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Abstract:

Pneumonia is a serious respiratory disease that affects millions of people worldwide and can lead to severe
health complications if not detected early. Traditional diagnostic methods rely heavily on manual
examination of chest X-ray images by medical experts, which can be time-consuming and prone to human
error. Recent advancements in artificial intelligence and deep learning have enabled automated medical
image analysis systems that assist clinicians in disease detection. This study proposes a domain-aware
hybrid CNN-Transformer framework for explainable pneumonia detection using chest X-ray images. The
hybrid architecture combines the feature extraction capabilities of Convolutional Neural Networks with the
global contextual learning ability of Transformer models. The domain-aware component incorporates
medical knowledge to enhance the model's understanding of lung structures, while explainable Al
techniques provide visual interpretations of the model’s predictions. Experimental results demonstrate
improved detection accuracy and better interpretability compared to traditional deep learning models. The
proposed framework can assist healthcare professionals in making faster and more reliable diagnostic

decisions for pneumonia detection.

Keywords: Pneumonia Detection, Deep Learning, Hybrid CNN Transformer, Explainable Al, Medical
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LINTRODUCTION children, elderly individuals, and patients with

weakened immune systems. Early detection and

Pneumonia is a life-threatening respiratory timely treatment are essential to reduce mortality

infection that affects the lungs and can cause rates associated with this disease. Chest X-ray

severe  complications, particularly — among imaging is one of the most widely used diagnostic
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tools for identifying pneumonia; however,
manual interpretation of medical images requires
significant expertise and may lead to diagnostic
errors. With the advancement of artificial
intelligence, deep learning models have shown
remarkable success in medical image analysis
tasks. Convolutional Neural Networks are
particularly effective in extracting spatial features
from medical images, while Transformer-based
architectures  have  demonstrated  strong
capabilities in capturing long-range dependencies
and contextual information. Integrating these two
approaches into a hybrid framework can improve
diagnostic accuracy. Additionally, explainable Al
techniques play a crucial role in providing
transparency and interpretability in medical
decision-making  systems. This research
introduces a domain-aware hybrid CNN-
Transformer framework designed to enhance
pneumonia detection accuracy while providing

interpretable results to support clinical diagnosis.

ILLITERATURE SURVEY

Several studies have explored the use of artificial
intelligence and deep learning techniques for
pneumonia detection using chest X-ray images.
Convolutional Neural Networks (CNNs) have
been widely applied in medical image analysis
due to their ability to extract important spatial
features from images and achieve high accuracy
in disease classification tasks. Researchers have
also investigated the use of transfer learning
techniques where pre-trained models are fine-

tuned to improve performance with limited
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medical datasets. Recently, Transformer-based
architectures have gained attention for their
ability to capture long-range dependencies and
global contextual relationships within images,
which enhances the understanding of complex
medical patterns. Hybrid models that combine
CNN and Transformer architectures have been
proposed to leverage the advantages of both
approaches, improving feature extraction and
contextual learning simultaneously. Additionally,
explainable artificial intelligence techniques such
as Grad-CAM and attention maps have been
introduced to provide visual explanations of
model  predictions, allowing  healthcare
professionals to better understand how Al
systems identify pneumonia from chest X-ray
images.

HLEXISTING SYSTEM

Existing pneumonia detection systems mainly
rely on traditional deep learning models such as
convolutional neural networks for analyzing
chest X-ray images. These models focus on
extracting spatial features from medical images
and classifying them into pneumonia or normal
categories. While these systems have shown
promising accuracy in detecting lung
abnormalities, they often face limitations in
capturing global contextual relationships present
in complex medical images. Moreover, many
existing systems function as black-box models,
providing predictions without clear explanations
of how the decision was made. This lack of
interpretability can reduce the confidence of

healthcare professionals in using Al-assisted
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diagnostic systems. Additionally, traditional
CNN-based models may require large labeled
datasets and may not effectively incorporate
domain knowledge related to lung anatomy and
disease patterns.

IV.PROPOSED SYSTEM

The proposed system introduces a domain-aware
hybrid CNN-Transformer framework for
explainable pneumonia detection from chest X-
ray 1images. The architecture integrates
convolutional neural networks to extract local
spatial features and Transformer layers to capture
global contextual relationships within the images.
This hybrid structure improves the model’s
ability to analyze complex patterns associated
with pneumonia. A domain-aware component is
incorporated to utilize medical knowledge related
to lung structures and pneumonia characteristics,
enabling more accurate detection. Furthermore,
explainable artificial intelligence techniques are
applied to generate visual explanations of the
model’s predictions, highlighting important
regions in chest X-ray images that contribute to
the diagnosis. This approach not only improves
detection accuracy but also enhances

transparency and reliability, making the system

more suitable for real-world clinical applications.

V.SYSTEM ARCHITECTURE

+ Haghtgpend s
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The system architecture for the Domain Aware
Hybrid CNN-Transformer Framework for
Explainable Pneumonia Detection is designed to
automatically analyze chest X-ray images and
identify pneumonia using advanced deep learning
techniques. The architecture begins with the
image acquisition stage, where chest X-ray
images are collected from medical imaging
systems or healthcare datasets. These images

serve as the input for the detection system.

1. Chest X-ray Image Input

The system begins by collecting chest X-ray
images from medical imaging devices or publicly
available medical datasets. These images serve as
the primary input for the pneumonia detection
framework and contain visual information about

lung structures and possible infection areas.

2. Image Preprocessing

In this step, the collected chest X-ray images are
processed to improve their quality and
consistency. Operations such as image resizing,
normalization, noise removal, and contrast
enhancement are performed to ensure that the

images are suitable for deep learning analysis.

3. CNN Feature Extraction

The preprocessed images are then passed to the
Convolutional Neural Network (CNN) module,
which extracts important spatial features from the
images. These features represent local patterns in
the lung regions that may indicate pneumonia-

related abnormalities.
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4. Transformer Encoder Processing

The Transformer encoder analyzes the extracted
features to capture global contextual relationships
within the chest X-ray images. This step helps the

system understand long-range dependencies and

complex patterns present in lung structures.

5. Hybrid CNN-Transformer Model

Fig 6.2
The features obtained from the CNN and

Transformer modules are combined in the hybrid

model. This integrated framework performs

feature fusion and classification to determine
whether pneumonia is present in the chest X-ray

image.
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6. Explainable Qutput and Diagnosis
Finally, the system generates the prediction Fig 6.3
results and applies explainable Al techniques - e B —
such as Grad-CAM or attention maps to highlight COSTNN - - - e o
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the important regions of the X-ray image. The [t o |

results are displayed to healthcare professionals,

assisting them in making accurate and

interpretable diagnostic decisions.

Fig 6.4

VLIMPLEMENTATION

VII.CONCLUSION
The Domain Aware Hybrid CNN Transformer

Framework for  Explainable = Pneumonia
T Detection provides an efficient and intelligent
approach for detecting pneumonia from chest X-
ray images. By combining the strengths of

convolutional neural networks and transformer

architectures, the proposed framework is able to

Fig 6.1

ISSN:2250-3676 www.ijesat.com Page 553 of 555



ISSN:2250-3676

International Journal of Engineering Science and Advanced Technology(IJESAT)

capture both local spatial features and global
contextual relationships within medical images.
The integration of domain knowledge related to
lung anatomy further improves the model’s
ability to identify pneumonia patterns accurately.
Additionally, the use of explainable artificial
intelligence techniques enhances the
transparency of the model by highlighting
important regions in the X-ray images that
influence the prediction. This system can assist
healthcare professionals in making faster and
more reliable diagnostic decisions, ultimately
improving patient care and reducing the risk of

misdiagnosis.

VIIL.LFUTURE SCOPE

The proposed system can be further improved by
incorporating larger and more diverse medical
datasets to enhance the robustness and accuracy
of the model. Future research may focus on
integrating advanced transformer architectures
and more powerful hybrid deep learning models
to improve pneumonia detection performance.
The framework can also be extended to detect
multiple lung diseases such as tuberculosis,
COVID-19, and lung cancer using the same
architecture. Additionally, integrating the system
with hospital information systems and cloud-
based platforms can enable real-time analysis of
medical images. The development of mobile or
web-based applications for Al-assisted diagnosis
could further help healthcare professionals access
diagnostic tools easily in clinical environments.

IX.REFERENCES

www.ijesat.com

[1T Y.LeCun, Y. Bengio, and G. Hinton, “Deep
Learning,” Nature, vol. 521, pp. 436444, 2015.

[2] A. Vaswani et al., “Attention Is All You Need,”
Advances in Neural Information Processing
Systems, 2017.

[3] O. Ronneberger, P. Fischer, and T. Brox, “U-
Net: Convolutional Networks for Biomedical
Image Segmentation,” MICCAI, 2015.

[4] K. He, X. Zhang, S. Ren, and J. Sun, “Deep
Residual Learning for Image Recognition,”
CVPR, 2016.

[51 G. Litjens et al., “A Survey on Deep Learning in
Medical Image Analysis,” Medical Image
Analysis, vol. 42, pp. 60-88, 2017.

[6] D.P.Kingma and J. Ba, “Adam: A Method for
Stochastic Optimization,” International
Conference on Learning Representations, 2015.

[71 J. Schmidhuber, “Deep Learning in Neural
Networks: An Overview,” Neural Networks,
vol. 61, pp. 85-117, 2015.

[8] H. Greenspan, B. Van Ginneken, and R.
Summers, “Deep Learning in Medical Imaging:
Overview and Future Promise,” [EEE
Transactions on Medical Imaging, vol. 35, no.
5, pp. 1153-1159, 2016.

[9] F. Chollet, Deep Learning with Python,
Manning Publications, 2018.

[10] A. Esteva et al., “Dermatologist-Level
Classification of Skin Cancer with Deep Neural
Networks,” Nature, vol. 542, pp. 115-118,
2017.

[11] S. Rajpurkar et al., “CheXNet: Radiologist-
Level Pneumonia Detection on Chest X-Rays
with Deep Learning,” arXiv preprint
arXiv:1711.05225, 2017.

[12] M. Abadi et al., “TensorFlow: Large-Scale
Machine Learning on Heterogeneous Systems,”
Google Research, 2016.

[13] - - C. Szegedy et al., “Going Deeper with
Convolutions,” IEEE Conference on Computer
Vision and Pattern Recognition, 2015.

[14] A. Krizhevsky, I. Sutskever, and G. Hinton,
“ImageNet Classification with Deep
Convolutional Neural Networks,” Neural
Information Processing Systems, 2012.

[15] T. Dosovitskiy et al., “An Image is Worth
16x16 Words: Transformers for Image
Recognition at Scale,” International Conference
on Learning Representations, 2021.

[16] Z. Zhou et al., “UNet++: A Nested U-Net
Architecture for Medical Image Segmentation,”
Deep Learning in Medical Image Analysis,
2018.

[17] L. Wang et al., “ChestX-ray8: Hospital-Scale
Chest X-Ray Database and Benchmarks on

Vol 26 Issue 04, April, 2026

Page 554 of 555



International Journal of Engineering Science and Advanced Technology(IJESAT)

Weakly Supervised Classification and
Localization,” CVPR, 2017.

[18] B. Lundervold and A. Lundervold, “An
Overview of Deep Learning in Medical
Imaging,” Zeitschrift fiir Medizinische Physik,
2019.

[19] M. Tschandl et al., “Human—Computer
Collaboration for Skin Cancer Recognition,”
Nature Medicine, 2020.

[20]N. Tajbakhsh et al., “Convolutional Neural
Networks for Medical Image Analysis: Full
Training or Fine Tuning?” IEEE Transactions
on Medical Imaging, 2016.

ISSN:2250-3676 www.ijesat.com

Vol 26 Issue 04, April, 2026

Page 555 of 555



	1 Assistant Professor, Department of Computer Science & Engineering (Artificial Intelligence & Data Science), ELURU COLLEGE OF ENGINEERING AND TECHNOLOGY: ELURU.
	1 Email : bhagyajakkula2805@gmail.com

