> 

#include <WiFiClientSecure.h> 

 

// ========================================== 

// 1. CONFIGURATION & SETTINGS 

// ========================================== 

namespace Config { 

    constexpr int PIN_MQ2_ANALOG = 1; 

    constexpr int PIN_MQ2_DIGITAL = 11; 

    constexpr int PIN_SENSOR_POWER = 12; 

    constexpr int PIN_LED_STATUS = 13; 

    constexpr int PIN_BUZZER = 4; 

 

    constexpr int GAS_THRESHOLD_SOFT = 850; 

    constexpr int HYSTERESIS = 200; 

    constexpr unsigned long READ_INTERVAL_MS = 1000; 

    constexpr unsigned long WARMUP_TIME_MS = 60000; // 1 Menit 

     

    constexpr uint32_t SERIAL_BAUD = 115200; 

 

    const char* TELEGRAM_BOT_TOKEN = "change-me"; 

    const char* TELEGRAM_CHAT_ID = "change-me"; 

} 

 

enum class SystemState { 



 51 

    BOOTING, 

    WIFI_SETUP, 

    WARMUP, 

    IDLE, 

    DANGER 

}; 

 

// ========================================== 

// 2. HARDWARE SERVICES 

// ========================================== 

class AlertController { 

private: 

    const int _pinLed; 

    const int _pinBuzzer; 

    unsigned long _lastLedToggle; 

    unsigned long _lastBuzzerBeep; 

    int _ledState; 

    SystemState _currentState; 

 

    // Logika Normal: HIGH = Nyala, LOW = Mati 

    const int BUZZER_ON = HIGH; 

    const int BUZZER_OFF = LOW; 

 

public: 

    AlertController(int pinLed, int pinBuzzer) 

        : _pinLed(pinLed), _pinBuzzer(pinBuzzer), _lastLedToggle(0), 

          _lastBuzzerBeep(0), _ledState(LOW), _currentState(SystemState::BOOTING) 

{} 

 

    void init() { 
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        pinMode(_pinLed, OUTPUT); 

        digitalWrite(_pinLed, LOW); 

        if (_pinBuzzer != -1) { 

            pinMode(_pinBuzzer, OUTPUT); 

            digitalWrite(_pinBuzzer, BUZZER_OFF); 

        } 

    } 

 

    void setMode(SystemState state) { 

        _currentState = state; 

        _lastLedToggle = millis(); 

        _lastBuzzerBeep = millis(); 

 

        if (state == SystemState::IDLE) { 

            digitalWrite(_pinLed, LOW); 

            if (_pinBuzzer != -1) digitalWrite(_pinBuzzer, BUZZER_OFF); 

        } 

        else if (state == SystemState::WIFI_SETUP) { 

            // Saat setting WiFi, cuma LED yang nyala (Buzzer diam biar gak berisik) 

            digitalWrite(_pinLed, HIGH); 

            if (_pinBuzzer != -1) digitalWrite(_pinBuzzer, BUZZER_OFF); 

        } 

    } 

 

    void update() { 

        unsigned long now = millis(); 

 

        if (_currentState == SystemState::WARMUP) { 

            // LED Kedip stabil tiap 500ms 

            if (now - _lastLedToggle >= 500) { 



 53 

                _lastLedToggle = now; 

                _ledState = !_ledState; 

                digitalWrite(_pinLed, _ledState); 

            } 

             

            // Buzzer Bip singkat (100ms) setiap 5 detik 

            if (_pinBuzzer != -1) { 

                if (now - _lastBuzzerBeep >= 5000) { 

                    _lastBuzzerBeep = now; 

                    digitalWrite(_pinBuzzer, BUZZER_ON); 

                } else if (now - _lastBuzzerBeep >= 100) { 

                    digitalWrite(_pinBuzzer, BUZZER_OFF); // Matikan setelah 100ms 

                } 

            } 

        }  

        else if (_currentState == SystemState::DANGER) { 

            // Bahaya: LED & Buzzer nyala berbarengan kedip sangat cepat (150ms) 

            if (now - _lastLedToggle >= 150) { 

                _lastLedToggle = now; 

                _ledState = !_ledState; 

                digitalWrite(_pinLed, _ledState); 

                if (_pinBuzzer != -1) digitalWrite(_pinBuzzer, _ledState ? BUZZER_ON : 

BUZZER_OFF); 

            } 

        } 

    } 

}; 

 

class GasSensorService { 

private: 
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    const int _pinAnalog; 

    const int _pinDigital; 

    const int _pinPower; 

    int _filteredAnalogValue; 

    bool _lastDigitalState; 

    unsigned long _powerOnTime; 

 

    int readFilteredAnalog() { 

        long sum = 0; 

        constexpr int samples = 10; 

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

            sum += analogRead(_pinAnalog); 

            delayMicroseconds(50); 

        } 

        return sum / samples; 

    } 

 

public: 

    GasSensorService(int pinA, int pinD, int pinP) 

        : _pinAnalog(pinA), _pinDigital(pinD), _pinPower(pinP),  

          _filteredAnalogValue(0), _lastDigitalState(false), _powerOnTime(0) {} 

 

    void init() { 

        pinMode(_pinPower, OUTPUT); 

        digitalWrite(_pinPower, LOW); 

        pinMode(_pinAnalog, INPUT); 

        pinMode(_pinDigital, INPUT); 

    } 

 

    void powerOn() { 
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        digitalWrite(_pinPower, HIGH); 

        _powerOnTime = millis(); 

    } 

 

    void update() { 

        _filteredAnalogValue = readFilteredAnalog(); 

        _lastDigitalState = (digitalRead(_pinDigital) == LOW); 

    } 

 

    int getAnalogValue() const { return _filteredAnalogValue; } 

    bool isHardwareTriggered() const { return _lastDigitalState; } 

     

    bool isWarmedUp() const { 

        if (_powerOnTime == 0) return false; 

        return (millis() - _powerOnTime) >= Config::WARMUP_TIME_MS; 

    } 

 

    unsigned long getRemainingWarmup() const { 

        if (_powerOnTime == 0) return Config::WARMUP_TIME_MS / 1000; 

        unsigned long elapsed = millis() - _powerOnTime; 

        if (elapsed >= Config::WARMUP_TIME_MS) return 0; 

        return (Config::WARMUP_TIME_MS - elapsed) / 1000; 

    } 

}; 

 

// ========================================== 

// 3. NETWORK & NOTIFICATION SERVICES 

// ========================================== 

class TelegramNotifier { 

private: 
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    const char* _token; 

    const char* _chatId; 

    WiFiClientSecure _client; 

 

    struct AlertPayload { 

        TelegramNotifier* instance; 

        int gasValue; 

        bool isHwTriggered; 

        unsigned long uptimeSec; 

    }; 

 

    static void asyncTask(void* parameter) { 

        AlertPayload* payload = static_cast<AlertPayload*>(parameter); 

        payload->instance->executeSend(payload->gasValue, payload->isHwTriggered, 

payload->uptimeSec); 

        delete payload; 

        vTaskDelete(NULL); 

    } 

 

    void executeSend(int gasValue, bool isHwTriggered, unsigned long uptimeSec) { 

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

            Serial.println("[TELEGRAM] Aborted: WiFi Disconnected."); 

            return; 

        } 

 

        HTTPClient https; 

        char url[128]; 

        snprintf(url, sizeof(url), "https://api.telegram.org/bot%s/sendMessage", _token); 

 

        String message; 
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        message.reserve(256); 

        message = "      *BAHAYA KEBOCORAN GAS*     \n\n"; 

        message += "       Level Sensor: " + String(gasValue) + "\n"; 

        message += "          HW Status: " + String(isHwTriggered ? "BAHAYA (HW 

Trigger)" : "Tidak (SW Only)") + "\n"; 

        message += "       Lokasi: Dapur\n"; 

        message += "           Uptime: " + String(uptimeSec) + "s"; 

 

        String jsonPayload = "{\"chat_id\": \"" + String(_chatId) + "\", \"text\": \"" + 

message + "\", \"parse_mode\": \"Markdown\"}"; 

 

        if (https.begin(_client, url)) { 

            https.addHeader("Content-Type", "application/json"); 

            int httpCode = https.POST(jsonPayload); 

 

            if (httpCode == 200 || httpCode == 201) { 

                Serial.println("[TELEGRAM] Notifikasi berhasil dikirim!"); 

            } else { 

                Serial.printf("[TELEGRAM] Gagal kirim. HTTP Code: %d\n", httpCode); 

            } 

            https.end(); 

        } 

    } 

 

public: 

    TelegramNotifier(const char* token, const char* chatId)  

        : _token(token), _chatId(chatId) { 

        _client.setInsecure();  

    } 
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    void sendAlertAsync(int gasValue, bool isHwTriggered) { 

        AlertPayload* payload = new AlertPayload{this, gasValue, isHwTriggered, 

millis() / 1000}; 

        xTaskCreatePinnedToCore(asyncTask, "TeleTask", 8192, payload, 1, NULL, 0); 

    } 

}; 

 

// ========================================== 

// 4. MAIN APPLICATION 

// ========================================== 

WiFiManager wifiManager; 

TelegramNotifier telegram(Config::TELEGRAM_BOT_TOKEN, 

Config::TELEGRAM_CHAT_ID); 

GasSensorService sensor(Config::PIN_MQ2_ANALOG, 

Config::PIN_MQ2_DIGITAL, Config::PIN_SENSOR_POWER); 

AlertController alertSystem(Config::PIN_LED_STATUS, Config::PIN_BUZZER); 

 

SystemState currentState = SystemState::BOOTING; 

unsigned long lastSensorReadTime = 0; 

 

void setup() { 

    Serial.begin(Config::SERIAL_BAUD); 

    delay(2000);  

    Serial.println("\n\n[SYSTEM] INIT PHASE START"); 

 

    alertSystem.init(); 

    sensor.init(); 

 

    wifiManager.setDebugOutput(false); 
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    Serial.println("[SYSTEM] Starting WiFiManager..."); 

     

    // Set state ke WIFI_SETUP biar buzzer diam dan LED nyala statis 

    alertSystem.setMode(SystemState::WIFI_SETUP);  

     

    if (!wifiManager.autoConnect("ESP32-S3-GAS")) { 

        Serial.println("[FATAL] WiFi Failed! Rebooting..."); 

        delay(3000); 

        ESP.restart(); 

    } 

 

    Serial.println("[SYSTEM] WiFi Connected. Turning ON Sensor Power..."); 

    sensor.powerOn(); 

     

    // Masuk ke mode Warmup (1 menit) 

    currentState = SystemState::WARMUP; 

    alertSystem.setMode(currentState); 

} 

 

void loop() { 

    // Fungsi ini yang membuat pola kedip dan bip jalan tanpa nge-block sistem 

    alertSystem.update(); 

 

    unsigned long currentMillis = millis(); 

    if (currentMillis - lastSensorReadTime >= Config::READ_INTERVAL_MS) { 

        lastSensorReadTime = currentMillis; 

 

        sensor.update(); 

        int analogVal = sensor.getAnalogValue(); 
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        bool hwTrigger = sensor.isHardwareTriggered(); 

 

        if (currentState == SystemState::WARMUP) { 

            if (!sensor.isWarmedUp()) { 

                Serial.printf("[WARMUP] %lu s remaining | Val: %d\n", 

sensor.getRemainingWarmup(), analogVal); 

                return; // Tunggu sampai panas 

            } else { 

                Serial.println("[SYSTEM] Warm-up Selesai. Masuk mode Siaga (IDLE)."); 

                currentState = SystemState::IDLE; 

                alertSystem.setMode(currentState); 

            } 

        } 

 

        Serial.printf("[SENSOR] Val: %4d | HW: %d | State: %d\n", analogVal, 

hwTrigger, static_cast<int>(currentState)); 

 

        if (analogVal > Config::GAS_THRESHOLD_SOFT && currentState != 

SystemState::DANGER) { 

            Serial.println("[ALERT] BAHAYA! Melewati ambang batas."); 

            currentState = SystemState::DANGER; 

            alertSystem.setMode(currentState); 

            telegram.sendAlertAsync(analogVal, hwTrigger); 

        }  

        else if (analogVal < (Config::GAS_THRESHOLD_SOFT - 

Config::HYSTERESIS) && currentState == SystemState::DANGER) { 

            Serial.println("[SYSTEM] Kondisi Aman. Mengembalikan ke IDLE."); 

            currentState = SystemState::IDLE; 

            alertSystem.setMode(currentState); 

        } 
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    } 

} 
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Lampiran 2 MQ-2 Datasheet 
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Lampiran 3 ESP32-S3 Super Mini Datasheet 


