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ДОДАТОК А 

Апробація результатів роботи 

 

 

Рисунок А.1 – Титуальний аркуш електронного видання  
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Рисунок А.2 – Зміст статті, 1 сторінка 
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Рисунок А.3 – Зміст статті, 2 сторінка 
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Рисунок А.4 – Зміст статті, 3 сторінка 
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Рисунок А.5 – Зміст статті, 4 сторінка 
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Рисунок А. – Зміст статті, 5 сторінка   
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ДОДАТОК Б 

Частковий лістинг програмного коду 

 

// === БІБЛІОТЕКИ ТА ГЛОБАЛЬНІ ВИЗНАЧЕННЯ === 

#include <Arduino.h> 

#include <Wire.h> 

#include <U8g2lib.h> 

#include "AiEsp32RotaryEncoder.h" 

#include "AiEsp32RotaryEncoderNumberSelector.h" 

#include "RTClib.h" 

#include "esp_adc_cal.h" 

#include "driver/adc.h" 

#include "esp_err.h" 

#include <Preferences.h> 

#include "icons.h" 

#include <ESP.h> 

#include <ESP32Servo.h> 

#include <WiFi.h> 

#include <ESPAsyncWebServer.h> 

#include <AsyncTCP.h> 

#include <ArduinoJson.h> 

 

// === ВИЗНАЧЕННЯ ПІНІВ === 

#define ROTARY_ENCODER_A_PIN 33 

#define ROTARY_ENCODER_B_PIN 32 

#define ROTARY_ENCODER_BUTTON_PIN 27 

#define ROTARY_ENCODER_VCC_PIN -1 

#define ROTARY_ENCODER_STEPS 4 

#define BUZZER_PIN 16 

#define ADC_READ_PIN 34 

#define STEPPER_STEP_PIN 13 

#define STEPPER_DIR_PIN 14 

#define STEPPER_ENABLE_PIN 26 

#define STEPPER_MS1_PIN 25 

#define STEPPER_MS2_PIN 17 

#define STEPPER_MS3_PIN 18 

#define SERVO_PIN 15 

#define OPTICAL_SENSOR_PIN 35 

 

// === ПРОТОТИПИ ФУНКЦІЙ === 

void IRAM_ATTR readEncoderISR(); 

void setServoPosition(int angle); 

void loadSettings(); 

void saveSettings(); 

void connectToWiFi(); 

void startAPMode(); 

void clearWifiCredentials(); 

void factoryResetSettings(); 

void checkAndResetDailyFlags(); 
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void checkSchedules(); 

void displayCellCalibrationMenu(); 

void displaySettings(); 

void displayDispensingConfirmationScreen(); 

void displayWifiOptionsMenu(); 

void displayWifiAPSetupScreen(); 

void displayWifiConnectingScreen(); 

void displayWifiStatusScreen(); 

bool moveToNextCellBySensor(); 

bool executeThreePhaseSensorMovement(int offsetSteps, bool 

updateCellNumbersOnSuccess, bool isHomingSequence); 

void performSingleStep(bool direction); 

bool moveToDispenseCell(int targetCell); 

void playDispenseAlertBeep(); 

void startMainWebServer(); 

void notFound(AsyncWebServerRequest *request); 

void configureNumberSelectorForState(AppState state); 

void displayMain(); 

void displayMenu(); 

void displayMode(); 

void displaySchedule(); 

void displayBuzzer(); 

void displayTime(); 

void displayDate(); 

void encoderLoop(); 

void beep(int durationMs); 

const unsigned char* getBatteryIcon(); 

void logo(); 

void handleNavigation(EventType event); 

 

// === ОСНОВНІ ФУНКЦІЇ: SETUP ТА LOOP === 

// --- Функція setup --- 

void setup() { 

    Wire.begin(); 

    u8g2.begin(); 

    u8g2.enableUTF8Print(); 

 

    pinMode(BUZZER_PIN, OUTPUT); 

    digitalWrite(BUZZER_PIN, HIGH); 

 

    pinMode(STEPPER_STEP_PIN, OUTPUT); 

    pinMode(STEPPER_DIR_PIN, OUTPUT); 

    pinMode(STEPPER_ENABLE_PIN, OUTPUT); 

    digitalWrite(STEPPER_ENABLE_PIN, LOW); 

    pinMode(STEPPER_MS1_PIN, OUTPUT); 

    pinMode(STEPPER_MS2_PIN, OUTPUT); 

    pinMode(STEPPER_MS3_PIN, OUTPUT); 

    digitalWrite(STEPPER_MS1_PIN, LOW); 

    digitalWrite(STEPPER_MS2_PIN, HIGH); 

    digitalWrite(STEPPER_MS3_PIN, HIGH); 
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    pinMode(OPTICAL_SENSOR_PIN, INPUT_PULLUP); 

 

    medicationServo.attach(SERVO_PIN); 

    setServoPosition(SERVO_CLOSED_POSITION); 

 

    logo(); 

 

    if (! rtc.begin()) { 

        u8g2.clearBuffer(); 

        u8g2.setFont(u8g2_font_ncenB08_tr); 

        u8g2.drawStr(0,15,"RTC not found!"); 

        u8g2.sendBuffer(); 

        while (1) delay(10); 

    } 

    lastCheckedRtcDay = rtc.now().day(); 

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

        scheduleActionedToday[i] = false; 

    } 

 

    adc1_config_width(ADC_WIDTH_BIT_12); 

    adc1_config_channel_atten(adc_channel_battery, atten); 

    esp_adc_cal_characterize(unit, atten, ADC_WIDTH_BIT_12, 1100, 

&adc1_chars); 

    getBatteryIcon(); 

 

    encoder->begin(); 

    encoder->setup(readEncoderISR); 

    numberSelector.attachEncoder(encoder); 

 

    loadSettings(); 

 

    preferences.begin("wifi_creds", true); 

    currentSsid = preferences.getString(KEY_WIFI_SSID, ""); 

    currentPassword = preferences.getString(KEY_WIFI_PASS, ""); 

    preferences.end(); 

 

    bool cellSettingsWereJustInitialized = false; 

    preferences.begin("app_settings", true); 

    if (!preferences.isKey(KEY_CURRENT_CELL)) { 

        preferences.end(); 

        currentCellNumber = 0; 

        nextDispenseCellNumber = 1; 

        cellSettingsWereJustInitialized = true; 

    } else { 

        preferences.end(); 

    } 

 

    if (cellSettingsWereJustInitialized) { 

        preferences.begin("app_settings", false); 

        preferences.putInt(KEY_CURRENT_CELL, currentCellNumber); 
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        preferences.putInt(KEY_NEXT_DISP_CELL, 

nextDispenseCellNumber); 

        preferences.end(); 

    } 

     

    if (currentSsid.length() > 0) { 

        connectToWiFi(); 

    } else { 

        startAPMode(); 

    } 

 

    appState = STATE_MAIN_SCREEN; 

    configureNumberSelectorForState(appState); 

    lastInteractionTime = millis(); 

} 

 

// --- Функція loop --- 

void loop() { 

    encoderLoop(); 

    checkAndResetDailyFlags(); 

 

    if (appState == STATE_MAIN_SCREEN) { 

        checkSchedules(); 

    } 

     

    if (appState != STATE_MAIN_SCREEN && 

        appState != STATE_DISPENSING_CONFIRMATION && 

        appState != STATE_DISPENSING_ACTIVE && 

        appState != STATE_WIFI_AP_SETUP &&  

        appState != STATE_WIFI_CONNECTING && 

        (millis() - lastInteractionTime > inactivityTimeoutMs)) { 

         

        if (appState == STATE_MODE_MENU || appState == 

STATE_BUZZER_MENU) saveSettings(); 

        if (appState == STATE_SCHEDULE_MENU) { scheduleEditField = 

-1; editingScheduleIndex = 0; saveSettings(); }  

        if (appState == STATE_TIME_MENU) timeEditField = -1;  

        if (appState == STATE_DATE_MENU) dateEditField = -1;  

         

        appState = STATE_MAIN_SCREEN; 

        configureNumberSelectorForState(STATE_MAIN_SCREEN); 

        lastInteractionTime = millis(); 

    } 

 

    if (appState == STATE_DISPENSING_CONFIRMATION) { 

        if (millis() - dispensingStartTime > 

dispensingConfirmationTimeoutMs) { 

            appState = STATE_MAIN_SCREEN; 

            configureNumberSelectorForState(appState); 

            beep(150); 

        } 
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    } 

    else if (appState == STATE_DISPENSING_ACTIVE) { 

        if (millis() - dispensingStartTime > 

SERVO_DISPENSE_DURATION_MS) { 

            setServoPosition(SERVO_CLOSED_POSITION); 

            appState = STATE_MAIN_SCREEN; 

            configureNumberSelectorForState(appState); 

        } 

    } 

 

    u8g2.firstPage(); 

    do { 

        switch (appState) { 

            case STATE_MAIN_SCREEN: displayMain(); break; 

            case STATE_MAIN_MENU: displayMenu(); break; 

            case STATE_MODE_MENU: displayMode(); break; 

            case STATE_SCHEDULE_MENU: displaySchedule(); break; 

            case STATE_BUZZER_MENU: displayBuzzer(); break; 

            case STATE_TIME_MENU: displayTime(); break; 

            case STATE_DATE_MENU: displayDate(); break; 

            case STATE_CELL_CALIBRATION_MENU: 

displayCellCalibrationMenu(); break; 

            case STATE_SETTINGS_MENU: displaySettings(); break; 

            case STATE_DISPENSING_CONFIRMATION: 

displayDispensingConfirmationScreen(); break; 

            case STATE_DISPENSING_ACTIVE: 

                u8g2.clearBuffer(); 

                u8g2.setFont(u8g2_font_ncenB08_tr); 

                u8g2.drawStr((128 - 

u8g2.getStrWidth("Dispensing..."))/2, 35, "Dispensing..."); 

                break; 

            case STATE_WIFI_OPTIONS_MENU: displayWifiOptionsMenu(); 

break; 

            case STATE_WIFI_AP_SETUP: displayWifiAPSetupScreen(); 

break; 

            case STATE_WIFI_CONNECTING: 

displayWifiConnectingScreen(); break; 

            case STATE_WIFI_STATUS: displayWifiStatusScreen(); 

break; 

        } 

    } while (u8g2.nextPage()); 

} 

 

// === ДОПОМІЖНІ ФУНКЦІЇ === 

// --- Функція для звукового сигналу --- 

void beep(int durationMs) { 

    if (buzzerSetting == 1) { 

        digitalWrite(BUZZER_PIN, LOW); 

        delay(durationMs); 

        digitalWrite(BUZZER_PIN, HIGH); 

    } 
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} 

 

// --- Функція для відображення логотипу --- 

void logo() { 

    int counter = 0; 

    u8g2.clearBuffer(); 

    u8g2.drawXBM(0, 0, 128, 64, logoBackround); 

    while (counter < 14){ 

        u8g2.drawXBM(44, 16, 41, 33, logoFrogArr[counter]); 

        counter++; 

        delay(110); 

        u8g2.sendBuffer(); 

    } 

    beep(300); 

    delay(500); 

} 

 

// === ОБРОБКА ЕНКОДЕРА ТА КНОПКИ === 

// --- ISR для обробки обертання енкодера --- 

void IRAM_ATTR readEncoderISR() { 

    encoder->readEncoder_ISR(); 

} 

 

// --- Обробник короткого натискання кнопки --- 

void onButtonShortClick() { 

    handleNavigation(EVENT_SHORT_PRESS); 

} 

 

// --- Обробник довгого натискання кнопки --- 

void onButtonLongClick() { 

    handleNavigation(EVENT_LONG_PRESS); 

} 

 

// --- Функція для обробки стану кнопки енкодера --- 

void handleEncoderButton() { 

    static unsigned long lastTimeButtonDown = 0; 

    static bool wasButtonDown = false; 

    static bool longPressHandled = false; 

 

    bool isEncoderButtonDown = encoder->isEncoderButtonDown(); 

 

    if (isEncoderButtonDown) { 

        if (!wasButtonDown) { 

            lastTimeButtonDown = millis(); 

            longPressHandled = false; 

        } 

        wasButtonDown = true; 

        if (millis() - lastTimeButtonDown >= 

longPressAfterMiliseconds && !longPressHandled) { 

            onButtonLongClick(); 

            longPressHandled = true; 
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        } 

        if(longPressHandled) return; 

 

    } else { 

        if (wasButtonDown) { 

            if (!longPressHandled && (millis() - lastTimeButtonDown 

>= shortPressAfterMiliseconds)) { 

                onButtonShortClick(); 

            } 

        } 

        wasButtonDown = false; 

        longPressHandled = false; 

    } 

} 

 

// --- Функція для обробки енкодера --- 

void encoderLoop() { 

    if (encoder->encoderChanged()) { 

        handleNavigation(EVENT_ENCODER_ROTATE); 

    } 

    handleEncoderButton(); 

} 

 

// === ЛОГІКА СТАНІВ ТА НАВІГАЦІЯ === 

// --- Головна функція обробки навігації --- 

void handleNavigation(EventType event) { 

    if (event != EVENT_NONE) { 

        lastInteractionTime = millis(); 

    } 

 

    if (event == EVENT_ENCODER_ROTATE) { 

        long value = numberSelector.getValue(); 

        bool valueChanged = false; 

        switch (appState) { 

            case STATE_MAIN_MENU: if (selectedMenuItem != value) { 

selectedMenuItem = value; valueChanged = true; } break; 

            case STATE_MODE_MENU: if (modeSetting != value) { 

modeSetting = value; valueChanged = true; } break; 

            case STATE_SCHEDULE_MENU: 

                if (scheduleEditField == -1) { if 

(editingScheduleIndex != value) { editingScheduleIndex = value; 

valueChanged = true; } } 

                else if (scheduleEditField == 0) { if 

(scheduleHours[editingScheduleIndex] != value) { 

scheduleHours[editingScheduleIndex] = value; valueChanged = true; } 

} 

                else if (scheduleEditField == 1) { if 

(scheduleMinutes[editingScheduleIndex] != value) { 

scheduleMinutes[editingScheduleIndex] = value; valueChanged = true; 

} } 

                break; 
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            case STATE_BUZZER_MENU: if (buzzerSetting != value) { 

buzzerSetting = value; valueChanged = true; } break; 

            case STATE_TIME_MENU: 

                if (timeEditField == 0) { if (editHour != value) { 

editHour = value; valueChanged = true; } } 

                else if (timeEditField == 1) { if (editMinute != 

value) { editMinute = value; valueChanged = true; } } 

                else if (timeEditField == 2) { if (editSecond != 

value) { editSecond = value; valueChanged = true; } } 

                break; 

            case STATE_DATE_MENU: 

                if (dateEditField == 0) { if (editDay != value) { 

editDay = value; valueChanged = true; } } 

                else if (dateEditField == 1) { if (editMonth != 

value) { editMonth = value; valueChanged = true; } } 

                else if (dateEditField == 2) { if (editYear != 

value) { editYear = value; valueChanged = true; } } 

                break; 

            case STATE_SETTINGS_MENU: if (selectedSettingsMenuItem 

!= value) { selectedSettingsMenuItem = value; valueChanged = true; 

} break; 

            case STATE_CELL_CALIBRATION_MENU: 

                if (selectedCellMenuItem != value) { 

selectedCellMenuItem = value; valueChanged = true; } 

                break; 

            case STATE_WIFI_OPTIONS_MENU: 

                if (selectedWifiOptionsMenuItem != value) { 

selectedWifiOptionsMenuItem = value; valueChanged = true; } 

                break; 

            default: break; 

        } 

        if (valueChanged) { beep(20); } 

    } 

 

    switch (appState) { 

        case STATE_MAIN_SCREEN: 

            if (event == EVENT_SHORT_PRESS) { 

                appState = STATE_MAIN_MENU; selectedMenuItem = 0; 

                configureNumberSelectorForState(STATE_MAIN_MENU); 

beep(50); 

            } 

            break; 

        case STATE_MAIN_MENU: 

            if (event == EVENT_SHORT_PRESS) { 

                beep(50); 

                switch (selectedMenuItem) { 

                    case 0: appState = STATE_MODE_MENU; break; 

                    case 1: appState = STATE_SCHEDULE_MENU; 

editingScheduleIndex = 0; scheduleEditField = -1; break; 

                    case 2: appState = STATE_BUZZER_MENU; break; 
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                    case 3: appState = STATE_TIME_MENU; 

timeEditField = -1; { DateTime now = rtc.now(); editHour = 

now.hour(); editMinute = now.minute(); editSecond = now.second(); } 

break; 

                    case 4: appState = STATE_DATE_MENU; 

dateEditField = -1; { DateTime now = rtc.now(); editDay = 

now.day(); editMonth = now.month(); editYear = now.year(); } break; 

                    case 5: appState = STATE_CELL_CALIBRATION_MENU; 

selectedCellMenuItem = 0; break; 

                    case 6: appState = STATE_SETTINGS_MENU; 

selectedSettingsMenuItem = 0; break; 

                } 

                configureNumberSelectorForState(appState); 

            } else if (event == EVENT_LONG_PRESS || event == 

EVENT_TIMEOUT) { 

                appState = STATE_MAIN_SCREEN; 

configureNumberSelectorForState(STATE_MAIN_SCREEN); if(event == 

EVENT_LONG_PRESS) beep(100); 

            } 

            break; 

        case STATE_MODE_MENU: 

        case STATE_BUZZER_MENU: 

            if (event == EVENT_SHORT_PRESS) { 

                if (appState == STATE_MODE_MENU || appState == 

STATE_BUZZER_MENU) { 

                    saveSettings(); appState = STATE_MAIN_MENU; 

configureNumberSelectorForState(STATE_MAIN_MENU); beep(50); 

                } 

            } else if (event == EVENT_LONG_PRESS) { 

                if (appState == STATE_MODE_MENU || appState == 

STATE_BUZZER_MENU) saveSettings(); 

                appState = STATE_MAIN_MENU; 

                configureNumberSelectorForState(STATE_MAIN_MENU); 

                beep(100); 

            } 

            break; 

        case STATE_SCHEDULE_MENU: 

            if (event == EVENT_SHORT_PRESS) { 

                beep(50); 

                if (scheduleEditField == -1) { 

                    scheduleEditField = 0; 

                } else if (scheduleEditField == 0) { 

                    scheduleEditField = 1; 

                } else if (scheduleEditField == 1) { 

                    scheduleEditField = -1; 

                    saveSettings(); 

                } 

                

configureNumberSelectorForState(STATE_SCHEDULE_MENU); 

            } else if (event == EVENT_LONG_PRESS) { 

                scheduleEditField = -1; editingScheduleIndex = 0; 



  68 

 
                saveSettings(); 

                appState = STATE_MAIN_MENU; 

                configureNumberSelectorForState(STATE_MAIN_MENU); 

                beep(100); 

            } 

            break; 

        case STATE_TIME_MENU: 

            if (event == EVENT_SHORT_PRESS) { 

                beep(50); 

                if (timeEditField == -1) { timeEditField = 0; } 

                else { 

                    timeEditField++; 

                    if (timeEditField > 2) { 

                        timeEditField = -1; 

                        rtc.adjust(DateTime(rtc.now().year(), 

rtc.now().month(), rtc.now().day(), editHour, editMinute, 

editSecond)); 

                        appState = STATE_MAIN_MENU; 

                    } 

                } 

                configureNumberSelectorForState(appState == 

STATE_MAIN_MENU ? appState : STATE_TIME_MENU); 

            } else if (event == EVENT_LONG_PRESS) { 

                timeEditField = -1; 

                appState = STATE_MAIN_MENU; 

                configureNumberSelectorForState(STATE_MAIN_MENU); 

                beep(100); 

            } 

            break; 

        case STATE_DATE_MENU: 

            if (event == EVENT_SHORT_PRESS) { 

                beep(50); 

                if (dateEditField == -1) { dateEditField = 0; } 

                else { 

                    dateEditField++; 

                    if (dateEditField > 2) { 

                        dateEditField = -1; 

                        bool dateValid = true; 

                        if (editMonth < 1 || editMonth > 12 || 

editDay < 1) dateValid = false; 

                        else if (editMonth == 2) { 

                            if ((editYear % 4 == 0 && editYear % 

100 != 0) || (editYear % 400 == 0)) { 

                                if (editDay > 29) dateValid = 

false; 

                            } else { 

                                if (editDay > 28) dateValid = 

false; 

                            } 

                        } else if (editMonth == 4 || editMonth == 6 

|| editMonth == 9 || editMonth == 11) { 
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                            if (editDay > 30) dateValid = false; 

                        } else { 

                            if (editDay > 31) dateValid = false; 

                        } 

 

                        if(dateValid) 

rtc.adjust(DateTime(editYear,editMonth,editDay,rtc.now().hour(),rtc

.now().minute(),rtc.now().second())); 

                        else {beep(500);} 

                        appState = STATE_MAIN_MENU; 

                    } 

                } 

                configureNumberSelectorForState(appState == 

STATE_MAIN_MENU ? appState : STATE_DATE_MENU); 

            } else if (event == EVENT_LONG_PRESS) { 

                dateEditField = -1; 

                appState = STATE_MAIN_MENU; 

                configureNumberSelectorForState(STATE_MAIN_MENU); 

                beep(100); 

            } 

            break; 

        case STATE_CELL_CALIBRATION_MENU: 

            if (event == EVENT_SHORT_PRESS) { 

                beep(50); 

                switch (selectedCellMenuItem) { 

                    case 0: 

                        moveToNextCellBySensor(); 

                        break; 

                    case 1: 

                        currentCellNumber = HOME_CELL_NUMBER; 

                        nextDispenseCellNumber = 1; 

                        saveSettings(); 

 

                        appState = STATE_MAIN_MENU; 

                        

configureNumberSelectorForState(STATE_MAIN_MENU); 

                        break; 

                } 

            } else if (event == EVENT_LONG_PRESS) { 

                appState = STATE_MAIN_MENU; 

                configureNumberSelectorForState(STATE_MAIN_MENU); 

                beep(100); 

            } 

            break; 

        case STATE_SETTINGS_MENU: 

            if (event == EVENT_SHORT_PRESS) { 

                beep(50); 

                switch (selectedSettingsMenuItem) { 

                    case 0: 

                        appState = STATE_WIFI_OPTIONS_MENU; 

                        selectedWifiOptionsMenuItem = 0; 
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                        break; 

                    case 1: 

                        factoryResetSettings(); 

                        break; 

                } 

                configureNumberSelectorForState(appState); 

            } else if (event == EVENT_LONG_PRESS) { 

                appState = STATE_MAIN_MENU; 

                configureNumberSelectorForState(STATE_MAIN_MENU); 

                beep(100); 

            } 

            break; 

        case STATE_WIFI_OPTIONS_MENU: 

            if (event == EVENT_SHORT_PRESS) { 

                beep(50); 

                switch (selectedWifiOptionsMenuItem) { 

                    case 0: 

                        appState = STATE_WIFI_STATUS; 

                        break; 

                    case 1: 

                        clearWifiCredentials(); 

                        break; 

                } 

                if (appState != STATE_MAIN_SCREEN) { 

                    configureNumberSelectorForState(appState); 

                } 

            } else if (event == EVENT_LONG_PRESS) { 

                appState = STATE_SETTINGS_MENU; 

                

configureNumberSelectorForState(STATE_SETTINGS_MENU); 

                 if(event == EVENT_LONG_PRESS) beep(100); 

            } 

            break; 

        case STATE_WIFI_AP_SETUP: 

            if (event == EVENT_LONG_PRESS) { 

                appState = STATE_WIFI_OPTIONS_MENU; 

                configureNumberSelectorForState(appState); 

                beep(100); 

            } 

            break; 

        case STATE_WIFI_CONNECTING: 

            if (event == EVENT_LONG_PRESS) { 

                WiFi.disconnect(true); 

                appState = STATE_WIFI_OPTIONS_MENU; 

                configureNumberSelectorForState(appState); 

                beep(100); 

            } 

            break; 

        case STATE_WIFI_STATUS: 

             if (event == EVENT_LONG_PRESS) { 

                appState = STATE_WIFI_OPTIONS_MENU; 
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                configureNumberSelectorForState(appState); 

                beep(100); 

            } 

            break; 

        case STATE_DISPENSING_CONFIRMATION: 

            if (event == EVENT_SHORT_PRESS) { 

                beep(100); 

                appState = STATE_DISPENSING_ACTIVE; 

                dispensingStartTime = millis(); 

                setServoPosition(SERVO_OPEN_POSITION); 

                configureNumberSelectorForState(appState); 

            } else if (event == EVENT_TIMEOUT || event == 

EVENT_LONG_PRESS) { 

                appState = STATE_MAIN_SCREEN; 

                configureNumberSelectorForState(appState); 

                if(event == EVENT_LONG_PRESS) beep(100); 

            } 

            break; 

    } 

} 

 

// === УПРАВЛІННЯ НАЛАШТУВАННЯМИ (PREFERENCES) === 

// --- Збереження налаштувань --- 

void saveSettings() { 

    preferences.begin("app_settings", false); 

    preferences.putInt("mode", modeSetting); 

    preferences.putInt("buzzer", buzzerSetting); 

    preferences.putBytes("sched_h", scheduleHours, 

sizeof(scheduleHours)); 

    preferences.putBytes("sched_m", scheduleMinutes, 

sizeof(scheduleMinutes)); 

    preferences.putInt(KEY_CURRENT_CELL, currentCellNumber); 

    preferences.putInt(KEY_NEXT_DISP_CELL, nextDispenseCellNumber); 

    preferences.end(); 

} 

 

// --- Завантаження налаштувань --- 

void loadSettings() { 

    preferences.begin("app_settings", true); 

    modeSetting = preferences.getInt("mode", 0); 

    buzzerSetting = preferences.getInt("buzzer", 1); 

    size_t read_h = preferences.getBytes("sched_h", scheduleHours, 

sizeof(scheduleHours)); 

    size_t read_m = preferences.getBytes("sched_m", 

scheduleMinutes, sizeof(scheduleMinutes)); 

    currentCellNumber = preferences.getInt(KEY_CURRENT_CELL, 0); 

    nextDispenseCellNumber = preferences.getInt(KEY_NEXT_DISP_CELL, 

1); 

     

    if (nextDispenseCellNumber < 1 || nextDispenseCellNumber > 

MED_CELLS_COUNT) { 
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        nextDispenseCellNumber = 1; 

    } 

     

    preferences.end(); 

 

    if (read_h != sizeof(scheduleHours) || read_m != 

sizeof(scheduleMinutes)) { 

        for (int i = 0; i < MAX_SCHEDULES; ++i) { scheduleHours[i] 

= 0; scheduleMinutes[i] = 0; } 

    } 

} 

 

// --- Скидання до заводських налаштувань --- 

void factoryResetSettings() { 

    preferences.begin("app_settings", false); 

    preferences.clear(); 

    preferences.end(); 

 

    preferences.begin("wifi_creds", false); 

    preferences.remove(KEY_WIFI_SSID); 

    preferences.remove(KEY_WIFI_PASS); 

    preferences.end(); 

    currentSsid = ""; 

    currentPassword = ""; 

 

    if (WiFi.isConnected()) { 

        WiFi.disconnect(true); 

    } 

    if (WiFi.getMode() == WIFI_AP || WiFi.getMode() == WIFI_AP_STA) 

{ 

        WiFi.softAPdisconnect(true); 

    } 

    server.end(); 

 

    modeSetting = 0; buzzerSetting = 1; 

    for (int i = 0; i < MAX_SCHEDULES; ++i) { scheduleHours[i] = 0; 

scheduleMinutes[i] = 0; } 

    currentCellNumber = 0; 

    nextDispenseCellNumber = 1; 

 

    u8g2.clearBuffer(); 

    u8g2.setFont(u8g2_font_ncenB08_tr); 

    u8g2.drawStr(10, 25, "Factory Reset...");  

    u8g2.drawStr(10, 40, "Restarting...");     

    u8g2.sendBuffer(); 

     

    delay(2500); 

    ESP.restart(); 

} 

 

// === УПРАВЛІННЯ КРОКОВИМ ДВИГУНОМ ТА ДАТЧИКОМ === 
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// --- Виконання одного кроку двигуна --- 

void performSingleStep(bool direction) { 

    digitalWrite(STEPPER_DIR_PIN, direction); 

    digitalWrite(STEPPER_STEP_PIN, HIGH); 

    delayMicroseconds(STEP_DELAY_MICROSECONDS / 2); 

    digitalWrite(STEPPER_STEP_PIN, LOW); 

    delayMicroseconds(STEP_DELAY_MICROSECONDS / 2); 

} 

 

// --- Виконання трифазного руху по датчику --- 

bool executeThreePhaseSensorMovement(int offsetSteps, bool 

updateCellNumbersOnSuccess, bool isHomingSequence) { 

    digitalWrite(STEPPER_ENABLE_PIN, LOW); 

 

    bool sensorDeAsserted = false; 

    if (digitalRead(OPTICAL_SENSOR_PIN) == LOW) {  

        for (long k = 0; k < TOTAL_STEPS_PER_REVOLUTION * 2; k++) { 

            if (digitalRead(OPTICAL_SENSOR_PIN) == HIGH) { 

                sensorDeAsserted = true; 

                break; 

            } 

            performSingleStep(STEPPER_DIR_FORWARD); 

            if (k % 100 == 0) delay(1); 

        } 

    } else { 

        sensorDeAsserted = true; 

    } 

 

    if (!sensorDeAsserted) { 

        digitalWrite(STEPPER_ENABLE_PIN, HIGH); 

        return false; 

    } 

 

    bool sensorReAsserted = false; 

    for (long k = 0; k < TOTAL_STEPS_PER_REVOLUTION * 2; k++) { 

        if (digitalRead(OPTICAL_SENSOR_PIN) == LOW) { 

            sensorReAsserted = true; 

            break; 

        } 

        performSingleStep(STEPPER_DIR_FORWARD); 

        if (k % 100 == 0) delay(1); 

    } 

 

    if (!sensorReAsserted) { 

        digitalWrite(STEPPER_ENABLE_PIN, HIGH); 

        return false; 

    } 

 

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

        performSingleStep(STEPPER_DIR_FORWARD); 

    } 
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    if (updateCellNumbersOnSuccess) { 

        if (isHomingSequence) { 

            currentCellNumber = HOME_CELL_NUMBER; 

            nextDispenseCellNumber = 1; 

        } else { 

            if (currentCellNumber == 0 || currentCellNumber == 

HOME_CELL_NUMBER) { 

                currentCellNumber = 1; 

            }  

            else if (currentCellNumber >= 1 && currentCellNumber < 

MED_CELLS_COUNT) { 

                currentCellNumber++; 

            }  

            else if (currentCellNumber == MED_CELLS_COUNT) { 

                currentCellNumber = 1; 

            } else { 

                 currentCellNumber = 1; 

            } 

             

            if (currentCellNumber == MED_CELLS_COUNT) { 

                nextDispenseCellNumber = 1; 

            } else if (currentCellNumber >= 1 && currentCellNumber 

< MED_CELLS_COUNT) { 

                nextDispenseCellNumber = currentCellNumber + 1; 

            } else { 

                nextDispenseCellNumber = 1; 

            } 

        } 

        saveSettings(); 

    } 

    return true; 

} 

 

// --- Переміщення до наступної комірки по датчику --- 

bool moveToNextCellBySensor() { 

    return 

executeThreePhaseSensorMovement(ADDITIONAL_STEPS_AFTER_SENSOR, 

true, false); 

} 

 

// --- Переміщення до комірки для видачі --- 

bool moveToDispenseCell(int targetCell) { 

    if (targetCell < 1 || targetCell > MED_CELLS_COUNT) { 

        return false; 

    } 

 

    if (currentCellNumber == 0 || currentCellNumber == 

HOME_CELL_NUMBER) { 
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        if 

(!executeThreePhaseSensorMovement(ADDITIONAL_STEPS_AFTER_SENSOR, 

true, true)) { 

             u8g2.clearBuffer(); 

u8g2.setFont(u8g2_font_ncenB08_tr); 

             u8g2.drawStr(0, 15, "Home Calib Fail"); 

u8g2.sendBuffer(); delay(2000); 

            return false; 

        } 

    } 

     

    if (currentCellNumber == HOME_CELL_NUMBER && targetCell != 1) { 

        if (!moveToNextCellBySensor()) { 

             return false; 

        } 

    } 

     

    int max_moves = MED_CELLS_COUNT + 2; 

    int moves_done = 0; 

 

    while (currentCellNumber != targetCell && moves_done < 

max_moves) { 

        if (!moveToNextCellBySensor()) { 

            return false; 

        } 

        if (currentCellNumber == 0 || currentCellNumber == 

HOME_CELL_NUMBER ) { 

            return false; 

        } 

        moves_done++; 

    } 

 

    if (currentCellNumber == targetCell) { 

        return true; 

    } else { 

        return false; 

    } 

} 

 

Повний лістинг коду представлено в репозиторії GitHub: 

https://github.com/Lyaguhh/Dispenser  
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ДОДАТОК В 

Демонстраційний матеріал 

 

 

Рисунок В.1 – Титульна сторінка прещентації 

 

 

Рисунок В.2 –Зміст презентаії, 1 сторінка 
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Рисунок В.3 –Зміст презентаії, 2 сторінка 

 

 

Рисунок В.4 –Зміст презентаії, 3 сторінка 
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Рисунок В.5 –Зміст презентаії, 4 сторінка 

 

 

Рисунок В.6 –Зміст презентаії, 5 сторінка 
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Рисунок В.7 –Зміст презентаії, 6 сторінка 

 

 

Рисунок В.8 –Зміст презентаії, 7 сторінка 
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Рисунок В.9 –Зміст презентаії, 8 сторінка 

 

 

Рисунок В.10 –Зміст презентаії, 9 сторінка 
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Рисунок В.11 –Зміст презентаії, 10 сторінка 

 

 

Рисунок В.12 –Зміст презентаії, 11 сторінка 
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Рисунок В.13 –Зміст презентаії, 12 сторінка 
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