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Abstract.  
 
Premature and reliable identification of pneumonia from chest X-ray images is critical for 

clinical diagnosis and intervention; however, accurate automated classification persists a 

challenge due to variability in image features and class imbalance. To overcome this 

challenge, this study measures three approaches used for bi-nary predictions of chest X-ray 

images (Normal and Pneumonia) using enhanced Kaggle Chest X-Ray Pneumonia dataset. 

Two transfer learning models, ResNet-50 and DenseNet-121, and an embedding-based 

prototype classifier using MedImageInsight embedding were optimized using label 

weighting, early termination and learning rate control. An autonomous dataset comprising 

234 normal and 390 pneumonia cases. DenseNet-121 acquired the leading score using 91% 

accuracy and ROC of 0.96. ResNet-50 obtained a significantly high pneumonia recall of 

0.995 but obtained reduced overall accuracy (63.6%) caused by misclassification of normal 

cases. The embedding-based prototype performed close to random (~50% accuracy), and 

PCA and t-SNE visualization indicated limited class (Silhouette score = 0.075). These 

Inferences suggest that deep convolutional feature descriptions are more optimal for 

pneumonia detection. The proposed evaluation framework can validate the implementation 

of computer-aided diagnostic frameworks for clinical screening and medical imaging 

analysis. 
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1. INTRODUCTION 

Pneumonia is a major global health concern, and early detection is essential for effective 

treatment. Deep learning-based chest X-ray analysis can support diagnosis, especially where 

radiologists are limited. However, class imbalance and dataset variability can reduce model 
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reliability. This study compares ResNet-50, DenseNet-121, and MedImageInsight using the 

Kaggle Chest X-Ray Pneumonia dataset, evaluating both transfer learning and embedding-

based classification approaches. PCA and t-SNE are also used to analyze feature 

representations and class separation. 

2. METHODOLOGY 

The Kaggle Chest X-ray Pneumonia dataset was used, containing 1,342 normal and 3,876 

pneumonia images. Data augmentation increased the normal class to 3,688 images, 

producing 7,564 balanced samples. Images were resized to 224×224 pixels for CNN 

training, with 20% validation. An independent test set of 624 images (234 normal, 390 

pneumonia) was excluded from training. PCA and t-SNE were used for feature visualization. 

 

 

Figure 2.1. t-SNE Feature Space Visualization 

Training images were augmented using rotation, flipping, shifting, zoom, shear, and 

brightness adjustments, with conservative augmentation for MedImageInsight. Class 

weights were applied to reduce imbalance. ResNet-50 with ImageNet weights used global 

average pooling, dense layers, normalization, dropout, and sigmoid classification. The 

backbone was initially frozen and later fine-tuned by unfreezing the last 50 layers with a 

reduced learning rate.  

 
(a) DenseNet-121        (b) ResNet-5 

Figure 2.2. Transformation sequence process of DenseNet-121 and ResNet-50 framework 

DenseNet-121 using ImageNet pre-trained network was used as the base model. The 

framework hybrid the custom prediction head and applied a uniform two-stage training 

framework, comprising of initial training of the classification head succeeded by particular 

fine-tuning of the upper layers of the back-bone framework. Figure 2(b) indicates the 

configuration structure of DenseNet-121 using dense net-work that supports parameter 

reutilize over layers and enhanced gradient flow. The Vision Transformer (ViT) design 

module to construct a transformer based image encoder that derived equal length image 

encoded as 1,024 spatial parameter sequences. We then trained a shallow multilayer 
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perceptron (MLP) classifier on these embeddings. The MLP had fully connected layers 

using 512 and 256 units and the last dense layer had a sigmoid activation for binary 

classification. 

Table 1. Outline of prediction result on the unseen sample (Normal: 234, Pneumonia: 390) 

Models 
Recall AUC Accuracy Precision F1 Test Loss 

Primary Metrics Secondary Metrics 

ResNet-50 [2] 0.9949 0.8005 0.6362 0.6330 0.510 1.1090 

DenseNet-121 [3] 0.9615 0.9608 0.9103 0.9014 0.9305 0.2276 

MedImageInsight 

(Placeholder) [7] 
0.5154 0.5070 0.5064 0.6281 0.510 0.7327 

 

Figure 2.3. Evaluation of ROC performance curves of three framework 

Normalization and dropout were used for regularization. Due to the unavailable 

MedImageInsight checkpoint, placeholder embeddings were used, so its results require 

validation with authentic embeddings. All models were trained for 50 epochs using Adam, 

cross-entropy loss, batch size 16, early stopping, and learning-rate reduction. DenseNet-121 

achieved the best results, with 91% accuracy, 90% precision, 93% F1-score, and 0.96 ROC-

AUC. 

3. CONCLUSIONS 

This study evaluated pneumonia detection using ResNet-50, DenseNet-121, and 

MedImageInsight. Fine-tuned CNNs achieved better discrimination than the embedding-

based approach, highlighting the importance of deep feature representations and suitable 

augmentation. Future work should focus on multicenter validation, ensembling, 

interpretability, and attention-based learning. 
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