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Abstract

The swift development of artificial intelligence has opened the door for intelligent sys-
tems that have the potential to revolutionize a number of industries, with the healthcare
industry leading the way. The Algerian healthcare system still faces enduring issues like
delayed medical diagnosis, traditional phone appointment scheduling, and restricted access
to emergency services, even with technology developments. This project addresses these
problems by introducing Medico Plus, a digital healthcare platform driven by Al that offers
precise, timely, and accessible medical assistance.

To enhance diagnostics and overall user experience, the platform integrates Convolu-
tional Neural Networks (CNNs) for automatic classification of medical images, Explainable
AT (XATI) techniques such as Grad-CAM for decision transparency, and Natural Language
Generation (NLG) with TinyLLaMA to produce human-readable medical reports. A user-
friendly web interface enables real-time appointment booking, medical image uploads, and
emergency ambulance access. Through the integration of these intelligent components,
Medico Plus seeks to empower patients and healthcare professionals with an easily navi-
gable digital environment that is adapted to the Algerian context, modernize healthcare

service delivery, and decrease diagnostic errors.



General introduction

Algeria’s healthcare system is currently grappling with a multitude of pressing chal-
lenges that hinder its ability to deliver timely, efficient, and high-quality medical care.
Among the most critical issues are inadequate patient care supervision, inefficient appoint-
ment scheduling mechanisms, limited emergency response coordination, and a general lack
of intelligent decision-support tools to assist healthcare professionals. As Algeria’s popula-
tion continues to grow and the demand for medical services escalates, these shortcomings
have become increasingly detrimental, revealing a significant gap between existing health-
care infrastructure and the dynamic needs of patients and healthcare providers alike.

One of the most glaring deficiencies in the current system is the absence of integrated
digital solutions capable of streamlining clinical workflows, reducing the administrative
burden on healthcare staff, and ensuring rapid and accurate patient management. In an
era marked by rapid advancements in digital health technologies and artificial intelligence,
Algeria’s healthcare sector remains in urgent need of innovative tools that can support
clinical decision-making, optimize resource allocation, and improve the overall patient ex-
perience.

This project addresses these challenges through the development of a smart, web-based
healthcare management platform tailored specifically to the Algerian healthcare context.
The proposed system consolidates multiple essential services into a single, user-friendly
digital interface. These include Al-assisted diagnostic tools, real-time ambulance dispatch
and tracking, and an efficient appointment scheduling system. By integrating cutting-
edge technologies, the platform aims not only to modernize healthcare delivery but also to
alleviate the burdens faced by both medical personnel and patients.

At the core of the system lies a suite of advanced artificial intelligence models capable of
accurately identifying potential illnesses through the analysis of medical images. To ensure

transparency and trustworthiness in the diagnostic process, Explainable AT (XAI) tech-
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niques—such as Gradient-weighted Class Activation Mapping (Grad-CAM)—are utilized
to generate intuitive heatmaps that highlight the most diagnostically significant regions of
each image. This empowers healthcare professionals to understand and validate the Al’s
decisions more effectively.

Additionally, the platform employs Natural Language Generation (NLG) algorithms to
convert complex diagnostic outputs into clear, coherent, and accessible medical reports.
This feature is particularly valuable for enabling patients, caregivers, and non-specialist
staff to comprehend the diagnostic findings without requiring deep medical expertise.

The structure of this report is organized into four comprehensive chapters. The first
chapter explores the role of artificial intelligence in modern healthcare systems, with a
special emphasis on medical image analysis. The second chapter provides an in-depth
description of the architecture and key functionalities of the developed web application.
The third chapter presents the system’s design through various diagrams, illustrating the
technical and logical structure of the platform. Finally, the fourth chapter focuses on the
graphical user interface (GUI) and outlines the steps taken during the system’s implemen-
tation.

Together, these components represent a holistic and practical solution aimed at trans-
forming Algeria’s healthcare landscape through the power of artificial intelligence and

digital innovation.



Chapter 1

Al in Healthcare: Focus on Medical

Image Processing

1.1 Introduction

With the rise of artificial intelligence (AI), healthcare has entered a new era of inno-
vation that has transformed diagnostics, decision-making, and patient care. This chapter
explores the wide-ranging effects of artificial intelligence, with an emphasis on its innova-
tive uses in medical imaging. We'll look at the evolution of artificial intelligence (AI) in
healthcare, along with its current obstacles and promising future prospects. This chap-
ter’s primary goal is to examine the methods and resources that underpin our project’s
Al-driven medical imaging. From Natural Language Generation (NLG) for automated
reporting and Explainable AT (XAI) techniques for model transparency to Convolutional
Neural Networks (CNNs) for image identification, these technologies are revolutionizing

this sector.

1.2 Definition of Artificial intelligence

Artificial intelligence (Al) is the theory and development of computer systems capable of
performing tasks that historically required human intelligence, such as recognizing speech,
making decisions, and identifying patterns. Al is an umbrella term that encompasses a
wide variety of technologies, including machine learning (ML), deep learning (DL), and

natural language processing (NLP) [1].
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1.3 Definition of Medical Imaging

Medical imaging involves the application of various technologies and techniques to cre-
ate visual representations of the internal structures and functions of the human body for
the purposes of diagnosis and treatment. It is an essential tool in modern medicine, en-
abling doctors and other healthcare professionals to detect and diagnose a wide range
of diseases and conditions. There are several types of medical imaging, including X-ray,
Computed Tomography (CT), Magnetic Resonance Imaging (MRI), ultrasound imaging,
optical imaging and nuclear medicine imaging. Each of these techniques has its own ad-
vantages and limitations and may be used for various imaging investigations, depending

on the specific needs of the patient and the healthcare provider [2].

Medical imaging modalities
- - - Magnetic Ultrasound huc'] e‘al' e -
X-Ray imaging CT imaging resonance o medicine Optical imaging
imaging ging imaging

Figure 1.1 — Medical imaging modalities

Figure 1.1 depicts the most frequent types of medical imaging, which include X-rays, CT
scans, MRIs, ultrasound imaging, nuclear medicine imaging, optical imaging. Each of
these procedures provides a distinct sort of anatomical or functional information and is

used according to the clinical requirement.

1.4 Role of AI in Medical Imaging

Medical imaging techniques such as CT, MRI, and positron emission tomography (PET)
play a pivotal role in providing clinicians with detailed and comprehensive visual informa-
tion about the human body. These imaging modalities generate large volumes of data,
which artificial intelligence (AI) helps analyze and interpret efficiently [3]. Al, particularly
deep learning algorithms, has demonstrated remarkable capabilities in extracting valuable

insights from medical images [4].
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Deep learning models trained on large datasets are capable of :

— Recognizing complex patterns and features that may not be readily discernible to

the human eye [5, 6].

— Provide a new perspective about what image features should be valued to support
decisions [7].

— Enhancing the accuracy and efficiency of disease diagnosis [4, 8].

— Assist healthcare professionals in detecting abnormalities, identifying specific struc-

tures, and predicting disease outcomes [8, 9].

1.5 Historical Evolution of AI in Medical Imaging

The evolution of Artificial Intelligence (AI) in medical imaging has been a transforma-
tive journey. Al has consistently pushed the limits of what is feasible in medical imaging,
starting with rule-based systems and continuing with today’s complex deep learning mod-

els.

Early Beginnings: 1960s—1980s

The application of Al in medical imaging began in the 1960s with the advent of
computer-aided diagnosis (CAD) systems. These early systems helped radiologists analyze
medical images. Although promising, these approaches were constrained by their depen-
dence on preset rules, which limited their accuracy and scalability, and their incapacity to

adjust to new data [10].

Emergence of Machine Learning: 1980s—1990s

The introduction of machine learning (ML) and artificial neural networks (ANNs) in
the 1980s and 1990s marked a significant step forward. These techniques allowed for more
adaptive image analysis, but their potential was constrained by limited computing power

and the lack of large, annotated datasets [10].
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The Deep Learning Revolution: Early 2010s

The early 2010s marked a breakthrough in the application of deep learning algorithms,
particularly Convolutional Neural Networks (CNNs), in medical imaging. These models
demonstrated exceptional capabilities in recognizing patterns and features within images,
enabling tasks such as segmentation, classification, and anomaly detection. The availabil-
ity of large-scale datasets like ImageNet and advancements in Graphics Processing Units
(GPUs) played a pivotal role in accelerating progress. This period saw the successful appli-
cation of Al in clinical settings, including diabetic retinopathy detection and breast cancer

screening, showcasing its transformative potential in healthcare practices [11, 12].

Recent innovations: Late 2010s—2020s

In recent years, Al-driven medical imaging has continued to evolve with several signif-
icant innovations such as

e Generative Adversarial Networks (GANs)

e Explainable Al (XAI)

e Pre-trained Models

These developments have not only increased the precision and dependability of Al systems

but have also opened the door for wider implementation in clinical settings.

1.6 Applications of AI in Medical Imaging

Advances in medical imaging and artificial intelligence have opened up new avenues of
possibility in the realm of healthcare. The combination of these two realms has transformed

many aspects of medical practice.

1.6.1 Disease diagnosis and prognosis

Al-enabled medical imaging has significantly contributed to the early detection and
accurate diagnosis of diseases, including cancer, neurological disorders, and cardiovascular
conditions [13].

An artificial intelligence (Al)-powered mammography system was created by McKinney

et al. that employs deep learning to evaluate pictures and identify breast cancer with

7



Artificial Intelligence in Healthcare: Focus on Medical Image Processing

accuracy on par with or better than that of human radiologists. Clinical validation across
a range of populations is still necessary, even though the approach successfully lowers false

positives and negatives [14].

1.6.2 Radiomics and predictive modeling

Discuss how Al is leveraged to extract quantitative features from medical images (ra-
diomics) and how these features aid in developing predictive models for patient outcomes
and treatment responses [13].

Aerts et al. draw attention to the application of radiomics-based predictive modeling,
which forecasts patient outcomes and treatment responses by using artificial intelligence
to extract high-dimensional quantitative information from medical images. These traits
are able to identify tumor heterogeneity and phenotypic patterns that are not readily ap-
parent to the naked eye. Although radiomics has demonstrated promise in non-invasive
prognosis and therapeutic guiding, its clinical application is still constrained by issues with

interpretability and consistency[15].

1.6.3 Image segmentation and organ localization

Al-based image segmentation techniques have proved invaluable in identifying and de-
lineating anatomical structures, enabling precise treatment planning and surgery [13].
Convolutional neural networks (CNNs) are used in deep learning-based image segmentation
and organ localization to automatically recognize and differentiate anatomical character-
istics in medical pictures, according to Hesamian et al. In identifying intricate regions of
interest, this method has demonstrated excellent accuracy and resilience, assisting with

activities like diagnosis and treatment planning [16].

1.7 Challenges and Ethical Considerations of AI in

Medical Imaging

1.7.1 Data privacy and security

The integration of Al in medical imaging raises concerns about patient data privacy

and data security [13].
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The ongoing difficulties in protecting private medical picture data from manipulation and
illegal access are examined by Mokkadem et al. Data privacy and integrity are raised by
their work, which reveals vulnerabilities that occur when such photographs are kept on

cloud-based platforms or transported over networks [17].

1.7.2 Validation and standardization

The need for robust validation protocols and standardized datasets to evaluate Al al-
gorithms in medical imaging is explored, ensuring reliable and reproducible results [13].
The significance of consistent methodologies and benchmark datasets for accurately assess-
ing Al algorithms is emphasized in Sourlos et al’s study on Validation and Standardization
in AI Medical Imaging. Variations in data labeling, preprocessing, and reporting hinder

repeatability and clinical applicability, as their findings show [18].

1.7.3 Interpretable AI in clinical practice

The interpretability of AI models is critical to gain clinician trust and facilitate their

adoption into clinical workflows [13].

1.8 Future of AI in Medical Imaging

e Artificial and augmented intelligence While true artificial intelligence emulates
human-like thinking without intervention, augmented intelligence systems in health-
care care aim to improve human processes by improving monotonous or burdensome
physician workflows. In medical imaging, augmented intelligence improves the collab-
oration between radiologists and oncologists by reducing repetitive data entry tasks
and automatically submitting electronic health records (EHR) with imaging and di-
agnostic data. Augmented intelligence can also be used to improve image quality,
recommend customized imaging protocols based on patient history, and generate

automated reports [19].

e Virtual and augmented reality 3D medical imaging As powerful as MRIs
and CT scans are now, their 2D renders demand physicians to imagine a spatial

dimension that they can’t actually see. New augmented reality technologies, like

9
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EchoPixel True 3D, make it possible for physicians to create a 3D image of MRIs.
They can then examine the image with a typical VR headset. Physicians can rotate,
zoom in, or make cross-sections of the 3D image using peripheral pointing devices
and other tools. This enables better visualization and planning before a procedure.
Some VR platforms even allow physicians to practice surgeries using these images,
or create physical models using 3D printers. AR is like VR in that it creates three-
dimensional images but projects them into the real world using spatial computing
and a special headset. Companies like Proprio are using machine learning and AR
to help surgeons see through obstacles and blockages that may impede a high-risk
operation [19].

¢ Nuclear imaging In nuclear imaging, a patient ingests radioactive materials called
radiotracers (or radiopharmaceuticals) before a medical imaging scan. During a scan,
a camera focuses on where the radioactive material concentrates. These types of
scans are particularly helpful when diagnosing internal conditions like thyroid disease,

cancer, and Alzheimer’s disease [19].

1.9 The Integration of CNN, XAI, and NLG in Med-
ical Imaging: Methodology and Implementation

By improving the speed and precision of medical imaging diagnoses, artificial intelli-
gence (Al) is transforming the healthcare industry. Large volumes of visual data may be
quickly analyzed by Al algorithms, which can then identify minute patterns and irregu-
larities that the human eye could miss. Through accurate and dependable image analysis,
this skill improves patient outcomes by facilitating the early detection and treatment of
diseases including cancer and cardiovascular disorders. Al also makes precision medicine
easier by combining genetic data, imaging data, and medical histories to create thorough
profiles for individualized treatment regimens. Healthcare providers may decrease diagnos-
tic errors, optimize workflows, and provide more effective and efficient care by integrating

AT into medical imaging.

10
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1.9.1 Convolutional Neural Network (CNN)

CNN is a deep learning model that uses a grid pattern to interpret data, such as pho-

tographs. It is inspired by animal visual cortex and learns spatial hierarchies of information
from low to high level patterns. CNN consists of three layers: convolution, pooling, and
fully connected. The first two layers, convolution and pooling, extract features, while the
third layer, a fully connected layer, transfers them into the final output, such as classi-
fication. CNN relies heavily on a convolution layer, which is made up of mathematical
procedures like convolution, a specialized linear operation. CNNs are highly efficient for
image processing as they store pixel values in a two-dimensional (2D) grid and apply an
optimizable feature extractor at each image position. This allows for features to occur any-
where in the image. Extracted features might get increasingly complex as they pass from
one layer to the next. Training involves improving parameters, such as kernels, to minimize
the gap between outputs and ground truth labels using algorithms like backpropagation
and gradient descent [20].
A thorough analysis of convolutional neural networks (CNNs), following their development
from early designs to sophisticated models, is given by Li et al. Their overview empha-
sizes the uses of CNNs in fields like computer vision and natural language processing and
examines the basic ideas behind them, such as their ability to acquire hierarchical spatial
data through convolutional layers [21].

Figure 1.2 shows a typical Convolutional Neural Network (CNN) architecture for image
processing. The procedure starts with an input image, then moves on to consecutive layers
of convolution (with ReLU activation) and max pooling operations to extract hierarchical
features using trained kernels. The process culminates in backpropagation, which updates
the model’s weights to improve performance. The diagram accurately depicts the main
components of a CNN; however, labeling specific parameters (e.g., kernel sizes, stride) or

adding a fully linked layer for classification would improve comprehension for novices.

In this study, we used EfficientNet as the basic deep learning architecture for classification
because of its high efficiency and scalability. EfficientNet’s compound scaling strategy en-
ables us to balance network depth, width, and resolution to maximize performance while
minimizing computing cost. This makes it ideal for medical picture analysis, where high

accuracy and efficiency are required.

11
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Figure 1.2 — CNN Architecture [20].
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EfficientNet is a convolutional neural network design and scaling technique that uses a
compound coefficient to scale all depth, breadth, and resolution dimensions equally. For
example, we may easily expand the depth of the network by o, the breadth by £V, and
the size of the picture by 7V if we wish to employ 2V times more computational resources.
In this case, «, 3, and~y are constant coefficients that were found via a small grid search on
the initial small model. In a rational manner, EfficientNet scales network breadth, depth,
and resolution uniformly using a compound coefficient ¢ [22].

The idea that a larger input image requires more layers to expand the receptive field

and more channels to capture finer-grained patterns on the larger image justifies the use
of the compound scaling method [22].
The EfficientNet family of models, presented by Tan and Le (2020), is intended to improve
accuracy and processing efficiency. In order to concurrently modify depth, breadth, and
resolution, they suggest a compound scaling technique. In addition to lowering processing
costs, this balanced scaling approach produces models (B0 to B7) that perform better on
test datasets like ImageNet than other CNN designs [23].

Figure 1.3 depicts a convolutional neural network (CNN) architecture that begins with
an input image processed by an initial 3x3 convolution, followed by several MBConv (Mo-
bile Inverted Bottleneck Convolution) blocks. These blocks, designated 1-7, are made up

of MBConv layers with expansion factors of 1 or 6 and kernel sizes of 3x3 or 5x5, which are

12



Artificial Intelligence in Healthcare: Focus on Medical Image Processing

A ~ | e} <t e © M~

5 o s 5 5 5

s 8 8 3 8 g

m o @ o m m m

Hﬁr_%(_l—\ rh‘\r - ‘I(_H

L mmmmmmmmmmmmmmmm%
8 o X X X X X X X xXx X x X X X X X xX =
g’xmmmmmmmmmmmmmmqo‘{w
=Po ¢ 8¢ ¥ ¢ ¢ ¢ ¢ g < ¢ g E g ghPS
g & 5§ § 8 § 5 5§ 5 &8 § 85 8558 &8 G
E & e

UmQBmBmm8§8m88§88

< =N = = = = = = S B =N BEn B BEEN R

Figure 1.3 — EfficientNet Architecture [24].

designed to efficiently extract multi-scale features. The network finally produces a feature
map, which represents the final high-level features extracted from the input image. This
topology is typical of efficient CNN architectures, such as MobileNet or EfficientNet, which

balance performance and computational cost.

Model Comparison and Justification of EfficientNet Selection

In order to determine and choose the best convolutional neural network (CNN) ar-
chitecture for medical image classification, we experimented with three distinct medical
image datasets that represented kidney problems, lung disorders, and brain tumors. Ap-
proximately 6,000 brain images, 4,026 lung images, and 3,800 kidney images made up
the datasets, which were all taken from publicly available medical imaging repositories.
All images were preprocessed before training, such as resizing to fit the expected input
dimensions of each model (e.g., 224x224 for VGG16, 240x240 for EfficientNetB1, and
299x299 for InceptionV3), normalization, and augmentation methods. We precisely chose
a batch size for each model that was appropriate for its computational cost and architec-
tural depth, guaranteeing training stability and effective memory use. The classification
accuracy attained by each model on the corresponding organ dataset is summarized in the

table below.
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Table 1.1 — Accuracy of CNN Models on Different Medical Image Datasets

Model Organ | Accuracy (%)
InceptionV3 Brain 95.00
InceptionV3 Kidney 88.89
InceptionV3 Lung 92.93
VGG16 Brain 78.00
VGG16 Kidney 67.00
VGG16 Lung 85.46
DenseNet121 Brain 91.92
DenseNet121 Kidney 89.93
DenseNet121 Lung 92.71
EfficientNetB1 | Brain 99.89
EfficientNetB1 | Kidney 99.79
EfficientNetB1 | Lung 99.77

EfficientNetB1 was selected as the primary model for medical image classification be-
cause of its higher accuracy, consistency across organs, and computational efficiency, as
shown by the comparison result shown in Table 1.1. Achieving impressive accuracies of
99.89% for brain and 99.79% for kidney images, EfficientNetB1 surpassed DenseNet121

and InceptionV3, which both performed well, especially on the brain and lung datasets.

1.9.2 Explainable Artificial Intelligence (XAI)

Explainable artificial intelligence (XAI) is a collection of procedures and techniques
that allows human users to comprehend and have faith in the output and outcomes pro-
duced by machine learning algorithms. The term ”"Explainable AI” refers to an AI model’s
anticipated effects and possible biases. In Al-powered decision making, it aids in describ-
ing model correctness, fairness, transparency, and results. When implementing AI models
in production, a company needs explainable Al to foster confidence and trust. An orga-
nization can also embrace a responsible approach to Al development with the aid of Al
explainability.

The increasing sophistication of Al makes it harder for humans to understand and trace
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the algorithm’s path to a conclusion. The entire computation process is transformed into
what is often called a ”black box” that is incomprehensible. The data is used directly to
generate these black box models. Furthermore, not even the data scientists or engineers
who developed the algorithm are able to comprehend or describe what is going on inside
of them or how the Al algorithm came to a particular conclusion [25].

Key ideas and terminology in Explainable AT (XAI) are presented in a thorough literature
analysis by Mersha et al., which also highlights the importance of interpretability, names
its beneficiaries, classifies XAI methodologies, and illustrates how they are used in various

fields [26].

Benefits of XAI

e Operationalize AI with trust and confidence
Increase trust in production AI. Rapidly deploy your AI models into production.
Ensure that AI models are interpretable and explainable. Reduce the complexity of
model assessment while boosting model transparency and traceability [25] .

e Speed time to Al results
Systematically monitor and manage models to optimize business outcomes. Continue
to assess and enhance the model’s performance. Adjust model development initiatives
in light of ongoing assessment [25] .

e Mitigate risk and cost of model governance
Keep your Al models understandable and transparent. Manage regulatory, compli-
ance, and risk-related obligations. Reduce the costs associated with human inspection

and mistakes. Reduce the possibility of inadvertent bias [25] .

Grad-CAM (Gradient-weighted Class Activation Mapping) was used in our study as
an important component of our Explainable AI (XAI) architecture. Grad-CAM helped us
view and analyze our deep learning model’s decision-making process by highlighting the

regions of the input picture that had the most influence on the model’s predictions.

Gradient-weighted Class Activation Mapping (Grad-CAM)

The gradient-weighted class activation map (Grad CAM) generates a heat map that
emphasizes significant portions of an image based on the final convolutional layer’s tar-

get gradients. The Grad CAM method is a common visualization tool for understanding
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how a convolutional neural network was trained to reach a classification judgment. It is
class-specific, which means that it may generate a unique visualization for each class in the
image. In the case of a classification error, this approach can be quite valuable in determin-
ing where the fault sits within the convolutional network. It also makes the algorithm more
understandable [27]. The approach known as Gradient-weighted Class Activation Mapping
(Grad-CAM), which was first presented by Selvaraju et al., uses localization maps to il-
lustrate the decisions made by convolutional neural networks (CNNs). The gradients of a
target class that flow into the last convolutional layer are used to emphasize areas of the

picture that are most important for the model’s prediction [28].

Figure 1.4 — Interpretability map using Grad-CAM on a brain MRI scan

Figure 1.4 shows how Grad-CAM highlights the regions that contributed the most to the

decision of classification.

1.9.3 Natural Language Generation (NLG)

Natural Language Generation (NLG) is the process of automatically creating human-
readable text or voice from structured data or other types of input. NLG systems examine
incoming data, comprehend its meaning, and produce coherent and context-appropriate
language output. NLG includes a variety of techniques, ranging from rule-based systems

to complex deep learning models, all targeted at converting structured data into natural
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language form. NLG has received a lot of attention in academia and industry because of
its ability to automate content generating processes, improve human-computer interaction,

and facilitate communication across multiple fields [29].

Gatt and Krahmer’s thorough review of Natural Language creation (NLG) research
during the previous 20 years examines deep learning approaches for data-to-text and text-
to-text creation. Key NLG tasks and datasets are described in the paper, along with
assessment issues and how NLG might be integrated with other AI domains like computer

vision and computational creativity [30].

1.9.3.1 Importance and relevance of NLG

NLG is extremely important and relevant in a variety of disciplines, including as jour-
nalism, healthcare, business intelligence, and virtual assistants. NLG systems have been
used in journalism to generate news items automatically from structured data, improv-
ing content production and distribution efficiency. Similarly, in healthcare, NLG is used
to generate patient reports and individualized health recommendations based on clinical
data, hence increasing communication between physicians and patients.

Furthermore, NLG contributes significantly to business intelligence and analytics by
automatically creating textual summaries and insights from big datasets, allowing stake-
holders to make educated decisions. NLG supports natural and engaging interactions with
virtual assistants and chatbots by generating human-like responses to user questions, hence

increasing user happiness and usability [29].

1.9.3.2 Evolution of NLG techniques and algorithms

The progress of NLG techniques and algorithms has been marked by a shift toward in-
creasingly complex, data-driven approaches. Deep learning has recently transformed NLG,
with models such as recurrent neural networks (RNNs) and transformers demonstrating
cutting-edge performance in a variety of NLG applications [29].

Furthermore, integrating NLG with other Al technologies, such as natural language
understanding (NLU) and dialogue management, has resulted in the creation of more
interactive and context-aware NLG systems . These developments have made NLG appli-

cable in a variety of sectors, including virtual assistants and chatbots, as well as automated
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content generation and data analytics [29].

1.9.3.3 NLG in Healthcare

NLG is utilized in healthcare to generate medical reports, discharge summaries, and
other documentation, lowering the workload for healthcare providers. Patient communi-
cation and education: NLG can be used to create patient-friendly explanations of medical
diseases, treatments, and procedures, hence increasing patient comprehension and compli-
ance.NLG can be used to provide tailored healthcare recommendations based on patient
data and medical criteria, hence improving patient outcomes [29].

A Natural Language Generation (NLG) system called SemScribe was created by Dusek et
al. with the purpose of creating medical reports, namely physician letters that provide an

explanation of cardiological data [31].

Natural Language Generation with TinyLLaMA

We used TinyLLaMA, a cutting-edge lightweight Large Language Model (LLM), to
automatically generate medical explanation reports. Meta’s LLaMA architecture served as
the basis for TinyLLaMA, a tiny, open-source language model. Compared to larger models,
its compact and efficient design allows deployment on devices with limited processing

capabilities without significantly compromising performance [32].

How TinyLLaMA Works

TinyLLaMA uses a scaled-down and accelerated version of the LLaMA model to com-
prehend and produce text that is human-like. Despite its portability, it is capable of
carrying out critical functions, such as producing precise and understandable medical ex-
planations. It is made to function well on low-power devices while maintaining high-quality
output. Its construction and text processing are described in the following sections. Ar-
chitecture and Tokenization: TinyLLaMA is compatible with current LLaMA-based
systems because it uses the same architecture and tokenizer as LLaMA 2. This design
decision keeps the model size smaller while enabling TinyLLaMA to take use of the im-
provements and optimizations made for LLaMA 2 [32]. Training Process: Over three
epochs, TinyLLaMA was pretrained on around 1 trillion tokens. The following were part

of the training process [32]:
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— Pretraining Phase: To build basic language comprehension, the model was first

trained on a sizable corpus [32].

— Continual Pretraining:The model was further trained on domain-specific datasets

to improve its performance in specific domains [32].

— Cooldown Phase: To increase model convergence and stabilize the training process,

a cooling phase was introduced [32].

Optimizations For Efficiency: TinyLLaMA uses a number of optimizations to provide

good performance with low computing requirements [32]:

— FlashAttention:This method lowers computational cost and memory consumption

by speeding up the attention process [32].

— Lit-GPT: An efficient GPT implementation that helps with quicker training and

inference times [32].

— Grouped-Query Attention:a technique that reduces the number of processes by

grouping attention heads, improving efficiency without sacrificing performance [32].

TinyLLaMA was chosen for our web application’s NLG component because of its com-
petitive performance and effective architecture. Due to its small size, which enables quicker
inference and lowers processing overhead, it can be used to generate medical imaging re-
ports in real time without compromising accuracy. TinyLLaMA’s effective natural language
generation capabilities make it ideal for producing medical reports and explanations in Al-
powered healthcare technologies, even if it hasn’t been used specifically in medical imaging

literature yet.

Conclusion

In terms of enhancing medical imaging, optimizing healthcare processes, and increasing
patient care, Al has shown great promise. The accuracy and efficiency of image-based diag-
nostics have been greatly improved by artificial intelligence (Al), especially in the form of
Convolutional Neural Networks (CNNs), which can process large and complicated medical
data. CNNs have emerged as the mainstay of intelligent imaging systems, from radiology
tumor identification to MRI and CT scan anomaly recognition. Moreover, developments
in Explainable AI (XAI) and Natural Language Generation (NLG) have enabled transpar-

ent interpretation and communication of Al judgments in addition to high-performance
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categorization. By bridging the gap between medical practitioners and black-box models,
these technologies promote confidence and comprehension in Al-assisted diagnosis. Despite
its achievements, Al in medical imaging still confronts several significant obstacles, such
as system standardization, openness, and data protection. Better interpretability, con-
sistent standards, and adherence to data regulations are necessary to ensure ethical and
trustworthy adoption. By facilitating more precise diagnoses, individualized therapies, and
better patient outcomes, the strategic application of Al technologies has the potential to

revolutionize modern medicine.
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Chapter 2

Web Application

2.1 Introduction

In the current digital age, where practically every part of life is interconnected with the
Internet, web applications have become essential and potent instruments. Web applications
have changed dramatically over time in terms of usability, performance, and capability.
They might be anything from straightforward webpages with static content to intricate and
dynamic platforms like cloud-based services, social networks, online banking, and project
management applications. Web apps are unique in that they can be utilized from almost
any device, including computers, tablets, and smartphones, provided that there is a web
browser and an internet connection. As the need for quick, effective, and intuitive digital
experiences keeps growing, web apps are becoming increasingly important in determining
how we use technology. They affect many different areas, which encourages creativity and

transforms the way we live and work.

2.2 Definition of Web Application

A web application is an interactive software created with web technologies (HTML,
CSS, JS,etc.) that allows a team or individual to complete activities online by storing data
(files, databases) and manipulating data through CRUD actions (Create, Read, Update,
and Delete).

These tools are used by users in their web browsers. As everything is managed on

the server side instead of the client side, we do not rely on specific operating systems or
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programming languages to be installed on the user’s device, as would be the case with local
software or a mobile app.

Viewed from a higher level, a web app is a software application accessed via a web
browser. This encompasses tools such as Figma, Canva, Hubspot, or Trello. It excludes
standard websites, the majority of locally installed applications, and native mobile apps.
Generally, web apps are cloud-based. however, there are several significant caveats to this.
One option is self-hosted web applications that operate on local devices or on-premises

infrastructure, yet are accessible via a browser [33].

2.3 Web Application vs Website

Websites and web applications are similar in many basic ways, including being ac-
cessed through web browsers and often built using similar web technologies such as HTML,
CSS, and JavaScript. Using a client-server architecture, both act as platforms for the on-
line delivery of services and content, allowing users to access resources stored on distant
servers. Their user interfaces and functionalities, however, differ greatly. Websites are
mostly used to present people with text, graphics, and multimedia as primarily static or
educational content. They emphasize the clean and appealing presentation of information,
frequently requiring no user engagement other than navigation. Web applications, on the
other hand, are made to offer dynamic and interactive experiences that let users carry out
particular tasks like completing forms, organizing data, or gaining access to customized
material. In order to provide secure access, this interaction necessitates more intricate pro-
gramming, backend database integration, and frequently authorization and authentication
procedures. Web apps are more like traditional software programs but can be accessed
through a browser since they have to manage user inputs, business logic, and real-time
updates. Furthermore, in order to support numerous users at once and safeguard pri-
vate information, web applications need constant maintenance, scalability solutions, and
strong security measures. Notwithstanding these distinctions, websites and web applica-
tions are both crucial elements of the contemporary digital environment, each fulfilling
distinct functions—from straightforward information sharing to intricate user-driven fea-

tures—and satisfying a range of user demands and corporate objectives.
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Table 2.1 — Comparison between Websites and Web Applications [34].

Basis

Website

Web Application

1. Purpose

Companies use websites to share
information and provide contact
details. Users merely consume
the content here, without engag-

ing with it.

It is designed to address
specific tasks via interactive
functionalities and dynamic

information access.

2. Development process

To develop a website, one must
establish its architecture, design
an appealing interface, and create
content. Testing guarantees cor-
rect page displays and function-
ality of links/forms. The deploy-
ment process encompasses file up-

loads and domain configuration.

Creating a web application
is more challenging, neces-
sitating various user types,
functions, and security mea-
sures. Deployment  fre-
quently entails server in-

frastructure, databases, and

load balancers.

3. Authentication

Usually, users do not need to
authenticate themselves to view
content, but it is necessary for
them to leave a comment or sign

up for a newsletter.

As web applications deal
with user data, they need
authentication to block any

unauthorized access.

4. Interactivity

The majority of websites feature
static text and visual elements,
with interactivity typically pro-
vided through a widget or a con-

tact form.

Users engage with the con-
tent on the page to achieve

the desired outcome.

5. Scalability

Websites need straightforward

scaling options, like increasing

Server resources.

Advanced scaling solutions
like automatic scaling or
load balancing across multi-
ple servers are necessary for

web applications.

The table 2.1 offers a concise and organized comparison of websites and web apps in
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a number of important areas, such as scalability, purpose, development process, authenti-
cation, and interactivity. It draws attention to the fact that websites are largely used for
information sharing and provide simple interaction, frequently without needing user iden-
tification. Web apps, on the other hand, are made for specialized purposes and provide
dynamic, interactive experiences as well as more complicated development and deployment
procedures that call for user identification. In addition, web apps require sophisticated scal-
ability solutions to accommodate numerous users and preserve speed, while webpages often
have less complex scaling requirements. Overall, this comparison highlights how the two

differ fundamentally in terms of utility and technical complexity.

2.4 Architectural Layers of Web Development

2.4.1 Front-End Devolopment

Front-end development is an important part of web application development since it is
the face of the application. Front-end development technology is the process of creating the
interface of a web application. It primarily consists of three elements: hypertext markup
language (HTML), cascade stylesheet (CSS), and JavaScript (JS). These technologies are

also implemented in our project [35, 36]

HTML

Hypertext Markup Language is a standard markup language, not a programming lan-
guage taht st is commonly used to develop static pages as it lacks dynamic functionality.
It is a case-insensitive language that doesn’t need a compiler. It is directly interpreted by
the browser, which then shows the data that the user requested. HTML basically defines
a webpage’s structure. When combined with CSS and JavaScript, it can achieve styling,

responsiveness, and interactive features [35].

CSS

Cascading Style Sheet is a language used to style the appearance of a website or web
application. It enhances the quality and presentation of the content. CSS is a popular
language for website styling. It is typically incorporated with HTML files internally (via
style tags at the top of the page), externally, and via inline properties [35].
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JAVASCRIPT

It is a scripting language that adds interactivity to web pages beyond what standard
HTML can deliver. This language can be used on both the client (front-end) and the
server (back-end), with client-side development being the most common. JavaScript is
not a programming language, although it employs conventions and syntax comparable to
programming languages. As a client-side scripting language, it is a key component of the

World Wide Web [35, 37]

2.4.2 Back-End Devolopment

Back-end web development is the backbone of web applications, Providing the data and
logic necessary for their functionality. It consists of three main components: the server,
the application, and the database. They work together to handle requests, manage data,
and guarantee that the front-end has the information it needs to display [38]. The backend

consists of three parts :

— A server : is a device or computer application that handles requests and manages

network resources.
— A database : is a collection of data.

— Back-End programming language or framework : developers can choose any pro-

gramming language based on the sort of application to build.

2.4.2.1 Technologies and Programming Languages

To create a dynamic website, we cannot rely exclusively on HTML, CSS, and Javascript;
instead, we require a backend role (backend programming languages such as PHP, Python,

Java, or C) [39] To develop the back-end of our project, we used :

Hypertext Preprocessor (PHP)

is a popular open-source general-purpose scripting language that is well-suited to web
development and can be embedded in HTML. PHP is primarily focused on server-side
scripting, therefore it can do any CGI function, such as collecting form data, generating

dynamic page content, or sending and receiving cookies etc [40].
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Python

Python is a high-level, interpreted language that prioritizes code readability and clarity.
It supports several programming paradigms, making it ideal for backend development, data
science, and machine learning [41] . Python is the an important tool for data processing
and visualization [42].
In our project, we used pyhton to classify the medical images with Python and we used it

also in the Explainable Al (XAI) approaches to show how the model makes decisions.

Flask

Flask is a Python module and web framework that makes it simple to create web
applications without having to worry about low-level issues like thread management and
protocol. It is a microframework with a minimal and easily extensible core that lacks

features like an object relational manager (ORM).

2.4.3 Full Stack Devolopment

Full-stack development refers to the full process of creating web applications. It com-
bines front-end and back-end development [43] It involves operating on both the front-end
and back-end of a program. This term is commonly used for persons working in the web

[44] . Figure 2.1 shows the three main components of a web application: frontendfront-

Full Stack

Developer

Figure 2.1 — Full Stack Devolopment
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end, back-end, and database. Together, they illustrate how these layers combine to form
a full-stack system.

The major stacks of full-stack web development that are often used are: [44]
— Linux Apache MySQL PHP (LAMP)
— Cross-Platform Apache MariaDB PHP (XAMP)
— MongoDB Express Angular Node.js (MEAN)
— Windows Apache MySQL PHP (WAMP)
— Apache MySQL PHP PERL Softaculous (AMPPS)

These software stacks are collections of technology used in the development, hosting, and
operation of web applications and websites. They offer the database, web server, operating
system, and programming languages required to build and administer dynamic websites

and apps.

2.4.4 Databases

Databases are an imprortant aspect in building web applications. It’s used to store and
manage data making it easily accessile when needed. The type that is most commonly used
is the Relational Database Management System (RDBMS), which divides data into tables.
MySQL, PostgreSQL, SQLite, Oracle Database, and Microsoft SQL Server are some of the
most frequently utilized relational databases. These systems are perfect for applications
that demand structered data as well as the ability to perform complex queries utilizing
organized Query Language.

NoSQL databases, on the other hand, non-relational and unstructured or semi-structured
data. Common examples are MongoDB (document-based), Cassandra (wide column store),

Redis (key-value store), and Neodj (graph-based database) [45] .

2.4.4.1 The main differences between SQL and NoSQL

— SQL databases are relational, while NoSQL are non-relational [45] .

— SQL databases utilize a structured query language with a predetermined schema.

NoSQL databases provide dynamic schemas for unstructured data [45] .

— SQL databases are table-based, whereas NoSQL databases are document, key-value,

graph, or broad column stores [45] .
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2.5 Client Server Architecture

With the developments in technology, the web is becoming more and more important
in our daily lives, with almost everything we do now involving the use of the web. Fur-
thermore, the application of Web is not confined to computers, but it is accessible to a
variety of intelligent electronics. To make possible this widespread accessibility and inter-
activity, most web applications adopt a client-server architecture, which is a key model in

web development [46, 47].

2.5.1 Definition of Client-Server Architecture

According to the client-server architecture, a client computer uses a network to transmit
a resource request to a server [48]. The server receives this request, processes it, and then
responds appropriately. A single server can receive service requests from several clients
at once. The server usually keeps a database that holds information and performs the

operations required to handle and complete these client requests [49].

Provision

—

Network

Client

Client

Server

Figure 2.2 — Client-server architecture

Client

oo

Figure 2.2 illustrates the client-server architecture, showing how clients send requests to a

server and how the server processes and responds to these requests
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2.5.2 Types Of Client-Server Architectures

There are several client-server architectures that depend upon the number of servers

participating in the implementation. Some common architectures include :

Two-Tier Architecture

This approach has only two tiers of computing devices: client and server. Workload
is distributed across these systems, with the client hosting user interfaces and sending

requests to the server, and the server hosting the system that processes user requests [50] .

Three-Tier Architecture

This architecture presents an additional tier to the two-tier architecture to help over-
come challenges with execution. In this approach, the business logic, such as information
access, data storage, and user interfaces, are all housed differently. The additional tier
houses the application system, while the other houses the database. This indicates that
the application system is hosted on a different server than the database or storage system

[50] .

N-Tier Architecture

Also known as multi-tier architecture, this concept separates presentation, processing,
and data management logic both logically and physically. In this architecture, numerous
servers work together to process a request. The architecture is divided into clearly defined
levels, with each one which performs a specific functionality. N-tier architecture is more
scalable than other architectures and contributes to improved data integrity. This archi-
tecture makes it easy to create reusable components while additionally enhancing security.
Though this architecture has plenty of benefits, it can be challenging to create applications
in this architecture since programming, deployment, and maintenance require a significant

amount of effort [50] .
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Table 2.2 — Comparison between 1-tier, 2-tier, 3-tier, and N-tier Architectures.

Architecture

Description

Advantages and Disadvan-

tages

1-Tier

There is one system for all the compo-

nents—data, logic, pre-sentation.

Simple, inexpensive, and easy to
get set up. However, scalability
is restricted and performance may

suffer as the system expands.

2-Tier

The client-server model separates the

presentation layer from the data layer.

Provides better separation of con-
cerns and reasonable scalability.
However, flexibility remains lim-
ited, and performance may suffer

as user or data volume increases.

3-Tier

Separates the system into three layers:

display, logic, and data.

improves scalability, security, and
maintainability. However, it is
more difficult to set up, and per-

formance overhead may occur.

N-Tier

An extension of three-tier architec-
ture with several distributed layers over

multiple servers.

Scalable, flexible, and adaptive to
complicated systems. However, it
is more complex and expensive to
design and maintain, necessitat-
ing close coordination among the

layers.
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Conclusion

In this chapter, we explored the fundamental concepts that govern modern web appli-
cation development. Beginning with the architectural layers such as front-end, back-end,
and full-stack. We investigated how they work together to build robust and scalable appli-
cations. Then We looked at different sorts of web application architectures, demonstrating
the various ways developers can structure their apps. Any developer or engineer working
on the design and development of web applications will benefit greatly from having an
adequate knowledge of these architectural concepts as web technologies advance. When
combined, these fundamental ideas offer an in-depth understanding of the architecture and
security of contemporary web applications, giving developers the skills they need to create

efficient and safe systems.
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Chapter 3

Conception

3.1 Introduction

To ensure efficient organization and a clear specification of the activities to be com-
pleted, a strict approach is necessary when developing a web application. The design
phase of any software project is essential, it must be completed precisely since it serves
as an accurate representation of the system even before it is put into use. This chapter
introduces the design of our web application using UML (Unified Modeling Language), a
popular tool for effectively and clearly modeling a system’s many components. The goal is
to convert functional and technical requirements into organized, understandable diagrams.
Using Modelio, we create sequence diagrams, use case diagrams, and class diagrams that

give a comprehensive picture of the system.

3.2 Principal Actors

An actor in UML modeling is any external entity (user or system) that communicates
with the application. Every actor has distinct goals they hope to accomplish through the
system [51].

Admin

The web application administrator is responsible for keeping an eye on the platform
statistics, including the number of registered doctors, new users, and overall user activity.

The administrator has direct access to the database and can examine and manage user,
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doctor, and patient accounts if necessary, even though they do not manage users via the

application interface.

User

The user is a key actor in the system, mainly engaged with the platform. An Al-
generated diagnosis, along with a comprehensive report and an explanation of the results,
can be obtained by the user by uploading images of X-rays, MRIs, or other medical scans.
Beyond uploading images for diagnosis, the user can book appointments and, if needed,
emergency service requests from ambulance drivers. Also, the user can offer an ambulance

service.

Doctor

Another key actor in the system, the doctor, benefits from an integrated decision
support system that assists in evaluating medical images submitted by patients. This
technology enables the doctor to make well-informed clinical decisions using Al-generated
diagnoses and detailed feedback. Additionally, the doctor has access to and control over
appointments booked by patients through the platform. The doctor can also offer an ambu-

lance directly through the platform, enhancing the overall care and accessibility provided.

3.3 Functional and Non-Functional Requirements

3.3.1 Functional requirements

Functional requirements are product features or functions that developers must include
to allow users to complete their tasks. As a result, they must be clearly communicated
to both the development team and the stakeholders. In general, functional requirements

specify how a system will behave under specified scenarios [52].

User Authentication

Users, doctors, and administrators must all be able to safely register and log in using

the system. Only features pertinent to their roles should be accessible to each sort of user.
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User Functionality

— Upload medical images (e.g., X-rays, MRIs).

— View Al-generated diagnostic reports and explanatory feedback.
— Book appointments with doctors.

— Request emergency ambulance service.

— If registered as a service provider, offer ambulance services through the platform.

Doctor Functionality

— Upload medical images (e.g., X-rays, MRIs).
— View Al-generated diagnostic reports and explanatory feedback.
— View and manage patient-booked appointments.

— Offer an ambulance service if available.

Ambulance Operator Functionality

— Receive emergency alerts from patients with their information.

Administrator Functionality

— Manage user accounts (update, or delete patients, doctors, and ambulance operators).
— Verify and approve doctor credentials.

— Access and manage patient inquiries submitted through the contact form.

3.3.2 Non Functional requirements

NFRs, or non-functional requirements, are a collection of specifications that outline the
limitations and operational capabilities of the system. These are essentially the specifica-

tions that define how well it functions [53].

Performance

The system must respond quickly to the users actions [53].
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Scalability

A rising user base and several concurrent requests must be supported by the system

without causing performance issues [53].

Usability

Users with basic computer abilities should be able to easily navigate and utilize the

interface [53].

Compatibility

The program must to be adaptable and compatible with common web browsers like

Chrome, Firefox, and Edge [53].

3.4 Unified Modeling Language (UML)

the Unified Modeling Language (UML) is a standardized modeling language is used
to define, illustrate, and document models of software systems, including their design and
structure. Software system standards, construction, and documentation are made easier
by UML, which offers a collection of graphical notation tools for building abstract models

of particular systems [54].

3.4.1 Use Case Diagram

Often called behavior diagrams, use case diagrams are used to illustrate a series of
actions (use cases) that a system or systems should or are capable of acting in cooperation
with one or more external users of the system (actors). Every use case should to yield a

tangible useful outcome for the system’s actors or other stakeholders [55].

3.4.1.1 Use Case Diagram of the Web Application

The web application’s primary features are depicted in this use case diagram, which also
demonstrates how different actors—including administrators, physicians, and users—interact
with the system. Determining user demands, understanding the application’s scope, and

guiding the development process are all made easier with the help of this representation.
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Figure 3.1 — Use Case Diagram of the Web Application

The main characteristics of the healthcare system are illustrated in Figure 3.1 through
the interactions between administrators, doctors, and users. It demonstrates how impor-

tant features—Ilike signing in, making appointments, utilizing Al assistance, and managing

emergencies—are related via include and extend relationships.
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3.4.2 Class Diagram

The most widely used UML diagrams for building software applications are class dia-
grams. A class diagram is a type of static diagram that is used to represent a system’s
static perspective. They are used to create executable code for software applications in

addition to visualizing, characterizing, and describing various system components [56].

User
+1d : string
+ Name : string
+ Email : string
+ PassWord : string

+ Log In()

User

Admin

+ Age : string

+ gender : string

+ dateOfBirth : string

+ Sign Up()

+ BookAppointment()

+ SearchForDoctor()

+ Request emergency ambulance service()
+ Uploadimage() 1.
+ View Al-generated diagnostic reports and explanatory feedback()
+ offer ambulance services()

= - 1
1 T 1 1717
1 Manage

Medicallmage
+1d : string

Doctor

+ certificatePath : string
+ specialization : string
+ isVerified : boolean

+ Sign Up() L
[ L |+ ManageAppointments()

*| + UseAlAssistant()

+ Uploadimage()

+ Offer an ambulance...

+ ViewStatistics()
+ Manage user acc...

+ specialty : string
+ imageType : string

+ medicallmage

+ medicallimage | 1..”

1.7

+ ambulanceService

AmbulanceService

+ Location : string
+ IsEquiped : boolean
+ City : string

1 = |t VehiculeType : string
take -

+ ambulanceService
1

1
Al Assistant

+ RunClassification() View
+ GenerateHeatma...
+ GenerateExplana...

Appointment
+ Time : string
+ Date : string
+1d : string

Figure 3.2 — Class Diagram of the Web Application

The healthcare system’s class structure is depicted in Figure 3.2, which also shows the
connections between important entities including users, doctors, administrators, ambulance
services, and medical pictures. It shows interactions like scheduling appointments, upload-
ing images, utilizing Al tools, and monitoring statistics, and it specifies the fundamental
properties and methods for every class. The connections between the system’s components

and the data flow between them are made clear by associations and multiplicities.
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3.4.3 Sequence Diagram

The UML sequence diagram is the second most common UML diagram that represents
how objects interact and exchange messages over time. Sequence diagrams show how events
or activities in a use case are mapped into operations of object classes in the class diagram

[57).

Log-In Sequence Diagram

Login Page : BackEnd Server: database : Home Page :

clicks to log in
send request |
verify information
result
(valid information]
log in accepted
Login successful

Navigate to Home Page

[invalid information] error

rror message

Figure 3.3 — Log-In Sequence Diagram of the Web Application

The login process is depicted in Figure 3.3, where the actor inputs credentials via the
login interface. The back-end service receives these credentials and compares them with

the user database. Access is allowed if it is valid; if not, an error notice is displayed.
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Ai Assistant Sequence Diagram

NLG:

Home page : ‘Back-End Server: ‘ ‘ML Model : ‘ XAl Module :
| Uploads Image
Send Image
Run Model
Label
Generate XAl Heatmap
Heatmap
Generate Explanation Report
Explanation Report
Result
Result

Figure 3.4 — Ai Assistant Sequence Diagram of the Web Application

The flow of communication between the user, the Al assistant interface, and the backend

services is depicted in Figure 3.4. The Al assistant receives a medical image from the user

and processes it. The assistant evaluates the request, creates a response, and sends it

back to the actor. The main processes in the Al assistant’s workflow from taking input to

producing intelligent output—are shown in this diagram.
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Doctor’s Appointment List Viewing Sequence Diagram

Doctor :

Home Page :

Login

Appoinfments Page :

BackEnd Server : DataBase :

Open Appointments Page

shaw appointment list

getAppainiments(doctorid)

Query

displayAppointments(appaintments)

list of appaintments

Figure 3.5 — Doctor’s Appointment List Viewing Sequence Diagram of the Web Application

The sequence diagram for viewing a doctor’s appointment list is displayed in Figure

3.5. The system retrieves the appointment data from the database and sends it back to

the interface, which then shows the list to the actor when the doctor requests to view

appointments through the interface.

display appointment data.
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User Appointment Booking Sequence Diagram

‘Doclor Profile :

‘ User: ‘ ‘Home Page : ‘ ‘Doclors Page : ‘ Back End server: ‘Data Base: ‘
Log In
Enter search criteria
searchDoctors(criteria) Send query
doctorList
displayDoctors(doctorList)
Select doctor
badDoctorProfile
Select slot
saveAppointment()
Send Query
Answer

Appointment Confirmed

showConfirmation()

Figure 3.6 — User Appointment Booking Sequence Diagram of the Web Application

The sequence diagram for a user to make an appointment is displayed in Figure 3.6.

Through the interface, the user enters the appointment information for a time slot that

is open.

After processing the request, the system verifies the reservation.

The main

procedures for setting up and confirming an appointment are described in this sequence.
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Patient Searches for An Ambulance Sequence Diagram

‘Patient: ‘ ‘Home Page : ‘ ‘Ambulance Search Page : ‘ BackEnd Server: DataBase :
=)

Log In

Navigate to Ambulance Search Page |

»

searchAmbulancesi(filters)

Send query

Enter search filters

Answer

[Exist]

Display Results

[Does not exist]

Display error message

Figure 3.7 — Patient Searches for An Ambulance Sequence Diagram of the Web Application

The sequence diagram for a patient looking for an ambulance can be found in Figure
3.7. The patient uses the interface to submit a request, utilizing geographical filters. After
that, the system looks up available ambulances, makes a selection, and returns the outcome

to the interface. This scene demonstrates how to find and display available ambulances.
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Conclusion

The conceptual design of our web application has been presented in this chapter. The
foundation of our system’s specifications is comprised of both functional and non-functional
needs, which we first defined along with the main actors. Using UML as our modeling
language, we displayed a number of diagrams that show the structure and behavior of the
application, such as use case, class, and sequence diagrams. The way the system should
function and communicate with its users is clearly and coherently envisioned by these
models. The conceptualization phase is essential since it converts preliminary concepts
and requirements into a codified and structured plan. The implementation phase will be
guided by this foundation, which will ensure that development is in line with system goals

and user expectations.
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Chapter 4

Implementation and GUI of The
Web Application

4.1 Introduction

This chapter begins by describing the development environment in which the program
was created, including both software and hardware components. We describe the develop-
ment tools and platforms used, as well as the requirements for the computers and devices
used during the implementation phase. Following that, the chapter discusses the graphical
user interface (GUI), including the layout structure and operation of each piece of interface.
Screenshots are supplied to demonstrate the developed features and give a visual picture of
the user experience. This section will provide a complete explanation of how the program
was created and how users interact with its many components. This section describes the
work environment that was utilized for the duration of the project, including the software

and material environments that aided in development.

4.1.1 The Material Environment:

In this project, we used the hardware configuration shown in Figure 4.1:
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Table 4.1 — Hardware environment used during development

Unit Characteristics

Processor AMD Ryzen 5 5625U with Radeon Graphics, 2.30 GHz
Installed RAM 16.0 GB (15.3 GB usable)

System Type 64-bit Operating System, x64-based processor

Touch and Pen Support | Support for pen and touch with 10 touch points

Screen 15.6 inch full HD display
Hard Disk 512 GB SSD

4.1.2 The Software Environment :

The software environment used to develop the project is described in this section. The
main code editor for front-end and back-end implementation was Visual Studio Code. A
cloud-based platform for machine learning model testing and training was made available
by Google Colab. The web application employing PHP and MySQL was also tested and
deployed well thanks to the use of XAMPP to mimic a local server environment. When
used in tandem, these techniques guaranteed a productive and well-structured development

process.

Visual Studio Code

VS Code is a source-code editor made by Microsoft for Windows, linux and macOS.
Features include support for debugging, syntax highlighting, intelligent code completion,
snippets, code refactoring, and embedded Git. It is a source-code editor that can be used

with a variety of programming languages [58].

Google Colab

Colab is a hosted Jupyter notebook service that does not require setup and provides
free access to computing resources, including GPUs and TPUs. It is particularly well-
suited for machine learning, data science, and education. We used it for the development
of our classification model, the implementation of explainable AI (XAI) techniques, and to

generate reports using the LaMa tool [59].
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XAMPP

XAMPP is an open-source web development environment that allows programmers to
create dynamic websites and apps without paying an upfront license fee. This bundle
contains everything you need for web, database, and PHP programming, including the
Apache web server, MySQL database, PHP programming language, and a slew of other
tools and utilities [60].

4.2 Graphical User Interface (GUI)

In this section, we will be displaying a series of screenshots from our application to
demonstrate the graphical user interface (GUI) of its various components. These images
provide a graphical representation of the user experience while highlighting the interface’s
design and structure. Each screenshot is accompanied by a brief explanation of the func-

tionality it represents, helping the reader understand how users interact with the system.

4.2.1 Login Interface

A straightforward form for user authentication is provided via the login interface, as
seen in Figure 4.1. it requires an email address and password, it helps protect system

integrity by limiting access to only confirmed users.

medico.

Log into your account

New here? Sign up

Figure 4.1 — Login Interface.
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4.2.2 Sign-Up Interface

New users may create an account by entering personal information through the sign-
up window as shown in Figure 4.2. This enables users to safely and individually use the
platform’s services. Users usually enter their name, email address, password, and other
details like their phone number and birthdate, etc., while registering. Their informations
are safely kept and utilized to verify users when they log in, allowing for experiences that

are customized according to their profile.

Get Started Help Get Started Help
Create account
Create account
ot - o
0, 2 & @
Email Firstr ¢
Password Last Name
Confirm Password Phone Number
Get Started Help
Create account
o Create account
O—@
City

Adiar Speciollry

Medecin généraliste
Gender

Clinic
Kale

Date of hirth
Clinic Addrass

Figure 4.2 — Sign-Up Interface.
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4.2.3 Landing page Interface

This first interface presents the platform as shown in Figure 4.3. Its simple and easy-

to-use design guarantees a friendly and convenient beginning to the user experience.

.
medlco. Home  About Services Contact SignUp v

~

Welcome to Medico

Al-Powered ) 3
» Virtual Assistant
Y.

)

=

bout U

Why You Should Trust Us?
Get Know About Us!

At MedicoPlus, we are committed to providing exceptional healthcare

enced and qualified doctors
lical care. With our user friendly

app, booking an appointment has never been easie

Our platform ensures

duling, real-time updates, and

personalized care tailc

® Quality health care
© Only Qualified Doctors

@ Al time Appointment Booking

Figure 4.3 — Landing Page Interface.
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4.2.4 Doctor Profile Settings Interface

As illustrated in Figure 4.6, doctors can access and manage their personal information
through this interface. They can edit their contact details, specialization, and other profile
data, allowing them to maintain an accurate and professional presence on the platform

that remains reliable for patients and colleagues.

medico. vome wyn

Dr. Sarah Ferkaoui

,,,,,

Figure 4.4 — Doctor Profile Settings Interface.

4.2.5 Doctor Notification Interface

As shown in Figure 4.7, doctors can customize the types of alerts they wish to receive,
such as notifications for rescheduled appointments. This feature enhances their ability to

stay informed and manage their schedules efficiently.

medico. Home MyAl Activity Appointment Me
General Activity
Information Notify me when | receive an appointment request.
Department Notify me when an ambulance is requested for my patient.
Specializations Notify me before my subscription ends.

Application

Change password
News and announcement.

Monthly health report summary.

health news.

Update Cancel

Figure 4.5 — Doctor Notification Interface.
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4.2.6 User Profile Settings Interface

Through a specific interface, users can view and manage their personal information, as
shown in Figure 4.6. With the help of this feature, they may keep their profiles current

and accurate, maintaining an official appearance on the platform.

medico. Home  Mya  Activy ty  Appointment

Salma Achour

FirstName

Figure 4.6 — User Profile Settings Interface.

4.2.7 User Notification Interface

Users can choose the kinds of alerts they want to receive, like updates on rescheduled
appointments, to customize their notification options, as seen in Figure 4.7. This feature

guarantees that they remain informed based on their own requirements.

med_ico. Home MyAI Activity Appointment Me
General Activity
Information Notify me when an appointment is booked.
Social links Notify me when an aambulance is booked.

Notify me when a new doctor joins the app.

Change password
Application

News and announcement.
Monthly health report summary.

Health news.

Figure 4.7 — User Notification Interface.
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4.2.8 Appointment Scheduling Interface

As shown in Figure 4.8, doctors can specify their using the appointment’s duration

using the setting interface. This helps doctors effectively manage their schedules.

med_ico. Home Profile MyAl Ambulance Me

Salma Yahia

‘Working Hours Range Break Time
08:00 AM 05:00 PM Include Lunch Break
Q
B3 Calender 12:00 PM v [ to 1215PM v
e
[& Appointments Appointment Duration Buffer Time Between Appointments

10 min 30 min Thr 2 hrs 5 mins v

i1 Analytics
® Payement

Working Days Calendar < June 2025 >

- :
26 27 28
29 30
L Save Schedule
Schedule Summary
Monday, June 2 09:00 AM - 05:00 PM A/D:16 min Buffer: 10 mins Break: 12:00 PM = 01:00 PM
Tuesday, June 3 08:00 AM - 04:00 PM AfD: 30 min Buffer: 5 mins Break: 11:00 AM - 12:00 PM
Wednesday, June 4 10:00 AM - 05:00 PM A/D:15 min Buffer: No Buffer Break: 01:00 PM - 02:00 PM

Figure 4.8 — Appointment Scheduling Interface.
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4.2.9 Doctor Appointment List Interface

Doctors can examine their booked consultations together with important information
such as patient names, age, and appointment time, as demonstrated in Figure 4.17. This

arrangement guarantees effective patient management and simplifies daily planning.

medico. Home Profile MyAl Ambulance Me

Salma Yahia

My Schedule 3 appointments
B} Calender < Wednesday, Junell >
[ Appointments
D Fatima Djazairi 10:00 AM P ancH
1[I Analytics
® Payement Ks Karim Sbaa 10415 AM e
BA Brahim Adrari 10:30 AM

Figure 4.9 — Doctor Appointment List Interface.

4.2.10 Doctor Analytics Interface

The doctor analytics interface displays important indicators that doctors can monitor,
like the number of appointments, new patients, and overall activity as shown in 4.10.
This function helps with data-driven decision-making and gives a clear picture of their

performance.
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medico. Home Profile MyAl Ambulance Me

Salma Yahia

Analytics Dashboard

rack your practice pe mance and patient appointment:

By cCalender

[Z: Appointments

458 = 42 o
i1 Analytics
® Payement
30 mins C 4.2% ®
3% from last month r
Patient Visit Trends Daily Weekly Monthly

Figure 4.10 — Doctor Analytics Interface.

4.2.11 Doctor Payment Interface

Doctors can manage their subscriptions and pay to unlock premium features or access

other platform functionality , as demonstrated in Figure 4.11.
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med_ico. Home profile MyAl Ambulance Me

Salma Yahia
Subscription Details

B calender Professional Plan Current

[ Appointments
Full analytics dashboard
i1 Analytics Unlimited appointments

Advanced reporting

® Payement

Subscription 500.00DA
Tax 19%
Total 1450.00DA

medicoPlus@doctordash.com

PayEment Method Algerian Gold Card
Cardholder Name Card Number
Expiry Date cw

Billing Address

Address Phone Number
Postal Code City
Select City v

I agree to the Terms of Service and Privacy Policy

A 'mportant Notice
If payement is not received by the end of your current subscription period, your dashboard access will be
automatically deactivated.

Save Payement Info

Figure 4.11 — Doctor Payment Interface.

4.2.12 User Home Page Interface

The following interface gives users quick access to necessary services including booking
appointments, accessing Ai Assistant, and ambulance service , as demonstrated in Figure
4.12. Users can navigate and manage their healthcare needs with ease thanks to its user-

friendly design.
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medico. Home MyAl

.
Welcome, Fatima

. . o
Djazairi
Now you can complete your profile to get better service
experience and results through the app.

Visit my Profile >

@ Free Accesible Service @ Access Aide Anytime

Activity Ambulance Appointment Me

Access Our Service

Welcome! Tap and choose the service you need from our app
below. Medico is here to support your healthcare journey

B Q

Connect With Al

Book Your Appointment Assistant

Schedule appointments Access instant medical advice
seamlessly and manage your and guidance through our Al-
healthcare needs with ease. powered assistant.

(=)

Call Emergency
Ambulance

Get emergency assistance
quickly with just one tap — save
lives faster.

Explore And Choose

Figure 4.12 — User Home Page Interface.
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4.2.13 User Search Doctor Interface

Users can use filters like specialty and city to find doctors, as demonstrated in Fig-
ure 4.13. Users may easily find pertinent doctors who fit their unique requirements and

preferences due to this functionality.

Doctors Ambulance Activity

7

-

™

f

Srenen ot R v ks v

Find Your Doctor

You can filter this list of doctor

based on your needs & helping

you find the most suitable and highly rated

C th
ease. : Top Rated [2]

@ Dr.Noura Cherif @ P Samir Toumi
@ Neurologue - Neu
© Rue des Neurologues, Blida © Avenue du Cerveau, Annaba
N/A N/A

Book Appointment Book Appointment

medico. Quick Links Support Service Legal
With Medico, access Al-driven medical Home Help Center Ambulance Privacy policy
analysis that empowers professionals MyAl Contact Us Appointement Terms of Service
and improves care delivery.

Activity FAQs Doctors Cookie Policy

Created by - Team Medico Appointments

Figure 4.13 — User Search Doctor Interface.

4.2.14 Doctor Profile: Search Result Interface

Users can quickly and easily obtain important information like location, expertise, and
patient reviews from the doctor profile search results as shown in Figures 4.14 and 4.15. By
providing a clear and effective means of comparing medical experts according to pertinent

criteria.
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MyAIl Activity Appointment

Dr. Sarah Fekreoui

Cardiologist

© Avenue de l'este, Oran

Rateit!

Rating o  Fatients ﬂ Clinic
4 stars @ 2500+ i Oamane

Figure 4.14 — Search Result Interface.

About Dr. Sarah Fekreoui

Specializing in digestive system disorders, liver diseases, and gastrointestinal health. Committed to providing personalized,
patient-centered care with a focus on prevention and effective treatment.

Specializations

Preventive Cardiology Heart Failure Cardiac Rehabilitation Echocardiography

Figure 4.15 — Search Result Interface.

4.2.15 User Book Appointment Interface

Users can schedule consultations by choosing a time slot and confirming the appoint-
ment, as shown in Figure 4.16. Access to healthcare services is enhanced and the appoint-
ment process is made simpler by this feature. In order to prevent bookings, the system
automatically deactivates non-working days and allows doctors to choose their working
days in advance. To ensure that only legitimate, future appointments can be set, any

dates earlier than the present day are also disabled.
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Wednesday, June 11
< June 2025 >

15 16 17 18 19 21 10:45 AM
23 24 11:00 AM
11:15AM
Appointment Summary
Doctor Dr. Salma Yahia

Date Wednesday, June 11
Time: 10:45 AM

Confirm Booking

Figure 4.16 — User Book Appointment Interface.

4.3 User Appointment List Interface

An appointment is added to a specific list available within the app as soon as the user
confirms it. All of the user’s booked consultations are included as shown in Figure 4.17,
along with important information like the name of the doctor, the date, the time, and their
area of expertise. Users may effectively manage their medical appointments and keep track

of forthcoming consultations with the aid of this well-organized view.

medico. Wome  MyA  Actvty  Doctors  Me

Upcomin g Past Appointments Cancels

2 12 3

My Appointments

Salma Yahia
B Wednesday, Junell @ 09:30 AM

Reda Messaoudi
B Thursday, June15 © 10:00 AM

Figure 4.17 — User Appointment List Interface.
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4.3.1 Available Ambulance List Interface

Users can view a list of ambulances that are currently available with additional infor-

mation such as location and vehicle type as demonstrated in Figure 4.18.

medic(). Home MyAl Activity Doctors Ambulance Me

B ambulance <

Q City -
%, Emergency
Showing 46 results
S, Register
i . . Acti
1Y Tracking Blida Fast Assist =
Q@ Mohamed Boudiaf St
& Hospital Ambulance Service ® Ambulance 3R Hospital Care
. Acti
Bouira Urgent Help ==

9 City Hall Area

B Clinic Ambulance Service & Car Rk Clinic Care

Figure 4.18 — User Available Ambulance List Interface.

4.3.2 Register Ambulance Service Interface

As can be seen in Figure 4.19, service providers are able to enter and submit information

about their ambulance, such as the city, driver contact information, and vehicle details.

medic(). Home MyAl Activity Doctors Ambulance Me

B ambulance <
Register Your Ambulance Service

%, Emergency

Service Name Phone Number
o 5 Sahara Medical Transport 0551234567
~+ Register
Service Type City
I Tracking
Hospital Ambulance Service » Ain Defla v
Location Vehicle type
Near Hospital Ambulance v

Services Center

6 Hospital Care

Update Service

Figure 4.19 — Register Ambulance Service Interface.
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4.3.3 Ambulance Tracking Interface

Users can trace the location of ambulances while they are traveling thanks to the

web application’s real-time ambulance tracking capability. By enhancing patient-provider

communication, it guarantees quicker cooperation during emergencies.

The Figure 4.20 shows key details and a live map. It displays distance, destination,

and includes a button to contact the driver.

medico.

& ambulance

% Emergency

9, Register

2 Tracking

Home MyAl
«ammam Salihine {J Hétel'Roval
Ot Oy:m DALIA SSIulyl
Gard:
>
fial EL 1zDiHAR HA! FERHAT /5
&
$
© §
/ §
B
3
&
@bl 550 @
¥ BISKRAGentre HAI EL
rrice Laban @ 5 ySy g - VillES BOUKHARI

HAI SIDI BARKAT

A B AL HAI REMAICHE

Figure 4.20 — Ambulance Tracking Interface.

4.3.4 Al Assistant Interface

Doctors Ambulance Me Activity

® tracking

City General Hospital

Hospital Ambulance Service

Ambulance ID

AMB-2025-42

Destination

Near Hospital

©ETA: 8 mins

R Call Driver

Vehicule

Ambulance

Distance

1.7 Kms

R, Emergency: 05 56140822

< Start Tracking

As demonstrated in Figures 4.21, 4.22, users can obtain an Al-based diagnosis by

uploading medical images, such as MRIs or X-rays. To aid users in understanding the

issue, the assistant creates a comprehensive medical report and emphasizes the afflicted

area for visual explanation as shown in 4.23 and 4.24.
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]'l'le([ico. Home MyAl Activity Appointement Me
+ New Chat

ing

& Library

& settings & help

it Hame Al Activi Appointement Me
medico. i ¥

+ New Chat

wng

& Ubrary
Pulm s ~ X-Ray v B Generate Report

& settings & help

Figure 4.21 — AI Assistant Interface -Part 01.

Enter Patient Details

Ahmed Mohamed

45

06/10/2025

Figure 4.22 — Al Assistant Interface -Part 02.
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Patient Information:

Mame: ahmed

Age: 45

Gender: Male

Exam Date: 2025-06-10
Medical Imerpretatinn:

Based on the analysis of your medical imaging, the Al system has detected a potential
finding in the Lung.

The model identified the following result:

-Organ Examined: Lung

- Diagnosis: Pneumonia

- Confidence Level: 99.9%

Heatmap Analysis:

- Highlighted Area: 20.37% of the image

- Maximum Intensity: 216

- Average Intensity: 90

- Affected Location: Right side, upper part
About the Condition:

Overview:

Pneumania is an inflammation of the lungs, caused by bacteria or viruses. It can be acute
(short-term) or chronic (long-term). Acute pneumonia usually starts as a fever and cough,
followed by chest pain, shortness of breath, and difficulty breathing. The most common

symptoms are coughing, wheezing, and fever.

Common signs and symploms:
1. Fever (>38°C)

Figure 4.23 — Medical Imaging Diagnostic Report -Part 01 .
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. Coughing up mucus or phlegm

. Shortness of breath

. Chest pain or pressure

. Difficulty breathing

. Fatigue, weakness, and loss of appetite
. Nausea or vomiting

. Sore throat

. Headache

10. Feverish sweats

0 00 = M h e L R

Available treatment options:
. Antibiotics (for acute pneumonia)
. Ventilation (for chronic pneumonia)
. Oxygen therapy (for severe cases of acute pneumonia)

1
2
3
4. Supportive care (such as fluids, nutrition, and pain management)
5. Home care (for short-term treatment)

6. Immunization (if appropriate)

7. Follow-up with a healthcare provider

Management strategies:

1. Early diagnosis and treatment are crucial for improving outcomes.

2. Antibiotics should be prescribed for acute pneumonia, especially in cases of severe
disease or when there is evidence of bacterial infection.

3. Ventilation is indicated for patients with severe pneumnonia who cannot tolerate
antibiotics or have underlying medical conditions that make them more susceptible to
complications.

4. Supportive care such as fluids, nutrition, and pain management can be beneficial for
short-term treatment.

5. Immunization (if appropriate) can help prevent the spread of pneumonia in high-risk
populations.

6. Follow-up with a healthcare provider is recommended to monitor for complications and
adjust treatment as needed.

Figure 4.24 — Medical Imaging Diagnostic Report -Part 02 .

63



Conception

4.4 Conclusion

The implementation and GUI of The Web Application thoroughly outlines the prac-
tical execution of the "Medico Plus” platform. It begins by detailing the technical work
environment, encompassing both the hardware and software specifications critical to the
project’s development. then transitions into a comprehensive presentation of the graph-
ical user interface (GUI), showcasing the various interactive modules that constitute the
web application. Key functionalities highlighted through the GUI include the ambulance
emergency booking, the streamlined appointment scheduling system, and the Al Assistant
module, which is central to the platform’s diagnostic capabilities. In essence, this chap-
ter effectively demonstrates how the theoretical design principles were translated into a

tangible, functional, and user-friendly digital healthcare platform.
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General Conclusion

This project, directly addresses critical deficiencies within Algeria’s healthcare system,
particularly in patient oversight, appointment logistics, emergency response, and diagnostic
support. Our objective was to develop a sophisticated, web-based healthcare management
tool that delivers efficient and accessible care through integrated digital solutions.

Medico Plus’s sophisticated artificial intelligence integration, which is intended to rev-
olutionize diagnostic healthcare, lies at its heart. To accurately identify diseases, we have
integrated Al models, concentrating on examining medical pictures like CT, MRI, and
X-rays. Utilizing deep learning methods—in particular, convolutional neural networks, or
CNNs—which are excellent at gleaning intricate features from visual data—this is accom-
plished. Grad-CAM is one of the Explainable AT (XAI) techniques used to graphically
emphasize parts of medical pictures that affected the AI’s predictions in order to increase
transparency and confidence in diagnostic decisions. The gap between clinical compre-
hension and machine interpretation is also filled by the employment of Natural Language
Generation (NLG) tools, which translate diagnostic outputs into understandable, human-
readable reports.

The platform’s architectural design involved a robust web application framework, detail-
ing distinct layers for front-end, back-end, and full-stack development. The entire system
was meticulously conceptualized using Unified Modeling Language (UML) diagrams, in-
cluding use case diagram , class diagram, and cequence diagrams, which effectively modeled
system requirements and illustrated the interactions among key stakeholders.

Medico Plus is ultimately a user-centric solution, offering essential services through an
intuitive graphical user interface. Key functionalities include Al-assisted diagnostics via
image uploads, streamlined appointment scheduling, and immediate access to emergency
ambulance services. Specialized interfaces were also developed for doctors to manage their

appointments and for ambulance service providers to register within the system. This
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comprehensive approach ensures that all critical aspects of patient care are integrated into
a single, accessible platform.

In essence, "Medico Plus” represents a pragmatic and impactful step toward modern-
izing Algeria’s healthcare infrastructure. By strategically combining Al capabilities with
a user-friendly web interface, this project aims to refine clinical decision-making, alleviate
operational burdens, and significantly improve the speed and efficiency of healthcare de-
livery. While acknowledging the ongoing challenges in Al interpretability and data privacy
within medical imaging, our work prioritizes addressing these concerns to foster greater

trust and adoption within the clinical community.
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