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Abstract— In this paper, we describe an improved
DenseNet deep neural network model designed specifically
for exploiting chest X-ray images to detect tuberculosis
(TB). Utilizing the intrinsic benefits of DenseNet's densely
interconnected layers, we suggest innovative architectural
adjustments and optimization techniques to enhance the
model's effectiveness and efficiency. We show notable
improvements over current approaches in terms of
sensitivity, specificity, and overall accuracy through
thorough testing on a wide range of datasets. Our enhanced
DenseNet model shows potential for improving diagnostic
capabilities in clinical settings by robustly recognizing TB
symptoms in chest X-ray images."Tuberculosis (TB) is a
highly contagious and sometimes lethal infectious illness
that affects millions of people worldwide. Early
identification of tuberculosis is essential for prompt
treatment and containment of the disease's progress. This
study suggests a unique deep learning model called
CBAMWDnet for the detection of tuberculosis (TB) in
images from chest X-rays (CXRs). The cornerstone of the
model is the Convolutional Block Attention Module
(CBAM) and Wide Dense Net (WDnet) architecture, which
was developed to effectively collect spatial and contextual
information in the images. The performance of the
proposed model is evaluated on a large dataset of chest X-
ray images and compared with many state-of-the-art
models.
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I. INTRODUCTION

Tuberculosis (TB) is a serious infectious disease that
primarily affects the lungs, and early detection is crucial for
effective treatment and control. Chest X-ray imaging is a
widely used diagnostic tool for identifying TB, and deep
learning techniques have shown promising results in
improving the accuracy of TB recognition from these
images.

The DenseNet (Dense Convolutional Network) is a deep
neural network architecture that has demonstrated excellent

performance in various computer vision tasks, including
medical image analysis. This architecture is characterized
by dense connections between layers, which allows for
efficient feature propagation and encourages feature reuse,
resulting in improved performance and reduced overfitting.
To optimize the DenseNet model for tuberculosis
recognition using chest X-ray images, several strategies can
be employed:

a. Data Preprocessing and Augmentation:

- Normalize the input images to a consistent range of
pixel values, which can improve convergence and model
performance.

- Apply data augmentation techniques, such as rotation,
flipping, scaling, and random cropping, to increase the
diversity of the training data and improve the model's
ability to generalize.

b. Transfer Learning:

- Utilize pre-trained models on large datasets like ImageNet
as a starting point for the DenseNet model. Transfer
learning can accelerate the training process and improve
performance by leveraging the learned features from a
related task.

c. Hyperparameter Tuning:

- Optimize hyperparameters such as learning rate, batch
size, dropout rates, and network depth to improve the
model's performance on the specific TB recognition task.

- Techniques like grid search or random search can be
employed to explore the hyperparameter space efficiently.

d. Loss Function and Regularization:

- Experiment with different loss functions, such as
weighted cross-entropy or focal loss, to handle class
imbalances or improve the model's performance on
difficult examples.
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- Apply regularization techniques like L1/L2 regularization,
dropout, or batch normalization to reduce overfitting and
improve generalization.

e. Model Ensembling:

- Train multiple DenseNet models with different
initializations, architectures, or hyperparameters, and
combine their predictions using techniques like averaging
or majority voting. Ensembling can often improve overall
performance by leveraging the strengths of different
models.

f. Evaluation Metrics:

- Use appropriate evaluation metrics for the TB
recognition task, such as sensitivity (recall), specificity, and
arca under the receiver operating characteristic curve
(AUC-ROC). These metrics can provide valuable insights
into the model's and guide further
optimization efforts.

performance

g. Interpretability and Explainability:

- Incorporate techniques like saliency maps, class
activation maps, or gradient-based visualization methods to
understand the model's decision-making process and
identify the regions of interest in the chest X-ray images
that contribute to TB recognition.

It's important to note that optimizing deep learning models
for medical applications requires careful consideration of
factors such as data quality, model interpretability, and
regulatory requirements. Close collaboration with medical
professionals and adherence to relevant guidelines and best
practices are essential.

Problem Identification

To create a better DenseNet deep neural network model in
order to improve tuberculosis detection. This project aims
to overcome the difficulties in diagnosing tuberculosis
early and accurately using chest X-ray pictures, a major
worldwide health concern. Enhancing DenseNet's design is
intended to improve its ability to detect anomalies
associated with tuberculosis in chest X-ray images. There
are several phases to this project, such as validation, testing,
model training, and data preprocessing. Moreover, a
thorough assessment is conducted in comparison with
current techniques to verify the effectiveness and
superiority of the suggested model.

Objectives

e A number of essential elements are included in
"Improved DenseNet Deep Neural Network Model for
Tuberculosis Detection Using Chest X-ray Images," which
aims to improve the precision and effectiveness of

tuberculosis diagnosis using deep learning techniques.

e In order to get a broad dataset of chest X-ray pictures
from people with tuberculosis, both diagnosed and
undiagnosed, the research entails intensive data gathering
and pre-processing.

The construction of an improved DenseNet deep neural
network architecture designed especially for tuberculosis
detection becomes the main focus. To enhance the model's
ability to detect abnormalities related to tuberculosis in the
X-ray pictures, its layers must be optimized, its parameters
adjusted, and potentially new features or methodologies
added.

A convolutional neural network design called Densenet
was put out by Cornell University academics. It attempts to
resolve the problem of vanishing gradients, which can arise
in very deep neural networks and cause training difficulties.

The introduction of dense connections, in which each layer
is feed-forward connected to every other layer, is the
concept of Densenet. Better feature
propagation and feature reuse are made possible by this

fundamental

dense connection structure, which may result in higher
performance and more effective training.

In the context of tuberculosis recognition using chest X-ray
images, Densenet can be employed as a powerful deep
learning model for image classification. Here's a brief
overview of how Densenet could be applied to this task:

1. Data Preprocessing: The chest X-ray images need to be
preprocessed, which may include resizing, normalization,
and data augmentation techniques to increase the diversity
of the training data.

2. Model Architecture: The Densenet architecture can be
adapted for the specific task of tuberculosis recognition.
The input to the model would be the preprocessed chest X-
ray images, and the output would be a classification
indicating the presence or absence of tuberculosis.

© 2026, ISJEM (All Rights Reserved) | www.isjem.com

| Page 2



N

\l/’ ISI;EM ‘\ﬂ International Scientific Journal of Engineering and Management (ISJEM)

~ ) Conference Proceedings: Volume: 05 ACME - 2026
SRy
_¥ !

ISSN: 2583-6129
DOI:10.55041/ISJEM.ACMEO055

An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata

3. Dense Blocks and Transition Layers: The Densenet
architecture consists of dense blocks, which are the core
components where dense connections are applied. Each
dense block consists of multiple convolutional layers, with
each layer receiving feature maps from all preceding layers
within the block. Transition layers are used between dense
blocks to downsample the feature maps and reduce their
spatial dimensions.

4. Feature Extraction and Classification: The dense blocks
in Densenet allow for efficient feature extraction and
propagation. The final feature maps from the dense blocks
can be fed into a classifier, typically consisting of fully
connected layers, to obtain the final classification output
(tuberculosis or no tuberculosis).

5. Training and Optimization: The Densenet model can be
trained using techniques like stochastic gradient descent,
with various optimization algorithms and loss functions
suitable for binary classification tasks. Techniques like
weight initialization, regularization, and learning rate
scheduling can be employed to improve training and
prevent overfitting.

The dense connectivity pattern in Densenet enables
efficient feature propagation and reuse, which can be
beneficial for the task of tuberculosis recognition from
chest X-ray images. By leveraging the power of deep
neural networks and the Densenet architecture, researchers
can potentially achieve high accuracy in detecting
tuberculosis from radiological images, aiding in early
diagnosis and treatment.

It's important to note that the specific implementation
details, such as the number of dense blocks, layers, and
hyperparameters, may need to be tuned and optimized for
the specific dataset and task at hand.

II. MODE OF PLATFORM

Frameworks offer capability to carry out typical tasks
needed to run web applications, either directly in their code
or through extensions.

A. Resource of web frameworks

A web framework is a code library created to make it easier
for developers to create scalable, trustworthy, and easily
maintained online applications. All of the information that
developers have acquired while building websites and
online apps over the past 20 years is included into web
frameworks. Frameworks make it easier to organize

projects and reuse code for commonly used HTTP
operations, allowing other developers who are familiar with
the framework to quickly build and manage the application.
Web frameworks typically provide the ability to perform
common tasks required to run web applications, either
through extensions or directly in their code.

B. Existing System

A major worldwide health concern is still tuberculosis (TB),
especially in areas with poor access to medical care.
Sputum smear microscopy and culture-based approaches
are two traditional methods for TB detection that have
extensive turnaround times and low sensitivity. Because of
its accessibility and quickness, chest X-ray imaging offers
a helpful alternative for diagnosing tuberculosis. But
correctly interpreting chest X-rays for tuberculosis lesions
is a difficult task that frequently calls for specific
knowledge. Although promising, current deep learning
methods for automated tuberculosis identification from
chest X-ray pictures are still limited by issues like poor
performance, inability to adapt to changes in patient
demographics and image quality, and computational
inefficiency.

C. Proposed System

We suggest a refined DenseNet deep neural network model
designed especially for utilizing chest X-ray images in the
diagnosis of tuberculosis (TB). By utilizing the DenseNet
architecture's densely connected layers, our method
improves model representational ability and feature
propagation. In order to overcome the difficulties
associated with TB identification from chest X-ray pictures,
we present new architectural changes and optimization
techniques designed to enhance the effectiveness and
efficiency of the model. In particular, we investigate
strategies to improve the model's discriminative ability and
reduce overfitting, including regularization techniques,
multi-scale feature fusion, and attention processes.

To further use large-scale datasets and pre-trained weights
and enable robustness to differences in image quality and
patient demographics, we also use data augmentation and
transfer learning. By means of comprehensive testing on
several datasets, which comprise publically accessible
reference datasets and actual clinical data, we exhibit the
efficacy of our suggested methodology in attaining cutting-
edge results in tuberculosis identification jobs. Our
enhanced DenseNet model shows promise for improving
tuberculosis screening and diagnosis in both clinical and
resource-constrained contexts, since it demonstrates greater

accuracy and reliability along with scalability and

© 2026, ISJEM (All Rights Reserved) | www.isjem.com

| Page 3



7 X

\l/’ ISI;EM ‘\’, International Scientific Journal of Engineering and Management (ISJEM)

ISSN: 2583-6129

Wy 27 Conference Proceedings: Volume: 05 ACME - 2026 DO0I1:10.55041/ISJEM.ACME055
=!’ An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata
generalizability."

II1. SYSTEM DESIGN

The process of defining a system's architecture, parts,
modules, interfaces, and data in order to meet
predetermined requirements is known as systems design. It
may be viewed as the product development of systems
theory. The fields of systems analysis, systems architecture,
and systems engineering share certain similarities. Design
is the process of using marketing data to create the design
of a product that will be made, if the more general topic of
product development "blends the perspective of marketing,
design, and manufacturing into a single approach to
product development." Therefore, the process of defining
and creating systems to meet specific user needs is known
as systems design.

A. System Operation

Project teams can communicate more effectively,
investigate alternative ideas, and validate the software's
architectural design when they use the UML. The software
industry is searching for ways to automate software
creation, enhance quality, lower costs, and shorten time-to-
market as software's strategic importance to many
businesses  grows.  Patterns, frameworks, visual
programming, and component technology are some of
these methods. Companies are also looking for ways to
control the complexity of systems as they grow in size and
scope. They understand the necessity to provide solutions
load
balancing, fault tolerance, security, concurrency, and

physical distribution.

for reoccurring architectural issues including

Tuberculosis Detection
Using Chest X-Ray Images

Preprocess
Image

Feature Extraction

Classification using
improved DenselNet

Radiologist

Fig. 1 Flow chart of Tuberculosis

Furthermore, these architectural issues have been made
worse by the emergence of the World Wide Web, despite
certain aspects being made simpler. To meet these
objectives, the Unified Modelling Language (UML) was
created. Systems design, put simply, is the act of specifying
the architecture, parts, modules, interfaces, and data for a
system in order to meet predetermined requirements. This
may be accomplished with ease using UML diagramsln the
Unified Modelling Language (UML), a use case diagram is
a particular kind of behavioral diagram that is produced
from and defined by a use-case study.

Its goal is to provide a graphical summary of the terms that
a system offers for functionality. In system analysis, a use
case is a technique for organizing, defining, and identifying
system needs. A use case is a collection of potential
interactions between people and systems in a certain setting
that are all aimed at achieving a specific objective. It is
made up of a collection of components (such classes and
interfaces) that when combined can have a greater overall
effect than the sum of their individual parts.

All system operations that are important to the users
should be included in the use case. A use case is essentially
a list of potential outcomes associated with a specific
purpose; in fact, the terms "goal" and "use case" are
sometimes used interchangeably. A use case diagram's
primary goal is to display which actors receive which
system functionalities. It is possible to illustrate the roles of
the system's actors.
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Static class relationships that reflect the core system
architecture are modeled by UML class diagrams. Keep in
mind that the relationships shown in these diagrams are
those between classes, not those between particular objects
that are constructed from those classes. As a result, the
diagram is applicable to every object in the system.

An additional crucial UML diagram for describing the
system's dynamic elements is the activity diagram. An
activity diagram is essentially a flow chart that shows how
an activity flows from one to the next. One could refer to
the activity as a system operation. As a result, the control
flow is transferred across operations. This flow may occur
concurrently, forked, or sequentially. Activity diagrams use
many features, such as join, fork, and others, to deal with
various forms of flow control.

Provide Che+}(-Fta1,r Image

Image
Preprocessing

Forward|Pass
L i

DenseletModel

Train| Model
Y

Model Training

Evaluate‘!.ﬂ odel

|Model Evaluation |

Clas sifg.rllmage

r{Displayr Tuberculosis Detection Results

Tuberculosis Detection |

Fig. 4 Sequence operation of Tuberculosis

A. Sequence Diagram

In the Unified Modelling Language (UML), a sequence
diagram is a type of interaction diagram that illustrates the
relationships and sequence in which processes operate with
one another. It is a Message Sequence Chart construct. A
sequence diagram shows the order in which events happen
within a system. A sequence diagram records the methods
that are called on each object and the order in which they
are called. Because of this, the sequence diagram is a
particularly  helpful tool for quickly simply
representing a system's dynamic behavior.

and

B. System Testing

Our suggested approach uses an enhanced DenseNet deep
neural network architecture to improve the identification of
tuberculosis (TB) using chest X-ray pictures. Our model
improves feature propagation and representation learning
by utilizing the dense connection of the DenseNet
architecture, which makes it possible to detect TB-related
irregularities more successfully. In comparison to current
approaches, our model delivers enhanced performance,
resilience, and efficiency thanks to unique architectural
changes and optimization strategies. A sizable dataset of
labeled chest X-ray pictures, comprising both TB-positive
and TB-negative cases, is used to train the model. In order
to enable feature reuse and propagation, we modify the
DenseNet architecture for TB detection, making use of its
densely connected layers.

The goal of our multi-step technique for "An Improved
Densenet Deep Neural Network Model for Tuberculosis
Detection Using Chest X-Ray Images" is to increase the
precision and effectiveness of TB detection from chest X-
ray images. First, we preprocess the X-ray pictures of the
chest to improve contrast, standardize resolution, and
normalize intensity levels. By applying data augmentation
techniques like rotation, flipping, and scaling, the training
dataset is made more diverse and the model's
generalization is enhanced. Next, we modify the DenseNet
design and take advantage of its layers that are densely
coupled to enable feature propagation and reuse.

To improve the model's discriminative power and reduce
overfitting, we add novel architectural modifications:
attention mechanisms, multi-scale feature fusion, and
regularization strategies. To speed up convergence and
boost performance, transfer learning is used by initializing
the model with weights that have already been trained on a
sizable dataset, like Image Net. After that, the trained
model is tested on different validation and test datasets to
see how well it performs in TB detection. Its efficacy is
measured using metrics like sensitivity, specificity,
accuracy, and AUC-ROC. With the potential to greatly
enhance healthcare outcomes in TB diagnosis and
management, our goal with this algorithm is to offer a
scalable and reliable method for TB detection utilizing
chest X-ray pictures.
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1) Unit Testing: Usually often out as a part of the software
lifecycle's integrated code and unit test phase, while it is
also usual for the two to be carried out as separate stages.

Tuberculosis-2 Tuberculosis-3 !

Tuberculosis-7 Tuberculosis-8 Tuberculosis-9

Fig. 5 Various modes of tuberculosis
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« Every link ought to direct users to the appropriate page.

2) Integration Testing: The process of incrementally
integrating two or more integrated software components on
a single platform to identify interface flaws that lead to
failures is known as software integration testing.
Evaluating components or software applications is the
responsibility of the integration test.

3) System Testing: System testing verifies that all
requirements are met by the integrated software system as a
whole. It puts a setup to the test in order to guarantee
dependable outcomes. The configuration-oriented system
integration test is an illustration of a system test. System
testing emphasizes pre-driven process connections and
integration points and is based on process flows and
descriptions.

Tubcusis- 1" Tuberculosis-24 Tuberculosis-67

Fig. 8 Normal conditions of tuberculosis

4) Acceptance Testing: Acceptance by Users Any project's
testing phase is crucial, and it involves a lot of end user
input. It also guarantees that the system satisfies the
functional specifications.

The configuration-oriented system integration test is an
illustration of a system test. System testing emphasizes pre-
driven process connections and integration points and is
based on process flows and descriptions.

With much promise and room for improvement, "An
Improved Densenet Deep Neural Network Model for
Tuberculosis Detection Using Chest X-Ray Images" has a
bright future. First, it is expected that future study would
concentrate on improving the suggested model architecture
and optimization techniques. To improve model
performance and generalization skills, this entails
investigating extra architectural changes such attention
mechanisms, feature recalibration strategies, and adaptive
learning rate schedules. Furthermore, the resilience and
dependability of the model may be enhanced by integrating
sophisticated regularization strategies and uncertainty
estimating approaches, particularly in difficult situations
with a high degree of data imbalance and little labeled data.

Fig. 9 Final output conditions encrypted

Additionally, the combination of multimodal strategies and
complementary modalities may open up new possibilities
for raising diagnostic confidence and TB detection
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accuracy. The model may be able to use greater contextual
information if chest X-ray pictures are combined with
clinical metadata, such as patient demographics, symptoms,
and laboratory test results. Furthermore, fusion with other
imaging modalities—like molecular imaging methods or
computed tomography (CT) scans—may provide additional
insights into the path physiology of tuberculosis and the
course of the disease.

IV.CONCLUSIONS

An important development in the field of automated
tuberculosis diagnosis has been made with the creation and
improvement of "An Improved Densenet Deep Neural
Network Model for Tuberculosis Detection Using Chest X-
Ray Images". By implementing innovative architectural
changes and optimization techniques, our model exhibits
improved robustness, efficiency, and performance in TB
detection tasks. We have improved TB screening and
diagnosis in both clinical and resource-constrained settings
by utilizing the densely connected layers of the DenseNet
architecture to identify TB-related abnormalities from chest
X-ray images with superior accuracy and reliability.
Subsequent research endeavours center around
verifying and refining our model through a variety of

will

datasets and actual clinical situations.

In addition, our model's seamless implementation in
clinical practice and integration into current healthcare
systems will depend on cooperative initiatives including
radiologists, physicians, and machine learning specialists.
In the end, the effective implementation of our upgraded
DenseNet model has the potential to completely transform
the diagnosis and treatment of tuberculosis (TB), resulting
in early identification, prompt treatment initiation, and
better healthcare outcomes for TB patients all over the
world.
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