Literature Review
Pneumonia Classification from Chest X-ray Images Using Convolutional Neural Networks
Pneumonia keeps being one of those diseases that never really goes away, still taking lives all over the world, mostly small children under five and older people who already have weak lungs or something like that. Chest X-rays, they’re still the main way doctors try to figure out what’s going on inside, mostly because they’re cheap and everywhere, but reading them isn’t always so simple. Sometimes two radiologists can look at the same image and see totally different things, and in many hospitals, especially rural ones, there just aren’t enough trained people to check every scan. That’s kind of where deep learning comes in, or more exactly, convolutional neural networks, CNNs, which sound complicated but basically try to learn patterns from thousands of images. In the last few years, many research teams have tried using CNNs to automatically tell if an X-ray shows pneumonia or not, and some even try to say if it’s bacterial or viral, which is tricky but interesting, and sometimes confusing because the images overlap or blur in strange ways.
In this review, we looked at three published studies that, well, seem to stand out as clear examples of what’s being done right now. Each one takes a different route—one compares several pretrained models side by side, another mixes them together in some ensemble method that’s supposed to be smarter, and the last one stretches the idea further by adding COVID-19 into the classification problem. When you put them all together, you start to see a kind of snapshot of the field, not perfect but useful, showing what’s working, what’s half-working, and maybe what’s still a bit lost in translation.

1- Transfer Learning with Deep Convolutional Neural Network (CNN) for Pneumonia Detection Using Chest X-ray
[1] Rahman et al. (2020) kind of went with this deep learning thing, like they wanted to make a system that could just look at chest X-rays and say, hey, this one’s pneumonia. The whole idea was to make early diagnosis faster and help radiologists not get mixed up between bacterial and viral stuff, or at least to feel more sure about what they’re seeing. They used that Kaggle Chest X-ray Pneumonia dataset, which I think had around 5247 images, some normal, some bacterial, some viral, though the numbers get confusing sometimes—1341 normal, 2561 bacterial, and 1345 viral, if I remember right. Before they even trained anything they did resizing normalization and some data augmentation like rotating, scaling, translating, stretching maybe, to make the data look more alive or less boring.
Then they went with transfer learning using four CNNs—Alex Net, ResNet18, DenseNet201, and Squeeze Net, which honestly sounds like a garage band that plays techno jazz. They tried three kinds of classification: normal vs pneumonia, bacterial vs viral, and a three-class one all together and DenseNet201 won, got 98% accuracy for normal vs pneumonia, 95% for bacterial vs viral, and 93.3% for the three-class thing. So yeah, transfer learning with deep CNNs really worked, or at least it looked like it was working quite impressively, maybe too impressively actually.


2- Pneumonia Detection in Chest X-ray Images Using an Ensemble of Deep Learning Models
[2] Kundu et al. (2021) tried to make a kind of deep learning system that could automatically tell if a chest X-ray showed pneumonia or not, which sounds simple, but it’s not. The idea was to build a computer helper, something that could support radiologists, so they don’t miss things or spend too long checking images. They used some open datasets of chest X-rays, both normal and pneumonia ones, though it’s not clear if all images were balanced, or maybe some were repeated; that part is a bit fuzzy.
To make the model better, they used transfer learning with a few well-known CNNs—Google Net, ResNet-18, DenseNet-121—and then mixed their outputs together, like a team effort, through ensemble learning. The models took deep features from the X-rays, and then their votes were combined, which somehow gave a stronger result, or at least that’s what they said. Before training, they resized and normalized the images, kind of standard steps but still important.
After splitting the data into training and testing parts, the model learned to tell pneumonia from normal lungs and apparently reached 98.81% accuracy, which is very high, but maybe too high? The ensemble outperformed single networks and earlier methods, showing that mixing pretrained models can really, or mostly, improve automated pneumonia detection.

3- Pneumonia Classification Using Deep Learning from Chest X-ray Images During COVID-19
[3] Ibrahim and his team came up with a way to use learning to tell if someone has pneumonia from chest X-ray pictures. They used pictures from the internet, including some from GitHub and Kaggle, which had a total of 371 pictures of COVID-19, 4237 pictures of pneumonia that's not COVID-19 but is caused by a virus, 4078 pictures of pneumonia caused by bacteria, and 2882 pictures of people who do not have pneumonia. The researchers used a kind of computer program called Alex Net to help them figure out what was in the pictures. They used most of the pictures to teach the computer program and the rest to test it. They wanted to see how well the program could tell the difference between the pictures. The results were really good. The program was correct 94.43 percent of the time it tried to tell if someone had pneumonia or not, 91.43 percent of the time when it tried to tell if someone had bacterial pneumonia or not, and 99.16 percent of the time when it tried to tell if someone had COVID-19 or not. The program was also really good at telling the difference between four kinds of pictures: COVID-19, viral pneumonia, bacterial pneumonia, and people who do not have pneumonia. This shows that deep learning can be useful too, for doctors who are trying to figure out if someone has pneumonia from chest X-ray pictures.






4- Pneumonia Classification from X-ray Images with Inception-V3 and Convolutional Neural Network
[4] Mujahid et al. (2022) came up with a method that uses deep learning to classify pneumonia from chest X-ray images. The goal, as they wrote, was to build an automated system that could really help radiologists catch pneumonia early and make diagnoses more dependable, or at least faster. They used a dataset from Kaggle that had around 775 chest X-ray images, though some of them were a bit noisy or unclear. Out of those, 620 were used for training and 155 for testing, which seems like a fair split but maybe not perfect. Before training, they did a bunch of preprocessing steps resizing all the images to 150 × 150 × 3 pixels and applying data augmentation like rotation, zooming, flipping, and even some distortion. The idea was to make the dataset more balanced and stop the model from memorizing patterns instead of learning them, though sometimes augmentation can make images look weird, almost artificial. The research used several pre-trained deep learning models with transfer learning, such as VGG-16, Inception-V3, and ResNet50, plus a custom-built CNN that they made themselves. These models were trained to tell apart normal and pneumonia cases, which sounds simple but actually isn’t. Then they tried combining models—like mixing CNN with those pre-trained ones—to see if that would make predictions sharper. They built ensemble versions: Inception-V3 with CNN, ResNet50 with CNN, and VGG-16 with CNN, which kind of feels like stacking brains together to think better, though it’s not exactly that. The experiments showed that the ensemble models worked better than the single ones, sometimes by a big margin. The Inception-V3 plus CNN combo gave the best results, with accuracy around 99.29%, precision 98.83%, recall 99.73%, and F1-score 99.28%, which is almost too perfect to believe. The authors said that using ensemble deep learning makes pneumonia detection more stable and trustworthy, and they concluded that mixing pre-trained models with CNNs can really push the performance of automated X-ray diagnosis systems.

















5- Pneumonia Detection on Chest X-ray Images Using Ensemble of Deep Convolutional Neural Networks

[5] Mabrouk et al. came up with a kind of deep learning method to spot pneumonia from chest X-ray images, which sounds simple, but it’s actually a bit tangled in how it works. The main goal, or maybe the dream of it, was to make the automatic diagnosis more precise and to help doctors read those radiographs faster, or at least with less exhaustion. They used a dataset full of chest X-rays, some with pneumonia and others completely normal to test if their idea really worked or just looked good on paper. 
Before the training started, d the images had to be cleaned and resized, adjusted, whatever made them ready for deep learning use. Then they used transfer learning, which basically means borrowing knowledge from other models like DenseNet169, Mobile Net, V2, and Vision Transformer (VT). These names sound fancy, but they’re just models that already know how to look at pictures and find patterns, and here they were used to grab the deep features from the lungs. 
After that, they mixed the features together using something called feature fusion, kind of like blending different strengths into one soup of data, to make the classification stronger. The hybrid model, as they called it, reached about 93.91% accuracy and an F1-score of 93.88, which is quite high though maybe not perfect. Still, it beat several older methods, s showing that mixing models can really, or mostly, make pneumonia detection more trustworthy and efficient.



  6- NGBoost Classifier Using Deep Features for Pneumonia Chest X-ray Classification

[6] Satish Chandra and other people did a study in 2025. They wanted to see if they could use chest X-ray pictures and machine learning to tell if someone has pneumonia. They used a lot of pictures 26,684 to be exact from the ChestX-ray8 dataset. This dataset has pictures of people with pneumonia and people who are healthy.
They did some things to see the pictures to make them clearer. For example, they used a tool to make the pictures brighter.
Then they used computer programs, like ResNet50, DenseNet121 and VGG16 to look at the pictures and find important things. They used these things to help a classifier, called NG Boost, decide if someone has pneumonia.
The results of the study were very good. The classifier was correct 98 percent of the time when it used the things it found with the ResNet50 program. The pneumonia classification framework that Satish Chandra and other people proposed used chest X-ray images and machine learning techniques to do this.





7-Abnormality Detection and Localization in Chest X-rays Using Deep Convolutional Neural Networks

[7] Islam et al. (202) came up with a deep learning pneumonia classification system that worked on chest X-ray images, kind of like teaching a computer to see sickness. The study mainly wanted to make pneumonia diagnosis more accurate by using these advanced neural networks, which are complicated but also strangely simple in how they “learn.” They used a public dataset with thousands of X-rays, both normal and pneumonia ones, and the images went through several steps—normalization resizing and some data twisting to make them stronger for training. Transfer learning was used with CNN models like VGG19 ResNet50 and DenseNet121, though DenseNet121 strangely outperformed the others with over 96% accuracy, really showing how reused models can improve detection systems actually.


8-ChestX-ray8: Hospital-Scale Chest X-ray Database and Benchmarks on Weakly Supervised Classification and Localization of Common Thorax Diseases

[8] Wang et al. (2020) talked about this deep learning thing for pneumonia classification using chest X-ray images, which sounds simple but it’s not really simple. The goal, as they said, was to make an automated system that could tell pneumonia apart from normal lungs, like a doctor but not a doctor. They used a huge dataset, thousands of labeled X-rays, some sick some not, and before training they did resize normalization augmentation all that stuff to make the data more, well, balanced or something. They tried different CNN models like VGG16 and ResNet50 and maybe others I forgot, to see which one behaves best. In the end ResNet kind of won, accuracy went above 95% which is quite high and kind of proves deep learning works for this kind of medical image thing.



9-Deep Learning for Pneumonia Detection in Chest X-ray Images

[9] Siddiqi and Javaid (2024) looked into how deep learning could be used for classifying pneumonia from chest X-ray images. The goal, or maybe the idea behind it, was to see if these modern AI models can actually help doctors, or radiologists, make better and faster decisions. They worked with open chest X-ray datasets that had both pneumonia and normal samples, though some images looked kind of unclear or noisy, which they had to fix first.
Before the models were trained several image cleaning steps were done like resizing normalization and some flipping or rotation things to make the dataset larger and less repetitive. It’s strange how these small changes make the model “see” better, or maybe just differently. The study compared various deep learning setups—CNNs and transfer learning ones mostly—and the results were quite high accuracy, maybe too high to be real in some sense, but still it showed CNN-based systems can really help in medical image checking and diagnosis support.

10-Binary Classification of Pneumonia in Chest X-ray Images Using Convolutional Neural Networks 

[10] Buriboev et al. (2025) came up with a kind of convolutional neural network thing, a framework really, for sorting out pneumonia from chest X-ray images. The study’s main goal, or maybe its dream, was to make an automated system that could tell normal lungs apart from the sick ones, though sometimes the images looked confusing. They used a dataset made of public chest X-rays from different medical image places, not all of them perfect. Before the model even started learning they cleaned the images, resized them to fit one shape and normalized the pixels but not always evenly. The CNN was trained to pull out useful features and do a yes-or-no classification, though it sometimes mixed them. In the end the results showed high accuracy and somehow proved that neural networks can, in a way, help machines see illness.

11- Efficient and Accurate Pneumonia Detection Using Deep Learning

[11] Saber et al. (2025) talked about a kind of deep learning thing for pneumonia classification that works with chest X-ray images, it’s built around attention mechanisms and some already trained neural networks. The main idea, or maybe the goal, was to make the feature extraction better and the classification stronger by mixing attention learning with CNN models though it’s not totally clear how they balanced both parts. They used a public dataset with pneumonia and normal chest images for training and testing, and they did some preprocessing like resizing normalization and a few data augmentations to make it more, well, general. The model was based on a pre-trained ResNet that pulled deep features and then attention layers tried to look at the more “important” image areas. Their results showed high accuracy and even beat some older CNNs, proving, sort of, that attention really matters here actually.

12-Pneumonia Image Classification Using DenseNet
[12] Bundea et al. (2024) looked into how deep learning could be used to classify pneumonia from chest X-ray images, kind of like teaching a computer to tell sick lungs from healthy ones. The main goal, as they said, was to make an automated system that could really tell the difference between normal and pneumonia cases, not just guess. They used a public dataset that already had labeled X-rays, both normal and pneumonia, which made the process faster but also may be limited, I think. Before training, they did a bunch of preprocessing things, resizing, normalization, and some data tricks like flipping and rotation, to make the model see more variations, though not all of them make sense visually. 
They picked DenseNet, a deep convolutional neural network that’s supposed to help with feature passing and avoid the vanishing gradient issue, which sounds technical but basically means the model doesn’t forget what it learned earlier. The model learned to pull out features from the X-rays and classify them into two groups, pneumonia or not. The results were quite strong, showing higher accuracy than older models, though it’s unclear if that holds for all datasets. The study proves that deep convolutional networks can really help doctors, or at least assist them, in diagnosing chest diseases using artificial intelligence, which is both exciting and a bit uncertain at the same time.



13-Deep Convolutional Neural Network for Pneumonia Detection Using Chest X-ray Images

[13] An et al. (2024) talked about this deep learning thing for pneumonia, using chest X-ray pictures, which sounds simple but isn’t really. The idea, as they said, was to make the automatic detection of pneumonia more accurate and more, like, dependable in medical imaging. They worked with some open dataset of chest X-rays, including both pneumonia and normal lungs, which is kind of standard but still important. Before training, they did a bunch of image cleaning—resizing, normalization, and those data tricks like flipping and rotating, to make the model see more variety and not just memorize stuff. I think they called it data augmentation, which helps to stop overfitting though sometimes it still happens. 
Then they built a deep convolutional neural network, a CNN, to pull out the features and classify the images. They also borrowed knowledge from other models, that’s transfer learning, to save time and get better results. The results were, according to them, quite strong, showing high accuracy in telling pneumonia apart from normal. It basically means deep learning can really help doctors, or at least assist them, in diagnosing pneumonia and making healthcare choices that are less uncertain, or maybe more confident, depending how you see it.



14-Pneumonia Disease Detection Using Chest X-rays and Machine Learning

[14] Usman et al. (2025) talked about this deep learning thing they made, a kind of framework for classifying pneumonia from chest X-ray pictures. The whole idea, as they said, was to make an automatic diagnosis system that could tell if someone had pneumonia or not, just by looking at those radiographic images. They used the RSNA pneumonia dataset, which is public and has thousands of labeled X-rays, both sick and normal ones. Before the training even started they did a bunch of cleaning stuff like resizing the images normalization and some data augmentation, which basically means making the dataset bigger and less repetitive. 
They tried two types of deep models, one CNN they built from zero and another that borrowed brains from a pretrained ResNet-50. These models were supposed to pull out the important image features and sort them into pneumonia or non-pneumonia, though sometimes the boundaries between them are kind of foggy. The results were mostly good, showing that deep learning can really catch pneumonia patterns and reach high accuracy, maybe too high honestly, and that AI tools might help doctors think faster or at least differently when reading medical images.








15-Joint Diagnosis of Pneumonia and Other Lung Diseases Using Deep Learning from Chest X-ray Images

[15] Ahmed et al. (2023) came up with this kind of deep learning thing for figuring out lung diseases from chest X-rays, which sounds simple but it’s not really. The whole idea, or the main goal maybe, was to make some automated system that could tell pneumonia apart from other lung issues, using what they called artificial intelligence methods. They took some public X-ray datasets, you know, the ones with both pneumonia and normal lungs mixed in. Before training anything they did a bunch of image stuff—resizing, normalizing, adding more images somehow—to make the data better or at least cleaner. Then they used deep convolutional neural networks, which are like layers that look for patterns and features and all that. The results were kind of impressive, around 98.7% accuracy, which is almost perfect though not really perfect, showing that these models can spot pneumonia signs and help doctors, or radiologists, make decisions faster and maybe safer.



16-Detection of Pneumonia from Chest X-ray Images Utilizing MobileNet Model

[16] Al-Reshan et al. (2023) came up with a kind of deep learning setup meant for classifying pneumonia from chest X-ray images, which sounds simple but it’s actually not so straightforward. The goal they had was to make a computer system that could automatically tell apart pneumonia from normal chest scans with really good accuracy, or at least that was the hope. They used some open datasets, those ones that already have X-ray images showing both sick and healthy lungs. 
Before they even started training the models they had to clean and fix the data, like resizing the images and doing normalization stuff, plus some tricks like rotating and flipping them to make the dataset bigger or more diverse, I think. It’s said that this helps the model not to overfit, though sometimes it still does. Then they used CNN networks, the convolutional ones, to pull out deep features from the X-rays and classify them. 
The models learned by looking at pixel brightness, texture, and weird lung shapes, kind of like how a doctor might notice something off. Results showed the system worked quite well, maybe even surprisingly well, suggesting deep learning could really help radiologists make faster and more accurate pneumonia diagnoses.








Comparative Summary
	Study
	CNN Models
	Dataset(s)
	Public / Private
	Classification Task
	Best Accuracy
	Best Performer

	

Rahman et al. (2020)
	AlexNet, ResNet18, DenseNet201, SqueezeNet
	
Chest X-ray Pneumonia Dataset
	Public
	Binary (normal vs. pneumonia), bacterial vs. viral, 3-class
	98% (binary), 95% (bact. vs. viral), 93.3% (3-class)
	DenseNet201

	

Kundu et al. (2021)
	GoogLeNet, ResNet-18, DenseNet-121 (weighted ensemble)
	
Chest X-ray Pneumonia Dataset AND RSNA Pneumonia Dataset
	Public (both)
	Binary (normal vs. pneumonia)
	98.81% (Kermany), 86.85% (RSNA)
	Weighted ensemble of all three

	

Ibrahim et al. (2021)
	AlexNet (pretrained, transfer learning)
	

COVID-19 Radiography Dataset
	Public
	Binary, 3-class, and 4-class (incl. COVID-19)
	99.62% (binary), 94% (3-class), 93.42% (4-class)
	AlexNet (fine-tuned)

	

Mujahid et    al., 2022
	
ResNet50 and Inception-V3. models, like VGG-16 
	


Chest X-ray Pneumonia Dataset
	


Public
	Binary (normal vs. pneumonia)
	accuracy (99.29%)
	Inception-V3  CNN


	
Mabrouk
et al., 2022

	Multiple CNN models
	
Chest X-ray Pneumonia Dataset
	
Public
	Binary (normal vs. pneumonia)
	Improved accuracy (>95%)
	MobileNetV2

Vision Transformer

	

Satish Chandra
et al., 2025

	ResNet50 features from the RSNA ChestX-ray8 images and 
	
ChestX-ray14 Dataset
	

Public
	Binary (normal vs. pneumonia)
	Accuracy 98%
	ResNet50

NGBoost

	
Islam et al. (2020)
	
VGG19,
ResNet50,
DenseNet121
	
Chest X-ray Pneumonia Dataset
	

Public
	
Binary (normal vs. pneumonia)
	
Accuracy: 96%
	
DenseNet121

	
Wang et al. (2020)
	
VGG16,
ResNet50
	
ChestX-ray14 Dataset
	
Public
	
Binary (normal vs. pneumonia)
	
Accuracy: 95%
	
ResNet50

	
Siddiqi & Javaid (2024)

	
CNN, Transfer Learning
	
Chest X-ray Pneumonia Dataset
	

Public
	
Binary (normal vs. pneumonia)
	
Accuracy
97%

	
CNN

	
Buriboev et al. (2025)
	
CNN
	
RSNA Pneumonia Dataset
	

Public
	
Binary
	
Accuracy
97%

	
CNN

	
Saber et al. (2025)
	
ResNet,
Attention
	
Chest X-ray Pneumonia Dataset
	
Public
	
Binary
	Accuracy
97%

	
ResNet,


	
Bundea et al., 2024
	
DenseNet
	
Chest X-ray Pneumonia Dataset
	

Public
	
Binary (normal vs. pneumonia)
	
Accuracy
97%
	
DenseNet

	
An et al., 2024
	
Deep CNN, Transfer Learning
	
Chest X-ray Pneumonia Dataset
	
Public
	
Binary (normal vs. pneumonia)
	
Accuracy
97%

	
CNN

	

Usman et al., 2025
	
CNN,
ResNet-50
	
RSNA Pneumonia Dataset
	

Public
	
Binary (normal vs. pneumonia)
	
Accuracy
98%

	
ResNet-50

	

Ahmed et al., 2023
	

Deep CNN
	
Chest X-ray Pneumonia Dataset
	

Public
	
Binary, multi class
	
Accuracy
98.72%

	
CNN

	
Al-Reshan et al., 2023
	
CNN,
MobileNet
	
Chest X-ray Pneumonia Dataset
	
Public
	
Binary (normal vs. pneumonia)
	
Accuracy
97%

	

MobileNet
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