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ДОДАТОК А  

ГРАФІЧНИЙ МАТЕРІАЛ КВАЛІФІКАЦІЙНОЇ РОБОТИ 
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ДОДАТОК Б 

ПРОГРАМНА РЕАЛІЗАЦІЯ СИСТЕМИ 

 

 

Б.1 Отримання даних з сенсорів 

 

Б.1.1 Arduino-скетч для зчитування даних 

#include <Wire.h> 

#include <SoftwareWire.h> 

 

const int MPU = 0x68; 

int16_t AcX, AcY, AcZ, GyX, GyY, GyZ; 

float Tmp; 

const int flexPins[] = {A0, A1, A2, A3, A5}; 

SoftwareWire myWire(2, 3); 

 

void setup() { 

  myWire.begin(); 

  Serial.begin(9600); 

  myWire.beginTransmission(MPU); 

  myWire.write(0x6B); 

  myWire.write(0); 

  myWire.endTransmission(true); 

  delay(1000); 

} 

 

void readMPU6050() { 

  myWire.beginTransmission(MPU); 

  myWire.write(0x3B); 

  myWire.endTransmission(false); 

  myWire.requestFrom(MPU, 14, true); 

   

  AcX = myWire.read() << 8 | myWire.read(); 

  AcY = myWire.read() << 8 | myWire.read(); 

  AcZ = myWire.read() << 8 | myWire.read(); 

  Tmp = (myWire.read() << 8 | myWire.read()) / 340.00 + 36.53; 

  GyX = myWire.read() << 8 | myWire.read(); 

  GyY = myWire.read() << 8 | myWire.read(); 

  GyZ = myWire.read() << 8 | myWire.read(); 

} 

 

void loop() { 

  readMPU6050(); 

   

  Serial.print("MPU6050: "); 

  Serial.print("AcX = "); Serial.print(AcX); 

  Serial.print(" | AcY = "); Serial.print(AcY); 
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  Serial.print(" | AcZ = "); Serial.print(AcZ); 

  Serial.print(" | GyX = "); Serial.print(GyX); 

  Serial.print(" | GyY = "); Serial.print(GyY); 

  Serial.print(" | GyZ = "); Serial.print(GyZ); 

   

  const char* sensorLabels[] = {"Thumb", "Index", "Middle", 

"Ring", "Pinky"}; 

   

  for (int i = 0; i < 5; i++) { 

    int sensorValue = analogRead(flexPins[i]); 

    Serial.print(" | "); 

    Serial.print(sensorLabels[i]); 

    Serial.print(" = "); 

    Serial.print(sensorValue); 

  } 

   

  Serial.println(); 

  delay(10); 

} 

 

Б.1.2 Python-скрипт для збору та збереження даних 

import serial 

import time 

import curses 

import csv 

 

# Open the serial port with a timeout to prevent blocking 

ser = serial.Serial('COM3', 9600, timeout=1) 

time.sleep(2) 

 

# Set the target number of samples per gesture 

TARGET_SAMPLES = 1000 

 

def read_serial_data(): 

    try: 

        # Read a full line from the serial buffer 

        line = ser.readline().decode('utf-8').strip() 

         

        if not line.startswith("MPU6050:"): 

            print("Invalid data format, skipping...") 

            return None 

         

        # Remove the "MPU6050:" prefix 

        line = line.replace("MPU6050:", "").strip() 

 

        # Split the data into key-value pairs 

        parts = line.split(' | ') 

        data = [] 

 

        for part in parts: 

            if '=' in part: 
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                key, value = part.split('=') 

                key = key.strip() 

                value = int(float(value.strip()))  # Convert to 

float first, then to int 

                data.append(value) 

 

        # Ensure we have all 11 data points (6 MPU + 5 Flex) 

        if len(data) == 11: 

            return data 

        else: 

            print(f"Incomplete data received, got {len(data)} 

values, expected 11.") 

            return None 

 

    except Exception as e: 

        print(f"Error parsing data: {e}") 

        return None 

 

def save_data(data, label, filename='gesture_data.csv'): 

    with open(filename, 'a', newline='') as file: 

        writer = csv.writer(file) 

        for entry in data: 

            writer.writerow(entry + [label]) 

 

def data_collection(stdscr): 

    curses.curs_set(0) 

    stdscr.nodelay(1) 

    gesture_buffer = [] 

    label = "" 

    sample_count = 0 

    recording = False 

 

    try: 

        while True: 

            stdscr.clear() 

            stdscr.addstr(0, 0, "Press 's' to start recording, 

'q' to quit.") 

            stdscr.addstr(1, 0, f"Recording: {'ON' if recording 

else 'OFF'}") 

            stdscr.addstr(2, 0, f"Label: {label}") 

            stdscr.addstr(3, 0, f"Samples collected: 

{sample_count}/{TARGET_SAMPLES}") 

            stdscr.addstr(4, 0, "Data:") 

 

            data = read_serial_data() 

            if data: 

                stdscr.addstr(5, 0, ', '.join(map(str, data))) 

                if recording: 

                    gesture_buffer.append(data) 

                    sample_count += 1 

 

                if sample_count >= TARGET_SAMPLES: 

                    save_data(gesture_buffer, label) 
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                    stdscr.addstr(6, 0, f"Collected 

{TARGET_SAMPLES} samples for gesture '{label}'.") 

                    stdscr.addstr(7, 0, "Press 's' to start a 

new gesture or 'q' to quit.") 

                    recording = False 

                    gesture_buffer = [] 

                    sample_count = 0 

 

            else: 

                stdscr.addstr(5, 0, "Invalid data received") 

 

            key = stdscr.getch() 

            if key == ord('s') and not recording: 

                recording = True 

                stdscr.addstr(6, 0, "Enter label for gesture: ") 

                stdscr.refresh() 

                label = stdscr.getstr(7, 0).decode('utf-

8').strip() 

                stdscr.clear() 

 

            elif key == ord('q'): 

                if not recording: 

                    break 

                else: 

                    stdscr.addstr(7, 0, "Cannot quit while 

recording. Complete the gesture first.") 

 

            stdscr.refresh() 

            time.sleep(0.1) 

 

    except KeyboardInterrupt: 

        stdscr.addstr(7, 0, "Exiting...") 

 

    finally: 

        ser.close() 

        curses.endwin() 

 

if __name__ == '__main__': 

    try: 

        curses.wrapper(data_collection) 

    except Exception as e: 

        print(f"An error occurred: {e}") 

 

Б.1.3 Виправлення pyfirmata для сумісності 

import os 

import sys 

import fileinput 

 

# Path to the pyfirmata.py file 

pyfirmata_path = os.path.join(sys.prefix, 'Lib', 'site-

packages', 'pyfirmata', 'pyfirmata.py') 
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# Replace inspect.getargspec with inspect.getfullargspec 

for line in fileinput.input(pyfirmata_path, inplace=True): 

    print(line.replace('inspect.getargspec', 

'inspect.getfullargspec'), end='') 

 

Б.2 Навчання моделі розпізнавання жестів 

 

Б.2.1 Побудова та тренування моделі на TensorFlow 

import numpy as np 

import pandas as pd 

import tensorflow as tf 

from sklearn.model_selection import train_test_split, KFold 

from sklearn.preprocessing import LabelEncoder 

from tensorflow.keras.models import Sequential 

from tensorflow.keras.layers import Dense, Dropout 

from tensorflow.keras.utils import to_categorical 

 

def load_data(filename='gesture_data_normalized.csv'): 

    data = pd.read_csv(filename) 

    data = data.drop_duplicates() 

 

     

    # Use only the relevant data 

    finger_data = 

data[['AcX','AcY','AcZ','GyX','GyY','GyZ','Thumb', 'Index', 

'Middle', 'Ring', 'Pinky']].values 

     

    # Scale up finger data to increase its importance (if 

desired) 

    finger_data = finger_data * 1.5 

     

    X = finger_data 

    y = data['Label'].values 

 

    le = LabelEncoder() 

    y = le.fit_transform(y) 

    y = to_categorical(y) 

 

    return X, y, le 

 

def build_model(input_shape, output_classes): 

    model = Sequential([ 

        Dense(32, input_shape=input_shape, activation='relu', 

kernel_regularizer=tf.keras.regularizers.l2(0.001)), 

        Dropout(0.7), 

        Dense(16, activation='relu', 

kernel_regularizer=tf.keras.regularizers.l2(0.001)), 

        Dropout(0.7), 

        Dense(output_classes, activation='softmax') 

    ]) 
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    model.compile(optimizer='adam', 

loss='categorical_crossentropy', metrics=['accuracy']) 

    return model 

 

def train_model(X_train, y_train, X_val, y_val): 

    model = build_model((X_train.shape[1],), y_train.shape[1]) 

     

    early_stopping = 

tf.keras.callbacks.EarlyStopping(monitor='val_loss', patience=5, 

restore_best_weights=True) 

    lr_scheduler = 

tf.keras.callbacks.ReduceLROnPlateau(monitor='val_loss', 

factor=0.5, patience=3, min_lr=1e-6) 

     

    history = model.fit(X_train, y_train, epochs=50, 

batch_size=32, validation_data=(X_val, y_val),  

                         verbose=1, callbacks=[early_stopping, 

lr_scheduler]) 

     

    return model, history 

 

def cross_validate_model(X, y, n_splits=5): 

    kf = KFold(n_splits=n_splits, shuffle=True, random_state=42) 

    fold_accuracies = [] 

     

    for train_index, val_index in kf.split(X): 

        X_train, X_val = X[train_index], X[val_index] 

        y_train, y_val = y[train_index], y[val_index] 

         

        model, history = train_model(X_train, y_train, X_val, 

y_val) 

         

        fold_accuracy = history.history['val_accuracy'][-1] 

        fold_accuracies.append(fold_accuracy) 

        print(f"Fold Validation Accuracy: {fold_accuracy}") 

     

    mean_accuracy = np.mean(fold_accuracies) 

    std_accuracy = np.std(fold_accuracies) 

    print(f"Cross-Validation Mean Accuracy: {mean_accuracy}") 

    print(f"Cross-Validation Std Accuracy: {std_accuracy}") 

 

if __name__ == '__main__': 

    X, y, label_encoder = load_data() 

     

    # Splitting the data into training and testing sets 

    X_train, X_val, y_train, y_val = train_test_split(X, y, 

test_size=0.2, random_state=42, shuffle=True) 

     

    # Train the model on the initial split 

    model, history = train_model(X_train, y_train, X_val, y_val) 

     

    # Perform k-fold cross-validation 
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    cross_validate_model(X, y) 

     

    # Save the label encoder 

    with open('label_encoder.npy', 'wb') as f: 

        np.save(f, label_encoder.classes_) 

     

    # Print out the history for inspection 

    print("Training complete. Final metrics:") 

    print("Accuracy:", history.history['accuracy'][-1]) 

    print("Validation Accuracy:", 

history.history['val_accuracy'][-1]) 

    print("Loss:", history.history['loss'][-1]) 

    print("Validation Loss:", history.history['val_loss'][-1]) 

 

Б.2.2 Розпізнавання жестів у реальному часі 

import serial 

import time 

import tensorflow as tf 

import numpy as np 

 

# Initialize the serial connection (adjust the COM port as 

needed) 

ser = serial.Serial('COM3', 9600, timeout=1)  # Adjust to your 

serial port 

time.sleep(2) 

 

# Load the trained model and label encoder 

model = tf.keras.models.load_model('gesture_model_fold_1.h5') 

label_encoder = np.load('label_encoder.npy', allow_pickle=True) 

 

# Define a confidence threshold (e.g., 70%) 

CONFIDENCE_THRESHOLD = 0.7 

 

def normalize_data(mpu_data, finger_data): 

    # Scale up finger data by the same factor as in the training 

script 

    finger_data = finger_data * 1.5 

     

    # Combine MPU6050 and finger data 

    combined_data = np.concatenate([mpu_data, finger_data]) 

     

    return combined_data 

 

def read_serial_data(): 

    try: 

        # Read a full line from the serial buffer 

        line = ser.readline().decode('utf-8').strip() 

 

        if not line.startswith("MPU6050:"): 

            print("Invalid data format, skipping...") 

            return None 
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        # Remove the "MPU6050:" prefix 

        line = line.replace("MPU6050:", "").strip() 

 

        # Split the data into key-value pairs 

        parts = line.split(' | ') 

        data = [] 

 

        for part in parts: 

            if '=' in part: 

                key, value = part.split('=') 

                key = key.strip() 

                value = int(float(value.strip()))  # Convert to 

float first, then to int 

                data.append(value) 

 

        # Ensure we have all 11 data points (6 MPU + 5 Flex) 

        if len(data) == 11: 

            # Extract MPU6050 data (first 6 values: AcX, AcY, 

AcZ, GyX, GyY, GyZ) 

            mpu_data = np.array(data[:6]) 

             

            # Extract finger data (last 5 values: Thumb, Index, 

Middle, Ring, Pinky) 

            finger_data = np.array(data[-5:]) 

             

            # Normalize data using the same scaling as during 

training 

            combined_data = normalize_data(mpu_data, 

finger_data) 

             

            return combined_data 

        else: 

            print(f"Incomplete data received, got {len(data)} 

values, expected 11.") 

            return None 

 

    except Exception as e: 

        print(f"Error parsing data: {e}") 

        return None 

 

def predict_gesture(data): 

    # Predict the gesture using the model 

    predictions = model.predict(data.reshape(1, -1)) 

     

    # Get the confidence level and the corresponding gesture 

    confidence = np.max(predictions) 

    gesture = label_encoder[np.argmax(predictions)] 

     

    # Only return the gesture if the confidence is above the 

threshold 

    if confidence >= CONFIDENCE_THRESHOLD: 

        return gesture 

    else: 
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        return "No gesture detected"  # or you could return None 

 

if __name__ == '__main__': 

    try: 

        while True: 

            # Read the serial data 

            data = read_serial_data() 

            if data is not None: 

                # Predict the gesture 

                gesture = predict_gesture(data) 

                 

                # Print the recognized gesture if one is 

detected 

                if gesture != "No gesture detected": 

                    print(f"Recognized Gesture: {gesture}") 

                else: 

                    print(gesture) 

             

            # Short delay to prevent overwhelming the serial 

port 

            time.sleep(0.1) 

 

    except KeyboardInterrupt: 

        # Close the serial connection when the program is 

interrupted 

        ser.close() 


