 Result 

Experimental Setup:
The experiments were carried out using Google Colab as a development environment, which provided the use of GPU acceleration for better training performance. The models were implemented in Python with the TensorFlow/Keras deep learning framework. Other libraries were used for data preprocessing, visualization and performance evaluation such as NumPy, Pandas, Matplotlib and Scikit-learn. In this study, three pre-trained models of convolutional neural network (CNN) based on transfer learning were used namely MobileNetV2, EfficientNetB0, and ResNet50. The models were fine-tuned by replacing the last classification layer to fit the task of pneumonia detection that is a binary classification problem. The chest X-ray dataset was divided into training, validation, and testing sets. During training, the images were resized to 224 × 224 pixels, and a batch size of 32 was used. The models were trained for a maximum of 15 epochs using the Adam optimizer with an appropriate learning rate. Binary Cross-Entropy was use as the loss function. The performance of the models was improved by applying image pre-processing and data augmentation techniques on the training data: rescaling, rotation, zooming and horizontal flipping. The Early Stopping technique was applied to avoid overfitting by observing the validation performance and stopping the training when no further improvement was seen. The trained models were evaluated by using Accuracy, Precision, Recall, F1-score, Confusion Matrix, ROC Curve and AUC.

Table 1
	Total
	Pneumonia
	Pneumonia
	Dataset

	4,181
	3,108
	1,073
	Training

	1,045
	777
	268
	Validation

	624
	390
	234
	Testing

	5,850
	4,275
	1,575
	Total





Table 2
	Parameter
	Value

	Programming Language
	Python 3

	Framework
	TensorFlow / Keras

	Models
	MobileNetV2, EfficientNetB0, ResNet50

	Image Size
	224 × 224

	Batch Size
	32

	Epochs
	15

	Optimizer
	Adam

	Loss Function
	Binary Cross-Entropy

	Data Split
	Training / Validation / Testing

	Early Stopping
	Enabled

	Evaluation Metrics
	Accuracy, Precision, Recall, F1-score, ROC-AUC





Performance Comparison
	Model
	Accuracy
	Precision
	Recall
	F1-score

	MobileNetV2
	83.01%
	80.74%
	95.64%
	87.56%

	EfficientNetB0
	62.50%
	62.50%
	100.00%
	76.92%

	ResNet50
	62.50%
	62.50%
	100.00%
	76.92%










Discussion :
The performance evaluation of the three models of transfer learning techniques for the pneumonia detection task. According to the results, the highest overall performance among the models is provided by MobileNetV2, which has reached 83.01% accuracy, 80.74% precision, 95.64% recall, and 87.56% F1-score. This means that MobileNetV2 is more efficient in feature extraction from chest X-ray images.
At the same time, both EfficientNetB0 and ResNet50 have provided the same overall performance of 62.50% accuracy with 100% recall and 76.92% F1-score. Even though recall shows that all the cases of pneumonia were recognized by the model, its low accuracy and precision show that too many normal images were classified as pneumonia.
As a result, the experiment proves that the MobileNetV2 model is superior to EfficientNetB0 and ResNet50 in this case. Thus, the former can be considered the most appropriate model for pneumonia detection in the selected dataset.





