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Abstract

Lung diseases have been a significant global health concern, and the COVID-19 pandemic has
intensified this issue, resulting in a significant rise in respiratory-related deaths. Timely diagnosis
and effective treatment of patients could potentially avert millions of deaths. Chest x-rays are a
prevalent, rapid, and cost-effective medical imaging modality used by healthcare professionals for
the screening of lung diseases. However, the interpretation of chest x-rays is challenging, time-
consuming, and requires expertise that is often in short supply. This situation highlights the
potential value of computer-aided diagnosis tools, which can automate interpretation and bridge the
gap caused by a shortage of medical experts in a heavily populated country like India. Developing
a diagnostic tool for lung diseases in the Indian context presents a challenge due to the inferior
image quality and physiological variations in the population. India is also known for its high
pollution levels, which can lead to respiratory symptoms in a significant proportion of the
population. These physiological variations may affect the accuracy of the diagnostic tool, making it
challenging to develop a tool that is effective in this population.

In this thesis, we propose a computer-aided diagnostic framework for the detection and severity
assessment of lung diseases using chest x-rays in the Indian context. We break down our
framework into three different stages: identification of lung diseases, localization of disease
markers or abnormalities, and computation of diagnostic recommendation parameters for final
inferences. To begin with, an input chest x-ray is classified as healthy or unhealthy along with a
confidence score using a supervised deep neural network. If the chest x-ray is identified as
unhealthy then it proceeds to the localization stage for further investigation into disease severity.
We propose a single-stage object detection network to localize multiple abnormalities present in
chest x-rays. Our focus lies on detecting common abnormalities such as cavities, opacity, effusion,
and pneumothorax, which are prevalent features across various lung diseases including
tuberculosis, lung cancer, pneumonia (including COVID-19), and others. In the last stage, the chest
x-rays go through the severity assessment module to check the severity of lung diseases using
diagnostic recommendation parameters such as the extent of lung involvement in disease
manifestation, type of abnormality present in chest x-ray, and presence of disease in various lung
zones.

The segmentation of lungs and bone structures in chest x-rays is an essential step for various
applications such as severity assessment and bone suppression. Segmented lung area in chest x-rays

are used to calculate the extent of lung involvement in disease manifestation. Segmentation of
vi



bones is required to divide the lung area into upper, middle, and lower zones, and the presence of
abnormalities is checked accordingly. We propose a novel encoder-decoder based semantic
segmentation network to combine the strength of two existing networks (Deeplabv3+ and U-net) to
achieve superior performance on healthy as well as unhealthy chest x-rays. Furthermore,
suppression of bones in chest x-rays allows better examination of lung fields and ultimately
improves diagnostic accuracy. We propose a novel approach, named multi-scale and dual attention
guided image-to-image translation GAN for suppressing bones on chest x-rays. The goal of this
work is to develop a bone suppression model that can generate bone-suppressed images of chest x-
rays, particularly for datasets without ground truth such as the Indian dataset.

To summarize, this thesis proposes the identification and localization of lung diseases using chest
x-rays, as well as segmenting lungs and bones, suppressing bones, and providing final inferences
about disease severity assessment. Extensive experimentation with diverse datasets, including our
in-house Indian dataset and standard public dataset has helped in developing robust and generic
algorithms. The analysis and observations presented in this thesis aim to contribute to the medical
community. An additional contribution of this thesis is the creation of an annotated dataset of
Indian chest x-rays. The annotation process involved the expertise of experienced radiologists from
Teleradiology Solutions in Delhi, India, as well as medical experts from Christian Medical College
in Vellore, India. The dataset has been carefully annotated and validated by these professionals,

making it a valuable resource for future research and advancements in the field.
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