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📌 Project Overview
This project aims to build a real-time American Sign Language (ASL) alphabet recognition system using deep learning techniques. It allows users to sign letters in front of a webcam and see the predicted alphabet on-screen. The system is trained on a dataset that contains images of 29 ASL hand gestures including A-Z, SPACE, DELETE, and NOTHING ) with high accuracy, and ultimately combine them into meaningful word, It is specifically designed to help in communication with hearing-impaired individuals by converting hand gestures into readable text.
🎯 Objective
· Train a robust model using the full ASL dataset (29 classes).
· Improve model accuracy with advanced architecture (MobileNetV2).
· Real-time prediction using webcam input.
· Build word-level predictions
📂 Dataset
he dataset used in this project is the ASL Alphabet dataset, which contains labeled images of hand gestures representing the American Sign Language alphabet. It includes 29 classes: the 26 English alphabet letters (A–Z), along with SPACE, NOTHING, and DELETE for handling spacing and gesture neutrality.Each class directory contains around 3,000 color images of hands performing a specific ASL sign. The images are typically captured in consistent lighting and background conditions, sized at 200x200 pixels, and stored in JPG format. The dataset is ideal for supervised learning in gesture and sign recognition tasks.

Preprocessing & Data Augmentation
 To improve the model's generalization, the dataset undergoes the following preprocessing steps:
· Image resizing to 128x128 pixels.
· Normalization of pixel values to [0, 1].
· Data augmentation:
· Random rotation (up to 10 degrees)
· Width and height shifts (up to 10%)
· Zooming (up to 10%)
· Note: Horizontal flipping is disabled due to ASL directionality.

Split:
· 80% training
· 20% validation

· Model Architecture: The model is based on MobileNetV2, a lightweight and fast deep learning architecture, pre-trained on ImageNet. It is fine-tuned to classify hand gestures into one of the selected ASL letters.
Model Layers
· Base: MobileNetV2 (frozen or partially trainable)
· GlobalAveragePooling2D
· Dropout layers to reduce overfitting
· Dense layers for classification

   Training Phase
· Optimizer: Adam
· Loss Function: Categorical Crossentropy
· Metrics: Accuracy
· Epochs: 10-15 (based on performance)
· Batch Size: 32

Real-Time Prediction Pipeline:
1. Start webcam and read frames.
2. Detect region of interest (ROI) where hand gestures are expected.
3. Resize and normalize the ROI to match the model input.
4. Make predictions using the trained model.
5. Display the result as a rectangle with the predicted letter on the screen.
6. Letter aggregation: If a letter is detected repeatedly, it's added to a word string.
7. SPACE/NOTHING detection finalizes the word.

⚙️ Preprocessing and Data Loading
from tensorflow.keras.preprocessing.image import ImageDataGenerator

datagen = ImageDataGenerator(
    rescale=1./255,
    validation_split=0.2,
    rotation_range=10,
    zoom_range=0.1,
    width_shift_range=0.1,
    height_shift_range=0.1,
    horizontal_flip=False
)

train_data = datagen.flow_from_directory(
    train_dir,
    target_size=(IMG_SIZE, IMG_SIZE),
    batch_size=BATCH_SIZE,
    class_mode='categorical',
    subset='training',
    shuffle=True,
    seed=42
)

val_data = datagen.flow_from_directory(
    train_dir,
    target_size=(IMG_SIZE, IMG_SIZE),
    batch_size=BATCH_SIZE,
    class_mode='categorical',
    subset='validation',
    shuffle=True,
    seed=42
)
🧠 Model Architecture (MobileNetV2)
We use MobileNetV2, a lightweight yet powerful model pretrained on ImageNet.
from tensorflow.keras.applications import MobileNetV2
from tensorflow.keras.models import Model
from tensorflow.keras.layers import Input, GlobalAveragePooling2D, Dense, Dropout

base_model = MobileNetV2(weights='imagenet', include_top=False, input_tensor=Input(shape=(128, 128, 3)))
x = base_model.output
x = GlobalAveragePooling2D()(x)
x = Dropout(0.3)(x)
x = Dense(128, activation='relu')(x)
x = Dropout(0.3)(x)
output = Dense(train_data.num_classes, activation='softmax')(x)
model = Model(inputs=base_model.input, outputs=output)
Compile and Train the Model
model.compile(optimizer='adam',
              loss='categorical_crossentropy',
              metrics=['accuracy'])

history = model.fit(
    train_data,
    validation_data=val_data,
    epochs=15,
    verbose=1
)

Save the Model
model.save(model_path)
with open("classes.txt", "w") as f:
    for label in train_data.class_indices.keys():
        f.write(f"{label}\n")
🖼️ Real-Time Prediction
The trained model is used in a separate script for live letter prediction using the webcam. It shows the bounding box, predicted letter, and accumulates them into words.
✅ Result
· Trained on full ASL dataset (29 classes)
· Real-time prediction and word building
🔚 Future Work
· Implement feedback mechanism for wrong predictions
· Add sentence formation support
· Deploy model on a web or mobile app

· Conclusion: This ASL recognition project shows how computer vision and deep learning can be used to facilitate communication with the deaf community. By focusing on a small set of letters, the model remains lightweight, fast, and accurate, with the potential for future expansion to support the entire alphabet.

