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ДОДАТОК А 

Код реалізації збору даних та обчислень для ESP 32  
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#include <WiFi.h> 

#include <HTTPClient.h> 

#include <Wire.h> 

#include <TinyGPSPlus.h> 

#include <Adafruit_MPU6050.h> 

#include <Adafruit_Sensor.h> 

 

const char* ssid = "Wokwi-GUEST"; 

const char* password = ""; 

 

String TB_TOKEN = "************"; 

String TB_URL = "https://eu.thingsboard.cloud/api/v1/" + TB_TOKEN + "/telemetry"; 

 

TinyGPSPlus gps; 

HardwareSerial GPS_Serial(1); 

 

#define GPS_RX_PIN 16 

#define GPS_TX_PIN 17 

#define GPS_BAUD   9600 

 

Adafruit_MPU6050 mpu; 

 

unsigned long lastUpload = 0; 

unsigned long uploadInterval = 1000;  

 

// Калібрування 

float accel_bias_x = 0, accel_bias_y = 0, accel_bias_z = 0; 

float gyro_bias_z = 0; 

bool isCalibrated = false; 

 

// GPS 

double initialLat = 0, initialLon = 0; 

bool hasInitialGPS = false; 

float local_x = 0, local_y = 0; 
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// Швидкість 

float velocity_x = 0, velocity_y = 0; 

float totalDistance = 0; 

float lastPosX = 0, lastPosY = 0; 

 

// Орієнтація 

float heading = 0; 

 

// Лічильники 

int gpsUpdateCount = 0; 

int imuUpdateCount = 0; 

int uploadCount = 0; 

 

unsigned long lastUpdateTime = 0; 

 

void calibrateIMU() { 

  Serial.println("Calibrating IMU..."); 

   

  const int samples = 100;  

  float sum_ax = 0, sum_ay = 0, sum_az = 0, sum_gz = 0; 

   

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

    sensors_event_t a, g, temp; 

    mpu.getEvent(&a, &g, &temp); 

     

    sum_ax += a.acceleration.x; 

    sum_ay += a.acceleration.y; 

    sum_az += a.acceleration.z; 

    sum_gz += g.gyro.z; 

     

    delay(10); // швидше 

  } 
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  accel_bias_x = sum_ax / samples; 

  accel_bias_y = sum_ay / samples; 

  accel_bias_z = (sum_az / samples) - 9.81; 

  gyro_bias_z = sum_gz / samples; 

   

  isCalibrated = true; 

  Serial.println("Calibrated OK"); 

} 

 

void gpsToLocal(double lat, double lon, float &x, float &y) { 

  if (!hasInitialGPS) { 

    initialLat = lat; 

    initialLon = lon; 

    hasInitialGPS = true; 

    x = 0; 

    y = 0; 

    Serial.printf("Initial GPS: %.6f, %.6f\n", lat, lon); 

    return; 

  } 

   

  float dlat = lat - initialLat; 

  float dlon = lon - initialLon; 

   

  y = dlat * 110540.0; 

  x = dlon * 111320.0 * cos(initialLat * 0.017453293); 

} 

 

void updateVelocityAndDistance(float dt) { 

  if (dt > 0 && dt < 1.0) { 

    float dx = local_x - lastPosX; 

    float dy = local_y - lastPosY; 

     

    velocity_x = dx / dt; 

    velocity_y = dy / dt; 



84 
 

     

    float dist = sqrt(dx*dx + dy*dy); 

    if (dist < 100) { 

      totalDistance += dist; 

    } 

     

    lastPosX = local_x; 

    lastPosY = local_y; 

  } 

} 

 

void sendToThingsBoard(float lat, float lon, float accuracy, float ax, float ay, float az, float gz) { 

  uploadCount++; 

   

  HTTPClient http; 

  http.begin(TB_URL); 

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

  http.setTimeout(5000); // коротший таймаут для Wokwi 

   

  float speed = sqrt(velocity_x * velocity_x + velocity_y * velocity_y); 

   

  unsigned long currentTime = millis(); 

  float dt = (currentTime - lastUpdateTime) / 1000.0; 

  if (dt > 0 && dt < 1.0) { 

    heading += gz * dt * 57.2958; 

    while (heading > 360) heading -= 360; 

    while (heading < 0) heading += 360; 

  } 

  lastUpdateTime = currentTime; 

   

  // JSON 

  String json = "{"; 

  json += "\"gps_lat\":" + String(lat, 8) + ","; 

  json += "\"gps_lon\":" + String(lon, 8) + ","; 
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  json += "\"gps_accuracy\":" + String(accuracy, 2) + ","; 

  json += "\"local_x\":" + String(local_x, 4) + ","; 

  json += "\"local_y\":" + String(local_y, 4) + ","; 

  json += "\"velocity_x\":" + String(velocity_x, 4) + ","; 

  json += "\"velocity_y\":" + String(velocity_y, 4) + ","; 

  json += "\"speed\":" + String(speed, 4) + ","; 

  json += "\"heading\":" + String(heading, 2) + ","; 

  json += "\"angular_velocity\":" + String(gz * 57.2958, 4) + ","; 

  json += "\"accel_x\":" + String(ax, 4) + ","; 

  json += "\"accel_y\":" + String(ay, 4) + ","; 

  json += "\"accel_z\":" + String(az, 4) + ","; 

  json += "\"gyro_z\":" + String(gz, 4) + ","; 

  json += "\"distance_total\":" + String(totalDistance, 2) + ","; 

  json += "\"gps_updates\":" + String(gpsUpdateCount) + ","; 

  json += "\"imu_updates\":" + String(imuUpdateCount) + ","; 

  json += "\"timestamp\":" + String(millis()); 

  json += "}"; 

   

  // Мінімальний вивід 

  Serial.printf("Upload #%d: GPS(%.6f,%.6f) Speed=%.2f Dist=%.1fm\n",  

                uploadCount, lat, lon, speed, totalDistance); 

   

  int httpCode = http.POST(json); 

   

  if (httpCode == 200) { 

    Serial.println("  -> OK"); 

  } else { 

    Serial.printf("  -> FAIL %d\n", httpCode); 

  } 

   

  http.end(); 

} 

 

void setup() { 
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  Serial.begin(115200); 

  delay(500); 

   

  Serial.println("\n=== ESP32 Sensor Fusion ==="); 

   

  // I2C 

  Wire.begin(21, 22); 

   

  // WiFi 

  Serial.print("WiFi..."); 

  WiFi.begin(ssid, password); 

   

  int attempts = 0; 

  while (WiFi.status() != WL_CONNECTED && attempts < 20) { 

    delay(500); 

    Serial.print("."); 

    attempts++; 

  } 

   

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

    Serial.println(" OK"); 

  } else { 

    Serial.println(" FAIL"); 

  } 

   

  // MPU 

  Serial.print("MPU6050..."); 

  if (!mpu.begin()) { 

    Serial.println(" FAIL"); 

    while (1) delay(1000); 

  } 

  Serial.println(" OK"); 

   

  mpu.setAccelerometerRange(MPU6050_RANGE_4_G); 
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  mpu.setGyroRange(MPU6050_RANGE_500_DEG); 

  mpu.setFilterBandwidth(MPU6050_BAND_21_HZ); 

   

  delay(1000); 

  calibrateIMU(); 

   

  // GPS 

  Serial.println("GPS init..."); 

  GPS_Serial.begin(GPS_BAUD, SERIAL_8N1, GPS_RX_PIN, GPS_TX_PIN); 

  Serial.println("Waiting for GPS fix..."); 

   

  Serial.println("=== READY ===\n"); 

   

  lastUpdateTime = millis(); 

} 

 

void loop() { 

  // GPS 

  while (GPS_Serial.available()) { 

    gps.encode(GPS_Serial.read()); 

  } 

   

  // MPU 

  sensors_event_t a, g, t; 

  mpu.getEvent(&a, &g, &t); 

   

  float ax = a.acceleration.x - accel_bias_x; 

  float ay = a.acceleration.y - accel_bias_y; 

  float az = a.acceleration.z - accel_bias_z; 

  float gz = g.gyro.z - gyro_bias_z; 

   

  imuUpdateCount++; 

   

  // GPS Update 
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  if (gps.location.isUpdated()) { 

    float lat = gps.location.lat(); 

    float lon = gps.location.lng(); 

    float accuracy = gps.hdop.hdop() * 5.0; 

     

    gpsToLocal(lat, lon, local_x, local_y); 

     

    unsigned long currentTime = millis(); 

    float dt = (currentTime - lastUpdateTime) / 1000.0; 

    updateVelocityAndDistance(dt); 

     

    gpsUpdateCount++; 

     

    // UPLOAD 

    if (millis() - lastUpload >= uploadInterval) { 

      if (WiFi.status() == WL_CONNECTED && isCalibrated) { 

        sendToThingsBoard(lat, lon, accuracy, ax, ay, az, gz); 

        lastUpload = millis(); 

      } 

    } 

  } 

   

  delay(50);  

} 
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ДОДАТОК Б 

Розмітка веб-додатку  
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<!DOCTYPE html> 

<html lang="uk"> 

<head> 

    <meta charset="UTF-8"> 

    <meta name="viewport" content="width=device-width, initial-scale=1.0"> 

    <title>Sensor Fusion Tracker - Enhanced</title> 

    <script src="https://cdn.tailwindcss.com"></script> 

    <script src="https://cdn.jsdelivr.net/npm/chart.js@4.4.0/dist/chart.umd.min.js"></script> 

     

    <!-- Leaflet CSS --> 

    <link rel="stylesheet" href="https://unpkg.com/leaflet@1.9.4/dist/leaflet.css" /> 

    <script src="https://unpkg.com/leaflet@1.9.4/dist/leaflet.js"></script> 

     

    <style> 

        #osmMap { 

            height: 500px; 

            border-radius: 0.5rem; 

        } 

        .leaflet-control-attribution { 

            font-size: 10px; 

        } 

         

        /* Мобільна адаптація */ 

        @media (max-width: 768px) { 

            body { 

                font-size: 14px; 

            } 

             

            h1 { 

                font-size: 1.5rem !important; 

            } 

             

            h2 { 

                font-size: 1.2rem !important; 
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            } 

             

            #osmMap { 

                height: 300px; 

            } 

             

            .grid { 

                grid-template-columns: 1fr !important; 

            } 

             

            .flex { 

                flex-direction: column; 

            } 

             

            button { 

                width: 100%; 

                margin-bottom: 0.5rem; 

            } 

             

            .space-y-1 > * { 

                margin-top: 0.5rem; 

            } 

        } 

         

        /* SVG карта з можливістю зуму */ 

        #mapContainer { 

            position: relative; 

            background: #0f172a; 

            border-radius: 0.5rem; 

        } 

         

        #mapSvg { 

            cursor: move; 

            user-select: none; 
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        } 

         

        .zoom-controls { 

            position: absolute; 

            top: 10px; 

            right: 10px; 

            display: flex; 

            flex-direction: column; 

            gap: 5px; 

            z-index: 10; 

        } 

         

        .zoom-btn { 

            width: 40px; 

            height: 40px; 

            background: rgba(30, 41, 59, 0.9); 

            border: 2px solid #475569; 

            border-radius: 0.5rem; 

            color: white; 

            font-size: 20px; 

            font-weight: bold; 

            cursor: pointer; 

            display: flex; 

            align-items: center; 

            justify-content: center; 

            transition: all 0.2s; 

        } 

         

        .zoom-btn:hover { 

            background: rgba(51, 65, 85, 0.9); 

            border-color: #64748b; 

        } 

         

        .zoom-btn:active { 
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            transform: scale(0.95); 

        } 

         

        .zoom-info { 

            position: absolute; 

            bottom: 10px; 

            right: 10px; 

            background: rgba(30, 41, 59, 0.9); 

            padding: 8px 12px; 

            border-radius: 0.5rem; 

            font-size: 12px; 

            color: #94a3b8; 

            z-index: 10; 

        } 

         

        .tab-button { 

            padding: 0.75rem 1.5rem; 

            border-radius: 0.5rem; 

            font-weight: 600; 

            transition: all 0.2s; 

            cursor: pointer; 

        } 

         

        .tab-button.active { 

            background: #3b82f6; 

            color: white; 

        } 

         

        .tab-button:not(.active) { 

            background: #334155; 

            color: #94a3b8; 

        } 

         

        .tab-button:not(.active):hover { 
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            background: #475569; 

        } 

         

        .tab-content { 

            display: none; 

        } 

         

        .tab-content.active { 

            display: block; 

        } 

         

        .file-upload-area { 

            border: 2px dashed #475569; 

            border-radius: 0.5rem; 

            padding: 2rem; 

            text-align: center; 

            cursor: pointer; 

            transition: all 0.2s; 

        } 

         

        .file-upload-area:hover { 

            border-color: #3b82f6; 

            background: rgba(59, 130, 246, 0.05); 

        } 

         

        .file-upload-area.drag-over { 

            border-color: #3b82f6; 

            background: rgba(59, 130, 246, 0.1); 

        } 

    </style> 

</head> 

<body class="bg-slate-900 text-white min-h-screen"> 

    <div class="max-w-7xl mx-auto p-4"> 

        <!-- Header --> 
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        <div class="mb-6"> 

            <h1 class="text-3xl font-bold mb-4">          Sensor Fusion Tracker - Enhanced</h1> 

             

            <!-- Mode Tabs --> 

            <div class="flex gap-2 mb-4"> 

                <button class="tab-button active" data-tab="live"> 

                             Live Tracking 

                </button> 

                <button class="tab-button" data-tab="csv"> 

                            CSV Analysis 

                </button> 

            </div> 

             

            <!-- Live Tracking Tab --> 

            <div id="live-tab" class="tab-content active"> 

                <div class="bg-slate-800 rounded-lg p-4 mb-4"> 

                    <!-- Sync Mode Selector --> 

                    <div class="mb-4 bg-slate-700 rounded-lg p-3"> 

                        <label class="block text-sm font-semibold mb-2">       Режим синхронізації 

сенсорів:</label> 

                        <select id="syncMode" class="w-full bg-slate-800 text-white border border-

slate-600 rounded px-3 py-2"> 

                            <option value="async">Асинхронний (IMU 50Hz, GPS ~1Hz)</option> 

                            <option value="gps-sync" selected>GPS-синхронізований (все на 1Hz) 

   </option> 

                            <option value="imu-sync">IMU-синхронізований (все на 10Hz)</option> 

                        </select> 

                        <div class="text-xs text-slate-400 mt-2" id="syncModeInfo"> 

                            Всі сенсори синхронізовані з GPS (~1Hz). Найкраще для навчання та 

розуміння EKF. 

                        </div> 

                    </div> 
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                    <div class="flex gap-3 mb-4 flex-wrap"> 

                        <button id="calibrateBtn" class="flex-1 min-w-[150px] py-3 px-6 bg-orange-

600 hover:bg-orange-700 rounded-lg font-semibold"> 

                            ⚙ Калібрування 

                        </button> 

                        <button id="startBtn" class="flex-1 min-w-[150px] py-3 px-6 bg-green-600 

hover:bg-green-700 rounded-lg font-semibold"> 

                            ▶ Почати 

                        </button> 

                        <button id="stopBtn" class="py-3 px-6 bg-red-600 hover:bg-red-700 rounded-

lg font-semibold" disabled> 

                            ⏹ Зупинити 

                        </button> 

                        <button id="resetBtn" class="py-3 px-6 bg-slate-700 hover:bg-slate-600 

rounded-lg font-semibold"> 

                            ↻ Скинути 

                        </button> 

                    </div> 

                     

                    <!-- Export options --> 

                    <div class="bg-slate-700 rounded-lg p-3 mb-4"> 

                        <label class="text-sm text-slate-300 block mb-2">         Частота експорту 

CSV:</label> 

                        <div class="flex gap-2 flex-wrap"> 

                            <label class="flex items-center gap-2 cursor-pointer"> 

                                <input type="radio" name="exportFreq" value="original" checked 

class="w-4 h-4"> 

                                <span class="text-sm">Оригінал (~50 Hz)</span> 

                            </label> 

                            <label class="flex items-center gap-2 cursor-pointer"> 

                                <input type="radio" name="exportFreq" value="1" class="w-4 h-4"> 

                                <span class="text-sm">1 Hz (GPS)</span> 

                            </label> 
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                            <label class="flex items-center gap-2 cursor-pointer"> 

                                <input type="radio" name="exportFreq" value="5" class="w-4 h-4"> 

                                <span class="text-sm">5 Hz</span> 

                            </label> 

                            <label class="flex items-center gap-2 cursor-pointer"> 

                                <input type="radio" name="exportFreq" value="10" class="w-4 h-4"> 

                                <span class="text-sm">10 Hz</span> 

                            </label> 

                        </div> 

                    </div> 

                     

                    <div class="flex gap-3 mb-4"> 

                        <button id="exportBtn" class="flex-1 py-3 px-6 bg-blue-600 hover:bg-blue-

700 rounded-lg font-semibold"> 

                                     Експорт CSV 

                        </button> 

                    </div> 

                     

                    <!-- Status --> 

                    <div class="grid grid-cols-2 md:grid-cols-4 gap-4 text-sm"> 

                        <div class="bg-slate-700 rounded p-3"> 

                            <div class="text-slate-400 mb-1">Позиція</div> 

                            <div class="font-mono" id="posX">X: 0.00м</div> 

                            <div class="font-mono" id="posY">Y: 0.00м</div> 

                        </div> 

                        <div class="bg-slate-700 rounded p-3"> 

                            <div class="text-slate-400 mb-1">Швидкість</div> 

                            <div class="font-mono" id="velX">Vx: 0.00</div> 

                            <div class="font-mono" id="velY">Vy: 0.00</div> 

                        </div> 

                        <div class="bg-slate-700 rounded p-3"> 

                            <div class="text-slate-400 mb-1">Орієнтація</div> 

                            <div class="font-mono text-xl" id="heading">0.0°</div> 
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                        </div> 

                        <div class="bg-slate-700 rounded p-3"> 

                            <div class="text-slate-400 mb-1">Метрики</div> 

                            <div class="font-mono text-xs" id="rmse">RMSE: 0.00м</div> 

                            <div class="font-mono text-xs" id="gpsCount">GPS: 0</div> 

                        </div> 

                    </div> 

                </div> 

            </div> 

             

            <!-- CSV Analysis Tab --> 

            <div id="csv-tab" class="tab-content"> 

                <div class="bg-slate-800 rounded-lg p-4 mb-4"> 

                    <h2 class="text-xl font-semibold mb-4">      Завантаження CSV файлу</h2> 

                     

                    <div class="file-upload-area mb-4" id="fileUploadArea"> 

                        <input type="file" id="csvFileInput" accept=".csv" class="hidden"> 

                        <div class="text-4xl mb-2">     </div> 

                        <div class="text-lg font-semibold mb-2">Перетягніть CSV файл сюди</div> 

                        <div class="text-sm text-slate-400 mb-4">або натисніть щоб вибрати 

файл</div> 

                        <button class="py-2 px-6 bg-blue-600 hover:bg-blue-700 rounded-lg font-

semibold"> 

                            Вибрати файл 

                        </button> 

                    </div> 

                     

                    <div id="csvInfo" class="bg-slate-700 rounded-lg p-4 hidden"> 

                        <h3 class="font-semibold mb-2">         Інформація про файл:</h3> 

                        <div class="text-sm space-y-1"> 

                            <div>Файл: <span id="fileName" class="font-mono text-blue-

400"></span></div> 
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                            <div>Записів: <span id="recordCount" class="font-mono text-green-

400"></span></div> 

                            <div>Тривалість: <span id="duration" class="font-mono text-yellow-

400"></span></div> 

                            <div>Частота: <span id="frequency" class="font-mono text-purple-

400"></span></div> 

                            <div>Середня RMSE: <span id="avgRmse" class="font-mono text-red-

400"></span></div> 

                        </div> 

                         

                        <div class="mt-4 flex gap-2"> 

                            <button id="clearCsvBtn" class="py-2 px-4 bg-red-600 hover:bg-red-700 

rounded-lg text-sm"> 

                                         Очистити 

                            </button> 

                        </div> 

                    </div> 

                </div> 

            </div> 

        </div> 

 

        <!-- OpenStreetMap --> 

        <div class="bg-slate-800 rounded-lg p-4 mb-6 shadow-lg"> 

            <div class="flex justify-between items-center mb-4"> 

                <h2 class="text-xl font-semibold">          OpenStreetMap - Реальна карта</h2> 

                <div class="flex gap-2"> 

                    <button id="centerMapBtn" class="py-2 px-4 bg-blue-600 hover:bg-blue-700 

rounded-lg text-sm"> 

                              Центрувати 

                    </button> 

                    <button id="toggleLayerBtn" class="py-2 px-4 bg-purple-600 hover:bg-purple-

700 rounded-lg text-sm"> 

                                    Супутник 
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                    </button> 

                </div> 

            </div> 

            <div id="osmMap"></div> 

            <div class="text-xs text-slate-400 mt-2"> 

                Синя лінія - GPS | Червона лінія - EKF | Червоний маркер - поточна позиція 

            </div> 

        </div> 

 

        <!-- Схематична карта --> 

        <div class="bg-slate-800 rounded-lg p-4 mb-6 shadow-lg"> 

            <h2 class="text-xl font-semibold mb-4">     Схематична траєкторія (вид 

зверху)</h2> 

            <div id="mapContainer" style="height: 400px; position: relative;"> 

                <div class="zoom-controls"> 

                    <button class="zoom-btn" id="zoomInBtn" title="Збільшити">+</button> 

                    <button class="zoom-btn" id="zoomOutBtn" title="Зменшити">−</button> 

                    <button class="zoom-btn" id="zoomResetBtn" title="Скинути" style="font-size: 

16px;">⟲</button> 

                </div> 

                 

                <div class="zoom-info" id="zoomInfo"> 

                    Масштаб: 100% 

                </div> 

                 

                <svg id="mapSvg" class="w-full h-full" viewBox="-50 -50 100 100"> 

                    <defs> 

                        <pattern id="grid" width="10" height="10" patternUnits="userSpaceOnUse"> 

                            <path d="M 10 0 L 0 0 0 10" fill="none" stroke="#334155" stroke-

width="0.3"/> 

                        </pattern> 

                    </defs> 

                    <rect x="-50" y="-50" width="100" height="100" fill="url(#grid)" /> 
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                    <line x1="-50" y1="0" x2="50" y2="0" stroke="#475569" stroke-width="0.5"/> 

                    <line x1="0" y1="-50" x2="0" y2="50" stroke="#475569" stroke-width="0.5"/> 

                     

                    <polyline id="gpsPath" fill="none" stroke="#2196F3" stroke-width="0.5"/> 

                    <polyline id="ekfPath" fill="none" stroke="#F44336" stroke-width="0.5" stroke-

dasharray="1,1"/> 

                     

                    <!-- Stop markers will be added here dynamically --> 

                    <g id="stopMarkers"></g> 

                     

                    <g id="robot"> 

                        <circle r="1.5" fill="#ef4444" /> 

                        <line id="robotDirection" x1="0" y1="0" x2="3" y2="0" stroke="#ef4444" 

stroke-width="0.8"/> 

                    </g> 

                </svg> 

            </div> 

            <div class="text-xs text-slate-400 mt-2"> 

                Використовуйте кнопки + / − для зуму | Перетягуйте карту мишкою | Зелені 

маркери - зупинки 

            </div> 

        </div> 

 

        <!-- Main Charts --> 

        <div class="grid grid-cols-1 lg:grid-cols-2 gap-6 mb-6"> 

            <!-- RMSE Chart --> 

            <div class="bg-slate-800 rounded-lg p-4"> 

                <h2 class="text-xl font-semibold mb-4">      Помилка EKF (RMSE)</h2> 

                <div class="bg-slate-900 rounded-lg p-2" style="height: 250px;"> 

                    <canvas id="rmseChart"></canvas> 

                </div> 

            </div> 
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            <!-- Uncertainty Chart --> 

            <div class="bg-slate-800 rounded-lg p-4"> 

                <h2 class="text-xl font-semibold mb-4">        Невизначеність (P матриця)</h2> 

                <div class="bg-slate-900 rounded-lg p-2" style="height: 250px;"> 

                    <canvas id="uncertaintyChart"></canvas> 

                </div> 

            </div> 

 

            <!-- Velocity Chart --> 

            <div class="bg-slate-800 rounded-lg p-4"> 

                <h2 class="text-xl font-semibold mb-4">           Швидкість</h2> 

                <div class="bg-slate-900 rounded-lg p-2" style="height: 250px;"> 

                    <canvas id="velocityChart"></canvas> 

                </div> 

            </div> 

 

            <!-- Distance Chart --> 

            <div class="bg-slate-800 rounded-lg p-4"> 

                <h2 class="text-xl font-semibold mb-4">      Накопичена відстань</h2> 

                <div class="bg-slate-900 rounded-lg p-2" style="height: 250px;"> 

                    <canvas id="distanceChart"></canvas> 

                </div> 

            </div> 

        </div> 

         

        <!-- Advanced Analysis Charts --> 

        <div class="bg-slate-800 rounded-lg p-4 mb-6"> 

            <h2 class="text-2xl font-semibold mb-4">        Розширений аналіз</h2> 

             

            <div class="grid grid-cols-1 lg:grid-cols-2 gap-6"> 

                <!-- Sensor Noise Histograms --> 

                <div class="bg-slate-700 rounded-lg p-4"> 
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                    <h3 class="text-lg font-semibold mb-3">        Розподіл шуму акселерометра 

X</h3> 

                    <div class="bg-slate-900 rounded-lg p-2" style="height: 250px;"> 

                        <canvas id="accelXHistChart"></canvas> 

                    </div> 

                </div> 

                 

                <div class="bg-slate-700 rounded-lg p-4"> 

                    <h3 class="text-lg font-semibold mb-3">        Розподіл шуму акселерометра 

Y</h3> 

                    <div class="bg-slate-900 rounded-lg p-2" style="height: 250px;"> 

                        <canvas id="accelYHistChart"></canvas> 

                    </div> 

                </div> 

                 

                <div class="bg-slate-700 rounded-lg p-4"> 

                    <h3 class="text-lg font-semibold mb-3">        Розподіл шуму гіроскопа Z</h3> 

                    <div class="bg-slate-900 rounded-lg p-2" style="height: 250px;"> 

                        <canvas id="gyroZHistChart"></canvas> 

                    </div> 

                </div> 

                 

                <!-- Sensor Time Series --> 

                <div class="bg-slate-700 rounded-lg p-4"> 

                    <h3 class="text-lg font-semibold mb-3">      Дані сенсорів в часі</h3> 

                    <div class="bg-slate-900 rounded-lg p-2" style="height: 250px;"> 

                        <canvas id="sensorTimeChart"></canvas> 

                    </div> 

                </div> 

                 

                <!-- Stops Analysis --> 

                <div class="bg-slate-700 rounded-lg p-4"> 

                    <h3 class="text-lg font-semibold mb-3">     Виявлені зупинки</h3> 
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                    <div id="stopsInfo" class="text-sm text-slate-300"> 

                        <div class="text-slate-400">Поки немає даних для аналізу зупинок</div> 

                    </div> 

                </div> 

            </div> 

        </div> 

 

        <!-- Sensor Data --> 

        <div class="grid grid-cols-1 md:grid-cols-2 gap-6 mb-6"> 

            <div class="bg-slate-800 rounded-lg p-4"> 

                <h2 class="text-xl font-semibold mb-4">        IMU Дані</h2> 

                <div class="space-y-2 text-sm"> 

                    <div class="flex justify-between"> 

                        <span>Accel X:</span> 

                        <span class="font-mono" id="accelX">0.00 м/с²</span> 

                    </div> 

                    <div class="flex justify-between"> 

                        <span>Accel Y:</span> 

                        <span class="font-mono" id="accelY">0.00 м/с²</span> 

                    </div> 

                    <div class="flex justify-between"> 

                        <span>Accel Z:</span> 

                        <span class="font-mono" id="accelZ">0.00 м/с²</span> 

                    </div> 

                    <div class="flex justify-between"> 

                        <span>Gyro Z:</span> 

                        <span class="font-mono" id="gyroZ">0.00 °/с</span> 

                    </div> 

                    <div class="flex justify-between"> 

                        <span>IMU Updates:</span> 

                        <span class="font-mono" id="imuUpdates">0</span> 

                    </div> 

                </div> 



105 
 

            </div> 

 

            <div class="bg-slate-800 rounded-lg p-4"> 

                <h2 class="text-xl font-semibold mb-4">            GPS Дані</h2> 

                <div class="space-y-2 text-sm"> 

                    <div class="flex justify-between"> 

                        <span>Широта:</span> 

                        <span class="font-mono" id="gpsLat">--</span> 

                    </div> 

                    <div class="flex justify-between"> 

                        <span>Довгота:</span> 

                        <span class="font-mono" id="gpsLon">--</span> 

                    </div> 

                    <div class="flex justify-between"> 

                        <span>Точність:</span> 

                        <span class="font-mono" id="gpsAcc">--</span> 

                    </div> 

                    <div class="flex justify-between"> 

                        <span>GPS Corrections:</span> 

                        <span class="font-mono" id="gpsCorrections">0</span> 

                    </div> 

                    <div class="flex justify-between"> 

                        <span>Калібровано:</span> 

                        <span class="font-mono" id="calibStatus">    </span> 

                    </div> 

                </div> 

            </div> 

        </div> 

 

        <!-- Instructions --> 

        <div class="bg-blue-900/30 border border-blue-500/30 rounded-lg p-4 mb-4"> 

            <h3 class="font-semibold mb-2">          Інструкції:</h3> 

            <ul class="text-sm space-y-1 text-slate-300"> 
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                <li><strong>Live Tracking:</strong> Використовуйте для реального 

відстеження з датчиками</li> 

                <li><strong>CSV Analysis:</strong> Завантажте CSV файл для детального 

аналізу даних</li> 

                <li>• Нові графіки: теплова карта, гістограми шуму, виявлення зупинок</li> 

                <li>• Перетягніть CSV файл або натисніть "Вибрати файл"</li> 

                <li>• Всі графіки автоматично оновляться після завантаження</li> 

            </ul> 

        </div> 

    </div> 

 

    <script src="app.js"></script> 

</body> 

</html>  
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